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ABSTRACT 

The communities of bacterial species present within a sheep gut microbiota can have 

varying effects on general host health. It is thought that the microbiota carried by 

ewes can transfer to offspring and influence their microbial communities, which then 

could potentially affect the health and production of the animal. Antibiotic resistance 

has become a major issue worldwide and commensal bacteria can also harbour 

antibiotic resistance genes. Therefore, transfer of microbiota from ewes to lambs 

could also transfer resistance, further increasing the problem. There are limited 

studies monitoring transfer and resistance of bacteria within sheep, even though the 

processes could have an economic impact on farmers. In this study, faecal samples 

from 65 ewes and 109 lambs were collected. There were 11 different species of 

bacteria isolated from the faeces. These species showed most resistance to 

tetracycline (bacterial species isolated from 77% of ewes and 79% of lambs showed 

tetracycline resistance) and the blaTEM-1 resistance gene was the most prevalent 

(found in 25% of the isolated bacteria). The species present as part of the gut 

microbiota and their resistance levels, in both ewes and lambs, were compared to 

deduce whether transfer from mother to offspring was likely. The bacterial species in 

lambs were also measured at repeat sample collections within the first two months of 

birth, to try and determine whether gut microbiota changed with age. A significant 

relationship was found between resistance levels of the bacteria isolated and the age 

of lambs. Similarities could be seen in the composition of gut microbiota in ewes and 

lambs, suggesting possible transmission of species from ewe to their offspring, 

however the relationship was not significant. Further analysis, including isolating 

bacteria from affecting factors other than the ewes, would need to be undertaken to 

prove direct microbial transfer from mother to offspring.  
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1. INTRODUCTION 

1.1 UNITED KINGDOM OVINE INDUSTRY 

Currently, around 34 million sheep and lambs are farmed within the UK every year. 

In 2018 mutton and lamb production increased in value by £1.26 billion since the 

previous year (Department for Environment, Food and Rural affairs, 2019) and in 

2019 the consumption of lamb throughout Great Britain was worth £692.3 million. 

On average, around 200,000 lambs are slaughtered every week in GB and nearly 

13,000 tonnes of mutton and lamb is exported globally (Agriculture and Horticulture 

Development Board, 2019). Out of the 26 countries within the EU, the UK has the 4th 

largest amount of farm animals and has the biggest sheep industry. Within the UK 

itself, the sheep industry is the largest of all the livestock agriculture (Davies et al., 

2017), employing around 145,000 people on farms and in related industries, 

contributing £291.4 million to employment (National Sheep Association). Therefore, 

the success of sheep farming is extremely important to the UK economy. 

Bacterial infections are responsible for many of the common diseases found in sheep, 

which can ultimately lead to mortality. Disease within a flock can have a huge 

financial impact on farms for a variety of reasons. The most noticeable costs include 

loss of stock, vet bills and the cost of medicines. However, other more long-term costs 

of disease include reduction in fertility of livestock, a reduction in weight gain and 

therefore, increased dietary expenses, treating the additional health problems 

disease can cause and losing support from other businesses and the public (Barratt et 

al., 2019). Johne’s disease, Pasteurella septicaemia and pneumonia, and footrot are 

some examples of common bacterial infections found in sheep and lambs, alongside 

many others which all negatively influence the profits made by the sheep industry 

(Sheep Health and Welfare Group, 2019). 

Ovine footrot is an infection caused by Dichelobacter nodosus and can be either 

virulent or benign. Virulent strains can cause severe disease, affecting the hoof of the 

animal, making it painful and initiates lameness. Footrot is a challenge throughout 

the world and farmers in GB have recognised lameness and foot problems as their 

main concern when considering poor sheep health, with 96% of farmers 
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encountering footrot within their flock at some point in time. The total costs of this 

disease alone in GB were calculated at around £24.4 million per year (Asheim et aI., 

2017). The main consequences of footrot to the production of sheep are mortality, 

infertility, reduced growth rates, fewer lambs born and poor survival of the offspring 

produced. Footrot results in the hoof horn coming away from the sensitive tissue, 

which is often treated with parenteral antibiotics and trimming the foot. A vaccine is 

also available to prevent the infection, however these are all additional costs to the 

farmer (Winter and Green, 2017). 

Campylobacter spp. are an example of a bacterial species which can be found as part 

of the commensal microbiota within the gut and intestines of many animals, including 

sheep and humans. Healthy sheep can carry Campylobacter spp. in their intestines 

and gall bladder without issues, therefore acting as a reservoir for the bacteria. 

However, given the correct conditions, the bacteria are also opportunistic causing 

gastrointestinal and reproductive diseases. These can cause abortions in sheep and 

the spread of these diseases is often so rapid it is defined as an epidemic (Gülmez 

Sağlam et al., 2019). Campylobacter jejuni is an example of a species often associated 

with enteritis and infections of the subspecies C. jejuni clone SA (sheep abortion), 

which has recently emerged in the United States, cause over 90% of ovine abortions 

in the country (Wu et al., 2016). Other common subspecies include C. coli and C. fetus 

which are responsible for reproductive diseases that result in loss of animals, lower 

milk yield, a decrease in value for breeding and possible infertility. These resulting 

issues will all cause significant economic losses to farmers (Gülmez Sağlam et al., 

2019). It is also possible for some Campylobacter spp. to pass from animals to 

humans via methods such as the consumption of contaminated food, water and milk 

and via contact with the animals directly (Wu et al., 2016). Vaccines have been 

developed with the aim of preventing Campylobacter infection, however there are 

few available for use in sheep. There are no vaccines available for use in sheep in 

Europe and only two-three vaccines commercially available in the United States, 

Canada, New Zealand and Australia (Lacasta et al., 2015). However, information on 

the efficacy of these few licenced vaccines is limited (Menzies, 2012) and one vaccine 

is unlikely to protect against all strains of Campylobacter spp. due to the genetic and 

antigentic variations between strains (Wu et al., 2020). Antibiotics can be used in the 



3 | P a g e  
 

treatment of Campylobacter infections. Fluroquinolones, macrolides, tetracyclines 

and gentamycin can all be effective, but are normally only used in severe infections. 

Tetracyclines can also be used for the prevention of abortions in sheep (Xia et al., 

2019). 

Historically, antibiotics were administered to livestock as growth promoters in 

addition to using them as a treatment for disease, as the antibiotics affect the 

intestinal microbiota which improves growth rates. These effects antibiotics have on 

growth rates were first discovered in the 1940s (Castanon, 2007). Using antibiotics 

for this purpose became popular after the publication of studies on how antibiotics 

affected the growth of broiler chickens, in the 1950s. Doses of antibiotics lower than 

the recommended concentration for therapeutic use, but greater than the MIC 

(minimum inhibitory concentration) value of the drug were used by farmers for 

economic benefit (Chowdhury et al., 2014). This was because animals grew to the 

required weight in less time, feed utilisation improved and mortality rates lowered 

(Thacker, 2013). However, the use of antibiotics for growth promotion has now been 

banned in multiple countries within Europe, including the UK (Chowdhury et al., 

2014). 

The main issue regarding antibiotics as growth promoters is the development of 

antimicrobial resistance (AMR) (Chowdhury et al., 2014). Antibiotics are becoming 

less effective over time and there are no current alternatives which provide the same 

effectiveness (Munita and Arias, 2016). It is believed that persistent use of antibiotics 

is contributing to a reservoir of AMR bacteria, which could transfer resistance to 

pathogenic bacteria potentially affecting humans as well as animals. There is also 

pressure from consumers who are concerned about drugs entering animal produce 

(Thacker, 2013). In the O’Neill report on antimicrobial resistance (2014), it states 

that AMR could increase human death rates, with a possible 10 million people dying 

every year by 2050, could threaten current medical practices such as routine 

surgeries and cancer treatments, and would also have a huge economic impact 

globally. The study undertaken by Davies et al., (2017) on current antibiotic usage in 

the UK sheep industry suggests the use of antibiotics is low when compared to the 

rest of UK livestock. However, this usage is still above the set targets within EU and 

UK policies and there are steps which could be taken to further reduce antibiotic 
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administration. If steps are taken now to reduce unnecessary antibiotic usage, it is 

believed a resistance crisis can be avoided (O’Neill, 2014). 

 

1.2 GUT MICROBIOTA 

Generally, sheep are provided with a varied diet as they graze on pastures, made up 

of various plants including grass and clover and are supplemented with hay and 

grain. Including variation in the diet helps ensure sheep are getting the required 

nutrition which is important for good health, fertility and productive animals, 

however it also increases the complexity of digestion. The consumed food reaches the 

rumen first where plant mass is digested, then as it travels through the stomach 

organic matter is digested. Further food residues are digested within the small 

intestine, then any undigested matter ends up in the large intestine for the final 

digestive processes. Finally salt and water is removed by colonic mucosa. Sheep need 

to be able to digest a range of products such as cellulose, hemicellulose, starch and 

proteins, some of which take longer to degrade than others (Tanca et al., 2017). The 

presence of bacteria within the digestive tract is essential for ruminant health, as they 

help digest plant fibres and can convert some nutrients which the host cannot utilise 

by itself (Wang et al., 2019). Depending on which area of the digestive tract you look 

at, there will be differences in the diversity and number of bacteria (Jandhyala et al., 

2015).  

Previous studies have shown Bacteroidetes and Firmicutes are the most abundant 

phyla within sheep faecal prokaryotic microbiota (Castro-Carrera et al., 2014; Tanca 

et al., 2017), but Proteobacteria, Verrucomicrobia, Euryarchaeota, Tenericutes, 

Spirochaetae, Actinobacteria, Planctomycetes, Lentisphaerae, Saccharibacteria, 

Cyanobacteria, Fibrobacteres and Synergistetes have also all been isolated (Tanca et 

al., 2017). In general, the diversity of gut microbiota influences fermentation, 

digestibility and overall host metabolism (Morgavi et al., 2015) and the large 

intestine is thought to be key in providing energy, antigens and metabolites; 

positively affecting host metabolism (Tanca et al., 2017). A more diverse microbiota 

allows for greater adaptability to changes in diet, environment and sanitary 
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conditions (Morgavi et al., 2015) and a healthy gut usually means the organism is 

healthy overall (Tanca et al., 2017). 

Maintaining the structure and function of the gastrointestinal tract and a normal 

homeostasis within the host requires a healthy gut microbiota. Bacterial species 

within the gut are also involved in a variety of processes in order to aid digestion. 

Protein metabolism in humans is carried out by utilising the metabolising 

mechanisms bacteria possess, which involves microbial proteinases and peptidases 

working together with human proteinases. If lipoprotein lipase activity in adipose 

tissue is inhibited, lipid metabolism in the host is reduced. The gut microbiota can 

suppress this inhibition to improve the degradation of lipids. Certain bacteria within 

the gut can also counter oxalate, a product of carbohydrate fermentation, which 

reduces the chances of developing oxalate kidney stones. As a result of a generally 

normal gut microbiota, there is an increase in pyruvic, citric, fumaric and malic acids 

which are usually measured to indicate high energy metabolism (Jandhyala et al., 

2015). 

The normal gut microbiota can also have multiple effects on the host immune system. 

The bacterial communities are required for normal gut associated lymphoid tissues 

(GALT) which are involved in both innate and adaptive immune system functions. 

Bacterial species can also stimulate dendritic cells to secrete molecules such as B-cell 

activating protein (BAFF) which leads to IgA production and class switching. The 

development of normal T regulatory cells is also influenced by gut microbiota, 

however the actions of this are unclear (Jandhyala et al., 2015). 

Research into the gut microbiota in humans has linked different genera to specific 

actions within the digestive process. Species within the Bacteroides genus express 

enzymes which are participants in carbohydrate metabolism and the synthesis of 

conjugated linoleic acid (CLA) is completed by some members. CLA has been proven 

to be an antidiabetic, antiathrogenic, antiobesogenic, hypolipidemic and has effects 

on the immune system. Bacteroides thetaiotaomicron upregulates the expression of a 

colipase which is required for more efficient lipid hydrolysis. Another genus of 

bacteria found in the gut microbiota that is beneficial to the host is Lactobacillus. 

Lactobacillus spp. produce lactic acid which adds to the antimicrobial activity of a 

host, as it has the ability to damage bacterial cell walls (Jandhyala et al., 2015). 
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The routes of transmission of pathogenic bacteria have been thoroughly researched, 

however not many studies have investigated the transmission of commensal bacteria. 

Many pathogenic bacteria can also be commensal bacteria when in the correct 

conditions inside a host therefore, it is thought that the strategies used by 

commensals to transfer between individuals will be the same or very similar to the 

transmission techniques used by pathogens. It has been noted that as animals 

interact with others their normal microbiota populations become more similar 

(Browne et al., 2017). In order to effectively digest their plant-based diet, ruminants 

rely heavily on their natural gut microbiota therefore, transmission of these bacterial 

species is important to the overall health of sheep (Bi et al., 2019). 

Throughout a sheep’s lifetime the factors influencing bacterial transmission will alter 

and vary greatly at any given point, with factors such as age, genetics, diet and the 

surrounding environment having an effect. Factors such as preventative methods for 

infections for example, sanitisers and antibiotics may also affect the transmission 

routes of commensal bacteria (Browne et al., 2017). An important early influence on 

gut microbiota is the method in which the lambs are fed (Bi et al., 2019). The ewe’s 

colostrum contains crucial bacterial species (Browne et al., 2017) and the ewe’s teat 

is also a source of bacteria. Previous research surrounding human gut microbiota has 

determined that breast feeding can affect the colonisation of the offspring gut in 

comparison to formula feeding, however there haven’t been many comparisons made 

between suckling and artificial feeding influencing gut commensal communities in 

farm animals. Even before the initial feeding of a lamb, the gut microbiota could be 

developing in utero and the vaginal microbiota could have an effect on colonising 

species during the process of delivery. Other aspects of the lambs early life which can 

play a part in colonisation of the gut include; the ewe oral microbiota due to the fact 

bacterial transfer may occur when the mother cleans lambs after birth, the ambient 

air, the floor of the sheepfold and any objects within it. All of which can harbour 

bacteria which the lambs can pick up (Bi et al., 2019). 

In a study completed by Bi et al (2019), it was found that there was an increase in 

bacterial richness in those lambs which were artificially fed. Bacteroidetes, 

Firmicutes and Proteobacteria were the dominant phyla irrespective of feeding 

method and are also dominant in an adult gut. This implies that these species make 
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up the core microbiota and are established from an early age to allow for the correct 

functioning of the gut. Those lambs fed via bottle were also found to have a higher 

amount of Escherichia spp. Escherichia spp. are facultative anaerobes which are 

essential to providing an anaerobic environment within the gut. They expend the 

oxygen available within their surroundings, producing an anaerobic environment in 

which the other anaerobic gut microbes can survive in. These species can also be 

pathogenic, causing problems such as diarrhoea. Therefore, it is thought the 

transmission of maternal microbiota through suckling may play a defensive role in 

the new-born lamb gut as the occupied niches reduce the amount of Escherichia spp. 

and other pathogens that can survive (Bi et al., 2019). 

Once the lambs have had time to bond with their mother for a few days in their own 

separate pen, the sheep are moved into a mixed pen. This will offer further 

opportunities for the transmission of bacteria between lambs and other sheep. Prior 

to the sheep being moved in with others, lambs will be handled on some farms to 

perform tail docking and castration procedures. This process could possibly allow for 

the transmission of human microbiota to the lambs. When moved to other parts of 

the farm, the lambs could also encounter other farm animals which all have different 

microbial communities. Elements of which could transfer and affect the lamb gut 

microbiota. Another factor which might influence bacterial species carried by the 

lambs once they move into a group is the faecal matter of other individuals. Faeces in 

the environment can harbour many bacterial species, which can survive outside of 

the host for long periods of time using methods such as sporulation. These bacteria 

can be picked up by lambs and other sheep when they graze in surrounding areas, 

where they can establish themselves in the gut of an animal (Browne et al., 2017)  

Additional indirect methods of bacterial transfer could include acquiring microbes 

from surfaces which have been touched by other animals and humans. Certain 

bacteria also have an ability to become airborne and diffuse throughout the 

environment, which can then be inhaled by other individuals. Microorganisms can 

also be ingested in food and water. It has been estimated that around 106-109 

microbes are ingested by the average human adult every day. Many studies have 

described water as containing a significant number of intestinal pathogens, which can 

transfer to a host once consumed. However, the majority of research into water as a 
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reservoir for bacteria focuses on pathogenic strains, so it is not fully understood the 

extent to which commensal bacteria transfer in this way (Browne et al., 2017). 

As explained above, the composition of a host gut microbiota can affect the host in 

many ways, however the host can also affect the bacterial species present within the 

gut. Host factors contributing to the microbiota are continuously changing and 

therefore the microbiota will transform throughout a host’s lifetime. The three main 

factors which can influence the bacteria found in the gut are age, diet and exposure to 

antibiotics (Jandhyala et al., 2015). 

There are a lot of studies which describe the colonisation of the gut by microbes 

occurring directly after birth, however there is increasing evidence that the gut 

microbiome could start developing in utero. The first community established within 

the GI tract is largely affected by the delivery method, for example offspring delivered 

vaginally are usually colonised with organisms found in the maternal vagina 

(Jandhyala et al., 2015). Typically, the gut microbiota profile constantly changes 

throughout a sheep’s first year of life, with differences seen in the richness and 

diversity of bacterial species. In one study the abundance of Firmicutes within the gut 

fluctuated throughout the first week but stabilised afterwards and continued to 

increase throughout the rest of the experiment. The number of Bacteroidetes also 

increased as the sheep aged, whereas Proteobacteria decreased. These changes in 

microbiota within the first year of life for sheep could also link to the major diet 

changes they encounter (Wang et al., 2019). 

Diet is considered the main determinant influencing the gut microbiome composition, 

diversity and richness. After delivery of the sheep, the next factor to influence 

bacteria in the gut is the early stage diet (Jandhyala et al., 2015). Diet mainly causes 

changes to be seen within the subgroups of Bacteroidetes and Firmicutes (Tanca et 

al., 2017). The initial feed an individual consumes has been shown to have an impact 

upon the gut microbial community. A notable variation has been found in microbiota 

between human infants that are breast fed compared to those who are formula fed. 

Breast milk contains compounds which provide the microbiome with nutrients and 

therefore play a role in nutrient digestion and absorption, immune protection and 

antimicrobial defence (Jandhyala et al, 2015).  
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Another reason changes can occur in gut microbiota is due to the use of antibiotics. It 

has been shown that the administration of antibiotics, even as a course for treatment, 

can have short and long-term effects on the bacteria residing within the gut of the 

host. For example, receiving a 7-day course of a broad-spectrum antibiotic active 

against anaerobic bacteria, can affect the diversity of Bacteroides which could take up 

to two years to fully recover. It has also been publicised that clarithromycin can 

reduce Actinobacteria diversity within the gut and can increase the proportion of the 

ermB resistance gene (Jandhyala et al., 2015). 

The commensal bacteria carried by individuals is becoming increasingly resistant to 

antimicrobials, which is a major concern worldwide. When antibiotics are used in 

agriculture, residues can enter the ecosystem via animals shedding antibiotics and 

excreting them when they are not metabolised completely. As bacteria accumulate in 

the environment, the chance that AMR genes they carry will transfer between them 

increases, furthering antibiotic resistance issues. Commensal bacteria are heavily 

involved in the spread of resistance in the community, as the bacteria in the 

environment carrying resistance genes can be passed from the environment to 

animals grazing in the area. Then potentially pass from animals to humans, then from 

person to person. Due to the way resistance genes can pass between individual 

bacterium, commensal bacteria harbouring AMR genes can pass these on to 

pathogenic bacteria within an animal, which therefore causes problems relating to 

treatment (Purohit et al., 2017). 

 

1.3 ANTIMICROBAL RESISTANCE 

Antibiotic resistance in the main bacterial pathogens has increased, especially in the 

last few decades, to the point where it is now a major public health threat. Reservoirs 

of AMR bacteria are present within community environments and multi-drug 

resistance has been found emerging from these bacterial colonies within the 

community, not just in healthcare settings. Infections caused by multi-drug resistant 

strains have a big impact on the survival rates of those infected and have a huge 

economic impact. It is estimated that an extra 300 million people will die prematurely 
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from multi-drug resistant related infection by 2050, which will result in the global 

economy losing up to £64 trillion (Munita and Arias, 2016). 

Most antimicrobial compounds are found within nature. Due to the large amount of 

genetic plasticity bacteria have, after exposure to the antimicrobials, they evolved 

mechanisms to circumvent their effects in order to survive. These changes in 

susceptibility are particularly important in strains which were previously vulnerable 

to antibiotics, as there are fewer treatment methods available. As part of the 

evolutionary process, some bacteria can develop random genetic mutations which 

provide the ability to survive in the presence of an antimicrobial. Therefore, when the 

antibiotic is used it destroys all the bacteria apart from these newly resistant strains 

which are left to proliferate. These mutational changes often have a fitness cost to the 

bacterial species so are only maintained when the antibiotics are present. There are 

multiple mechanisms the bacteria utilise to become resistant which involve 

modifying the antimicrobial product, preventing the product from reaching its target 

site, changes to the target site and the bypass of a target site. All of which involve 

specific biochemical pathways (Muntia and Arias, 2016). 

Producing enzymes which can add certain chemical moieties to an antibiotic 

rendering it ineffective, or destroying molecules completely is a very successful 

method for bacteria evading the antimicrobial action. β-lactamases are an example of 

enzymes which attack antibiotic compounds containing a β-lactam ring as part of 

their structure. The enzymes make antibiotics ineffective by damaging the amide 

bond within a β-lactam ring. As new generations of β-lactam antibiotics have been 

developed throughout history, they have been followed virtually instantaneously by 

the development of bacterial enzymes to prevent their antimicrobial action. Genes 

coding for β-lactamase enzymes have been identified within the chromosome, in 

mobile genetic elements (MGE) and have also been found as part of integrons. 

Currently, over 1000 different enzymes which work by attacking the β-lactam ring 

have been identified (Munita and Arias, 2016). 

Many antibiotic products must bind to a specific target site on a bacterium in order to 

prevent it from surviving further, however multiple mechanisms to avoid this binding 

of antibiotics to their targets have been developed by bacteria. These mechanisms 

often involve the alteration of porins in the bacterial membrane. Bacteria can change 
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the type of porin which is expressed, so that it has a similar functionality but will not 

allow for the passage of antibiotics. They can also change the level of porin 

expression and impair the function of porins, which are all commonly associated with 

efflux pumps. Efflux pumps can be found in both Gram-negative and Gram-positive 

organisms and provide the bacterium with the ability to extract toxic compounds out 

of the cell. This process is effective against various antibiotics within a range of 

antimicrobial classes. Genes coding for efflux pumps can also be found in MGEs and 

within the chromosome, and pumps encoded within the chromosome will transfer 

onto replicated bacteria providing inherent resistance (Munita and Arias, 2016). 

Another method in which the binding of the antibiotic to its target is impaired, is the 

use of proteins to interact with molecules in the target site and dislodge them. Genes 

in multiple plasmids and transposons have been identified to encode for proteins 

which carry out this function. Binding sites can also be changed via mutations or 

enzymes to prevent the antibiotic being able to bind. Through random mutational 

changes, the bacteria can evolve their target sites so they can maintain their original 

function but are no longer inhibited by antimicrobial molecules. Bacterial cells also 

have the ability to increase the production of a target and therefore increase the 

number of sites that are available, which overwhelms antimicrobial products. The 

antibiotics cannot bind to every site and leave some open for the original molecules 

to bind and the metabolic pathway that would be inhibited can continue (Munita and 

Arias, 2016). 

Antimicrobial resistance genes can be passed between bacteria via horizontal gene 

transfer, involving MGEs. The development and spread of AMR in bacteria are largely 

influenced by plasmids, transposons and integrons. Mechanisms which allow new 

genes to be incorporated into the bacterial chromosomes are provided by integrons, 

which also provide the machinery needed for their exposure. The bacteria can then 

spread from host to host carrying resistance genes (Munita and Arias, 2016). An 

individual’s exposure to antibiotics increases throughout their lifetime, which means 

as age increases so do AMR levels (Ji et al., 2016). The development of bacterial 

resistance to antibiotics is considered a normal adaptation process when relating to 

Darwin’s principles of evolution, so research into this area needs to be increased if 

we are wanting to resolve resistance issues (Munita and Arias, 2016). 
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Out of the total antibiotic usage in 2017 within the UK, 64% was used for human 

consumption and 26% was for use in farm animals. The most commonly used 

antibiotic in all animals was tetracycline, making up 37% of usage with a total of 106 

tonnes administered in 2017 alone. Penicillins were the second most often used 

antibiotic in animals. They were responsible for 28% of usage and 73 tonnes were 

administered. Currently there is very little data on antibiotic usage in sheep 

specifically, as they are not closely monitored yet. Antibiotics are vital for the 

treatment of diseases and help preserve the health and welfare of the animal, 

therefore maintaining their effectiveness is extremely important (RUMA, 2019). 

 

2. AIMS 

The lack of knowledge surrounding commensal bacterial transmission between 

sheep and how this can impact the spread of antimicrobial resistance, were the 

reasons behind executing this study. Ideally, once completed the results of this study 

will show what microbial species colonise the gut and the levels of resistance these 

bacteria carry. Comparisons can be made between microbial communities in ewes 

and lambs and hopefully the factors which influence what species are present within 

the gut and the transmission of these species between mothers and their offspring 

can be determined. Monitoring the normal gut microbiota of the sampled lambs as 

they age, could also provide some insight into how the composition develops from 

birth into later life. 

As previously mentioned, it is not fully understood the full extent to which ewes have 

an impact on the colonisation of their offspring’s gut with commensal bacteria 

(Browne et al., 2017). Due to the important functions the gut microbiota can play in 

the general health of an animal (Wang et al., 2019) it could be important to determine 

the factors effecting the commensal species. Bacterial species within faecal samples of 

ewes and their new-born lambs were isolated and identified to gather an 

understanding of the link between them. Subsequently, faecal samples were collected 

from the lambs at later stages in their life to see if there are any changes away from 

the original colonies. 
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Antibiotic resistance is now a major public health threat which can incur economic 

losses globally (Munita and Arias, 2016) and could lead to a reduction in quality of 

the health and welfare of animals if the treatment of infections is hindered. 

Tetracyclines and penicillins are the most commonly used antibiotics for the 

treatment of farm animals (RUMA, 2019). Therefore, the levels of resistance in the 

bacteria isolated in this study to these antibiotics were investigated, as resistance to 

these products could have serious implications on the agricultural industry. 

 

3. METHODS 

3.1 SAMPLE COLLECTION 

Samples were collected at the working farm on the University of Lincoln’s Riseholme 

campus (53.2647° N, 0.5371° W). Lleyn-Texel cross ewes and their offspring were 

sampled for this study. All the sheep were visibly healthy, with no obvious issues or 

signs of disease. Samples were collected in three batches. The first round was 

collected during lambing season, between the 18th and 23rd March 2020, then repeat 

samples were collected on 25th April and again on 22nd May 2020.  

For the first sample collection, faecal samples were taken from both ewes and lambs. 

Once lambs had been successfully delivered, they were transferred into individual 

pens along with their mother. Samples were taken within 24 hours after birth, whilst 

the sheep were in these individual areas. Ewe faecal samples were taken from the 

floor immediately after defaecation and lamb samples were taken during handling of 

the lamb. These were contained in sterile 25ml universal pots and transported to the 

lab within 12 hours, where they were refrigerated until the bacterial isolation 

process. All samples were spread onto plates, to obtain single bacterial colonies, 

within a week of initial sample collection. 

Numbers were sprayed onto the ewes and lambs to be able to identify which lambs 

belonged to each ewe. These numbers and the sheep ear tag numbers were recorded, 

plus how many lambs each ewe had, the sex of each lamb and whether lambs were 

moved onto different ewes or hand reared. This information was recorded to be able 

to trace the animals in future sampling and helped make the repeat sample collection 

process simpler. 
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During the second and third sample collections, faeces was collected from the lambs 

only. Female lambs were identified by tag number and where possible, male lambs 

were identified by the number sprayed onto their side. The samples were collected 

using the same process as above and also refrigerated in the lab within 12 hours. 

 

3.2 PREPARATION OF MEDIA 

Throughout the experimental process multiple types of media were used.  

Mueller-Hinton (MH) agar (CM0337, Oxoid) plates and MH broth (CM0405, Oxoid) 

were prepared according to manufacturer’s instructions. MH agar was stored in the 

fridge between 2-8°C and MH broth was stored at room temperature, until use for 

bacterial isolation. 

Amoxicillin, ampicillin and tetracycline were used in antimicrobial resistance testing. 

Amoxicillin and ampicillin were dissolved in water to make a 10mg/ml stock 

concentration. Tetracycline was also made to a 10mg/ml stock concentration but was 

dissolved in ethanol. The stock solutions of all the antibiotics were kept refrigerated 

between 2-8°C, until use. 

Chelex 100 (Biorad, UK) solution was made according to manufacturer’s instructions 

and stored at room temperature until use for DNA extraction. 

Agarose gels (1%) (Janssen Pharmacueitcals, Belgium) were used during gel 

electrophoresis. They were prepared just before use, according to manufacturer’s 

instructions. 

 

3.3 BACTERIAL ISOLATION 

In order to obtain pure bacterial cultures for antibiotic resistance testing, the faecal 

samples had to be serial diluted and plated onto MH agar. Approximately 0.5 grams of 

faecal sample was transferred into a 1.5ml Eppendorf with 1ml of distilled water. 

Then 100μl of this mixture was added to 900μl of distilled water in a 1.5ml 

Eppendorf and repeated until a 10-4 dilution was reached. In preliminary tests, it was 

found that the most successful clear single colonies were grown from the 10-3 
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dilution. Due to this, 50μl of the 10-3 dilution of every sample was spread onto the 

surface of an MH plate and then incubated for 24 hours at 37°C. On the few spread 

plates where single colonies could not be isolated from the 10-3 dilution, the 10-1, 10-2 

or 10-4 dilutions were also spread onto plates to grow definite single colonies. Three 

random single colonies grown from each sample were inoculated into separate 25ml 

universals with 5ml MH broth in each, then incubated for a further 24 hours at 37°C. 

These broths were then ready for antimicrobial resistance testing. 

 

3.4 ANTIMICROBIAL RESISTANCE TESTING 

Prior to calculating the minimum inhibitory concentration (MIC) of the antibiotics, 

the stock concentrations were further diluted to 256μg/ml. 

For MIC calculations, the sample broths were adjusted to ensure they all had a 0.1 

optical density at 590nm. Using 1.6ml cuvettes, 1ml of the sample broths were 

measured in the colorimeter and the values were noted. To calculate how much of the 

sample broth needed to be added to sterile broth in order to achieve an optical 

density of 0.1, the formula: OD1 V1 = OD2 V2 was used. With OD1 = the measured value, 

V1 = the volume being worked out, OD2 = 0.1 and V2 = the volume of MH broth needed 

for the MIC reactions, in this case 10ml. To make the final adjusted broth, the V1 value 

of sample broth was added to 10-V1ml of sterile MH broth. 

Individual sample broths were assigned their own row of a 96 well plate. The 96 well 

plates were set up as follows (Figure 1). Column one contained the positive control, 

which was made up of 50μl of the associated sample and 50μl sterile water. Column 

two contained the negative control, made up of 50μl antibiotic at 256μg/ml 

concentration and 50μl sterile MH broth. Wells three to twelve on each row were 

filled with 100μl of the sample broth. All the wells in column three had 100μl of the 

256μg/ml antibiotic added to them, then 100μl of this solution in the third well was 

removed and added to the fourth well. This process of removing 100μl from the 

current well and moving it to the adjacent well was continued until well 12 was 

reached. This created a dilution series of antibiotic across the rows of the 96 well 

plate (Table 1). 
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Figure 1: Layout of 96 well plate. Each row contained a unique sample. Columns one and two 

contained the positive and negative controls respectively, with the remaining columns containing 

varying concentrations of antibiotic, from 128μl to 0.25μl. 

 

Table 1: Dilution series within 96 well plate. Each column contained a decreasing concentration of 

antibiotic, from 128μg/ml to 0.25μg/ml. 

Column Concentration of antibiotic (μg/ml) 

1 Positive control (no antibiotic) 

2 Negative control (128μg/ml antibiotic) 

3 128 

4 64 

5 32 

6 16 

7 8 

8 4 

9 2 

10 1 

11 0.5 

12 0.25 

 

  1     2      3      4      5      6     7      8      9    10    11   12 

A 

B 

C 

D 

E 

F 

G 

H 
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Figure 2: Example of MIC plate results used in this study. The turbid wells indicate growth of 

bacteria. Where there is no turbidity the antibiotic concentration has inhibited bacterial growth and 

therefore the bacteria are susceptible at that concentration. 

 

Each 96 well plate was made up for three different antibiotics- ampicillin, amoxycillin 

and tetracycline, then each plate was repeated on a different occasion to ensure 

accurate results. Once plates were completely filled, they were incubated for around 

20 hours at 37°C. After the incubation period, the plates were removed to read the 

results. The MIC was calculated by observing the first well with complete inhibition of 

growth in each row and noting the corresponding antibiotic concentration (Figure 2). 

PCR and DNA sequencing methods were used to determine the species of bacteria 

present in each sample, to allow for the results to be compared to the EUCAST 

breakpoint tables (2020). From these values it could be determined whether the 

bacteria were susceptible to the antibiotics. 

 

3.5 POLYMERASE CHAIN REACTION (PCR) 

PCR was used to amplify the 16S rRNA gene, in order to identify the species of 

bacteria present in each sample and was also used to identify resistance genes 

present in the isolated species. The initial methodology for each reaction was the 

same, however different primers and cycling conditions were used depending on 

which gene was amplified (Table 2). The resistance genes tested for included the 

genes for amoxicillin and ampicillin (blaTEM-1, blaSHV and blaOXA-1) and those for 

tetracycline (tetA, B, C, D, E, G, K, L, M and O). 
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Table 2: PCR cycling conditions for the 16S rRNA gene and amoxicillin, ampicillin and 

tetracycline resistance genes. The thermal cycler has an initial denaturation period and then repeats 

the denaturation, annealing and extension stages until the set number of cycles is complete. A final 

extension stage then occurs to finish the process. The temperatures and timescales for each stage 

differ depending on which primers are used. (Rurangirwa et al., 1999; Colom et al., 2003; Koo and 

Woo, 2011). 

Cycling conditions 16S rRNA 
blaTEM-1, blaSHV, 

blaOXA-1 
Tetracycline primers 

Initial denaturation 95°C for 5 mins 94°C for 3 mins 94°C for 5 mins 

No. of cycles 35 32 35 

Denaturation 94°C for 1 min 94°C for 30 s 94°C for 30s 

Annealing 55°C for 3 mins 
48°C (blaOXA-1), 

54°C for 30s 
55°C for 30s 

Extension 72°C for 3 mins 72°C for 1 min 72°C for 30s 

Final extention 72°C for 7 mins 72°C for 10 mins 72°C for 5 mins 

 

Firstly, each sample had 500μl removed and placed into a separate 1.5ml Eppendorf 

tube for DNA extraction. The tubes were placed in the centrifuge at 5000rpm for 5 

minutes. After this 200μl Chelex was added and then the solution was boiled by 

placing the tubes in a heat block at 100°C for 15 minutes. Once the samples were 

boiled, they were then put on ice for approximately an hour and then centrifuged 

again at 13,000rpm for 10 minutes. The supernatant within the tubes contains the 

extracted DNA, so was removed into a new Eppendorf tube ready for the PCR 

reaction. 

Individual PCR reactions require 10μl nuclease free water, 10μl PCR master mix, 2μl 

forward and reverse primers and 2μl of the sample DNA to be amplified. The total 

number of samples to be amplified was calculated. In order to ensure accurate 

measurements, the amounts of water, master mix and primers needed for an 

individual reaction were multiplied by the total sample value, plus two to allow for 

error, and all added into an Eppendorf tube. This mixture was then divided into 0.2ml 

PCR tubes, one for each sample, with 23μl in each. Finally, 2μl of the extracted DNA 

samples was added to the tubes, which were then placed into the thermal cycler 

(Biorad, UK). 
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Table 3: The forward and reverse primers used in this study for PCR identification of 16S rRNA 

and AMR genes. The sequences of the forward and reverse primers differ depending on which gene is 

being amplified. Those included in this table are in 5’ to 3’ order. 

Target gene Forward primer (5’ to 3’) Reverse primer (5’ to 3’) 

 

Amplicon 

size 

16S rRNA AGAGTTTGATCCTGG TACCTTGTTACGACTT  

blaTEM-1 ATCAGCAATAAACCAGC CCCCGAAGAACGTTTTC 516 

blaSHV AGGATTGACTGCCTTTTTG ATTTGCTGATTTCGCTCG 392 

blaOXA-1 ATATCTCTACTGTTGCATCTCC AAACCCTTCAAACCATCC 619 

TetA CGCCTTTCCTTTGGGTTCTCTATATC CAGCCCACCGAGCACAGG 182 

TetB GCCAGTCTTGCCAACGTTAT ATAACACCGGTTGCATTGGT 975 

TetC TTCAACCCAGTCAGCTCCTT GGGAGGCAGACAAGGTATAGG 560 

TetD GAGCGTACCGCCTGGTTC TCTGATCAGCAGACAGATTGC 780 

TetE TCCATACGCGAGATGATCTCC CGATTACAGCTGTCAGCTGGG 442 

TetG CATTGCCCTGCTGATCG TTGGTGAGGCTTGTAAGC 993 

TetK TTATGGTGGTTGTAGCTAGAAA AAAGGGTTAGAAACTCTTGAAA 348 

TetL GAACGTCTCATTACCTGATATTGC CAAACCCTGCTACTGTTCCAA 728 

TetM GTRAYGAACTTTACCGAATC ATCGYAGAAGCGGRTCAC 633 

TetO AACTTAGGCATTCTGGCTCAC TCCCACTGTTCCATATCGTCA 515 

 

The cycling conditions and primers used for each reaction are shown in Table 2 and 3 

respectively. Once a PCR was completed it was kept at 72°C for between 5 and 7 

minutes, then cooled to 4°C, where they were held until gel electrophoresis could be 

carried out. 

 

3.6 GEL ELECTROPHORESIS 

To check the 16S rRNA gene amplification was successful, gel electrophoresis was 

used to visualise the rRNA molecules before sending them off for sequencing. A 2% 

agarose gel was used, within 50x TAE solution. The wells in the gel had 5μl of sample 

added, plus loading dye. A 100bp ladder (Sigma- Aldrich, UK) was also added to the 

end wells on either side of the gel, to compare the sample results to. The gel was run 

at 200V for approximately 30 minutes. 
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Once the electrophoresis was complete, gels were removed from the tank and placed 

into a Bio-rad gel Dock (Biorad, UK) to be able to read the results using UV light and 

Gel Red (Biotium, UK)   

 

3.7 DNA SEQUENCING  

When it was confirmed that all the 16S rRNA genes had been successfully amplified 

they were sent off for sequencing commercially (Macrogen, UK) in order to identify 

the species of bacteria. Each 16S rRNA gene sequence was quality control checked 

using Chromas Pro (Technelysium PLC, USA), before a consensus gene sequence was 

obtained. This sequence was inserted into the NCBI blast database 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) to ascertain its nearest known ancestor. 

 

3.8 STATISTICAL ANALYSIS 

Chi squared (2) tests for association were performed on data fitting the criteria. 2 

assumes no more than 20% of categories have expected frequencies less than 5 and 

no expected category should be less than 1. All statistical analysis was carried out 

using Minitab 17 software. 

 

4. RESULTS 

There were 174 individual sheep sampled in total; 65 ewes and 109 lambs, which 

were the offspring of the sampled ewes. From the 109 lambs sampled there were 35 

males, 74 females, 24 were single lambs without any siblings, 76 were part of twins 

and 9 were triplets. Due to some lambs not surviving, some being moved off the farm, 

time constraints and weather implications, faecal samples could not be obtained from 

all of 109 original lambs at the second and third sample collections. A total of 78 

lambs were sampled at the second repeat and 74 lambs at the third. The samples 

from ewes were obtained during lambing season, between the 18th and 23rd March 

2020. Once repeat sample collections and the isolation of bacterial species was 

completed, there were a total of 958 samples tested throughout the study. 
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4.1 GUT MICROBIOTA 

A total of 11 bacterial species were isolated from all the faeces collected, including 

both ewe and lamb samples. Those species were Bacillus subtilis, Enterococcus 

faecalis, Enterococcus faecium, Escherichia coli, Micrococcus luteus, Proteus mirabilis, 

Proteus vulgaris, Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus 

epidermidis and Streptococcus pyogenes. The most abundant bacteria across ewes and 

lambs from all three of the repeats was E. coli and the least abundant was P. mirabilis 

(Figure 3 and 4). 

 

 

Figure 3: A bar chart showing the percentages of bacterial species isolated from faecal samples 

in ewes and their lambs, within 24 hours of birth. In both ewes and lambs, the most prevalent 

bacteria were E. coli and the least prevalent were P. mirabilis. This relationship was not significant 

(Chi-squared test: ꭓ2= 11.821, df= 9, p= 0.224). 
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Figure 4: A bar chart showing the percentages of bacterial species isolated from faecal samples 

in lambs over two months. Lambs 1, 2 and 3 refer to the samples collected in March, April and May 

respectively. E. coli occurred most within all of the samples and P. mirabilis occurred least. (Chi-

squared test: ꭓ2= 29.487, df= 20, p= 0.079). 

 

When comparing the amounts of each bacterial species isolated from the samples, the 

percentages isolated from the ewes and the lambs within 24 hours of birth, appeared 

to be similar. Figure 3 shows the pattern of bacteria carried by the one-day old lambs 

approximately follows the trend of the bacteria carried by the ewes. There was no 

more than a 4% difference in each bacterial species isolated, between the ewes and 

lambs. However, this relationship was not considered statistically significant with a p 

value of 0.224. 

The samples collected from lambs at around one and two months of age show little 

differentiation, however there is a difference in these percentages compared to the 

initial number of bacteria isolated just after birth. The percentage of E. coli remained 

virtually constant over time, however as the lambs aged there was changes to E. 

faecalis, M. luteus and S. aureus. The percentage of E. faecalis decreased from 16% to 

8% and M. luteus decreased from 4% to 1% over the two months sampling period. 

There was an increase in percentage of S. aureus, from 6% to 9% (Figure 4), which 
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then equalled the value of S. aureus isolated from ewes (Figure 3). However, there 

was no statistically significant relationship (Chi-squared test: p> 0.05). 

 

a)      b) 

Figure 5: Bar charts to show the percentage of bacterial species isolated from a) male vs. female 

lambs and b) lambs with biological siblings vs. without. All the lamb samples included in this 

figure were from the initial collection, no longer than 24 hours after birth. Bacterial species were 

identified then split into those identified from males, females, lambs born as twins/triplets and single 

lambs. (Chi-squared tests: ꭓ2= 9.281, df= 9, p= 0.412 and ꭓ2= 4.830, df= 9, p= 0.849). 

 

Comparisons were also made between the bacterial species present in males versus 

females and in lambs with biological siblings versus without, to deduce whether 

either of these factors had an effect on normal gut microbiota. There were no major 

differences between males and females, or lambs born with and without other 

siblings. Figure 5 shows the bacteria isolated from each group of lambs out of the first 

sample collection to demonstrate this. There is no statistically significant relationship 

between sex and bacterial species carried in faeces, or the faecal microbiota and 

whether or not a lamb had siblings (Chi-squared tests: p= 0.412, p= 0.849). 

 

4.2 ANTIBIOTIC RESISTANCE 

Once bacterial species were isolated and identified, MIC values were calculated for 

each bacterial sample against amoxicillin, ampicillin and tetracycline. The isolated 

bacteria consistently had the most resistance to tetracycline and the least resistance 

to amoxicillin. When comparing the ewes and their day-old offspring, 77% of ewes 
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and 79% of lambs were resistant to tetracycline and 38% of ewes and 27% of lambs 

were resistant to amoxicillin (Figure 6). The relationship between antibiotic 

resistance levels and whether the sheep were ewes or lambs was not statistically 

significant, as p= 0.092. 

The levels of resistance to amoxicillin, ampicillin and tetracycline were all higher 

initially compared to the second sample collection. In both the first and second 

repeats the bacteria had the lowest resistance to amoxicillin, then ampicillin and the 

most resistance to tetracycline. In the third repeat, tetracycline resistance was the 

lowest out of the three antibiotics, with the highest being ampicillin. However, there 

was no major difference between the percentage resistance to any of the antibiotics 

in the third sample collection. The percentage resistance to amoxicillin, ampicillin 

and tetracycline were 45%, 48% and 41% respectively (Figure 7). The relationship 

between the age of lambs and antibiotic resistance levels of microbiota was 

considered statistically and the null hypothesis is rejected as the p value < 0.001. 

 

Figure 6: A bar chart to show the percentage antibiotic resistance levels in ewes and their new-

born lambs. Three MIC repeats were carried out for each sample isolated and all measurements were 

collected after 24 hours incubation. Tetracycline had the most bacterial samples showing resistance 

(Chi-squared test: ꭓ2= 4.781, df= 2, p= 0.092). 
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Figure 7: A bar chart to show the percentage resistance to antibiotics in lambs over a two-

month period. The initial Batch 1 samples were collected in March, Batch 2 were collected in April 

and Batch 3 in May. (Chi-squared test: ꭓ2= 44.211, df= 4, p< 0.001). 

 

Antibiotic resistance levels were also compared to the sex of the lambs and to 

whether the lambs had biological siblings or not, to determine whether these factors 

had any effect on the susceptibility of an antibiotic. As before with the comparisons of 

these factors against bacterial carriage, there was no significant relationship between 

sex or the number of siblings and antibiotic resistance, p= 0.671 and p= 0.167 

respectively. The percentage of bacteria resistant to each antibiotic appeared to be 

similar values in males and females across all the sampling rounds, which was also 

the case when looking at those lambs which were born as twins/triplets or on their 

own. Figure 8 of the percentage resistance in lambs from the initial sample collection 

illustrates these similarities in values. 
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a)      b) 

 

Figure 8: Bar charts to show the percentage of bacterial species isolated from a) male vs. 

female lambs and b) lambs with biological siblings vs. those without. This figure includes the 

lamb samples from the initial collection within 24 hours of birth. Bacterial species were divided into 

groups of those isolated from males, females, lambs born as twins/triplets and single lambs. (Chi-

squared tests: ꭓ2= 0.798, df= 2, p= 0.671 and ꭓ2= 3.583, df= 2, p= 0.167). 

 

4.3 ANTIBIOTIC RESISTANCE GENES 

PCRs were carried out to identify whether AMR genes were carried by the bacteria 

isolated from the sheep faeces. The genes linked to resistance for amoxicillin and 

ampicillin that were tested in this study, were blaTEM-1, blaSHV and blaOXA-1. 

Tetracycline resistance genes were also tested for, which included tetA, B, C, D, E, G, 

K, L, M and O. There were 958 bacterial samples tested in total, none of which carried 

the blaSHV gene (Table 4). Aside from this, tetM was found to be the second least 

prevalent gene and blaTEM-1 was by far the most prevalent gene found, with 25% of 

the total isolated bacteria carrying the gene (Table 4 and 5). 

 

Statistical calculations were carried out in order to determine whether there was any 

link between the resistance products carried by ewes and those found in their new-

born lambs. Chi-squared tests were calculated for both the amoxicillin/ampicillin 

resistance products and the tetracycline genes. The resulting p values were < 0.001 

and 0.003, indicating a significant relationship between the ewes and lambs for all 

the AMR genes. The percentage of resistance genes carried by lambs was also 

compared to the age of the lambs, as samples were collected at one-day old, one 

month old and two months old. The initial bacterial samples from lambs no more 
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than 24 hours old carried more bacterial resistance genes compared to when they 

were older for every resistance gene apart from blaTEM-1. From the samples 

collected just after birth, there were 15% carrying the blaTEM-1 gene, however the 

final group of lamb faecal samples contained 30% of separate bacterium samples 

which were carrying the gene (Table 4). The relationships for both the penicillin 

derived antibiotics and tetracycline resistance genes were not considered statistically 

significant, due to the calculated Chi-squared tests having p values >0.05 and the 

working hypotheses were rejected. 

 

Table 4: The percentage of amoxicillin and ampicillin resistance products found in sheep faecal 

samples. A total of 958 bacterial samples from 174 sheep were tested. Out of the 958 samples, no 

blaSHV genes were found. Statistical tests were carried out to determine the relationships between 

ewes and new-born lambs, and between lambs as they age. (Chi-squared test statistics: ꭓ2= 8.860, df=1, 

p= 0.003 and ꭓ2= 3.043, df=2, p= 0.218). 

 blaTEM-1 blaSHV blaOXA-1 

Ewes 23 0 10 

Lambs 1 15 0 15 

Lambs 2 21 0 16 

Lambs 3 30 0 18 

 
 

Table 5: The percentage of tetracycline resistance products found in sheep faecal samples. After 

the PCRs were completed on all the samples, it was deduced that overall tetA was the most prevalent 

tetracycline resistance gene and tetM was the least prevalent. Chi-squared tests were carried out to 

compare the relationships between ewes and new-born lambs, and between the lambs over time. (Chi-

squared test statistics: ꭓ2= 41.888, df=9, p< 0.001 and ꭓ2= 12.882, df=18, p= 0.794). 

 tetA tetB tetC tetD tetE tetG tetK tetL tetM tetO 

Ewes 24 4 6 5 5 3 6 3 5 6 

Lambs 1 10 9 7 7 6 9 5 6 4 7 

Lambs 2 5 6 6 8 8 8 8 5 3 6 

Lambs 3 5 4 6 6 6 5 6 5 4 5 
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5. DISCUSSION 

The bacterial components that form the gut microbiota can have different effects on a 

host’s health depending on which species are present (Wang et al., 2019). It was 

originally thought that an animal’s normal gut microbiota developed after birth, 

however there is now evidence that could support a development starting in utero 

(Jandhyala et al., 2015). Currently there are limited studies surrounding this 

transmission and other routes commensal bacteria could use to transfer from one 

animal to another. If a thorough understanding of the transmission pathways is 

developed, the information could lead to better practices for farmers in order to 

ensure a healthy gut. This could ultimately result in an increase in the productivity of 

livestock (Wu et al., 2012). 

This study looked at the bacterial species present within faecal samples from a 

selection of lambs at Riseholme farm in Lincoln, as bacteria forming the gut 

microbiota are regularly shed with faeces from the animal (Kelly et al., 2016). 

Comparisons were made between the communities within the ewe faeces and lamb 

faeces to determine whether there were any similarities, as this could shed some light 

on transmission between mother and offspring. The lambs were also sampled at two 

future occasions to observe the changes in microbiota carried over time. 

In addition to the species of bacteria carried by sheep, the resistance of these bacteria 

can also affect an individual’s health. Bacterial infections from AMR strains will 

hinder any antibiotic treatments, which involves extended recovery times and can 

lead to serious complications, potentially resulting in death (Ventola, 2015). Many of 

the bacteria which can be found as part of the GI tract microbiome are opportunistic 

and have the potential to become pathogenic (Wu et al., 2012), therefore if these 

opportunistic species did cause an infection it could be more difficult to treat. 

Due to the ability of bacteria to transfer AMR genes via horizontal gene transfer, there 

is a possibility the commensal bacteria could also be a source of AMR genes for any 

pathogenic bacteria they encounter (Bag et al., 2019). In this study, the number of 

antibiotic resistant bacteria isolated from the sheep at Riseholme and which 

resistance genes they carried were determined. This allowed for an understanding of 

whether antibiotic resistance could be an imminent issue within the ovine 
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community. The results could also help identify whether any procedures aimed at a 

reduction in the spread of AMR were needed.  

 

5.1 COMPONENTS OF THE OVINE FAECAL SAMPLES 

The 11 species of bacteria isolated from the ovine faecal samples in this study were 

all either Firmicutes or Proteobacteria. The firmicutes included B. subtilis, E. faecalis, 

E. faecium, S. aureus, S. epidermidis and S. pyogenes. E. coli, P. mirabilis and P. vulgaris 

were the Proteobacteria isolated. Each of these species can commonly be found as a 

component of the natural microbiota in animals, apart from S. pyogenes which is 

usually a pathogenic bacterium in human hosts (Vela et al., 2017). 

S. pyogenes normally colonises the human epithelial surfaces of the throat or skin and 

can be responsible for pharyngitis, dermatitis, scarlet fever, necrotizing fasciitis and 

streptococcal toxic shock syndrome (Vela et al., 2017). This bacterium is usually 

strongly associated with morbidity and mortality (Sagar et al., 2012). There are very 

few studies isolating S. pyogenes from animal hosts, however it has been recognised 

that the strains derived from humans can colonise and infect animals. Due to this, 

animals could potentially be a reservoir for S. pyogenes. The bacteria have been 

isolated from animal GI tracts, but only in the case of infection (Vela et al., 2017). 

Enterococcus spp. are a usual component of the gut microbiota in humans and 

animals, with E. faecalis and E. faecium being the most common commensal species in 

healthy individuals. They are thought to help aid a host’s gut metabolic pathways 

including digestion and can be used as a treatment for diarrhoea when in probiotics. 

Enterococci are frequently found in animal faeces and can be isolated from soil, 

vegetation and open waters. Species of pathogenic Enterococcus can cause urinary 

tract infections, endocarditis, bacteraemia, neonatal infections, central nervous 

system infections, abdominal and pelvic infections (Gonzalez et al., 2017). 

B. subtilis is found within the mammalian intestinal tract and is a vital component of 

the normal microbiota. The bacteria have an ability to produce vitamins, enzymes 

and antimicrobials which all provide major advantages to a host. Some enzymes 

produced by B. subtilis allow for the digestion of cellulose and the antimicrobials can 

be secreted to preserve the balance of microbiota within the intestines. Due to these 
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host benefits, B. subtilis is often added to food as a probiotic to improve mammalian 

health (Zhou et al., 2015). B. subtilis can grow and survive in a wide variety of 

environments outside of animal GI tracts. It can be found on land and in water, using 

the formation of endospores to survive in particularly harsh conditions (Earl et al., 

2008). 

Staphylococcus spp. are also common members of the normal microbiota. S. aureus is 

prevalent in farm animals in the nares, gut and on skin. However, it can also be 

responsible for infections such as mastitis in cows, goats and sheep (Flaxman et al., 

2017). Staphylococci also have various adaptive methods allowing for their survival 

in a multitude of environments in and outside of a host (Onyango and Alreshidi, 

2018). S. epidermidis are opportunistic pathogens, frequently colonising the skin and 

mucous membranes of animals (Otto, 2009). Due to the limited numbers of S. 

epidermidis isolated from the sheep faecal samples in this study, it is likely the 

bacteria were not originally part of the gut microflora and have transferred from the 

skin onto the faeces.  

E. coli is a commensal, facultative anaerobic bacterium prevalent within the gut 

microbiota in mammals. The bacteria benefit the host by aiding nutrient digestion, 

metabolism and immune system functions and can protect against pathogens, 

however E. coli also have the potential to become pathogenic (Kittana et al., 2018). 

There a large group of vastly different strains of E. coli, including these pathogenic 

strains, which can cause inflammation of the gut, diarrhoea, urinary tract infections 

meningitis and septicaemia (Bélanger et al., 2011). 

Proteus spp. can be commonly found as commensal species of the intestines in wild 

and domesticated animals. The species can also be isolated from humans, soil and 

water. Within humans Proteus spp. have the potential to cause infections within the 

urinary and respiratory tracts and also diarrhoea, meningitis and Rheumatoid 

arthritis. P. mirabilis is responsible for most infections within humans. The benefits of 

either P. mirabilis or P. vulgaris to a host are poorly understood and it is thought that 

individuals with the bacteria in their GI tract are in a carrier state, where a change in 

certain conditions could allow for cross-infection (Drzewiecka, 2016). 
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Firmicutes and Proteobacteria are often found as part of the gut microbiota in sheep, 

however Bacteroidetes are also normally a main component of gut microbiota (Tanca 

et al., 2017), none of which were isolated in this study. The Bacteroidetes commonly 

found as commensals in the gut are obligate anaerobes, therefore will not grow in the 

presence of oxygen (Thomas et al., 2011). During the bacterial isolation process in 

this study, faecal samples were spread onto agar plates which were incubated in 

aerobic incubators. Due to these methodologies, the chances of isolating any 

anaerobic species would be very low. The bacterial isolation process also involved 

randomly choosing three different colonies from each agar plate. This could also be a 

reason why there was not a more varied range of species sampled, as there would 

have been significantly less chance of choosing those which are fewer in number 

within the gut community compared to the major components. For example, it has 

been shown that E. faecalis and E. faecium are the most common Enterococcus spp. 

present in the mammalian gut (Gonzalez et al., 2017), and these were the only 

Enterococcus spp. isolated in this study. Other less prevalent species would have been 

easily missed in the isolation process. 

 

5.2 COMPARISONS BETWEEN THE BACTERIA PRESENT IN EWE AND NEW-BORN 

LAMB FAECES 

The percentage values of each bacterial species isolated from both the ewes and 

lambs appeared to be similar, suggesting the initial lamb gut microbiota had the same 

composition as the adult animals. These results could infer that the bacterial 

communities within a lamb’s gut are heavily influenced by the species their mothers 

carry. This could be evidence to support the theory that gut microbiota develops in 

utero and those species carried by a mother will transfer to her offspring (Collado et 

al., 2016). If this is not the case it could also infer that immediately after birth, the 

bacteria ewes are carrying orally, vaginally or in their milk could majorly influence 

which colonies are present within the lambs. However, both transfer in utero and 

from mother to offspring via alternative routes postnatally would need to be 

researched further in order to come to a definitive conclusion. The relationship 

between the gut composition in ewes and lambs was also insignificant, therefore 

there is a high possibility the apparent similarities are purely down to chance. 
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Several studies have highlighted the ways in which bacterial communities do transfer 

directly from mother to offspring. One study found gut microbial colonisation was 

influenced by the maternal bacteria prior to giving birth, by distinct microbial 

communities within the placenta and amniotic fluid. This transfer then continued 

after birth through the species present in breast milk (Collado et al., 2016). This 

transfer via breast milk in humans is also supported in a study by Jost et al (2014) 

which showed obligate gut anaerobes can be transferred in humans, from mother to 

neonate. A link between the maternal vaginal microbiota and neonate gut microbiota 

has also been shown in humans (Sakwinska et al., 2017). Due to these proven links in 

maternal and infant microbiota in humans it is also likely the same links could be 

found in sheep. However, a methodology assessing all the contributing factors such as 

vaginal, oral and placental microbiota in the ewes would need to be completed.  

All the sheep sampled were housed in exactly the same conditions and therefore, 

were most probably all exposed to the same bacteria. It has been shown that 

differences in environment (Schokker et al., 2014), including changes to diet 

(Jandhyala et al., 2015) can influence gut microbial development. All the sheep were 

supplied with haylage, hay and supplementary food bonuses to increase weight gain. 

The haylage was bought from an external source and transported to the Riseholme 

farm, which could have brought foreign bacterial samples into the farm potentially 

effecting the species in their gut microbiota. However, this common diet could 

explain the similarities in gut microbiota and not necessarily the transfer of bacteria 

directly from ewes to their offspring. 

Antibiotics are rarely administered to the sheep at Riseholme. Tetracycline injections 

were given when there were clear signs of infection, but apart from those rare 

occasions lambs were not exposed to any antibiotics. This would mean most of the 

sheep had the same exposure and the long-term effects that antimicrobials can have 

on bacterial species in the gut (Jandhyala et al., 2015) would not occur. 

Once lambs were born, they were moved, along with their mother, to one of the 

individual pens within the lambing shed. There were around 30 of these pens, which 

were home to the ewes and their new-born lambs for a few days until they were 

ready to move to a mixed pen. Due to the limited number of individual pens, some of 

them had to be reused to house a different ewe and her offspring. The original hay 
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bedding was removed and a fresh layer was laid down after one family of sheep were 

removed in preparation for new occupants. There were no cleaning products used to 

disinfect pens in between the different sheep groups, therefore it could be possible 

bacteria from others’ faeces could remain in the area and transfer to lambs meaning 

it was not solely their mothers natural microbiota influencing the gut. Other 

environmental factors affecting colonisation could include; the presence of animals 

other than sheep nearby and a heavy presence of humans in the shed. The farm 

owned dogs could be regularly found in amongst the lambing pens within the shed 

and dogs have been shown to be carriers of enterococci (Damborg et al., 2009). 

Ewes and lambs were all exposed to the same factors which can influence gut 

bacterial colonies mentioned above, this could explain the reason why a relationship 

seemed to be apparent when looking at the collected data (Figure 3). The sampling 

method also meant that any unusual bacterial colonisation in individuals that could 

possibly be present would likely be overlooked as there was a greater chance of 

isolating the more prevalent species. The working hypothesis was rejected, and it was 

determined that the results were highly likely down to chance rather than a 

significant relationship, therefore these factors are a more reasonable suggestion for 

the similarities.  

 

5.3 COMPARISONS BETWEEN THE BACTERIA PRESENT IN LAMB FAECES OVER 

TIME 

When analysing the results collected from the sheep samples at 0, 1 and 2 months 

old, the latter two samples both contained very similar percentages of each species, 

differing to the percentage of bacterial components found in the initial faecal 

sampling. The theory that the initial gut composition in lambs is only temporary until 

an adult microbiota develops was deduced from these results. A study by Wang et al 

(2019) investigating the changes in gut microbiota with age also supports this idea. 

Initial diet changes from colostrum to milk and then the change from milk to plant-

based food have a considerable impact on the species colonising the rumen gut. Once 

the lambs start eating grass and other plant matter, a gut microbial community which 

can digest a more fibrous diet is needed.  
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Once statistical analysis was carried out on the data obtained from this experiment, 

the differences between the gut composition as lambs aged were ruled insignificant 

(Figure 4). This insignificance as well as the insignificant relationship between ewe 

and lamb, could also be explained by the sampling method. The factors affecting the 

colonies within an individual’s gut are constantly changing (Browne et al., 2017), so 

only taking three samples, with a month gap in between each, may not have provided 

an accurate representation of any differences over time. There is the potential that 

the composition of bacterial species colonising the gut alter multiple times within a 

month, therefore a more thorough sampling method at more frequent time intervals 

would be more appropriate to gain a full understanding of the changes over time. 

The lambs were all exposed to the same diet and environment once they were moved 

out of the lambing shed. All the sheep, once strong enough to be moved outside, were 

moved into the same field via the same transport method. This could explain the 

initial difference in microbiota as the lambs will have been exposed to different 

environmental bacteria once moved into a field with a more varied diet and an 

increase in influencing factors. The stress of handling animals and moving the sheep 

to the field can also affect the bacterial species carried (Freestone and Lyte, 2010). 

However, these reasons could also explain why results were more likely due to 

chance than the actual pattern of colonisation with age, as there were multiple 

affecting factors which would need to be controlled before drawing a conclusion. 

Each time samples were collected the weather conditions were dramatically 

different, from sunshine with temperatures of 17°C, to rain and thunderstorms. Links 

between climatic temperatures and the microbiota of vertebrates have also been 

identified (Fontaine et al., 2018), which could also explain the differences seen 

between sample periods rather than the development of the lamb. 

 

5.4 ADDITIONAL ANALYSIS OF BACTERIAL SPECIES FOUND IN FAECES OF LAMBS 

Any differences between male and female lambs were also investigated to see 

whether sex had any effect on normal microbiota carriage. This analysis was carried 

out because although the lambs were exposed to the same conditions for the majority 

of the time, males did endure a longer encounter with humans just after they were 
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born. Males also have to be castrated as well as having the tail docking procedures, 

therefore this naturally led to an increased amount of time being handled by humans, 

compared to females. It has been shown that microbiota from humans can pass onto 

animals (Browne et al., 2017), so this relationship was tested to determine whether 

increased handling had any sort of effect. When the results from males and females 

were compared, they were not significant and no obvious differences could be 

observed between them, therefore other factors probably have a greater influence on 

the general gut community rather than human handling (Figure 5a). 

Ewes with multiple lambs often have more complicated births than those with only a 

single lamb (Gardner, 2007). This could lead to lambs being exposed to different 

species of bacteria, for example if there is human interference when aiding with the 

birthing process. There could also be differences in the amounts of colostrum 

received by lambs with siblings compared to those without and colostrum has been 

shown to influence gut microbiota and lamb health (Wang et al., 2019). Twin-bearing 

ewes generally produce more colostrum than those with single lambs, however this is 

usually an insufficient amount as they still do not produce as much per lamb (Nowak 

and Poindorn, 2006). This difference in number of siblings and potential to encounter 

different bacterial species was also compared to see whether a relationship could be 

identified. Again, no major differences could be seen and the relationship was 

considered insignificant (Figure 5b). 

 

5.5 ANTIBIOTIC RESISTANCE LEVELS OF BACTERIA ISOLATED FROM FAECAL 

SAMPLES 

Resistance was tested towards amoxicillin, ampicillin and tetracycline. All of these 

antibiotics are commonly used treatments within the agricultural industry (RUMA, 

2019), therefore the development of resistance to these products is highly likely. 

Bacterial resistance was found for all of the antibiotics tested, with the most 

resistance from samples exhibited to tetracycline. Amoxicillin had the least number 

of bacterial species showing resistance (Figure 6 and 7). Tetracycline is the most 

commonly used antibiotic in agricultural settings throughout the UK (RUMA, 2019) 

and was also the antibiotic of choice on Riseholme farm specifically. Resistance to 
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tetracyline is becoming increasingly frequent in farm animals due to this popularity 

in use (Granados-Chinchilla and Rodríguez, 2017). Amoxicillin and ampicillin are 

both broad spectrum penicillins, which can be used to treat a variety of bacterial 

infections (Li et al., 2007). Penicillin is also the second most commonly used 

antibiotic on UK farms (RUMA, 2019), so finding resistance to these antibiotics is not 

surprising. 

Tetracycline use for treatment of infections is common in farm animals as they are 

effective against a wide range of bacteria and are relatively low cost. Historically 

tetracyclines were also added into food as growth promoters, exposing large amounts 

of animals to the antibiotic. For both these reasons, resistance in tetracycline 

antibiotics has risen. They are mainly used for the treatment of respiratory, dermal 

and soft tissue infections, peritonitis and metritis, alongside other infections 

(Granados-Chinchilla and Rodríguez, 2017). Due to its widespread use, resistance to 

tetracycline could greatly impact farmers by making infections more difficult to treat, 

leading to poor standards of life. 

Β-lactamases are enzymes naturally produced by bacteria to prevent the function of 

β-lactam antibiotics such as penicillin. Amoxicillin and ampicillin both have broad 

spectrum ability and can be used to treat a large variety of bacterial infections. They 

have also been used as growth promoters at subtherapeutic concentrations (Li et al., 

2007), therefore resistance could be expected. Complete resistance to penicillin 

would also make the treatment of infections considerably harder, possibly resulting 

in sheep mortality. To my knowledge, amoxicillin and ampicillin were not 

administered to any of the lambs in this study, however antibiotic administration was 

not monitored. The occurrence of resistance in lambs suggests resistance is 

transferred between animals, but this would need to be further investigated and 

include taking note of which antibiotics had been administered to both lambs and the 

ewes over their lifetime. 
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5.6 COMPARISON BETWEEN ANTIBIOTIC RESISTANCE IN EWE AND NEW-BORN 

LAMB FAECES 

From the results obtained, the ewes appeared to generally demonstrate more 

resistance to the antibiotics compared to their lambs. This would be considered a 

normal relationship, because generally as age increases so do the levels of exposure 

to antibiotics and therefore resistance also increases (Jandhyala et al, 2015). 

However, this correlation between ewes and a higher resistance level was 

statistically analysed and the relationship was not significant. 

Whether a bacterium was considered resistant or not was tested via the MIC method. 

This method is not always considered the most accurate way to test certain 

antibiotics. For example, the disk diffusion method is usually more accurate for 

testing for penicillin resistance in S. aureus, provided the zones are measured 

precisely (EUCAST Breakpoint Tables, 2020). Therefore, the levels of resistance 

measured in this study could be inaccurate which could have affected the significance 

of the relationships found between ewe and lamb. A wider variety of alternative 

methods would need to be undertaken to ensure accuracy before analysing the 

relationships again. 

Performing MIC tests could also have an element of human error involved when 

reading results. As shown in Figure 2, the concentration a sample is considered 

susceptible to is measured by recording the last well that is visibly turbid. What an 

individual considers turbid could differ from person to person, therefore further 

measurements of the turbidity of the broths should have been carried out after the 

plates had been incubated. 

The bacteria from lambs sampled in this study were showing resistance from within 

24 hours of birth (Figure 6). This suggests there is a transfer of resistant species from 

mother to lamb, either immediately after birth or in utero. Antibiotic resistant 

bacteria were also isolated from humans within the first few days of birth in a study 

completed by Zhang et al (2011). This investigation recognised similarities in the 

AMR gene pools of mothers and infants and ruled that exposure to maternal 

microbiota through a natural delivery method was how the transfer was likely to 

have occurred. They also found AMR genes within the mother’s breast milk. In future, 
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samples of colostrum and milk could be taken from ewes and compared to the lamb 

microflora. 

 

5.7 COMPARISONS BETWEEN ANTIBIOTIC RESISTANCE LEVELS OF BACTERIA 

FROM LAMB FAECES OVER TIME 

The bacteria collected in the first batch of sampling had a higher number of resistant 

species compared to batch 2, for all the antibiotics tested (Figure 7). If bacterial 

species do transfer directly from ewes to lambs, this initial greater level of resistance 

could be explained by the fact the lambs were carrying resistant species from their 

mother. As these species were not exposed to any antibiotics later in the lamb’s life, 

the bacteria could lose their resistance ability, due to it being quite costly to the 

fitness of a bacterium. Cellular processes are often impaired by resistance 

mechanisms, therefore in the absence of antibiotics this function would be a 

disadvantage to a bacterium (Hall et al., 2015). The number of resistant bacteria 

isolated from samples in batch 3 increased again, compared to those from the second 

round of sampling. This trend falls in line with predictions that as an animal ages and 

is exposed to more antibiotics and resistance genes in different environments, so 

does the carriage of resistant bacteria (Jandhyala et al., 2015). The relationship 

between age and the amount of bacterial species carried was considered statistically 

significant and the null hypothesis was rejected, therefore the similarities are 

unlikely to be down to chance alone. 

Even though the results obtained from lambs showed a significant relationship, there 

were some limitations to the way in which samples were collected. Bacteria were 

isolated from spread plates by inoculating broths with random single colonies, 

therefore it could not be guaranteed that the same species of bacteria were tested for 

antimicrobial resistance across all the batches. This means there was a chance that 

more resistant species were isolated from the spread plates in batch 3 compared to 

batch 2 by coincidence, in the way they were randomly picked.  

As previously mentioned, a sampling method with more frequent sample collections 

over a longer time period would be needed to get a better understanding of the 

antibiotic resistance levels within the ovine gut as age increases. A study by Dyar et al 
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(2012), monitored the antibiotic resistance of commensal bacteria in humans. In this 

experiment the authors measured possible determining factors weekly, over a four- 

week period, to obtain a thorough understanding of their effects. In the future, a 

weekly faecal sample collection from lambs may prove more useful in gaining an 

understanding of the effect age has on the gut microbiota. 

 

5.8 ADDITIONAL ANALYSIS OF ANTIBIOTIC RESISTANCE LEVELS IN LAMB FAECAL 

BACTERIA  

The number of antibiotic resistant bacterial species found within lamb faecal samples 

were compared against sex of the individuals. In the same way human handling was 

thought to possibly have an effect on the gut microbiota composition (Browne et al., 

2017), it was also suggested as potentially having an effect on antibiotic resistance of 

the species carried. The process of castration in addition to tail docking could also 

increase the chance of infection in males and therefore increase the likelihood that 

males were exposed to more antibiotic treatments than females, which could lead to 

more resistant species carried by males. However, the percentage of resistant species 

for all antibiotics, in both males and females in this study were very similar and no 

significance was found between sex and AMR bacteria carriage (Figure 8a). 

When ewes are pregnant with a single lamb only, most of the time this lamb will be a 

healthy weight and receive all the colostrum the ewe has available. However, lambs 

that are born as twins and triplets are often smaller in size and face more competition 

from their siblings. This can result in weaker immune systems and a higher chance of 

infection from opportunistic pathogens (Nowak and Poindorn, 2006), which could 

consequently result in more exposure to antibiotic products as treatments. Due to 

this, the relationship between antibiotic resistance and single lambs compared to 

those with siblings was investigated.  

There were no differences in the percentage of bacterial species that exhibited 

antibiotic resistance in sheep with siblings, versus those without in the results 

obtained as part of this study and the comparisons were not considered significant 

(Figure 8b).  
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5.9 ANTIBIOTIC RESISTANCE GENES PRESENT WITHIN FAECAL SAMPLES 

Within all the 958 samples which underwent PCR testing, none of the bacterial 

species were carriers of the blaSHV gene. The resistance gene that was identified in 

the most bacterial samples was blaTEM-1, followed by blaOXA-1. The most 

commonly found gene encoding for resistance to tetracycline was the tetA gene 

(Table 4 and 5). 

The blaTEM-1 and blaOXA-1 genes both provide resistance to penicillin, such as 

amoxicillin and ampicillin. When bacterial species carry these genes, they are able to 

produce β-lactamases, which inhibit the antibiotic. Both genes have been isolated 

from soil, which is thought to be associated with manure spreading on fields (Graham 

et al., 2016). This prevalence in the environment could explain the high numbers of 

blaTEM-1 and blaOXA-1 genes detected from bacteria within this research. 

The tetA gene encodes for an energy-dependant efflux system which exports 

tetracycline antibiotic products back out of the bacterial cell once it enters (Olowe et 

al., 2013). It has also been found to be the most common tetracycline resistance gene 

found on the surface water of a river (Li et al., 2014), therefore sheep could acquire 

this gene from the environment. 

Genes encoding resistance to penicillin; blaTEM-1 and bla-OXA-1, were the most 

prevalent AMR genes found. However, the results from MIC tests of the same 

bacterial species indicated the bacteria showed more resistance to tetracycline. AMR 

genes can be carried by inactive bacteria (Bengtsson-Palme et al., 2018), meaning 

even when bacteria are not growing and reproducing AMR genes could still be 

isolated. Therefore, this could explain why the even though less resistance was seen 

to penicillin in vitro, the bacteria tested in PCR could still have the potential to 

become resistant when carrying these genes. 

 

5.10 COMPARISON BETWEEN AMR RESISTANCE GENES FOUND IN EWE AND LAMB 

SAMPLES 

As no blaSHV genes were found in either ewes or lambs, they were discounted from 

the data analysis. Similar percentages of all the resistance genes were found in ewes 
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and their new-born lambs and this relationship was determined to be significant 

(Table 4 and 5). This suggests that any resistance products carried by the ewes are 

passed onto their offspring before, or very soon after birth and that this occurrence is 

likely to be caused by more than just chance. This suggestion was also supported by 

the study into acquired resistance by Zhang et al (2011), as AMR genes were isolated 

from the mother’s breast milk.  

 

5.11 COMPARISON BETWEEN AMR RESISTANCE GENES FOUND IN LAMB FAECEL 

BACTERIA OVER A TWO MONTH TIME PERIOD 

For most of the genes identified during this experiment, there were larger 

percentages found in bacteria collected from the first batch of samples, compared to 

the second and third collections (Table 4 and 5). Carrying antibiotic resistance genes 

is costly to a bacterium as normal cellular functions are usually inhibited by the 

resistance mechanisms of action. Bacteria can lose the genes encoding for resistance 

when antibiotics are not present (Hall et al., 2015). This could explain the decrease in 

the carriage of genes as the lambs aged, as they were not exposed to antibiotics. 

However, this identified trend was most likely coincidence as no statistical 

significance was found. 

 

5.12 INFLUENCING FUTURE WORK 

The main purpose of this study was to assess the composition of the microbial 

community in the sheep gut and levels of antimicrobial resistance within these 

species. The gut microbiota can affect a host’s general health (Jandhyala et al., 2015), 

therefore greater knowledge of the microbiota of a flock and what factors influence 

the composition, could lead to healthier individuals and a more productive and more 

profitable flock. This improved health could also result in less disease, therefore a 

reduction in the use of antibiotics for treatment of disease and reducing the chances 

of increasing resistance levels. Gaining a more in-depth knowledge of the AMR levels 

within a flock, could lead to more targeted and effective treatment methods, 

therefore also reducing the risks of increasing resistance levels and also reducing the 

costs of disease to a farmer. If AMR levels are monitored and controlled, the 
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effectiveness of antibiotics will be prolonged and therefore it will still be possible to 

control disease in the future. The O’Neill report (2014) states how detrimental the 

problem could be, with the potential of AMR to increase human death rates to a 

possible 10 million people dying per year by 2050. Therefore, the current AMR levels 

need to be fully understood and monitored now, in order to move forward and 

reduce resistance levels before antibiotics become ineffective in the treatment of 

bacterial disease in the future. 

To obtain a more accurate estimate of which bacterial species are inhabiting the 

sheep gut, shotgun metagenomics could be used in future studies. The sampling 

methods used in this investigation meant only aerobic bacteria were isolated from 

the samples and Enterococcus spp. were more likely to be sampled purely because 

they are the most abundant bacteria found in faecal samples. These limitations could 

be avoided using the shotgun metagenomics method. Shotgun metagenomics is a 

method which can identify all genes within organisms in a given sample, providing a 

way in which all bacterial species present can be detected, and the abundance of each 

species can also be measured. This results in even those organisms which are usually 

difficult to culture being identified, as the need to culture bacteria is completely 

removed. In shotgun metagenomics, multiple samples can also be combined and 

measured simultaneously (Illumina Inc., 2021), therefore could be less time 

consuming than bacterial culture and subsequent identification. 

A more efficient bacterial identification method, such as shotgun metagenomics, 

would also allow for an increase in sample size. Samples could be taken at more 

regular time intervals, for example weekly, to give a better representation of how gut 

microbiota changes over time. When sampling more regularly, factors surrounding 

the particular day the samples were taken, such as weather, would also have much 

less of an effect on overall results. In order to better understand what factors affect 

the colonisation of the gut microbiota in new-born lambs and how transmission 

occurs, it would be beneficial to understand the bacterial communities present in 

their surrounding environment. Bacteria could be transferred from a ewe to a lamb in 

multiple ways, such as from the vaginal cavity during childbirth, from the mouth of 

the ewe when licking the lamb after the birth and in the colostrum and milk or on the 

teats during feeding (Bi et al., 2019). Bacteria could also be transmitted from the 
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environment, such as water, food, the buildings they are housed in, soil and grass 

(Browne et al., 2017). Therefore, sampling all the potential transfer sites and 

comparing them to the gut microbial community could give an insight into where 

bacteria is transferred from. This knowledge could result in better methods of how to 

limit spread of bacteria when it comes to pathogenic strains. 

When determining whether the bacterial species isolated were resistant to 

antibiotics, the MIC method was used in this study. However, MIC calculations alone 

are not always considered to be the best method for AMR testing for every antibiotic 

and every species of bacteria (EUCAST Breakpoint Tables, 2020). As previously 

mentioned, a bacterium could possess AMR genes which are dormant within the cell 

and would not necessarily show as being resistant in an MIC test, even though the cell 

would have the ability to be resistant in the future (Bengtsson-Palme et al., 2018). For 

both these reasons, in future studies, it could be more effective to solely carry out 

PCRs on all samples instead of MIC calculations, to determine the presence of 

resistance genes and therefore the potential of the bacteria to be resistant to 

antibiotics.  

Amoxicillin and ampicillin are both considered ‘high priority critically important 

antibiotics’ (HP-CIA) by the World Health Organization (WHO). This means they are 

vital in the treatment of human disease and in some cases, are the sole treatment 

option available for bacterial diseases. The other antibiotic used within this study, 

tetracycline, is classed as a ‘highly important’ antibiotic, meaning they only meet 

some of the prioritisation factors. For example, they may be used frequently to treat a 

large number of people, but alternatives are available (World Health Organization, 

2019). In the latest WHO guidance document on the use of medically important 

antibiotics in food-producing animals (World Health Organization, 2017), it suggests 

antibiotics determined to be ‘critically important’ or ‘HP-CIA’ in human treatment, 

should be avoided in the treatment of and control of disease in food-producing 

animals also. Research into the resistance levels of the HP-CIAs in future studies, will 

be more relevant to the current AMR problems faced in human bacterial diseases. 

Research into the ‘highest priority critically important antibiotics’, which can be used 

to treat bacterial disease for which there is a high level of resistance to antibiotics 

and there are no alternatives available (World Health Organization, 2019), would 
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also be interesting to carry out. Polymixins such as colistin, are considered ‘highest 

priority critically important antibiotics’ and are also already considered a last resort 

treatment (World Health Organization, 2019). Therefore, monitoring the resistance 

levels towards these antibiotics would be important due to there not being any other 

treatment options available once resistance occurs. 

Throughout this investigation, the use of antibiotics on the sampled lambs and ewes 

was not monitored. Monitoring any antibiotic usage on animals within a farm would 

provide the possibility of exploring the relationship between antibiotic usage and the 

development of resistance. It is known that the possession of resistance genes can be 

costly to the fitness of a bacterial cell (Hall et al., 2015), so bacterial cells may retain 

the resistance genes only when the antibiotic is frequently present. Designing a study 

which could show the use of antibiotics directly increases the AMR in farm animals, 

could provide a way in which to show and explain to farmers how beneficial a more 

cautious use of antibiotics could be in the future treatment and control of disease. 

 

6. CONCLUSIONS  

In conclusion, general relationships can be seen for both the transmission of gut 

microbiota and antibiotic resistance from a ewe to their lamb. However, due to the 

extremely large number of factors which can affect the gut microbiota composition, a 

more detailed analysis would need to be carried out to prove bacteria is directly 

transferred from mother to offspring. 

The antibiotic resistance levels of bacteria carried by lambs within hours of birth 

were investigated due to the impact resistance can have to the health of flocks and 

economically. A large number of resistant bacteria also carrying resistance genes, 

were isolated from new-born lambs. This discovery suggests that resistance genes 

can be passed between animals and could be worrying in terms of future treatment 

possibilities and the impact that could have on farmers. In order to fully assess the 

issues surrounding this transmission, further appropriate testing would need to be 

carried out to determine whether the resistance levels shown in this study are an 

accurate representation of AMR in general.  
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