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2.5.8 One Health 

The One Health concept studies the interaction between animals, humans, and the 

environment (Essack, 2018). This is a legislative and active approach to protect 

(effective, ethical, and practical) the diverse arms of the ecosystem, including human 

health, animal health (domestic and wildlife, insects), and environmental health (plant, 

air, and water). Understanding this interaction lowers the risk of biodiversity loss, 

damage or function degradation, and the emergence or outbreak of diseases (Hayman 

et al., 2023). This is achieved through the optimisation of sustainable practices, 

utilisation of surveillance systems regulating exposure and/or bioaccumulation of 

detrimental substances through the prudent use or replacement, and reduction theory 

(Hayman et al., 2023; Cattell, 1996). 

The perception is to strengthen cross-sectoral coordination and collaboration and 

share the responsibility, for example, reducing using AMR or MDR through reducing 

the use of a confirmed selection-based approach to substantiate using an antibiotic. 

There has now been the development of regulatory bodies and legislation that place 

financial, structural, and procedural steps and strategies into play to ensure One 

Health is implemented across all fields (consumer awareness, professional awareness 

and protocols, and recording systems and reports) (Hayman et al., 2023). 

The importance of identifying and understanding the effects (standalone or 

accumulative) of the molecular characteristics of IMI-causative pathogens, such as 

Strep. uberis and managing slurry from dairy farms falls well within the One Health 

practice. By being able to interpret farm data in the context of knowing the behaviours 

of the species and subspecies of Strep uberis, we are able to observe the effects of 

imbalances and interactions at the human, environment, and dairy animal interface 

that will promote or demote the development of IMIs. Knowing the molecular 

characteristics of a pathogen could aid in the reduction of risk, improvement of 

treatments and cure, and the reduction of pathogenicity, all while promoting the health 

of other sectors that could contribute to a healthier ecosystem (farm, region, country). 
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2.6 Concluding remarks 

Several studies aim to control and reduce the occurrence and severity of IMIs in dairy 

animals. The use of molecular characterisation to evaluate the housekeeping genes 

and full genomes of emerging pathogens, such as Strep. uberis will enable 

veterinarians and farmers to understand better the evolution, adaptability, and 

predictability of IMIs. By correctly identifying an IMI pathogen, the human, animal, and 

environment interface can be efficiently and effectively managed, facilitating 

monitoring, corrective steps, and setting standards for the various pillars of udder 

health management plans. 

In the encounter of climate or environmental health pressures and the associated 

consumer perception and regulatory authorities, the relevance of molecular 

characterisation will increase in the identification and treatment of IMIs. Farmers and 

veterinarians should focus on and use what they learn from this research to overcome 

the challenges of IMI pathogens. The information generated using the molecular 

characteristics of pathogens (resistance factors, knowing and evaluating the 

biodynamics of the IMI pathogen in the cow and in the environment, etc.) can and 

should be used to implement changes in protocols and farming practices. The practice 

of correct selection and prudent use of antibiotics will increase and be the 

responsibility of veterinarians (regulators and implementers of current and future 

strategies for udder health management). Molecular characterisation could aid in 

developing and further improving immunomodulation techniques to overcome the 

virulence factors and infectious rates of pathogens. 

Molecular characterisation of pathogens needs to focus on the IMI pathogens that are 

occurring at higher rates, especially when farming practices are promoting this despite 

the geographical areas (same or similar trends observed globally: New Zealand versus 

South Africa), housing and animal husbandry practices (TMR versus pastures, dry 

cow period lengths, DCT practices). The breeds (mixed versus pure breeds) and 

milking systems (parlour designs and operations, machines and their calibrations 

and/or settings, etc.) will also influence the pathogen load, exposure risk, and damage 

or overcoming the defence systems of the udder (physical and immune system). 
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Streptococcus uberis is a major environmental IMI-causative pathogen with an 

increasing prevalence in dairy herds  locally in South Africa and globally. This is 

because of changes in the microbiomes and the ever-growing number of virulence 

factors, which lead to the concern of this evolving into a host-adaptive pathogen. More 

needs to be learnt about this pathogen locally in South Africa (identifying the current 

strains, identifying existing or new molecular characteristics that could be associated 

with resistance or virulence factors associated with IMI, and the treatment efficacy in 

the encounter of increasing cost factors due to poor economic performance and 

challenges putting pressure on the dairy industry) and globally. 
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CHAPTER 3: MOLECULAR CHARACTERISATION OF 

STREPTOCOCCUS UBERIS STRAINS, ISOLATED IN A 

LONGITUDINAL STUDY FROM THE MILK OF A COMMERCIAL 

SOUTH AFRICAN DAIRY HERD 

Abstract 

Streptococcus uberis is a significant emerging mastitis pathogen increasing in South 

Africa, particularly in pasture-based herds irrigating with slurry. This study aimed to 

identify strain types of Strep. uberis isolates and to evaluate their behavioural patterns 

over an extended period (2021 and 2024) from a South African dairy herd with a high 

prevalence of Strep. uberis intramammary infection (IMI). 

A retrospective, longitudinal study was performed on Strep. uberis isolated from milk 

samples of a large commercial dairy herd in South Africa using MLST (seven 

housekeeping genes) for strain type identification. 

The study indicated a herd prevalence of 7.44% Strep uberis, responsible for 21.26% 

of all clinical mastitis cases. Of the Strep. uberis positive clinical cases, 25% had 

repeat occurrences during the same lactation. The MLST study identified (64/70) novel 

Strep. uberis strain types owing to novel alleles (29) or sequences of previously 

identified alleles. The MLST study revealed one existing strain type, Strep. uberis ST 

1613 (6/70) CC ST-86; all other strain types of the isolates investigated in this study 

were novel. The repeat cases indicate that consecutive infection was caused by a 

diverse strain type, which unexpectedly revealed primarily new strains creating new 

infections, possibly owing to high environmental risk (pathogen overload). This agreed 

with additional research, identifying the environment as the primary source of strains. 

This information will correct the assumption that Strep. uberis causes chronic 

infections while enabling veterinarians and farmers to manage Strep. uberis mastitis 

effectively. 

Keywords: Streptococcus uberis, molecular characterisation, slurry, bovine mastitis. 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



77 

 

3.1 Introduction 

Mastitis is a disease with the most significant economic effect on the dairy sector in 

first-world countries (Blosser, 1979; Azooz et al., 2020). Owing to the recent increase 

in socioeconomic pressures from the “green” shift (climate change and prudent use of 

antibiotics) (Van Werven, 2018), the dairy sector is being scrutinised and restricted by 

government policies and public perception (Hayman et al., 2023). 

These pressures and additional economic constraints (ever-increasing costs of feed, 

fertilisers, and fuels) have forced farmers to adopt alternative farming practices to 

reduce costs while aiming to meet the increased demands of modern-day dairy 

animals (high-energy feed, reproduction performance, and heat stress) (Neculai-

Valeanu & Ariton, 2022; Youngerman, 2004). Such cows are expected to produce 

larger volumes of milk consumers need, such as growing populations and nutritional 

changes within populations. This increases the risk of dairy animals suffering from 

clinical and subclinical mastitis. 

One such change in farming and management practices involves shortening the time 

or completely stopping the composting process for manure-based bedding in TMR 

systems and pasture fertilisation with untreated slurry (Jeppsson et al., 2024). This 

has increased the risk of IMI owing to higher pathogen loads (Sherwin et al., 2021) 

and dirtier dairy animals (poorer hygiene scores). The growing herd sizes and higher 

stocking densities have further contributed to increased stressors and discomfort 

(Lactodata, 2023). Finally, there could be a change in the biome of the udder, with 

dysbiosis changing the challenges from environmental and contagious pathogens, 

such as Strep. uberis (Blignaut et al., 2018). 

Mastitis is a multifactorial disease with multiple concerns for animal welfare (Schellack, 

2017; Berry & Hillerton, 2022), environmental effects, food safety, and sustainability 

(Essack, 2018). Farmers and veterinarians need to implement, review, and manage 

efficient and effective practices to develop and supply a safe, sound, and wholesome 

product (milk) to the public while protecting their herds from the increased risk factors 

associated with IMIs. These factors include breaks in parlour practices and hygiene, 

higher exposure to and contamination of environmental hot spots (Crompton et al., 
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2007; Reyes et al., 2019), and poor teat end condition and udder health (Van Lelyveld, 

2020; Van Lelyveld, 2022d). 

Global IMI trends have revealed a shift from non-aureus staphylococci and Staph. 

aureus pathogens to Strep uberis-induced IMI (Petzer et al., 2009). Local South 

African IMI data has followed this trend, with the presence of Strep. uberis increasing 

by 10% from 2016 to 2022 (Karzis & Petzer, unpublished). Twenty-five per cent of 

cows harbour Strep. uberis in their faeces, and 50% harbour the bacteria on their skin. 

There are higher risks of environmental contamination with environmental and host-

adaptive Strep. uberis strains (McDougall et al., 2004; Tomita et al., 2008; Sampimon 

et al., 2009; Reyes et al., 2019; Srithanasuwan et al., 2022; Zadoks et al., 2001; 

Zadoks et al., 2007). 

Some reasons could be stocking density and cutting corners in standard practices of 

the ten-point mastitis management plan (Petzer et al., 2009). This can change from 

proactive to reactive farming. Several practices promote the selection for virulence and 

resistance within the Strep. uberis pathogens (Hoque et al., 2020; Zhang et al., 2020). 

Drug resistance (Zhang et al., 2020) in Strep. uberis species has been observed 

globally: in South America (Gianneechini et al., 2002), New Zealand (McDougall et al., 

2020; Petrovski et al., 2011), Canada (Cameron et al., 2016), and North Africa (Saed 

& Ibrahim, 2020). Successful treatment of Strep uberis, an intracellular bacterium in 

udder parenchyma, is complex. This is owing to virulence properties, such as SUAM 

(Almeida et al., 2006), expression of biofilms (Magagula, 2023; Krömker, 2014), and 

its antibiotic resistance genes (Reyes et al., 2019; Srithanasuwan et al., 2022). 

By identifying current or new strains using molecular characterisation in farms with 

known IMIs, we can improve our understanding of the dynamic evolution of the biomes 

(udder, bedding, pasture) and emerging causative agents that Strep. uberis has 

become (Lopez-Benavides et al., 2007). With this pathogen having host-adaptive and 

environmental properties (Jeppsson et al., 2024), it is ever more critical to correctly 

identify the pathogen to the strain level and know the virulence profiles. 

The process of investigating the genomic characterisation to strain type level for South 

Africa using multilocus-sequence typing (MLST) (7-gene) (Butte et al., 2001) will form 
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the basis for further studies developing the entire genome or identification of virulence 

factors within the Strep. uberis species–lacking in South Africa. This will become a 

future strategy for udder health management programmes. 

The study aimed to provide patterns of prevalence, probable chronic IMI, and clinical 

mastitis cases caused by Strep uberis, identify the South African strains in one 

sizeable commercial herd, and compare the genomic data to the existing database 

(PubMLST Genbank). Through a longitudinal study of milk samples, it is possible to 

study the behaviours of Strep. uberis IMI to predict whether the strains are host-

adaptive or environmental. This is an essential application for herds with practices that 

may favour or inhibit the incidence, chronicity, and severity of Strep. uberis IMI. 

Veterinarians and farmers will be better able to understand and evaluate the risk 

versus reward scenarios for diverse farming practices, such as green manure bedding 

and untreated slurry pasture fertilisation to improve dairy herd management in South 

Africa in the future. 

3.2 Methodology 

3.2.1 Experimental design 

A retrospective, longitudinal study performed on Strep. uberis isolated from milk 

samples from a large commercial dairy herd in South Africa. 

3.2.2 Herd selection 

The herd selected for the study is a Jersey herd with nearly 1,000 cows in milk that 

calves year-round. It is a closed herd located in the Eastern Cape, one of South 

Africa's three major dairy areas. The herd has been using untreated slurry to fertilise 

its pastures for approximately five years. Before that, it had been using dry manure on 

its pastures for more than 20 years. 

The management of the herd is significant (biosecurity, genetic selection, and 

nutrition), recordkeeping (Delpro, DeLaval programme), parlour hygiene, and milking 

machine maintenance of the herd are good, and there have been no changes in 
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management over the years and during this study. The herd was known to have a 

prevalence of Strep. uberis IMIs of 7.0% to 9.7% at the time of the study. The herd 

has participated in a three-monthly milk herd sampling of all lactating cows for more 

than 15 years. Milk samples of all clinical mastitis cases are frozen and sent monthly 

for analysis by a milk laboratory. 

3.2.3 Historical data from the herd 

Composite cow milk samples were collected from each lactating cow in this herd 

every three months as a proactive udder health management system for the past 15 

years. Microbiology and cytology analyses were conducted on all the samples. Milk 

samples were taken from all clinical mastitis cases diagnosed and analysed monthly 

for microbiology for the same period. These results were analysed from January 

2021 until December 2021 for individual dairy cows for this study (  
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Table 3.1 and Table 3.2). 

3.2.4 Samples 

3.2.4.1 Sampling method 

The milk samples were collected aseptically. Cleaning, drying, and disinfecting the 

teats from furthest to nearest, stripping the fore milk, and collecting the quarter milk 

and cow milk samples from nearest to furthest teat. The milk samples were stored on 

ice and transported to the Milk Laboratory, Faculty of Veterinary Science, 

Onderstepoort (SANAS-accredited, DALRRD and South African Veterinary Council 

(SAVC) approved) within 48 hours post sampling for microbiology and cytology 

analysis. Quarter milk samples were collected from all clinical mastitis cases, frozen 

on the farm, and sent to the milk laboratory monthly. 

3.2.4.2 Sample selection 

Streptococcus uberis isolates from two routine herd examinations performed during 

July and October 2021 and the clinical mastitis cases caused by Strep. uberis during 

the same period were frozen. The bacteria examined in this study comprised 70 Strep. 

uberis isolates from 53 cows. The 70 isolates were isolated once from 48 cows, twice 

from 12 cows, three times from one cow, and four times from one cow. 

Of these, 63 Strep. uberis isolates were selected from two consecutive routine herd 

tests (low SCC animals) and clinical mastitis cases during July (33 isolates) and 

October 2021 (30 isolates). The selection was based on available isolates frozen in 

preparation for future studies. It was selected based on positive confirmation with a 

MALDI-TOF using a score exceeding 1.9 and antibiograms (Kirby Bauer disc method), 

which lowered the number from 143 samples. 

Seven Strep. uberis isolates were added during 2024, originating from the February 

and May 2024 routine herd tests and isolates from clinical mastitis cases from June 

2024. The authors specifically selected Strep. uberis isolates during 2024 (n=7) 

isolated more than once from the same cow to increase the samples for the 
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longitudinal investigation. The 2024 isolates were overseen similarly to the initial 

isolates. 

The sample size (n=70) was checked for statistical relevance using OpenEpi, which 

indicated that the minimum sample size required was 48 to 68. 

3.2.5 Microbiology and cytology 

3.2.5.1 Identifying Streptococcus uberis 

Initial bacterial identification was conducted phenotypically using traditional 

microbiological methods. These methods included assessing colony morphology, 

haemolysis, pigmentation, catalase, staphylase/coagulase, maltose, and potassium 

hydroxide tests. This was conducted following the guidelines delineated by the NMC, 

2017). Somatic cell count (SCC) analysis was performed through fluoro-opto-

electronic means using the fossomatic flow cytometry (FC) (Rhine Ruhr, Wendywood, 

South Africa). 

3.2.5.2 Freezing bacterial isolates 

The Strep. uberis isolates were transferred to cryotubes containing tryptic soy broth 

(TSB) with 10% glucose. They were then frozen at -80°C and stored in a DALRRD-

approved biobank. 

3.2.5.3 Verifying bacteria with the MALDI-TOF 

The bacteriological identification was verified using Matrix-assisted laser 

desorption/ionisation—time of flight mass spectrometry (MALDI-TOF) (Bruker 

Daltronics, Bremen, Germany) at the Department of Plant and Soil Sciences, 

University of Pretoria, South Africa (Van Dyk et al., 2015). Streptococcus uberis 

isolates with a MALDI-TOF score greater than 1.9 were available for the study. 
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3.2.5.4 Multilocus-sequence typing 

Genetic characterisation was performed by Inqaba Biotec™ (Pretoria, South Africa) 

on the 70 isolates using MLST. The MLST analysis was performed using well-

established methods (Coffey et al., 2006; Jolley et al., 2018) also available in the 

National Center for Biotechnology Information (NCBI) database, Strep. uberis isolates 

collection (http://pubmlst.org/suberis). 

Genomic DNA was extracted from the 70 isolates using the Quick-DNA™ 

Fungal/Bacterial Miniprep Kit (Zymo Research, Catalogue No. D6005) according to 

the manufacturer’s instructions 

(https://files.zymoresearch.com/protocols/_d6005_quick-dna_fungal-

bacterial_miniprep_kit.pdf) and according to the study by Coffey et al. (2006). 

In this study, the MLST target regions comprised the seven housekeeping genes: 

Glucose kinase (gki), Transketolase (recP), D-ala-D-ala ligase (ddl), Thymidine kinase 

(tdk), Carbamate kinase (arcC), Triosephosphate isomerase (tpi), and Acetyl CoA 

acetyl-transferase (yqiL), which constituted 3338bp per isolate. The DNA was then 

amplified and purified for sequencing. The isolates’ DNA was prepared using the 

Exonuclease I and Shrimp Alkaline Phosphatase (ExoSAP) protocol (Zymo Research, 

ZR-96 DNA Sequencing Clean-up Kit™, Catalogue No. D4050). The integrity of the 

genomic DNA was checked using the 1% agarose gel (CSL-AG500, Cleaver Scientific 

Ltd.) stained with EZ-vision® Bluelight DNA dye. The genomic DNA was sequenced 

in a forward direction using the Nimagen, BrilliantDye™ Terminator Cycle Sequencing 

Kit V3.1 (BRD3-100/1000) and the ABI 3730xl Genetic Analyser (Applied Biosystems, 

Thermo Fisher Scientific). 

The method chosen followed other studies where MLST (Reyes et al., 2019; Vezina 

et al., 2021) and PCR virulence profiles (Monistero et al., 2021; Srithanasuwan et al., 

2022) were used to evaluate the behaviour of Strep. uberis. Data from the 70 isolates 

was first used to clarify an IMI's behaviour and better understand the biodynamics and 

characteristics associated with the diverse strains of Strep. uberis. The fast all 

sequence alignment (FASTA) data of all novel alleles were tested and novel 
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combinations were submitted to the PubMLST database, curated, allocated ST 

numbers and grouped into available CC where possible. 

A phylogenetic tree (dendrogram) was drawn to display the relative similarity of the 

isolates tested. The dendrogram was constructed with CLC Main Workbench 24.0, 

involving the neighbour joining method. This was generated without an existing tree, 

using the Hasegawa-Kishino-Yano (HKY) nucleotide and WAG protein substitution 

models. Other parameters used included: Transition/transversion ratio = 2.0; Gamma 

distribution parameter = 1.0; Replicates of 100; number of substitution rate categories 

of four, which included rate of variations, no gamma distribution, all with a bootstrap 

analysis strategy. 

The allocated ST numbers were used with the farm data (cow and longitudinal 

sequence of IMIs and isolated strains) to track the strain types of Strep. uberis over 

time in the same cow. This made it possible to differentiate between Strep uberis, 

responsible for causing chronic udder infections, and those that only remained in the 

udder for a short period. This is important as it edifies the bacteriological findings on 

farm-level data, confirming an IMI as a non-cure, chronic, or new IMI. 

3.2.5.5 Method of submission of genes (PubMLST Gene bank) 

The MLST tests generated FASTA files summarising the genomic characteristics for 

the seven housekeeping genes associated with the 70 Strep. uberis isolates. The 

FASTA data was submitted to PubMLST to be curated, and allele numbers for existing 

and novel alleles and ST numbers for novel MLST combinations of alleles were 

allocated. This was species-specific and identifiable to the genetic allele level, 

observing variation in genetic similarity and/or pattern of IMI, which can later be 

dedicated to virulence factors emphasising behaviour, resistance, and adaptability. 

The MLST data were submitted according to the stipulations from the PubMLST 

webpage (https://bigsdb.readthedocs.io/en/latest/submissions.html). 

 

1. All the alleles were checked against the existing database: (individual or 

batches) 
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https://pubmlst.org/bigsdb?db=pubmlst_suberis_seqdef&l=1&page=batchSeque

nceQuery 

2. Novel alleles were submitted to the allele database and allocated new allele 

numbers: 

https://pubmlst.org/bigsdb?db=pubmlst_suberis_seqdef&page=submit&alleles=1 

3. Once all alleles had allele numbers allocated, the isolates were submitted, 

https://pubmlst.org/bigsdb?db=pubmlst_suberis_seqdef&page=submit&profiles=

1&scheme_id=1 

After curation and acceptance of all the isolates by the database curator, the novel 

MLST sequence-type profiles were submitted for the allocation of ST numbers for each 

isolate, 

https://pubmlst.org/bigsdb?db=pubmlst_suberis_isolates&page=submit&isolates=1 

This study identified isolates up to strain type level. Characterisation of novel ST-CC 

was outside the scope of this study. 

3.2.6 Statistical analysis 

The software CLC Main Workbench 24.0 was used to construct the phylogenetic tree 

(dendrogram). It employed bootstrap analysis to calculate the relevant similarities 

among the isolates tested. 

3.2.7 Biosecurity and ethics consideration 

Ethics approval (REC 040-23) was obtained from the Animal Ethics Committee (AEC) 

(Appendix 7 and 8) and the Research Ethics Committee (REC) of the University of 

Pretoria (Appendix 6). An application for the DALRRD approved the research under 

Section 20 of the Animal Disease Act (ACT NO 35 of 1984) to occur from March 2023 

until December 2027 (Appendix 1 and 2). Samples were stored in a DALRRD-

approved biobank (Appendix 5). 

Laboratory work was performed in a SANAS-accredited (Appendix 3) and DALRRD-

approved (Appendix 4) laboratory. Turnitin was used to ensure that the constructed 
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report does not infringe any plagiarism rules established by the University of Pretoria 

and meets the ethical writing requirements for publication. 

3.3 Results 

3.3.1 Retrospective data: Routine isolates and clinical mastitis cases 
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Table 3.1 presents the retrospective laboratory culture results from the study herd, 

indicating Streptococcus uberis (SUB) isolated during four (three-monthly) routine 

herd examinations and clinical mastitis cases in 2021. 
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Table 3.1: Retrospective laboratory culture results of Streptococcus uberis 

(SUB) from routine herd examinations and clinical mastitis cases in 

2021 

 Jan to March 

2021 

Apr to Jun 

2021 

Jul to Sept 

2021 

Oct to Dec 

2021 

Averages for 

2021 

Number of lactating cows tested 

(n) 

1061 988 960 1011 1005 

Number and (%) of SUB isolated 78 (7.35%) 80 (8.09%) 71 (7.18%) 72 (7.12%) 75 (7.44%) 

Number of SUB isolated from 

clinical mastitis cases (as a % of 

clinical cases) 

27 

(34.61%) 

17 (21.25%) 9 

(12.67%) 

11 (15.27%) 16 

(21.26%) 

Number and (%) of cows from 

which SUB was isolated once 

during 2021 

142 cows (47.2% of SUB isolates) 

Number and (%) of cows where 

SUB was isolated 2x in 

consecutive tests during 2021 

35 cows (23.2% of SUB isolates) 

Number and (%) of cows where 

SUB was isolated 3x in 

consecutive tests during 2021 

13 cows (13.0% of SUB isolates) 
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The herd prevalence for Strep. uberis was 7.44% (  

 Jan to March 

2021 

Apr to Jun 

2021 

Jul to Sept 

2021 

Oct to Dec 

2021 

Averages for 

2021 

Number and (%) of cows where 

SUB was isolated 4x in 

consecutive tests during 2021 

7 cows (9.3% of SUB isolates) 

Number and (%) of cows where 

SUB was isolated 2x (not 

consecutive tests) during 2021 

8 cows (5.3% of SUB isolates) 

Number and (%) of cows where 

SUB was isolated 3x (not 

consecutive tests) during 2021 

2 cows (2.0% of SUB isolates) 
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Table 3.1), based on data generated from the routine three-monthly herd sampling 

as part of the udder health herd milk samples collected during 2021. The prevalence 

for the two sample dates used in this study were 7.18% (June 2024) and 7.12% 

(October 2024) respectively (  
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Table 3.1). Of all the routine milk samples taken for the 2021 period, 207 cows 

tested positive for Strep uberis. Among these cases, the animals with multiple 

positives (137 cows) were broken down as follows: 35 cows tested positive twice, 13 

thrice, and seven four times positive in consecutive test/collection batches. 

Meanwhile, the cows that tested positive multiple times but not for consecutive 

sample dates were broken down as follows: eight cows tested positive twice, and 

two tested positive thrice (  

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



92 

 

Table 3.1). Data from the routine sampling from 2021 to 2024 emphasise that several 

cows were identified to have had multiple cases of Strep. uberis IMIs. 

The number of Strep. uberis clinical mastitis cases varied during 2021, from 34.61% 

of all clinical mastitis cases from January - March 2021 to 12.67% of clinical cases 

from July - September of that same year (  
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Table 3.1). There was no known reason for January to March having a significantly 

higher prevalence of clinical mastitis owing to Strep uberis. During 2021, there were 

seven cows, of which Strep. uberis was isolated in all four consecutive routine herd 

examinations (  
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Table 3.1). 

Table 3.2: Percentage of Streptococcus uberis (Strep. uberis) isolated during 

2021 from clinical mastitis cases per cow 

Strep. uberis isolations from clinical mastitis per cow As a percentage of Strep. uberis clinical 
mastitis cases during 2021 (total n=64) 

Strep. uberis isolated once from the same cow 48 (75.00%) 

Strep. uberis isolated 2x from the same cow 14 (21.88%) 

Strep. uberis isolated 3 or 4x from the same cow 2 (3.12%) 

Observations indicate that 25% of clinical Strep. uberis mastitis cases repeated during 

2021, and of these, 3.12% repeated more than twice (Table 3.2). 

3.3.2 Overall multilocus-sequence type (MLST) data. 
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Table 3.3: Multilocus-sequence typing (MLST), strain typing (ST) data of the 70 Streptococcus uberis isolates, including allele 

numbers, ST numbers and available clonal complexes (CC) 

 

Isolate ID Cow ID Strep. uberis isolated from 
routine sampling (2021 - 
2024) 

Sample 
date 

 Somatic 
cell 
count 
level 

*arcC *ddl *gki *recP *tdk *tpi *yqiL ST number  Clonal complex 

ZZ100 990 
5 (random with first 3 
clustering 3 months apart) 27/07/2021 

 
SC 1 10 3 2 28 4 3 2103 ** 

ZZ119 1102 3 (random) 27/07/2021  SC 9 10 5 1 2 1 114 2102 ** 

ZZ86 1216 6 (3 months apart) 27/07/2021  SC 9 1 111 2 7 1 3 2105 ** 

ZZ73 1228 2 (3 months apart) 27/07/2021  SC 1 10 5 1 17 67 7 2112 ** 

ZZ99 1234 
5 (random with first 3 
clustered) 27/07/2021 

 
SC 122 94 109 2 29 4 3 2106 

** 

ZZ13 1234 
5 (random with first 3 
clustered) 18/10/2021 

 
SC 122 94 109 2 29 4 3 2106 

** 

ZZ74 1243 3 (3 months apart) 27/07/2021  SC 1 1 2 2 2 2 3 2138 ST-5 

ZZ18 1316 3 (random) 18/10/2021  LSCC 2 10 5 1 17 1 7 2155  

ZZ112 1318 7 (random) 27/07/2021 
 

LSCC 1 2 3 2 2 2 3 2127 
Nearest match: 5 
loci. ST-86 

ZZ19 1318 7 (random) 18/10/2021  SC 1 2 3 2 2 2 3 2127 ** 

ZZ121 1327 
6 (random with last 3 
clustered and seasonal) 27/07/2021 

 
SC 1 1 2 1 175 1 3 2096 ST-5 

ZZ63 1327 
6 (random with last 3 
clustered and seasonal) 18/10/2021 

 
CM 1 10 111 2 2 2 111 2113 ** 

ZZ64 1327 
6 (random with last 3 
clustered and seasonal) 18/10/2021 

 
CM 9 49 2 1 4 1 3 2137 

Nearest match: 5 
loci. ST-5 

ZZ24 1342 4 (random) 18/10/2021  LSCC 123 2 3 42 5 2 3 2119 ** 

ZZ29 1489 1 18/10/2021  LSCC 3 2 3 12 28 2 3 2152 ST-86 

ZZ33 1520 2 (random) 18/10/2021  SC 3 2 6 2 5 4 3 2136 ** 

ZZ38 1559 seasonal/random 18/10/2021  SC 1 1 5 1 2 3 3 2148 ST-5 
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Table 3.3: Multilocus-sequence typing (MLST), strain typing (ST) data of the 70 Streptococcus uberis isolates, including allele 

numbers, ST numbers and available clonal complexes (CC) 

 

Isolate ID Cow ID Strep. uberis isolated from 
routine sampling (2021 - 
2024) 

Sample 
date 

 Somatic 
cell 
count 
level 

*arcC *ddl *gki *recP *tdk *tpi *yqiL ST number  Clonal complex 

ZZ88 1640 4 (random) 27/07/2021 
 

SC 1 2 3 2 2 2 3 2127 
Nearest match: 5 
loci. ST-86 

ZZ42 1693 3 (random) 18/10/2021  LSCC 5 2 109 1 173 4 3 2118 ** 

ZZ44 1714 
8 (every 3 months then 
random) 18/10/2021 

 
LSCC 124 95 6 60 3 1 3 2117 ** 

11_24/324 1788 4 (random) 20/05/2024  CM 3 1 3 2 5 1 3 2159 ST-86 

10_24/301 1788 4 (random) 20/02/2024  CM 1 49 111 60 4 1 6 2123 ST-5 

10_24/324 1788 4 (random) 05/06/2024  CM 1 92 6 2 5 4 3 2162 ** 

ZZ53 1788 4 (random) 18/10/2021  CM 1 49 111 1 2 1 6 2115 ST-5 

ZZ69 1861 1 27/07/2021  CM 9 10 5 42 7 3 3 2129 ** 

ZZ57 1895 1 18/10/2021 
 

LSCC 1 10 2 1 2 3 6 2146 
Nearest match: 5 
loci. ST-5 

ZZ68 1910 1 18/10/2021  CM 1 49 2 2 2 1 3 2142 ST-5 

ZZ87 1928 5 (random) 27/07/2021  CM 1 49 5 1 2 1 6 2135 ST-5 

ZZ60 1943 1 18/10/2021  LSCC 1 49 2 2 2 1 3 2142 ST-5 

ZZ71 1954 3 (different quarters) 27/07/2021 
 

LSCC 1 10 5 1 2 3 7 2124 
Nearest match: 5 
loci. ST-5 

205_24/292 1981 2 20/02/2024  SC 1 49 111 60 4 1 6 2123 ** 

11_24/301 1981 2 05/06/2024  CM 1 91 2 2 28 4 3 2164 ST-143 

ZZ75 8175 1 27/07/2021  SC 9 49 111 2 7 3 7 2111 ** 

ZZ111 10242 1 27/07/2021 
 

LSCC 56 1 3 2 2 2 3 2128 
Nearest match: 6 
loci. ST815 

ZZ94 11232 2 (3 months apart) 27/07/2021  SC 1 10 2 1 2 3 7 2132 ST-5 
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Table 3.3: Multilocus-sequence typing (MLST), strain typing (ST) data of the 70 Streptococcus uberis isolates, including allele 

numbers, ST numbers and available clonal complexes (CC) 

 

Isolate ID Cow ID Strep. uberis isolated from 
routine sampling (2021 - 
2024) 

Sample 
date 

 Somatic 
cell 
count 
level 

*arcC *ddl *gki *recP *tdk *tpi *yqiL ST number  Clonal complex 

ZZ2 11232 2 (3 months apart) 18/10/2021  SC 1 10 2 1 2 3 7 2132 ST-5 

ZZ117 12179 1 27/07/2021  SC 9 10 5 1 2 1 114 2102 ** 

ZZ120 11251 3 (every 3 months) 27/07/2021  SC 3 2 3 3 5 4 3 1613 ST-86 

ZZ3 11251 3 (every 3 months) 18/10/2021  SC 3 2 3 3 5 4 3 1613 ST-86 

ZZ9 12236 1 18/10/2021  SC 1 49 108 1 7 67 3 2122 ** 

ZZ10 12264 2 (3 months apart) 18/10/2021  SC 56 1 3 2 2 2 3 2128 ** 

ZZ83 12264 2 (3 months apart) 27/07/2021  SC 1 10 111 1 2 2 3 2108 ** 

ZZ92 13117 3 (every 3 months) 27/07/2021  SC 3 2 3 3 5 4 3 1613 ST-86 

ZZ113 13204 4 (every 3 months) 27/07/2021  LSCC 9 1 111 2 7 1 3 2105 ** 

ZZ20 13204 4 (every 3 months) 18/10/2021  SC 9 1 111 2 7 1 3 2105 ** 

ZZ21 13249 2 (random) 18/10/2021  SC 5 49 3 2 17 3 3 2147 ** 

ZZ118 13294 1 27/07/2021  LSCC 9 10 5 1 2 1 114 2102 ** 

ZZ125 14226 3 (every 3 months) 27/07/2021 
 

LSCC 1 10 5 1 2 3 7 2124 
Nearest match: 5 
loci. ST-5 

ZZ76 15218 1 27/07/2021 
 

SC 9 49 2 1 4 1 3 2137 
Nearest match: 5 
loci. ST-5 

ZZ77 15310 4 (every 3 months) 27/07/2021  SC 3 2 6 2 5 4 3 2136 ** 

ZZ35 15310 4 (every 3 months) 18/10/2021  SC 1 4 3 12 13 6 3 2150 ** 

ZZ34 19392 1 18/10/2021  LSCC 1 4 3 12 13 6 3 2150 ** 

ZZ90 15302 
4 (3 month and then 
random) 27/07/2021 

 
SC 1 4 3 12 13 6 3 2150 

** 

ZZ37 15353 1 18/10/2021  SC 3 2 3 3 5 4 3 1613 ST-86 

ZZ66 16195 1 18/10/2021  CM 1 10 111 2 2 2 111 2113 ** 
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Cluster:3-month max interval; random: different years or timing intervals irregular; SC: Subclinical mastitis cases; C: clinical mastitis cases; low somatic cell 

count (LSCC): cases (< 300 000cells/ml milk) 

* arcC, ddl, gki, recP, tdk, tpi, ygit are the seven housekeeping genes investigated 

** Clonal complexes were not available on PubMLST for all ST numbers 

Table 3.3: Multilocus-sequence typing (MLST), strain typing (ST) data of the 70 Streptococcus uberis isolates, including allele 

numbers, ST numbers and available clonal complexes (CC) 

 

Isolate ID Cow ID Strep. uberis isolated from 
routine sampling (2021 - 
2024) 

Sample 
date 

 Somatic 
cell 
count 
level 

*arcC *ddl *gki *recP *tdk *tpi *yqiL ST number  Clonal complex 

ZZ70 16410 1 27/07/2021  LSCC 1 10 2 1 2 3 7 2132 ST-5 

ZZ45 17144 2 (random) 18/10/2021  SC 5 1 5 2 174 1 7 2116 ** 

ZZ79 17151 3 (random) 27/07/2021  SC 123 1 3 2 5 4 3 2110 ST-143 

ZZ14 17151 3 (random) 18/10/2021  SC 1 1 2 2 2 2 3 2138 ST-5 

ZZ101 17266 5 27/07/2021  SC 9 10 5 42 7 3 3 2129 ** 

ZZ107 17175 2 (3 months apart) 27/07/2021  SC 9 10 5 42 7 3 3 2129 ** 

ZZ47 17175 2 (3months apart) 18/10/2021  SC 5 49 3 2 17 3 3 2147 ** 

ZZ116 17255 1 27/07/2021 
 

SC 4 49 2 2 2 2 3 2126 
Nearest match: 6 
loci. ST-143 

369_24/292 17280 3 (random) 20/02/2024  SC 1 10 5 2 28 2 7 2160 ** 

5_24/301 17280 3 (random) 28/05/2024  CM 1 10 5 2 28 2 7 2160 ** 

ZZ81 17324 3 (every 3 months) 27/07/2021  LSCC 3 2 3 4 5 1 113 2109 ST-86 

ZZ124 17352 4 (every 3 months) 27/07/2021  LSCC 3 2 3 3 5 4 3 1613 ST-86 

ZZ50 17352 4 (every 3 months) 18/10/2021  LSCC 3 2 3 3 5 4 3 1613 ST-86 

ZZ123 18136 3 (every 3 months) 27/07/2021 
 

SC 9 10 5 2 17 1 3 2125 
Nearest match: 5 
loci. ST-143 

ZZ59 19103 2 (random) 18/10/2021  SC 1 10 3 2 13 3 3 2145 ** 
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Key for colour codes: 
 Different ST strains from the same cow 

 Similar ST strains from the same cow 

 Isolates during the year 2024 

 Novel allele numbers 

 Existing ST number in PubMLST 
database       

 Clonal complex ST-5 

 Clonal complex ST-86  

 Clonal complex ST-143 
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Figure 3.1: Dendrogram of MLST data of all Streptococcus uberis isolates tested (n= 70)
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Multilocus-sequence typing (MLST) was performed on 70 Strep. uberis isolates. 

Of these isolates, 12 originated from clinical mastitis cases, 40 from 

subclinical mastitis, and 18 from milk with low SCC (<300,000 cells/ml 

milk); 42 Strep. uberis strain types (ST) were identified (Table 3.3). Of 

these, 41 were novel strains (including combinations of novel and 

existing alleles) isolated from 64 of the 70 samples (Table 3.3 and  
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Figure 3.1). Only one strain, ST 1613, already existed in the PubMLST data bank 

(previously isolated from bovine milk in Australia). The six ST 1613 

isolates were isolated once from four cows and twice from two cows 

(Table 3.3 and  
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Figure 3.1). All four of these cows had subclinical mastitis or low SCC. No set patterns 

were identified in the 64 isolates from which novel strains were isolated (Table 3.3). 

All seven isolates from 2024 were only isolated during 2024 and not in 2021. Two 

strains were isolated twice: ST 2160 from the same cow and ST 2,123 

from different cows (Table 3.3 and  
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Figure 3.1). Of the 14 cows with multiple isolations of Strep. uberis, 12 had the 

bacterium isolated twice. Among these, seven cows had similar strains, while five had 

different strains isolated on the two sampling occasions. Both cows with three and four 

Strep. uberis isolations had different strains isolated at each sampling (Table 3.3). 

3.3.1.1 Multilocus-sequence type (MLST) data for cows from which 

Streptococcus uberis were isolated on consecutive samplings 

Table 3.4: Summary of cows from which Streptococcus uberis were isolated on 

two or more consecutive samplings (31 isolates from 14 cows) 

Cow 

identification 

Quantity and (dates) 

of isolations 

*PubMLST 

ST numbers 

Clonal complex Number of 

isolated 

from clinical 

mastitis 

Number of 

isolated 

form 

subclinical 

mastitis 

1234 5 (Jul21 & Oct21) 2106 ** 0 2 

1318 7 (Jul21 & Oct21) 2122127 ** 0 2 

1327 6 (Jul 21, Oct21 & 

Oct^) 

2096, 2113 & 

2137 

ST-5CC 2 1 
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Cow 

identification 

Quantity and (dates) 

of isolations 

*PubMLST 

ST numbers 

Clonal complex Number of 

isolated 

from clinical 

mastitis 

Number of 

isolated 

form 

subclinical 

mastitis 

1788 4 (Oct21, Feb24, 

May24 & June24) 

2115, 2123, 
2159 

& 2162 

ST-5CC & ST-86 3 1 

1981 2 (Feb24 & May24) 2123 & 2164 ST-143 1 1 

11232 2 (Jul21 & Oct21) 2132 ST-5 0 2 

11251 2 (Jul21 & Oct21) 1613 ST-83 0 2 

12264 2 (Jul21 & Oct21) 2128 & 2198 ** 0 2 

13204 4 (Jul21 & Oct21) 2105 ** 0 2 

15310 4 (Jul21 and Oct21) 2136 & 2150 ** 0 2 

17151 3 (Jul21 and Oct21) 2110 & 2138 ST-143 & ST-5 0 2 

17175 2 (Jul21 and Oct21) 2129 & 2147 ** 0 2 

17280 3 (Feb24 and May24) 2160 ** 1 1 

17352 4 (Jul21 and Oct21) 1613 ST-86 0 2 
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*PubMLST data (Streptococcus uberis isolates (pubmlst.org)), ** Clonal complexes 

were not provided by PubMLST for all ST numbers. 

There were 14 cows with Strep. uberis isolated on two 3-monthly consecutive tests. 
Of the 14 cows recorded as having consecutive positive isolates for Strep uberis, two 
cows (cow 11251 and cow 17352) had a pre-existing ST - 1613 and ST-86 CC. Of 
these 14 cows, seven had a different strain identified in the second test, indicating new 
IMI, while seven had the same strain that indicated a possible chronic IMI. The strains 
similar and isolated on consecutive tests from the same cow were ST- 2106 (cow 
1234); ST- 2127 (cow 1318), ST – 2132 (cow 11232), ST – 2105 (cow 13204), ST- 
1613 (cow 11251), ST-1613 (cow 17352) and ST-2160 (cow 17280). Only one of these 
cows had clinical mastitis, namely cow 17352, with the first isolation of the existing ST 
- 1613 strain. From four of these cows, Strep. uberis was isolated more than twice 
during 2021 in the routine tests (Table 3.3 and Table 3.4). One of the most typical 
novel Strep. uberis strains isolated from the herd was ST 2129, isolated 3 times from 
three different cows. Novel ST strains 2102, 2105, 2127, 2132, and 2150 were isolated 
3 times, Novel ST strains 2106, 2113, 2124, 2128, 2136, 2137, 2138, 2142, 2147, and 
2160 twice, while the remaining 24 strains were isolated only once (Table 3.3 and  
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Figure 3.1). 

3.3.1.2 Multilocus-sequence type (MLST) data on identifying novel alleles 

The study identified new alleles for the seven housekeeping genes. There were three 

novel alleles for arcC (122, 123, and 124). Of these, arcC 122 repeated in the same 

cow once, and arcC 123 occurred once in two separate cows (Table 3.3). There were 

two novel alleles (94 and 95) for ddl, with ddl 94 repeating in the same cow once (Table 

3.3). There were two novel alleles (109 and 111) for gki, with gki 109 occurring in two 

cows and repeating in the same cow once and gki 111 occurring in eight cows and 

repeating in two cows once (Table 3.3). There was one novel allele (60) for recP, with 

recP 60 occurring in three separate cows (Table 3.3). There were three new alleles 

(173, 174, and 175) for tdk, each occurring once in a distinct cow (Table 3.3). There 

were no new alleles for tpi (Table 3.3). There were three new alleles (111, 113, and 

114) for yqiL, with yqiL 111 occurring once in two cows, yqiL 113 occurring in one cow, 

and yqiL 114 occurring in three cows (Table 3.3). Some of these alleles had a one-

base difference, with the maximum number of differences being 17 base differences 

(Table 3.3). 

3.3.1.3 Multilocus-sequence type (MLST) data and existing clonal complexes 

The herd had three common CCs: ST-5 CC (12/70 isolates), ST-86 CC (9/70 

isolates), and ST-143 CC (2/70 isolates) (Table 3.3). As part of the 

preliminary research, some isolates were identified as similar to an 

existing CC but have not been confirmed by the PubMLST database. 
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Whole genome sequencing is necessary to identify the CC level and 

confirm the suspicions (isolates ZZ116 and ZZ123 as ST-143, isolates 

ZZ112 and ZZ88 as ST-86, and isolates ZZ64, ZZ57, ZZ71, ZZ125, and 

ZZ76 as ST-5) (Table 3.3, Table 3.4, and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



109 

 

 

Figure 3.1). 

3.3.2 Multilocus-sequence type (MLST) database global comparison 

Table 3.5 signifies global multilocus-sequence typing (MLST) data patterns, 

comparing available results from South Africa to other countries (China, Canada, 

United Kingdom, and New Zealand).
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Table 3.5: Global multilocus-sequence typing (MLST) data comparison of Streptococcus uberis from South Africa, China, 

Canada, UK, and New Zealand 

Country *ST- clonal complex No. of isolates 

tested (% 

isolates from the 

3 ST-clonal 

Complexes in 

the table) 

 

 

ST-5 ST-86 ST-143 

 

No. Clinical 

mastitis 

Subclinical 

Mastitis 

No. Clinical 

mastitis 

Subclinical 

mastitis 

No. Clinical 

mastitis 

Subclinical 

mastitis 

New Zealand 15 0% 100% 23 13.04% 86.96% 113 10.61% 89.39% 266 

(56.77%) 

United 

Kingdom 

671 N/A N/A 18 N/A N/A 16 N/A N/A 1166 

(60.46%) 
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Country *ST- clonal complex No. of isolates 

tested (% 

isolates from the 

3 ST-clonal 

Complexes in 

the table) 

 

 

ST-5 ST-86 ST-143 

 

No. Clinical 

mastitis 

Subclinical 

Mastitis 

No. Clinical 

mastitis 

Subclinical 

mastitis 

No. Clinical 

mastitis 

Subclinical 

mastitis 

China 15 67% 33% 1 100% 0% 2 50% 50% 81 

(22.22%) 

Canada 4 0% 100% 4 0% 100% 5 0% 100% 63 

(20.65%) 

South Africa 11 9.09%% 

1 

90.9% 

10 

9 11.11% 

1 

88.89% 

8 

2 50% 

1 

50% 

1 

70 

(37.14%) 
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*PubMLST data (Streptococcus uberis isolates (pubmlst.org)). 
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In Table 3.5, the results of the multilocus-sequence typing (MLST) from the Strep. 

uberis isolated from the South African herd are compared to those of other large dairy-

producing countries (New Zealand, China, Canada, and the United Kingdom). Of the 

samples tested, most belonged to the three CC ST-5, ST-143, and ST-86 in New 

Zealand (56.77%) and the United Kingdom (60.46%), while the isolates tested from 

China, Canada, and South Africa accounted for 22.22%, 20.65%, and 37.14% 

respectively. 

3.4 Discussion 

3.4.1 General 

Mastitis is a costly multifactorial disease that affects the animal’s health and well-

being, the farm’s profitability and sustainability, and the quality of the desired product 

(food safety and decreased processing to develop higher value products) (Blosser, 

1979; Azooz et al., 2020). Mastitis is caused by pathogens when there is an imbalance 

favouring higher contamination, udder damage, and deficient parlour hygiene 

(Blignaut et al., 2018; Phuektes et al., 2001). Knowing the causative pathogen aids in 

managing and reducing the number, severity, and chronicity of mastitis cases. 

Streptococcus uberis is a pathogen identified as a growing concern in the dairy sector 

in multiple countries (Petzer et al., 2009). This is important to understand and identify, 

as perception and factual data (seven housekeeping genes and virulence genes) can 

be used to manage mastitis better. In South Africa, this data for Strep. uberis was 

missing but had been recorded for other pathogens. The reason was most likely being 

a combination of the pathogen numbers only recently starting to increase, making this 

an emerging mastitis pathogen, and the level of diagnostics and laboratory tests 

(MLST, PCR, and MALDI-TOF) (Jolley et al., 2018; Wang et al., 2013; Werner et al., 

2018) being costly. In other countries, such practices have been conducted for several 

years,; therefore, more research is available on this mastitogenic organism (Jolley et 

al., 2018; Zhang et al., 2020; Srithanasuwan et al., 2022). Another contributing factor 

to the continued problem with mastitis has been the limited focus on udder health in 

practice, as several veterinarians are predominantly focused on reproduction. 
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3.4.2 Retrospective data 

A previous South African study by Blignaut et al. (2018) found Strep. uberis IMI to 

vary from 2.36% to 3.10% in TMR systems and 2.63% to 3.64% in pasture-based 

systems before the initiation of slurry use on pastures. These figures have grown to 

8.03% (Karzis et al., 2024 unpublished) and have been supported by the results from   
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Table 3.1, where the percentage of IMI cases caused by Strep. uberis varied between 

7.12% and 8.09% during 2021. The number of isolates in milk from clinical mastitis 

cases varied from 12.67% to 34.61% during the collection period, with an average of 

21.6% of Strep. uberis isolates causing clinical mastitis (Table 3.2). These variations 

could be attributed to seasonal influences of heat stress and higher density of calving 

down but could not be set to a particular cause or influence; however, these levels 

recorded agree with the environmental origin theory. 

3.4.3 Overall multilocus-sequence type (MLST) data 

Cows with more than two Strep. uberis IMI did not reveal the same ST number, 

possibly correlating with an environmental source where the pathogen population had 

high biodiversity. Twenty-four of the STs had only been isolated once, further 

strengthening the likelihood of being of environmental origin. This is further compelled 

by the increasing number (>59.3%) of Strep. uberis strains identified in a Chinese 

study, which indicated strains carry between four to seven virulence-related genes 

(Zhang et al., 2020). 

Table 3.3, Table 3.4, and  
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Figure 3.1 emphasise the host-adaptive Strep. uberis strains versus environmental 

Strep. uberis strains and origin focal points. The herd’s infection pattern generally 

followed that of an environmental origin, with several novel STs being isolated. Sixty-

four of the 70 isolates, including repeat cases, belonged to 41 ST numbers, while there 

was one pre-existing ST number (ST 1613) (6/70 isolates, including repeat cases) 

(Table 3.3). 

Half of the cows where Strep. uberis was isolated on more than one occasion did not 

remain in the udder parenchyma for longer than six months (Table 3.4), indicating that 

some of these infections, although chronic, are not lifelong. The study results indicated 

that the heterogeneity of the ST numbers and the divide of the CC were essential in 

understanding the biodynamics and diversity in the herd. An interesting observation 

was the similarities and differences among the isolates of the South African herd and 

different countries (Table 3.5). 

Generally, the CC pattern/distribution available in this study was similar to but not the 

same as that of other countries (Table 3.5). The ST-5 CC was prominent in the United 

Kingdom, China, and South Africa. In New Zealand, the ST-143 CC was the most 
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dominant and ST-5 CC the least. This is of interest, as several pasture-based dairy 

farms in South Africa copy dairy practices from farms in New Zealand (seasonal 

milking, pasture with untreated slurry fertilisation, cross-breed farming practices) 

(Theron & Mostert, 2010) and low input, high output practices. Both could be attributed 

to the climates, stocking density of camps/pastures (a focal point of infection if 

environmental or host-adaptive) and breed. In this study, Jersey cows were used 

versus predominantly cross-breeds in New Zealand (Theron & Mostert, 2010). 

3.4.4 Multilocus-sequence type (MLST) data and existing clonal complexes 

3.4.4.1 Differences among ST-CC for Strep uberis 

Differences among the ST-CC for Strep. uberis have been reported in other 

studies (Reyes et al., 2019) to be associated with pathogenicity 

potential and varying infectious behaviours and patterns. The ST-5 CC 

was reported to cause clinical cases (Tomita et al., 2008), and in this 

study, the pattern did not follow what was expected, with one out of 11 

being clinical mastitis cases (Table 3.3, Table 3.4, and  
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Figure 3.1). The ST-86 CC and ST-143 CC were responsible for most clinical mastitis 

cases in New Zealand, while there was a more even distribution among all three CCs 

in China and South Africa (Table 3.5). 

Strain type 1613 (ST-86 CC) was isolated in South Africa (six isolates) and Australia 

(Table 3.5). The ST-86 CC was reported to cause subclinical cases (Tomita et al., 

2008), and in this study, the pattern followed what was expected, with eight subclinical 

cases and one clinical mastitis case. The ST-143 CC was reported to induce latent 

infections with some host-adaptive traits (Tomita et al., 2008), which disagreed with 

the results from this study, where the pattern was neutral with one subclinical case 

and one clinical mastitis case (Table 3.3, Table 3.4, and Table 3.5). These variations 

could depend on the selection criteria of the samples, but in this study, the selection 

was from a mixed grouping of animals during routine and clinical IMI samplings and 

could be considered a true representative of the CC split. 

3.4.5 Multilocus-sequence type (MLST) data for cows from which 

Streptococcus uberis were isolated on consecutive samplings 

According to Srithanasuwan et al. (2022), 66% of Strep. uberis IMI remains in the 

udder parenchyma for less than 30 days, while 18% could become chronic, lasting 
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more than 100 days. This generates the question of why some Strep. uberis induce a 

chronic IMI, and others do not. Is this owing to the microbiome change or the ever-

growing number of virulence factors, which lead to the concern of this evolving into a 

host-adaptive pathogen? The time interval of sampling in the current study was 85 

days and did, therefore, not exceed 100 days which could confirm the chronicity of an 

IMI. Table 3.4 evaluates the 14 cows with consecutive Strep. uberis IMI at the two 

sampling dates. From seven of these 14 cows, the same ST strain was isolated from 

the same cow at the second sampling (Table 3.4), lowering the likelihood of host-

adaptive Strep. uberis strains being the primary source of the IMI. 

The most common isolated Strep. uberis strain, ST-1613, was the only one of 42 

strains isolated in this South African study that already existed in the 

PubMLST database (October 2024), while 41 were novel strains, further 

indicating the biodiversity and unique strains (Table 3.3 and  
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Figure 3.1). The ST 1613 strain was previously isolated from Australia in 2021 (Table 

3.5). Six ST-1613 strains were isolated from four different cows; two were isolated 

from the same cow at both samplings, while two were isolated once only from different 

cows (Table 3.3 and Table 3.4). The ST-1613 was identified as belonging to the ST-

86 CC, and none of the cows infected with this strain had clinical mastitis (Table 3.3). 

One of the second most common novel Strep. uberis ST isolated from the herd 

was the ST 2129 strain (Table 3.3 and  
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Figure 3.1). This strain was isolated only during the first test in July 2021 and did not 

follow a set clinical or subclinical pattern. This could raise the question of whether it is 

a point infection. The fact that we did not isolate this strain again at the follow-up test 

in October of the same year lowers the likelihood that it was a host-adaptive strain and 

instead points in the direction of an environmental source of infection with lower 

virulence, as it could not establish itself. 

The Strep. uberis isolates from the study were dominated by environmental strains 

(heterogeneity), favouring the source having a higher pathogen load, which could 

account for the higher rates of new strains being identified. This could be achieved 

through mutation or sharing genes (such as virulence factors) (Zhu et al., 2023). This 

was beyond the scope of this study but would be of interest, particularly to compare 

with other countries in future work. Another point emphasised by the high level of 

heterogeneity was a rapid eradication of the IMI, possibly attributed to rapid 

identification, treatment, or self-cure owing to low-level infection and significant 

immune response from the animal. 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 122 

 

Except for seven cows with consecutive samples harbouring the same strain: 1,234 

(two subclinical), 1,318 (two subclinical), 11,232 (two subclinical), 13204 (two 

subclinical), 17,280 (one clinical and one subclinical), and all were novel strains (Table 

3.4). Except for cows 11,251 (two subclinical) and 17352 (two subclinical), both being 

pre-existing strains (ST 1613 and CC ST-86 CC) (Table 3.5). The ST and CC 

homogeneity of the two cows, 11,251 and 17,352 (generally at a three-month interval), 

could allude to a possible contagious transmission and host-adaptive Strep. uberis 

strain (ST and CC if available). Strain type 1613 was also isolated six times in South 

Africa and once in Australia (subclinical: ST-86 CC) in 2021 (PubMLST database) 

(Table 3.3, Table 3.4, and Table 3.5). 

This is interesting as it has been involved in only subclinical mastitis cases, raising the 

question of its ability to avoid the immune system of the cow and whether this could 

be a host-adaptive strain. Whereas, cows 1,327 and 1,788, which have had several 

identifications of Strep. uberis (in this study identified to be different strains for all 

isolates, Table 3.3 and Table 3.4) over the four-year period (2021 to 2024), could at 

the surface appear to be chronic IMI cows, but rather the results indicated new 

infections as opposed to chronic infections. This could be an aspect of value to 

emphasise the importance of MLST and diagnosis of strain types for the farmer and 

the veterinarian to manage mastitis in dairy herds better. 

3.4.6 Multilocus-sequence type (MLST) data summary 

The dendrogram showing the genetic relatedness of the 70 South African Strep. 

uberis isolates confirms the heterogeneity of the strains. The results 

suggest a grouping of cases with the same strain during the same 

period rather than being the same strain as a repeat in the same cow. 

The distance between the different strains in the consecutive 

infections in the same cow tends to be related, indicating randomised 

infections from an environmental population ( 
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Figure 3.1). 

The question remaining unanswered is—why these cows? The persistence of Strep. 

uberis (subclinical and clinical cases) in an udder is largely unknown when testing is 

not conducted to the strain type level and at a higher frequency. This follows the 

findings (Table 3.3 and Table 3.4) and aligns with the theory of Strep. uberis being a 

short, low-level infection quickly eradicated from the udder. Currently, there were no 
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distinct patterns associated with the cows that had high or low SCC levels. Limited 

patterns were observed with seasonal influences (two cows, 1327 and 1559), and the 

underlying predisposing cow factors were unclear in this study (no teat end and 

hygiene scores conducted). 

These results will enable veterinarians and farmers to adapt to, correct, or prevent 

problems caused by Strep. uberis by knowing which strain types are mostly present 

(environmental versus host-adaptive strains) and with which predominant virulence 

factors to avoid further development of the risk. More frequent sampling would indicate 

an enhanced distinction between the environmental and host-adapted strains. It could 

result from high environmental risk (pathogen overload) and new infections with rapidly 

changing microbiomes or mutating strains of a pathogen, such as Strep uberis. This 

becomes economically pressing when the cost of mastitis in South Africa can be 

broken down to an average cost of R919.96 per cow annually (Banga, 2014) and could 

constitute an interesting point for using selective DCT (Essack et al., 2018) in Staph. 

aureus-free herds. 

Another question remaining unanswered is whether the Strep. uberis mastitis vaccines 

manufactured in European countries based on their Strep. uberis strains will be 

effective in all countries across the globe; therefore, knowledge of strain types of Strep. 

uberis in South Africa can assist farmers and veterinarians in the field to manage 

mastitis caused by these particular primarily novel Strep. uberis strains in herds, which 

would have several benefits, including economic, animal welfare, and providing an 

improved product. 

To improve the study and possibly provide an improved representation of the 

dynamics of the IMIs, more samples could have been collected from the same cows 

more frequently to evaluate cure and reinfection, and aid in avoiding possible bias. 

More evaluation of the cows with several consecutive cases of Strep. uberis isolates 

could have been included to anticipate possible explanations regarding susceptibility 

(teat end scores, udder and cow hygiene scores, parity, and stage for interpreting 

reoccurring positive Strep. uberis cases with the same strain type and CC). Similarly 

the use of data and isolates sourced from a TMR herd that contained a high prevalence 
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of Strep. uberis and a second pasture based farm not using the slurry system of 

pasture fertalisation. This could have been used to cross refference (source point IMIs 

dominated by environmental infections) and to anticipate possible explanations 

regarding farming practices and dominating strain types (ST and CC). 

This is an area for future study and the whole genome development for Strep. uberis 

profiles specific to Southern Africa (dynamics of infection and duration of infection, 

developing geographical data, farm data, and identifying the virulence factors) that 

could be used to develop vaccines or aid in the correct use of exisiing Strep. uberis 

vaccines available on the market (selection for preventation knowing the strain, 

influence of environmental and farming factors specific to Southern Africa that could 

reduce the efficacy of the vaccines). 

3.5 Conclusion 

Contrary to what was expected, the study identified that most suspected chronic IMI 

were caused by new infections with different Strep. uberis strains, dominated by 41 

novel environmental strains (high heterogeneity of ST and CC from all 70 isolates). 

From the results of this study, the Strep. uberis strains isolated from the milk of the 

South African herd are diverse and unique compared to those of other countries. The 

Strep. uberis strains identified appear to have been dominated by environmental 

strains (high heterogeneity of ST and CC from all 70 isolates). 

The consecutive repeat cases had a 50:50 ratio (seven cows with identical strains (ST 

and CC) for the first and second IMI and seven cows with different strains (ST and 

CC) for the first, second, third, and even fourth repeat IMI) and do not conclusively 

confirm the presence or absence of host-adaptive strains within the herd. Even though 

two strains occurred multiple times (ST 2129 and 1613), only ST 1613 was isolated 

more than once from the same cow. None of the strains isolated during 2024 were 

isolated during 2021, also tipping the scale towards a single-source point 

environmental origin. Most IMI cases appeared to be short-lived and are most likely 

caused by the farming practice where untreated slurry is used to fertilise pastures. It 

is, therefore, more likely that most strains were environmental rather than host-

adapted. 
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It has been established, that certain animals are more susceptible to Strep. uberis 

IMIs. This study showed that half of the reoccurring Strep. uberis infections were 

actually new infections. Since this study only took two samplings into consideration, 

additional studies are needed over a longer period of time with more samplings to 

provide a better indication on the duration (chronicity) of Strep. uberis infection in the 

udder. This will provide a better indication of the relationship of host adapted and 

environmental strains, which would have an affect on the management. This will also 

show the importance of carrier animals, and cow to cow transfer, including the role of 

parlour hygiene and the necessity of further research into reducing the shedding via 

slurry. A large amount of host adapted Strep. uberis IMI strains can have an impact 

on decision making on selective dry cow therapy. 

The current study can aid farmers and veterinarians in classifying what is meant by 

chronic, non-cure, and new infections more effectively in contempt of farming practices 

that favour higher pathogen loads (environment) and challenges for the cows to 

manage mastitis caused by Strep. uberis better in such herds, with positive economic, 

animal welfare, and high-quality products being some of the benefits. 
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CHAPTER 4: SUMMARY, CONCLUSIONS, AND 

RECOMMENDATIONS 

4.1 Introduction 

The study used a retrospective approach, employing herd history and baseline data, 

comprising three-monthly investigations of microbiology and cytology, which 

emphasised the high incidence of Strep uberis, and a longitudinal study evaluating the 

genomic characteristics using MLST (Jolley et al., 2018). The seven housekeeping 

genes (gki, recP, ddl, tdk, arcC, tpi, and yqiL) were used to identify strains of Strep. 

uberis (novel or existing) and evaluate the biodynamics (environmental or host-

adaptive properties) (Coffey et al., 2006; Tomita et al., 2008; Reyes et al., 2019) of the 

pathogen in the context of a South African pasture-based dairy herd using untreated 

slurry as a fertiliser. Southern African data was compared to global data, judging the 

similarities and differences to genomic traits observed in other dairy-dominant 

countries experiencing higher numbers of IMI caused by Strep uberis. 

Sixty per cent of Strep. uberis IMIs last less than 30 days, and 18% could become 

chronic and last more than 100 days (Srithanasuwan et al., 2022). Knowing this, in 

conjunction with the high percentage of major gram-positive bacteria being isolated 

from milk samples in South Africa comprising Strep. uberis (47.4% recorded in 2021 

by the Milk Laboratory, Onderstepoort), farming and veterinary care practices need to 

be identified and managed better to curb the effects of mastitis and allow for adapted 

management of environmental or host-adapted IMI pathogens, such as Strep uberis. 

The results indicated that the IMI, although possibly resembling a chronic IMI pattern 

when observing basic bacteriological identifications, was primarily a new IMI caused 

by diverse strains. These strains are more likely of environmental origin attributable to 

the higher heterogeneity of the pathogen population (Davies et al., 2016) and the high 

number of novel strains (41 from 42) identified from the isolates (64/70) versus six 

isolates of an identical pre-existing strain (ST 1613); however, the possibility of an 

original infection with a host-adapted strain and a subsequent co-infection with an 

environmental strain exists. The results generally followed trends observed in 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 128 

 

additional studies identifying the subsequent CC: ST-5 CC n=11 (clinical 9.09%; 

subclinical 90.91%), ST-86 CC n=9 (clinical 11.11%; subclinical 88.89%), and ST-143 

CC n=2 (clinical 50%; subclinical 50%) (Table 3.3), but differed from data from New 

Zealand. The ST-143 CC (2/70 isolates versus 113/266 isolates) > ST-5 CC (13/70 

isolates versus 15/266 isolates) respectively (Table 3.5). This is interesting as several 

farming practices are routinely similar and commonly shared between Southern Africa 

and New Zealand. 

Differences among the CC for Strep. uberis have been reported in other studies 

(Reyes et al., 2019) to be associated with pathogenicity potential and varying 

infectious behaviours and patterns. The ST-5 CC was reported to cause clinical cases 

(Tomita et al., 2008), and in the study, the pattern did not follow what was expected, 

with 10 subclinical cases and one clinical mastitis case. The ST-86 CC was reported 

to cause subclinical cases (Tomita et al., 2008), and in the study, the pattern followed 

what was expected, with eight subclinical cases and one clinical mastitis case. The 

ST-143 CC was reported to induce latent infections (host-adaptive traits) (Tomita et 

al., 2008). The pattern was neutral in the study, with one subclinical case and one 

clinical mastitis case (Table 3.3 and Table 3.4). 

The scope of this study omitted sequencing for identification to the CC level. Further 

genomic data (whole genome sequencing) are needed for identification at the CC 

level. 

4.1.1 Advantages of this study 

The comprehensive background history and baseline dataset of the farm, the three-

monthly microbiology assessments, and clinical mastitis records over 15 years were 

significant advantages of this study. The study focused solely on the molecular 

characterisation (MLST using the seven housekeeping genes) of known Strep. uberis 

positive cases (identified through phenotypic identification and MALDI-TOF). 

 

4.1.2 Recommendations of this study 
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If this study were to be repeated, the subsequent recommendations could potentially 

enhance the results, therefore, strengthening the observations and outcomes: 

• Store more samples from consecutive sampling (random and repeat cases). This 

would allow for a more complete longitudinal evaluation of the herd. 

• Repeat the sampling, culture, and MLST evaluation process of known clinical IMIs 

caused by Strep. uberis at the end of intramammary treatment to ensure the 

successful treatment (milk cure and bacterial cure). This would aid in the 

identification and confirmation of host-adaptive and environmental strains. 

4.1.3 Limitations of this research 

The study was conducted mainly on retrospective samples collected from routine 

samples. Not all routine samples are stored in the biobank, attributable to the high total 

sample numbers and storage space constraints. Cost constraints were the leading 

cause of limiting cases being tested with the MLST, a test still costly in South Africa. 

Knowing this, an enhanced selection plan could have been implemented for 

subsequent samples to be tested. 

4.1.4 Future research 

It would be more valuable to sequence the whole genomes of the tested isolates and 

collect additional samples for cross-referencing. This would include environmental 

samples (faecal, cow, pasture/untreated slurry) and all clinical mastitis samples 

identified as Strep uberis. Increasing the sample size by storing more isolates 

identified and confirmed would also be beneficial. 

4.2 General conclusion 

Contrary to what was expected, the study identified that most suspected chronic IMIs 

were caused by new infections with diverse Strep. uberis strains, dominated by 41 

novel environmental strains (high heterogeneity of ST and CC from all 70 isolates). 

The Southern African genomic profile mimics that of several countries, and no set 

isolates indicate a chronic repeat pattern among cows, except for ST 2129 and 1613; 
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however, the IMI appeared to be short-lived and were unlikely to be influenced by 

developing host-adaptive strains from the farming practice of untreated slurry 

fertilisation of pastures. These results differed from New Zealand despite having the 

most similarities in farming practices (seasonal pasture-based systems, low input 

versus max output, untreated slurry management and fertilisation of pastures, mixed-

breed cows with small frames, etc.). 

This research can help farmers and veterinarians classify repeat, non-cure, and new 

infections more effectively. It focuses on farming practices favouring higher pathogen 

loads (environment) and challenges for the cows. This will improve the management 

of mastitis caused by Strep. uberis in such herds. The benefits include positive 

economic outcomes, better animal welfare, and high-quality products. 

It has been established, that certain animals are more susceptible to Strep. uberis 

IMIs. This study showed that half of the reoccurring Strep. uberis infections were 

actually new infections. Since this study only took two samplings into consideration, 

additional studies are needed over a longer period of time with more samplings to 

provide a better indication on the duration (chronicity) of Strep. uberis infection in the 

udder. This will provide a better indication of the relationship of host adapted and 

environmental strains, which would have an affect on the management. This will also 

show the importance of carrier animals, and cow to cow transfer, including the role of 

parlour hygiene and the necessity of further research into reducing the shedding via 

slurry. A large amount of host adapted Strep. uberis IMI strains can have an impact 

on decision making on selective dry cow therapy. 

The findings also contain a word of caution: products that work in other countries with 

diverse Strep. uberis strains need to be tested in South Africa, preferably under field 

conditions, to ensure they are effective against the unique South African Strep. uberis 

strains. 
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