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ABSTRACT

Bovine mastitis is a global veterinary crisis, costing the industry approximately $30 billion
USD annually. In Zimbabwe, the transition to smallholder-led dairy production has created
unique challenges in disease management and antimicrobial stewardship. This retrospective
study synthesized data from 36 primary sources to evaluate etiological shifts and the
prevalence of antimicrobial resistance (AMR) genes. Analysis reveals that Staphylococcus
aureus remains the dominant pathogen (42.1%), with a 25% MRSA prevalence driven by the
mecA gene. Resistance to subsidized tetracyclines exceeds 55%, mediated by tet (K) and tet
(M) markers. Statistical modelling shows a significant correlation (rs = 0.68, p<0.05) between
government-led antibiotic distribution and multi-drug resistance (MDR) phenotypes.
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The global dairy industry, which is central to number agricultural economies, confronts
a substantial threat in the form of diseases impacting dairy cattle [15]. These ailments, often
underestimated, result in significant financial losses on dairy farmers globally [15]. Economic
damage can be indirect or direct [14, 15; 18]. Several studies have summarised bovine
mastitis as a multifactorial disease whose etiology and manifestation depends mainly on
pathogens (bacteria, fungi and viruses), the efficacy of the cow's immune defences
particularly that of the udder, environmental risks as well as a myriad of factors that include:
poor hygiene practices, inadequate milking practices, breed and inadequate training [1, 14;
19].

Bovine mastitis represents the most significant economic barrier to dairy productivity
globally, with losses attributed to milk discard due to antibiotic contamination, treatment
costs, and premature culling [23, 29; 32]. Mastitis is estimated to cost the global dairy
industry approximately US$19.7 to US$32 billion annually, with some studies inferring that
clinical and subclinical mastitis are the costliest diseases surveyed, resulting in mean annual
global losses of approximately US$13B, and US$9B, respectively [1, 17, 18; 28]. In high-
income settings, the cost per clinical case averages $444, but in Zimbabwe, the indirect
costs to food security and the "One Health" interface remain largely unquantified [23; 35].

In Zimbabwe, the dairy sector is a vital component of the "Livestock Recovery and
Growth Plan" under NDS1. Currently, the National Development Strategy 1 (NDS1) aims to
increase national milk production to 150 million litres by 2025 [33; 35]. However, subclinical
mastitis (SCM) prevalence remains high (21.1%-36.3%), acting as a silent reservoir for
zoonotic pathogens [17; 22; 36]. While laboratory studies exist, a consolidated national
profile of resistance is lacking. This article evaluates the correlation between common
causative agents and the rising prevalence of multidrug-resistant (MDR) strains, including
MRSA, within the Zimbabwean smallholder and commercial sectors.

The genomic landscape of antimicrobial resistance (AMR) in Zimbabwean dairy cattle
is increasingly defined by multidrug-resistant (MDR) pathogens as well as by the misuse of
"Access" category antibiotics, with recent genomic studies highlighting a high prevalence of
resistance to tetracyclines and beta-lactams [20, 31; 35] . Surveillance through Whole
Genome Sequencing (WGS) has begun to reveal the specific genetic determinants driving
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these trends across both commercial and smallholder systems [6]. Genomic analysis of
mastitis-causing pathogens and fecal microbiota in Zimbabwe has identified several key
resistance markers and resistance over the years has increased steadily, with the
widespread circulation of mecA (methicillin resistance), blaZz (beta-lactamase) and blaTEM,
and tet (tetracycline resistance) genes (tet(K), tet(M) and tet(A)) and more recently sull and
sul2 (sulfonamides), ermB and ermC (macrolides), and mutations in gyrA (fluoroquinolones)
[7, 14, 16; 27].

The key pathogens known to cause mastitis include Staphylococcus aureus,
Streptococcus agalactiae, Streptococcus uberis, Escherichia coli, Mycoplasma spp and
Klebsiella pneumonia [34]. Recent studies have confirmed the presence of MRSA in 25% of
Staphylococcus isolates from dairy farms, carrying the mecA gene [12; 31]. Again, studies
show that Staphylococci are the most predominant bacterial genera isolated in mastitis cases
(34.4%), with S. aureus often showing high MDR rates [16]. WGS of E. coli from the informal
dairy sector has identified sequence types such as ST10, ST410, and ST6636, which are
lineages associated with both human and animal infections [6]. Recent surveys have also
identified Candida spp. and Corynebacterium bovis for the first time in Zimbabwean dairy
systems, likely emerging due to prolonged antibiotic use and hygiene deficiencies [6; 18].

To mitigate the impact of mastitis in the dairy industry and subsequently on the national
GDP it is necessary to systematically review research carried out on mastitis, the associated
etiology, the genomic landscape of such pathogens, as well as the incidence of MDR
pathogens in Zimbabwe. Although there are reports of mastitis in Zimbabwe in dairy herds,
an overview of the prevalence and epidemiological dynamics among cattle in the country is
still lacking, as such, the aim of this study is to determine the prevalence and incidence of
bovine mastitis in Zimbabwe so as to access the risk factors associated with the disease, to
identify a ONE-health approach strategy that can be implemented across various sectors so
as to curb AMR that is zoonotic related and this will be achieved using a systematic
retrospective review and meta-analysis approach.

METHODS OF RESEARCH

This study utilized a systematic review and meta-analysis approach, adhering to the
PRISMA guidelines for retrospective data synthesis [22; 24]. The "dry-lab" methodology
involved four distinct phases:

Search Strategy and Databases: A comprehensive search was conducted across
international and regional databases, including PubMed, African Journals OnLine (AJOL),
Google Scholar, FAO databases and ResearchGate, after rigorous screening, we conducted
a systematic search of 36 primary studies (2014-2025) from the above mentioned
databases. Search strings included: "Mastitis" AND "Zimbabwe" AND ("AMR" OR
"Genomics"), "Staphylococcus aureus milk Zimbabwe," "Bovine Mastitis" AND "Zimbabwe",
“One Health Zimbabwe” AND ("AMR" OR "Resistance Genes" OR "mecA" OR "Tet").

Step 1. Identification. 146 records identified from PubMed, AJOL, and Zimbabwe DVS
reports.

Step 2: Screening. 90 unique records screened after removing duplicates.

Step 3: Eligibility. 48 full-text articles assessed; 12 excluded for lack of AST data.

Step 4: Inclusion and Exclusion criteria: Only studies published between 2014 and
2025 that provided primary data on bacterial isolation and antimicrobial susceptibility testing
(AST) according to CLSI or EUCAST standards were included [8; 14]. Studies without clear
geographic location within Zimbabwe or those focusing solely on milk residues without
bacterial identification were excluded.

Data harmonization: Data were extracted from 30+ sources, including peer-reviewed
articles and grey literature from the Department of Veterinary Services (DVS) and FAO
Zimbabwe [2, 11; 34]. Variables extracted included: prevalence of subclinical vs. clinical
mastitis, etiological distribution (Staphylococci, Streptococci, Coliforms), and resistance
percentages for at least five antibiotic classes. Resistance rates were pooled using a
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Random Effects Model to account for the high variance between smallholder kraal systems
and intensive commercial parlours [3; 20].

Proxy Analysis. National agricultural subsidy data from NDS1 reports (2021-2025)
were correlated with AMR prevalence in "high-intervention” districts to test the impact of
subsidized drug access on resistance trends [33; 35].

Genomic Marker Selection. Data was specifically extracted on genes responsible for
the most common resistance phenotypes in the region:

e Beta-lactams: mecA, blaz;
e Tetracyclines: tet (K), tet (M), tet (O);
e Sulfonamides: sull, sul2.

Pooled prevalence was calculated using a random-effects model to account for
heterogeneity between smallholder and commercial farming systems [3, 24; 26]. The
correlation between antibiotic "subsidies" (proxied by NDS1 input reports) and resistance
trends was analyzed using descriptive statistics and qualitative policy mapping [20, 33; 35].

Meta-Analysis of Proportions: A Random-Effects Model was used to calculate pooled
prevalence, as high heterogeneity (1> >75%) was expected between commercial and
smallholder sectors [3].

Correlation Analysis: Spearman’s Rank Correlation (rs) was applied to measure the
relationship between government-subsidized drug distribution (data from NDS1 reports) and
the prevalence of MDR isolates per province [20; 33].

Significance Testing: P-values < 0.05 were considered statistically significant. All
analyses were conducted using R (version 4.2.2).

RESULTS OF STUDY
The pooled analysis identifies a clear dominance of Gram-positive pathogens.

Table 1 — Pooled Prevalence of Mastitis Pathogens in Zimbabwe (2014—-2025)

Pathogen Category Pooled Prevalence (%) 95% Confidence Interval Common AMR Genes
Staphylococcus aureus 42.1% [38.2 — 46.0] mecA, blaz, erm(C)
Coagulase-Negative Staph (CNS) 27.6% [24.1 -31.2] blaz, tet(K)
Escherichia coli 18.4% [15.3-21.5] sull, sul2, blaTEM
Streptococcus spp. 11.9% [9.2 -14.6] tet(M), erm(B)

Table 2 — Summary of Mastitis Etiology and AMR Prevalence in Zimbabwe (2018—-2025)

Study Region / Province Prlmgr_y Pathogen(s) Key AMR Finding MRSA / MDR Prevalence
Reference Identified
7] Mashonaland East  S. aureus (34.4%) éOO% resistance to Penicillin »50, MRS A confirmed in milk.
. CNS, S. aureus, High resistance to 19% of samples had antibiotic
(16] Midlands (Gweru) E. coli Te%racycline (58%). residues. P
[22] Manicaland Streptococcus spp. Multi-drug resistance in 42% High resistance to
(Chipinge) (26%) of isolates. Sulfamethoxazole.
National (Sentinel E. coli & Growing resistance to 3rd 30% MDR in commercial dairy
[11] - . ,
sites) Staphylococci Gen Cephalosporins. sectors.
[9] Mashonaland S. aureus & High sensitivity to 15.4% of S. aureus isolates
Central S. agalactiae Gentamicin; low to Ampicillin.  were MDR.
[36] Smallholder Farms Environmental Resistance correlated with 22% overall AMR prevalence in
(Multiple) Streps lack of teat dipping. subclinical cases.

Resistance is highest among drugs provided under the "Command Agriculture" and
NDS1 support schemes.

Table 2 — Phenotypic Resistance Rates and Genetic Markers

Antibiotic Resistance Rate (%) Primary Genetic Driver Policy Context
Penicillin G 88.4% blaz Subsidized Access
Oxytetracycline 57.7% tet(K), tet(M) High Field Use
Cefoxitin 25.0% mecA MRSA Emergence
Gentamicin 12.3% aac(6')-le-aph(2")-la Restricted Use
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Analysis of antibiotic consumption shows that while Large-Scale Commercial Farms
(LSCF) consume higher volumes (avg. 0.234 kg/animal), smallholder farms rely heavily on
non-prescription "Access" drugs [12].

Table 3 — Comparison of AMR Gene Prevalence by Farming System

Genetic Marker Smallholder Prevalence (%) Commercial Prevalence (%) Resistance Phenotype
sul2 96% 48% Sulfonamides

blaTEM 18% 43% Penicillins/ESBL

tetA / tetk 55% 30% Tetracyclines

mecA 22% 28% Methicillin (MRSA)

PCR and genomic data extracted from recent studies [7, 16, 26; 27] show that tet (M) is
the most prevalent tetracycline gene in smallholder systems, likely due to its association with
mobile genetic elements that facilitate horizontal gene transfer.

Retrospective analysis of genomic data and PCR-based studies from 2014-2025
reveals a specific suite of resistance genes circulating in Zimbabwean dairy herds:

The most critical finding is the high prevalence of the mecA gene, which encodes the
Penicillin-Binding Protein 2a (PBP2a), rendering isolates resistant to almost all beta-lactam
antibiotics, including methicillin (MRSA) [7; 16]. Studies in Mashonaland East confirmed that
25% of S. aureus isolates carried mecA, while nearly 90% of isolates carried the blaZ gene,
responsible for penicillinase production [13, 16; 21].

Given that oxytetracycline is the most widely subsidized and used antibiotic in
Zimbabwe, resistance is driven primarily by tet(K), tet(M), and tet(O) genes [9; 27]. These
genes facilitate either efflux pump mechanisms or ribosomal protection, and their presence in
over 55% of isolates suggests that tetracyclines are becoming clinically obsolete for mastitis
treatment in the region [13; 36].

sull and sul2: Frequently isolated in E. coli from Zimbabwean milk samples, these
genes provide resistance to Sulfonamides [27; 30].

erm(A) and erm(C): These genes mediate resistance to Macrolides, Lincosamides, and
Streptogramin B (MLSB phenotype), which are often used as second-line treatments when
penicillins fail [16; 9].

DISCUSSION OF RESULTS

The retrospective analysis of dairy herds in Zimbabwe indicates a significantly higher
prevalence of subclinical mastitis (SCM) compared to clinical cases, with cow-level
prevalence ranging from 21.1% to 36.3% [17, 22; 31]. The genomic landscape of AMR in
Zimbabwe is generally divergent. Large Scale Commercial Farms (LSCFs) demonstrate a
higher frequency of ESBL-producing E. coli (44%), likely due to the high-intensity use of
prophylactic treatments [5, 9, 19; 36]. Conversely, smallholder systems exhibit an alarming
prevalence of plasmid-mediated genes like sul2 and blaTEM in milk filter socks and bulk
tanks, which survive even commercial pasteurization processes [27; 30]. The presence of
mecA in 25% of isolates confirms that Zimbabwean dairy cattle are a significant zoonotic
reservoir for MRSA [7, 16; 21]. The strong correlation between subsidized oxytetracycline
distribution and resistance (rs =0.68, p=0.012) in provinces like Mashonaland East highlights
the urgent need for diagnostic-led stewardship to curb the AMR crisis [12, 16; 34]. The 25%
MRSA prevalence found in this retrospective study is higher than the African regional
average, indicating that Zimbabwean dairy cattle are a significant reservoir for the mecA
gene [16, 17, 22; 31].

From the reviewed articles, one can note that the etiological profile is not as diverse as
compared to other African countries [18]. Pooled results indicate that Staphylococcus
species account for 42% of all mastitis cases, followed by Enterobacteriaceae (21%). The
high prevalence of environmental pathogens like E. coli suggests persistent challenges in
milking hygiene and kraal management [6, 16, 18; 35]. Overall the AMR trends point out to
the high level of resistance towards oxytetracycline at 57.7%, this is due to the fact that it the
most subsidized and highly accessible antibiotic in Zimbabwe. To note is the emergence of
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MRSA isolates from bovine milk samples indicates a critical public health risk i.e. a major
One Health crisis, as these strains can be transmitted to humans through raw milk
consumption [16,17, 18; 32].

Statistical trends suggest that areas with higher access to subsidized "Command
Agriculture" inputs show a correlation with higher reported AMR, likely due to the prophylactic
(preventative) use of antibiotics rather than therapeutic use [11, 35]. The high prevalence of
antimicrobial resistance (AMR) observed in this retrospective analysis reflects a complex
interplay between agricultural policy and field-level practice in Zimbabwe. These specific
drugs fall under the "Access" category of the WHO AWaRe classification and are the most
frequently distributed antibiotics through both private retail and government-supported "input
schemes." [16, 32; 34] The data suggests that while these "subsidies" were intended to
safeguard livestock productivity, their widespread availability without stringent veterinary
oversight has inadvertently created a selection pressure for resistant strains [32; 34].

CONCLUSION

AMR is now recognized as one of the most pressing global health challenges,
projected to cause up to 10 million deaths annually by 2050 if left unchecked [36]. Of concern
is the role of dairy cows, incidence rates of subclinical mastitis and the transmission
pathways for microorganisms of medical importance [10; 26]. The misuse and overuse of
antibiotics in livestock production select for resistant strains that can enter the human
population through the food and environmental chain. This retrospective analysis confirms
that bovine mastitis in Zimbabwe is no longer a simple production challenge but a growing
One Health crisis. The data confirms that mecA and tet genes are endemic in the dairy value
chain. The shift in etiology toward multidrug-resistant (MDR) Staphylococcus aureus and
MRSA—particularly in high-production regions like Mashonaland East—demonstrates that
current antimicrobial reliance is unsustainable.

The high resistance rates (over 50%) to common "Access" antibiotics such as
Oxytetracycline and Penicillin directly correlate with their widespread availability and lack of
diagnostic-led administration as well as stringent policies. Ultimately, subclinical mastitis
remains a "silent thief" of dairy productivity in Zimbabwe, fuelled by a policy environment that
has historically prioritized drug access over biosecurity and extension education. There are
serious data gaps in Zimbabwe, emphasizing the need to expand microbiology laboratory
capacity, surveillance and data collection systems to improve our understanding of this
important human health threat.

RECOMMENDATIONS

To mitigate the spread of AMR within the Zimbabwean dairy value chain, the following
measures are recommended:

Strengthening Veterinary Oversight: Enforce stricter regulations via the Medicines
Control Authority of Zimbabwe (MCAZ) to ensure that "Access" antibiotics are only
dispensed upon professional diagnosis, reducing the "self-prescription” trend among
smallholder farmers.

Enhanced Surveillance: Establish more sentinel labs under the National Action Plan
(NAP) 2.0 to provide real-time AMR mapping, allowing farmers to choose effective
treatments rather than relying on failing drugs like Tetracycline.

One Health Education: Launch "Knowledge Subsidies" through the Department of
Veterinary Services (DVS) to educate dairy workers on the zoonotic risks of MRSA, and the
importance of milk withdrawal periods so as to disrupt the transmission of plasmid-mediated
ARGs in raw milk.
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