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Abstract

Mastitis is an inflammatory condition of the mammary gland and a major
cause of economic loss in dairy herds, affecting milk yield, quality, and ani-
mal welfare. This study was conducted in a Holstein herd in Aguascalientes,
Mexico, to identify key bacterial pathogens, assess antimicrobial susceptibility,
and evaluate milking practices using a Strengths, Weaknesses, Opportuni-
ties, and Threats and Analytic Hierarchy Process (SWOT—AHP) framework.
Seasonal sampling was performed during the dry and rainy periods, with
129 milk samples and 66 equipment swabs collected. A higher proportion
of bacteriologically positive milk samples was recorded in the rainy season
(44 %) compared to the dry season (16 %). Coagulase-negative staphylo-
coccus was the most frequently isolated microorganism, identified in both
milk and surfaces. Mixed infections and environmental contamination were
more prevalent during the rainy season. Antimicrobial susceptibility testing
revealed a significant decline in sensitivity to penicillin, ampicillin, erythro-
mycin, and tetracycline during the rainy season, while resistance to oxacillin
remained consistently high. The SWOT-AHP analysis identified twelve strate-
gic factors, with the highest global priorities assigned to the owner's technical
training (0.101), seasonal mastitis risk (0.101), and the potential for genet-
ic improvement (0.101). Additional relevant factors included staff workload
and hygiene challenges. The integration of microbiological data with strategic
analysis provided a practical decision-making framework tailored to small-
scale dairy operations. These findings underscore the value of continuous
monitoring, rational antimicrobial use, and context-specific hygiene strategies.
The combined application of qualitative diagnostics and semiquantitative
scoring offers a replicable model for improving udder health and sustainabil-
ity in tropical dairy production systems.
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Study contribution

This study contributes to the field by showing how the integration of laboratory diagnostics with
strategic planning tools can improve animal health and farm decision-making. It demonstrates a
practical approach that links field observations, worker conditions, and local environmental chal-
lenges to broader strategies for dairy herd management. The use of a structured evaluation meth-
od allowed the identification of key areas that influence productivity and sustainability, helping
producers take informed actions tailored to their specific context. This type of interdisciplinary
analysis is still uncommon in small-scale dairy farms and can serve as a model for similar settings.
By offering a clear, adaptable framework, the study encourages producers, veterinarians, and agri-
cultural advisors to collaborate more effectively and develop realistic interventions that go beyond
clinical treatment. The contribution lies in connecting on-farm realities with strategic thinking to
strengthen long-term resilience in dairy systems.

Introduction

Mastitis is one of the most common diseases with the greatest economic impact on dairy pro-
duction worldwide.( 2) This inflammation of the mammary gland affects milk quality and yield,
generating losses due to decreased production, disposal of contaminated milk, antibiotic treat-
ment, additional labor, and, in chronic cases, culling of animals.(3 4 Mastitis, both in its clinical
and subclinical forms, is caused by several etiological agents, including gram-positive bacteria
such as Staphylococcus aureus and Streptococcus spp., as well as gram-negative bacteria such as
Escherichia coli and Pseudomonas spp.(>~7)

Despite the development of control programs, subclinical mastitis remains the most prev-
alent form, difficult to detect clinically, but with considerable effects on somatic cell count and
milk quality.(!: & 9) The prevalence and diversity of these agents hinder effective disease control,
especially in intensively managed production units. Several studies have shown that the presence
of agents such as Staphylococcus aureus, Streptococcus agalactiae, Corynebacterium spp., and
gram-negative bacteria is associated with persistent intramammary infections, especially when
adequate microbiological identification is not performed.(> 6 8)

Furthermore, the indiscriminate use of antibiotics without prior antimicrobial susceptibility
testing has been associated with the emergence of resistant bacterial strains, which may com-
promise treatment efficacy and the safety of dairy products.(!9 Bovine mastitis is a multifactorial
disease associated with a wide range of pathogens, including Staphylococcus aureus, strepto-
cocdi, coliforms, and coagulase-negative staphylococci (CNS). In recent years, CNS have gained
relevance as emerging pathogens in dairy herds.

Traditionally regarded as minor or opportunistic contaminants, these bacteria are now recog-
nized for their ability to establish persistent intramammary infections and compromise productiv-
ity.() Their high prevalence in subclinical mastitis cases makes them particularly relevant under
field conditions, as they often evade early detection and silently contribute to increased somatic
cell counts and economic losses.(!!)

From an economic perspective, mastitis entails both direct and indirect costs. Direct
costs include veterinary treatment, medications, labor, and milk disposal, while indirect costs
include losses due to decreased production, increased risk of premature culling of cows, and re-
productive impairment.(12)

It is estimated that 71 % of the total cost of a case of mastitis corresponds to these indirect
costs. Some authors have shown that the timing of mastitis occurrence significantly influences its
economic impact. For example, cases occurring during transition or in the first 100 days in milk can
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cause greater accumulated production losses, margin on feed costs, and gross profit.(3) Further-
more, the risk of transmission of infectious agents between animals, especially when the agent is
not eliminated, is a critical variable to consider for outbreak control and prevention.U )

Taking all these aspects into account, microbiological characterization and antimicrobial
susceptibility testing are essential tools for guiding evidence-based therapeutic decisions and
supporting antimicrobial stewardship in dairy production systems. The use of antibiograms con-
tributes to the rational and responsible use of antibiotics as part of herd-specific health manage-
ment strategies, helping to optimize treatment efficacy and reduce the risk of selecting resistant
bacterial populations.(13)

Strengths, Weaknesses, Opportunities, and Threats (SWOT) analysis is a strategic assessment
tool that examines internal factors (strengths and weaknesses) and external conditions (opportu-
nities and threats) affecting a production system. When applied to the structural and management
aspects of the milking process, this approach helps identify critical points that influence herd
health and overall operational performance.(”)

Previous studies in countries like Pakistan and India have applied SWOT to assess manage-
ment practices and optimize mastitis control strategies.(’. 1% 15 Additionally, a landmark com-
parison applied SWOT analysis to contrast dairy systems in Parand, Brazil, and Wageningen, the
Netherlands, revealing differences in production scale, somatic cell count, and labor eﬁiciency.(m)
A study conducted in Dracena, Sdo Paulo, Brazil, used SWOT analysis to develop a strategic plan
for a dairy farm belonging to a local producers’ association, highlighting its value in Latin American
contexts.(1) Despite its potential, the application of SWOT analysis in dairy production systems
across Latin America remains limited, and in regions such as Spain and Central America it has
been scarcely explored. In Mexico, its use in intensive dairy farms is still uncommon.(1")

Therefore, this study applies SWOT analysis in combination with microbiological assessment
and operational evaluation to explore its usefulness as an integrative tool adapted to the produc-
tive and regional context of a dairy herd. In the absence of accurate diagnostic tools, mastitis man-
agement often relies on empirical and sometimes indiscriminate antimicrobial treatments, which
may increase the risk of antimicrobial resistance and contribute to the development of chronic
intramammary infections, ultimately leading to the culling of affected cows.(!”) Recent studies
illustrate this trend: in dairy farms in Colombia, 54.1 % of S. aureus and 32.4 % of non-aureus
staphylococci from subclinical mastitis cases showed resistance to penicillin,(1”) while genomic
analyses of S. aureus in Mexican herds identified multidrug-resistant clones CC1 and CC97.(1®)

The objective of this study was to conduct an integrated field assessment of bovine mas-
titis in a small-scale dairy herd by combining microbiological diagnostics with strategic analysis.
Specifically, bacteriological isolation of milk samples was performed to identify mastitis-associated
pathogens, antimicrobial susceptibility was evaluated using the agar diffusion method, seasonal dif-
ferences in milking practices and hygienic conditions were examined, and a SWOT framework was
applied to analyze internal and external factors influencing mastitis control and herd management.

Materials and methods

Ethical statement

All procedures involving animals were reviewed and approved by the Comité Interno para el
Cuidado y Uso de los Animales of the Facultad de Medicina Veterinaria y Zootecnia, Universidad
Nacional Auténoma de México. As the procedures involved only routine animal management
practices (i.e., milking), ethical approval was not required.
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Study site

This study was conducted on a family-run dairy farm located in the municipality of Rincon de
Romos, Aguascalientes, Mexico (22°14' N, 102°19" W).(19.20) The municipality is situated in the
northern part of the state at an average altitude of 1 900 meters above sea level. The farm is
located in a temperate, semidry climate, with an average annual temperature of 18°C and rain-
fall concentrated between June and September, totaling approximately 450 mm annually.(19 20)
Due to logistical constraints, the California Mastitis Test (CMT) was not applied. Instead, individ-
ual mammary quarter milk samples were collected and subjected to bacteriological culture and
antimicrobial susceptibility testing. In addition, environmental swabs and an evaluation of milking
practices were carried out to complement and contextualize the microbiological findings.

During the first sampling period, the herd consisted of 99 Holstein cows, with 20 to 35 actively
lactating. By the second sampling, the herd had been strategically reduced to 52 animals, based on
criteria such as milk yield, genetic potential, and disease resistance. The farm operates a five-unit
tandem milking system with three daily sessions: early morning (5:00-7:00 h), midday (12:50—
15:00 h), and evening (19:00-21:00 h). Each milking session is carried out by a single worker,
following the same standardized milking protocol, which includes teat cleaning, milk extraction,
and equipment washing after each session. Staffing is minimal, consisting mainly of two workers
alternating shifts every third day, with additional support from the owners on rest days. The farm
produces approximately 95 % of its feed, primarily through local pasture-based grazing with the
inclusion of conserved forages, and commercializes its milk through industrial processing plants.

Sampling

Milk sampling followed a standardized procedure. First, teats were disinfected using swabs moist-
ened with 70 % alcohol. Fore-stripping was then performed by discarding the first three streams
from each mammary quarter. Finally, approximately 30 mL of milk was collected from each gland
into sterile, screw-cap polypropylene containers suitable for milk sampling.

During the first sampling event (dry season), a total of 49 quarter milk samples were collect-
ed from 14 cows: all four mammary glands were sampled in 11 cows, three glands in one cow,
and a single gland in two cows. Incomplete quarter sampling occurred due to individual cow-re-
lated limitations at the time of sampling. In addition, four bulk tank samples were collected from
different points in the milking system (waste bucket, small cooling tank, large cooling tank, and
milk receiver in the milking parlor) to assess potential sources of post-milking contamination. In
the second sampling event (rainy season), milk was collected from all four mammary glands of
20 cows, yielding 80 quarter milk samples.

One bulk tank sample was also obtained from the cooling tank. Cows were sampled based on
availability during each period; therefore, the sampled groups were not necessarily identical between
seasons. Environmental and equipment swabbing was performed using sterile swabs collected
from teat cups and milking equipment immediately before the start of milking. Swabs were
transported in Stuart transport medium until laboratory processing. Environmental swabbing
was conducted exclusively during the rainy season, when higher humidity and organic matter
accumulation increase the risk of bacterial contamination.

This approach allowed for the targeted identification of critical hygienic and management
points associated with mastitis risk. All samples were transported to the laboratory at the Teaching
and Research Laboratory of the Department of Ruminant Medicine and Production, FMVZ-UNAM,
under refrigerated conditions and subsequently stored at -20°C until bacteriological culture, isola-
tion, and identification. Swabs were also taken from teat cups and milking equipment using sterile
swabs, just before the start of milking. These were transported refrigerated in Stuart transport
medium until laboratory processing.
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Bacteriological analysis

To isolate and identify bacterial agents, 30 pL of each milk sample were aseptically inoculated
onto 5 % bovine blood agar and MacConkey agar plates. Milk samples were streaked using a
standardized quadrant streaking technique to obtain isolated colonies.

For swab samples, the swab tip was rolled and gently streaked across the surface of the
same culture media following a standardized streaking pattern to ensure uniform distribution of
the inoculum. All plates were incubated aerobically at 37°C for 24 h. When no microbial growth
was observed after this period, incubation was extended for an additional 48 h to allow the de-
tection of slow-growing organisms. After incubation, plates were examined macroscopically to
assess colony distribution, hemolytic patterns, and the presence of mixed bacterial growth, which
is common on blood agar.

Distinct colony morphotypes were identified based on differences in size, shape, color, mar-
gin, elevation, and hemolysis. Each morphotype was subcultured separately to obtain pure iso-
lates prior to further analysis. Smears were prepared from representative pure colonies for Gram
staining, which guided subsequent biochemical identification, following the recommendations
described by Carter. 21

Antibiotic susceptibility test

Antimicrobial susceptibility was evaluated using the disk diffusion method. For each bacterial
isolate, a suspension was prepared in sterile saline and adjusted to a turbidity equivalent to the
0.5 McFarland standard (approximately 1.5 x 108 CFU/mL).(22) The inoculum was evenly distrib-
uted onto the surface of Mueller-Hinton agar plates using a sterile swab, applying a standardized
streaking technique by rotating the plate approximately 60° between streaking to ensure uniform
confluent growth. Within 15 minutes after inoculation of the plate, antimicrobial disks containing
penicillin, ampicillin, and oxacillin (B-lactams), tetracycline, erythromycin (macrolides), and poly-
myxin B were placed on the agar surface. Polymyxin B was used as a differential susceptibility test
for Staphylococcus aureus and S. intermedius.

Plates were incubated aerobically at 37°C for 24 h. After incubation, inhibition zone diameters
were measured using a standardized graduated ruler. Results were interpreted according to the Clin-
ical and Laboratory Standards Institute guidelines. Breakpoints recommended for veterinary isolates
were applied when available; otherwise, human dlinical breakpoints were used as reference.(2%)

SWOT-AHP strategic analysis

To determine the strategic context of the dairy production unit and guide the development of
herd-specific interventions, a combined SWOT-AHP analysis was conducted. This methodological
approach has been previously applied in livestock systems including smallholder and semi-in-
tensive cattle operations in Kenya and organized dairy supply chains in India, primarily as a deci-
sion-support framework rather than as a direct comparison of production models.(?4 25) These
studies demonstrate the applicability of SWOT-AHP for integrating biological, managerial, and
environmental information on diverse livestock contexts, which supports its transferability to the
present study.

Identification of SWOT factors: This was based on a structured on-site evaluation of farm infra-
structure and management practices, complemented by semi-structured interviews with the
producers. Interviews focused on milking routines, hygiene practices, labor organization, sea-
sonal constraints, and economic considerations.(?4=27) |dentified factors were categorized into
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structural (e.g, barn design, milking parlor layout), operational (e.g, hygiene routines, staff
training), environmental (e.g., seasonal humidity and temperature), and market-related (e.g,
milk pricing, labor availability) dimensions. The selection of SWOT factors was guided by tech-
nical expertise and field observations, and factors were included when they were consistently
identified across evaluations and interviews. Similar approaches integrating environmental and
agronomic variables within  SWOT-AHP frameworks have been reported in agricultural
and livestock planning studies, including silvopastoral and mixed-production systems.(24-27)

Prioritization using AHP: Following Saaty's 9-point scale(28) and Wasike et al’s adaptation,(24) each
factor was scored by expert judgment. Analytical processes —normalization to obtain local and
global weights— allowed ranking of factors, consistent with best practices in hybrid SWOT-AHP
agricultural studies.(?% 25)

Strategic matching and intervention design: The prioritized SWOT factors were then combined into
four strategic dimensions:
I SO (strengths-opportunities): Using internal strengths to exploit external opportunities.
I ST (strengths-threats): Using strengths to mitigate potential threats.
I WO (weaknesses-opportunities): Overcoming weaknesses by leveraging opportunities.
I WT (weaknesses-threats): Minimizing weaknesses to avoid or reduce external threats.

Strategic actions were proposed for each combination, based on feasibility and relevance

to the context of family-run dairy farms in the Mexican highlands. These strategies were com-
piled into an actionable intervention plan.

Tools and outputs: Results were compiled in Excel® and Word®, with graphical outputs to support
decision-making.

Statistical analysis

Data obtained from bacteriological and antimicrobial susceptibility analyses were organized into
contingency tables. Differences in antimicrobial susceptibility and in the proportion of milk samples
positive for bacterial growth between the dry and rainy seasons were evaluated using a chi-square
test for homogeneity of proportions. When appropriate, comparisons between two proportions
were further assessed using a Z test for two proportions. In all cases, statistical significance was
set at P < 0.05. Statistical analyses were performed using Stats models in Python (version 3.10).

Results

Average daily milk production remained stable at approximately 35 L per cow throughout the
study period, despite a reduction in herd size. Detailed compositional parameters, including fat
and protein content or somatic cell count, were not available; however, bacteriological findings
indicated changes in udder health status. The proportion of subclinical mastitis cases increased
between seasons, from 16 % during the dry period to 45 % in the rainy season.

First sampling—dry season

Of the 49 milk samples collected from 14 cows, 41 (83.67 %) were negative for bacterial growth
and eight (16.33 %) were positive. All positive samples yielded coagulase-negative staphylococ-
cus (CNS), with two cases of mixed infection with Corynebacterium spp. and two with £. coli. Four
bulk tank samples collected from different points in the milking system revealed environmental
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contamination. The waste bucket contained CNS, Corynebacterium spp., and Streptococcus spp.
The small cooling tank, used for temporary milk storage before transfer to the main tank, showed
CNS, Streptococcus spp., and E. coli. The large cooling tank, used for bulk tank storage prior to col-
lection by the processing plant, contained CNS and Trueperella pyogenes. The milk receiver had
CNS, Corynebacterium spp., T. pyogenes, and E. colli.

A total of 26 environmental swabs were analyzed, including 24 of six sets of teat cups. Of
these, 22 (91.6 %) were positive for CNS; two also yielded Streptococcus spp., one of which also
had E. coli. Additional swabs were taken from the pipe and the milk filter, where CNS and E. coll,
and Corynebacterium spp. with E. coli were identified, respectively. Antimicrobial susceptibility
testing was performed on 32 CNS isolates: 20 from teat cups, eight from milk, and four from tank
milk. All isolates (100 %) were susceptible to penicillin; 31 (96.8 %) were also susceptible to
ampicillin, erythromycin, and tetracycline, while only nine (28.1 %) were susceptible to oxacillin.

Assessment of structural, operational, and market factors

The administrative evaluation indicated that routine milking activities were primarily carried out
by two resident workers (one man and one woman). A third male worker, who also lived on the
premises, was temporarily incapacitated due to an injury shortly before the study period. When
required, temporary workers were hired to support herd management activities. The unit's income
was derived mainly from milk and calf sales. Approximately 95 % of the feed was produced on-
farm, and the unit was equipped with infrastructure including a tandem milking parlor, cooling
tanks, and tractors. The herd comprised 99 cows and was managed efficiently. Commercial rela-
tionships with two private companies supported milk marketing and operational logistics.

Second sampling-rainy season

Samples were collected from the four mammary glands of 20 cows, obtaining a total of 80
samples. Of these, 45 (56.25 %) were negative and 35 (43.75 %) were positive for bacterial
growth. Of the positive samples, 21 (60 %) presented only CNS; eight (22.8 %) showed CNS
and Corynebacterium spp.; three (8.5 %) showed Corynebacterium spp.; one (2.9 %) showed
Corynebacterium spp. and Candida spp.; another (2.9 %) showed Corynebacterium spp. and
Pseudomonas spp.; and one sample (2.9 %) presented only T. pyogenes. A bulk tank sample
from the cooling tank showed the presence of CNS, Corynebacterium spp., T. pyogenes, Pseu-
domonas spp., and E. coli. Swabs were taken from 10 sets of teats cups, totaling 40 swabs. All
of them showed bacterial growth: 7.5 % with a single agent, 60 % with two agents, and 32.5 %
with three. CNS and Pseudomonas spp. were each detected in 33 samples (82.5 %), Coryne-
bacterium spp. in 17 (42.5 %), and E. coli in seven (17.5 %) (Table1). Antibiograms were per-
formed on 29 CNS isolates from milk. Of these, 17 (58.6 %) were susceptible to penicillin, 15
(51.7 %) to ampicillin, eight (27.6 %) to oxacillin, 13 (44.8 %) to erythromycin, and 19 (65.5 %)
to tetracycline.

Assessment of structural, operational, and market factors

Milking is performed by two people. The main operator is an elderly man with extensive experi-
ence but limited mobility, so he is responsible for managing the milking system and cleaning the
machine. The second milking worker is a young man with approximately two months of experi-
ence. He is currently in training and primarily handles physical tasks such as herding cattle and
cleaning facilities.
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Table 1. Distribution of bacterial agents during the rainy season

Bacterial agents m Percentage (C))

Corynebacterium spp.

Pseudomonas spp. 2 5
CNS + Pseudomonas spp. 15 375
CNS + Corynebacterium spp. 1 25
CNS + E. coli 4 10
Pseudomonas spp. + Corynebacterium spp. 4 10
CNS + Pseudomonas spp. + Corynebacterium spp. 10 25
CNS + Pseudomonas spp. + E. coli 2 5
CNS + Corynebacterium spp. + E. coli 1 2.5
Total 40 100 %

CNS: coagulase-negative staphylococcus

Both workers alternate rest days every other day; however, due to staffing limitations, the farm
owners often cover additional shifts. For broader herd management, temporary workers are
brought in as needed. The farm'’s income is mainly derived from the sale of milk and calves. At
one point, additional capital was generated through the sale of dairy cows, although profits were
split three ways, leaving only a portion available for reinvestment.

The family owns pastureland that produces about 95 % of the herd's feed requirements. Nev-
ertheless, the recent downsizing of the herd led to a partial reduction in pasture use, decreasing
the farm’s feeding capacity from 100 to 52 cows. The infrastructure includes a tandem milking
parlor, milk cooling tanks, tractors, and permanent facilities. Despite the herd reduction to 52 cows,
the average daily yield remained stable at 35 liters per cow —similar to levels recorded during the
first sampling—. This herd adjustment was carried out strategically, based on individual productivity,
genetic traits, and disease resistance. The production unit maintains commercial ties with two pri-
vate companies, which reinforces its integration within the local agricultural sector. A statistical com-
parison between the two sampling periods (dry and rainy seasons) revealed a significantly higher
proportion of bacteriologically positive milk samples during the rainy season (43.75 %) compared
to the dry season (16.33 %), with the difference being statistically significant (P < 0.05).

Regarding teat cup swabs, although all samples were positive in the rainy season (100 %)
compared to 91.6 % during the dry season, this difference was not statistically significant
(P > 0.05). On the other hand, when evaluating the antimicrobial susceptibility profiles of CNS
isolates, a significant decrease in the proportion of susceptible isolates was observed during the
rainy season to penicillin, ampicillin, erythromycin, and tetracycline in all cases (P < 0.05). In con-
trast, sensitivity to oxacillin did not show significant variations between both seasons (P > 0.05),
remaining constantly low.

For the second milk sample, a Z-proportion test was performed to assess whether the num-
ber of positive samples with the presence of CNS was significantly higher than the rest of the
identified agents. Of the 35 positive samples, 21 (60 %) showed exclusive growth of CNS. When
comparing this proportion with an expected distribution of 50 %, the result was not statistically
significant (P > 0.05).

Global prioritization of SWOT-AHP factors

Through the integrated SWOT-AHP analysis, 12 strategic factors were identified and ranked ac-
cording to their relative importance within the context of a family-operated dairy production unit.
Expert assessments were used to assign scores on a 9-point Likert scale, considering each fac-
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Table 2. Local and global priority scores for SWOT-AHP factors identified
in a family-run dairy farm in central-northern Mexico

Category “m Categorytotal Local priority | Global priority

Strength Experience and training of the owner 9 0.409 0.101
Strength Infrastructure: milking parlor and cooling tanks 7 22 0.318 0.079
Strength Strategic alliances with buyers 6 22 0.273 0.067
Weakness Limited specialized workforce 7 21 0.333 0.079
Weakness Reduced employees per shift 6 21 0.286 0.067
Weakness High physical demand on staff 8 21 0.381 0.090
Opportunity Selective breeding potential 9 24 0.375 0.101
Opportunity Self-production of feed 8 24 0.333 0.090
Opportunity Stable milk demand 7 24 0.292 0.079
Threat Rainy season mastitis risk 9 22 0.409 0.101
Threat Hygienic weaknesses in rainy season 7 22 0.318 0.079
Threat Dependence on milk buyers 6 22 0.273 0.067

Local priority was calculated as the proportion of each factor's score within its corresponding SWOT category. Global priority was
calculated as the proportion of each factor's score relative to the total sum of all scores across categories. This approach allows
identifying the most influential elements within and across strategic dimensions.

tor's influence on animal health, productivity, and farm management. This evaluation generated
both local (intra-category) and global (inter-category) priority values, enabling a comprehensive
comparison between internal and external elements (Table 2). The three highest-ranked factors
were the farm owner's technical expertise (global priority: 0.101), the elevated risk of mastitis
during the rainy season (0.101), and the potential for selective genetic improvement (0.101).
These were closely followed by high physical workload on staff (0.09), the advantage of on-
farm feed production (0.09), and hygiene-related vulnerabilities during the rainy season (0.079).
Additional mid-level priorities included infrastructure elements —such as the milking parlor and
cooling tanks (0.079)—, and challenges like the shortage of skilled labor (0.079), and variable milk
demand (0.079). By contrast, strategic alliances and dependence on milk purchasers received
lower priority scores (both 0.067), suggesting a more limited influence on short-term outcomes.

The prioritization underscores the combined influence of internal capacities and external con-
straints in shaping effective decision-making. Notably, strengths like technical knowledge and feed
autonomy were weighed alongside environmental threats and operational gaps, reflecting the
complex dynamics of dairy farm management. Seasonal context also played a critical role in vali-
dating these findings. A comparative SWOT analysis between the dry and rainy seasons (Table 3)
revealed marked shifts in herd size, staffing availability, and exposure to environmental risks. For
instance, the significant increase in mastitis incidence during the rainy season supported its high
ranking as a strategic threat. Similarly, labor shortages during the second sampling emphasized the
urgency of addressing ergonomic and organizational challenges.

The results of this prioritization process provided the foundation for the formulation of stra-
tegic combinations under the SO, ST, WO, and WT frameworks. These combinations supported
the design of targeted interventions to improve udder health, enhance workforce efficiency, and
strengthen the resilience and sustainability of dairy production under variable seasonal and struc-
tural conditions (Table 4). A bar chart visualization of global priority values (Figure 1) facilitated the
interpretation of cross-category comparisons and further underscored the integrated nature of
the farm'’s challenges and opportunities.
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Table 3. Comparative SWOT analysis between samples

First sampling Second sampling

Strengths

Opportunities

Weaknesses

Threats

SO (strengths + opportunities)

ST (strengths + threats)

WO (weaknesses + opportunities)

WT (wea

Stable and experienced staff

Income stable from the sale of milk and calves
Production of 95 % of the feed in the meadows
owned

Infrastructure complete with a large herd (99 cows)
Links commercials stable

Possibility of hiring temporary staff according to need
Stability to invest in Improvements

Robust herd with selection potential genetics
Improvement potential via relations commercials

Injury to a worker; dependence on the rest of the
team

Flow stable but without details of savings or
reinvestment

Dependence on the weather to maintain grassland
production

Vulnerability to injuries or absences
Lack of diversification in income
Extreme weather could affect the production of forage

Experienced staff with training process; adaptation of
the team to new dynamics

Income diversification by the sale of animals
Continued self-sufficiency in fodder, although with less
surface

Infrastructure preserved; production/cow constant
despite herd reduction

Alliances commercials maintained

Training of new staff; opportunity for professionalization
Possible capital reinvestment after the sale of cows
The reduction herd strategy allows select animals of
better performance

Continuity of alliances allows negotiating conditions
favorable

Limited staff and in training; owners must cover breaks
Division of capital limits reinvestment capacity
Reduction in surface area useful for food affects load

capacity

Risk of overload by lack of trained

staff

Profit sharing reduces impact of positive sales
Decrease in area useful affects long-term sustainability
of the system

Table 4. Strategic planning matrix based on the integration of SWOT-AHP factors in a dairy production unit

Strategy type Proposed strategic actions

Leverage the owner's experience and technical knowledge to implement a genetic

improvement program and optimize feed production.
Utilize infrastructure to maximize milk quality and meet quality standards demanded

by stable buyers.

Apply owner-led protocols to mitigate mastitis risk during the rainy season through
better hygiene management.

Use infrastructure and cooling systems to reduce post-milking contamination and

improve milk safety.

partnerships.

Train limited staff through short courses supported by external technical assistance or

Use the consistent demand and stable income to invest in automation or ergonomic
tools to reduce physical workload.

knesses + threats)
and rainy-season mastitis.

Implement low-cost milking hygiene protocols to reduce the impact of staff shortage

Develop a milk quality assurance system to reduce dependency on a few buyers
while improving hygiene control.

This matrix presents four strategies: SO (using strengths to exploit opportunities), ST (using strengths to counter threats), WO
(overcoming weaknesses by leveraging opportunities), and WT (minimizing weaknesses to avoid or reduce external threats).
Each strategy was designed based on the prioritized SWOT factors identified through expert evaluation.
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Global Priority of SWOT-AHP Factors

Experience and training of the owner 10.1%
Selective breeding potential | 10.1%
Rainy season mastitis risk |- 10.1%
High physical demand on staff | 9.0%
Self-production of feed | 9.0%
Infrastructure: milking parlor and cooling tanks | 7.9%
Limited specialized workforce |- 7.9%
Stable milk demand | 7.9%
Hygienic weaknesses in rainy season 7.9%
Strategic alliances with buyers | 6.7%
Reduced employees per shift | 6.7%

Dependence on milk buyers 6.7%

I ! I

0 2 4 6 8 10
Global Priority (%)

Figure 1. Global priority (%) of strengths, weaknesses, opportunities, and threats factors obtained through analytic hierarchy
process analysis in a family-run dairy production unit in central-northern México.

Global priority values represent the relative weight of each factor derived from expert pairwise
comparisons using a 9-point AHP scale. Higher percentages indicate greater strategic relevance
within the production system. The highest-priority factors included the owner's technical experi-
ence, increased mastitis risk during the rainy season, and genetic improvement potential (each
10.1 %), followed by labor-related and hygienic factors. These results were used to inform the de-
sign of targeted strategies aimed at improving udder health, labor efficiency, and farm sustainability.

Discussion
Bacteriological analysis of milk samples from both sampling periods revealed differences in the
proportion of positive samples and the diversity of isolated bacterial agents. During the dry season,
16.33 9% of the samples were positive for bacterial growth, whereas during the rainy season this
proportion increased to 43.75 %. This difference was statistically significant (P < 0.05). However,
given that the study was conducted over a single year, these findings should be interpreted as
indicative trends rather than evidence of a consistent seasonal effect, suggesting that environmen-
tal conditions associated with the rainy period may influence bacterial detection in milk samples.

This pattern may be explained by environmental factors —such as higher humidity and tempera-
ture during the rainy season— that promote bacterial survival and proliferation, as well as by
potential shifts in hygiene practices and milking routines during this period.(2% 30) Regarding the
identified agents, CNS was the most frequent group in both periods, representing 60 % of
the isolates during the rainy season. This high prevalence of CNS coincides with that reported by
various authors, who point out its opportunistic capacity and its frequent association with chronic
subclinical mastitis.(!: 31)

The detection of other microorganisms, including Corynebacterium spp., Trueperella pyo-
genes, Escherichia coli, and yeasts such as Candida spp., although at lower frequencies, reflects
the etiological diversity associated with mastitis. The co-occurrence of different microbial agents
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within the production environment may complicate mastitis control strategies and has been as-
sociated with increased recurrence rates in previous studies.(32 33) These findings reinforce the
importance of bacteriological diagnosis as an essential tool for the accurate detection of the caus-
ative agent, overcoming the limitations of indirect tests such as CMT, and allowing the design of
more effective therapeutic and preventive strategies.(3: 3%

Bacteriological analysis of swabs taken from milking equipment showed a high frequency of
positive samples in both seasons, with greater microbial diversity observed during the rainy season.
During the first sampling (dry season), 91.6 % of teat cup swabs were positive, while in the sec-
ond sampling (rainy season) the positivity rate was 100 %. This increase, although not statistically
significant (P > 0.05), evidences a constant risk of cross-contamination, especially in more humid
and warm environments that favor the survival of pathogens on contact surfaces.(13 20) The pre-
dominance of CNS in both periods reveals its ubiquitous nature and its ability to colonize both
skin and inert surfaces, being considered one of the main agents of environmental mastitis.(2%)
The isolation of Pseudomonas spp., Escherichia coli, Corynebacterium spp., and to a lesser extent
Streptococcus spp., agrees with reports that show the persistence of environmental bacteria in
milking systems when strict cleaning and disinfection routines are not followed.(12 32)

The finding of multiple agents in a single sample —up to three microorganisms in 32.5 % of
the swabs from the second sampling— suggests a possible deficiency in equipment sanitation,
which could be acting as a bacterial reservoir. This phenomenon has been previously document-
ed and linked to the transmission of subclinical mastitis and the chronicity of infections.(30. 5)
These results underscore the importance of implementing standardized hygiene protocols and
routine microbiological monitoring of milking equipment to reduce the risk of intra-herd reinfec-
tion. However, it should be acknowledged that differences in sampling strategies between the dry
and rainy seasons may have introduced bias.

Because environmental swabbing was performed exclusively during the rainy season, com-
parisons between periods may reflect methodological differences rather than solely biological
variation. This limitation should be considered when interpreting the observed contrasts in anti-
microbial susceptibility among CNS isolates, which are therefore presented as indicative trends
rather than definitive seasonal effects.

During the first sampling, a broad evaluation of CNS isolates was conducted, including both
those obtained from milk samples and those from milking equipment surfaces. This methodology
was used to obtain preliminary information about the diversity and resistance profiles of CNS at
different points in the production system, given that no prior data were available for the unit being
evaluated. Therefore, for the second sampling, it was decided to focus antimicrobial susceptibility
testing exclusively on CNS isolated from milk, to narrow the interpretation to the agents directly
implicated in intramammary infections. This decision was made to more clearly compare results
between seasons and better understand how mastitis-causing bacteria and their drug resistance
change. In the first sampling, all isolates (100 %) were susceptible to penicillin, whereas in the
second sampling this proportion decreased to 58.6 %. Similar reductions were observed for
ampicillin (96.8 % vs. 51.7 %), erythromycin (96.8 % vs. 44.8 %), and tetracycline (96.8 % vs.
65.5 %). In contrast, susceptibility to oxacillin remained low in both periods (28.1 % vs. 27.6 %).
These differences were statistically significant according to a chi-square test for homogeneity of
proportions (P < 0.05). Although these findings indicate a marked reduction in antimicrobial sus-
ceptibility between sampling periods, the underlying causes cannot be conclusively determined
in the absence of detailed data on antimicrobial use at the farm level. Therefore, the observed
patterns are interpreted as indicative of potential selective processes and/or increased circulation
of resistant strains under environmental conditions more favorable for bacterial persistence, rather
than direct evidence of selective pressure.(3:29)
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The consistently low susceptibility to oxacillin observed in both sampling periods is note-
worthy, as it may suggest the presence of methicillin-resistant strains among coagulase-negative
staphylococci (MR-CNS). This phenotype has been associated with genetic mechanisms such as
the presence of the mecA gene and the expression of altered penicillin-binding proteins (PBP2a),
as reported in previous studies.(33 30) Similar patterns have been described by El-Sayed and Ka-
mel,(3) who highlighted the ability of CNS to acquire multidrug resistance, particularly under con-
ditions of prolonged or inappropriate antimicrobial exposure. Polymyxin B was included only in the
second sampling as a differential test, revealing a susceptibility rate of 75.9 %. Although the use of
this antimicrobial in veterinary medicine is limited and its interpretation should be approached
with caution, it was employed to aid in the differentiation of coagulase-positive staphylococcus
species (e.g., S. aureus and S. intermedius). However, no coagulase-positive staphylococcus iso-
lates were recovered in this study. Overall, the detection of variable antimicrobial susceptibility
profiles reinforces the importance of routinely performing antibiograms prior to treatment admin-
istration, as a strategy to ensure therapeutic effectiveness and to reduce the risk of antimicrobial
resistance emergence in dairy production systems.(3% 38)

The findings from both sampling periods confirm a strong seasonal effect on bacterial dy-
namics within the dairy production environment. During the rainy season, the proportion of bac-
teriologically positive milk samples increased markedly (43.75 %) compared to the dry season
(16.33 %), alongside a greater diversity and complexity of bacterial isolates recovered from
equipment surfaces and swabs. This difference was statistically significant (P < 0.05), suggesting
that the environmental conditions typical of the rainy season —such as higher humidity and organ-
ic matter accumulation— create a more favorable setting for bacterial survival and transmission.

Factors such as higher relative humidity, the presence of mud or organic matter in pens, and
the difficulty in maintaining the cleanliness of facilities have been documented as elements that
favor the proliferation and dissemination of environmental and opportunistic microorganisms,
including CNS, Corynebacterium spp., Pseudomonas spp., and yeasts.(13 29) Similarly, high hu-
midity can interfere with the proper drying of teats and equipment, facilitating bacterial adherence
and colonization. Several studies indicate that climatic conditions not only influence the environ-
mental bacterial load but also modulate the host immune response, especially during periods of
heat stress, which increases susceptibility to intramammary infections.(12 20) Furthermore, man-
agement practices such as rushing milking or reducing sanitary protocols during heavy rainfall can
contribute to the spread of mastitis.(28)

These findings are consistent with those described by Stanek et al.,(>) who reported higher
incidence rates of mastitis during the wet months in production units with less rigorous sanitary
protocols. Therefore, the need to adopt seasonal preventive measures, both in biosecurity and
equipment maintenance, to mitigate the adverse effects of climate variability on herd mammary
health, is reinforced. Mastitis, in any of its clinical or subclinical forms, represents one of the main
causes of economic losses in dairy production units, not only due to the direct reduction in milk
production but also due to the increase in costs associated with treatments, premature culling,
and replacement of animals.®)

In this study, the high frequency of positive isolates, especially during the rainy season, and
the presence of mixed infections with opportunistic agents such as Corynebacterium spp., Pseu-
domonas spp., and Candida spp., underline a high health risk that compromises the productive
efficiency of the system. Although CNS has historically been classified as a minor pathogen, recent
studies have shown that it can have equivalent effects to S. aureus in terms of infection duration
and recurrence, especially under suboptimal management conditions.(3% 40)

CNS displays notable genetic plasticity, which facilitates the acquisition and horizontal trans-
fer of antimicrobial resistance genes, making it particularly resilient in the dairy environment.(41)
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In this study, CNS was the predominant isolate in both sampling periods, and its frequent in-
volvement in mixed infections with other bacteria reinforces its emerging role as a significant
mastitis pathogen.

Beyond its impact on udder health, mastitis has well-documented repercussions on repro-
ductive performance and animal welfare. Clinical cases —especially those occurring early in lacta-
tion— have been associated with increased embryo loss, prolonged calving-to-conception intervals,
and compromised oocyte quality.(42 43) The persistence and circulation of resistant pathogens
within the herd may perpetuate these effects, undermining both fertility and the long-term sus-
tainability of the production system. Of particular concern is the detection of resistance to com-
monly used antibiotics such as penicillin, ampicillin, oxacillin, and erythromycin. This resistance
has been linked to the presence of genes like mecA, blaZ, and ermC, which are increasingly re-
ported in CNS strains isolated from bovine mastitis.(36) The therapeutic limitations posed by these
resistance mechanisms extend beyond the animal level, raising potential public health concerns
—particularly in open production systems or where contact with the human food chain is likely— (44

The application of the SWOT-AHP methodology in this family-run dairy production unit al-
lowed for the identification and prioritization of key strategic factors affecting udder health, op-
erational efficiency, and system sustainability.(2>) The integration of qualitative diagnostics with
semiquantitative scoring enabled a comprehensive assessment of both internal and external el-
ements influencing farm decision-making.(*>) A total of twelve factors were evaluated, and the
results highlighted the experience and technical training of the farm owner as the most influential
strength (0.101), followed by the increased risk of mastitis during the rainy season and the po-
tential for genetic improvement (both 0.101), factors consistent with findings on climate-resilient
dairy systems.(4©) These priorities underscore the critical role of human capital and seasonal risk
management in tropical and subtropical dairy systems.(4%)

Complementarily, the comparative SWOT analysis between the two sampling periods (dry vs.
rainy season) provided additional context and validation for the prioritization, mirroring patterns
of herd resilience and workforce adaptability documented in resilient dairy systems.(*®) During
the first sampling, the system operated with a larger herd and a more stable workforce, which
provided operational robustness, but also revealed vulnerabilities such as staff dependency and
the absence of standardized protocols. By the second sampling, following a strategic herd reduc-
tion, the farm faced a smaller and less experienced team, limiting financial reinvestment capacity.
Nonetheless, the unit maintained individual milk productivity and commercial ties, demonstrating
notable resilience.(46: 47)

The seasonal increase in mastitis risk was linked not only to environmental challenges (e.g,,
higher humidity and heat stress) but also to the workload burden on a limited team lacking
structured rest periods and continuous training.('3) These dynamics reinforced the prioritization
of threats and weaknesses in the SWOT-AHP model and justified mitigation strategies. The SWOT-
AHP analysis also enabled a nuanced view of how internal strengths and external threats influ-
ence productivity and sustainability. While the owner's expertise, mastitis seasonality, and genetic
improvement opportunities were ranked highest (0.101 each), operational factors such as high
physical demand (0.09), self-production of feed (0.09), and hygienic weaknesses during the
rainy season (0.079) were also prioritized. These findings are consistent with previous reports
emphasizing the central role of human capital, labor conditions, and preventive hygiene in dairy
farm decision-making.(13 24, 25)

Interestingly, market-related aspects (such as strategic partnerships with buyers and depen-
dence on milk purchasers) received the lowest global priority scores (0.067). This suggests that,
in practice, producers may prioritize internal challenges related to health, staffing, and technical
management over external economic relationships, at least in the short term. This is consistent
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with previous reports from Latin American and South Asian SWOT-AHP applications, where internal
management and environmental risks have a greater influence on short-term outcomes.(16: 48)

Using the SWOT-AHP results, matched strategies (SO, ST, WO, WT) were proposed to guide
intervention planning. For instance, SO strategies recommend leveraging infrastructure and the
owner's expertise to professionalize staff and initiate genetic improvement programs.(12 47) WO
strategies focus on developing training modules and operational manuals, a method underscored
in livestock supply chain studies.(2%) ST strategies emphasize strengthening post-milking hygiene
through enhanced teat disinfection and equipment sanitization, aligning with FAO recommenda-
tions for mastitis control.(48) Finally, WT strategies advocate for low-cost hygiene checklists and
contingency plans to manage workforce fluctuations—approaches similar to resilience mecha-
nisms highlighted in Finnish and Russian dairy systems.(46)

Comparative methodologies reinforce our findings: Mandi et al.(*) applied SWOT-AHP to
dairy processing chains in India, identifying automation strengths and labor cost vulnerabilities
that mirror our WT category. Likewise, Mor et al.2*) demonstrated the value of hybrid SWOT-AHP
in prioritizing critical supply chain factors globally. Altogether, the integration of this strategic anal-
ysis with field data and microbiological diagnostics highlights the multifactorial nature of mastitis
control and productivity in smallholder systems. Moreover, it provides a replicable and adaptable
model for other dairy units facing similar constraints in tropical and subtropical regions.

Conclusions

The study identified significant variations in the presence of bacterial agents and the antimicro-
bial susceptibility profiles of CNS between the dry and rainy seasons in a dairy production unit.
During the rainy season, an increase was observed in the proportion of samples positive for
bacterial growth, both in milk and swabs from milking equipment, with a notable increase in the
frequency of mixed isolates. A notable decline in the proportion of isolates susceptible to peni-
cillin, ampicillin, erythromycin, and tetracycline was observed during the rainy season, suggesting
that environmental or adaptive pressures under humid conditions may promote the selection of
resistant strains. In both seasons, susceptibility to oxacillin remained consistently low, highlighting
the importance of avoiding its empirical use in this context.

These results emphasize the value of ongoing, seasonally adjusted monitoring of antimicro-
bial resistance profiles in dairy systems. They also support the implementation of evidence-based
strategies, including strict hygiene protocols and the prudent use of antibiotics guided by sus-
ceptibility testing, to limit the spread of resistant pathogens. The integration of the SWOT-AHP
methodology in this study offered a structured and strategic lens through which to evaluate the
farm’s internal strengths and weaknesses, as well as external challenges. This combined approach
proved useful for identifying critical areas affecting udder health, workforce efficiency, and the
long-term sustainability of the production unit.

By prioritizing twelve key factors through a 9-point Likert scale and calculating their local and
global importance, this approach enabled evidence-based identification of the most critical drivers
of decision-making. The analysis revealed the owner's technical expertise, seasonal mastitis risk,
and the potential for genetic improvement as the most impactful factors, supported by compara-
tive observations between the dry and rainy seasons.

The contextual analysis helped validate the prioritization of each factor, underscoring how
climate, labor organization, and management practices directly shape productivity in small-scale
dairy systems. Beyond the ranking process, the SWOT-AHP model also enabled the design of spe-
cific strategies by combining strengths, weaknesses, opportunities, and threats (SO, ST, WO, WT).
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These strategies led to actionable proposals, including the professionalization of personnel, strict-
er hygiene protocols, ergonomic investments, and contingency planning for adverse conditions.
By integrating strategic analysis with field observations and microbiological diagnostics, this ap-
proach acknowledges the multifactorial nature of mastitis control and dairy productivity. Moreover,
it offers a practical and adaptable framework for similar farms operating under climatic and struc-
tural limitations, particularly in tropical and subtropical regions.

The resulting intervention plan focuses on four main objectives: 1) improving udder health
and reducing subclinical mastitis prevalence, 2) enhancing work efficiency and minimizing errors
linked to fatigue, 3) strengthening milk safety and quality, especially during the rainy season, and
4) promoting market resilience and increasing the farm'’s strategic autonomy.

Limitations of the study

This study was conducted over a single year and within a single dairy production unit, which limits
the generalizability of the findings. Seasonal comparisons should therefore be interpreted with
caution, as differences may reflect temporal or methodological variation rather than consistent
biological patterns. In addition, changes in sampling strategies between periods and the lack of
quantitative bacterial counts and detailed on-farm antimicrobial use records may have influenced
the interpretation of bacteriological and antimicrobial susceptibility results. Longer-term, muiltisite
studies with standardized sampling protocols are required to confirm these trends.

Data availability
The original dataset used in this research are deposited and available for download at the SciELO
Dataverse doi: 10.48331/SCIELODATA.PDKNVV
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