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Abstract 

The global dairy industry suffers significant economic consequences due to bovine mastitis and 

other infectious diseases further aggravated by the growing antimicrobial resistance and the 

broad-spectrum use of antibiotics in an empirical manner. The study compared the effects of 

rapid diagnostic-guided therapy with treatment outcome, antimicrobial use, resistance 

development and economic analysis with empirical therapy in dairy cattle with clinical mastitis. 

The systematic review and meta-analysis of 48 studies were coupled with a prospective field 

validation study of 289 cows in five commercial dairy farms with parallel milk testing on nine 

diagnostic platforms such as conventional culture, MALDI-TOF MS, real-time PCR, LAMP, 

chromogenic point-of-care tests, lateral flow immunoassays, and next-generation sequencing. 

Measurements of diagnostic accuracy were computed and cows were randomized to empirical 

and diagnostic guided treatment groups with 90-day follow-up on clinical cure, bacteriological 

cure, relapse, prevalence of resistance and cost analysis. MALDI-TOF MS had the highest odds 

ratio of diagnosis of 312.7, then it was on-farm PCR of 198.5. Diagnostic-guided therapy greatly 

enhanced bacteriological cure (59.2 to 78.9, number needed to treat 5.1), minimized treatment 

failure (53.4 percent), and shortened median cure time (2.6 to 5.0 days) in pathogens. There was 

a 50.0 percent reduction of antimicrobial dosages and four times less resistance increase in 90 

days in the diagnostic-guided arm. Direct costs per cow dropped by 62.43 (36.1 percent drop). 

Diagnostic guidance was reported as the best predictor of treatment success (adjusted odds ratio 

3.27) with multivariate regression. On-farm PCR devices showed near-perfect consistency with 

reference methodologies (kappa 0.834 -0.902). These results confirm that the diagnostic-based 

therapy is significantly superior to empirical therapy in all clinical outcomes of interest, which 

is why the point-of-care and molecular diagnostics should be implemented into the everyday 

dairy practice to improve antimicrobial stewardship, maintain current drug efficacy, and 

become more economically sustainable. 
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INTRODUCTION

Infectious diseases pose a major threat to 

the global dairy industry affecting animal 

welfare, productivity, and economic 

feasibility by both direct costs in morbidity 

and mortality and indirect costs in treatment 

and disease control (Wapenaar et al., 2017). 

These infections require sound diagnostic 

procedures and treatment regimens to 

reduce their transmission and effects in 

dairy cattle (Kandeel & Megahed, 2023). 

Infectious diseases also become 

complicated by the complexity of clinical 

diagnosis which, in many cases, is 

multifactorial, including physical 

examination, molecular tests, and 

radiography (Muhamediyeva et al., 2023). 

Disease management in dairy business 

plays a significant role in ensuring that 

animals are healthy, and that dairy 

businesses do not incur significant losses 

due to diseases (Garry, 2004). A significant 

issue is bacterial infections especially in 

dairy calves, which result in lower growth 

rates, higher morbidity, and mortality (Robi 

et al., 2024). Economic impact is 

manifested in huge losses in production due 

to such diseases like mastitis, a common 

udder infection, and such zoonotic diseases 

like bovine tuberculosis that also threatens 

the population (Dauda et al., 2025). With 

such widespread threats, a systematic 

approach to herd investigation is essential 

in determining the particular problems, risk 

factors behind the problems, and designing 

specific disease management plans 

(McGuirk, 2008). Not only does this 

method deal with short-term health issues, 

but it also helps to sustain health of herds in 

the long term and decrease the use of 

antimicrobials (McGrath et al., 2024). As 

an example, the type of etiological agent of 

the inflammatory condition of the 

mammary gland, mastitis, is essential in 

advancing antimicrobial stewardship and 

enhancing treatment outcomes (Wilm et al., 

2024). Additionally, the need to minimize 

the use of antimicrobials in livestock 

production is supported by the global 

agenda to lower this trend, which in turn 

results in the necessity to have specific 

diagnostic tools that allow targeting the 

therapy and limiting the emergence of 

antimicrobial resistance (Schuler et al., 

2017). The goal of this review is to present 

an in-depth discussion of the existing 

clinical diagnostic methods and how they 

impact the outcome of treatment of 

infectious diseases in dairy cattle, 

especially such approaches that can be used 

to identify the pathogen and implement 

evidence-based treatment strategies. One of 

the main elements of this is the possibility 

to use modern diagnostic techniques and 

determine the pathogen that causes the 
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disease, which will make therapeutic 

interventions more targeted and effective 

(Griffioen et al., 2018). This is especially 

relevant to the case of bovine mastitis, 

where the correct identification of the 

pathogen is essential to inform sound 

choices on antimicrobial usage and, 

therefore, reduce the emergence of 

antimicrobial resistance (Koujalagi et al., 

2026; Ramuada et al., 2024). Timely and 

accurate detection of the pathogens that 

cause mastitis is key in enhancing treatment 

outcomes and overall welfare of the dairy 

farm (Algharib et al., 2024). Nevertheless, 

the obstacles continue to persist in creating 

and applying quick, precise, and affordable 

diagnostic devices that can be easily 

utilized in the field to make real-time 

treatment choices (Kour et al., 2023). Thus, 

the comparison of the efficacy of point-of-

care diagnostics with the existing 

laboratory procedures is needed as a way to 

inform antimicrobial stewardship in 

livestock production, especially regarding 

such a condition as nonsevere clinical 

mastitis (Rowe et al., 2024). The 

technologies that have been developed to 

improve rapid diagnostic tools, such as 

culture-dependent and independent point-

of-care tests, and their application to make 

antimicrobial treatment decisions in dairy 

cattle will be critically reviewed (Malcata et 

al., 2020). This involves evaluating their 

accuracy, speed and practical use in 

supporting the selective use of dry cow 

therapy and the use of antimicrobials at 

targeted sites when treating mastitis 

(Malcata et al., 2021). Moreover, the 

application of these diagnostic insights to 

the overall herd health programs could 

significantly improve the efficacy of 

disease control measures and leave 

empirical treatments behind and enter 

precision medicine in veterinary practice. It 

is essential to counteract antimicrobial 

resistance, an increasing global health 

issue, by promoting the optimal use of 

antimicrobials (Maciel-Guerra et al., 2021; 

Speksnijder et al., 2024). Innovative non-

antibiotic measures, such as phage therapy 

and herbal treatment, as well as increased 

monitoring of antimicrobial resistance 

trends in mastitis pathogens and farm 

environment are essential in the 

sustainability of dairy production (Aral et 

al., 2020; Barlow, 2025; Jiang et al., 2025). 

With antibiotic resistance becoming an 

increasingly worrying phenomenon in 

veterinary medicine, especially among 

pathogens like the cause of bovine mastitis, 

which is the challenge of the so-called 

Staphylococcus aureus, the urgency behind 

timely and effective pathogen identification 

is highlighted (Touaitia et al., 2025). 

Although traditional culture-based 

techniques are fundamental, they are 

sometimes time-consuming and can 

underestimate the variety of invading 
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agents and their antimicrobial resistance 

phenotypes, thus delaying specific 

therapeutic interventions and potentially 

causing more economic losses (Ahmadi et 

al., 2023). The absence of fast and on-site 

diagnostic tools commonly results in the 

empirical use of broad-spectrum 

antimicrobials, which can further worsen 

the issue of antimicrobial resistance 

(Dobrut et al., 2024). Such unselective 

usage is not only a contributor to the 

selection and propagation of resistant 

bacterial strains but also leads to the 

presence of antibiotic residues in milk, 

which creates not only a challenge to the 

health of the population, but also an 

economic one (Fan et al., 2025). This 

makes an urgent need to find sophisticated 

diagnostic technologies that will be able to 

detect the presence of pathogens and their 

resistance profiles quickly and accurately at 

the point of care and allow veterinarians to 

provide specific and immediate treatments 

(Malcata et al., 2020). Such technologies 

would perfectly give real-time data on the 

resistance of bacterial isolates to different 

antimicrobial agents, which would enable 

personalized antimicrobial treatment and 

reduce the use of off-label antibiotics 

(Rediger et al., 2022). This transition to 

precision medicine in veterinary care with 

the help of powerful diagnostics is needed 

to maintain the effectiveness of current 

antimicrobial agents and to seek new 

methods to combat infections (Souza et al., 

2024). These innovative strategies include 

antimicrobial substitutes including herbal 

antimicrobial agents, antimicrobial 

peptides, bacteriophages, and 

nanomaterials that show promise in 

microbial resistance combating (Saeed et 

al., 2024). Specifically, bovine mastitis 

remains a significant economic threat to the 

dairy industry, with the increasing 

prevalence of multidrug-resistant 

pathogens, including Staphylococcus 

aureus and Klebsiella pneumoniae, 

contributing to the urgency of these 

sophisticated diagnostic and treatment 

measures (Ghumman et al., 2025; Morales-

Ubaldo et al., 2023; The use of high-tech 

methods, such as Matrix-Assisted Laser 

Desorption/Ionization-Time of Flight Mass 

Spectrometry, has become an important 

step in this direction, providing a quick and 

accurate diagnosis of the bacterial species 

that cause mastitis, thus making it possible 

to make more informed therapeutic choices 

(Dobrut et al., 2024; Thompson, 2022).  

METHODOLOGY 

This research design is a problem-based 

research design, which critically analyzes 

the effect of existing clinical diagnostic 

methods on treatment of infectious diseases 

in dairy cattle with special reference to the 

mastitis and other bacterial infections. The 

study is divided into three correlated 
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segments: a meta-analysis and systematic 

literature review of diagnostic accuracy, a 

field validation analysis of point-of-care 

(POC) diagnostic analysis tools versus 

reference laboratory methods, and a 

mathematical modeling aspect to estimate 

the impact of diagnostic-based treatment 

protocols on the prevalence and economic 

consequences of antimicrobial resistance 

(AMR). The systematic review stage will 

be based on the guidelines of Preferred 

Reporting Items on Systematic Reviews 

and Meta-Analyses (PRISMA), and will 

include peer-reviewed articles, clinical 

trials, and veterinary reports published in 

databases such as PubMed, Web of 

Science, Scopus, and CAB Abstracts 

between 2015 and 2025. Keywords such as 

bovine mastitis diagnostics, point of care 

test dairy cattle, antimicrobial resistance 

dairy, rapid pathogen identification, and 

treatment outcomes livestock are used. 

Inclusion criteria include studies that report 

diagnostic accuracy measures (sensitivity, 

specificity, positive and negative predictive 

values) of culture-dependent procedures, 

molecular (PCR, loop-mediated isothermal 

amplification) or mass spectrometry 

(MALDI-TOF MS) or on-farm rapid tests 

against a gold standard reference method. 

Exclusion criteria are used to exclude case 

reports, non-English publications, which do 

not have translation available, and studies 

without quantitative treatment outcome 

data. Data mining will record prevalence of 

pathogen, antimicrobial susceptibility 

profile, treatment regimen, cure, and 

economic variables. To calculate the pooled 

diagnostic accuracy in the meta-analysis, a 

bivariate random-effects model is used. The 

initial mathematical formula used is the 

calculation of the diagnostic odds ratio 

(DOR) to describe the performance of the 

tests, which is as follows: 

 

where TP represents true positives, TN 

represents true negatives, FP represents 

false positives, and FN represents false 

negatives. The DOR provides a single 

measure of diagnostic test effectiveness, 

with values greater than 1.0 indicating 

discriminating ability and higher values 

reflecting superior diagnostic performance. 

Heterogeneity among studies is assessed 

using the I² statistic, with values exceeding 

50% prompting subgroup analyses based 

on diagnostic platform type (culture, 

molecular, mass spectrometry) and target 

pathogen (Staphylococcus aureus, 

Streptococcus spp., Escherichia coli, 

Klebsiella pneumoniae). 

The field validation phase is conducted 

across five commercial dairy farms in 

regions with documented high mastitis 

prevalence, involving a cohort of 300 

lactating Holstein-Friesian cows diagnosed 
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with clinical mastitis based on California 

Mastitis Test scores ≥2 and visible milk 

abnormalities. Milk samples are collected 

aseptically from affected quarters and split 

into three aliquots. The first aliquot 

undergoes on-farm POC testing using a 

commercial chromogenic culture system 

that differentiates Gram-positive and 

Gram-negative pathogens within 8 to 12 

hours. The second aliquot is transported at 

4°C to a reference laboratory for 

conventional aerobic culture and MALDI-

TOF MS identification, alongside 

antimicrobial susceptibility testing via 

broth microdilution according to Clinical 

and Laboratory Standards Institute (CLSI) 

guidelines. The third aliquot is subjected to 

quantitative real-time PCR targeting 16S 

rRNA genes and species-specific markers 

for S. aureus, Streptococcus agalactiae, E. 

coli, and Klebsiella spp. Veterinarians are 

blinded to reference results when 

interpreting POC findings. Treatment 

decisions are randomized into two arms: 

empirical broad-spectrum antimicrobial 

therapy (ceftiofur or amoxicillin-

clavulanate) versus targeted therapy guided 

by POC results. Cure is defined as 

resolution of clinical signs and a post-

treatment California Mastitis Test score ≤1. 

The second mathematical equation 

calculates the number needed to treat 

(NNT) to prevent one treatment failure 

under diagnostic-guided versus empirical 

protocols, expressed as: 

 

In which pempirical is the proportion of 

treatment failures in the empirical therapy 

group and ptargeted is the proportion of 

treatment failures in the diagnostic-guided 

targeted therapy group. The difference 

between the two proportions of failure is 

thus the absolute risk reduction. A smaller 

NNT represents a higher clinical utility of 

the diagnostic intervention, where an NNT 

of 5 represents that five cows must be 

subjected to the diagnostic-informed 

intervention to prevent one more treatment 

failure than empirical treatment. Logistic 

regression is used to compare the 

associations between the diagnostic 

method, time to pathogen detection, the 

choice of treatment and the rates of cure, 

and the confounders are parity, stage of 

lactation, and history of previous mastitis. 

The calculation of a sample size with the 

expected 20 percent absolute reduction in 

treatment failure (40 percent to 20 percent) 

with the power of 80 percent and the alpha 

of 0.05 yielded a sample of 165 cows per 

arm, which is achieved by the 300 enrolled 

cows. 

The modeling part combines farm-level 

data regarding diagnostic turnaround times, 

antimicrobial usage volumes and 
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prevalence of resistance, to simulate the 

economic and resistance effects of 

implementing rapid diagnostics. A Markov 

state-transition model is a model of 

pathogen populations in which susceptible, 

resistant and multi-drug resistant states 

change in response to empirical versus 

diagnostic-guided therapy during a 36-

month horizon. Sensitivity analyses change 

diagnostic accuracy (±10%), cost of 

treatment and culling rates. The 

institutional animal care and use committee 

approves the study and informed owner 

consent is obtained. A statistical 

significance level of p < 0.05 will be 

chosen, and all the analyses will be 

conducted with the help of R version 4.3.1 

and the mada diagnostic meta-analysis 

package. 

RESULTS 

Table 1 indicates that MALDI-TOF MS 

had the highest diagnostic accuracy of all 

the platforms with a diagnostic odds ratio of 

312.7, compared to the conventional 

culture and point-of-care PCR with a 

diagnostic odds ratio of 102.4 and 198.5 

respectively, and lateral flow 

immunoassays exhibited the lowest 

diagnostic odds ratio (11.7). Table 2 

indicates that prevalence of multidrug 

resistance was more than 40 percent in 

Staphylococcus aureus (44.9 percent), 

Klebsiella pneumoniae (48.4 percent), and 

Trueperella pyogenes (46.7 percent), with 

methicillin-resistant Staphylococcus aureus 

being found in 24.5 percent of isolates. 

According to Table 3, diagnostic-guided 

therapy enhanced significantly in terms of 

bacteriological cure rates (59.2 to 78.9, 

absolute risk reduction 19.7, NNT=5.1) and 

a decrease in treatment failure (53.4, 

p<0.0001). Table 4 shows that all 

pathogens, but especially Escherichia 

coli (between 6 and 3 days, with a hazard 

ratio of 3.12) and methicillin-susceptible S. 

aureus (between 10 and 6 days, with a 

hazard ratio of 2.34), had shorter median 

cure times with diagnostic guidance. Table 

5 measures a 50.0 percent total decrease in 

antimicrobial dosages used in the 

diagnostic-guided arm with the highest 

proportional decreases in aminoglycosides 

(64.7 percent) and lincosamides (59.1 

percent). Table 6 indicates that the 

prevalence of resistance increased more in 

both arms after 90 days, but the absolute 

changes in the diagnostic-guided arm were 

always smaller (e.g., +4.4% vs. +16.6% of 

third-generation cephalosporin resistance 

in Gram-negatives in empirical arm). 
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Table 1: Diagnostic Accuracy Metrics of Various Platforms for Pathogen Identification in 

Bovine Mastitis 

Diagnos

tic 

Platfor

m 

Sensit

ivity 

(%) 

[95% 

CI] 

Specif

icity 

(%) 

[95% 

CI] 

Positi

ve 

Predi

ctive 

Value 

(%) 

[95% 

CI] 

Negat

ive 

Predi

ctive 

Value 

(%) 

[95% 

CI] 

Diagn

ostic 

Odds 

Ratio 

[95% 

CI] 

Youd

en's 

Inde

x 

Are

a 

Un

der 

RO

C 

Cur

ve 

[95

% 

CI] 

Tim

e to 

Res

ult 

(ho

urs) 

Co

st 

per 

Tes

t 

(U

SD

) 

Refere

nce 

Standa

rd 

Concor

dance 

(%) 

Conventi

onal 

Aerobic 

Culture 

87.3 

[84.1–

90.0] 

94.2 

[91.5–

96.3] 

91.8 

[88.9

–

94.1] 

90.5 

[87.4

–

93.0] 

102.4 

[68.7–

152.6] 

0.815 0.94

2 

[0.9

18–

0.96

1] 

48.0

–

72.0 

12.

50 

94.7 

MALDI-

TOF MS 

96.8 

[94.5–

98.3] 

98.1 

[96.0–

99.3] 

97.9 

[95.9

–

99.0] 

97.2 

[95.0

–

98.6] 

312.7 

[189.4

–

516.3] 

0.949 0.98

7 

[0.9

76–

0.99

5] 

0.5–

1.0 

18.

75 

98.4 

Real-

Time 

PCR 

(16S 

rRNA) 

94.2 

[91.3–

96.4] 

96.7 

[94.1–

98.4] 

96.0 

[93.5

–

97.8] 

95.1 

[92.2

–

97.1] 

198.5 

[127.3

–

309.4] 

0.909 0.97

1 

[0.9

58–

0.98

2] 

2.0–

4.0 

32.

00 

96.9 

Loop-

Mediate

d 

Isotherm

al 

Amplific

ation 

(LAMP) 

91.5 

[88.1–

94.2] 

95.3 

[92.3–

97.5] 

94.1 

[91.0

–

96.4] 

93.2 

[90.0

–

95.6] 

145.7 

[98.4–

215.8] 

0.868 0.95

8 

[0.9

41–

0.97

2] 

0.75

–1.5 

8.5

0 

95.3 

Chromo

genic 

Point-of-

Care 

Culture 

84.6 

[80.7–

88.0] 

89.3 

[85.7–

92.3] 

86.7 

[82.9

–

89.9] 

87.6 

[83.9

–

90.7] 

48.2 

[32.1–

72.4] 

0.739 0.89

1 

[0.8

62–

0.91

7] 

8.0–

12.0 

6.2

5 

88.4 

Lateral 

Flow 

Immuno

assay 

72.3 

[67.5–

76.8] 

81.4 

[77.1–

85.2] 

76.2 

[71.5

–

80.5] 

78.1 

[73.8

–

82.0] 

11.7 

[7.9–

17.3] 

0.537 0.80

3 

[0.7

68–

0.25

–0.5 

4.5

0 

79.6 
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(Rapid 

Test) 

0.83

5] 

Next-

Generati

on 

Sequenci

ng (16S 

Metagen

omics) 

98.2 

[96.3–

99.3] 

98.9 

[97.2–

99.7] 

98.7 

[97.0

–

99.6] 

98.4 

[96.6

–

99.4] 

489.3 

[267.4

–

895.2] 

0.971 0.99

4 

[0.9

87–

0.99

8] 

24.0

–

36.0 

85.

00 

99.1 

Fourier-

Transfor

m 

Infrared 

Spectros

copy 

(FTIR) 

88.9 

[85.5–

91.8] 

92.1 

[88.8–

94.7] 

90.3 

[87.0

–

93.0] 

90.9 

[87.7

–

93.5] 

89.4 

[58.2–

137.3] 

0.810 0.93

1 

[0.9

09–

0.95

0] 

0.25

–

0.33 

22.

50 

91.8 

Selective 

Chromo

genic 

Agar 

(On-

Farm) 

79.8 

[75.6–

83.6] 

86.2 

[82.2–

89.6] 

82.5 

[78.4

–

86.1] 

84.0 

[80.0

–

87.4] 

23.6 

[15.8–

35.2] 

0.660 0.85

6 

[0.8

25–

0.88

4] 

10.0

–

14.0 

5.7

5 

84.2 

Table 2: Antimicrobial Resistance Profiles of Major Mastitis Pathogens Isolated from Study 

Population (N=289 isolates) 

Pathoge

n 

Iso

lat

es 

(n) 

Peni

cilli

n 

Resi

stan

ce 

(%) 

Amo

xicill

in-

Clav

ulan

ate 

Resis

tanc

e 

(%) 

Ceft

iofu

r 

Resi

stan

ce 

(%) 

Oxa

cilli

n 

Resi

stan

ce 

(%) 

Enro

floxa

cin 

Resis

tance 

(%) 

Tetr

acycl

ine 

Resis

tanc

e 

(%) 

Eryth

romy

cin 

Resist

ance 

(%) 

Clin

dam

ycin 

Resis

tance 

(%) 

Mul

tidr

ug 

Resi

stan

ce 

(≥3 

clas

ses) 

(%) 

Met

hicil

lin 

Resi

stan

ce 

(me

cA 

posi

tive) 

(%) 

Staphylo

coccus 

aureus 

98 67.3 

[57.

4–

76.1

] 

12.2 

[6.9–

20.1] 

8.2 

[3.8

–

15.2

] 

31.6 

[22.

7–

41.8

] 

15.3 

[9.0–

24.1] 

28.6 

[20.0

–

38.5] 

41.8 

[32.0

–

52.2] 

35.7 

[26.4

–

46.0] 

44.9 

[34.

9–

55.3

] 

24.5 

[16.

6–

34.2

] 

Streptoco

ccus 

agalactia

e 

43 58.1 

[42.

8–

72.3

] 

9.3 

[2.8–

22.1] 

4.7 

[0.8

–

16.2

] 

2.3 

[0.1

–

12.3

] 

11.6 

[4.0–

25.4] 

23.3 

[12.1

–

38.5] 

34.9 

[21.5

–

50.4] 

27.9 

[15.9

–

43.2] 

32.6 

[19.

5–

48.3

] 

0.0 

[0.0

–

8.2] 

Escheric

hia coli 

67 79.1 

[67.

5–

20.9 

[12.4

14.9 

[7.7

–

N/A 23.9 

[14.7

44.8 

[32.7

N/A N/A 38.8 

[27.

4–

N/A 
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87.5

] 

–

32.3] 

25.5

] 

–

35.6] 

–

57.3] 

51.2

] 

Klebsiell

a 

pneumon

iae 

31 83.9 

[66.

8–

93.9

] 

25.8 

[12.4

–

44.2] 

19.4 

[7.8

–

37.3

] 

N/A 29.0 

[14.7

–

47.5] 

51.6 

[33.5

–

69.4] 

N/A N/A 48.4 

[30.

7–

66.5

] 

N/A 

Streptoco

ccus 

uberis 

28 64.3 

[44.

5–

80.9

] 

10.7 

[2.6–

28.1] 

7.1 

[1.0

–

23.5

] 

3.6 

[0.1

–

18.3

] 

14.3 

[4.4–

32.7] 

25.0 

[11.2

–

44.4] 

39.3 

[22.0

–

59.3] 

32.1 

[16.1

–

52.4] 

35.7 

[18.

9–

55.9

] 

0.0 

[0.0

–

12.3

] 

Staphylo

coccus 

chromog

enes 

22 54.5 

[32.

5–

75.3

] 

9.1 

[1.6–

28.1] 

4.5 

[0.2

–

22.8

] 

22.7 

[7.8

–

45.8

] 

13.6 

[3.2–

34.7] 

27.3 

[11.0

–

50.0] 

36.4 

[17.2

–

59.3] 

31.8 

[13.9

–

54.9] 

40.9 

[20.

7–

63.6

] 

13.6 

[3.2

–

34.7

] 

Trueperel

la 

pyogenes 

15 73.3 

[45.

0–

91.1

] 

13.3 

[2.3–

38.4] 

6.7 

[0.2

–

32.5

] 

N/A 20.0 

[5.3–

45.5] 

40.0 

[16.8

–

67.1] 

46.7 

[21.8

–

72.8] 

33.3 

[12.0

–

61.3] 

46.7 

[21.

8–

72.8

] 

N/A 

Coagulas

e-

Negative 

Staphylo

cocci (po

oled) 

35 62.9 

[45.

0–

78.4

] 

11.4 

[3.7–

26.0] 

5.7 

[1.0

–

19.2

] 

28.6 

[14.

9–

46.2

] 

17.1 

[6.8–

33.7] 

31.4 

[17.0

–

49.4] 

40.0 

[24.0

–

57.9] 

34.3 

[19.2

–

52.2] 

42.9 

[26.

5–

60.4

] 

20.0 

[8.5

–

37.3

] 

Table 3: Treatment Outcomes in Empirical versus Diagnostic-Guided Therapy Arms 

Outcome 

Parameter 

Empiric

al 

Therapy 

Arm 

(n=142) 

Diagnosti

c-Guided 

Therapy 

Arm 

(n=147) 

Absolute 

Risk 

Reductio

n [95% 

CI] 

Relative 

Risk 

Reductio

n [95% 

CI] 

Odds 

Ratio 

[95% 

CI] 

p-

value 

Numbe

r 

Needed 

to 

Treat 

(NNT) 

[95% 

CI] 

Clinical Cure 

Rate (Day 

14) 

67.6% 

(96/142) 

85.0% 

(125/147) 

17.4% 

[7.9–

26.9] 

25.7% 

[11.9–

39.5] 

2.66 

[1.52

–

4.65] 

0.0006 5.7 

[3.7–

12.7] 

Bacteriologic

al Cure Rate 

(Day 21) 

59.2% 

(84/142) 

78.9% 

(116/147) 

19.7% 

[9.6–

29.8] 

33.3% 

[16.4–

50.2] 

2.59 

[1.53

–

4.38] 

0.0003 5.1 

[3.4–

10.4] 

Clinical Cure 

Rate (Day 

30) 

71.1% 

(101/142

) 

88.4% 

(130/147) 

17.3% 

[7.8–

26.8] 

24.3% 

[11.0–

37.6] 

2.96 

[1.62

0.0002 5.8 

[3.7–

12.8] 
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–

5.41] 

Recurrence 

Rate (60 

days) 

28.2% 

(40/142) 

14.3% 

(21/147) 

13.9% 

[4.9–

22.9] 

49.3% 

[18.9–

79.7] 

0.42 

[0.23

–

0.77] 

0.004 7.2 

[4.4–

18.5] 

Treatment 

Failure 

(Composite) 

38.0% 

(54/142) 

17.7% 

(26/147) 

20.3% 

[10.4–

30.2] 

53.4% 

[28.2–

78.6] 

0.35 

[0.20

–

0.60] 

<0.000

1 

4.9 

[3.3–

9.6] 

Mortality 

(All-Cause, 

90 days) 

6.3% 

(9/142) 

2.7% 

(4/147) 

3.6% [–

1.0–8.2] 

57.1% [–

15.9–

100] 

0.41 

[0.12

–

1.38] 

0.138 27.8 

[12.2–

∞] 

Culling Rate 

(90 days) 

11.3% 

(16/142) 

6.1% 

(9/147) 

5.2% [–

1.1–11.5] 

46.0% [–

9.8–100] 

0.51 

[0.22

–

1.20] 

0.117 19.2 

[8.7–∞] 

Mean 

Duration of 

Clinical 

Signs (days, 

±SD) 

6.8 ± 2.4 4.2 ± 1.7 2.6 [1.2–

4.0] 

38.2% 

[17.6–

58.8] 

— <0.000

1 

— 

Mean 

Antimicrobia

l Courses per 

Cow (±SD) 

1.42 ± 

0.61 

1.08 ± 

0.32 

0.34 

[0.16–

0.52] 

23.9% 

[11.3–

36.5] 

— <0.000

1 

— 

Proportion 

Receiving 

Second-Line 

Antimicrobia

ls 

23.9% 

(34/142) 

8.2% 

(12/147) 

15.7% 

[7.5–

23.9] 

65.7% 

[33.4–

98.0] 

0.28 

[0.14

–

0.57] 

0.0002 6.4 

[4.2–

13.3] 

Table 4: Time-to-Event Analysis for Clinical Cure and Recurrence 

Pathogen 

Group 

Empiri

cal 

Therap

y 

Media

n Cure 

Time 

(days) 

[IQR] 

Diagnos

tic-

Guided 

Median 

Cure 

Time 

(days) 

[IQR] 

Haza

rd 

Ratio 

for 

Cure 

[95% 

CI] 

p-

value 

(Log-

Rank

) 

Empiric

al 

Therapy 

Recurre

nce 

Rate at 

90 days 

(%) 

[95% 

CI] 

Diagnos

tic-

Guided 

Recurre

nce 

Rate at 

90 days 

(%) 

[95% 

CI] 

Hazard 

Ratio 

for 

Recurre

nce 

[95% 

CI] 

p-

valu

e 

(Lo

g-

Ran

k) 

Staphyloco

ccus 

aureus (MS

SA) 

10.0 

[8.0–

14.0] 

6.0 [4.0–

9.0] 

2.34 

[1.52

–

3.61] 

<0.00

01 

31.7 

[20.9–

44.2] 

16.3 

[8.3–

28.1] 

0.46 

[0.25–

0.84] 

0.01

1 
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Staphyloco

ccus 

aureus (M

RSA) 

17.0 

[14.0–

22.0] 

11.0 

[8.0–

15.0] 

1.89 

[1.12

–

3.19] 

0.017 58.3 

[36.1–

77.2] 

41.7 

[22.6–

63.1] 

0.62 

[0.31–

1.24] 

0.17

7 

Streptococc

us 

agalactiae 

8.0 

[6.0–

11.0] 

5.0 [3.0–

7.0] 

2.67 

[1.44

–

4.95] 

0.002 22.7 

[8.3–

45.9] 

9.5 [1.6–

29.1] 

0.39 

[0.10–

1.49] 

0.16

4 

Escherichia 

coli 

6.0 

[4.0–

9.0] 

3.0 [2.0–

5.0] 

3.12 

[1.93

–

5.04] 

<0.00

01 

19.4 

[8.5–

35.5] 

8.8 [2.0–

23.6] 

0.43 

[0.15–

1.23] 

0.11

2 

Klebsiella 

pneumonia

e 

12.0 

[9.0–

16.0] 

7.0 [5.0–

10.0] 

2.08 

[1.21

–

3.57] 

0.008 46.7 

[21.8–

72.8] 

25.0 

[7.3–

52.4] 

0.48 

[0.18–

1.27] 

0.13

7 

Streptococc

us uberis 

9.0 

[7.0–

13.0] 

5.5 [4.0–

8.0] 

2.45 

[1.30

–

4.62] 

0.005 30.8 

[10.4–

59.2] 

14.3 

[2.0–

42.8] 

0.42 

[0.12–

1.48] 

0.17

3 

Coagulase-

Negative 

Staphyloco

cci 

8.0 

[6.0–

11.0] 

4.5 [3.0–

7.0] 

2.89 

[1.56

–

5.36] 

0.001 26.3 

[9.2–

51.2] 

11.8 

[1.8–

36.8] 

0.41 

[0.10–

1.70] 

0.21

8 

Mixed 

Infections 

(≥2 

pathogens) 

14.0 

[11.0–

18.0] 

9.0 [6.0–

13.0] 

1.76 

[1.04

–

2.98] 

0.035 52.9 

[27.8–

76.8] 

35.7 

[13.9–

63.8] 

0.58 

[0.24–

1.38] 

0.21

5 

Table 5: Antimicrobial Usage Metrics and Reduction Following Diagnostic-Guided Therapy 

Antimicrobial 

Class 

Empiri

cal 

Therap

y Total 

Doses 

Admini

stered 

(n=142) 

Diagno

stic-

Guided 

Total 

Doses 

Admini

stered 

(n=147) 

Absol

ute 

Dose 

Redu

ction 

(%) 

[95% 

CI] 

Relati

ve 

Dose 

Redu

ction 

(%) 

[95% 

CI] 

Days 

of 

Thera

py per 

100 

Cow-

Days 

(Empi

rical) 

Days 

of 

Thera

py per 

100 

Cow-

Days 

(Diagn

ostic-

Guide

d) 

Redu

ction 

in 

DOT 

per 

100 

Cow-

Days 

[95% 

CI] 

Estim

ated 

Cost 

Savin

gs 

per 

Cow 

(USD

) 

[95% 

CI] 

Third-

Generation 

Cephalosporins 

(Ceftiofur) 

284 156 128 

[98–

158] 

45.1% 

[34.5–

55.7] 

22.4 11.9 10.5 

[8.0–

13.0] 

18.72 

[14.3

–

23.1] 

Penicillins 

(Amoxicillin-

Clavulanate) 

198 102 96 

[68–

124] 

48.5% 

[34.3–

62.7] 

15.6 7.8 7.8 

[5.5–

10.1] 

9.60 

[6.8–

12.4] 
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Fluoroquinolon

es 

(Enrofloxacin) 

87 41 46 

[28–

64] 

52.9% 

[32.2–

73.6] 

6.9 3.1 3.8 

[2.3–

5.3] 

13.80 

[8.4–

19.2] 

Macrolides 

(Erythromycin/

Tilmicosin) 

112 48 64 

[42–

86] 

57.1% 

[37.5–

76.7] 

8.8 3.7 5.1 

[3.3–

6.9] 

15.36 

[10.1

–

20.6] 

Tetracyclines 

(Oxytetracyclin

e) 

156 89 67 

[43–

91] 

42.9% 

[27.6–

58.2] 

12.3 6.8 5.5 

[3.4–

7.6] 

8.04 

[5.2–

10.9] 

Lincosamides 

(Pirlimycin) 

93 38 55 

[36–

74] 

59.1% 

[38.7–

79.5] 

7.3 2.9 4.4 

[2.8–

6.0] 

11.55 

[7.6–

15.5] 

Aminoglycosid

es 

(Gentamicin) 

34 12 22 

[10–

34] 

64.7% 

[29.4–

100] 

2.7 0.9 1.8 

[0.8–

2.8] 

6.82 

[3.1–

10.5] 

Sulfonamides 

(Trimethoprim-

Sulfa) 

67 29 38 

[22–

54] 

56.7% 

[32.8–

80.6] 

5.3 2.2 3.1 

[1.8–

4.4] 

5.70 

[3.3–

8.1] 

Total All 

Antimicrobials 

1031 515 516 

[408–

624] 

50.0% 

[39.6–

60.4] 

81.3 39.3 42.0 

[33.2–

50.8] 

89.59 

[71.5

–

107.7

] 

Table 6: Longitudinal Changes in Antimicrobial Resistance Prevalence Over 90-Day Follow-

Up 

Patho

gen 

Antimic

robial 

Agent 

Baseli

ne 

Resist

ance 

(Day 

0) – 

Empi

rical 

Arm 

(%) 

[95% 

CI] 

Day 

90 

Resist

ance 

– 

Empi

rical 

Arm 

(%) 

[95% 

CI] 

Baseli

ne 

Resist

ance 

(Day 

0) – 

Diagn

ostic 

Arm 

(%) 

[95% 

CI] 

Day 

90 

Resist

ance 

– 

Diagn

ostic 

Arm 

(%) 

[95% 

CI] 

Absol

ute 

Chang

e – 

Empir

ical 

Arm 

(Perce

ntage 

Points

) [95% 

CI] 

Absol

ute 

Chang

e – 

Diagn

ostic 

Arm 

(Perce

ntage 

Points

) [95% 

CI] 

Betwe

en-

Arm 

Differ

ence 

at Day 

90 

(Perce

ntage 

Points

) [95% 

CI] 

p-

value 

(Differ

ence) 

S. 

aureus 

Oxacilli

n 

(MRSA

) 

23.5 

[14.6–

34.9] 

38.9 

[27.6–

51.3] 

25.0 

[16.1–

36.2] 

29.2 

[19.4–

40.8] 

+15.4 

[+4.1–

+26.7] 

+4.2 [–

5.5–

+13.9] 

9.7 [–

3.2–

+22.6] 

0.142 

S. 

aureus 

Erythro

mycin 

40.8 

[30.9–

51.3] 

54.2 

[42.6–

65.4] 

42.9 

[32.9–

53.4] 

45.8 

[35.0–

56.9] 

+13.4 

[+1.9–

+24.9] 

+2.9 [–

7.1–

+12.9] 

8.4 [–

5.1–

+21.9] 

0.223 

E. coli Ceftiofu

r 

13.4 

[6.7–

23.8] 

28.4 

[17.9–

41.1] 

16.4 

[8.7–

27.5] 

19.4 

[10.8–

31.1] 

+15.0 

[+4.1–

+25.9] 

+3.0 [–

6.1–

+12.1] 

9.0 [–

4.1–

+22.1] 

0.178 
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E. coli Tetracyc

line 

43.3 

[31.8–

55.3] 

59.7 

[47.5–

71.0] 

46.3 

[34.2–

58.7] 

50.7 

[38.5–

62.9] 

+16.4 

[+4.0–

+28.8] 

+4.4 [–

7.1–

+15.9] 

9.0 [–

5.6–

+23.6] 

0.226 

K. 

pneum

oniae 

Ceftiofu

r 

19.4 

[7.8–

37.3] 

38.7 

[21.8–

58.0] 

18.8 

[6.6–

38.9] 

25.0 

[10.1–

46.7] 

+19.3 

[+1.5–

+37.1] 

+6.2 [–

9.3–

+21.7] 

13.7 [–

7.2–

+34.6] 

0.198 

K. 

pneum

oniae 

Enroflo

xacin 

29.0 

[14.7–

47.5] 

48.4 

[29.4–

67.8] 

31.3 

[14.2–

53.2] 

37.5 

[18.8–

59.8] 

+19.4 

[+0.6–

+38.2] 

+6.2 [–

10.9–

+23.3] 

10.9 [–

11.1–

+32.9] 

0.332 

Strep. 

agalac

tiae 

Erythro

mycin 

34.9 

[21.5–

50.4] 

48.8 

[33.0–

64.8] 

36.4 

[21.2–

54.2] 

40.9 

[25.1–

58.2] 

+13.9 

[–1.1–

+28.9] 

+4.5 [–

9.8–

+18.8] 

7.9 [–

11.4–

+27.2] 

0.420 

The temporal change in antimicrobial 

resistance to third-generation 

cephalosporins in Gram-negative 

pathogens during the 90-day follow-up 

period is shown in figure 1, showing that 

the resistance prevalence increased more 

slowly and remained lower in the 

diagnostic-guided therapy arm than in the 

empirical therapy arm, with the two curves 

beginning to separate markedly after days 

30 and day 90 and the diagnostic A 

pathogen-specific comparison of 

bacteriological cure rates on day 21 is 

presented in Figure 2, indicating that 

diagnostic-guided therapy was much more 

effective than the empirical therapy in all 

eight pathogen groups, with the largest 

absolute improvements of 31.4 percentage 

points, 28.9 percentage points Figure 3 

shows a most significant negative linear 

association between time taken to identify 

the causative pathogen and the anticipated 

probability of bacteriological cure, in that 

every six-hour delay in pathogen 

identification decreased the probability of 

cure by about eight percentage points, so 

that cows in which pathogen identification 

was made within ten hours had a cure rate 

of 84.7 percent, whereas cows in which 

pathogen identification was delayed more 

than thirty-six hours had Finally, Figure 4 

presents the overall pathogen distribution 

across all 289 clinical mastitis cases using a 

donut-style pie chart, where the inner circle 

reveals that Gram-positive organisms 

account for 68.5 percent of infections 

compared to 31.5 percent for Gram-

negative organisms, and the outer ring 

shows that Staphylococcus aureus is the 

single most common pathogen at 33.9 

percent, followed by Escherichia coli at 

23.2 percent, Streptococcus agalactiae at 

14.9 percent, coagulase-negative 

staphylococci at 12.1 percent, Klebsiella 

pneumoniae at 10.7 percent, Streptococcus 

uberis at 9.7 percent, and Trueperella 

pyogenes at 5.2 percent, with mixed 

infections accounting for the remainder. 
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Figure 1: Line Graph – Longitudinal Antimicrobial Resistance Trends (Empirical vs. 

Diagnostic-Guided Arms) 

 

Figure 2: Bar Graph (Grouped) – Pathogen-Specific Cure Rates by Treatment Arm 
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Figure 3: Scatter Plot with Regression Line – Correlation Between Time to Pathogen 

Identification and Treatment Success Probability 

 

 

Figure 4: Pie Chart (Donut Style) – Distribution of Pathogens in Clinical Mastitis Cases 

DISCUSSION 

The identified prevalence of Gram-positive 

organisms, especially the presence of 

Staphylococcus aureus, is not a new finding 

based on the established epidemiological 

pattern of bovine mastitis; however, the 

specific locality of the prevalence, 

including that of Staphylococcus uberis, 

provides evidence of the value of localized 

diagnostic data (Langhorne et al., 2023; 
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Nava As an example, research in the Mačva 

area of Serbia has found that clinical 

mastitis is majorly caused by 

*Staphylococcus aureus, Streptococcus 

uberis, and Klebsiella pneumoniae 

(Ninković et al., 2024). Furthermore, a 

significant percentage of cases of mastitis 

can be attributed to the pathogenic presence 

of such microorganisms as *Escherichia 

coli, and other Gram-negative bacteria, 

which highlights the need to use broad-

spectrum diagnostic methods to capture 

such diversity (Salat et al., 2023). The 

prevalence of the mastitis cases with the 

presence of the bacteria is also high; this is 

why the control of antimicrobial resistance 

remains a challenge, as it is often linked to 

low treatment outcomes, and the bacteria is 

resistant to the intramammary antimicrobial 

treatment (Saeed et al., 2024). The 

antimicrobial susceptibility profiles, 

however, differ dramatically by 

geographical area and care practice and 

require a local antibiogram to inform 

adequate treatment choices (Kurt and Eski, 

2021). As an example, the resistance of the 

Staphylococcus aureus to oxacillin is high 

in certain areas, whereas the ability of E. 

coli to be sensitive to ciprofloxacin and 

amoxicillin/clavulanic acid is deviated 

(Kabui et al., 2024). Moreover, the 

existence of different toxic genes, including 

the presence of: *nuc, seb, hla, stx* 1, stx 2, 

hly, and Sagl in bacterial isolates of mastitic 

milk samples, is evidence of the multi-

factorial pathogenic mechanisms of 

seniority and permanence of intramammary 

infections (Huma et al., 2022). This wide 

array of virulence factors makes them hard 

to address with therapeutic interventions, 

making a subtle grasp of strain-specific 

mechanisms of pathogenesis to inform 

antimicrobial stewardship (Huma et al., 

2022). This is further complicated by the 

changing nature of antimicrobial resistance 

with pathogens such as E. coli often being 

critically resistant to commonly used 

antimicrobials like ceftiofur, cephalexin 

and tetracycline (Ardıçlili et al., 2021). The 

prevalence of multidrug-resistant 

pathogens, such as the Klebsiella 

pneumoniae and Escherichia coli that 

commonly exhibit resistance to β-lactam 

antibiotics, further increases the urgency of 

the improved monitoring and novel 

treatment options (Ninković et al., 2024). 

With these issues, the reliable detection of 

the presence of the most common causative 

agents of mastitis in the last 10-15 years, 

which include Staphylococcus aureus, 

Streptococcus dysgalactiae, Escherichia 

coli, and Streptococcus uberis, emphasizes 

the necessity of continued research on new 

interventions (Duse et al., 2021; Gu It is 

further complicated by the tendency of 

some etiological agents, more so, the ability 

of the Staphylococcus aureus to acquire 

persistent antibiotic resistance in biofilms, 
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thus preventing the effectiveness of 

traditional treatment (Tiwari, 2013). In 

addition, the presence of pathogens such as 

non-aureus staphylococci commonly 

causes biofilms, which is an important 

virulence factor leading to antibiotic 

resistance and recurrence of intramammary 

infections (Ramesh et al., 2024). This 

ability to form biofilms not only plays a role 

in therapeutic recalcitrance but also in the 

maintenance of these pathogens in the 

udder environment (Bustos-Martinez et al., 

2022). Such a characteristic of biofilm 

formation poses a significant challenge to 

the prediction of antibiotic activity and 

requires alternative methods to fight 

persistent and recurrent intramammary 

infections (Ramesh et al., 2024). As an 

example, multidrug-resistant clinical 

isolates of the Klebsiella pneumoniae, 

which carry fimbrial genes (including 

fimA, mrkA, mrkD) involved in biofilm 

formation, are often isolated in cases of 

clinical mastitis ( “Epidemiological 

Features, Biochemical Indices, 

Antibiogram Susceptibility Profile and 

Biofilm Factor Genes of Klebsiella In fact, 

it is well known that Staphylococcus aureus 

is especially famous in its capacity to form 

biofilms, evade immune response of the 

host, and live in micro-abscesses, resulting 

in persistent infections with low recovery 

(Balta et al., 2024). These biofilms have an 

extracellular polymeric substance that 

serves as a physical barrier to antimicrobial 

penetration and provides protection against 

host immune factors, the extracellular 

polymeric substance is mainly 

polysaccharides, proteins, and extracellular 

DNA (Bhavani, 2023). Such complex 

biofilm structures formed by numerous 

mastitis-causing pathogens, such as *S. 

aureus, coagulase-negative staphylococci, 

E. coli, S. agalactiae, S. dysgalactiae, and S. 

uberis, drastically reduce the activity of 

traditional antimicrobial therapy and 

complicate elimination efforts (Alves-

Barroco et al This antimicrobial agent and 

host defense resistance mechanism also 

contributes to making biofilms a major 

factor in the chronicity and recalcitrance of 

most cases of mastitis (Gonal et al., 2025). 

This is an intrinsic antimicrobial resistance 

in biofilms, which commonly results in 

treatment failure and adds to the economic 

cost of dairy production (Pedersen et al., 

2021; Saeed et al., 2022). In turn, the 

molecular aspects of biofilm formation, 

especially the genes and regulatory 

pathways thereof, are essential to formulate 

novel therapeutic solutions and enhance 

clinical outcomes in dairy cattle (Romero & 

Vargas-Bello-Pérez, 2023). The complex 

interconnection of biofilm formation and 

antimicrobial resistance emphasizes the 

fact that the development of alternative 

control measures, such as the development 

of innovative antimicrobial compounds and 
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anti-biofilm agents are highly necessary to 

reduce the effects of such chronic 

infections. As an example, biofilm behavior 

of the Staphylococcus aureus is a heavily 

researched topic in medical terms because 

of its clinical role in bovine mastitis and 

human infections (Nadhom, 2018). The 

ability of this pathogen to form biofilms is 

one of the primary contributors to 

antimicrobial resistance and a significant 

factor in the escalation of severity and 

incidence of treatment failures in the cases 

of bovine mastitis (El-Hamid et al., 2023). 

Biofilms provide resistance to antibiotic 

therapy and immune responses against 

bacteria by slowing growth, decreasing 

metabolism, and preventing antimicrobial 

penetration through the biofilm structure 

(Maksimović et al., 2023; Notcovich et al., 

2018). Moreover, production of 

extracellular polymeric substances in 

biofilms, including polysaccharides, 

proteins, and extracellular DNA, is an 

additional factor that greatly hinders the 

efficacy of antibiotics by trapping 

antimicrobial agents and depleting its 

concentration at the bacterial cell surface 

(Horiuk et al., 2019). This biomimetic 

environment enables bacteria to survive 

and multiply despite the presence of 

antimicrobial agents (Bhavani, 2023; 

Kaczorek-Lukowska et al., 2017). The 

genetic flexibility of the bacteria, especially 

with its accessory genome and within-host 

diversification, also adds to the formation 

and maintenance of biofilms, resulting in 

chronic infections that are hard to eliminate 

(Elbehiry and Marzouk, 2025).  

CONCLUSION 

Ultimately, this research shows that the 

rapid diagnostic-guided therapy has been 

shown to greatly enhance clinical and 

bacteriological outcome, decreases 

antimicrobial use, lessens the development 

of antimicrobial resistance and creates 

significant cost reductions in relation to 

empirical antimicrobial therapy of 

infectious disease in dairy cattle, and 

especially bovine mastitis. The meta-

analysis of diagnostic accuracy has 

determined that the performance of 

MALDI-TOF MS and on-farm PCR 

devices have a diagnostic odds ratio of 

more than 300 and 198 respectively and 

that the performance of conventional 

culture and point of care chromogenic 

methods has moderate but operationally 

acceptable diagnostic accuracy. The field 

validation of 289 cases of clinical mastitis 

found that diagnostic guidance decreased 

treatment failure by 53.4 percent, shortened 

median cure time by three to seven days 

based on pathogen and decreased the 

number needed to treat to prevent one 

failure to 4.9 cows. Significantly, the doses 

of antimicrobials reduced by 50 percent in 

the diagnostic-guided arm and the 
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prevalence of resistance to major classes of 

antimicrobials was 4-fold less than the 

prevalence with empirical therapy. 

Economic analysis proved total direct cost 

savings of 62.43 per cow or 36.1 percent 

decrease. The strongest independent 

predictor of success in treatment with an 

adjusted odds ratio of 3.27 was found to be 

diagnostic-guided therapy as identified by 

multivariable regression. Although on-farm 

PCR devices are showing promising 

performance due to near agreement with 

reference laboratory techniques, there still 

exist a challenge in the application of such 

technologies in the field environment that 

has limited resources. However, the 

literature is overwhelming in its support of 

the incorporation of fast, efficient pathogen 

identification into regular dairy herd health 

initiatives as a pillar of antimicrobial 

stewardship, accurate veterinary medicine, 

and sustainable dairy production in 

response to escalating antimicrobial 

resistance. 
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