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Materials and Method

The experimental procedures were approved by the Animal Ethics Committee, Massey

University, New Zealand (No 16/75).

Animals and management

The herds were required to adhere to the study protocols, grant full third party access to all
herd recording data, have trained personnel, individual cow identification, appropriate drug
storage facilities, and on-farm refrigeration and freezer capacity.

Cows were enrolled into the study by farm staff after detection of clinical mastitis. All cows
were eligible for enrolment from approximately 14 days before calving to 100 days after
calving. All cows, including those with clinical mastitis, were milked twice daily for at least

the first 100 days of lactation.

All cows had their temperature recorded at enrolment and any with a temperature > 40°C, or
exhibiting signs of systemic illness (depression, anorexia, dehydration) were excluded from

the trial.

Milk samples
All farm personnel were trained by the veterinarian to collect milk samples following the
NMC guidelines (NMC 2004, 2017).

Frozen samples were collected and analysed within 4-6 weeks of sample collection. To identify
bacteria to the species level all frozen milk samples were cultured by an independent laboratory
Cognosco, Anexa FVC, Morrinsville, New Zealand operating in accordance with the NMC
guidelines (NMC 2004, 2017). The independent laboratory staff were blinded and did not

receive the point-of-care diagnostic results before supplying their results.

Bacterial culture identification and antibiotic susceptibility testing



Point-of-care diagnostic
Once the farmer had collected the milk sample(s), they were loaded into a point-of-care
diagnostic cartridge and inserted into the Lapbox incubator (37°C) connected to the cloud.

Within 24 h the results were sent to the farmers and to Vetlife.

Laboratory-based culture

Briefly, 10 pl of milk (from a frozen sample) was streaked onto one quadrant of a 5% blood
agar plate containing 0.1% aesculin and incubated at 37°C for 48h. The bacteria were identified
on the basis of colony morphology, Gram stain, and catalase reaction. Gram positive, catalase
positive cocci were tested with the coagulase test to differentiate CNS from S. aureus. Gram
positive, catalase negative cocci were assessed by aesculin reaction, CAMP test and growth in
inulin, Streptococcus faecalis broth, and sorbitol. Gram negative isolates were sub-cultured
onto MacConkey agar, and triple sugar iron, Simmon’s citrate, and motility tests were
performed. Where the identity of the isolate was unclear using conventional biochemical tests,

MALDI-TOF testing was undertaken to identify the bacteria.

For each of the two tests (point-of-care diagnostic, standard culture) each sample was classified
as positive or negative for each of the following targets: S. uberis, S. aureus, CNS, coliform
and All bacteria species targets (Streptococcus uberis, Streptococcus dysgalactiae,
Streptococcus agalactiae, Enterococci spp, Staphylococcus aureus, coagulase negative

Staphylococcus, Coliform).

Statistical analysis

In the case of two tests being applied to individuals sampled from a single population, as is the
case here, the model is not identifiable. This implies that prior information for at least some of
the parameters is necessary in order to obtain estimates.

Decisions must be made about possible correlations between the test results. Here it was
assumed that the two tests were independent for true negative (uninfected) individuals, but that
they may be positively correlated on true positives because the level of infection is expected to

vary across infected individuals: a high level of infection should be easier to identify by both



tests, leading to positive correlation. This correlation was incorporated into the model as an
extra parameter (Dendukuri and Joseph, 2001).

Estimation of the model parameters was carried out, separately for each target organism, by
Markov chain Monte Carlo (MCMC) computation as implemented in the BUGS statistical
software (Lunn et al. 2000). Results for each target were based on 10,000 iterations after an
initial burn-in of 2,000; when autocorrelation was present, results were thinned by a factor of

five.

Priors

Prior distributions were developed from relevant data in the literature. Doohoo et al. (2011)
presented data from two North American studies, using a quasi “gold standard” defined by the
results of repeated testing to estimate the sensitivity and specificity of the standard culture test,
both for the detection of any organism and for specific targets.

McDougall et al. (2007) reported the results of applying the standard culture test to samples
from clinical mastitis cases in New Zealand. From a total of 1561 glands tested, 1113 were
positive for bacterial infection and 499 for S. uberis. There was no gold standard information
available for this dataset, so it gave information on apparent rather than true prevalences.
Priors obtained for Sel and Spl from either Table 2 or Table 3 of Doohoo et al. (2011) were
used to analyse the observed prevalence data in McDougall et al (2007) to obtain information
about the true prevalence of bacterial infection in NZ clinical mastitis cases. The relationship
between observed (p) and true prevalence (7) is

p=nSe+ (1-n) Sp

which implies that the observed prevalence should lie between Se and (1-Sp). The observed
prevalence here is 0.713 for all organisms and 0.320 for S. uberis. These are compatible with
the values from Table 2 values of Dohoo et al (2011).

Therefore, it was decided to use Table 2 of Doohoo et al. (2011) as the basis of priors for our
analyses for both tests (point-of-care diagnostic and lab-based culture), but the priors were
widened to allow for the fact that Se/Sp may be different for our population (NZ mastitis cases
vs general Canadian). Analysis of the McDougall et al. (2007) data by latent class analysis for
one test, using these priors, gave posterior distributions for pi, Sel, Spl which were taken as

priors for the subsequent analysis. Figure 1 shows the resulting priors for all bacterial targets.



OpenBugs Orogram for Comparing Standard Culture (1) with Mastatest (2)

(Data and priors are for All Organisms)

model{

x[1:4] ~ dmulti(p[1:4], n)

p[1] <- pi*(Se1*Se2+covDp) + (1-pi)*(1-Sp1)*(1-Sp2)
p[2] <- pi*(Sel1*(1-Se2)-covDp) + (1-pi)*(1-Sp1)*Sp2
p[3] <- pi*((1-Sel)*Se2-covDp) + (1-pi)*Sp1*(1-Sp2)
p[4] <- pi*((1-Sel)*(1-Se2)+covDp) + (1-pi)*Sp1*Sp2
Is <- (Se1-1)*(1-Se2)

us <- min(Sel,Se2) - Se1*Se2

#Priors

pi ~ dbeta(26, 8) #i# Mean=0.76

Sel ~ dbeta(42.25, 7) H#i# Mean=0.858

Spl ~ dbeta(32.68, 10.83) ### Mean=0.751

Se2 ~ dbeta(42.25, 7) #iHt Mean=0. 858

Sp2 ~ dbeta(32.68, 10.83) ### Mean=0.751

covDp ~ dunif(ls, us)

rhoD <- covDp / sqrt(Se1*(1-Sel)*Se2*(1-Se2)) ### Correlation coefficient
zSe<-step(Se2-Sel)

zSp<-step(Sp2-Sp1)

}

#Data

list(n=292, x=c(246,10,23,13))



Priors, Posteriors and Summary Statistics

Any Organism

Widened Priors from Doohoo (2011) Table 2 and McDougall (2007) Table 3

Sel
Sensitivity of
Standard test

beta(42.25, 7.00)

mean 0.858
Cl (0.75, 0.94)

o AN w A e N ® ©

Spl . beta(32.68, 10.83)
Specificity of .
Standard test mean 0.751

C1 (0.61, 0.87)

T beta(26, 8)
Prevalence of °

bacterial 1 mean 0.76
infection in 31 Cl (0.61, 0.89)

mastitis cases 2]




Posteriors from 292 trial cases; same priors for 1 and 2
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Strep Uberis

Widened Priors from Doohoo (2011) Table 2 and McDougall (2007) Table 3
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Posteriors from 292 trial cases; same priors for 1 and 2
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Staph Aureus

Widened Priors from Doohoo (2011) Table 2 and McDougall (2007) Table 3
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Posteriors from 292 trial cases; same priors for 1 and 2
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CNS

Widened Priors from Doohoo (2011) Table 2 and McDougall (2007) Table 3;
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Posteriors from 292 trial cases; same priors for 1 and 2
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Coliform

Widened Priors from Doohoo (2011) Table 2
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Posteriors from 292 trial cases; same priors for 1 and 2
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