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Abstract

Over the last few years, the adoption of automatic milking systems (AMS) has experienced significant increase. However,
hardly any studies have been conducted to investigate the distribution of mastitis pathogens in dairy herds with AMS. Because quick
mastitis detection in AMS is very important, the primary objective of this study was to determine operational reliability and sensi-
bility of mastitis detection systems from AMS. Additionally, the frequency of pathogen-specific was determined. For this purpose,
228 cows from ten farms in Galicia (NW Spain) using this system were investigated. The California Mastitis Test (CMT) was
considered the gold-standard test for mastitis diagnosis and milk samples were analysed from CMT-positive cows for the bacterial
examination. Mean farm prevalence of clinical mastitis was 9% and of 912 milk quarters examined, 23% were positive to the AMS
mastitis detection system and 35% were positive to the CMT. The majority of CMT-positive samples had a score of 1 or2 ona 1
(lowest mastitis severity) to 4 (highest mastitis severity) scale. The average sensitivity and specificity of the AMS mastitis detection
system were 58.2% and 94.0% respectively being similar to other previous studies, what could suggest limitations for getting
higher values of reliability and sensibility in the current AMSs. The most frequently isolated pathogens were Streptococcus dysga-
lactiae (8.8%), followed by Streptococcus uberis (8.3%) and Staphylococcus aureus (3.3%). The relatively high prevalence of these
pathogens indicates suboptimal cleaning and disinfection of teat dipping cups, brushes and milk liners in dairy farms with AMS in
the present study.
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Introduction

Bovine mastitis can be classified into sub-clinical,
clinical and chronic forms, depending on the presence
and duration of symptoms and the macroscopic appear-
ance of the milk. It is associated to the causative
pathogen, and the animal’s age, breed, immunological
status and lactation stage (Viguier ef al., 2009). The
most commonly used diagnostic method for mastitis
detection is to observe the visible indications during
milking. Sub-clinical mastitis is most prevalent and it
is commonly underdiagnosed due to the absence of
symptoms. Furthermore, clinical mastitis may also go

unnoticed in cows milked with an automatic milking
system (AMS), where the farmer is not present during
milking and no specific mastitis diagnostic methods
are employed (Hogeveen et al., 2010). Quick mastitis
detection in AMS is very important in order to avoid a
decrease in milk quality and economic losses (Frohling
et al., 2010). A self-monitoring program significantly
reduced the somatic cell count (SCC) of the bulk tank,
an indicator of mastitis, by helping farmers to detect
cows with abnormal foremilk at the start of automatic
milking and work with the California Mastitis Test
(CMT) and individual cow SCC from monthly Official
Milk Recording (Rasmussen et al., 2001). During au-


http://dx.doi.org/10.1016/j.tibtech.2009.05.004
http://dx.doi.org/10.5424/sjar/2015134-7482
http://dx.doi.org/10.5424/sjar/2015134-7482
mailto:angel.castro%40usc.es?subject=

2 Angel Castro, Jose M. Pereira, Carlos Amiama and Javier Bueno

tomatic milking reliable and sensitive methods are
necessary (Viguier et al., 2009) and farmers need mas-
titis detection systems that produce a low number of
false positives and negatives (Mollenhorst ef al., 2012).
For AMS, abnormal milk detection system must pro-
vide accurate alerts, related with the occurrence of the
event (Hogeveen et al., 2010). To avoid false-positive
alerts the AMS needs high specificity (Steeneveld et
al., 2010b). Some studies developed mastitis detection
models for AMS using different techniques (Kam-
phuis et al., 2010; Sun et al., 2010. A sensitivity of 70%
and specificity of least 99% have been mentioned as
minimum requirements for a reliable mastitis detection
system (Steeneveld et al., 2010b). The International
Standard ISO/FDIS 20966 describes a minimum sen-
sitivity of 80% combined with specificity higher than
99%, but these recommendations are, however, still
under discussion (Hogeveen et al., 2010). Evaluating
the performance of automated mastitis-detection sys-
tems with respect to their practical value on a farm will
allow farmers to compare different mastitis-detection
systems sensibly and fairly before investing (Kam-
phuis et al., 2013).

Different methods of mastitis diagnosis are used
(Viguier et al., 2009). The CMT is one of the oldest
and best known. It is based on the principle that the
addition of a detergent to a milk sample with a high
cell count will lyse the cells, release nucleic acids and
other constituents and lead to the formation of a ‘gel-
like’ matrix (Kamphuis et al., 2010). Although the
interpretation can be subjective, and this might result
in false positives and negatives (Viguier et al., 2009),
the CMT- score is a quick, easy and cheap test for
pointing out quarters with clinical mastitis (Rasmussen,
2001; Lam et al., 2009) and subclinical mastitis (Fouz
et al., 2004). Test results have a high correlation with
composite milk SCC, even more so than electrical
conductivity tests (Davis & Reinemann, 2002). How-
ever, to identify mastitis-causing microorganisms it is
necessary to use culture techniques, considered the gold
standard but, labor-intensive and expensive (Viguier et
al., 2009). Notwithstanding, bacteriological culturing
is commonly used as a diagnostic tool to solve mastitis
cases (Lam et al., 2009) and a key tool in mastitis con-
trol programs as it allows to identify the causative
agents (Ruegg, 2003).

Mastitis pathogens are typically classified as envi-
ronmental or contagious organisms (National Mastitis
Council, 1987). Historically, the most common conta-
gious mastitis pathogens have been Streptococcus spp.
and Staphylococcus aureus (Barrett ef al., 2005). How-
ever, the adoption of modern milking practices has
resulted in a considerable decline in the prevalence of
these organisms in many modern US dairy herds (Ma-
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kovec & Ruegg, 2003). Machine malfunctions, inap-
propriate milking practices and the presence of carrier
cows in the herd, are aspects that contribute to the risk
of mastitis (Barrett ef al., 2005). Although there have
been many studies in which the prevalence of mastitis
pathogens in dairy herds has been investigated (e.g.
Ferguson et al., 2007; Olde Riekerink et al., 2008; Lam
et al.,2009; Nam et al., 2010; Hertl et al., 2011; Ol-
iveira et al., 2013), hardly any have been conducted in
herds with AMS. However, Hovinen & Pyorila, (2011)
highlighted the importance of proper AMS manage-
ment, to avoid transmission of infections between cows.
The distribution of pathogens isolated from clinical
mastitis samples differs between studies and housing
or milking systems. In Canada, for example, S. aureus
is the most frequently isolated bacteria, associated with
tie-stall barns, followed by Escherichia coli (Olde
Riekerink et al., 2008; in New York State, Streptococ-
cus spp. were the most frequently isolated bacteria in
cows milked in herringbone parlors (Grohn et al.,
2004). On farms with AMS there is also a relationship
between high SCC values and high proportion of cows
with dirty teats before milking (Dohmen et al., 2010)
since pathogens such as Klebsiella spp. can be associ-
ated with cow and udder hygiene (Munoz et al., 2008).

The purpose of this study was to describe the distri-
bution of mastitis pathogens in milk samples collected
from dairy herds with AMS in Galicia (NW Spain) and
to identify the operational reliability and sensibility of
mastitis alerts from AMS.

Material and methods
Study herds and milking protocols

Data for this study were collected from 10 dairy
farms with 13 AMS. Three different AMS systems were
used in study farms including Lely Astronaut (Lely,
Rotterdam, Netherlands), DeLaval VMS (DeLaval,
Tumba, Sweden) and Galaxy (Insentec, Marknesse,
Netherlands). The mastitis detection systems of these
AMS are based on sensors of electrical conductivity,
milk yield and colour.

An initial characterization of the herds studied with
respect to hygienic and productive variables was carried
out. On all farms the cows were kept indoors and they
had free access to a total mixed ration and in the AMS
gained access to additional concentrate. Table 1 shows
the number and types of AMS installed on each farm,
the number of cows observed, linear score, days in
milk, milk yield per cow and day, hygiene score for
udders, thighs and legs and body condition score. De-
pending on the brand of AMS, the milking routines
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Table 1. Characterization of ten dairy herds (852 cows in total) milked with automatic milking systems (AMS) based on mean

values of descriptive variables

Teat cup

Hygiene score*

Body

s At G e T L S i) P
A 1 HS 46 44 1.4 1.8 22 2.8 29.1 3.9 188
B 1 Ww 59 59 1.2 1.8 2.2 2.8 24.0 43 210
Cl 2 DP 109 83 1.1 1.4 2.0 2.8 35.0 2.6 158
C2 2 DP 99 64 1.2 1.5 1.8 3.0 35.7 2.6 186
Dl 1 Dp 77 54 1.3 1.5 1.9 3.0 28.1 3.5 210
D2 1 DP 60 49 1.2 1.4 1.8 3.1 29.5 2.8 175
E 1 HS 59 55 1.8 23 22 3.0 28.6 3.7 191
F1 1 HS 70 40 1.3 1.8 2.3 3.0 30.5 3.0 126
F2 1 HS 71 64 1.5 1.9 2.3 2.9 31.8 3.1 179
Gl 1 wWw 70 69 1.2 1.5 2.0 3.0 28.4 34 122
G2 1 Ww 77 47 1.2 1.3 2.2 32 274 3.8 186
H 1 wWw 56 49 1.6 2.0 2.4 33 28.0 3.1 215
I 1 wWwW 56 56 1.7 2.1 2.5 32 28.0 3.1 215
J 2 HS 79 72 1.8 23 2.3 33 34.6 34 158
Mean 1.4 1.8 2.1 3.0 28.8 3.0 180

'Ten different dairy herds (different letters) but fourteen visits, one to 6 farms and two to the other 4 farms (different subscript). HS:
heated steam; WW, warm water; DP, disinfection with peracetic. °It is almost the whole herd in each farm because some cows could
not be seen due to the cows being in continuous movement in the free stall barn. “Range 1 to 4: 1 = completely clean or has very little
dirt, 2 = slightly dirty, 3 = mostly covered in dirt, and 4 = completely covered, caked in dirt. *Five-points scale, from 1 = thin, to 5 = fat.
The linear score is a mathematical way of converting the raw somatic cell count (SCC) based in base 2 log score. "DIM, days in milk.

differed. Teats were cleaned with teat dipping cups or
rotating brushes prior to milking. Milking cups were
automatically attached immediately after and detached
following milking and the teats were sprayed with a
post-dipping bactericidal product. Teat cups were rinsed
with warm water followed by water with or without
peracetic acid or water vapour depending on the cir-
cumstances after each milking (Table 1).

Mastitis diagnosis and data collection

Fourteen visits were made, one to 6 farms and two
to the other 4 farms (Table 1). We visited the farms as
close to the date of the monthly Official Milk Record-
ing test (OFMRT) as possible (within 2 to 7 days). This
way we could use the monthly test SCC data of each
cow to validate other mastitis detection tests used in
the study. At the beginning of each visit we collected
the report of the milk quality alarms from the AMS
mastitis detection software. These alarms, in general,
provide alerts per cow and quarter of milk quality based
on deviations of conductivity, colour, temperature
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(Hogeveen et al., 2010). With these two reports, we
generated a list of all the animals with a possible infec-
tion around the time of the visit. In total 228 cows were
analysed (912 milk quarters) and 176 were cows
marked by AMS sensors with a milk quality problem.
We used 52 cows with SCCs from all four quarters of
approximately 1 million cells/mL as positive controls.

The CMT was performed on the 228 cows selected
and was considered the gold-standard test for mastitis
diagnosis. Samples were classified into 5 categories:
when the mixture was visually normal (no gel-forma-
tion) it was scored as 0, no infection. If the reaction
was weak, with traces that dissolved, the score was 1.
In these cases we repeated the test to confirm the weak
reaction. A weak thickening was scored as 2. A more
severe thickening of the mixture but still able to spill
by turning the paddle was a 3. And the formation of a
gel such that the mixture stuck to the paddle was 4. All
tests were performed by the same person. Postpartum
cows were tested but the results were not included if
less than 5 days had passed after calving because the
results obtained from postpartum cows are difficult to
interpret (Fouz et al., 2010).
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Finally, milk samples were aseptically collected for
bacteriological study from CMT-positive cows and
were analysed at the Animal Health and Production
Laboratory of Galicia, Lugo. Milk samples were cul-
tured on Columbia agar plates containing 5% lamb
blood, using a disposable sterile loop that seeded ap-
proximately 0.01 mL of milk using a laminar flow
cabinet. Samples were incubated for 48 h at 37+£2°C
and cultures were examined 24 and 48 h after incuba-
tion. Bacterial species were identified using biochem-
ical API (Vitek 2, Biomerieux). A sample was consid-
ered contaminated if >2 bacterial species were isolated.
When we suspected the presence of S. aureus the
sample was subsequently cultured in selective BD
Baird-Parker agar media. If after at least 72 h of incu-
bation no microorganism was observed this sample was
classified as having no bacterial growth.

Data analysis

The comparison of the milk quality alerts given by
the AMS sensors with the CMT results was assessed
using a classification model. If the CMT tested positive
and was also classified by the AMS sensors as positive
then it was considered a true positive (TP). When the
AMS sensors and the CMT were negative the result
was considered a true negative (TN). A false positive
(FP) classification was a CMT negative quarter classi-
fied by the AMS sensors as positive. Finally, a false
negative (FN) classification was a CMT positive quar-
ter that was classified by the AMS sensors as negative.
Using these four classifications, the detection of mas-
titis by AMS can be evaluated as follows: firstly the
sensitivity as the fraction of CMT positive quarters
classified as positive for mastitis by the AMS [Sensitiv-
ity (%) = 100 x TP / (TP + FN)]. And secondly, the
specificity was defined as the fraction of CMT negative
quarters classified as negative for mastitis by the AMS
[Specificity (%) =100 x TN / (TN + FP)]. The relation-
ship between the benefits of AMS sensors (TP) and
costs of a detection system (FP) was analyzed by a
receiver operation characteristics (ROC) graph or Sen-
sitivity vs. (1 — Specificity) plot (Kamphuis et al.,
2010). The 14 predictions for the herd visits were plot-
ted in the ROC graph. These allowed us to classify the
herds based on their prediction methods.

Moreover, the success rate (SR) or predictive posi-
tive value was also calculated as SR = TP/(TP + FP).
This represents the probability of the AMS correctly
identifying a quarter as having mastitis. In addition we
calculated the false alert rate as FAR = 1000 x FP/Total
cows milked. Descriptive statistics were calculated for
all variables.
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Differences in sensitivity and prevalence between
CMT score groups were contrasted by a one-way
ANOVA with a Scheffe mean comparison. For cate-
gorical variables, distributions were analyzed using
frequency tables. All data were processed using IBM
SPSS 19.0.0 for Windows (SPSS, 2008).

Results

Percentage of CMT and AMS positive
quarters and AMS sensitivity and specificity

Descriptive statistics for mastitis prevalence and the
performance of AMS sensors used in the analysis are
listed in Table 2. For 912 quarter milks used in the
analysis 322 (35.3%) of them were infected quarters,
determined by CMT test. The visual appearance of
these 322 infected quarter milks on the CMT test, were
different depending on the level of infection or SCC
level. The frequency of abnormal milk with a CMT
score of 1 was 40.1% with a variation throughout the
14 visits between 0 and 77.8% of infected quarter milk.
A CMT score of 2 appeared in 36% of cases ranging
from 13.6 to 90%. Variations within visits with a CMT
score of 3 were also large with percentages ranging
from 0 to 57.9% and a total frequency of 15.8%. The
least common CMT score was 4 with a frequency of
7.8%. The prevalence rate of clinical mastitis varied
from 0.04 to 0.14 per farm with a total of 0.09
(Table 2).

The AMS classified as positive mastitis cases
210/912 (23.0%) quarters but 36 of these were CMT
negative and considered false positives (Table 2).
Among the remaining 702 AMS negative quarters,

Table 2. Descriptive statistics of the variables studied for
determining the reliability of the quality milk alarms in the
automatic milking systems (AMS)

IFn SO Min Max  SD
Cows checked 16.0 10.0 31.0 5.5
CMT-positive (%) 353 17.9 47.7 8.5
AMS-positive (%) 23.0 9.7 39.6 9.1
Prevalence of clinical
mastitis (%) 9.0 4.0 14.0 3.0
Sensitivity (%) 582 182 100 20.2
Specificity (%) 94.0 82.6 100 6.2

Positive predictive value  0.86  0.53 1.00 0.13
Negative predictive value  0.80  0.58 1.00  0.10
False alert rate 37.8 0.0 1129 389
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Table 3. Sensitivity (Se) of automatic milking systems (AMS) with respect to California mastitis test (CMT) and prevalence

(Prev) in different degrees of infection of milk quarters studied.

Descriptive CMT1(n=129) CMT2 (n=116) CMT3 (1=51)  CMT4 (n=25) CMT total p-value
measure Prev Se Prev Se Prev Se Prev Se Prev Se Prev Se
Mean 13.4* 409 132> 614 5.9% 609 3.6 732 9 579 <0.010 0.104
Minimum 0 0 5.0 16.7 0 0 0 0 0 0
Maximum 31.0 100 30.0 100 18.0 100 23.0 100 31.0 100
SD 9.9 254 7.7 28.0 54 279 62 425 8.5 31.7

CMT]1, the reaction was weak, with traces that dissolved; CMT2, a weak thickening; CMT3, a more severe thickening of the mixture
but still spill able by turning the paddle; CMT4, a formation of a gel such that the mixture stuck to the paddle.

16.2% were CMT positive and therefore false nega-
tives. So average sensitivity of the mastitis detection
systems of the AMS studied was 58.2% and the speci-
ficity was 94%. The positive prediction value (PPV)
ranged from 0.53 to 1 with a mean of 0.86, while the
negative prediction value (NPV) was of 0.80. The av-
erage FAR was 37.8% of the cases (Table 2). The
specificity in all cases is greater than 80% but only on
three of the visits was the sensitivity above 70%. Most
false negative cases (52.7%) are associated with a CMT
score of 1 (Fig. 1) however, differences in sensitivity
in the CMT 1, 2, 3 and 4 categories were not statisti-
cally significant (p = 0.104) (Table 3). However, the
prevalence values were significantly different between
categories of CMT (p = 0.008).

Pathogen profile

The total samples analyzed were 181. The percent-
age of quarters with specific mastitis pathogens identi-
fied was 31.5% (57/181) Pathogens were classified as
environmental (18%) and contagious (13.8%) of which
10.5% were secondary contagious pathogens (Table 4).
However, the most prevalent pathogen isolated, Strep-
tococcus dysgalactiae (28.1%), was contagious. Strep-
tococcus uberis was found in 26.3% of samples with

60 0.14
£ s0d 0.12
[7¢]
340 010,
S -0.08 £
= 301 =
5 006 3
g 201 004 &
> .
s 104 10.02
0 ; 0

2 3
CMT Score

Figure 1. Prevalence (m) and false negative cases (——) depend-
ing on CMT-score of abnormal milk.
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isolated pathogens (8.3% of all samples) followed by
S. aureus (10.5%). No bacteria were isolated in 30.9%
of samples and 18.8 % of them were considered to be
contaminated (Table 4).

Table 4. Distribution of mastitis pathogens in 181 milk sam-
ples of ten dairy farms with automatic milking systems

Pathogens isolated S:fr)l;())lfes Isog(;a(lis
Main contagious pathogens' 33 10.5
Staphylococcus aureus 33 10.5
Secondary contagious pathogens 10.5 33.4
Streptococcus dysgalactiae 8.8 28.1
Staphylococcus chromogenes 1.1 3.5
Staphylococcus epidermidis 0.6 1.8
Environmental pathogens 18.0 56.4
Streptococcus uberis 8.3 26.3
Streptococcus bovis 1 2.2 7.0
Prototheca zopfii 1.7 53
Klebsiella pneumoniae ssp. 1.7 53
Lactococcus garvieae 1.1 35
Arcanobacterium pyogenes 0.6 1.8
Enterococcus ssp. 0.6 1.8
Morganella morganii 0.6 1.8
Escherichia coli 0.6 1.8
Enterococcus faecium 0.6 1.8
No bacterial growth? 30.9 -
Contamination® 18.8 -
Culture-negative* 18.8 -

IStaphylococcus aureus and Streptococcus agalactiae are tradi-
tionally considered to be classical contagious while another con-
tagious pathogens can be considered as minor mastitis pathogens
(Pitkdld er al., 2004). *No bacterial growth after at least 72 h of
incubation. *If there were more of two organisms on the sample.
“Specific culture for detecting S. aureus. These analyses were
made on those farms or individual animals where the farmers
told us their experience about clinical history.
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Discussion

Mastitis control with AMS

There are few studies estimating the prevalence of
mastitis at milk quarters level instead of cow level. The
prevalence of quarters with mastitis on the present work
with AMS was 9%, lower than that in Dimitar & Me-
todija (2012) study, where prevalence was also analysed
at milk quarter level (15%). Although in terms of mas-
titis detection, the minimum recommendations are a
sensitivity of 80% and a specificity of 99% (Hogeveen
et al., 2010), our AMS mastitis detection system did
not reach these figures and our results do not agree with
other researchers who reported higher values for
specificity and sensitivity in both conventional milking
systems (using single quarter samples) (Lam et al.,
2009) and in AMS (Steeneveld ef al., 2010a). How-
ever, these minimum levels for specificity and sensitiv-
ity are still under discussion (Hogeveen et al., 2010).
Results suggest that the performance of mastitis detec-
tion systems is similar to other regions with the same
milking system (Steeneveld ez al., 2010b) where these
authors claim that a sensitivity of 43% and an specific-
ity of 97% are the clinical mastitis detection character-
istics of current AMSs, like it was found from visual
inspections of all milk samples obtained during three
days on three Dutch commercial dairy farms (Mollen-
horst & Hogeveen, 2008). Some authors consider that
it is impossible for AMS systems to have a sensitivity
of 100% (Kamphuis et al., 2010). An increase in the
SR and a decrease in the FAR were confirmed when
in-line SCC information was added to a detection
model of AMS using electrical conductivity information
(Kamphuis et al., 2008). According to our study half
of the false negative cases were in milk quarters clas-
sified with the lowest CMT. This could mean that either
lowest levels of infection are difficult to detect by the
sensors installed in the AMS, or that there may not have
been a real infection and that the error was in our in-
terpretation of the CMT test. CMT interpretation can
be subjective (Polat et al., 2010), and this might result
in false positives and negatives (Viguier et al., 2009)
when not being executed correctly (Lam et al., 2009).
Some authors argue that quarters with low CMT-scores
in foremilk probably do not have clinical mastitis (Ras-
mussen, 2001) or they could be subclinical cases.
However, more severe mastitis cases are less frequent
but easier to detect by the AMS sensors. If the reaction
was weak, with “traces” that dissolved (scored as 1)
even we had doubts about a possible mastitis because
they could be cows with high days in milk (DIM) with
a high cell count which can react with the CMT due to
cell flaking (Fouz et al., 2004).
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Pathogen profile

The contaminated samples together with the negative
results and the ones in which no microorganisms were
isolated represent more than half of the samples. This
high percentage highlights the importance of a proper
procedure when taking samples. These data coincide
with that shown in a study, which also took place in
Galicia but, in dairies with conventional milking systems
(Cundins et al., 2010). However, the percentage of con-
taminated samples was higher than that of Olde Riek-
erink et al. (2008) study. Similar data were shown, with
respect to the lack of bacterial growth in CMT-positive
milk, in Makovek & Ruegg (2003) and Oliveira et al.
(2013). The high rate of samples without results or con-
taminated samples was caused by the difficulty in sam-
pling, due to the situation in which it is performed. To
effectively use bacteriological culturing as a diagnostic
tool, milk samples have to be collected from the correct
cows and quarters at the correct point in time (Lam et
al., 2009). In other cases it is possible that the time
needed for bacterial growth was higher than the time
allowed in the present study. It can also occur that the
culture media used was not suitable for a specific path-
ogen as shown for S. aureus (Fouz et al., 2004).

S. aureus can be the pathogen with the greatest in-
cidence in mastitis cases (Olde Riekerink ez al., 2008),
nonetheless, in our study it was found in only 3.3% of
total samples. In many other studies the most common
mastitis-causing agents were the coagulase-negative
staphylococci (Ferguson et al., 2007; Nam et al., 2010;
Schwarz et al., 2010). Although environmental masti-
tis pathogens were the most common causative agents,
it was S. dysgalactiae which was the most particular
pathogen in this study, being a contagious pathogen.
Transfer of bacteria by the AMS pre-milking teat-
cleaning device was suspected to be one cause for in-
creased infections (Hovinen & Pyoréld, 2011). How-
ever, in this study the level of hygiene may be
considered adequate since the percentage of pathogens
related to udder hygiene such as Klebsiella spp. and E.
coli was very low. In fact one Finnish study using AMS
had a greater prevalence of these pathogens compared
to the present study (Hovinen et al., 2005). Moreover
S. uberis had a relatively high prevalence in our study
and these bacteria can be considered as being both a
contagious and an environmental agent.

In conclusion, dairy farms with AMS in this study
had a similar prevalence of mastitis and pathogen pro-
file as farms with conventional milking systems. The
majority of the bacteria isolated from these herds were
environmental pathogens and special attention needs
to be placed on the prevention and control of environ-
mental and contagious mastitis pathogens as all of the
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cows are milked with the same machine and with AMS,
milk cups are not disinfected between cows. Results
suggest that the performance of an AMS mastitis detec-
tion system was similar to that in other regions with
the same milking system, and lower than the CMT.
More severe mastitis cases are less common but easier
to detect with AMS mastitis detection systems.
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