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ABSTRACT

The objective of this study was to investigate as-
sociations between increases in reticular temperature
(RT) in dairy cows and the diagnosis of metritis,
mastitis, lameness, and pneumonia by dairy personnel.
A prospective case-control study was conducted on a
2,175-cow dairy operation in Colorado from May 2010
to April 2011. Each cow received an orally administered
temperature sensing reticular bolus after parturition
and RT measurements were recorded 3 times per day
as lactating cows exited the milking parlor. A cow was
identified as having an increased RT when a deviation
of 0.8°C above baseline (average of readings of previous
10 d) was recorded by the TempTrack software (DVM
Systems, LLC, Greeley, CO). During the same study
period, dairy personnel without access to RT data re-
corded health events and classified them according to
clinical signs observed. A total of 201 health events
(cases) were included in the data analysis. Cows with
clinical mastitis and pneumonia had significantly higher
odds (6.7 and 7.5 times higher, respectively) of having
an increased RT of 0.8°C above their baseline within
4 d preceding diagnosis when compared with control
cows. Specificity and sensitivity for an increase of 0.8°C
above baseline RT within 4 d of disease diagnosis was
76.85 and 66.97% for mastitis, and 69.23 and 76.92%
for pneumonia, respectively. No significant difference in
RT was found for cows diagnosed with lameness or me-
tritis. Results of this study suggest that RT monitoring
can be a useful tool in the early detection of mastitis
and pneumonia in dairy cows.
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INTRODUCTION

Body temperature monitoring is a common practice
employed on dairy farms as a way of detecting disease
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in dairy cows (Shutz and Bewley, 2009). Nakamura et
al. (1983) describe body temperature as the single most
useful measurable parameter and a sensitive indicator
of the reactions of the animal to physico-environmental
factors, disease processes, and physiologic functions
such as nutrition, lactation, and reproduction. Many
diseases affect dairy cows, including acidosis, metritis,
retained fetal membranes, left displaced abomasum,
mastitis, pneumonia, hypocalcemia, and lameness (Kel-
ton et al., 1998; Kristula et al., 2001; Aaleseth, 2005);
of these diseases, metritis, mastitis, lameness, and
pneumonia are those that have been shown to result
in an increase of the animal’s body temperature above
normal (Schutz and Bewley, 2009). All of these diseases
may result in economic losses to the dairy producer
due to decreased milk yield, increased treatment and
veterinary costs, and increased risk of culling (LeBlanc
et al., 2002; Juarez et al., 2003; Melendez et al., 2004;
Melendez and Risco, 2005; Colak et al., 2008; Bicalho
et al., 2009; Cha et al., 2010; Akers and Nickerson,
2011).

Many different techniques are used in the dairy in-
dustry to aid in the detection of sick cows. Some of
these methods include monitoring daily walking activ-
ity, milk yield, rectal temperature, and reticular tem-
perature (RT) (Edwards and Tozer, 2004; Bewley et
al., 2008a; Colak et al., 2008; Wenz et al., 2011). Mea-
suring body temperature using a rectal thermometer is
the most common method employed on dairy farms to
identify and survey sick cows, mainly because of ease
of use and low input costs (Hicks et al., 2001; Aalseth,
2005; Burfeind et al., 2010). However, a disadvantage
of using rectal temperature to monitor herd health is
the manpower required, as the process of measuring the
temperature of each cow in a specific pen can be time
consuming.

Monitoring cow health by using temperature-sensing
reticular boluses (TSRB) is an alternative to rectal
temperature monitoring that is easy to use and requires
minimal manpower. The TSRB is administered to cows
orally using a bolus gun. Once the TSRB has been
placed, no other human intervention is needed, as the
bolus will reside in the cow’s reticulum and provide
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continuous temperature monitoring. Hicks et al. (2001)
compared body temperature readings using rectal tem-
peratures to those recorded by ingested and implanted
sensors and found no significant difference between the
2 methods. In another study, conducted by Bewley et
al. (2008a), RT was found to be strongly correlated
with rectal temperature (r = 0.645), with RT being on
average approximately 0.45 =+ 0.33°C higher than rectal
temperature (Bewley et al., 2008a). Factors that in-
fluence RT include ambient temperature, recumbency,
stage of gestation, estrus, feed and water intake, and
the overall health of the cow (Wrenn et al., 1961; Lef-
court et al., 1999; Bewley et al., 2008b; Schutz and Be-
wley, 2009); these factors could potentially account for
the increased variation found by Bewley et al. (2008a).
Although previous studies have examined correlations
between rectal and RT, along with the influence of
water consumption on RT, more research is needed
to assess the value of TSRB in cow health monitor-
ing programs (Bewley et al., 2008a,b). The objective of
this pilot study was to investigate associations between
increases in RT in cows and the diagnosis of metritis,
mastitis, lameness, and pneumonia by dairy personnel.
The purpose of the current study was to examine the
feasibility of using a TSRB to aid in the early detection
of common dairy cow diseases.

MATERIALS AND METHODS
Cows and Herd Management

The study examined data collected from May 10,
2010, to April 25, 2011, on a single commercial dairy
farm consisting of approximately 2,175 lactating Hol-
stein cows in Colorado. Prior to calving, primiparous
and multiparous cows were housed separately in dry lot
pens. Dairy employees monitored cows on a daily basis
and moved those that appeared close to calving to the
fresh pen. After calving, cows were housed in a post-
partum pen until their milk was deemed salable (1 to 2
d), at which time they were moved into a fresh pen for
approximately 35 d. Primiparous and multiparous cows
were housed in separate postpartum pens. Throughout
lactation, primiparous and multiparous cows remained
separate and were housed in freestall barns, compost
barns, or dry lot pens—depending on stage of lactation
and reproductive status. Cows were fed a TMR and
milked 3 times a day, with a rolling herd average of 30.7
kg of milk per day throughout the course of the study,
without the use of bST hormone.

Cow data were monitored continuously through-
out the duration of the study, with 1,047 TSRB be-
ing placed over a 350-d period. No devices were lost
due to intestinal passage throughout the duration of
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the study. A total of 705 health events were initially
considered for inclusion in the study. These events do
not include any case of displaced abomasum, acidosis,
retained fetal membranes, or hypocalcemia, because
the focus of the study was to investigate associations
between fever and diseases previously documented to
have pyrexia as a clinical sign. All identical events fol-
lowing the first occurrence of a disease for an individual
cow were excluded from this study. Due to the well
documented and previously reported wide range in
body temperature of otherwise healthy cows during the
postpartum period (Kristula et al., 2001; Wagner et al.,
2008), health events occurring within the first 7 DIM
were excluded to remove the question of whether the
temperature deviation of the cow was due to the dis-
ease or due to the recent freshening event. Researchers
made an exception for cows diagnosed with metritis,
as all cases in the current study were diagnosed within
the first 12 DIM. Finally, health events were excluded
from the analysis if one or more days of RT data were
missing from the observational period, resulting in 81
(11.5%) health events being removed from the study
due to technological problems. In the end, 201 health
events were considered in the study, of which 109 were
mastitis cases, 64 were lameness, 15 were metritis, and
13 were pneumonia.

Study Design and Definitions

The experiment was conducted as a prospective case-
control study. At the time of calving (freshening), each
cow in the study received a TSRB (DVM Systems LLC,
Greeley, CO), which was administered orally, using a
bolus gun, and came to rest in the reticulum of the
cow. The bolus measured 95 mm x 23 mm, with a
commercial price averaging $40 per bolus. As the cow
exited the milking parlor she passed a stationary panel
reader, which served to power the bolus and obtain a
temperature reading of the cow’s RT. The RT data
were then transferred to the bolus company’s Temp-
Track software (DVM Systems LLC), where it was
available for viewing and further analysis. The baseline
for individual cows was calculated by averaging the 30
readings from the previous 10 d (each cow’s tempera-
ture was read 3 times per day after exiting the milking
parlor). Each individual reading was compared with the
baseline (all readings that occurred 240 h before that
reading), and each previous reading was then assigned
a weight, determined by proprietary algorithms devel-
oped by DVM Systems LLC. Readings taken around
the same time of day as the reading of interest were
emphasized by assigning a higher weight, and readings
taken at other times were discounted by assigning a
lower weight. Additionally, readings taken near 38.9°C
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(the modal temperature across all animals) were also
given a higher weight. The result of this processing was
a baseline that followed the natural 24-h rhythm of
each animal’s temperature and was less influenced by
unusually high or low temperature variations. The reli-
ability of temperature measurements was engineered to
remain stable for the life of the bolus, which exceeds
the average life of dairy and beef cattle.

Case Definition. Cases were defined as a cow di-
agnosed by farm personnel with one of the production
diseases in question: mastitis, metritis, lameness, or
pneumonia. Cows were monitored daily until 12 DIM
by farm personnel, using rectal temperature and rec-
tal palpation to identify fresh cow health disorders. It
was during this time period that cows with an elevated
rectal temperature reading (>39.5°C) or an abnormal,
foul-smelling, vulvar discharge upon palpation were di-
agnosed with metritis. Throughout lactation, all cows
were monitored by farm personnel for signs of disease
according to dairy protocols. Mastitis was diagnosed
by the observation of abnormal milk or signs of udder
inflammation during foremilk stripping by the milking
parlor staff. Cows were observed for signs of lameness
daily while walking to and from the milking parlor.
Lame cows were diagnosed visually through locomotion
scoring, on a scale from 1 to 5 developed by Zinpro
(Zinpro-Performance Minerals, Eden Prairie, MN), with
1 being normal and 5 being severely lame. Cows with a
locomotion score of 4 or greater were diagnosed as lame.
Farm personnel diagnosed cows with pneumonia after
performing a physical examination and finding signs of
respiratory disease (e.g., increased respiratory rate, na-
sal discharge, or loud or abnormal respiratory sounds)
in conjunction with elevated rectal temperature.

Comparison Group (Controls). In an effort to
limit the variability between individual cow baseline
RT, mastitis, lameness, and pneumonia, cows were used
as their own healthy controls if they had 37 d with no
recorded disease before the week of their health event.
Reticular temperature data for the period 31 to 37 d
before the health event were used as healthy controls
when examining the data for the 7 d before the health
event; RT for the period 31 to 34 d before the health
event were used as healthy controls when examining
the data for the 4-d health event interval. A separate
group of controls was selected for comparison purposes
for cows diagnosed with metritis, as their diagnosis
occurred shortly after calving and no RT data were
collected on them before freshening. The control group
for metritis consisted of 63 cows (approximately 4
times the number of healthy cows as those diagnosed
with a health event), and was chosen using the random
number generator in Microsoft Excel 2010 (Microsoft,
Redmond, WA) from a group of cows that did not have
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a health event occur within 17 DIM. This was done to
ensure that any temperature change was not influenced
by calving.

Exposure Status. A dichotomous variable was cre-
ated to indicate the presence or absence of an increase
in cows’ RT. A total of 6 different temperature ranges
above a cow’s individual baseline were examined, with
0.8°C being chosen as an appropriate deviation to indi-
cate a fever when considering specificity and sensitivity.
Temperature deviations less than 0.8°C produced an
excess of false positives, with those above 0.8°C pro-
ducing an excess of false negatives (Table 1). When a
deviation of 0.8°C (1.4°F) above baseline was observed,
a “temperature increase alert” was recorded as 1 (yes),
otherwise a 0 was recorded indicating no temperature
increase. Increases in RT were evaluated for 2 differ-
ent timeframes: first the authors assessed associations
between core body temperature increases within 7 d
before the health event (and for 7 d among control
cows), and second for a timeframe of 4 d preceding the
health event (and 4 d among control cows). These time-
frames were chosen to ensure that an adequate amount
of time elapsed before disease diagnosis to identify any
temperature deviations from baseline. For example,
although 86% of mastitis cases had an increased RT
within 2 d before diagnosis, only 65% of the pneumonia
cases had an increased RT during this period, with the
remaining 35% of pneumonia cases having an increased
RT on d 3 or 4 before diagnosis. For this reason, the 4-d
period preceding a health event was chosen as a more
acceptable timeframe for inclusion.

Data generated by the TSRB in cows enrolled in the
study and gathered by the TempTrack software were
not available to the farm personnel during the first 60
DIM. All cows with a health event were identified by
farm personnel as showing clinical signs corresponding
to the diseases examined in the study. As farm person-
nel had no knowledge of temperature readings recorded
by the TSRB, RT were not used to identify cows with
health events.

Data Management

Data for the date of calving and farm personnel-
identified health events were obtained from the on-farm
dairy management software (DHI-Plus, DHI Comput-
ing Service Inc., Provo, UT). Reticular temperatures
were collected using the TSRB and obtained from the
bolus company’s monitoring software (TempTrack
Software).

Statistical Analysis

All data were entered into a spreadsheet and ana-
lyzed using SAS Version 9.3 (SAS Institute Inc., Cary,
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Table 1. Percentage of cows with or without (+ or —, respectively) a reticular temperature (RT) alert and the percentage of cows diagnosed or
not (+ or —, respectively) with mastitis or pneumonia, compared for different RT deviations above baseline temperature

Health Temperature + Diagnosis + + Diagnosis — — Diagnosis + — Diagnosis —
diagnosis deviation (°C) RT Alert (%) RT Alert (%) RT Alert (%) RT Alert (%)
Mastitis 0.6 7 23 53° 47

0.8 67 33 23 7

1.0 60 40" 10 90
Pneumonia 0.6 85 15 69 31

0.8 7 23 31 69

1.0 69 31 23 7

'Percentage of cows demonstrating an excess of false negatives.
2 . oy
Percentage of cows demonstrating an excess of false positives.

NC). Associations between increases in RT readings by
the TSRB and the presence of health-related events
were evaluated using PROC FREQ to generate stan-
dard cross tabulation (2 x 2 tables). The “exact,”
“pchi,” and “or” statements were used to obtain odd
ratios and 95% confidence intervals with their associ-
ated Chi-squared and Fisher’s exact test results (when
appropriate based on the data distribution) to evaluate
associations between health events and RT readings for
the 2 timeframes (4 and 7 d) in this study. Statistical
significance was declared at P < 0.05.

RESULTS AND DISCUSSION

The associations between increases in RT in cows and
the diagnosis of metritis, mastitis, lameness, and pneu-
monia by dairy personnel are shown in Table 2. Our
results indicated that within a 4-d time frame before
the diagnosis of a health event, cows with clinical mas-
titis had 6.7 times higher odds (P < 0.001) of having an
increase in RT compared with control cows (same cow
in a time frame in which clinical mastitis was not diag-
nosed). Cows diagnosed with pneumonia had 7.5 times
higher odds (P = 0.047) of having an increase in RT
than cows without pneumonia (Table 2). The majority
of cows diagnosed with either mastitis or pneumonia
(67 and 77% respectively) exhibited an increase in RT
(greater than 0.8°C above their baseline RT), versus
only 23 and 31%, respectively, of cows without mas-
titis and without pneumonia that showed signs of an
elevated RT (Table 2). Although the cause of the false
positives was not further explored in this study, they
could be explained by physiological and environmental
factors such as estrus, ambient temperature, and stage
of gestation. When examining the 7-d period leading up
to diagnosis, mastitis cases had higher odds of having
an increase in RT recorded (odds ratio = 5.0; 95% CI =
2.7 t0 9.4; P < 0.001) compared with the time in which
no mastitis was observed. The relationship between
cows with pneumonia and controls with temperature
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increases were identical to that observed in a 4-d period
(Table 2).

No difference (P = 0.67) was recorded in the number
of cows presenting with an increased RT between the
cows diagnosed as being lame and those that were not.
Only some causes of lameness are known to produce
elevated body temperatures, which could explain these
findings. Future studies involving a larger experimental
group, in which lameness events are classified according
to etiology and severity, should provide more informa-
tion on the potential benefits of RT monitoring in the
early diagnosis of lameness in cattle.

Although Sheldon et al. (2006) indicated it is likely
that a temperature greater than 39.5°C is associated
with a cow that has metritis, in this study no difference
(P = 0.18) was found between the proportion of cows
with an increased RT that were diagnosed with metri-
tis and those with no health event. This is supported
by others who found that not all cows suffering from
metritis have an increase in core temperature (Palenik
et al., 2009). In a study conducted by Benzaquen et al.
(2007), 58.5% of cows with metritis did not have an
increased temperature upon diagnosis. Similarly, other
studies have indicated that temperature monitoring
alone is not an adequate indicator of illness in fresh
cows, primarily because a high percentage of “healthy”
cows have an elevated temperature following calving
(Kristula et al., 2001; Wenz et al., 2011).

Because RT was not measured until parturition, a
baseline had not been properly established for postpar-
tum cows as they were enrolled in the study. Therefore,
increases in RT during the first days of lactation could
not be included in the data analysis. The authors rec-
ommend administering the TSRB at dry off to obtain
approximately 2 mo of baseline RT and be able to
better evaluate temperature changes in the peri- and
postpartum period of each milking cow.

Because disease diagnoses were made by dairy per-
sonnel, it could be argued that a degree of uncertainty
exists in the consistency among employees responsible
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Table 2. Data for 4 d before diagnosis of cows presenting with an increased reticular temperature (RT)
of >0.8°C above their baseline temperature and the presence or absence (i.e., healthy controls) of mastitis,

lameness, metritis, or pneumonia

RT >0.8°C
above baseline

Proportion of RT

Health >0.8°C above Odds

event Yes No baseline (%) ratio P-value 95% CI

Mastitis
Present 73 36 67 6.73" <0.0001 3.55, 12.85
Absent 25 83 23 Ref!

Lameness
Present 13 51 20 0.83 0.67 0.33, 2.09
Absent 15 49 23 Ref'

Metritis
Present 10 5 67 2.20 0.18 0.60, 9.09
Absent 30 33 48 Ref'

Pneumonia
Present 10 3 e 7.50" 0.047 1.38, 40.59
Absent 4 9 31 Ref'

“Temperature differed between cows when disease was present or absent (P < 0.05).

'Reference category.

for classifying cows into the various categories of disease
examined in this report. The authors argue, however,
that disease diagnosis throughout the study is consis-
tent with industry practices, where farm personnel are
responsible for identifying and diagnosing sick cows. It
should also be stated that, although dairy personnel
did not have access to the RT data during the duration
of the study, it is possible those employees responsible
for identifying sick animals became more aware of the
health status of milking cows following bolus place-
ment. If this were the case, it could be argued that
dairy personnel were more aware and identified more
sick animals than they would normally. As a result of
this potentially increased awareness, the proportion of
cows diagnosed with a health event may be higher than
it would be under routine circumstances. Also, because
health disorders were classified by body system affected
and the resulting clinical signs and not by specific eti-
ology, it is very possible that the value of increased
core temperature as a predictor of disease caused by
a specific agent was not apparent in this study. This
could well be the case of lameness as a sign of disease.
Future studies should focus on etiological agents and
the likelihood of a fever before clinical signs of disease.

Although the normal body temperature of dairy cows
is reported to range from 38.0 to 39.4°C (Hewitt, 1921;
Hicks et al., 2001; Bewley et al., 2008b) variation can
occur between cows due to diurnal variations, activity
level, estrus, and environmental conditions (Wrenn et
al., 1961; Lefcourt et al., 1999; Bewley et al., 2008b;
Schutz and Bewley, 2009). Being able to establish a
baseline temperature, taking into account diurnal and
environmental variations, allows for a more accurate
assessment on the individual cow level (Lefcourt et al.,

1999). Not every cow maintains the same core body
temperature, making a defined cutoff for disease diag-
nosis difficult. A cow whose normal body temperature
rests in the upper percentile of the normal temperature
range, at 39.1°C, may be completely healthy yet be
considered to possess a fever when her temperature is
39.5°C, potentially receiving unnecessary medical treat-
ment. Conversely, some cows maintain RT on the lower
end of the accepted range, at 38.1°C. At 39.0°C these
cows would have a fever, but would be considered nor-
mal and may not be treated for a disease that they did
have, potentially resulting in increased treatment costs
later if the producer is using a cutoff point instead of a
baseline measurement. Using individual cow baselines
to monitor RT removes the cow-to-cow variability and
allows producers to manage herd health more efficiently
while addressing each animal’s status and needs indi-
vidually.

Although not every cow with elevated body tempera-
ture will have a health disorder (Kristula et al., 2001;
Wenz et al., 2011), this study indicates that 67% of
them did have an increase in RT 4 d before the clinical
diagnosis of mastitis, hence the importance of continu-
ing this practice on dairy farms. A TSRB, such as the
battery-free one used in this study, can be a useful tool
to aid dairy producers in monitoring their cows for
deviations from the cow’s baseline temperature and in
the early diagnosis of health events. The bolus used in
this study lasts the life of the cow, as it is battery free.
Other TSRB may be powered by a battery, however,
and may only transmit temperature for the life of the
battery. Using a TSRB allows producers to use a rela-
tively noninvasive means of monitoring temperature
while removing external manipulating factors, reducing
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the stress on the animals (as restraint is not neces-
sary to measure reticular temperature), and decreasing
labor efforts (Hicks et al., 2001; Bewley et al., 2008a).
Concerns related with using a TSRB include the initial
monetary input required for system installation along
with the decrease in RT that occurs when a cow drinks
water just before temperature reading (Bewley et al.,
2008a).

Once the TSRB has been placed, the producer
is able to closely monitor cows that are at high risk
for increased body temperature, such as cows in the
hospital and fresh pens—as well as cows that are in
milking pens, which would not normally be monitored
in this way. The benefits of having a TSRB in fresh and
hospital cows is apparent, as most operations monitor
their fresh cows on a daily basis and a TSRB removes
the need for farm personnel to manually measure the
rectal temperature of each cow; however, the benefits
gained in the milking pens are less obvious. Results
from this study indicate that before being diagnosed
with pneumonia or mastitis, a cow is likely to have a
fever. Examination of these cows at the onset of fever
could allow for earlier disease diagnosis and potentially
lead to a more timely treatment and quicker recovery
and return to the milking system, thus reducing the
economic effect of the disease. Although not every cow
with elevated body temperature will have a health dis-
order, the probability that she will is high enough to
warrant an examination by farm personnel for other
signs of disease. For example, in the case of mastitis,
approximately 2 of every 3 cows with a fever that are
examined will have mastitis, allowing these 2 cows
to receive prompt treatment. We recognize that the
relatively low discriminating power of increases in RT
compromises the value of TSRB as a diagnostic tool,
and that examining every cow with a fever will add la-
bor costs to the operation. These are factors that must
be considered when assessing the benefits of including
TSRB in the health management program.

We agree that, although the TSRB can be a help-
ful tool in the management of dairy cow health, dairy
personnel should not rely on this tool as a sole method
for the identification of sick cows. No single measure-
ment should replace careful observation and husbandry
practices that promote early disease identification
and prompt and appropriate treatment of ill animals;
however, a TSRB could be used in conjunction with
daily observations and other diagnostic tools as a way
to individually manage animals at risk of developing
disease, increasing their chances of remaining in the
herd as healthy and productive dairy cows. Associa-
tions between RT measured by TSBR and its ability
to assist in the early detection of illness among dairy
cows should be further investigated to determine if the

Journal of Dairy Science Vol. 96 No. 3, 2013

ADAMS ETAL.

results of this pilot study in one dairy are consistent in
a larger dairy population sample when controlling for
potential confounding factors at the animal, herd, and
working personnel levels.

CONCLUSIONS

Temperature monitoring is a useful practice to aid in
the early detection of dairy cow diseases. Incorporating
a TSRB into the health monitoring program on com-
mercial dairy farms is likely to improve disease detec-
tion and overall herd health. Placing the TSRB at dry
off would allow an adequate baseline temperature to be
established for each cow before calving, enabling dairy
personnel to easily monitor changes in body tempera-
ture, examining those cows that present an increase
in RT. Although not every cow with an increase in
temperature from its baseline will be diagnosed with
an illness, it is important that cows with an elevated
RT are examined. By including a TSRB monitoring
system on their facility, producers would be adding one
more tool to help maintain herd health—one that will
promote close monitoring of individual dairy cows and
aid in the prompt identification and treatment of cows
that are diagnosed with common production diseases.
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