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Automated monitoring systems (AMS)
Technologies designed to continuously monitor behavioral, 
physiological, and productivity parameters of cows

Wearables Non-Wearables Potential value 
of the use of 

AMS for health 
monitoring 

depends on the
alternative 

strategy



Fresh Cow Monitoring

Healthy Sick

Fresh Cow 
Monitoring

Barns with intensive monitoring

Costly
Time-consuming
Affects the normal behavior of 
Healthy cows
Poor animal welfare

Low- or no-intervention barns

Failure to identify sick cows
Reduced production
Increased culling rates
Low animal welfare
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(1)Performance of system in detecting sick cows (HD).

(2)When does the system identify sick cows compared to farm 
personnel?

N=1,121 cows
Study period: November 2013 to October 2014

-28 -21 2814

HR-Tags 
fitted on 

neck Rumination, Activity, and Health Index Score raw data

Health monitoring = DA, KET, INDIG, MAST, and METR

-11 8073-4

Blood collection: NEFA, BHBA, Ca, and Haptoglobin

0

Sensors vs. Intensive Monitoring

Stangaferro et al., 2016. JDS



HI+ to CD (d)
Cows detected 
Se, % (95% CI)Disorder

-3 (-3.7 to -2.3; P<0.01)98 (93-100) DA (n = 41)

-1.6 (-2.3 to -1.0; P<0.01) 91 (83-99)Ketosis (n = 54)

-0.5 (-1.5 to 0.5; P=0.28)89 (68-100) Indig. (n = 9)

-2.1 (-2.5 to -1.6; P<0.01)93 (89-98)

All metabolic & 
dig. (n = 104)

High sensitivity for detecting metabolic 
and digestive disorders

Stangaferro et al., 2016. JDS



HI+ to DCD (d)
Cows detected Se, 

% (95% CI)Disorder
-1.2 (-1.6 to -0.7; P<0.01)55 (49-60) Metritis ALL (n = 349)

-1.2 (-1.6 to -0.7; P<0.01)53a (47-58)Metritis only (n = 322)

-1.3 (-2.4 to -0.2; P=0.03)78b (62-91)
Metritis with other 
disorders (n = 27)

Moderate sensitivity for detecting metritis
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Rectal temperature
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49 (38-61)39.5-39.9°C (n = 79)
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HI+ to DCD (d)
Cows detected Se, 

% (95% CI)Disorder
-1.2 (-1.6 to -0.7; P<0.01)55 (49-60) Metritis ALL (n = 349)

-1.2 (-1.6 to -0.7; P<0.01)53a (47-58)Metritis only (n = 322)

-1.3 (-2.4 to -0.2; P=0.03)78b (62-91)
Metritis with other 
disorders (n = 27)

Rectal temperature

56 (48-64) ≤39.4°C (n = 165)

49 (38-61)39.5-39.9°C (n = 79)

58 (46-70)≥40°C (n = 74)

Antibiotic treatment

49a (43-55) Cephalosp. (n = 292)

83b (70-91)Ampicillin (n = 57)

Mild Metritis

Severe Metritis

Moderate sensitivity for detecting metritis

Stangaferro et al., 2016. JDS



Summary

• High sensitivity for metabolic and digestive disorders.
• Moderate sensitivity for metritis and mastitis.

• Should be used in combination with other traditional methods for 
detecting metritis and mastitis.

• The system identified cows with DA, KET, MET, and MAST earlier than 
farm personnel.



~ 300 

Daily milk weights + Visual observation

~ 30

Daily
clinical examination + Milk 

weights + Visual 
observation

HID Score + Rum & Activity + Daily milk weights + Visual observation

HIC-M 
n=625

AUT-M 
n=624

Calving 

10~ 3

Risk period

Fresh Pen 

~ 21 

High Pen 

~ 21

Observational period

150

150

0 ~ 3

Leg-tag 
attached

Neck tag 
removed

~ –30 d 

Neck-tag 
fitted on cows 

Pre-partum period

~ –30 d 
Cow 

Number
Group

Lactat ion 
Status

Days in 
Lactat ion

Days 
from Last  
Breeding

Act ivit y 
Peak

Ruminati
on Peak

Daily 
Ruminati

on

Amount 
Of 

Evaluat io

Health 
Index for 

Non 
1 20600 7 Before 6 -15 -40 0 -132 20.00

2 10856 7 Before 5 -40 -44 13 -464 32.60

3 9473 7 Before 44 -75 -100 38 -561 55.00

4 11558 11 No Heat 85 -39 -40 0 -462 66.30

5 9362 7 Colostrum 3 -37 -98 86 -136 67.20

6 12451 1 Before 8 -7 11 310 -1 72.00

7 12645 9 Before 27 -25 -40 0 0 73.00

8 4980200 7 Colostrum 3 -22 -27 145 -290 79.00

9 2152200 1 No Heat 91 -13 -23 133 -23 81.50

10 950600 7 Ready 80 8 -40 2 2 82.00

11 8662200 1 Before 43 -15 -20 181 -35 83.00

12 8062200 1 Before 57 -7 -21 135 15 83.70

13 508600 1 Ready 68 -29 -52 328 -206 83.80

14 9251200 1 Ready 72 -17 -34 318 -133 84.70

15 12561 1 Before 46 -5 -15 186 5 85.50

15

Sensors vs. Intensive Monitoring: Example 2

Perez et al., 2023  



DIM at 1st diagnosisIncidence

P-valueAUT-MHIC-MP-valueAUT-MHIC-M

0.1011.5 ± 1.29.4 ± 1.30.274.35.4Metabolic & digestive

(2.9 - 6.4)(3.7 - 7.9)

0.7913.3 ± 1.613.8 ± 1.80.783.94.2Mastitis

(2.6 - 5.8)(2.8 - 6.2)

<0.017.6 ± 0.55.7 ± 0.40.073.76.0Metritis

(2.5 - 5.6)(4.3 - 8.3)

0.7711.3 ± 5.213.4 ± 6.80.760.70.8Other

(0.2 - 1.8)(0.3 - 2.0)

0.1013.617.0At least 1 HD

(11.1 - 16.7)(14.1 - 20.3)

Values for binomial outcomes are presented as LSM (top) and 95% CI (bottom). Values for continuous outcomes are presented as LSM and SE. 

Perez et al., 2023  

Proportion of cows with health disorders during the 
risk period and DIM at first diagnosis
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Week of Lactation

HIC-M AUT-M

P-valueEffect
0.28Group
0.86Group*WOL

<0.001WOL*
<0.001Parity
<0.001HD fresh

* Week of lactation

Milk production up to 150 days

Perez et al., 2023  



P-valueAUT-MHIC-M

0.342.1 
(1.1 - 4.1)

1.5
(0.7 - 3.0)

Sold and died up to 60 DIM

0.094.7 
(3.0 - 7.1)

6.6 
(4.5 - 9.6)

Sold and died from 61 to 150 DIM

0.306.9 
(4.8 - 9.7)

8.3 
(5.9 - 11.5)

Sold and died up to 150 DIM

0.3839.2 
(35.0 - 43.6)

41.9 
(37.7 - 46.3)

P/AI (%) All AI

0.152.7 
(1.2 – 5.9)

5.4 
(3.0 - 9.4)

Preg. Loss (%)

Values for binomial outcomes are presented as LSM (top) and CI (bottom)

Culling and Repro

Perez et al., 2023  



• Lower detection of sick cows (overall and metritis)
• Similar proportion of culled cows

• Similar productive and reproductive performance

Sensors vs. Intensive Monitoring: Conclusions 
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Low- or no-intervention barns
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Automated health alerts (SenseHub + DelPro)

Visual observation                                                                  VO (n = 597)

AHM (n = 607)

Same clinical examination procedures were conducted to both groups 

• Milk yield up to 21 and up to 100 DIM
• % cows sold or dead up to 21 and to 100 DIM
• Reproductive performance first service

2

• % cows identified with health disorders1

AHM and 
VO groups 
managed 
equally

Rial et al., 2024

Sensors vs. low- or no-intervention



Selecting cows for clinical examination

AHM - Alerts

VO

• Health index < 86, or daily rumination < 250 min, or milk reduction > 20%

• Clinical signs of disease
• Daily walk-through of the fresh cow pen after the previous morning milking

The list of cows for examination was created daily at ~5:30 AM and 
included:

Previously diagnosed sick cows – from both groups



Cows in the AHM group were more likely to be 
selected for clinical examination

P-value
AHM

(n = 607)
VO

(n = 597)Outcome 

< 0.00161 ± 2.824 ± 2.5Cows examined, %

< 0.0012.1 ± 0.5 1.4 ± 0.6Times examined

Cows 
selected per 
day: 5.3 ± 2.5

Cows 
selected per 

day: 15.5 ± 3.5

Rial et al., 2024



IRR1Treatment

P-value
AHM-VO (Ref)

P-value
Diff.

% points

AHM
(n = 607)

VO
(n = 597)Outcome, %

< 0.0011.7< 0.001153722Clinical health 
disorder

0.051.50.026148Metritis 

0.391.30.38143Mastitis

0.091.80.54132DA

< 0.0012.0< 0.0016126Indigestion

0.0012.20.001594Clinical ketosis

0.711.20.29132Pneumonia

Cows in the AHM group were more likely to be 
diagnosed with a disease

DA = displaced abomasum Rial et al., 2024



Cows in the AHM group were more likely to receive
treatment and spend more time in the hospital pen

P < 0.001

Proportion of cows in the 
hospital pen:
• AHM = 15.8% vs. VO = 10.7% 

(P = 0.02)  

+9.4

Number of cow-days in the hospital
pen:
• AHM = 436 ± 3.4 d vs. VO = 277 ± 4.7 d 

(P < 0.001)

Rial et al., 2024



The AHM strategy had…

Cows received treatment

Cows identified with health disorders

Cows selected for clinical examination

How do these 
results impact 

on performance?

vs.



Cows in the AHM group had higher milk 
production during the first 21 DIM

+1.5 kg per cow/dayNo health disorders 
diagnosed

Health disorders 
diagnosed

P-valueEstimateGroup

0.001
548 ± 10AHM

520 ± 11VO

+28 kg per cow

Rial et al., 2024



There was no effect of the treatment on 
milk production from 22 to 100 DIM

Rial et al., 2024



Effect of the treatment group on animal 
culling

Treatment

P-valueAHM
(n = 607)

VO
(n = 597)

Outcome, %

0.119.112.7Sold up to 100 DIM

0.292.12.8Died up to 100 DIM

0.0511.916.7Total Left Herd up to 100 DIM

Rial et al., 2024



Conclusions
More cows in the AHM group were identified with health 
disorders.

Cows in the AHM group had higher milk production during the 
first 21 days of lactation.

Lower proportion of culled cows (sold + dead)

Rial et al., 2024
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Conclusions

Compared to intensive monitoring, sensor-based 
monitoring:

Reduces unnecessary handling of healthy cows

Detects fewer sick cows (false positives or truly sick?)

Similar performance

Rial et al., 2024

Compared to visual monitoring, sensor-based monitoring:
Increases the number of cows to be examined

Identifies more sick cows

Better performance (and economically viable)



Use of sensors for monitoring fresh cows

Healthy Sick

62% 
Alerts

46%
Sick

54% non-
diseased

FALSE POSITIVES



Rumination time was different by DIM and around 
the day of HA generation among groups

A
B

HA-CHD
(168/602)

HA-NoCHD
(199/602)

NoHA-NoCHD
(235/602)

*HA-NoCHD different from NoHA-NoCHD; +HA-NoCHD diff from HA-CHD; #HA-CHD diff from NoHA-NoCHDRial et al., 2025



Health index score was different by DIM and 
around the day of HA generation among groups

B

HA-CHD
(168/602)

HA-NoCHD
(199/602)

NoHA-NoCHD
(235/602)

A

*HA-NoCHD different from NoHA-NoCHD; +HA-NoCHD diff from HA-CHD; #HA-CHD diff from NoHA-NoCHDRial et al., 2025



NoHA-NoCHD
(235/602)

Milk yield was intermediate for 
cows in the HA-NoCHD group

HA-CHD
(168/602)

HA-NoCHD
(199/602)

P-valueEstimateGroup

< 0.001

25.2 ± 1.1HA-CHD
C

30.1 ± 0.7HA-NCHD
B

32.6 ± 0.4NHA-NCHD
A

*HA-NoCHD different from NoHA-NoCHD; +HA-NoCHD diff from HA-CHD; #HA-CHD diff from NoHA-NoCHD

P-valueEstimateGroup

< 0.001

3,578 ± 65HA-CHD
C

3,944 ± 64HA-NCHD
B

4,107 ± 65NHA-NCHD
A

Rial et al., 2025



Pregnancy per AI at first 
service

P-valueEstimateGroup

0.13
12.5 ± 3.2HA-CHD

7.5 ± 1.8HA-NCHD
3.8 ± 1.6NHA-NCHDPregnancy loss

37.6
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Conclusions
Cows with health alerts but no evident clinical signs may 

represent a distinct subgroup

Lower milk yield, rumination, and activity than healthy cows, but 
higher than sick cows

Automated monitoring can help identify these cows with no 
evident clinical signs of disease but with reduced 
performance

Rial et al., 2025



The effect of treating hyperketonemic cows 
with different rumination behavior with 

propylene glycol on milk yield

Cainan C. Florentino1, Luciano S. Caixeta1, Rita Couto 
Serrenho2,3, Tracy Potter3, Mark Thomas3, Matias Stangaferro3

1Department of Veterinary Population Medicine, University of Minnesota; 2Department of Population Medicine, University 
of Guelph; 3Dairy Health & Management Services, LLC.



Background

o Hyperketonemia (HYK) cases that remain untreated has been 
linked to decrease in milk production (-0.5 kg/milking) during the 
first 30 days in milk (DIM; McArt et al., 2011).

o Rumination time during first wk postpartum has been associated 
with greater milk yield (Peiter et al., 2021).

o Rumination behavior might play a role in the association 
between early milk yield and HYK.



Objective

Evaluate the effects of propylene glycol (PG) treatment on HYK 
cows, with different rumination behavior (RB), in milk yield during 

the first 18 wk of lactation.

• HYPOTHESIS PG treatment would yield a greater benefit when administered to HYK+ cows 
with lower RB than to HYK+ with greater RB.



Study Design
o Multiparous cows (n=565) were screened for HYK (blood BHB ≥1.2 mmol/L) at 5 DIM

o HYK cows (n=106) were randomly assigned to receive or not PG 

o Rumination behavior (RB) was recorded continuously during the first wk postpartum (min/d., SenseHub Dairy, Merck 
Animal Health)

o Cows were then categorized as High (above median) vs. Low (under median) rumination behavior (RB)

Groups
o LRT HYK+ TRT
o LRT HYK+ CON
o LRT HYK–

o HRT HYK+ TRT
o HRT HYK+ CON
o HRT HYK–

Outcome of Interest
o Average milk yield within each 

week for the first 18 wk 
(recorded daily, kg/d).



Demographics

Descriptive statistics by propylene glycol and rumination behavior group
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Conclusion

The findings from this exploratory study suggested that treating 

HYK+ cows with low rumination behavior helps recover milk yield 

during the first initial 18 weeks of their lactation.



Questions?

Thank you!
mark.thomas@telusagcg.com


