
ADVERTIMENT. Lʼaccés als continguts dʼaquesta tesi doctoral i la seva utilització ha de respectar els drets de la
persona autora. Pot ser utilitzada per a consulta o estudi personal, així com en activitats o materials dʼinvestigació i
docència en els termes establerts a lʼart. 32 del Text Refós de la Llei de Propietat Intel·lectual (RDL 1/1996). Per altres
utilitzacions es requereix lʼautorització prèvia i expressa de la persona autora. En qualsevol cas, en la utilització dels
seus continguts caldrà indicar de forma clara el nom i cognoms de la persona autora i el títol de la tesi doctoral. No
sʼautoritza la seva reproducció o altres formes dʼexplotació efectuades amb finalitats de lucre ni la seva comunicació
pública des dʼun lloc aliè al servei TDX. Tampoc sʼautoritza la presentació del seu contingut en una finestra o marc aliè
a TDX (framing). Aquesta reserva de drets afecta tant als continguts de la tesi com als seus resums i índexs.

ADVERTENCIA. El acceso a los contenidos de esta tesis doctoral y su utilización debe respetar los derechos de la
persona autora. Puede ser utilizada para consulta o estudio personal, así como en actividades o materiales de
investigación y docencia en los términos establecidos en el art. 32 del Texto Refundido de la Ley de Propiedad
Intelectual (RDL 1/1996). Para otros usos se requiere la autorización previa y expresa de la persona autora. En
cualquier caso, en la utilización de sus contenidos se deberá indicar de forma clara el nombre y apellidos de la persona
autora y el título de la tesis doctoral. No se autoriza su reproducción u otras formas de explotación efectuadas con fines
lucrativos ni su comunicación pública desde un sitio ajeno al servicio TDR. Tampoco se autoriza la presentación de
su contenido en una ventana o marco ajeno a TDR (framing). Esta reserva de derechos afecta tanto al contenido de
la tesis como a sus resúmenes e índices.

WARNING. The access to the contents of this doctoral thesis and its use must respect the rights of the author. It can
be used for reference or private study, as well as research and learning activities or materials in the terms established
by the 32nd article of the Spanish Consolidated Copyright Act (RDL 1/1996). Express and previous authorization of the
author is required for any other uses. In any case, when using its content, full name of the author and title of the thesis
must be clearly indicated. Reproduction or other forms of for profit use or public communication from outside TDX
service is not allowed. Presentation of its content in a window or frame external to TDX (framing) is not authorized either.
These rights affect both the content of the thesis and its abstracts and indexes.



 
 

 



 

    

 

 

  



 

    

 

 

 

 

Universitat Autònoma de Barcelona 

Department de Ciència Animal i dels Aliments 

 

 

 

 

 

 

 

 

Early detection and prediction of health 

disorders in cattle using an activity 

monitoring system 

 

 

 

 
Mohammed Anouar Belaid 

 

Mayo 2020 
  



 

    

 

 

 

 

 

 

 

 

 

 



 

    

 

 

 

 

 

 

 

 

  



 

    

  



 

    

Early detection and prediction of health 

disorders in cattle using an activity 

monitoring system 
 

 

 

 

 

 

 
Tesis doctoral presentada por 

MOHAMMED ANOUAR BELAID 

 

Dirigida por 

Dr. Sergio Calsamiglia Blancafort 

 

Realizada en el 

DEPARTAMENT DE CIÈNCIA ANIMAL Y DELS ALIMENTS 

 

Parra acceder al grado de Doctor en el programa de Producción 

Animal de la 

UNIVERSITAT AUTÒNOMA DE BARCELONA 

 

 

 

 

 

 

Bellaterra, Mayo 2020 
 

 



 

    

  



 

    

SERGIO CALSAMIGLIA BLANCAFORT, como Catedrático del 

Departament de Ciència Animal i dels Aliments de la Facultat de Veterinària de 

la Universitat Autònoma de Barcelona, 

 

 

CERTIFICO: 

 

Que la memoria titulada “Early detection and prediction of health disorders 

in cattle using an activity monitoring system”, presentada por Mohammed 

Anouar Belaid, ha sido realizada bajo mi dirección y, considerada finalizada, 

autorizo su presentación para que sea juzgada por la comisión correspondiente. 

 

 

Y para que conste a los efectos que correspondan, firmo el presente certificado 

en Bellaterra, de 23 Mayo 2020. 

 

 

 

 

 

 

 

 

 

 

 

 
Edificio V, Campus UAB - 08193 Bellaterra (Cerdanyola del Vallés) 

Barcelona, España 

Telf: 93 581 10 91, Fax: 93 581 20 06 

d.c.animal.aliments@uab.es 

www.uab.es 

mailto:d.c.animal.aliments@uab.es
http://www.uab.es/


 

    

 

 

 

 



 List of abbreviations  

  

  V  
 

List of abbreviation  

AUC:  area under the curve  

BRD:  bovine respiratory diseases  

BW: body weight 

DA: displaced abomasum 

DCAD: dietary cation-anion difference 

DIM: days in milk  

DMI: dry matter intake 

FDR: false discovery rate 

FOR: false omission rate  

FNR: false negative rate  

FPR:  false positive rate 

LSM: least squares means 

MF: milk fever  

RP: retained placenta 

SD: standard deviation 

Se: sensitivity 

SE: standard error 

SEM: standard error of the mean  

Sp: specificity 

UE: European Union 



 

    
 

 

 

 

 



Summary 

 

  VII  
 

Summary  

Three experiments were conducted to determine if an activity-monitoring systems could be 

used for an early predictor of the risk of sickness in cattle. In the first experiment, Friesian male 

calves (n = 330; 30 ± 9 d of age, 65 ± 15 kg) were fitted with accelerometers to be monitored 

from 30 to 90 d of life. Calf health status was controlled daily and all incidences recorded. A 

descriptive analysis was conducted to describe the normal behavior, a matched pair design was 

conducted from d -10 to +10 relative to the diseases diagnostic to compare sick versus healthy 

calves, and a multivariate logistic regression was performed on the days before the disease 

event to develop a prediction model. Over the entire period, healthy calves did daily 1,476 ± 

195 steps, spent 185 ± 32.5 min at the feed bunk, did 10 ± 1.1 meals, 19.5 ± 1.8 lying bouts 

and spent 978 ± 30.5 min lying. Sick calves during the 20 d around the disease event did fewer 

steps, had 18% less meals on d -1 and 0, spent less time at the feed bunk on d -10 and -1 and 

had 15% less lying bouts from d -2 to +9 compared with healthy calves. The prediction model 

developed for d -10 had a sensitivity of 67%, a specificity of 67%, and accuracy of 67%. The 

false discovery rates and the false omission rates were 60% and 14%, respectively. Results 

indicate that the occurrence of diseases can be predicted in advance and a preventive treatment 

can be applied only to animals at risk. In the second experiment, young bulls fitted with 

accelerometers (n = 770, 127 ± 53 d of age) were monitored during the first three months after 

their arrival to the feedlot. Bulls were examined daily for health status. A descriptive analysis 

was conducted to describe the normal behavior of healthy bulls. To compare sick and healthy 

bulls, a matched pair design was performed in the 20 d around the diseases event and a 

multivariate logistic regression model was built to develop a prediction model. The dataset was 

randomly split in two parts: 70% to develop the prediction model, and the remaining 30% for 

the validation. Bulls did over the entire period on average 2,422 ± 128.3 steps/d, attended the 

feed bunk 8 ± 0.15 times/d for a total of 95 ± 8.2 min/d, had 27.8 ± 0.76 lying bouts/d and spent 
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889 ± 12.5 min/d lying. From the total of bulls enrolled, 71 were diagnosed sick. Sick bulls did 

fewer steps, less meals, spent less time in the feed bunk, had less lying bouts and spent less 

lying time compared with healthy bulls. The best prediction model was able to predict sick 

bulls at 9 d before the clinical symptoms with a sensitivity and specificity of 79.2 and 81.3%, 

respectively. The validation of the model resulted in a 50% false discovery rates and 7% false 

omission rates. Results suggest that activity monitoring systems may be useful in the early 

identification of sick bulls. However, the high false positive rate may require further 

refinement. In the third experiment, Holstein dry cows (n = 456) fitted with accelerometers 

were monitored from d –21 to the day of calving (d 0). Cows postpartum health status was 

monitored from 0 to 30 DIM. A univariate analysis (ANOVA) was performed to describe the 

normal behavior of dry cows and a multivariate linear mixed model was built from d –21 to 

the day of calving to compare sick vs. healthy cows. A multivariate logistic regression model 

was developed to predict metritis. On average, over the entire prepartum period, healthy cows 

(n = 341) did 1,627 ± 56 steps, spent 184 ± 10.6 min at the feed bunk, did 8.5 ± 0.3 meals, did 

10 ± 0.5 lying bouts and spent 743 ± 18.4 min lying per day. Sick cows (n = 115) did 1,644 ± 

89 steps, spent 183 ± 10 min at the feed bunk, did 8 ± 0.4 meals, did 11 ± 0.6 lying bouts and 

spent 740 ± 40 min lying per day. Differences in behavior between sick and healthy cows were 

more pronounced when considering specific postpartum disease separately. A prediction model 

for metritis was developed combining all prepartum days. This model at the highest sensitivity 

(73%) and specificity (86%), had 83.7% accuracy, 48.4% false discovery rates and 6.1% false 

omission rates. Results indicate that the occurrence of metritis can be predicted in advance and 

preventive treatment can be applied only to animals at risk. 
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Resumen 

Se llevaron a cabo tres experimentos para determinar si el sistema de monitoreo de la actividad 

podría usarse como un predictor temprano del riesgo de enfermedad en bovinos. En el primer 

experimento, terneros Frisones (n = 330; 30 ± 9 días de edad, 65 ± 15 kg) fueron monitorizados 

mediante un acelerómetro durante los 60 d posteriores a su llegada a la granja. Se controló su 

estado sanitario y se registró la incidencia de enfermedades. Se realizó un análisis descriptivo 

para describir el comportamiento normal de los terneros, se usó un diseño de emparejamiento 

(Matched-pair design) en un periodo de interés de 10 d antes y después del diagnóstico de la 

enfermedad para comparar terneros sanos contra enfermos, y se realizó un modelo de regresión 

logística en los días previos a la aparición de la enfermedad para desarrollar un modelo de 

predicción. A lo largo de todo el ciclo de crecimiento, los terneros sanos hicieron  un promedio 

diario de 1476 ± 195 pasos/d, estuvieron un total de 185 ± 32,5 min/d en el comedero, hicieron 

10 ± 1,1 vistitas/d al comedero, 19,5 ± 1,8 cambios de posición de pie a tumbado/d y estuvieron 

978 ± 30,5 min/d tumbados. Los terneros enfermos durante los 20 d alrededor de la enfermedad, 

hicieron menos pasos, tuvieron 18% menos visitas al comedero en los días  -1 y 0, dedicaron 

menos tiempo a comer en los días -10 y -1, y tuvieron 15% menos cambios de postura de pie a 

tumbado entre los días -2 a +9 comparado con los terneros sanos. El modelo de predicción 

desarrollado para día -10 tenía una sensibilidad del 67%, una especificidad del 67% y una 

precisión del 67%. La tasa de falsos positivos y la tasa de falsos negativos fueron 60% y 14%, 

respectivamente. Los resultados indican que la aparición de enfermedades se puede predecir 

con antelación y que se puede aplicar un tratamiento preventivo a los animales en riesgo. En el 

segundo experimento, terneros pasteros equipados con acelerómetros (n = 770, 127 ± 53 días 

de edad) fueron monitoreados durante los primeros tres meses desde su llegada a la granja. Su 

estado de salud fue controlado diariamente y la incidencia de enfermedades fue registrada. Se 

realizó un análisis descriptivo del comportamiento normal de los terneros sanos. Para comparar 



 Resumen 

 

X 
  

terneros enfermos y sanos, se realizó un diseño de emparejamiento (Matched-pair design) en 

los 20 d alrededor de la enfermedades y se construyó un modelo de regresión logística para 

desarrollar un modelo de predicción. Se seleccionaron al azar el 70% de la base de datos para 

desarrollar modelos de predicción, y  se aplicó el mejor modelo a la base de datos de validación 

(30% restante). A lo largo del ciclo de crecimiento, los terneros hicieron un promedio de 2422 

± 128,3 pasos/d, visitaron los comederos 8 ± 0,15 veces/d para un total de 95 ± 8,2 min/d, 

tuvieron 27,8 ± 0,76 cambios de posturas/d y estuvieron 889 ± 12,5 min/d tumbados. Del total 

de terneros registrados, 71 fueron diagnosticados enfermos. Los terneros enfermos se 

caracterizaron por estar menos tiempo en el comedero y menos tiempo tumbados que los sanos. 

También hicieron menos cambios de postura de pie a tumbados, menos pasos y frecuentaron 

menos el comedero en comparación con los terneros sanos. El mejor modelo de predicción fue 

capaz de predecir terneros en riesgo de enfermarse 9 d antes de los síntomas clínicos con una 

sensibilidad y especificidad del 79,2%  y 81,3%, respectivamente. La validación del modelo 

resultó en 50% de falsos positivos y 7% de falsos negativos. Los resultados sugieren que los 

sistemas de monitoreo de actividad pueden ser útiles en la identificación temprana de terneros 

enfermos. Sin embargo, la alta tasa de falsos positivos puede requerir un mayor refinamiento 

de la metodología. En el tercer experimento, vacas Holstein (n = 456) equipadas con 

acelerómetros fueron monitoreadas desde el día –21 hasta el día del parto (0 d). Su estado de 

salud fue controlado diariamente hasta el día 30 postparto. Se realizó un análisis univariado 

(ANOVA) para describir el comportamiento normal y se construyó un modelo mixto lineal 

multivariado desde día –21 hasta el día del parto para comparar vacas enfermas y sanas. Se 

desarrolló un modelo de regresión logística multivariante para predecir la metritis. En 

promedio, durante el preparto, las vacas sanas (n = 341) realizaron 1627 ± 56 pasos/d, visitaron 

los comederos 8,5 ± 0,3 veces/d para un total de 184 ± 10.6 min/d, hicieron 10 ± 0,5 cambios 

de postura de pie a sentado/d y pasaron 743 ± 18,4 min/d tumbados. Las vacas enfermas (n = 
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115)  hicieron en promedio 1644 ± 89 pasos/d, visitaron los comederos 8 ± 0,4 veces/d para un 

total de 183 ± 10 min/d, tuvieron 11 ± 0,6 cambios de posturas/d y dedicaron 740 ± 40 min/d 

tumbados. Las diferencias en el comportamiento entre vacas enfermas y sanas fueron más 

pronunciadas cuando se consideraron las enfermedades postparto por separado. Se desarrolló 

un modelo de predicción para la metritis. El modelo con la mayor sensibilidad (73%) y 

especificidad (86%), tenía una precisión del 83,7%, una tasa de falsos positivos del 48,4% y 

una tasa de falsos negativos del 6,1%. Los resultados indican que la metritis postparto se puede 

predecir con antelación y que el tratamiento preventivo se puede aplicar sólo a los vacas en 

riesgo. 
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1. The Dairy and Beef Cattle Industry in Spain 

Spain is the sixth country in the European Union (UE) in cattle census with 6.739.687 

bovines. According to the last statistics of the Ministry of Agriculture, within the 28 European 

countries, Spain occupies the eighth position in milk production and the firth position in meat 

production (MAPA, 2020). At the national level, beef and dairy cattle sectors contribute to 

17% and 16%, respectively, to the total value of the final livestock production being the second 

after the swine sector (MAPA, 2019). The beef and dairy production sector has evolved 

enormously towards a more intensive system, geographically-concentrated, and commercially 

oriented. Currently, the intensive beef and dairy cattle production system has been widely 

adopted in Spain (MAPA, 2019).  

Under this production system, farmers are always under pressure to produce most 

efficiently, which means that they have to control all factors involved in the production process. 

Health control is one of the major concerns in the intensive production system. As farms' size 

have increased and farm personnel is now asked to manage a large number of animals, the time 

devoted to controlling animals individually becomes limited. Many sick animals can go 

unnoticed by the control and lead to big losses. Only preventative treatments to avoid these 

losses costs the US cattle industry over $3 billion annually (Griffin, 2006; Snowder et al., 

2007). Farmers and producers are aware of such a problem. Therefore, it’s necessary to look 

for alternative methods to identify sick animals and to reduce the losses generated by the 

occurrence of these diseases. 

2.  The Receiving Phase, a Critical Period for Feedlot Cattle 

The receiving phase, the first weeks after a calf arrives at the feedlot, is a critical period 

because it is always accompanied by a high incidence of diseases (Duff and Galyean, 2007).  
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Edward (1996) reported that approximately 65 to 85 % of morbidity in feedlot cattle occurs 

during the first 45 days. Pardon et al. (2012) found that the mortality risk was highest in the 

first weeks after arrival. The economic losses due to diseases during the receiving phase have 

an important impact on farm profitability. The bovine respiratory diseases, the main cause of 

morbidity (up 70-80%) and mortality (up to 40-50%) in feedlot cattle (Loneragan et al., 2001; 

Edwards,  2010) is estimated to cause the American feedlot industry between $800 to $900 

million annually in economic losses (Chirase and Greene, 2000). In Europe, as in the US, it’s 

considered also the pathology with the highest economic impact in the beef cattle industry 

(Ackermann et al., 2010; Edwards, 2010; Buchanan et al. 2016). The cause of this high 

susceptibility to diseases in the receiving phase comes from the stressful factors that 

accompany this phase. Stress is recognized as a factor that can challenge the immune system, 

thus, decreasing the tolerance to diseases (Loerch and Fluharty, 1999).  

Calves arriving to the fattening farm are subjected to many stress factors (Sheridan et 

al., 1994). They are bought from auction markets or collected from farms to be transferred to 

the fattening farm. During their transport, calves are confined, grouped with unfamiliar calves 

in an unknown environment, fasted for a long time, and exposed to multiple environmental 

stressors such as motion, noise, heat and/or cold (Van Engen and Coetzee, 2018). After 

transport, calves at their arrival are mixed with sick calves from other farms and this can 

provide an opportunity for the diseases to be spread in the entire group (van der Fels-Klerx et 

al., 2000; O’Connor et al., 2001). Furthermore, calves once at the fattening farm have to adapt 

to their new housing facility with a different environment, feed, water, handlers and 

management and this may cause additional psychological and physiological stress. For these 

reasons, the receiving phase is considered a critical period in feedlot cattle where a high 

incidence of diseases is present and the goal should be to reduce the risk, identify animals at 

risk and treat them as soon as possible.  

https://www.tandfonline.com/doi/full/10.1080/1828051X.2018.1426395
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3. The Transition Phase, a Critical Period for Dairy Cattle 

The transition period, which corresponds to the passage from a pregnant non-lactating 

state to a non-pregnant lactating state, is a critical demanding phase for dairy cows. Its 

relevance has been highlighted in several reviews due to its importance in determining future 

health, milk production, and reproductive success of the dairy cow (Drackley, 1999; Ingvartsen 

et al., 2003; Block, 2010). During this phase, a number of metabolic changes occur, leading to 

a high incidence of metabolic, infectious and reproductive disorders (Piccione et al., 2012). 

According to LeBlanc (2010), 50% of diseases occur in the transition period and 30% to 50% 

of high-producing cows may be affected by at least one health disorder. Ingvartsen et al. (2003) 

summarized data of 151,000 cows and reported that the maximum incidence of diseases 

occurred during the transition period and more especially in the first 10 days after calving.  

Kelton et al. (1998) reported that the incidence rate of some postpartum diseases such 

as clinical hypocalcemia, retained placenta, metritis, ketosis, displaced abomasum, and mastitis 

increased considerably from 1979 to 1995. The economic losses of these diseases can affect 

significantly farm profitability by reducing milk production, altering milk composition, 

reducing reproductive performance, increasing treatment costs, or reducing the life expectancy 

of the cow. Liang et al. (2017) reported that the cost per case (average ± SD) for primiparous 

cows was $426.50 ± 80.27 for mastitis, $333.17 ± 68.76 for lameness, $262.65 ± 56.15 for 

metritis, $313.49 ± 64.66 for retained placenta, $639.51 ± 114.10 for left displaced abomasum, 

$180.91 ± 63.74 for ketosis and $246.23 ± 52.25 for hypocalcemia. But the costs of these 

individual postpartum diseases may be much higher because the appearance of one disease can 

increase the risk of developing other postpartum diseases (Goff, 2006). For example, 

subclinical hypocalcemia may lead to loss of muscle tone, resulting in an increased risk of 

retained placenta and/or displaced abomasum. Figure 1 presents the interrelationship between 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/reproductive-performance
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different periparturient disorders in dairy cows. Therefore, in order to decrease these risk 

factors related to postpartum diseases, good management of cows during the transition period 

is required (Grummer, 1995; Drackley, 1999; Ingvartsen et al., 2003).  

Figure 1. Interrelationship between a different periparturient disorders in dairy cows  

(Goff, 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Prevention Strategies: Importance, Challenges, and Possible Improvement 

The negative effect of diseases in feedlot and dairy cattle performance are high and can 

have big important economic implications. To reduce these impacts many authors highlight the 

importance of prevention and not disease treatment (LeBlanc et al., 2006). Diseases treatment 

was used in traditional veterinary medicine with the assumption that if all sick animals are 

managed properly, a healthy herd will result (Ken Nordlund, 1998). LeBlanc et al. (2006) 

stated: “Perhaps the single biggest advance in dairy health in the last 25 years has been the 

paradigm shift from treatment of clinical illness to disease prevention”. This shift becomes a 

requirement as the size of farms increase and farmers and veterinarians have to manage groups 
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and herds of cows instead of individual cows. Furthermore, disease prevention may be more 

beneficial compared with disease treatment.  

Many preventive measures are currently used to control diseases in cattle such a dietary 

cation-anion difference (DCAD) to reduce the risk of hypocalcemia (NRC, 2001; Goff and 

Horst, 1997; Block, 1994), or vitamin E as an antioxidant to maximize health and immune 

function (Bouwstra et al., 2010). However, these preventive treatments could be costly if they 

are applied to all animals for many days. For example, the use of propylene glycol in the 

postpartum is recommended to prevent or reduce the incidence of ketosis. However, its cost is 

relatively high when it has to be administrated to all cows instead to only cows with high risk 

that require such treatment. Moreover, some preventive treatment such as the prophylactic 

antimicrobial treatments, widely used in newly received feedlot cattle, could create 

antimicrobial resistance in animals with possible transmission to humans (Catry et al., 2016; 

OIE-WHO-FAO, 2004). Consumers now are aware of such a problem. Therefore, there is a 

needs to develop management strategies to decrease the unnecessary use of antibiotics in 

healthy animals (Torrence, 2001).  

5. Behavioral Changes Before the Onset of the Clinical Disease  

Sick animals change their behavior as a reflection to pathologies (Weavy et al., 2009). 

These changes could be used to identify sick animals at an early stage. For example, Basarab 

et al. (1996) reported that the monitoring of feeding and/or drinking behavior in cattle may 

offer an alternative method to visual observation for detecting sick cows. Sowell et al. (1999) 

found that healthy steers spent more time at the feed bunk and had more feeding bouts 

compared with subsequently morbid steers. These differences in behavior could be used as a 

predictor of sickness. Quimby et al. (2001) reached a similar result in newly received calves.  

Morbid calves were detected 4.1 d earlier than the appearance of the clinical symptom of the 
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disease based on the decreased time at the feed bunk. Similar changes have also been found in 

dairy cattle. Urton et al. (2005) reported that for every 10 min decrease in average daily eating 

time, cows were twice as likely to be diagnosed with metritis. Huzzey et al. (2007) found that 

cows with severe metritis spent less time eating and ate less compared with healthy cows 

beginning 2 wk before the observation of clinical signs of infection (Figure 2). 

Figure 2. The arithmetic mean (±SE) daily dry matter intake (kg/d; A) and feeding time 

(min/d; B) of healthy (n = 23), mildly metritic (n = 27), and severely metritic (n = 12) Holstein 

dairy cows from 13 d before until 21 d after calving (Huzzey et al., 2007). 
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Goldhawk et al. (2009) determined that changes in feeding and social behavior of cows 

during the transition period were associated with subclinical ketosis during the first week after 

calving. Animals diagnosed with subclinical ketosis ate less and spent less time at the feed 

bunk compared with healthy animals and, for every 10 minutes reduction, the risk of subclinical 

ketosis was multiplied by 1.9. Proudfoot et al. (2009) reported that cows with dystocia 

consumed 1.9 kg less during the 48 h before calving compared with cows with eutocia, and 

this difference increased to 2.6 kg in the 24 h before calving. 

The previous studies focused predominantly on feeding behavior of cattle because of 

its obvious link with production, but other behavioral indexes like number of steps, number of 

lying bouts or time lying could also be informative of the risk of diseases if they were 

considered. Pillen et al. (2016) found that standing time, number of steps and lying bouts started 

to decrease 4 to 6 days before the appearance of clinical symptoms of bovine respiratory 

diseases (BRD) in cattle, and reductions were more pronounced the day before the 

identification of the clinical disease. Therefore, Pillen et al. (2016) concluded that behavior 

activity could be useful in the diagnostic of BRD. Neave et al. (2018) showed that cows 

diagnosed later with metritis had reduced lying time and bouts 3 days before clinical diagnostic 

compared with healthy cows. 

Previous results demonstrate that animals change their behavior before the appearance 

of the clinical signs of diseases. Therefore, it would be useful to use these changes as early 

indicators of animals at risk of becoming sick. Treating animals in an early stage of diseases 

may increase the treatment effectiveness allowing for prompt recovery and improve animal 

welfare (Schoening et al., 2005). Moreover, identifying animals at risk of becoming sick would 

allow planning selective preventive treatment to only those animals with a high risk of sickness. 

Thus, the cost of preventive treatment would be reduced and its effectiveness improved.  
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6. Advanced Technologies to Monitor Cattle Behavior 

In the last century, agriculture has been transformed to support the large population food 

demands (Marchesi, 2012). Precision agriculture, which refers to the automation of agriculture 

processes, has become a powerful strategy to face this challenge. Precision livestock farming 

is also developing fast. It consists on the use of advanced information and technologies to 

improve animal management and performance (Bewley, 2010, 2012). Technologies such as 

automated milking systems and automatic calf feeders are already implemented in some farms. 

Technology could also be applied to monitor animal health to help farmers control animals' 

health status as the time devoted to observe individual animals is limited (Berckmans, 2004). 

Moreover, clinical signs of diseases expressed by animals might be difficult to detect by 

traditional observation. Furthermore, the identification of sickness using subjective criteria 

could leave sick animals unnoticed (Heuwieser et al., 2010).  

Many automated monitoring system technologies have been developed and customized 

to be used in precision livestock farming to provide support to producers. Currently, the use of 

automated technologies such as sensors is becoming increasingly utilized in farms. Those 

sensors are used to measure several indexes such as ruminal temperature to detect BRD 

episodes (Timsit et al., 2011), ruminal pH for early detection of ruminal acidosis (Marchesini 

et al., 2013), activity for heat detection (Frost et al., 1997; Friscke et al., 2014), or several 

indexes to detect diseases (Rutten et al., 2013). Swartz et al. (2017) reported that the 

information provided by automated calf feeder and accelerometers was able to predict sick 

calves 2 days before their diagnostic by the farm personal. However, the use of automated calf 

feeder is not common in farms, and its use is limited to pre-weaned calves. Other tools can be 

used in cattle without the age limitation. Pedometers are used to identify oestrus behavior in 

cows by measuring step numbers (Løvendahl and Chagunda, 2010). These pedometers have 
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recently been adapted to measure others behavior indexes such as lying bouts, feeding time or 

number of visits to the feed bunk, and are already available in many farms. Therefore, their use 

can be a good alternative to monitor cattle behavior. 
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The general objective of this thesis is the early prediction of health disorders in cattle 

using an activity monitoring system able to measure the feeding behavior and activity. 

Therefore, we planned three different studies with specific objectives.  

 

I. First study (chapter III): 

 To determine if activity-monitoring systems that measure daily activity and frequency and 

time of visits to the feed bunk could be used as an early predictor of the risk of sickness in 

young calves. 

 

II. Second study (chapter IV): 

 To determine if feeding behavior, together with steps counts, lying time, and lying bouts, 

could be useful in the early identification of newly received bulls at risk of becoming sick. 

 

III. Third study (chapter V):  

 

 To determine if the prepartum feeding and activity behavior could be useful to identify 

cows at risk of postpartum diseases, and to develop prediction models able to anticipate 

their occurrence. 
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INTERPRETATIVE SUMMARY:  

Behavior changes in dry Holstein cows at risk for periparturient health disorders. Belaid. We 

examined if the prepartum behavior of cows was affected by the occurrence of postpartum 

diseases. From a total of 456 cows enrolled in the experiment, 115 (25%) were diagnosed with 

one or more postpartum disorders. The comparison of healthy against sick cows showed 

differences in prepartum behavior, but differences were clearer when only one health disorder 

was considered. A prediction model was developed for metritis. This model had a sensitivity 

of 73% and specificity 86% and may be useful for the early diagnostic of cows at risk of 

metritis. 
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ABSTRACT 

The objective of this study was to determine if prepartum behavior can be an early 

predictor of postpartum diseases in cows. Holstein dry cows (n = 456) were monitored with 

accelerometers from d –21 to the day of calving (d 0). Accelerometers measured steps counts, 

daily attendance at the feed bunk, frequency of meals, number of lying bouts and lying time. 

Cows postpartum health status was monitored daily from 0 to 30 DIM and all incidences of 

diseases and treatments were recorded. For normal behavior in the prepartum period, univariate 

analysis (ANOVA) was performed. To compare sick and healthy cows, a multivariate linear 

mixed model was built from d –21 to the day of calving (d 0) in order to describe differences 

for each behavioral index between sick and healthy cows. A multivariate logistic regression 

model was developed to predict metritis using prepartum behavioral indexes. On average, over 

the entire prepartum period, healthy cows (n = 341) did 1,627 ± 56 steps, spent 184 ± 10.6 min 

at the feed bunk, did 8.5 ± 0.3 meals, did 10 ± 0.5 lying bouts and spent 743 ± 18.4 min lying 

per day. Sick cows (n = 115) did 1,644 ± 89 steps, spent 183 ± 10 min at the feed bunk, did 8 

± 0.4 meals, did 11 ± 0.6 lying bouts and spent 740 ± 40 min lying per day. Differences in 

behavior between sick and healthy cows were more pronounced when considering specific 

postpartum disease separately. When compared with healthy cows, cows with metritis did more 

steps (+4%), more lying bouts (+12%) and attended more to the feed bunk (+8%); cows with 

mastitis did fewer steps (–5%), less frequent meals (–6%) and attended more to the feed bunk 

(+10%); cows with retained placenta did less frequent meals (–7%) and more lying bouts 

(+4%); cows with displaced abomasum did less frequency of meals (–20%) and spent less time 

at the feed bunk (–20%); and cows with ketosis did less meals (–16%) and spent less time at 

the feed bunk (–31%). A prediction model was developed for cows with metritis. The 

prediction model with the best outcomes was found when combining all prepartum days. This 

model included lactation number, attendance at the feed bunk at d –10, –7 and –2, steps counts 
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at d –2, lying bouts at d –9 and lying time at d –9, –4 and –2. Using the cut point chosen from 

the highest sensitivity (73%) and specificity (86%), this model had 83.7% accuracy, 48.4% 

false discovery rate and 6.1% false omission rate. Results indicate that the occurrence of 

metritis can be predicted in advance and preventive treatment can be applied only to animals 

at risk. 

 

Keywords: behavior, diseases prediction, accelerometers, metritis. 

 

INTRODUCTION 

The transition from late gestation to early lactation is the most critical period in the 

lactation cycle of dairy cows. During this period dairy cows are exposed to multiple stressors 

which can lead to a high susceptibility to postpartum disorders (Grummer, 1995; Mulligan and 

Doherty, 2008). During the first 3 week after calving, 50% to 75% of cows have at least one 

disorder event (Ferguson, 2001; LeBlanc et al., 2006). Economic and welfare implications of 

postpartum disorders in dairy cows are of high relevance (von Keyserlingk et al., 2009). 

Reducing postpartum incidence can enhance the profitability of dairy herds and cows welfare 

through the reduction of its negative impact on production efficiency, treatment cost and the 

duration and severity of cows pain (Gröhn et al., 2003; Yildiz, 2018). Therefore, the prevention 

of postpartum diseases is important to ensure animal welfare and farm profitability. 

Farmers often use health control protocols with subjective criteria to identify sick cows. 

Hence, a large proportion of cows at risk of postpartum disorders can easily escape diagnosis 

(Heuwieser et al., 2010; Espadamala et al., 2016). Moreover, the intensification of the 

production systems in many dairy farms has resulted in a decrease in the interaction between 

humans and animals, making the identification of sick cows even more complicated. 
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The use of technologies to continuously monitor animal activity could provide an 

alternative to the subjective observation for the assessment of health status of transition cows 

(Proudfoot et al., 2012; Weary et al., 2009). Cows subsequently diagnosed with postpartum 

metritis spent less time feeding and consumed less feed compared with healthy cows beginning 

2 weeks before the observation of clinical signs of infection (Huzzey et al., 2007). Cows with 

ketosis postpartum spent and frequented less the feed bunk the week before calving, compared 

with their healthy counterparts (Goldhawk et al., 2009). Cows subsequently diagnosed with 

subclinical hypocalcemia had higher DMI during weeks –2 and –1 before calving than the 

healthy control cows (Jawor et al., 2012). Cows with metabolic and digestive disorders at the 

early postpartum period had less activity and rumination time compared with their healthy 

counterparts (Stangaferro et al., 2016a). These findings provide evidence that monitoring 

transition cows behavior can be useful to detect cows at risk of postpartum health disorders. 

Such an early warning system could reduce the time needed to diagnose postpartum diseases 

and, thus, could allow the implementation of a preventive targeted therapy to cows at risk.  

We hypothesized that prepartum behavior is a useful predictor of postpartum health 

disorders. The aim of the current study was (1) to see if there are differences in the prepartum 

behavior of subsequently healthy or sick cows during the first 30 days following calving; and 

(2) to develop prediction models able to anticipate their occurrences.  

 

MATERIAL AND METHODS 

Housing, Management, and Diets  

The present study was conducted in a commercial Holstein dairy farm located in the 

province of Lleida (Spain). The farm had a capacity of 1,200 milking cows and the average 

305-d milk yield of the herd was of 10,675 L/cow. Cows were selected based on their expected 
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date of calving. In total, 456 cows were monitored from 21 days prepartum to 30 days 

postpartum.  

Prepartum cows were housed in two identical 1,820 m2 compost bedded pens that were 

aerated twice a day. Along the year, the stoking rate of prepartum cows ranged from 70 to 90 

cows/pen, determining a ratio of 20 to 26 m2/cow. Cows were fed a TMR ad libitum distributed 

twice daily at approximately 0600 and 1600 h. Water was provided ad libitum in four linear 

water troughs of 2 m each located in each pen. Cows were kept in the prepartum pen until 

calving and then moved, within the first 24 h, to the postpartum pen (1,820 m2). The postpartum 

pen was also a compost bedded barn with 80 headlocks and four linear water troughs of 2 m 

each providing water continuously. Postpartum cows were milked three times a day at 0500, 

1300 and 2100 h and were fed a TMR ad libitum distributed twice daily at 0500 and 1500 h. 

The TMR was pushed up 4 to 5 times/d and orts were removed from the feed bunk before each 

new TMR delivery. 

Prepartum and postpartum diets were formulated according to NRC (2001) guidelines. 

The prepartum diet consisted (DM basis) of 63.5% hay, 18.0% rapeseed meal, 11.5 % ground 

corn grain, and 7.0% brewers grains. The postpartum diet was formulated to meet requirement 

of Holstein cows producing 38 kg/d and consisted (DM basis) of 17.0% corn silage, 16.0% 

alfalfa hay, 6.0% hay, 35.0% ground corn grain, 12.0% rapeseed meal, 12.0% brewers grains 

and 2.0% minerals and vitamins. 

 

Activity Monitoring System and Behavior Recording 

An electronic activity monitoring system (Fedometer [FEDO] system; ENGS, Rosh 

Pina, Israel) validated by Wolfger et al. (2015) was used to monitor the prepartum cows 

behavior from d –21 to the day of calving (d 0). The system consists of an accelerometer (FEDO 

data logger), an activator connected to a cable emitting an electromagnetic field to detect cows 
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at the feed bunk and a receiver transmitting the information to a PC with the software Ecoherd 

(Eco-herd-software; ENGS).  

Accelerometers were fitted at the front right leg to cows with more than 21 d from their 

expected calving date as described by de Passillé et al. (2010). The identification number of 

each accelerometer was associated with the identification number of the cows in the Ecoherd 

software. Data collected by accelerometers was transmitted wirelessly to the system to be 

summarized into hourly duration of attendance at the feed bunk (min/h), frequency of meals 

(n/h), steps counts (n/h), number of lying bouts (n/h), and lying time (min/h). The system was 

checked periodically for proper functioning through team viewer (Team Viewer® 12, 

Germany) installed on the farm computer. 

 

Health Records and Diseases Definition 

From the day of calving until 30 DIM, all cows were examined daily for postpartum 

diseases by the two veterinarians responsible of the herd health control. All information about 

health status was logged daily on the farm computer to be collected after for further analysis.  

Cows were considered healthy when no disease events were declared from calving until 

30 DIM. Otherwise, cows were considered sick and were diagnosed with a specific disease 

under the following criteria: retained placenta (RP), when fetal membranes were retained for 

more than 24 h postpartum; metritis, when they had watery pink or brown, fetid uterine 

discharge, accompanied or not by anorexia and fever (> 39.5 °C); milk fever (MF), when they 

were down within the first 72 h after calving, had nervous symptoms, staggering, varying 

degrees of unconsciousness, and good responsiveness to intravenous administration of 

calcium; displaced abomasum (DA), when they had the characteristic ping on simultaneous 

auscultation and percussion, and exclusion of other causes of left- or right-side pings; ketosis, 

subclinical or clinical, when their beta-hydroxybutyrate blood concentration was ≥ 1200 
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µmol/L (FreeStyle Optium®
, FSO, Abbott, Burgos, Spain); clinical mastitis, when they had 

abnormal milk or inflammation in one or more quarters; and other diseases when they had 

symptoms different from those of the aforementioned diseases.  

 

Statistical Analyses  

Behavioral data were first summarized by cow and day to obtain the daily total number 

of steps, time of attendance at the feed bunk and frequency of meals, the number of lying bouts 

and the lying time. For the normal behavior of healthy cows, descriptive statistics was 

conducted for the prepartum period and bivariate analysis (ANOVA) was performed to 

determine differences among days for each behavioral index. For the comparison of healthy vs. 

all sick cows or cows with a specific disease, the PROC MIXED was used for each behavioral 

index to describe differences in the prepartum period from day –21 to 0 relative to calving. The 

linear mixed models included postpartum cows health status (healthy, sick), lactation number, 

prepartum days (d –21 to 0) and the interaction between days and health status as fixed effects; 

and the cow as a random effect. When an interaction was significant, the SLICE option was 

used for the evaluation. Significance and tendencies were declared at P < 0.05 and 0.05 < P < 

0.10, respectively. 

To develop a prediction model for postpartum diseases or specific postpartum diseases, 

a logistic regression model was conducted using the PROC LOGISTIC for each prepartum day 

(d –21 to –1). The model included the fixed effects of the number of lactation and all the 

behavioral indexes to identify variables that were associated with the health status. To generate 

the prediction model, those predictors with P < 0.20 were selected using a backward stepwise 

selection process of variables until all remaining predictors had a P < 0.10. All models with an 

area under the curve (AUC) greater than 0.70 were chosen for the final prediction models. For 

each model, the sensitivity (Se) and the specificity (Sp) were calculated for each possible cut 
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point as described by Dohoo et al. (2003), and the cut point that yielded the highest combination 

of Se and Sp was selected. Diagnostic test characteristics included the false discovery rate 

(FDR), the false omission rate (FOR) and accuracy. The FDR was defined as the proportion 

of cows that were diagnosed incorrectly sick in the postpartum period. The FOR was defined 

as the proportion of cows that were diagnosed incorrectly healthy in the postpartum period. 

The accuracy was defined as the proportion of healthy and sick cows diagnosed correctly in 

the postpartum period. 

After developing prediction models for each prepartum day, a prediction model using all 

days of the prepartum period (from d -21 to d -1) was developed in order to enhance accuracy. 

This model included the lactation number of cows and all the behavioral indexes from days –

21 to d –1. The same statistical procedure used to obtain the prediction models per prepartum 

days was performed and the model was evaluated with Se, Sp, accuracy, FDR, and FOR. All 

statistical analyses were performed with SAS (v.9.4; SAS Institute Inc., Cary, NC).  

 

RESULTS AND DISCUSSION  

Normal Behavior  

From a total of 456 cows enrolled in the study, 341 cows were healthy. Over the entire 

prepartum period, on average (mean  ES), healthy cows attended the feed bunk 8.5 ± 0.2 times 

per day where they spent 185 ± 6.5 min/d. They did 1,623 ± 41.2 steps, 10 ± 0.3 lying bouts 

and spent a total of 745 ± 116 min/d lying. Moreover, behavior was not constant along the 21 

d prepartum period (Figure 1). Behavior of the calving day was different from previous 

prepartum days. Several studies evaluating the behavior associated with calving reported 

similar results on the day before parturition. Cows on the last 24h increased their activity 

(Jensen, 2012) and lying bouts (Huzzey et al., 2005), and decreased their frequency of meals 

(Huzzey et al., 2005, Proudfoot et al., 2009), time of attendance at the feed bunk (Schirmann 
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et al., 2013) and lying time (Huzzey et al., 2005). These changes in behavioral indexes observed 

in the last 24 h are used now by many available technologies to predict the calving event (Titler 

et al., 2015; Borchers et al., 2016). 

 

Comparison of Healthy vs. Sick Cows  

From the total of cows enrolled in the study (n= 456), 115 cows were diagnosed sick in 

the first 30 DIM, representing an incidence of 25%. The comparison between these sick cows, 

independent of the specific disease diagnosed, and healthy cows (n = 341) from d –21 until d 

0 in steps counts, frequency of meals, feed bunk attendance, lying bouts and lying time are 

presented in Figure 1. In general, steps counts and frequency of meals were the behavioral 

indexes most affected by cows health status. Sick cows during the prepartum period did, in 

average, 10% more steps than healthy cows. Differences were significant on d –18 and tended 

to be on d –16 and 0. Sick cows also reduced their frequency of meals by almost 15% the last 

ten days preceding calving in comparison with healthy cows. This difference was significant 

on d –9, –4, –3 and 0, and showed a tendency on d –1. Sick and healthy cows had almost the 

same values for time of attendance at the feed bunk, lying bouts and lying time. Differences 

were found on d 0, when sick cows, in comparison with healthy cows, visited less the feed 

bunk (45 ± 10.7 min/d vs. 67 ± 0.5 min/d, respectively), did more lying bouts (14 ± 0.3 n/d vs. 

16.6 ± 0.57 n/d, respectively) and spent more time lying (698 ± 21 min/d vs. 641 ± 12 min/d, 

respectively). To the best of our knowledge, this is the first study that compared healthy cows 

versus sick cows, presenting one or more of the seven selected postpartum diseases, from 21 d 

prepartum to 30 DIM. There are only two previous studies where prepartum behavior of sick 

cows was investigated, but without specifying the type of postpartum diseases (Luchterhand et 

al., 2016; Braun et al., 2017). Moreover, the experimental design, data analysis methodology 

and other characteristics of those studies were different from ours, making comparisons 
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difficult. Our results provided limited evidence for using postpartum behavior as an early 

predictor of periparturient sick cows because differences in most behavioral indexes were only 

clear the day of calving. Therefore, the time to implement preventive treatments is likely too 

short. Nevertheless, a preliminary analysis of the prepartum behavior indexes showed large 

differences among individual diseases which may have contributed to hide relevant differences 

when analyzed together. For example, the activity of cows with mastitis was higher than the 

activity of healthy cows, while the activity of cows with ketosis was lower than the activity of 

healthy cows, thus, mixing both diseases together diluted these differences. Therefore, the 

comparison of sick cows with a specific postpartum disease versus healthy cows would be 

more appropriate. 

 

Comparison of Healthy vs. Cows with Specific Diseases  

From the total of cows diagnosed sick in the first 30 DIM (n = 115), metritis was the 

postpartum diseases with the highest number of cases (n = 43; average incidence = 9.4%) 

followed by mastitis (n = 27; average incidence = 6%), RP (n = 26; average incidence = 5.7%), 

DA (n = 19; average incidence = 4%), clinical or subclinical ketosis (n = 15; average incidence 

= 3%), milk fever (n = 7; average incidence = 1.5%) and other diseases (n = 13; average 

incidence = 2.8%). The average incidence of these diseases was within the normal range (Le 

Blanc, 2010; Suthar et al., 2012; Vergara et al., 2014). The comparison of healthy cows versus 

cows with each specific diseases was investigated in except for milk fever, because of the small 

number of cases (n = 7). 

Healthy vs. Metritis. The comparison between healthy cows (n = 341) and cows with 

metritis (n = 43) from d –21 until d 0 in steps counts, frequency of meals, feed bunk attendance, 

lying bouts and lying time are presented in Figure 2. The average DIM (± SE) on the day of 

diagnosis for metritis was 6 ± 0.5. No differences were found between healthy cows and cows 
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with metritis during the prepartum period in steps counts nor in frequency of meals except on 

d –14, when cows with metritis tended to do more steps than healthy cow (1,766 ± 106.7 vs. 

1,557 ± 40.9 n/d, respectively) and on d –3, when cows with metritis visited fewer times the 

feed bunk compared with healthy cows (8.2 ± 0.5 vs. 9.4 ± 0.2 n/d, respectively). The week 

before calving, cows with metritis spent on average 11% more time at the feed bunk compared 

with healthy cows. The difference was significant on d –4 and tended to be on d –7, –6 and –

2. Cows with metritis also did, on average, 10% more lying bouts during the prepartum period 

than healthy cows. That difference was significant on d –15, –14 and 0 and with a tendency on 

d –11, –10, –9 and –6. No differences were found between cows with metritis and healthy cows 

in lying time except on d –18 and d 0 when a tendency was observed. Although previous reports 

evaluated feeding behavior (Urton et al., 2005; Huzzey et al., 2007) and animal activity 

(Stangaferro et al., 2016c; Barragan et al., 2018) related to metritis, none used five different 

activity or feeding prepartum behavior indexes together to predict metritis in dairy cows. Our 

results showed small differences in activity between healthy cows and cows with metritis. 

Cows with metritis tended to have fewer meal frequency but spent more time at the feed bunk 

compared with their healthy counterparts. This means that the average time in each visit was 

longer in cows with metritis than cows without metritis, but results are contradictory. Urton et 

al. (2005) reported that only cows with acute metritis reduced prepartum feeding time by 22 

min/d, on average, compared with non-metritis cows. Similar result was also reported by 

Huzzey et al. (2007). Patbandha et al. (2012) reported that cows with metritis reduced feeding 

time and frequency of meals during weeks –2 and –1 compared with the healthy cows. In 

contrast, Neave et al. (2018) observed no differences during the weeks –2 and –1 between 

healthy cows and cows diagnosed later with metritis in feed intake, time at the feed bunk and 

frequency of meals. Zamet et al. (1979) also observed no differences in feed intake in the 

prepartum period between healthy cows and cows with metritis. Lying behavior is also 
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controversial. In the current study the lying bouts tended to be higher in cows with metritis at 

week –2, but no differences were observed in lying time. Patbandha et al. (2012) observed no 

differences between healthy cows and cows with metritis in both lying bouts and lying time in 

the two weeks prior to calving. In contrast, Neave et al. (2018) reported that cows with metritis 

did fewer lying bouts and spent less time lying in weeks –2 and –1 than their healthy 

counterparts. Differences found among studies could be the result of the different types of 

housing system, because cows in the study of Neave et al. (2018) were housed in a freestall 

barn, while in our study and that of Patbandha et al. (2012) were housed in compost bedded 

and loose housing systems, respectively.  

Healthy vs. Mastitis. The comparison between healthy cows (n = 341) and cows with 

mastitis (n = 27) from d –21 until d 0 in steps counts, frequency of meals, feed bunk attendance, 

lying bouts and lying time are presented in Figure 3. The average DIM (± SE) on the day of 

diagnosis for mastitis was 14 ± 1.7. The prepartum behavior of cows with mastitis was almost 

identical to those of healthy cows. The only differences were found at d 0, when cows with 

mastitis did fewer steps than healthy cows (1,875 ± 126 and 2,100 ± 40 n/d respectively); at d 

–20 and –4, when cows with mastitis visited fewer times the feed bunk compared with healthy 

cows (7 ± 0.8 n/d and 9 ± 0.2, respectively); at d –11, when cows with mastitis spent more time 

at the feed bunk compared with healthy cows (254 ± 24 vs. 194 ± 6 min/d, respectively); and 

at d –3, when cows with mastitis spent more time lying compared with healthy cows (793 ± 40 

vs. 724 ± 113 min/d, respectively). Our results showed no differences in most prepartum 

behavior indexes that can be used to predict mastitis incidence. Many studies have investigated 

the behavioral changes related to mastitis incidence (Medrano-Galarza et al., 2012; Fogsgaard 

et al., 2015; Sepúlveda-Varas et al., 2016), but none focused in the prepartum period. 

Fogsgaard et al. (2015) observed a reduction in feed intake 10 d before clinical appearance of 

mastitis compared with healthy cows. Sepúlveda-Varas et al. (2016) reported that cows with 
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mastitis decreased their feed intake and frequency of meals over the 5 d before their diagnostic 

in comparison with healthy cows. Stangaferro et al. (2016b) found that the combination of 

reduction in rumination time and physical activity was able to predict cows with mastitis only 

one day before clinical appearance of the disease. The lack of changes in prepartum behavior 

may be attributed to the fact that in our study mastitis occurred at 14 ± 1.7 DIM and the changes 

in behavior, according to the previous studies, started from 5 to 10 days before the diagnostic 

of mastitis. 

Healthy vs. Retained Placenta. The comparison between healthy cows (n = 341) and 

RP (n = 26) from d –21 until d 0 in steps counts, frequency of meals, feed bunk attendance, 

lying bouts and lying time are presented in Figure 4. The average DIM (± SE) on the day of 

diagnosis for RP was 1 ± 0.3. The difference in behavior started to be evident in some indexes 

the week prior to calving. Cows with RP frequented 20% less times the feed bunk in d –7, –6, 

–5 and d –3, and did 30% more lying bouts in d –2, –1 and 0 compared with healthy cows. We 

found only one report that investigated the association between prepartum behavior and RP 

(Luchterhand et al., 2016), who reported that only primiparous cows with RP had a 10% 

reduction in their feeding time compared with their healthy counterparts. During the last two 

weeks before calving our results showed that, independently of the parity number, the 

frequency of meals together with lying bouts can be used as early indicators of RP during the 

postpartum period.  

Healthy vs. Displaced Abomasum. The comparison between healthy cows (n = 341) 

and cows diagnosed later with displaced abomasum (n = 19) from d –21 until d 0 in steps 

counts, frequency of meals, feed bunk attendance, lying bouts and lying time are presented in 

Figure 5. The average DIM (± SE) on the day of diagnosis for DA was 8 ± 1.5. Differences in 

the prepartum behavior between healthy cows and cows with subsequent DA were more 

pronounced in the frequency of meals and in the time of attendance to the feed bunk than in 
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the rest of behavioral indexes. Cows with DA over the last two weeks before calving reduced 

the number of meals by almost 25%, being significant in d –11, –8, –7, –5, –4,–3, –2, and –1 

or with a trend in d – 9; and the time spent at the feed bunk by almost 20% in comparison with 

healthy cows, being significant in d – 3 and tented to be in d – 4 and – 2. There were no 

differences in the rest of behavioral indexes except in d 0, where cows with DA did fewer steps 

than healthy cows (17,579 ± 210.1 vs. 2,100 ± 39.7 n/d, respectively); in d –20 and –1, when 

cows with DA had less lying bouts than healthy cows (8 ± 1.9 vs. 11 ± 0.3 n/d, respectively); 

and in d –18 and –11, when cows with DA spent less time lying compared with healthy cows 

(633 ± 56 vs. 742 ± 118 min/d, respectively). Edwards and Tozer (2004) reported that cows 

diagnosed later with DA had higher activity than healthy cows during all the first 30 DIM 

except d 2. And Stangaferro et al. (2016a) observed that the combination of rumination and 

activity was able to predict DA cows 3 d earlier than its clinical appearance. However, a direct 

comparison of our results, where we monitored behavior prepartum, with these previous 

studies, where behavior was monitored postpartum, is not possible. However, there seems to 

be evidence that, at some time, there are changes in behavior occurring prior to the clinical 

diagnosis of DA.  

Healthy vs. Ketosis. The comparison between healthy cows (n = 341) and cows with 

ketosis (n = 15) from d –21 until d 0 in steps counts, frequency of meals, feed bunk attendance, 

lying bouts and lying time are presented in Figure 6. The average DIM (± SE) on the day of 

diagnosis for ketosis was 6 ± 0.5. Cows with ketosis reduced the frequency of meals by almost 

16% and the time of attendance to the feed bunk by 31% compared with healthy cows. 

Differences were significant in days –18, –8, –7, – 6, –4, –3 and 0 for the frequency of meals, 

and in days –21, –13, –12, –11, –10, –9, –8, –7, –6, –5, –4, –3, –1 and 0 for the time of 

attendance to the feed bunk. No differences were observed in the rest of behavioral indexes 

except in d –19, when cows with ketosis tended to spend more time lying than healthy cows 
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(894 ± 69 vs. 774 ± 126 min/d, respectively). Results agree with previous reports where cows 

with clinical ketosis reduced feeding time and frequency of meals, or ate less the week prior to 

calving (González et al., 2008; Goldhawk et al., 2009; Rodriguez-Jimenez et al., 2018). In 

contrast, changes in activity are contradictory. While we did not find major changes in 

prepartum activity in cows diagnosed with ketosis, Itle et al. (2015) reported an increase in 

standing time and Rodriguez-Jimenez et al. (2018) a reduction in standing time the week before 

calving.  

Our results suggest that changes in the prepartum behavior of dairy cows can be used 

as indicators of their risk to have postpartum health disorders. Early detection of these diseases 

would allow early treatment which may reduce the negative effects in milk yield (Rajala and 

Gröhn, 1998), time of conception (Fourichon et al., 2000), and culling rate (Gröhn et al., 2003), 

as well as improving animal welfare (Stojkov et al., 2015).  

 

Prediction Models  

All predictor models developed for healthy vs. sick cows between d ‒21 and 0 had AUC 

values ranging from 0.58 to 0.64. Therefore, none of these models met the established criteria 

and were not further developed. For the prediction models for specific diseases, metritis was 

the only disease with enough cases (n = 43) to develop a prediction model. Two different 

prediction models for metritis were finally developed. A prediction model based on individual 

prepartum days and another based on all prepartum days. The outcomes of the diagnostic test 

characteristics resulting from these models are presented in Table 1. For the prediction using 

individual prepartum days, the only model that had an AUC ˃ 0.70 was found for d –4. This 

model included the attendance at the feed bunk, frequency of meals, lying bouts and lying time. 

The application of this model at the highest point of Se (37%) and Sp (90%) resulted in an 

accuracy of 84%, a FDR of 69% and a FOR of 8%. The FOR, representing the number of cows 
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incorrectly diagnosed healthy, is small, while the FDR, presenting the number of cows 

incorrectly diagnosed sick, is high. Therefore, the use of this prediction model could increase 

unnecessary preventive treatment. The prediction model developed considering all prepartum 

days together had an AUC value of 0.93. At the highest Se (73%) and Sp (86%), this model 

had 84% accuracy, 48% FDR and 6% FOR. Remaining predictors from the stepwise process 

were lactation number, attendance at the feed bunk of d –10, –7 and –2, steps counts of d –2, 

lying bouts of d –9 and lying time of d –9, –4 and –2. Table 2 presents the analysis of maximum 

likelihood estimates for the prediction models on d –4 and all prepartum days. Several studies 

investigated the differences in prepartum behavior between subsequently healthy and sick cows 

(Huzzey et al., 2007; González et al., 2008). Metritis, due to its high incidence, has centered 

the interest of many of them (Urton et al., 2005; Huzzey et al., 2007; Stangaferro et al. 2016c). 

However, only few studies developed models to predict its occurrence in the postpartum period. 

Urton et al. (2005) reported that feeding behavior in the day of calving predicted acute metritis 

with a Se of 89% and Sp of 62%. More recently, Stangaferro et al. (2016c) used rumination 

and activity to predict metritis from d –5 to d 2 around its clinical diagnostic. They reported 

that the changes in rumination and activity were able to identify cows with metritis 

approximately 1 d earlier than with traditional health-monitoring programs. The Se and Sp of 

their prediction were 59% and 98%, respectively. Results of our study reveal the possibility to 

predict metritis two days before calving and 8 days before clinical signs. This model can lead 

to an earlier identification of those cows at a higher risk and could be useful to design early 

treatments to reduce metritis incidence or its impact on animal health or performance.  

 

CONCLUSIONS 

Results from the current study demonstrated differences in behavior during the 

prepartum period between healthy cows and cows with a specific postpartum disease. The 
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prediction model developed for metritis, including all prepartum days, was able to identify 

cows with metritis 2 d prior to calving with a Se of 73% and Sp of 86%. The model is able of 

predicting cows at risk for metritis allowing the application of a targeted preventive treatment. 

However, the FDR is high and further refinement to minimize unnecessary treatment may be 

required.  
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Table 1. Diagnostic test outcomes for metritis prediction resulting from final models of day –

4 and all prepartum days. 

  

Time AUC1  Accuracy, %  Se2, % Sp3, % FDR4, % FOR5, % 

Day –4 0.71 84 37 90 69 8 

All prepartum days 0.93 84 73 86 48 6 

1AUC: area under the curve. 

2Se: sensitivity. 

3Sp: specificity. 

4FDR: false discovery rate. 

5FOR: false omission rate. 
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Table 2. The analysis of maximum likelihood estimates for the prediction models on d –4 and 

all prepartum days.  

Models variables Estimate SEM1 P–value 

Prediction model of day –4 

Intercept –0.155 1.2722 ˃ 0.1 

Attendance at the feed bunk 0.003 0.0017 ˂ 0.1 

Frequency of meals to the feed bunk –0.100 0.0604 ˂ 0.1 

Lying bouts 0.082 0.0414 ˂ 0.05 

Lying time –0.004 0.0013 ˂ 0.05 

Prediction model of all prepartum days 

Intercept 8.341 5.0295 ˂ 0.1 

Lactation number –1.484 0.4733 ˂ 0.05 

Attendance at the feed bunk d –10 –0.017 0.0080 ˂ 0.05 

Lying bouts d –9 0.302 0.1113 ˂ 0.05 

Lying time d –9 0.018 0.0059 ˂ 0.05 

Attendance at the feed bunk d –7 0.014 0.0072 ˂ 0.05 

Lying time d –4 –0.020 0.0058 ˂ 0.05 

Steps counts d –2 –0.0029 0.0012 ˂ 0.05 

Attendance at the feed bunk d –2 0.0176 0.0067 ˂ 0.05 

Lying time d –2 –0.0094 0.0047 ˂ 0.05 

1SEM: standard error of the mean. 
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Figure 1. Belaid 
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Figure 1. Daily steps counts (A; n/d), frequency of meals (B; n/d), feed bunk attendance (C; 

min/d), number of lying bouts (D; n/d) and lying time (E; min/d) of healthy cows (n = 341) vs. 

sick cows (n = 115) from d –21 to d 0 relative to calving. Results are presented as LSM ± SEM; 

(*) within the same day differ at P < 0.05; (†) within the same day tended to differ (0.05 < P < 

0.10). 
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Figure 2. Belaid. 
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Figure 2. Daily steps counts (A; n/d), frequency of meals (B; n/d), feed bunk attendance (C; 

min/d), number of lying bouts (D; n/d) and lying time (E; min/d) of healthy cows (n = 341) vs. 

cows with metritis (n = 43) from d –21 to d 0 relative to calving. Results are presented as LSM 

± SEM; (*) within the same day differ at P < 0.05; (†) within the same day tended to differ 

(0.05 < P < 0.10). 
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Figure 3. Belaid. 
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Figure 3. Daily steps counts (A; n/d), frequency of meals (B; n/d), feed bunk attendance (C; 

min/d), number of lying bouts (D; n/d) and lying time (E; min/d) of healthy cows (n = 341) vs. 

cows with mastitis (n = 27) from d –21 to d 0 relative to calving. Results are presented as LSM 

± SEM; (*) within the same day differ at P < 0.05; (†) within the same day tended to differ 

(0.05 < P < 0.10). 
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 Figure 4. Belaid. 
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Figure 4. Daily steps counts (A; n/d), frequency of meals (B; n/d), feed bunk attendance (C; 

min/d), number of lying bouts (D; n/d) and lying time (E; min/d) of healthy cows (n = 341) vs. 

cows with RP (n = 26) from d –21 to d 0 relative to calving. Results are presented as LSM ± 

SEM; (*) within the same day differ at P < 0.05; (†) within the same day tended to differ (0.05 

< P < 0.10). 
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Figure 5. Belaid. 
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Figure 5. Daily steps counts (A; n/d), frequency of meals (B; n/d), feed bunk attendance (C; 

min/d), number of lying bouts (D; n/d) and lying time (E; min/d) of healthy cows (n = 341) vs. 

cows with DA (n = 19) from d –21 to d 0 relative to calving. Results are presented as LSM ± 

SEM; (*) within the same day differ at P < 0.05; (†) within the same day tended to differ (0.05 

< P < 0.10).  
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Figure 6. Belaid.  
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Figure 6. Daily steps counts (A; n/d), frequency of meals (B; n/d), feed bunk attendance (C; 

min/d), number of lying bouts (D; n/d) and lying time (E; min/d) of healthy cows (n = 341) vs. 

cows with ketosis (n = 15) from d –21 to d 0 relative to calving. Results are presented as LSM 

± SEM; (*) within the same day differ at P < 0.05; (†) within the same day tended to differ 

(0.05 < P < 0.10). 
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Economic Analysis of the Use of a Pedometers System to Implement Targeted Preventive 

Treatments  

Our results suggest that calves, young bulls, and transition cows change their behavior 

before having any clinical sign of disease. We have used these behavioral changes to develop 

models able to predict diseases at day –10 and –9 before the diagnostic of the disease, in calves 

and young bulls, respectively, and metritis 2 days before parturition and 8 days before its 

clinical appearance in transition cows. Therefore, there is enough time to take advantage of the 

prediction models developed to implement targeted preventive treatments for diseases in 

feedlot cattle and metritis in dairy cattle. However, the false discovery rate of the predictions, 

which refers to the percentage of animals incorrectly diagnosed sick, was high. Treating healthy 

animals without any need may increase the cost of targeted preventive treatment and limit its 

use. However, the targeted preventive treatment might still be beneficial compared with 

systematic preventive treatment even when the methodology is imprecise. For example, if we 

apply a targeted preventive treatment using a model with a 50% false discovery rate in a farm 

with an average incidence of diseases of 10%, we will treat 20% of the animals, instead of 

treating all animals in systematic preventive treatments. This will reduce the use of antibiotics 

and early treatment will likely minimize the impact of the diseases. In contrast, to monitor 

behavior to identify animals at risk of disease requires the implementation of a pedometers 

system which requires an investment. The targeted preventive treatment would be 

economically justified when its benefits cover, at least, the cost of the monitoring system and 

the systematic use of the preventive treatments. 

The objective of this analysis is to see if the use of a pedometer system to identify 

animals at risk of becoming sick and the implementation of a targeted preventive treatment is 

economically beneficial in beef and dairy farms.  
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The economic analysis is divided in three parts. In the first part, the cost of diseases, 

the cost of the different factors involved in conventional preventive treatment (treatment and 

labor), the cost of targeted preventive treatment (treatment and labor) and the cost of a 

pedometer system (equipment, implementation and labor) were estimated for feedlot and dairy 

cattle. In the second part, the economic profit of using a pedometers system to implement 

targeted preventive treatments was calculated for the 3 farms types studied: calves, young bulls, 

and transition cows. And in the third part, a discussion on the outcomes and the possible 

limitations of the results are reported. 

1. Estimation of Costs 

1.1. Feedlot Cattle 

1.1.1. Diseases  

There are many estimates of costs associated with diseases in feedlot cattle in the 

literature, although the costs reported vary widely depending on the factors considered for its 

calculation, apart from the pharmaceutical cost of the treatment itself. McNeill et al. (1996) 

reported that more than 60% of disease costs are associated with non-pharmaceutical costs. 

Therefore, it is important to define which factors are included in the losses before reporting the 

cost of diseases. 

Typically, many performance indexes are affected by cattle health status. Sick cattle eat 

less feed and have lower average daily gain and feed efficiency, compared with healthy cattle 

(Morck et al., 1993; Schneider et al., 2009). Consequently, cattle that suffer any disease during 

fattening usually remain for a longer time in the farm, which means more days on feed to 

achieve the same weight as healthy cattle (Waggoner et al., 2007). Moreover, those animals 

are sold at lower prices than healthy cattle because of their reduced body weight, carcass 
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characteristics and marbling scores (Johnsen and Pendell, 2017). For example, Fulton (2009) 

estimated that the cost per case of bovine respiratory diseases was about $40 in the first, $58.35 

in the second, and $291.93 in the third treatment. However, in that study, only the 

pharmaceutical cost of the treatment was considered while other costs derived from reduced 

growth rates or lower feed efficiencies were not considered. Similarly, Waggoner et al. (2007) 

reported that healthy cattle averaged $95.25 more net return per head than did sick cattle, but 

didn’t evaluate the differences in feed costs. Thus, we did not take into account these studies. 

The only study that included all factors in the calculation of disease cost is that of McNeill 

(2001). In this study, healthy cattle had $151.18 more profit per head than sick cattle. This 

difference in profit was due to treatment costs ($44.55), and reduced efficiency, lower gain and 

reduced sale value ($106.63). 

1.1.2. Preventive Treatment 

Feedlot cattle almost always receive preventive treatments at their arrival to the farm, 

which should be included in the budget of on-farm health programs. By definition, a preventive 

treatment is administrated systematically to a group of animals to protect them against possible 

risk of diseases (ECDC/EFSA/EMA, 2015; EMA, 2016). These treatments are highly 

recommended, above all, when the incidence of diseases is high and could have a big impact 

on farm profitability (Edwards, 2010; Regev-Shoshani et al., 2015; Step et al., 2007). 

Preventive treatments include vaccines, non-steroidal anti-inflammatory drugs, oral and 

injectable antibiotics, vitamins, anti-inflammatory drugs, anthelmintics, probiotic pastes, 

antihistamines, oral electrolyte fluids or drenches, corticosteroids, etc. The average cost per 

animal of using these products is $11.70, ranging from $7.87 when only a single product is 

used, to $15.57 for six or more products combined (Gardner et al., 1998; USDA APHIS, 2001; 

Schneider et al., 2009). In addition, the labor needed to administer the preventive treatment 
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represents $1.00 per animal treated, estimating the time necessary to perform the treatment at 

6 min and considering a labor cost of $10.80 per one hour (USDA ERS, 2014a). Thus, the 

average cost of applying a preventive treatment is $12.72 per animal.  

1.1.3. Targeted Preventive Treatment 

The targeted preventive treatment is a preventive treatment aimed to be applied only to 

those animals with a high probability of sickness. Its use could decrease the cost of preventive 

treatment by not treating animals with low or no risk of becoming sick and improve treatment 

effectiveness by treating sick animals at an early stage of the disease (Schoening et al., 2005). 

Its administration could reduce the losses related to the disease and this reduction should be 

taken into consideration when calculating the economic profit. For example, if the cost of a 

diseases is $151.18/case and the targeted preventive treatment has an efficacy of 50%, the 

losses due to diseases after the targeted preventive treatment will be reduced by half, resulting 

in $75.59. In feedlot cattle, we considered a targeted preventive treatment cost of $12.72 per 

animal treated. Regarding the effectiveness of the targeted preventive treatment, morbidity is 

reduced by 50% (Schumann et al., 1990; Morck et al., 1993; Encinias et al., 2006; Benton et 

al., 2008). Therefore, the cost of the disease of treated animals will be ($75.59). 

1.1.4.  Pedometers and Labor  

The price of a pedometer system varies depending on its quality and the number of 

parameters measured, ranging from $60 to up to $150. In our study, we have used pedometers 

able to measure five behavioral parameters which are steps counts, frequency of meals, time 

spent at the feed bunk, number of lying bouts, and lying time. Their price was $100 per 

pedometer, including the installation of the system in the farm. In calves and young bulls, 

pedometers were fitted at the beginning of the growth cycle, adjusted two times during the 
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monitoring cycle and removed at the end. The pedometer adjustment was necessary due to 

animal growth. The time necessary to carry out all these actions was estimated at 40 min per 

animal and cycle, which, considering $7.00 of labor cost per hour, means $5.00 of labor cost 

per animal an cycle.  

1.2.  Dairy Cattle 

1.2.1. Metritis  

Metritis is a costly disease that affects postpartum dairy cows (Sheldon et al., 2009; 

Liang et al., 2017). Its economic impact on farm profitability is not only the result of the 

treatment but also losses associated with the decrease in milk production (Rajala and Gröhn, 

1998; Dubuc et al., 2011; Wittrock et al., 2011); the milk discarded due to the antibiotic 

treatment (Liang et al., 2017); the increase in days open due to the delayed recovery of 

postpartum reproductive function (Mahnani et al., 2015); the consequent early elimination of 

some animal from the herd if they are not treated on time (Østergaard and Gröhn, 1999; Bewley 

et al., 2010); or the eventual death of sick animals (Dubuc et al., 2011; Wittrock et al., 2011; 

Giuliodori et al., 2013). Many studies have been conducted to estimate the economic losses of 

metritis (Drillich et al., 2001; Overton and Fetrow, 2002; Guard, 2008; Mahnani et al., 2015; 

Lima et al., 2019). The average total cost reported in these studies was in the range of $162 to 

$386 per case. These variations in the cost could be explained by the differences in the cost of 

treatment itself, which ranges from $15 to $101.5; differences between the prediction models 

used to estimate losses in future performance; the number of primiparous and multiparous cows 

present in each study (Wittrock et al., 2011); and the different diagnostic criteria used to detect 

metritis because of its inconsistent definition (Kelton et al., 1998; Sannmann et al., 2012; 

Espadamala et al., 2016). Herein, to report the cost of metritis and its treatment, we have used 
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the median of these previous studies instead of the mean. Thus, we used is $353.5 and $66 for 

the cost of metritis and its treatment, respectively. 

1.2.2. Preventive Treatment 

There are many strategies that can be implemented to prevent the appearance of 

metritis. These strategies can be direct, targeted to the cause of the metritis appearance, or 

indirect, targeted to metritis predisposing factors. Direct strategies are based on the use of 

antimicrobials such as ceftiofur, oxytetracycline or ampicillin to prevent the multiplication of 

metritis associated bacteria (Smith et al., 1998; Chenault et al., 2004). Indirect strategies 

include the administration of vitamin E or selenium to enhance the immune system function, 

which is compromised around parturition (Hoeben et al., 2000); the use of dietary cation-anion 

difference (DCAD) to prevent milk fever and hence, retained placenta, which is the largest risk 

factor for metritis (Erb et al., 1985; Sandals et al., 1979; Markusfeld, 1984; Gröhn et al., 1990); 

and the maximization of prepartum intake, since lower feed intake is strongly associated with 

subsequent development of metritis (Huzzey et al., 2007); among others. The cost of using 

these preventive treatments varies widely depending on many factors such as the strategy used, 

or the number of measures implemented. In the dairy farm where our experiment was 

conducted, dry cows received DCAD salts in the diet during the last 21 days before the 

expected calving date. The cost of formulating a diet DCAD in that farm was estimated at $7.00 

per dry cow. Therefore, in our analysis, we set a cost of 7.00 $/cow for the metritis systematic 

preventive treatment.   

1.2.3. Targeted Preventive Treatment  

As an example, the targeted preventive treatment applied to animals at risk is the 

antimicrobial Ceftiofur. Ceftiofur is the antimicrobial of reference because of its efficacy 

against metritis (Haimerl et al., 2017). Its cost is around $22 per animal in one treatment 
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episode (Drillich et al., 2001; Lima et al., 2019), plus $1.00 per animal, considering labor costs 

of $10.80 per hour (USDA ERS, 2014a). According to Risco and Hernandez (2003), the 

administration of ceftiofur hydrochloride before the clinical appearance of metritis has an 

effectiveness of 69%.  

1.2.4.  Pedometers and Labor  

In dairy farms, as pedometers are already implemented to detect estrus in cows, we 

estimated an additional cost of $40 per animal, which is the result of the difference between 

the cost of the pedometer used in our study ($100) and those normally used at farms for heat 

detection ($60).  

2. Calculation of the Economic Profit 

The calculation of the economic profit of using a pedometers system to implement a 

targeted preventive strategy in the three types of farms studied (calves farm, young bulls farm, 

and dairy cows farm) is performed in steps: 1) we first estimated the cost that farmers are 

currently paying in animals health related issues (losses due to diseases and the preventive 

treatment); 2) we calculate the cost of implementing a targeted preventive strategy (treatment 

of all positive animals and their effectiveness, losses due to the false negatives animals not 

treated and cost of labor needed to fit animals with pedometers). Once both are determined, we 

performed their comparison to estimate the benefit of using a targeted preventive treatment. 

The benefit, in this case, is calculated in one production cycle and should be estimated for one 

year to compare it with the cost that farmers pay for the pedometer system in one year. 

It is important to understand the interpretation of results of prediction models. 

Prediction models vary in their precision and accuracy. The false discovery rates (FDR) is the 

percentage of animals incorrectly diagnosed sick from the total of true positive and false 
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positive animals predicted by the model. The false omission rates (FOR) is the percentage of 

animals incorrectly diagnosed healthy from the total of true negative and false negative animals 

predicted by the model.  

Table 3 presents the sensitivity, specificity, FDR, and FOR of the prediction models of diseases 

in feedlot cattle and metritis in dairy cattle. 

2.1. Calve’s Farm 

The total of calves enrolled in this study was 325, from which 33 were diagnosed sick. 

To calculate the profitability of implementing a targeted preventive treatment, we will start by 

calculating the cost that farmers are already paying for the health program. We estimate the 

total cost of a health program in a feedlot cattle as the sum of the losses due to diseases 

($151.18/case) multiplied by the number of sick animals (33 calves) and the cost of the 

preventive treatment and the labor involved ($12.72/treatment) multiplied by the number of 

animals present at the farm (325). Therefore, the cost of the health program already 

implemented in the farm is of $9,123 per productive cycle. 

Table 3. Sensitivity, specificity, false discovery rates and false omission rates of the 

prediction models of diseases in feedlot cattle and metritis in dairy cattle. 

 Se 1 % Sp 2  % FDR 3 % FOR 4 % 

Calves 66.7 66.7 60 14 

Young bulls 79 81 47 6 

Transition cows 73 86 48 6 

1 Se: Sensitivity; 2 Sp: Specificity; 3 FDR: False discovery rates; 4 FOR: False omission 

rates. 
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The cost of implementing a targeted preventive requires to consider the numbers of 

false positive and false negative. Table 4 presents the true positive, false positive, true negative, 

and false negative identified by the pedometer system. 

Table 4. True positive, false positive, true negative and false negative identified by the 

pedometer system to predict diseases in calves.  

  Observed  

  Sick Healthy Total 

Predicted 

Sick 22 97 119 

 Healthy 11 195 206 

 Total 33 292 325 

In this case, the cost of treatments in the targeted preventive strategy ($12.72/treatment) 

is multiplied by the number of animals identifies by the system sick (119). Thus, $12.72 × 119 

= $1,514. Because the targeted preventive treatment has an effectiveness of 50%, the real losses 

due to diseases are 50%. Thus, losses per sick animal treated: 50 × (22 × $151.18)/100 = 

$1,663. Then, the losses due to sick animals which were not predicted sick and, thereby, not 

treated, should also be considered. This is the number of sick animals no treated (11) multiplied 

by the cost of diseases ($151.18/case) but without counting the cost treatment ($44.5/case), 

thus 11 × $106.63 = $1,173. Finally, we should add the labor cost needed to fit all calves with 

pedometers, which is $5.00 multiplied by the number of calves at the farm (325) = $1,625. 

Then, the total cost of implementing a targeted preventive treatment will be the sum of the 

targeted treatment ($1,514), losses due to targeted preventive treatment ($1,663), losses due to 

sick animals no treated ($1,173), and the cost of labor needed to fit animals with pedometers 
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($1,625). Thus, the result will be $5,975 per productive cycle. Therefore, applying the targeted 

preventive treatment instead of the systematic preventive treatment allows to save $3,148 

($9,123 - $5,975) for one productive cycle of 2 months, and $18,888 in one year. 

The cost of the pedometers in the farm is calculated by multiplying the cost of one 

pedometer ($100) by the number of calves present at the farm (325) divided by the number of 

years to pay-off (6), thus, $5,417. Then, the profitability of implementing a targeted preventive 

treatment to predict diseases in calves per year is $13,471 ($18,888 - $5,417). 

2.2. Young Bull’s Farm 

From 770 young bulls raised in this farm, 71 where diagnosed sick. The profitability of 

implementing a targeted preventive treatment using a pedometers system in bulls are also 

calculated following the same steps aforementioned in calve’s farm. The cost of the health 

program already implemented at the farm is the sum of the cost of diseases ($151.18/case) 

multiplied by the number of sick bulls (71), and the cost of preventive treatment 

($12.72/treatment) multiplied by the number of bulls present at the farm (770). Thus, $20,528. 

To calculate the cost of targeted preventive treatment we should know the number of 

FDR and FOR. Table 5 presents the true positive, false positive, true negative, and false 

negative identified by the pedometer system to predict diseases in young bulls. 
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Table 5. True positive, false positive, true negative and false negative identified by the 

pedometer system to predict diseases in young bulls. 

  Observed  

  Sick Healthy Total 

Predicted 

Sick 56 133 189 

 Healthy 15 566 581 

 Total 71 699 770 

Once both FDR and FOR are known, the cost of treatment in the targeted preventive 

strategy ($12.7/treatment) is multiplied by the number of bulls predicted as sick by the model 

(213). Thus, $12.72 × 189 = $2,404. Since a targeted preventive treatment has an effectiveness 

of a 50%, the losses per sick bulls treated is: 50 × (56 × $151.18)/100 = $4,233. Then, the losses 

due to sick bulls which were not predicted sick and not treated: 15 × ($151.18 - $44.5) = $1,600. 

Finally, the labor cost needed to fit all bulls with pedometers, which is $5.00, multiplied by the 

number of bulls at the farm (770) = $3,850. Thus, the total cost of implementing a targeted 

preventive treatment is of $12,087 per productive cycle. And comparing this last ($12,087) to 

the cost of the systematic preventive treatment already implemented in the farm ($20,528), the 

benefits is $8,441 for one productive cycle of 3 months and $33,764 in one year. 

On the other hand the cost of pedometers ($100) is multiplied by the number of bulls 

present at the farm (770) divided by the number of year to pay-off (6), thus, $12,833. Therefore, 

the profitability of implementing a targeted preventive treatment to predict diseases in bulls per 

year is $20,931 ($33,764 - $12,833). 
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2.3. Transition Cows Farm 

From a total of 456 cows enrolled in the study, 43 were diagnosed with metritis. The 

cost of the current health program for prepartum cows is the sum of the number of cows with 

metritis (43) multiplied by the cost of metritis ($353.5) plus the cost of the preventive treatment 

($7.00) multiplied by the number of dairy cows present at the farm (456). Thus, the cost is of 

$18,395. 

To calculate the cost of implementing a targeted preventive treatment, it is important to 

know the numbers of false positive and false negative cows with metritis predicted by the 

pedometer system. Table 6 presents the true positive, false positive, true negative, and false 

negative of metritis cows resulting from the pedometer system.  

Table 6. True positive, false positive, true negative and false negative of metritis cows 

resulting from the pedometer system. 

  Observed  

  Sick Healthy Total 

Predicted 

Sick 31 58 89 

 Healthy 12 355 367 

 Total 43 413 456 

The cost of the targeted preventive strategy is: the cost of the treatment ($23/case) 

multiplied by the number of cows predicted sick by the model (89) = $2,047, plus the losses 

per sick cows treated: 31 × (31 × $353.5)/100 = $3,397, plus the losses due to sick cows with 
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metritis that were not predicted sick and not treated: 12 × ($353.5 - $66) = $3,450. Thus, the 

total cost of implementing a targeted preventive treatment is $8,894. 

Therefore, calculating the difference between the costs of health program already 

implemented in the farm ($18,395) and the cost of implementing the targeted preventive 

treatment ($8,894), results in saving of $9,501 for one annual lactation cycle. 

The cost of pedometers is calculated by multiplying the additional cost of pedometer 

($40.0) by the number of cows present at the farm (456) divided by the number of year to pay- 

off (6), thus, $3,040. Therefore, comparing this last ($3,040) to the economic profit of 

implementing the targeted preventive treatment in one annual lactation cycle ($9,501), the 

profitability of implementing a targeted preventive treatment to predict metritis in cows per 

year is $6,461.  

3. Possible Limitation of Results 

In the current economic analysis, we tried to calculate whether the use of pedometers 

system to implement a targeted preventive treatment is profitable in feedlot and dairy cattle. 

Results demonstrated that treating animals at high risk of diseases by the targeted preventive 

treatment even though the high false discovery rates found are more profitable than systematic 

preventive treatment. The economic profit found per year in calves, young bulls, and dairy 

cows, were $13,473, $20,931, and $6,461, respectively. However, these findings should be 

interpreted carefully. When calculating the profitability of using a targeted preventive strategy 

in feedlot farm, we assumed that the incidence of diseases doesn’t change without preventive 

treatment. However, the absence of a preventive treatment could increase the incidence of 

diseases. Therefore, the profitability reported previously in beef cattle is likely an 

overestimation to the real benefit of the targeted preventive strategy. On the other hand, in dairy 
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cattle, we reported only the economic benefit of using a targeted preventive strategy to prevent 

metritis. However, the pedometer system may also be useful in identifying animals at risk of 

other postpartum diseases that we have not considered. Thus, the economic profit reported in 

dairy cattle could be underestimated.  
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This PhD thesis was developed with the objective to investigate if the use of an activity 

monitoring system could be useful in the early prediction of diseases in cattle. The three studies 

conducted in feedlot and dairy cattle allowed to conclude: 

 

1. Animals before having any clinical signs of diseases modified their behavior when 

compared with their healthy counterpart.  

2. These changes in behavioral pattern in animal at risk of sickness allowed to develop 

prediction models able to identify diseases at day –10 and –9 before the diagnostic of 

the disease, in calves and young bulls, respectively; and metritis 8 days before its 

clinical appearance in transition cows.   

3. The prediction models developed may allow to implement targeted preventive 

treatments only to animals at risk of sickness. This may reduce unnecessary treatments 

in healthy animals usually seen in systematic preventive treatment and likely increase 

the treatment effectiveness by treating animals at the early stage of the disease.  

4. The percentage of animals incorrectly diagnosed sick by models was high which affects 

the reliability of the prediction. However, the use of the prediction models to implement 

a targeted preventive treatment may still be more profitable than systematic preventive 

treatment. 
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