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ABSTRACT

We determined if feeding and lying behavior, re-
corded by automatic calf feeding systems (ACFS) and 
accelerometers, could be used to detect changes in 
behavior before onset of neonatal calf diarrhea (NCD) 
or in response to disbudding pain in dairy calves. At 
4 d of age, 112 calves had accelerometers attached to 
their hind leg and were housed in pens with ACFS. 
Calves were examined daily for signs of illness or in-
jury. Of the 112 calves monitored, 18 were diagnosed 
with NCD; activities of calves with NCD were then 
compared with those of 18 healthy controls (calves that 
had no symptoms of NCD, other illnesses, or injury). 
Feeding (milk consumption and the number of re-
warded and unrewarded visits to the feeder) and lying 
behavior during the 5 d leading up to calves display-
ing clinical signs of NCD were analyzed. Calves with 
NCD performed fewer unrewarded visits and consumed 
less milk than healthy calves during the 2- and 4-d 
periods before diagnosis with NCD, respectively. Calves 
with NCD tended to perform fewer lying bouts than 
healthy calves over the 5-d period before diagnosis with 
NCD. At 3 wk of age, a subset of 51 healthy calves 
were allocated to 1 of 5 treatment groups: (1) sham 
handling (SHAM, n = 10), (2) cautery disbudding 
(DB, n = 11), (3) administration of local anesthetic 
(LA) and DB (LA+DB, n = 11), 4) administration 
of a nonsteroidal anti-inflammatory drug (NSAID) and 
DB (NSAID+DB, n = 9), and (5) administration of 
LA, NSAID and DB (LA+NSAID+DB, n = 10). Feed-
ing and lying behavior were recorded continuously for 
24 h pre- and postdisbudding. We found no effect of 
treatment on the number of rewarded or unrewarded 

visits to the feeder and milk volume consumed 24 h 
before administration of treatments. During the 24-h 
postdisbudding period, SHAM calves performed more 
unrewarded visits than DB, LA+DB, and NSAID+DB 
calves, but the number of unrewarded visits did not dif-
fer between SHAM and LA+NSAID+DB calves. Dur-
ing the first hour of the posttreatment period we noted 
a difference in lying times among treatments, with DB 
and NSAID+DB calves spending less time lying than 
SHAM calves and lying times being similar between 
SHAM, LA+DB, and LA+NSAID+DB calves. The 
ACFS and accelerometers have the potential to auto-
matically gather valuable information regarding health 
status and pain in calves. Therefore, it may be advanta-
geous to combine both of these measures (ACFS and 
accelerometers) when evaluating NCD on farm or pain 
in calves in future research.
Key words: behavior, disbudding, feeding, automated 
measures, welfare

INTRODUCTION

Automated techniques for measuring individual calf 
behavior on-farm are now available; feeding behavior 
can be detected remotely with automatic calf feeding 
systems (ACFS; Svensson and Jensen, 2007; Borderas 
et al., 2009) and activity can be recorded using accel-
erometers (e.g., Hobo data loggers; Bonk et al., 2013). 
Automated systems have the advantage of collecting 
data noninvasively with reduced labor input. Feeding 
and lying behavior have been shown to change in re-
sponse to sickness (Svensson and Jensen, 2007; Bor-
deras et al., 2008; Szyszka and Kyriazakis, 2013) and 
pain (Graf and Senn, 1999; Heinrich et al., 2010) in 
calves. Hence, automated measures of feeding and lying 
behavior could potentially be used to detect early signs 
of disease and pain in calves.

Neonatal calf diarrhea (NCD) is an enteric disease 
that is associated with severe diarrhea. Once an animal 
displays clinical signs of NCD, much of the associated 
tissue damage to the intestinal submuscosa has already 
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occurred (Schroeder et al., 2012); therefore, early de-
tection of NCD would enable calves to be promptly 
treated and moved to sick pens thereby reducing tis-
sue damage and risk of disease transmission to other 
calves. Previous studies using ACFS and accelerom-
eters have reported changes in feeding (Svensson and 
Jensen, 2007; Borderas et al., 2009; Lowe et al., 2016) 
and lying behavior (Swartz et al., 2017) in response 
to NCD and respiratory disease. However, those stud-
ies predominantly focused on changes in behavior once 
calves became clinically ill or the time period just prior 
(Svensson and Jensen, 2007; Borderas et al., 2009), or 
calves that were diagnosed with respiratory disease 
(Swartz et al., 2017). To our knowledge, no studies 
have measured changes in feeding in conjunction with 
lying behavior in calves before diagnosis with NCD. It 
would be valuable to measure changes in feeding and 
lying behavior concurrently, several days before calves 
become clinically ill, to assess if information collected 
from ACFS and accelerometers could be used for early 
detection of NCD on-farm.

In the United States, 94% of dairy cattle producers 
routinely dehorn their cattle and of these 70% disbud 
using cautery (USDA, 2018). Disbudding is often 
performed without pain relief; however, studies have 
shown that this procedure causes behavioral changes 
indicative of pain (reviewed by Stafford and Mellor, 
2011). For example, calves spent less time feeding and 
more time lying after being cautery disbudded than 
sham-handled controls (Graf and Senn, 1999; Faulkner 
and Weary, 2000). Therefore, a need exists to evalu-
ate different pain-mitigation strategies to alleviate the 
pain caused by disbudding; to do this, however, labor-
intensive behavioral studies are often needed. It would 
be useful if automated measures of feeding and lying 
behavior were sensitive enough to detect behavioral 
changes in calves in response to a painful procedure 
such as disbudding. Automated measures of feeding 
and lying behavior could then be used as a research 
tool to evaluate different pain-mitigation strategies for 
painful husbandry procedures in calves.

Disease and pain can negatively affect calf wel-
fare, but these states are often difficult to detect and 
time-consuming to assess objectively. Information on 
feeding and lying behavior collected from ACFS and 
accelerometers could potentially be measured remotely 
on-farm and used by producers as a tool to help detect 
NCD early so that strategies could be promptly imple-
mented to reduce the negative effects of this disease 
on calf health and production. In addition, automated 
measures of feeding and lying behavior could provide a 
useful and less labor-intensive research tool to evaluate 
different pain-mitigation strategies in calves. Therefore, 
the objectives of our study were to determine if behav-

ioral data collected from ACFS and accelerometer data 
loggers could be used to detect changes in behavior 
before the onset of NCD or in response to disbudding 
pain in dairy calves.

MATERIALS AND METHODS

Animals, Housing, and Feeding

Our study was conducted between July and October 
2014 on AgResearch’s Tokanui Dairy Research Farm in 
South Waikato, New Zealand (175° 1800′E longitude, 
−38° 0300′S latitude). All procedures involving animals 
were approved by the Ruakura Animal Ethics Commit-
tee (no. 13283) under the New Zealand Animal Welfare 
Act 1999 (Ministry of Primary Industries, 2017).

Seventy-one Friesian dairy calves (n = 71 females) 
and 41 Friesian-Hereford cross calves (n = 18 females, n 
= 23 males) were monitored in this study. Calves were 
allocated to 1 of 4 pens (n = 30, 28, 27 and 27 calves/
pen respectively) at 4 d of age according to their order 
of birth. One pen was filled at a time, which ensured 
pen mates were all of similar size and stage of develop-
ment. All calves were monitored to obtain a sample of 
animals displaying clinical signs of NCD (as described 
below); a subset of 51 calves that never displayed signs 
of NCD or other health issues or injuries were used in 
the pain-assessment study.

Calves were separated from their dams within 24 h of 
birth and transported to the calf-rearing facility. Upon 
arrival at the facility, all calves were weighed and indi-
vidually identified using numbered (Allflex, Irving, TX) 
and electronic identification ear tags (Allflex) placed 
in the left and right ears, respectively. At this time 
accelerometers were attached to the lateral side of the 
hind leg (as described below).

The calf-rearing facility had a roof, solid dirt floors, 
and walls on all 4 sides. Calves were housed in 2 indoor 
pens (8.85 × 7.45 m), located inside the calf rearing 
facility, with floors covered in wood chip bedding and 
post and rail fencing.

Each pen contained an ACFS, 3 water troughs, a 
hay feeder, and 2 meal feeders attached to the side of 
the pen. Water, meal (Calf-pro1 20%, Seales Winslow, 
Morrinsville, New Zealand), and hay were provided ad 
libitum. All calves were trained over a 3- to 4-d period 
to use the ACFS from d 1 of the trial.

Trained staff performed daily health checks to as-
sess the calves’ general health and to identify calves 
with signs of illness. A standard operating procedure 
developed in conjunction with a veterinarian was used. 
Health checks assessed calves for the presence of diar-
rhea, high rectal temperatures (39.5°C or higher), signs 
of dehydration (sunken eyes, or poor skin elasticity—
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assessed using the skin tent test), coat condition (shiny 
and smooth vs. dry and rough), position of the ears 
(erect vs. droopy), gut fill (full vs. empty stomachs), 
signs of navel ill (inflammation, swelling, or discharge 
from the navel), nasal or ocular discharge, swelling, 
abscesses, and injury. Trained staff were also asked to 
comment if calves were coughing, had crackly breaths, 
or were breathing fast. In the present study, calves 
were diagnosed as having NCD when they presented 
with diarrhea and high rectal temperatures (39.5°C 
or higher). A calf was considered to have diarrhea if 
it was observed passing feces with a loose to watery 
consistency and strong odor. For calves suspected of 
having diarrhea due to the presence of loose fecal mat-
ter on the top of the tail or hind legs, a fecal sample 
was taken to evaluate fecal consistency and to confirm 
whether or not that particular calf was diarrheic. Only 
data collected from calves diagnosed as having NCD 
were considered as sick calves for further analysis. 
Once calves exhibited signs of NCD, blood and fecal 
samples were collected for analysis to verify etiology of 
the disease. It is possible that any of the calves could 
have been experiencing subclinical disease during the 
course of the study, but it was beyond the scope of this 
study to test all animals for the presence of subclini-
cal diseases; hence, animals were categorized as sick or 
healthy based on clinical signs of illness only. Calf BW 
was recorded weekly.

Automated Assessment of Calf Health

Of the 112 calves that were monitored, only data 
from a subset of 36 calves [n = 18 diagnosed with NCD 
(BW = 41.5 ± 6.78 kg, mean ± SD) and n = 18 healthy 
calves (BW = 41.0 ± 5.86 kg)] were used in this com-
ponent of the study (n = 6 calves from group 1, n = 
8 calves from group 2, and n = 22 calves from group 
4; n = 24 females and n = 12 males). Each calf with 
NCD was matched with a healthy calf that was from 
the same group, was the same breed, and was approxi-
mately the same date of birth and birth weight as the 
calves with NCD. A calf was considered healthy if dur-
ing the course of the study it presented no symptoms of 
NCD or other signs of illness or injury (e.g., coughing, 
rectal temperatures greater than 39.5°C, navel ill, nasal 
or ocular discharge, swelling or abscesses, and so on, 
as defined in the daily health check standard operating 
procedure above).

Upon completion of the trial for the first 2 groups, 
the experimental pens were cleaned in preparation for 
the final replicates (groups 3 and 4), which involved 
removing and replacing the top layer of woodchip with 
fresh wood chips. In addition, all surfaces were thor-
oughly sprayed using a broad-spectrum disinfectant 

(Halamid, Axcentive SARL; Bouc-Bel-Air, France) and 
all water troughs and feed containers were also thor-
oughly cleaned and refilled.

Blood Chemistry and Hematology. Blood sam-
ples were taken from all calves at 4, 11, and 18 d of age 
and when a calf displayed signs of being clinically ill. 
Blood samples were collected by jugular venipuncture 
into evacuated tubes that contained sodium fluoride, 
EDTA, or no anticoagulant (BD Vacutainer, Franklin 
Lakes, NJ). Blood samples were stored at approximate-
ly 4°C until they were delivered to the New Zealand 
Veterinary Pathology (Hamilton, New Zealand) labora-
tory for analysis. Blood smear slides were performed 
on a Sysmex XT-2000 iV using veterinary software and 
Sysmex reagents (Sysmex Corporation, Kobe, Japan) 
for estimation of total white blood cell, neutrophil, 
and lymphocyte counts. White blood cell differentials 
were performed using a standard 100 cell count and 
the neutrophil-to-lymphocyte ratio was calculated by 
dividing the percent of neutrophils by the percent of 
lymphocytes.

Serum haptoglobin concentrations were measured us-
ing a commercially available colorimetric kit (PHASE 
Haptoglobin Assay Cat. No. TP-801; Tridelta Develop-
ment Limited, Maynooth, County Kildare) in accor-
dance with the manufacturer’s instructions (http:// 
www .trideltaltd .com/ haptoglobin -main -page .html). 
The analytical sensitivity of this assay was 0.005 mg/
mL.

Fecal Sampling. Fecal samples were collected 
manually via gentle palpation of the rectum from any 
calves that were considered clinically ill and were tested 
for the presence of Cryptosporidium, rotavirus, corona-
virus, and Salmonella. Cryptosporidium was measured 
using an acid fast stain to visually detect the pres-
ence of Cryptosporidium, which could be seen as round 
bodies measuring 4 to 5 µm in diameter and dark red 
or pink in color. If more lightly stained, the parasites 
showed internal bodies that were darker blue or brown-
ish in color. The presence of rotavirus and coronavi-
rus were determined using a commercially available 
ELISA kit (Pourquier ELISA Calves Diarrhea; Institut 
Pourquier, Montpellier, France). The 5-step, naked eye 
reading method was conducted in accordance with the 
manufacturer’s instructions (https:// www .idexx .co .uk/ 
en -gb/ livestock/ livestock -tests/ ruminant -tests/ idexx 
-rota -corona -k99 -ag -test/ ). Selective enrichment fecal 
cultures were used for the detection of Salmonella.

Feeding Behavior. The ACFS (A&D Reid, Temuka, 
New Zealand) used an electronic identification system 
to identify individual animals as they entered the ACFS. 
Each ACFS had a single teat to deliver whole milk (at 
approximately 22–25°C) on the following schedule: 2 L, 
3 times per day with a minimum 360-min period with 

http://www.trideltaltd.com/haptoglobin-main-page.html
http://www.trideltaltd.com/haptoglobin-main-page.html
https://www.idexx.co.uk/en-gb/livestock/livestock-tests/ruminant-tests/idexx-rota-corona-k99-ag-test/
https://www.idexx.co.uk/en-gb/livestock/livestock-tests/ruminant-tests/idexx-rota-corona-k99-ag-test/
https://www.idexx.co.uk/en-gb/livestock/livestock-tests/ruminant-tests/idexx-rota-corona-k99-ag-test/
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no milk access between each complete milk feed (as 
per normal farm practice in New Zealand). If the calf 
did not consume the whole 2 L during the visit, they 
could return at any point to consume the remainder of 
the allowance. The ACFS recorded the total number of 
visits, rewarded visits (calf received part or whole milk 
allowance), unrewarded visits (calf received no milk), 
and milk volume consumed per visit.

Lying Behavior. Throughout the study period, ly-
ing and standing behavior was recorded continuously on 
all calves using HOBO pendant G accelerometer data 
loggers (64k, Onset Computer Corporation, Bourne, 
MA) set at 1-min intervals recording the Y and Z axes. 
The accelerometers were placed in a durable fabric 
pouch and strapped onto the lateral side of the hind leg 
above the metatarsophalangeal joint. Accelerometers 
were placed horizontally on the leg such that the x-axis 
ran parallel to the ground, pointing in the anterior di-
rection, and the y-axis pointing toward the dorsal plane 
of the calf. The pouch was held in position using velcro 
patches, one sewn to the pouch, the other glued (KA-
MAR, Livestock Improvement Corporation, Hamilton, 
New Zealand) to the leg of the calf. The pouch was 
further held in place by a strap around the leg of the 
calf. Accelerometers were initialized and downloaded 
using Onset HOBOware Pro software (Onset Computer 
Corporation, version 3.7.2). The G-force readings were 
converted into binary values (e.g., lying = 0, standing 
= 1), and hourly (min/h) and daily (min/d) summa-
ries of lying time and lying bout frequency (number 
of bouts/d) were calculated in SAS 9.3 (SAS Institute 
Inc., Cary, NC) using a code designed for this purpose 
(AWP UBC, 2016) and validated by Bonk et al. (2013) 
for use in calves.

Automated Assessment of Pain

At approximately 3 wk of age (27 ± 1.5 d of age, 
mean ± SD), 51 female Friesian dairy calves (BW = 
48.5 ± 4.76 kg) were selected from the 94 healthy ani-
mals and allocated to 1 of 5 treatment groups: (1) sham 
handling (SHAM; n = 10), (2) cautery disbudding 
(DB; n = 11), (3) administration of local anesthetic 
(LA) and DB (LA+DB; n = 11), 4) administration 
of a nonsteroidal anti-inflammatory drug (NSAID) 
and DB (NSAID+DB; n = 9), and (5) administra-
tion of LA, NSAID, and DB (LA+NSAID+DB; n 
= 10). The combination of pain relief treatments were 
included to evaluate whether the automated systems 
were sensitive enough to measure varying degrees of 
pain. All calves were restrained in a calf crush with a 
head bail (Front Opening Calf Bail, Te Pari, Oamaru, 
New Zealand) during treatments. For DB, LA+DB, 

NSAID+DB, and LA+NSAID+DB calves, an electric 
cautery iron (Quality electric debudder, 230 V, 190 
W; Lister GmbH, Lüdenscheid, Germany) was used 
to remove the calves horn buds. For LA+DB and 
LA+NSAID+DB calves, 3 mL of local anesthetic (2% 
lignocaine hydrochloride; Lopaine, Ethical Agents Ltd., 
Auckland, NZ) was injected into the cornual nerve 
(3 mL) and 5 injection sites around the base of the 
horn bud (0.2 mL/site) 5 min before disbudding. Im-
mediately before disbudding, a needle prick test was 
used to verify the success of the cornual nerve block. 
For NSAID+DB- and LA+NSAID+DB-treated calves, 
meloxicam (0.5 mg/kg of BW; Metacam, Boehringer 
Ingelheim Ltd., Auckland, NZ) was injected subcutane-
ously 5 min before disbudding. Treatment groups were 
balanced for age and BW. Feeding and lying behavior 
were recorded continuously for 24 h before and 24 h 
after administration of treatment, as described above.

Statistical Analysis

Prior to analysis, all data were assessed for evidence 
of departures from the assumptions of normality and 
homogeneity of variance using the univariate proce-
dures of SAS version 9.4 (SAS Inst. Inc.). The residuals 
from the log-transformed mixed model analysis showed 
good consistency with the normality assumptions of 
the model. For the calf health component of our study, 
data from calves that were identified with NCD were 
used (see description above). Each calf with NCD was 
matched with a healthy control from the same pen 
taking into account sex, breed, birth date, and birth 
weight. Healthy controls never presented with any 
symptoms of NCD or other signs of illness or injury 
during the study period. Day 0 was the day that calves 
showed signs of NCD and the equivalent day was used 
for d 0 for control calves. We were interested in behav-
ioral changes leading up to signs of NCD; therefore, 
we focused on the 5 d before appearance of NCD. Milk 
consumption, blood chemistry and hematology data 
were log-transformed to meet the assumptions of the 
analysis. Milk consumption and lying (lying times and 
frequency of lying bouts) behavior data were analyzed 
using the mixed model procedure of SAS. The model 
included the fixed effects of treatment (health status: 
NCD and healthy), day, treatment by day interaction, 
and the random effects of pen and calf. The model had 
a repeated structure on time allowing incorporation of 
heterogeneity of variances across time. For blood chem-
istry and hematology (cells counts and haptoglobin 
concentrations) data, only the blood results from d 0 
were compared; the model included the fixed effects of 
treatment (health status: NCD and healthy) and the 
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random effect of pen. Feeding behaviors (total number 
of visits, and number of rewarded and unrewarded vis-
its) were analyzed using the GLIMMIX procedure of 
SAS with a specified Poisson distribution. The model 
included the fixed effects of treatment (health status: 
NCD and healthy), day, treatment by day interaction, 
and the random effects of pen and calf. The model had 
a repeated structure on time allowing incorporation of 
heterogeneity of variances across time.

For the analysis of the pain assessment component 
of this study, milk consumption was log-transformed to 
meet the assumptions of the analysis. Milk consump-
tion and lying times data were analyzed using the 
mixed model procedure in SAS and the model included 
the fixed effects of treatment (SHAM, DB, LA+DB, 
NSAID+DB, LA+NSAID+DB), day/time, treatment 
by day/time interaction, and the random effects of pen 
and calf. The model had a repeated structure on time 
allowing incorporation of heterogeneity of variances 
across time. Lying times were summarized over the en-
tire 24-h pre- and posttreatment period and analyzed. 
In addition, hourly lying times for the first 2 h after 
administration of treatments were analyzed, as this 
time period is representative of the cortisol response to 
cautery disbudding (Graf and Senn, 1999; Stafford and 
Mellor, 2011). Feeding behaviors (total number of visits 
and number of rewarded and unrewarded visits) were 
analyzed using the GLIMMIX procedure of SAS with 
a specified Poisson distribution. The model included 
the fixed effects of treatment (SHAM, DB, LA+DB, 
NSAID+DB, LA+NSAID+DB), day/time, treatment 
by day/time interaction, and the random effect of pen. 
The model had a repeated structure on time allowing 
incorporation of heterogeneity of variances across time. 
The sample size was determined by a power analysis 
with 80% power and 5% significance level.

Data displayed in the graphs, tables, and text are 
actual data summarized by least squares means ± 
standard error of the means. Statistical significance 

was determined at P ≤ 0.05 and 0.05 < P ≤ 0.10 were 
considered a tendency.

RESULTS

Automated Assessment of Calf Health

Fecal Sampling. Four calves tested positive for 
Cryptosporidium, 1 with rotavirus, 1 with coronavirus, 
and 1 with Cryptosporidium and rotavirus. No calves 
tested positive for Salmonella. Eleven calves identified 
as having NCD according to the criteria (diarrhea and 
high rectal temperatures) did not test positive for either 
Cryptosporidium, rotavirus, coronavirus, or Salmonella, 
so the cause of NCD for these calves was unknown.

Blood Chemistry and Hematology. Total white 
blood, neutrophil, and monocyte cell counts and the 
neutrophil-to-lymphocyte ratio were higher (P ≤ 0.055) 
and eosinophil cell counts tended (P = 0.092) to be 
higher in calves with NCD than healthy calves (Table 
1). Health status of the calves did not affect any other 
hematology measures or haptoglobin concentrations 
(Table 1).

Feeding Behavior. Calves with NCD tended (P 
= 0.079) to visit the feeder less than healthy calves 
over the 5-d period before signs of NCD (total number 
of visits to the feeder/d: control: 6.7 ± 0.93; sick: 4.7 
± 0.93). We observed no effect of health status (P = 
0.506) or a health status × day interaction (P = 0.110) 
for the number of rewarded visits; however, the number 
of rewarded visits to the feeder changed (P < 0.001) 
over the 5-d study period (number of rewarded visits 
to the feeder/d: d −5 = 2.8 ± 0.34; d −4 = 3.1 ± 0.35; 
d −3 = 3.5 ± 0.40; d −2 = 4.2 ± 0.42; d −1 = 3.8 ± 
0.44; d 0 = 3.4 ± 0.46).

The number of unrewarded visits was affected by 
health status (P = 0.013) and day (P < 0.001; Figure 
1). Calves with NCD performed fewer unrewarded vis-
its than healthy calves on d −2 (P = 0.007), −1 (P = 

Table 1. Hematology and haptoglobin concentrations of sick calves with neonatal calf diarrhea (n = 18) and 
healthy control (n = 18) calves at the time of clinical diagnosis

Item

Health status

SEM P-valueControl Sick

Total white blood cell count (×109/L) 7.22 9.96 0.758 0.016
Lymphocyte cell counts (×109/L) 3.98 4.29 0.238 0.355
Neutrophil cell counts (×109/L) 2.75 4.92 0.678 0.034
Monocyte cell counts (×109/L) 0.43 0.69 0.091 0.055
Neutrophil-to-lymphocyte ratio 0.71 1.27 0.198 0.024
Eosinophil cell counts (×109/L) 0.01 0.04 0.010 0.092
Basophil counts (×109/L) 0.07 0.05 0.018 0.401
Haptoglobin (g/L) 0.41 0.51 0.057 0.188



Journal of Dairy Science Vol. 101 No. 9, 2018

AUTOMATED DETECTION OF HEALTH AND PAIN IN CALVES 8213

0.055), and 0 (P = 0.025). We noted a health status 
× day interaction for volume of milk consumed (P = 
0.001; Figure 2); calves with NCD drank less on d −4 
(P = 0.012), −2 (P = 0.044), −1 (P = 0.053), and 0 (P 
< 0.001) than healthy calves.

Lying Behavior. We found a health status × day 
interaction for time spent lying (P = 0.014; Figure 3). 
Calves with NCD tended to spend more time lying on 
d −2 (P = 0.08) but less time lying on d 0 (P = 0.085). 
Moreover, calves with NCD tended (P = 0.082) to per-
form fewer lying bouts than healthy calves over the 
entire 5-d period before diagnosis with NCD (number 
of lying bouts/d: control = 17.4 ± 1.16; sick = 15.8 ± 
1.16).

Automated Detection of Pain Behavior

Feeding Behavior. The total number of visits, 
rewarded visits, unrewarded visits, and milk volume 
consumed was similar (P > 0.05) among all treatments 
during the 24-h period before administration of treat-
ments (Table 2). During the 0 to 24 h posttreatment 
period, milk volume consumed was similar (P > 0.05) 
among SHAM and disbudded calves, with or without 
pain relief (Table 2). However, SHAM calves visited 
the ACFS more during the 24-h posttreatment period 
than DB (P < 0.006) and LA+DB (P < 0.002) calves, 
but LA+NSAID+DB visited the feeder a similar (P = 
0.186) number of times as SHAM calves (Table 2).

We observed no differences (P > 0.05) across treat-
ments in the number of rewarded visits to the ACFS 
(Table 2). However, calves experiencing the SHAM 
treatment had more unrewarded visits during the 24-h 
posttreatment period than DB (P = 0.001), LA+DB (P 

< 0.001), and NSAID+DB (P < 0.001) calves, but the 
number of unrewarded visits was similar (P = 0.073) 
for SHAM and LA+NSAID+DB calves (Table 2).

Lying Behavior. The proportion of time calves 
spent lying was similar (P > 0.05) among all treatment 
groups over the 24-h pre- and 24-h posttreatment period 
(Table 2). However, during the 2-h posttreatment peri-
od, we found a difference among treatments (Figure 4). 
During the first hour, DB (P = 0.021) and NSAID+DB 
(P = 0.011) calves spent less time lying than SHAM 
calves. Moreover, lying times were similar (P > 0.570) 
among SHAM, LA+DB, and LA+NSAID+DB calves. 
Lying times were similar among all treatments during 
the 2-h posttreatment period.

Figure 1. The number of unrewarded visits (no./d; LSM ± SEM) 
to the feeder performed by sick calves diagnosed with neonatal calf 
diarrhea (NCD; n = 18) and healthy control matched (n = 18) calves 
during the 5 d before showing signs of illness. Means accompanied by 
an asterisk (*) differ at P ≤ 0.05.

Figure 2. Milk volume (L/d; LSM ± SEM) consumed by sick calves 
diagnosed with neonatal calf diarrhea (NCD; n = 18) and healthy con-
trol matched (n = 18) calves during the 5 d before showing signs of 
illness. Means accompanied by an asterisk (*) differ at P < 0.05.

Figure 3. Lying times (min/d; LSM ± SEM) of sick calves diag-
nosed with neonatal calf diarrhea (NCD; n = 18) and healthy control 
matched (n = 18) calves during the 5 d before showing signs of illness. 
Means accompanied by an asterisk (*) differ at P < 0.05.
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DISCUSSION

Feeding and lying behaviors collected using ACFS 
and accelerometers were affected by health status and 
pain in calves in the present study. The number of un-
rewarded visits declined before calves showed signs of 
NCD. Differences in the number of unrewarded visits 
was apparent 2 d before calves showed signs of NCD; 
however, we found no change in the number of re-
warded visits before diagnosis. Similarly, Svensson and 
Jensen (2007) found that the number of unrewarded 
visits was a more sensitive measure of sickness in calves 
than the number of rewarded visits. Borderas et al. 

(2009) suggested that the effect of disease on feeding 
behavior would vary according to feeding motivation, 
as milk intake and frequency of visits to the feeder were 
more dramatically decreased in sick calves being fed a 
high (ad libitum or 12 L/d) rather than a low (4 L/d) 
milk allowance. In the present study, calves received 
a milk allowance of 6 L/d, which is closer to the low 
than the high milk allowance provided in the Borderas 
et al. (2009) study; hence, more dramatic changes in 
feeding behavior may have been observed if a higher 
milk allowance was provided to calves in the present 
study. Therefore, milk allowance fed to calves needs to 
be taken into consideration when using behavioral data 
from ACFS as an indication of NCD in calves.

Contrary to other studies (Svensson and Jensen, 
2007; Borderas et al., 2009; Lowe et al., 2016), milk 
consumption was reduced in sick calves up to 4 d before 
displaying signs of NCD in the present study. Hence, 
milk consumption in combination with the number of 
unrewarded visits maybe a good measure for early de-
tection of NCD in calves. Differences in feeding behav-
ior among studies may relate to the pathogenesis of the 
disease. In other studies, calves were diagnosed with 
a range of illnesses, including gastrointestinal, respira-
tory, or a combination of these diseases (Borderas et 
al., 2009; Swartz et al., 2017), or other signs of disease 
such as arthritis, fever, dull calf syndrome, and so on 
(Svensson and Jensen, 2007). However, in those stud-
ies, samples were not taken to verify the pathogenesis 
of the diseases. In our study, only calves that were 
diagnosed as having NCD were used; however, even 
with fecal sampling we could only confirm the cause 
of NCD in 7 out of 18 calves. Therefore, due to the 

Table 2. Feeding and lying behavior of calves pretreatment (24 h immediately preceding the time of treatment) and 24 h from the time of 
treatment (24 h)

Feeding behavior

Treatment1

SEM P-valueSHAM DB LA+DB NSAID+DB LA+NSAID+DB

Total milk consumed (L)        
 Pretreatment 4.35 4.95 4.65 4.77 5.00 0.603 0.612
 24 h 6.12 5.58 5.76 5.70 6.11 0.230 0.223
Total visits (no.)        
 Pretreatment 6.40 5.73 6.64 6.66 6.29 1.878 0.907
 24 h 8.38a 5.13bc 4.58b 6.12abc 6.77ac 0.983 0.01o
Rewarded visits (no.)        
 Pretreatment 2.39 3.09 3.72 3.51 2.76 0.731 0.418
 24 h 3.40 3.00 3.09 4.11 3.40 0.357 0.707
Unrewarded visits (no.)        
 Pretreatment 3.94 2.61 2.88 3.10 3.52 1.442 0.418
 24 h 4.93a 2.10bc 1.47c 1.98bc 3.37ab 0.879 0.001
Time spent lying (%)        
 Pretreatment 42.4 40.7 41.8 38.2 40.6 1.46 0.127
 24 h 41.5 41.1 40.9 38.9 40.8 1.15 0.680
a–cMeans within each row with different superscripts differ at P < 0.05.
1Sham handling (SHAM; n = 10), cautery disbudding (DB; n = 11), administration of local anesthetic + DB (LA+DB; n = 11), administration 
of a nonsteroidal anti-inflammatory drug (NSAID) + DB (NSAID+DB; n = 9), and LA+NSAID+DB (n = 10).

Figure 4. Lying times (min/h; LSM ± SEM) of calves during the 
first 2 h after disbudding or control handling. Treatments were sham 
handling (SHAM; n = 10), cautery disbudding (DB; n = 11), adminis-
tration of local anesthetic + DB (LA+DB; n = 11), administration of 
a nonsteroidal anti-inflammatory drug (NSAID) + DB (NSAID+DB; 
n = 9), and LA+NSAID+DB (n = 10). Means within each hour with 
different letters (a–c) differ at P < 0.05.
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differences in the pathogenesis affecting calves among 
our study and previous studies, it is difficult to know 
the reason for the difference in results. In addition to 
pathogenesis, age of calves at the time of diagnosis, 
severity of outbreak, and the time of diagnosis could 
potentially affect feeding and lying behavior in calves. 
Further research focused on particular pathogens or 
disease severity would be of interest to assist in our 
understanding of the relationship between pathogenesis 
and sickness behavior in calves.

Calves challenged with a low dose of bacterial en-
dotoxin spent more time lying and performed fewer 
standing bouts in Borderas et al. (2008), similar to the 
present study, and sick calves spent more time lying 2 
d before displaying clinical signs of NCD and tended to 
perform fewer lying bouts. A reduction in activity of sick 
calves may be part of the adaptive strategy adopted by 
mammals to help combat infections (Hart, 1988). How-
ever, on the day calves were diagnosed as having NCD 
in the present study their lying times were reduced. At 
the time calves were diagnosed with NCD, blood and 
fecal samples were collected and animals were moved 
to the sick pen and treated with electrolytes; this extra 
handling may account for the reduction in lying times.

In the present study, disbudding treatment affected 
the total number of visits that calves made to the feeder 
during the 24-h posttreatment period. This difference 
was predominantly due to the number of unrewarded 
visits as disbudding treatment did not affect the num-
ber of rewarded visits. Calves experiencing the SHAM 
treatment performed more unrewarded visits during 
the 24-h posttreatment period than DB, LA+DB, and 
NSAID+DB calves. The greater number of unrewarded 
visits suggests that even though there was no difference 
in the amount of milk consumed among treatments, 
calves that were not disbudded were more motivated 
to visit the ACFS than calves disbudded with LA or 
NSAID or without pain relief. Fewer unrewarded visits 
to the ACFS by disbudded calves could reflect a lack 
of appetite in these animals due to the pain or dis-
tress caused by disbudding. Indeed, calves spent less 
time feeding after cautery disbudding (Graf and Senn, 
1999) and amputation dehorning (Sutherland et al., 
2013). It is also possible that disbudding caused the 
calves in the present study to become head shy and, 
hence, more hesitant to place their heads in the ACFS 
due to the potential risk of knocking their head in the 
confined space. Another possibility is that experienc-
ing a painful husbandry procedure caused a change in 
the emotional state of the animals, which may in turn 
have affected their motivation to feed (Neave et al., 
2013). Interestingly, calves given local anesthetic and 
an NSAID before disbudding in the present study per-

formed a similar number of unrewarded visits as SHAM 
calves, which suggests that the combination of LA and 
an NSAID was the most effective pain-mitigation strat-
egy evaluated in the present study. These results are 
in accordance with previous studies showing that the 
physiological and behavioral response to disbudding is 
markedly reduced when calves are given a combination 
of LA and an NSAID before disbudding (Duffield et al., 
2010; Heinrich et al., 2010).

Total milk consumption was not affected by disbud-
ding, with or without pain relief, in the present study. 
In contrast, Bates et al. (2015) found that when calves 
were given the same milk allowance as provided in the 
present study (6 L/d), mean cumulative milk consump-
tion over the 11-d postdisbudding period was greater for 
calves disbudded with pain relief compared with those 
without. Therefore, it is possible that if milk consump-
tion had been recorded for a longer period of time in 
the present study, treatment differences may have been 
detected. Furthermore, milk allowance is an important 
factor to consider when using total milk consumption 
as an indicator of stress (e.g., pain or disease). Borderas 
et al. (2009) found that sick calves consumed less milk 
at an ACFS when provided with a high milk allow-
ance in comparison to healthy calves, but total milk 
consumption was not affected when they were provided 
with a low milk allowance. Calves provided only a low 
milk allowance are more likely to be motivated to feed. 
In the present study, calves were given access to 6 L/d, 
whereas calves given ad libitum access to milk will 
drink up to 10 kg/d (Jasper and Weary, 2002). There-
fore, providing calves with a higher milk allowance is 
likely to increase the sensitivity of feeding behavior as 
a measure of stress (e.g., pain and disease) in calves.

The proportion of time disbudded calves spent lying 
was similar across all treatments groups over the entire 
24-h posttreatment period in the present study; how-
ever, during the 2-h period after disbudding, treatment 
affected lying behavior. During the first hour after dis-
budding, calves given local anesthetic showed similar 
lying patterns to control-handled calves, which is simi-
lar to the results reported by McMeekan et al. (1999) 
2 h after amputation dehorning. These findings may 
suggest that calves given local anesthetic were experi-
encing less pain initially than calves disbudded without 
pain relief. Moreover, calves given only an NSAID be-
fore disbudding showed similar lying times to calves 
disbudded without pain relief, which corresponds to the 
mechanism of action of NSAID; giving an NSAID (e.g., 
ketoprofen) reduces the inflammation-related pain as-
sociated with amputation dehorning in cattle, but not 
the initial pain caused by dehorning (McMeekan et al., 
1998).These results suggest that lying behavior mea-
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sured using accelerometer data loggers maybe sensitive 
enough to assess pain in calves in response to an acute 
painful procedure such as cautery disbudding.

In conclusion, automated measures of feeding and ly-
ing behavior could be used to detect changes in behavior 
before the onset of clinical signs of NCD or in response 
to acute pain in calves. The number of unrewarded 
visits to the ACFS appeared to be a more sensitive 
measure of NCD and pain in calves than automated 
measures of lying behavior. It would be of interest to 
confirm these results using animals exposed to different 
conditions (e.g., different pathogens) or other painful 
procedures (e.g., castration, lameness).
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