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This study analyzed individual water and feed consumption related to weight of weaned

piglets and their link to diarrhea. Data were collected from 15 batches of 102 piglets each,

using specific automata (connected feeders, connected drinkers, automatic weighing

stations, RFID ear tags). Analyses were carried out every week on the 138 healthy

animals compared by weight category. The average feed consumption had no significant

difference between weight categories (light, medium, heavy pigs) whatever the week

and was close to 4% of the live weight. For the average water consumption according

to weight, it was close to 10%. There was no significant difference between weight

groups, except at the end of the period, where the variability of one heavy pig was so

high that its own water consumption caused significant difference when compared with

the light group. But these overall stable averages do not highlight the high intra-individual

variabilities, which was around 40% for both water and feed data at the beginning of trial.

At the end, it was almost 16% for feed consumption and 25% for water. The comparison

between healthy and diarrheic piglets showed no statistical difference for average water

consumption on the day of the first clinical signs and even 1 and 2 days before. In

contrast, the average feed consumption had a very significant difference (P ≤ 0.001) for

days 5–7 after the weaning and a significant difference for day 8 (P ≤ 0.05). Differences

were also significant for data 24 and 48 h before first clinical signs. This means either that

diarrheic piglets decrease their feed consumption the first days after weaning or that it

is because they eat less that they become diarrheic. So, the hypothesis was that feed

consumption could be an interesting indicator to detect early sick animals. Nevertheless,

despite this difference, machine learning methods failed in detecting individually diarrheic

animals from water and feed consumption related to weight, because of considerable

individual variability. To improve these results, one solution could be to collect other data

from new sensors like automatic measurement of body temperature or location of piglets

in the pen by image analysis.

Keywords: piglets, diseases detection, individual data, precision livestock farming, feed consumption, water

consumption, machine learning

https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org/journals/animal-science#editorial-board
https://www.frontiersin.org/journals/animal-science#editorial-board
https://www.frontiersin.org/journals/animal-science#editorial-board
https://www.frontiersin.org/journals/animal-science#editorial-board
https://doi.org/10.3389/fanim.2021.688902
http://crossmark.crossref.org/dialog/?doi=10.3389/fanim.2021.688902&domain=pdf&date_stamp=2021-08-23
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/animal-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:johan.thomas@ifip.asso.fr
https://doi.org/10.3389/fanim.2021.688902
https://www.frontiersin.org/articles/10.3389/fanim.2021.688902/full


Thomas et al. Diarrhea Detection From Piglets Individual Data

INTRODUCTION

Antimicrobials are a critical global resource and
antimicrobial resistance is recognized as one of the
most serious current global public health threats
(Prestinaci et al., 2015).

There has been increasing recognition that widespread
antimicrobial usage in food animal production might contribute
to the development of resistance to antimicrobials commonly
used in human medicine (Landers et al., 2012; Aidara-
Kane et al., 2018), largely due to the use of common
antimicrobials in food producing animals and humans
(Tang et al., 2017).

A detailed review, known as ≪ the RONAFA opinion ≫,
was published by EMA and EFSA in 2017, to address the
need to reduce the use of antimicrobial agents in animal
husbandry within the EU [EMA Committee for Medicinal
Products for Veterinary Use (CVMP) EFSA Panel on Biological
Hazards (BIOHAZ) et al., 2017]. In part, this study was
motivated by the results of the European Surveillance of
Veterinary Antimicrobial Consumption (ESVAC) project, which
highlighted considerable variation in the use of antimicrobials
between countries, also the introduction in some countries
of initiatives to successfully reduce antimicrobial consumption
(European Medicines Agency, 2019).

Consistent with the findings of the RONAFA
opinion, a broad range of measures are being used
across different countries to reduce the need for
antimicrobial usage in food animal production (Postma
et al., 2015). Thus, good health and a reduced use of
antimicrobials can be promoted by disease prevention
(biosecurity for instance), disease control (vaccination
for instance), and—if necessary—targeted and precise
treatment (individual injectable and curative treatment
for instance)

The objective of this study was to analyze one aspect of
the means of action ≪ disease control ≫: the early detection
of disease. Indeed, this strategy allows rapid action to prevent
further spread and increase treatment efficacy (Ferran et al., 2011;
Lhermie et al., 2016).

Continuous monitoring of changes in animal behavior that
occur during development of clinical signs of disease can
have diagnostic value and may allow the development of
automatic early warning systems (Matthews et al., 2016; Miller
et al., 2019; Alameer et al., 2020). Such changes include
modifications in feeding, drinking as well as in posture
and activity (Martínez-Avilés et al., 2017). These Precision
Farming techniques (visual imaging, RFID, audio analysis,. . . )
hold great promise for improving livestock management
through automated, continuous, and objective monitoring of
behavioral changes (Berckmans, 2004; Cornou and Kristensen,
2013). This is a promising development but needs more
research to facilitate early disease detection by making it
context specific.

More specifically, this paper seeks to detect diarrhea early in
weaned pigs using automata recording of individual weight and
feed and water intake of pigs equipped with RFID tags.

MATERIALS AND METHODS

Ethics
The trial took place at IFIP’s experimental station that has
an official approval authorizing our institute to perform
scientific trials on animals. This approval is registered by the
French Authorities under the number E-35-245-28. Dr Anne
HEMONIC, Doctor in Veterinary Medicine, was the pilot of this
study and has the official degree to perform scientific trials on
pigs, with respect of their welfare.

Furthermore, the protocol did not include any painful or
disturbing tasks on the pigs: their feeding and drinking behavior
was registered by connected automata that were not intrusive.
Their health status was checked by observation of trained
employees, which was also not intrusive. Their environment
(temperature, ventilation) and breeding conditions were also
controlled to comply with classical conditions in pig farms.
The trial did not include any blood samples or other specific
interventions that should have needed to make it reviewed and
approved by an ethics committee.

Animals
The study involved 15 batches of 102 piglets between weaning
at 28 days of age. The piglets leave post-weaning for fattening
units at different ages, on our study, we kept them until day 36
of post-weaning. The pigs were distributed into six pens of 17
animals using several criteria: the sow, the weaning weight, and
the sex of the piglet. The sex ratio was 50/50, so depending on
the number of piglets available there were nine males and eight
females per pen or the reverse. The distribution of animals by
weight resulted in two pens per category: light (6.7 kg on average),
medium (8.0 kg) and heavy (9.5 kg). Finally, a maximum of four
litters were mixed in a single pen. This method of allocating
piglets helped to reduce fights during the test, keep the lots
homogeneous, and compare the pigs according to their weaning
weight class.

Automata for Automatic Data Collection
Each pen had two connected feeders for recording feed
consumption, a connected drinker for collecting water
consumption and a connected weighing pan for recording
the live weights of piglets.

The data records are individual because each piglet was
equipped with an RFID (Radio Frequency Identification) chip
positioned in the ear, communicating by radio frequency with
the automata. The chips were installed on the weaning day
with a specific plier, during the distribution in the six pens.
Thus, when an animal was detected by an automaton, its
individual number was immediately identified by an RFID
antenna and the information generated by the automaton was
automatically assigned to it (water or feed consumption or
weight, depending on the automaton concerned). Low Frequency
RFID technology was able to detect an animal at a distance of
20 cm and only one piglet at the same time, which guaranteed
the recorded information. When the animal left the detection
field of the antenna, this information was sent to a collection
box which compiled and aggregated it into a single piece of
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information before transmitting it to a central computer. Finally,
the computer was responsible for time stamping and then
archiving all the compiled information transmitted to it to create
a daily flat file database (csv). In this daily flat file, a line was
produced that corresponded to an event that occurred on one of
the automata.

The connected feeder consisted of a trough equipped with
a probe capable of detecting the presence of dry feed, a radio
frequency detection antenna (RFID) and a gear motor connected
to a worm screw (Rousseliere et al., 2020a). This micro-screw
distributed the feed in doses of 10 grams (± 2 g), from a storage
hopper above it. The trough was conical in shape and was
equipped with a probe capable of detecting the presence or
absence of dry feed. The shape and position of the probe allowed
it to be covered quickly when dispensing feed. When an animal
was detected by the automaton, it was protected by stall partitions
(up to the thighs at the start of the batch and then to the shoulders
at the end of the batch). This type of connected feeder only
allowed feeding one animal at a time to ensure the reliability of
individual animal detection. If there was feed left in the trough,
that is, the probe was covered, the piglet needed to consume it for
a new dose to be dispensed. When the probe was discovered and
an animal was detected, the automaton automatically activated
the geared motor, and a dose was dispensed to the animal
present. Each time a piglet ear tag was detected by the RFID
antenna, the computer located in the office time stamped the
visit and recorded the amount of feed consumed. To ensure the
consistency of the data collected by the machine, the feed was
weighed every day by the animal handlers and the accuracy of
the distribution was checked every week.

The connected drinker consisted of a bowl drinker, adjusted
at 1 l/min (± 1ml), connected to an individual water meter and
an RFID antenna to identify piglets (Rousselière et al., 2016). The
flow rate of the drinkers was checked at the start and at themiddle
of the test to always guarantee a flow rate of 1 l/min. Each drinker
was associated with a weighing pan suspended using two strain
gauges, at the front and at the rear of the automaton (Marcon
et al., 2018). This device allowed precise weighing to± 10 grams.
As soon as a difference in weight was detected on the platform,
a measurement was taken every 10 milliseconds until the output
of the animal from the automata. We then obtained a Gaussian
curve, and a pre-processing was carried out directly by the
automaton to extract themeanweight of the animal. The whole of
this device was also equipped with side walls. These were flexible
to adapt to the growth of piglets and prevent several animals
from drinking at the same time. Every time a piglet ear tag was
detected by the RFID antenna, which was positioned behind the
drinker, the computer, located in the office, timestamped the visit
and recorded the weight and quantity of water.

Trial Management
The piglets were fed ad libitum via the connected feeders for the
duration of the trial. A classic 1st age feed was distributed during
the first 14 days of the test, then the animals were fed a 2nd age
feed until their leaving.

The room atmosphere was managed by a control box
configured according to the recommended standards, namely

28◦C at the entrance of the piglets and a gradual descent to 24◦C
at their exit. The box controlled the fans and heaters installed
above each of the pens.

Observations of Health Status
In order to collect a maximum of data on the animal’s health
status, observations of the piglets were made by animal keepers
every day and by specialized technicians three times a week. All
these observations weremade according to a unique standardized
grid and the observers were trained by a veterinary to limit the
subjectivity of the data. Between animal keepers and technicians,
the main difference was the time spent for the observations,
technicians checked all the piglets one by one and spent at least
20min at each pen. During each observation, the health status
of each piglet was registered on a sheet previously printed with
the ID of piglets in this pen. There was also the possibility
for the observer to write other kind of useful information
about the animal (dead, infirmary. . . ). The scoring grid used is
described here:

- Digestive disorders: D0 = normal state (=healthy animals),
D1 = onset of diarrhea (=soft feces), D2 = marked diarrhea
(=liquid feces). D1 and D2 pigs are considered as sick animals.

- Respiratory disorders: T0 = no cough, T1 = less than three
coughing fits, T2= three or more coughing fits.

- Musculoskeletal disorders: B0 = normal gait, B1 = hampered
gait, B2= no longer puts a hoof.

- Wounds and bites: P0 = no wounds, P1 = wound <2 cm in
diameter, P2= wound ≥2 cm with their location.

- Abscesses and swelling: the location of them (castration, ears,
legs, whitlow, etc.).

- The other observations, with, for example, the thinness or the
pallor of an animal.

Data Analysis
Database Creation
At each end of batch, the files with feed and water consumption
and the weight of all the piglets were automatically imported into
a database developed with Access software. The data of health
scoring status were also imported into the database after entry via
a dedicated form developed in VBA, with different alert messages
and buttons blocked to signal any missing information in order
to reduce entry errors.

For data analysis, all the information collected on the fifteen
batches was exported to be manipulated and analyzed using
Python language, via the Jupyter interface.

The data were aggregated daily for each piglet and data
cleaning was carried out: periods, pens, and animals with biased
(for example a defective water meter) or incomplete (automata or
computer errors, power cut) data on water, feed or weight were
deleted. These cases can happen due to a power failure, a problem
with an automaton, loss of RFID ear tag, . . . .

Selection of Animals Included in the Data Analysis
After cleaning the database, 15 batches representing 53,550 lines
(one line represents one animal for 1 day) were used for the
analysis. Of the 1,530 piglets registered in the database, ∼9%
(138 pigs representing 4,830 lines in the database) showed no
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symptoms of all the clinical scores (not only diarrhea) during
the 5 weeks of the trial, they represented the “Healthy” group
of animals. To constitute the group of “Sick” animals, we used
2,568 lines of pigs rated D1 and 1,686 lines of pigs rated D2.
Pigs having exhibited clinical signs other than diarrhea (cough,
lameness, wounds, etc.) were not included in this study.

Furthermore, to compare healthy and sick animals, data
corresponding to the first day of diarrhea and the days before
were used. In cases where diarrhea in a pig lasted several days,
the days after the first detection were not used in the analyses.
Indeed, the objective of the study was to detect the appearance
of a digestive problem early, so it was essential to detect any
behavioral changes of a healthy animal and notify the breeder;
ideally in the days prior to the diarrhea, and at the latest, on
the day where the first clinical signs appear. Beyond that time
frame, pathology detection is too late. It becomes too similar to
the techniques breeders use to simply observe their animals.

Creating Variables for Analysis
The water and feed consumption were directly connected to the
live weight of the animals, and so were systematically expressed
as a percentage of the live weight of the pigs (ml of water
consumed/g of live weight and g of feed/g of live weight). This
made it possible to compare the results of animals with several
weights at a given age.

To represent the piglet’s behavioral changes over time and
according to its digestive health for analysis via machine learning,
the following variables were created: the accumulation, since the
start of the test, of water consumption related to weight; the
cumulation of feed consumption in relation to weight and the 2-
and 3-day moving averages of water and feed consumption. The
moving averages made it possible to obtain a result considering
the previous days, which indicated the dynamics of water and
feed consumption of the piglet and not only to use data from a
given day.

Data Analysis, Statistical Tests, and Machine

Learning
First, the water and feed intakes of healthy animals were studied
to see if a healthy animal showed stable results over time, which
was necessary to detect deviant behavior in sick animals. The
results of the three weight categories were visualized by box
plot and compared individually with a Tukey test. Analyses were
performed with data from days 2 to 36, grouped by week from
Friday to Friday. Day 1, which corresponded to the Thursday
of arrival in post-weaning, was not considered in these analyses
because the new environment strongly affected the behavior of
the piglets.

Then, the intra-individual variability of water and feed
consumption in healthy animals was evaluated by calculating
the coefficient of variation (ratio between the standard deviation
and the mean) of each pig week by week. An average was then
calculated with the coefficients obtained for all the pigs.

Then, the feed and water consumption of the healthy and
sick groups were compared by a Tukey test to evaluate the
difference of mean. Due to the amount of data, normality was not
checked before the Tukey test, in step of the scipy.stats.shapiro

documentation: “For N>5,000 theW test statistic is accurate but
the p-value may not be.” The aim was to check whether a sick
animal was feeding differently to a healthy animal and if so, how
many days in advance. Comparisons were therefore made on the
very day of the onset of diarrhea, then 24 h, and 48 h before. For
these comparisons, the first 4 days of the trial were removed from
the data analysis.

Indeed, on the first day, which corresponded to weaning, the
piglets showed an exploratory behavior to discover their new
environment: automata for feeding and watering, absence of the
sow, new other piglets in the pen, etc. On days 2, 3, and 4,
the health observations were reduced due to the weekend. The
start of data analysis therefore began on the Monday following
weaning, the fifth day of presence in the room, with reliable
health data. Due to our work on early disease detection, several
days were excluded from the comparison between healthy and
sick data, because of zero piglets with the first diarrhea symptoms
on these days. Therefore, days 31, 32, 34, and 36 do not appear on
the following graphs.

Finally, a machine learning approach using scikit-learn
package on Python language via Jupyter software was adopted
using seven different methods (logistic regression, linear
discriminant analysis, k nearest neighbor classifier, decision tree
classifier, Gaussian naive Bayes classification, support vector
machines and random forest). These methods were used with
the default parameters on this first comparison, on future studies
we can work on the fine-tuning parameters. The objective was
to classify the piglets in two groups: healthy or sick. To do this,
the performance of each method was compared according to its
sensitivity and specificity. Sensitivity is the method’s ability to
detect sick animals and to avoid false negatives. Its calculation
is Sensitivity = a/a + c where a = number of true positive
and c = number of false negative. Specificity is the method’s
ability to detect healthy animals and to avoid false positives. Its
calculation is Specificity = d/b + d where d = number of true
negative and b= number of false positive. For these analyses, we
created two databases: training database, with the piglets of 10
batches randomly drawn, and test database with the five batches
remaining. The results obtained with the training database were
then validated with the test database because checking the results
with other data than training data was essential to evaluate the
machine learning methods.

RESULTS

Water and Feed Consumption of Healthy
Animals
The feed (Figure 1) and water (Figure 2) consumption of piglets
were compared week by week according to their weight category.
For the feeding data, no significant difference was observable
between the weight categories for a given week. For water
consumption, one significant difference was observed: between
the small group and the heavy group, in week 5.We found a piglet
with very high level of water consumption in the heavy group for
weeks four and five.

Furthermore, we noted that feed consumption increased from
the 2nd and 3rd week, where it was significantly higher than
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FIGURE 1 | Boxplot of feed consumption related to weight for healthy piglets, week by week, according to their weight category (light, medium and heavy).

the first week. Thus, the average feed consumption increased
from 3.4 to 4.9% of live weight between the start and the end of
the period. Average water consumption also changed week after
week: it went from 7.1 to 11.3% of body weight between the start
and the end of the period.

The intra-individual variability of water and feed
consumption is presented in Table 1 based on the average
of the coefficients of variation for each of the 138 healthy pigs
week by week. Very similar coefficients were observed between
the weight categories for the same week with a maximum
difference of 5%, for both feed and water consumption. It
should also be noted that the coefficients decreased as the test
progressed, from 39 to 16% for feeding and from 40 to 25%
for watering.

Comparison of Water and Feed
Consumption Between Healthy and
Sick Animals
Analysis of water consumption showed no significant statistical
difference between the group of healthy animals and that of sick
animals on the day of the onset of diarrhea (Figure 3). This
observation is also valid for the consumption of the 2 days prior
to observing the diarrhea for the first time. That is to say that
an animal with diarrhea had the same water consumption as a

healthy animal, both on the day of observation of the first clinical
signs, and also during the 24 and 48 h before.

On the other hand, significant differences were observed
between the feed consumption of the healthy and sick groups
during test days 5–8, for the day of diarrhea observation
(Figure 4). These differences were also significant for the data
collected 24 and 48 h before the observation of diarrhea. In fact,
sick animals consumed less feed than healthy animals, 1 and
2 days before the onset of clinical signs. From day 9 of the
period and until the end of the batch, the differences were no
longer significant.

Data Analysis With Machine Learning
Methods
The results of the seven methods regarding sensitivity and
specificity are presented in Table 2.

The Gaussian naive Bayes classification shows the best
sensitivity results (73.7%) compared to the other six methods that
don’t reach more than 33.1%, but its specificity is only equal to
(58.0%), whereas the other methods are all above 80%.

But it doesn’t significantly change the previous results
suggesting that watering data do not impact the efficacy of
the models.

Frontiers in Animal Science | www.frontiersin.org 5 August 2021 | Volume 2 | Article 688902

https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/animal-science#articles


Thomas et al. Diarrhea Detection From Piglets Individual Data

FIGURE 2 | Boxplot of water consumption related to weight for healthy piglets, week by week, according to their weight category (light, medium and heavy).

DISCUSSION

The follow-up of fifteen bands of 102 piglets enabled the creation
of a substantial database composed of daily and individual data
onwater, feed consumption andweight of weaned piglets to study
the possibility of early diarrhea detection on post-weaning.

This study showed that feed consumption in relation to
weight does not show significant differences between the three
weight categories (light, medium and heavy) in healthy pigs.
The conclusion is similar for water consumption, except in week
5 when the heavy pig category consumed significantly more
water than the light pig category. This result of week 5 should
nevertheless be interpreted with caution because the average
water consumption of heavy pigs was abnormally increased by
the results of one piglet which was a very heavy user or waster
of water. Furthermore, this piglet was weaned during a heat
wave period, which can explain high consumption. On the other
hand, for the first 4 weeks of post-weaning, water consumption
was similar in healthy and sick pigs. This result is particularly
interesting because it is not intuitive: one would have thought
that heavy animals would have hadmore difficulty getting used to
their new environment after weaning compared to light animals.
Indeed, lighter animals have frequently less access than the
heavier ones to the sow’s milk and they look for the solid feed

to satisfy their needs. Since heavy animals have enough milk,
they consume less solid feed during lactation and weaning may
be more difficult for them. But this was ultimately not the case.
Moreover, among the healthy animals, the light group had a
higher number (49) than the medium group (35) and close to
that of heavy animals (54), indicating that healthy animals existed
over the entire period of the trial whatever the weight category.
This finding was also interesting because it allowed us to dispense
with an analysis by weight category to compare the water and feed
consumption of healthy and sick animals in the rest of the study.

The data recorded indicates that a piglet drinks on average
an amount of water equivalent to 7–11% of its bodyweight,
whether healthy or sick. A previous study carried out in France
confirms this data (Massabie et al., 2013;Massabie et al., 2014). Of
course, these data also include the waste of water, that represented
around 19–20% of the total amount of water registered with
nipple bowls (Torrey et al., 2008). But waste of water can be
higher with some pigs that play or refresh themselves with water:
this is probably what happened in week 5 for one pig in the
healthy and heavy group.

The data obtained for feed consumption included between 3
and 5% of live weight and confirmed the first results described
from two batches in a previous study using the same machines
and the same protocol (Rousseliere et al., 2020b). Healthy animals
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had a feed intake of 4.6% (± 1.7) and 3.8% (± 1.8) of live weight
on the batches studied. In addition, the consumption of feed
relative to that of water corresponded to the ratio of two to one,
as shown by the research of Mroz et al. (1995).

The fact our data indicates that healthy animals have, on
average, the same water and feed intake relative to their
live weight, regardless of their weight category would suggest
it is possible to detect diarrheal animals with, intuitively,
more atypical behavior. Nevertheless, the large intra-individual
variability in the consumption of water and feed of healthy
animals represents a real obstacle to this early detection: the
consumption is very variable from 1 day to another for the
same healthy individual. These intra-individual variabilities
correspond to the data obtained by Rousselière et al. (2019),
who observed, at the start of post-weaning, a coefficient of
variation of 45.8% for water consumption and 40.7% for feed
consumption. For our part, during the first week of post-weaning,
the coefficient of variation of water consumption varied between
38 and 42% depending on the weight category, and that of
feed consumption was between 38 and 40%. These coefficients
gradually decreased during the trial but remained high with
values between 24 and 27% for water, and 15 and 17% for feed,
when pigs left. This confirms the results of the cited study with,
at the end of post-weaning, the coefficient variation of 27.4% for
water and 18.3% for feed. This high intra-individual variability
may therefore complicate the discrimination of diarrheal animals
from healthy animals.

Moreover, the fact that sick animals continued to drink
normally, whereas their feed consumption decreased when
compared to healthy animals is a major result for another field
than the early detection of pathologies. Indeed, this means that it
is better to treat sick animals through drinking water rather than
through feed in order to avoid under dosage of medicines.

If the amounts of water drunk do not seem relevant here
for early detection of the onset of diarrhea, our goal is now to
analyze drinking water behavior (number, hour and duration of
visits) in order to identify pathological disorders, as shown by
Madsen and Kristensen (2005). On growing pigs also, the water
consumption (water flow and drinking bouts frequency) is a good
predictor for diarrhea on pens using linear models (Jensen et al.,
2017). Our connected drinkers could also be used in the future to
detect pathologies other than diarrhea, like A. pleuropneumoniae
(Pijpers et al., 1991) and respiratory problems in fattening pigs
(Brumm, 2006).

Our results show that the use of feed consumption seemsmore
relevant for the early detection of diarrhea. Indeed, significant
differences for days 5–8 were observed between healthy animals
and those with diarrhea. These differences showed that animals
with diarrhea consume less feed, relative to their weight, than
healthy animals. This result was also observed on the days
preceding the observation of first diarrhea signs, which would
make it possible to anticipate the pathology before the appearance
of the first clinical signs. These results confirm that the animal’s
state of health influences its feed intake. But health status is one
among others: hunger and satiety, but also veterinary treatments,
the composition of the feed, the feeding system, the housing, the
breed, and the environment of the pig (Maselyne et al., 2015).
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FIGURE 3 | Comparison of water consumption related to weight, between healthy pigs (no diarrhea) vs. sick animals (with soft and liquid diarrhea) at the same age

and on the day of onset of diarrhea.

All these parameters affect the feed consumption, which makes
automatic detection complicated.

The use of machine learning methods also allowed us to
automatically value the data collected. Among the seven methods
tested, none had performances that we can consider good
both on sensitivity and specificity to help farmers to early
detect diarrhea on weaned piglets: the Gaussian naïve Bayes
classification offered the best sensitivity results with 73.7%
but it’s not acceptable to consider that more than 25% of
the sick piglets are not detected by the model. In the same
way, the specificity of this method is bad because it reaches
only 58% which means that nearly half of the healthy pigs
are classified as sick. All these results are insufficient for a
commercial tool, which requires at least 85% of sensitivity
and specificity.

The very low sensitivities seen here may be the result of over-
learning the methods with healthy animals. Indeed, sick animals
only represented 15% of the training base, which may not be
enough for the model to learn the specific behavior of these sick
animals compared to healthy animals. Another explanation for
this poor performance is the very high intra-individual variability
in the feed consumption of healthy animals. The model therefore
failed to distinguish a sick animal from a healthy animal, since
their feed consumption was in the same range.

To improve the results obtained, the next step will be to
analyze variables already included in our database but not

investigated up to now (such as: duration inside feed and water
automata, rooms temperature, veterinary treatments, . . . ) or new
variables. For example, the temperature of animals seems to
be a good indicator of the presence of diarrhea in a pen, as
shown by Jensen and Kristensen (2016). The use of cameras and
automatic image analysis could also make it possible to detect
health disorders by monitoring the water consumption of pigs
at the pen scale (Kashiha et al., 2013), their weight (Kashiha
et al., 2014) their postures and drinking behavior (Alameer et al.,
2020) and their position in selected areas (Labrecque et al.,
2019).

CONCLUSION

The early detection of pathologies in pig farming is a promising
strategy for helping breeders to monitor animal health, reduce
the use of antibiotics and treat sick animals in a targeted
manner. The objective of this study was to assess the predictive
value of individual water and feed consumption to detect the
onset of diarrhea in weaned piglets, identified by RFID ear
tag, and bred in pens equipped with feeders, drinkers and
connected scales.

The results showed that the average water and feed
consumption of healthy pigs was not statistically different over
the post-weaning period according to their weight category
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FIGURE 4 | Comparison of feed consumption related to weight, between healthy pigs (no diarrhea) vs. sick animals (with soft and liquid diarrhea) at the same age and

on the day of onset of diarrhea.

TABLE 2 | Sensitivity and specificity (in %) of machine learning methods for piglet

diarrhea detection, from watering, feeding and weight data.

Machine learning methods Sensitivity Specificity

Logistic regression 24.1 92.6

Linear discriminant analysis 33.1 90.6

K nearest neighbor classifier 21.9 95.3

Decision tree classifier 30.9 81.9

Gaussian naive Bayes classification 73.7 58.0

Support vector machine 16.2 96.9

Random forest 26.5 92.6

Bold values show the best machine learning method.

(heavy, medium, light). In addition, no significant difference
was observed between the average water consumption of healthy
and sick animals, neither on the day of the observation of
diarrhea nor 1 or 2 days before. On the other hand, a significant
difference was noted between the average feed consumption
of healthy and sick piglets from the fourth to the ninth
day post-weaning, both on the day of the observation of
diarrhea and 24 and 48 h before. However, machine learning
methods have not made it possible to obtain a model allowing
the early detection of diarrhea with sufficient sensitivity and
specificity for a commercial tool on the field (72 and 62%,
respectively). The reason is the huge intra-individual variability
in the consumption of feed by healthy animals which really

complicates the discrimination of diarrheal animals from
healthy animals.

For future studies, new parameters such as automatic
measurement of body temperature or location of piglets in
the pen by image analysis could improve the performance of
these methods.
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