Validation of an early warning system for enteric disordersin broiler farming
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Abstract

Enteric disorders represent a major health issueté@msive farming; these pathologies
could be caused by bacteria, viruses and parasites are a major cause of
performances reduction. Monitoring poultry healtatss takes a key role for farming
management in the reduction of chemicals/drugstiaeid costs.

Nowadays, antibiotics are commonly and preventivslgd in intensive farming system,;
therefore, this practice could result in the awtilci resistance phenomena. For this
reasons, there is the global interest in reduchgguse of antimicrobials (AM). This
could be possible through Precision Livestock Fagh{PLF), that can provide valuable
information for the early detection of health pmil in intensive farming, in virtue of
the combination of cheap technologies and speaijorithms.

The experimental trial was carried out in the féies of the Universita degli Studi di
Milano located in Lodi.

One hundred and twenty Ross 308 one-day-old chisi® split into two separate
boxes (A and B) with standardised management dondit Air samples from both
groups were analysed through a chemical sensoay amd were processed with a
multivariate statistical software.

This study aims to develop a PLF diagnostic toehsgble to the variation of volatile
organic compounds, to promptly recognise enterigbl@ms in intensive farming,
supporting veterinarians and enabling specific ttneats in case of disease. The
innovative approach of this methodology is the bdg to provide reliable real-time
information and repeatable responses. The advaofaggly warning is the possibility
to use non-conventional therapies instead of ANMdat animals.
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Introduction

Enteric disorders represent a major health issuatémsive farming; bacteria, viruses
and parasites could cause these pathologies.

One of the most common enteric disorder in poulemming is Coccidiosis that is
caused by protozoa of the family Eimeriidae andditha. These parasites are present



in almost every poultry farms. Most species beltmghe genus Eimeria and infect
various poultry intestine tracts.

Clinical disease occurs only after ingestion ofrgfaied oocysts by susceptible birds.
Infections may last up to 4-7 days with parasitplication in host cells causing
extensive damage to the intestinal mucosa (Chap@t¥). The infestation affects
especially the digestive tract of young animalsngtoms include lack of appetite and
diarrhoea with the consequent drop in the prodegberformances.

Environmental conditions and high animal densitgatéres of intensive poultry
farming, might promote coccidiosis development (MoDald & Fitz-Coy, 2013).
Subclinical infestations have consequences on mopkrformance too, with serious
economic losses, poor product quality and incr@asarcass condemnation at slaughter
(Williams, 1999). Nowadays, the available diagndshnique consist in the counts of
the oocysts in the faeces or in the evaluatiomsibhs provoked by coccidia in different
intestinal tracts of dead/culled animals (JohnsonR&id, 1970). However, these
methods are time consuming, not ethical and justidoratories perform this practice.
Due to the ease of pathologies transmission in digsity-confined environment of
intensive farming, diagnostic techniques must hadraand sufficiently low-cost to
avoid an improper use of medication (McDougald &zFfoy, 2013). Nowadays,
antibiotics are commonly and preventively usedntensive farming system; therefore,
this practice could result in the antibiotic registe phenomena. For this reasons, there
is the global interest in reducing the use of aitiabials (AM). Indeed, reducing the
use of medication might contribute to reduce ardiobials resistance that is considered
a serious threat for public health (Alali al, 2009; Bergeet al, 2005).

This could be possible through Precision Livestéekming (PLF) that can provide
valuable information for the early detection of lkegroblem in intensive farming, in
virtue of the combination of cheap technologies apdcific algorithms (Tulleet al,
2013).

The PLF approach can be easily applied at farml I@xathes, 2010) supporting
farmers with early warning systems for the managen® complex biological
production processes. For instance, PLF tool baeetie collection of sounds (Fontana
et al, 2015; Fontana&t al, 2016; Guarincet al, 2008; Hemeryclet al, 2015; Meeret
al., 2015; Mouraet al, 2008; Silvaet al, 2009; Vandermeuleret al, 2016;
Vandermeulenet al, 2015), images (Aydiret al, 2010; Berckmanst al, 2008;
Dawkins et al, 2012; Demmer®t al, 2012; Guzhveet al, 2016; Ismayilovaet al,
2013; Matthewset al, 2016; Portoet al, 2015; Romaninet al, 2012; Shao & Xin,
2008; Tulloet al, 2016) and data from sensors (Cejaal, 2016; Neethirajan, 2017)
have been widely used to monitor animal health avelind production performance.
Image analysis has been widely used in many spaxiesestigate thermal comfort.

The prompt reaction to any change in health, weléard productive status is the key for
the reduction in drugs usage and for the improverokanimal wellbeing.

For these reasons it is necessary to develop amalive control system to promptly
detect the onset of the infestation. Odour andgqaiality from livestock can give
indication on animals health, since the odours fhitter strongly depend on the features
of animal faeces. Therefore, enteric problemschaacterised by different chemical
odour properties (Sohet al, 2008).

In this scenario, a system based on sensors wak ass@n early and non-invasive
detection of any health problem in intensive famgnimhhis system uses non-specific gas
sensors that, are sensitive to a wide range oftil@laompounds (organic and



inorganic), and is able to classify and identify tbdours analysed using a pattern
recognition system.

The pattern recognition procedure consists in apavaiive and qualitative analysis
among different odour samples and itis responsilole the discrimination and
classification of sensor data into different clusteThus, any new odour sample is
assigned to a specific class, based on the sengput, identifying the presence of a
particular chemical pattern (identification proge&sreenet al, 2006).

This study aims to develop a PLF diagnostic toehsgble to the variation of volatile
organic compounds (VOCs), to promptly recogniseemntproblems in intensive
farming, supporting veterinarians and enabling gjgeceatments in case of disease.

Material and Methods

The experimental trial was carried out in the féied of the Universita degli Studi di
Milano located in Lodi and lasted for 45 days.

One hundred and twenty Ross 308 one-day-old chieke placed at day 0 and split in
two separate box (A and B) with standardised vatibih, rearing conditions and diet.
The feed in group A was added with coccidiostatic.

Both box measured 2x3m, the floor was covered witlod shavings and the stocking
density was 30 kg/fn

Litter sampling was performed in six different Itioas within the box and the level of
infestation was weekly evaluated according to trethod of Mc Master (Conway &
McKenzie, 2007). The gold standard for coccididsithe oocyst count per gram (opg).
Meanwhile, air sampling was carried out followirgcommendations described in the
European Standard EN 13725 (CEN, 2003). Air sampie® drawn into Naloph&n
bags using a special sampler working with the lpngciple. The sampler draws the air
directly into the bag by evacuating the tightlysgdd atmospheric pressure vessel in
which it was placed (Dinceat al, 2006).

Air samples were analysed through a chemical seraoay and were processed with a
multivariate statistical software

In order to discriminate between air samples ctdl@an the two groups, firstly data
were analysed using the principal component ara(y&CA), then were processed using
the discriminant analysis (LDA) and ‘Odour-printgére successively compared.

PCA is a statistical procedure useful for data ysisland classification and it is the
most widely used pattern recognition method for taboration of the sensor
responses.

LDA is a classification procedure, which maximisg® variance between groups
categories (defined with the PCA) and minimises waeiance between categories,
taking into account the distance between and wilffierent classes.

Results and Discussion

During the production cycle group B developed deanon of coccidiosis. At day 21
the oocyst count was 250 opg, while at day 35nfection reached the highest value of
37.000 opg.

The score plot in Figure 1 reports the results @ARerformed on samples collected at
day 21 and 35 in both groups (group A — no cocesigiaggroup B — coccidiosis).



The analysis showed that, the system was ablentbdifferences between air samples

collected in group A and group B, even when theystscin group B were in the order
of 250 opg.
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Figure 1. Score plot performed group A and grouptBlay 21 and 35 of the cycle
production.

The score plot, reported in Figure 1, shows thatstim of variances is higher than 80%
and the majority of the data was explained by st &xis (63.7% of the total variance).
This score plot shows also that samples can beéecagsinto two groups; the first one
(group A at day 21 and 35) represents the brotleas did not develop the coccidiosis
while the other one (group B at day 21 and 35)tifles those animals that developed
the pathology. Anyway, Figure 1 clearly shows hamnples collected on group B at
day 35 are highly separated from samples colleoteld on group A (at day 21 and 35)
and on group B (at day 21). This separation of sesnmight be related to the high
number of oocyst found in the litter of group Bdaty 35 (37,000 opg); indeed, at that
moment, broilers were highly infested by coccidtarthermore, as shown in Table 1
the discrimination power reached high values (0-+7®.80), indicating the good
severability of classes (group A and B).



Table 1. Discrimination power among group A andtBay 21 and 35

Group Aday 21 Group Bday 21 GroupAday 35 Group B day 35

(0 opg) (250 opg) (0 opg) (37k opg)
Group A day 21
(0 opQ) 0.76 0.69 0.65
Group B day 21
(250 opg) 0.76 0.83 0.76
Group A day 35
(0 opQ) 0.69 0.83 0.71
Group B day 35
(37k opg) 0.65 0.76 0.71

This system based on chemical sensors is ablecimgmeze at an early stage the
difference in features of air sampled in the twougs. This ability related to litter

sampling may represent a diagnostic tool for atyeatection of health problems due
to enteric disorders.

Conclusions

The results of this preliminary study might be wusefor the development of an
alternative diagnostic tool to promptly detect thieset of infestations through the
monitoring of air quality in poultry houses.

New samples should be collected at farm level,@bagsufficiently large database to
define more reliable ‘odour-prints’ of litter sareplcollected in broiler houses.
Moreover, this system might be a very useful tapnldetect enteropathy in farmed
animals kept under controlled environmental coodgi Further studies will be
necessary to develop and implement an automatddatie to automatically and
promptly recognise enteric disorders in intensamning.

The innovative approach of this methodology is ¢hpability to provide reliable real-
time information and repeatable responses. Theradga of early warning is the
possibility to use non-conventional therapies iadtef AM to treat animals.

The results showed in this study have been patemtddr the Italian patent application
number 102016000059153 ofi Qune 2016.
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