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using Digital Analysis of the Lymphoid Depletion System (ADDL). Pesquisa Veterindria
Brasileira 36(7):652-656. Centro de Diagndstico e Pesquisa em Patologia Aviaria, Faculdade
de Veterinaria, Universidade Federal do Rio Grande do Sul, Av. Bento Gongalves 8824, Porto
Alegre, RS 90540-000, Brazil. E-mail: tadsalle@gmail.com

The thymus is a lymphoid organ and usually evaluated for the degree of lymphocyte
loss with subjective histological techniques. This study aimed to adapt and to apply of the
digital analysis of the lymphoid depletion system (ADDL) in the thymus in order to obtain
a more accurate analysis. Glucocorticoid was used to induce immunosuppression in 55
broilers at 21 days of age; other 15 broilers were the control group. After euthanasia of
the broilers, postmortem examination was made. Both thymic chains were collected and
six lobes were selected for histological examination of the degree of lymphocyte depletion
(scores 1 to 5) and for submission to all stages of processing by the ADDL system. The ar-
tificial constructed neural networks (ANN) obtained 94.03% of correct classifications. In
conclusion, it was possible to adopt objective criteria to evaluate thymic lymphoid deple-
tion with the ADDL system.

INDEX TERMS: Poultry, cellular immunity, lymphoid depletion, image analysis, artificial neural

networks.

RESUMO.- [Avaliacao de perda de linfécitos do timo em
frangos usando andlise digital do sistema de deplecio
linféide (ADDL).] O timo é um 6rgdo linféide, que é nor-
malmente avaliado para o grau de perda de linfocitos a par-
tir de técnicas histolégicas subjetivas. Este trabalho teve
como objetivo a adaptagdo e aplicacdo do sistema de ana-
lise digital de deplecao linféide (ADDL) para o timo, a fim
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de tornar sua analise mais acurada. Glicocorticoides foram
utilizados a fim de induzir imunossupressdo em 55 aves de
21 dias de idade. Outras 15 aves formaram o grupo con-
trole. Posteriormente, para cada um dos aves, realizou-se
a eutanasia e necropsia. Ambas as cadeias do timo foram
coletadas e foram selecionadas seis 16bulos para proces-
samento histoldgico, analise quanto ao grau de deplegdo
linfocitaria (escores de 1-5) e submissdo a todas as fases
do processamento pelo sistema ADDL. Observou-se que a
rede neural artificial (RNA) construida obteve 94,03% de
classificagdes corretas. Em conclusao, foi possivel adotar
critérios objetivos para avaliar a deplegdo linféide timica
utilizando o sistema ADDL.

TERMOS DE INDEXACAO: Aves, imunidade celular, deplecio lin-
féide, analise de imagem, redes neurais artificiais.

INTRODUCTION

The intense technification of poultry farming makes the
density increase, what leads to a higher concern on animal
health. Among the most important diseases are the ones
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that directly affect the immune system, turning birds sus-
ceptible to opportunistic agents. Thymus is one of the most
attacked organs by immunosupressed diseases being the
histological evaluation of the tissue injury performed wi-
dely variable. Therefore, there is not a “gold standard” to
quantify the lymphocyte loss.

Sharma et al. (1993) created lesion scores for the thy-
mus varying from 1 to 4, using the terms “mild”, “modera-
ted” and “severe” in order to quantify the lymphocyte loss.
Smyth et al. (2009) evaluated thymic lesions by the nucleus
size increase in T lymphocytes, pale color of the chromatin,
intranuclear inclusions, cortical lymphocytary depletion
and the occurrence of structures that were similar to apop-
totic bodies. Hadipour et al. (2011) used only the presence/
absence criteria of the lymphoid tissue necrosis and deple-
tion in the thymic medulla. Hussain et al. (2012) analyzed
the thymus after establishing 5 scores based on the corti-
cal necrosis and atrophy: 0 = no lesion; 1 = mild multifocal
necrosis; 2 = moderate multifocal necrosis or diffuse mild
cortical atrophy; 3 = moderate diffuse cortical atrophy; 4 =
severe diffuse cortical atrophy. In order to improve the eva-
luation of the lymphocytary loss of the thymus, researchers
such as Van Santen et al. (2004) and Toro et al. (2009), used
the image analysis to measure the scope of the thymic lobe
and calculate the cortical medullar relation.

This wide methodological variation observed on the
study of the thymus is the result of a lack of clear and ob-
jective criteria. Such criteria is essential in order to provide
support on based decision making, allowing ones to esta-
blish the degree of the lymphoid tissue. In addition there is
the lack of repeatability and reproducibility of the applied
methods. Such characteristics are indispensable regarding
a laboratorial tool so spread as the histopathology.

Moraes et al. (2010) proposed a new methodology that
reduces considerably the subjectivity to establish the lym-
phocytary loss of the cloacal bursa through a system called
Digital Analyses of the Lymphoid Depletion (ADDL - Ava-
liagdo Digital da Deplecdo Linfocitaria). The ADDL is based
on the use of image analyses and artificial intelligence, pro-
ducing a more accurate method to quantify the lesion. The
aimed of this work was the adaptation and application of
ADDL system to broiler thymus samples in order to make
the evaluation of lymphoid more objective.

MATERIALS AND METHODS

Submission to the ethics committee. The research Project
is registered at the Animal Care Committee from the Veterinary
Research Institute Desidério Finamor (CEUA-IPVDF), under the
protocol 21/2012.

Birds. Seventy chicks one day old were used. The birds were
housed in an acclimatized room, with artificial light and distribu-
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ted into metal brooder cages. The animals were fed with water
and ration “ad libitum” throughout the experimental period.

Experimental design. When the chicks were 21 days old
(considered day zero), two groups were formed, control (15 bir-
ds) and treated one (55 birds). The treated group received intra-
muscular dexamethasone (5mg/kg - DEXIUM at a concentration
of 2mg/ml ), according to the modified protocol from Kong et al.
(2002).

In order to get different degrees of lymphoid depletion, the
birds were treated on day zero, day one, day three and day five.
Between day zero and day four twenty five birds were sacrificed -
every 24 hours - one bird from control group and four birds from
treated group. With bird had its sweetbreads collected. After the
day six, five samples were taken every eight hours from five bir-
ds of the treated group and one bird from the control. The last
sampling was done on day 13 (8 days after the last dexamethaso-
ne administration) to obtain thymus with intermediate scores of
lymphocyte depletion. Table 1 shows the treatment protocol be-
tween day 0 and 13. During the period of housing, three animals
belonging to the treated group had died for reasons external to
the experiment, so, they were excluded of this study.

Euthanasia of birds and sampling the thymus. The birds
were anesthetized with the combination of an intramuscular
single dose of 2% Ketamine 20mg/kg and 10% Xylasine 3mg/kg
(Tranquilim et al. 2007). After, they were euthanatized through
electrocution (110V). Immediately after the sacrifice, birds were
necropsied and both thymic chains were collected and placed into
bottles with 10% buffered formalin solution.

Preparation of histological sections. After 24 hour fixing,
three lobes were selected in each of the thymic chains (six lobes/
broiler). Based on the criteria of choice the one that had total se-
paration with the adjacent lobes. The lobes were cleaved, identi-
fied and processed until the inclusion into paraffin. Cuts were ob-
tained (5pum) and stained with hematoxylin and eosin according
to Luna (1968).

Slides of histological evaluation. First, um lobe per sam-
pling was selected in order to obtain five scores related to the
lymphoid depletion. These 13 slides had a degree of lymphocyta-
ry tissue damage determined by two evaluators through the sub-
jective conventional method (optic), where the optic score (0S) 1
represented the absence of depletion and the score 5, the maxi-
mum lymphocytes loss. These slides were later used as a pattern
to classify the others lobes.

Two histopathologists evaluated the two other slides blindly
and at random. The final depletion score of every broiler was ob-
tained by using the mode of the scores of the six thymic lobes from
both evaluators.

Image capture. Each of the 402 thymic lobes was divided into
eight parts (octants), and numbered clockwise from 1 to 8. Digital
photomicrographs (Fig.1) were obtained from each octant.

The pictures were taken with an OLYMPUS® C-7070 camera,
coupled to trinocular OLYMPUS® CX40 microscopy, with 200x
magnification, TIFF format and 3072x2304 resolution. Particular
care was taken in order to get into the octant with a defocusing
microscopy avoiding areas with artifacts. The image should com-
prise both medullar and cortical portions.

Table 1. Number (n) of birds for the sampling of the thymus between the days 0 and 13

Day Day 0 Dayl Day2 Day3 Day4 Day5 Day6 Day 6 Day 6 Day7 Day7 Day13
8h 16h 24h 32h 40h
(sampling) (1) (2) (3) 4) (5) (6) (7 (8) ) (100 (a1 (2
Group cCT cT CT CT CT CT CT cCT CT cT CT CT
Nr of birds euthanized 1 4 1 4 14 14 14 11 15 15 15 15 15 4 6

C = Control; T = Treated.
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and the DS 5, the others obtained values between 80 and
95%.

The ANN produced 94.03% of correct classification.
Only 5,97% of the samples were allocated in different DSs
but all of them with scores immediately higher or lower.

Fig.1. lllustrative image of the thymic lobe divided into eight sec-
tions that were selected for photomicrography.

Image analyses. The images were processed according esta-
blished by Moraes et al. (2010) (Fig.2). It was done with the sof-
tware Matlab® 6.5 - Mathworks. Therefore the images were con-
verted into 256 shades of gray scale and the selection in the area
of interest was carried out.

After, there was their segmentation and the histogram charac-
teristics were attained. At the end the values presented by the his-
togram were exported to a Microsoft excel table to calculate the
Right area (RA), Left Area (LA), Midpoint Area (MA), Higher Point
(HP) and Major Index (MI) (Fig.3).

Artificial neural networks (ANN). ANNs were generated
with the items of the histogram to classify (Neuroshell® Classifier)
and recognize the images in the distinct optical scores of the lym-
phoid depletion. The values of RA, LA, MP, HP and MI were given
as input variables. The digital score (DS) was obtained as output
variable characterizing the lymphoid loss. The final optical score
was used for network training which was also useful for the com-
parison with the DS.

RESULTS

Establishment of lymphocyte depletion through OS per
thymic lobe and per bird

It was possible to establish 5 scores related to the lym-
phocyte loss through the histological analyses of the thymic
lobes.as shown in Table 2.

OS of the thymus during 13 days treatment with Dexa-
methasone

According to the graphics of the Figure 4, from day 0
to 4 the scores of lymphocyte loss varied between 1 and 3,
for both the control and treated group. From the treatment
performed on day 5 the depletion degree was higher and
there were birds with score of thymus between 4 and 5.
There was evidence of the recovery of thymus in the col-
lection carried out on day 13 once the score of the treated
group decreased to 2. The scored varied between 1 and 2 in
the birds of the control group on day 13.

Artificial neural networks

Table 3 represents the results of classification of digital
thymic scores from the use of the ANNSs. The results corres-
pond to the values obtained per bird.

te 2 1 > AN L i ; s
Fig.2. (A) Photomicrographs obtained from one of the eight sec-
tions of the thymic lobe and converted into the gray scale -

The results observed, with the development of this software Matlab® 6.5 - Mathworks. (B) Interest area selection
network showed correct percentage of classification of one section of the thymic lobe - software Matlab® 6.5 - Ma-
over 95% for all categories. As for the predictive posi- thworks. (C) Segmentation of the selected one-software Ma-
tive value (PPV) it was observed that except the DS-1 tlab® 6.5 - Mathworks.
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Fig.3. Values of the LA, RA, MP, HP and MI represented in one of
the processing histograms of a photomicrography correspon-
ding to one section of the thymic lobe. - Software Matlab® 6.5
- Mathworks.

Table 2. Distribution of the thymic lobes and birds
among the 5 optical categories of scores related with the

lymphocytary depletion
Optical Score Number of lobes (%) Number of poultries (%)*

1 42 (10.45) 9 (14)
2 121 (30.10) 21(31)
3 127 (31.60) 21(31)
4 70 (17.41) 9 (14)
5 42 (10.44) 7 (10)

TOTAL 402 (100) 67 (100)

*Optical score obtained from the reading mode of the six thymic lobes by bird.
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Fig.4. OS of the thymus throughout at the 13 days of the lobe sam-
pling.

Table 3. Results of the DS classifications related to the
lymphocytary depletion of the thymus per bird given
by the ANNs

OE1 OE2 OE3 OE4 OES5 Total PPV (%)
DS 1 9 0 0 0 0 9 100
DS 2 0 20 2 0 0 22 9091
DS 3 0 1 19 0 0 20 95
DS 4 0 0 0 9 1 10 90
DS5 0 0 0 0 6 6 100
Total 9 21 21 9 7 67 -
Sensitivity (%) 100 95.24 9048 100 8571 - -

Specificity (%) 100 95.65 97.83 98.28 100 - -

DISCUSSION

It was found that the use of glucocorticoid based on the
protocol of treatment developed by Kong et al. (2002) was
well succeeded. So Thymus with different degree of lym-

phocytary depletion were obtained. The use of this drug to
damage the lymphoid tissue directly was also proposed by
Hussar et al. (2011) in adult Wistar mice. The authors re-
ported that, with the interruption of the treatment during
one week, there was thymus recovery regarding the lym-
phocytary structure.

These findings agree with the ones of this work, where
the organ was considerably affected by the treatment being
partially recovered after one week of the end of the drug
administration. According to Kong et al. (2002), this drug
does not affect the survival and the overall health of the bir-
ds. It just causes growth delay. However, it is important to
highlight that due to that fact of being an immune depres-
sor agent, it can increase the risk of infections.

According to Isobe & Lillehoj (1993), the administration
of this drug has several advantages such as: easy adminis-
tration, low cost, no suffering of the birds during the inocu-
lation and it does not cause depletion of the humural and
cellular immunity. Besides, it does not demand an experi-
mental environment with high level of biosafety because
infectious or dangerous agents for the public health are not
used (virus, bacteria and fungus).

The ANN developed presented good performance con-
sidering that the accuracy percentage was 94,03%. Such
result is shown by the values of sensitivity and specificity
which were higher than 90% for most scores. Despite the
high percentage of correct classifications, it is important
to highlight that it is always possible to improve the ANN
by adding the analyses of other histologists. Moraes et al.
(2010), had the accuracy percentage of approximately 62%
while classifying the follicles of cloacal bursa using also, the
ADDL system in five scores. This fact shows how adjusted
the model built in this study to evaluate the thymus is.

It also observed that even when the DS differs from the
0S, this difference gave us scores next to the correct one,
showing the high level of adjustment obtained and the
almost non-existence classificatory difficulty of the ANN.
This finding was not observed by Moraes et al. (2010), who
noticed a gray zone for the classification of the follicles of
cloacal bursa in the DS 2, 3 and 5.

Salle etal. (2011) performed a study in order to validate
the ADDL system for the cloacal bursa. It was done from the
evaluation of lymphocytary depletion, comparing the eva-
luation of three histologists with different experience level,
and from the ADDL system which was carried out by three
different operators.The results found had significant di-
fference among the evaluation of all histologists as well as
the two evaluations accomplished by the same histologist.
Significant difference was not observed while analyzing the
lymphoid depletion by the ADDL system, considering the
distinct operators. The authors understand that this new
methodology is not influenced by the person who performs
it. It is only necessary appropriate training for doing so. To-
gether with the obtained data on this study, this fact shows
that the methodology used to level the lymphocytary de-
pletion in the thymus is absolutely suitable for the labora-
tory routine and research.

As advantages of this technique we have the reprodu-
cibility and the precise knowledge of the classificatory
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mistake. The classificatory mistakes are not measurable in
the conventional histological methods. Despite the advan-
tages, the authors emphasized that this is not a technique
for diagnosis. So, it does not replace the role of the histopa-
thologist. Concerning the immunological condition of the
animals, this system is useful for tutoring, turning possible
the scientific comparison of the results through continuous
tutoring in different periods.

Floyd (2011), comparing microscopic methods for the
histopathological evaluation of cloacal bursa found impor-
tant differences in the classification per scores in the same
sample. It shows how subjective the conventional metho-
dologies are to determine degrees of injuries.

Studies on the evaluation of the thymus usually need
more detailed methodological description concerning the
number of evaluated lobes. This work also proved that the-
re are varied degrees of depletion among the lobes. Due to
the probability of under or super estimate the thymus re-
garding the degrees of lymphocytary, the histological eva-
luation of this organ should not be accomplished conside-
ring just one lobe when it is the main objective.

CONCLUSIONS

The results of this study complement the work perfor-
med by Moraes et al. (2010), because the thymus plays a
relevant role in the cellular immunity.

It was possible to show that an evaluation of the immu-
ne system of broiler, is perfectly applicable when objective
criteria are adopted for the histological analyses, reducing
the subjectivity.

This could be done using tools of image analyses toge-
ther with the ANNs.
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