UNIVERSIDADE FEDERAL DE CAMPINA GRANDE
CENTRO DE SAUDE E TECNOLOGIA RURAL
UNIDADE ACADEMICA DE MEDICINA VETERINARIA
PROGRAMA DE POS-GRADUACAO EM CIENCIA E SAUDE ANIMAL

ROBERTO ALVES BEZERRA

Epidemiologia e dindmica soroldgica na infeccdo natural por Neospora caninum
em ovinos no Semiarido Brasileiro

Patos/PB
2022



ROBERTO ALVES BEZERRA

Epidemiologia e dindmica sorologica na infeccdo natural por Neospora
caninum em ovinos no Semiarido Brasileiro

Dissertacdo submetida ao Programa
de Pds-Graduacdo em Ciéncia e
Saude Animal, da Universidade
Federal de Campina Grande, como
requisito parcial para obtencdo do
grau de Mestre em Ciéncia e Saude
Animal.

Orientador: Prof. Postdoc. Vinicius Longo Ribeiro Vilela

Patos/PB
2022



Dados Internacionais de Catalogacéo-na-Publicacédo (CIP)
Sistema Integrado Bibliotecas — SISTEMOTECA/UFCG

B574c¢
Bezerra, Roberto Alves

Epidemiologia e dindmica sorolégica na infeccdo natural por Neospora
caninum em ovinos no Semiarido Brasileiro / Roberto Alves Bezerra. — Patos,
2022.

58 f.

Orientador: Vinicius Longo Ribeiro Vilela.

Mestrado (Dissertacdo) — Universidade Federal de Campina Grande,
Centro de Salde e Tecnologia Rural, Curso de Mestrado em Ciéncia e Saulde
Animal.

1. Colostro. 2. Imunidade. 3. Neosporose. 4. Reacédo de
Imunofluorescéncia Indireta. |. Vilela, Vinicius Longo Ribeiro, orient. 1.
Titulo.

CDU 619:636

Bibliotecario-documentalista: Barbara Costa — CRB-15/806



14092022 10013 SEIUFCE - 2545019 - PRPG-Folha de Assinatura para Teses e Dissaragies

MINISTERIO DA EDUCACAD
UNIVERSIDADE FEDERAL DE CAMPINA GRAMDE
POS-GRADUACAD EM CIENCIA E SAUDE ANIMAL
Rua Aprigio Veloso, 882, - Bairro Universitario, Campina Grande/PB, CEP 58429-200

FOLHA DE ASSINATURA PARA TESES E DISSERTACOES
ROBERTO ALVES BEZERRA

EPIDEMIOLOGIA E DINAMICA SOROLOGICA DE 1G6G DA INFECI}RID NATURAL POR NEQSPORA CANINUM EM
OVINGS NO SEMIARIDO BRASILEIRD

Dissertagao apresentada ao Programa de
Pos-Graduacdo em Ciénda e Sadde Animal
omo pré-requisito para obtencdo do titulo
de Mestre em Ciéncia e Sadde Animal.

Aprovada em: 12/08/2022

BANCA EXAMIMADORA:

Prof. Dr. Vinicius Longo Ribeiro Vilela (Orientador - PPGCSASUFCE)
Profa. Dra. Carolina De Sousa Américo Batista Santos (Examinador Interno - UFCG)
Profa. Dra. Renata Pimentzl Bandeira de Melo (Examinadora Externa - UFRPE)

-
seil o
et i

Documento assinado eletronicamente por Renata Pimentel Bandeira de Melo, Usuario Externo, em
12/08,/2022, &5 16-35, conforme hordrio ofidal de Brasilia, com fundamento no art. 82, caput, da

Eorara SE1n2 002 de 25 de outybro de 2018

*
sail &
assinatura

wletririca

Documento assinado eletronicameante por Vinicius Longo Ribeiro Vilela, Usuario Externo, em
12/08/2022, &= 16-36, conforme hordrio ofical de Brasilia, com fundamento no art. 82, caput, da

Eortaria SE1n2 002 de 25 de outybro de JO18.

L
|
ot O

Documento assinado eletronicamente por CAROLINA DE SOUSA AMERICO BATISTA SANTOS,
PROFESSOR, em 12/08/2022, s 16:37, conforme hordrio oficial de Brasilia, com fundamento no art.

82, caput, da Portaria SE1n? 002, de 25 de outubro de 2018,

2= A autenticidade deste documento pode ser conferida no site bitps e ufce edy br/gutenticidade.,

'F4 informando o codigo verificador 2545019 e o cidigo CRC BEBZ9EFC.

TiesiC:UsersAVindows/Deskiop/Mesirade UFCGDISSERTACAD PRONTADIss2acS0 para a bancaFICHA CATALOGRAFICAPRPG Folha ... 12



AGRADECIMENTOS

Agradecer primeiramente a Deus pela dadiva da vida, pelos ensinamentos diarios e pelas
realizagOes constantes.

A minha familia, especialmente aos meus pais, S6nia e Paulo, por todo apoio, carinho,
paciéncia e compreensdo. Obrigado por serem meus grandes exemplos de inspiracao.

A minha irma Marcia, e aos seus filhos e queridos sobrinhos Pedro Rafael e Maria Luiza.

Ao0s meus avds Antdnio Feitosa (in memorian), Raimunda Rodrigues (in memorian) e
Maria Alves.

A minha estimada prima, Eliana, por sempre acreditar em meu potencial, pela amizade
e companheirismo de sempre.

Aos meus grandes amigos, Cidinha, Livinha, Tulio, Dna. Lindete, Sr. Vava, Jodo
Batista, Paulo Whiratan, Magaly e Felipe pelo apoio de sempre.

A equipe dos laboratdrios LIDIC e LPV, WIlysse, Felipe, Brendo e os demais, pelas
inimeras ajudas nas coletas da Pesquisa que desenvolvemos, sem vocés ndo seria possivel.

Aos meus orientadores e grandes amigos, Prof. Vinicius Longo Ribeiro Vilela e Profa.
Thais Ferreira Feitosa, obrigado por estarem ao meu lado durante toda a Graduacdo e Pds-
Graduacao, obrigado pela paciéncia e apoio. Muita gratiddo pela oportunidade de trabalhar e
conviver com pessoas de luz como vocés. Obrigado por sempre me apoiarem nas minhas
decisGes durante a concretizacdo desse sonho.

Aos professores da Pds-graduacédo, no qual tive a oportunidade de ser discente em suas
respectivas disciplinas.

Ao Instituto Federal de Educacéo, Ciéncia e Tecnologia da Paraiba pela parceria durante
a pesquisa, e possibilidade de realizar as analises do estudo nas dependéncias do Laboratério
de Doengas Infectocontagiosas do Hospital Veterinario Adilio Santos de Azevedo.

A pos-graduacdo em Ciéncia e Saude animal da Universidade Federal de Campina
Grande, campus Patos.

A Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) pelo
investimento nesta pesquisa através da concessao da bolsa de estudos.

Obrigado a todos!!!



SUMARIO

Pagina
RESUMO ......ooooiecieeeseeeeeeetes st sses st sesn e sses st sennasnsnssesenes 7
ABSTRACT ..ottt et 8
LISTADE TABELAS ..ottt 9
LISTADE FIGURAS. ..o s 10
LISTADE ABREVIAGOES ..o 11
INTRODUGAO GERAL ..ot ess s 12
REFERENCIAS ...ttt se s 14
(07 2 1 0 TR 15

Dynamics of Neospora caninum transmission in naturally infected sheep under

SEMIANIA CONAITIONS......cuiiiiiicceee et e e nas 16
F N 01 1 = (o) S PSPPSR 16
I 1] £ 0o [0 T 1 o] o ISR 18
2. Materials & METNOAS ........cccooiiii e 20
S REBSUILS....ee e 23
O I T 10T o RSP 24
ST O] o] 11 5] o] o SO SSSSRPSON 28
RETEIEICES ..ottt e e e sr e e s b e e re e e ae e nree s 30
CAPTTULO ettt 42

Detection of anti-Neospora caninum IgG in blood serum and colostrum samples in

naturally iNfECtEd SNEEP ....cvv e 43
N ] 1 - (o1 PR 43
IO 1] 8 0o [T 1 o] o ISP 45
2. Materials and MEetNOUS .........ccoiiiiiii e 46
B RESUILS ..ot e e ns 49
DT oL U1 o] ISP PR PSR 52
I OT0] 101 [V ] (o] £ 1 SO UOSRUPSPRRUR 55

R BT EINCES ...ttt ettt st s e te st e e s e s ennnennnnnnnnnnnnnnnnnnnnn 56



RESUMO

A neosporose é uma doenca causada por um parasito intracelular obrigatorio, Neospora
caninum, capaz de infectar diversos hospedeiros e de provocar falhas reprodutivas graves em
fémeas. Esta dissertacdo é constituida por dois capitulos: o primeiro capitulo intitulado
Dynamics of Neospora caninum transmission in naturally infected sheep under semiarid
conditions teve como objetivo realizar um estudo longitudinal da ocorréncia de N. caninum
para determinar o perfil soroldgico de cordeiras fémeas no primeiro ano de vida, indicando qual
é a principal faixa etaria para a ocorréncia da primo-infeccdo em condicGes de semiarido. Neste
estudo, foram acompanhadas 59 crias fémeas desde o primeiro até o décimo segundo més de
vida para a deteccdo de anticorpos IgG anti-N. caninum por meio da Reacdo de
Imunofluorescéncia Indireta (RIFI). Das cordeiras acompanhadas, 61% (36/59) foram positivas
para anticorpos anti-N. caninum em pelo menos um dos 12 meses de avaliagdo. Nas filhas de
mées positivas, foi observada uma menor oscilacdo da producdo de anticorpos ao longo do
periodo. Houve correlacdo entre os titulos de anticorpos das mées e das filhas no primeiro més
de vida (r = 0.59; 95% CI = 0.39 — 0.73; P < 0.0001). Observou-se, ainda, que 76,7% (23/30)
das infec¢Ges ambientais ocorreram até a idade reprodutiva (seis meses) (p <0,0001). Concluiu-
se que a primo-infec¢do, na maioria dos animais, acontece até a idade reprodutiva. O segundo
capitulo intitulado Detection of anti-Neospora caninum IgG in blood serum and colostrum
samples in naturally infected sheep objetivou detectar, por meio da RIFI, a correlacdo de
anticorpos IgG para N. caninum em amostras de soro e colostro de matrizes ovinas e avaliar a
presenca desta imunoglobulina no soro dos filhotes recém-nascidos, apds a ingestdo do
colostro. Para esse estudo foram coletadas 162 amostras de sangue e colostro de matrizes que
se apresentavam higidas ndo apresentavam nenhuma enfermidade no exame fisico geral, recém
paridas (maximo 5 dias pds-parto) e 182 amostras de sangue de neonatos. Das matrizes
analisadas, 27,8% (45/162) foram positivas para a presenca de IgG anti-N. caninum, das quais
53,8% (24/45) ndo tiveram anticorpos para este protozodario detectados no colostro. Todas as
matrizes que apresentaram o colostro positivo tiveram suas crias reagentes. Concluiu-se que 0s
resultados obtidos demonstram boa concordéncia entre a detecgdo de anticorpos anti-N.
caninum no colostro se comparado a matriz e ao borrego, sendo uma alternativa no diagnostico
da doenga em rebanhos.

PALAVRAS-CHAVE: Colostro; imunidade; neosporose; Reacdo de Imunofluorescéncia
Indireta.



ABSTRACT

Neosporosis is a disease caused by an obligate intracellular parasite, Neospora caninum,
capable of infecting several hosts and causing severe reproductive failure in females. This
dissertation consists of two chapters: the First Chapter entitled Dynamics of Neospora
caninum transmission in naturally infected sheep under semiarid conditions, aimed to
carry out a longitudinal study of the occurrence of N. caninum to determine the serological
profile of female lambs in the first year of life, indicating the main age group for the occurrence
of primary infection in semiarid conditions. In this study, 59 female pups were followed from
the first to the twelfth month of life, for the detection of IgG anti-N. caninum, through the
Indirect Immunfluorescence Reaction. 61.0% (36/59) of the ewes followed were positive for
anti-N. caninum in at least one of the 12 months of evaluation. In the daughters of positive
mothers, a smaller fluctuation in the production of antibodies was observed over the period.
There was a correlation between the antibody titers of mothers and daughters in the first month
of life (r = 0.59; 95% CI = 0.39 - 0.73; P < 0.0001). It was also observed that 76.7% (23/30) of
environmental infections occurred until reproductive age (six months) (p <0.0001). It was
concluded that primary infection, in most animals, occurs until the reproductive age. The second
Chapter entitled Detection of anti-Neospora caninum IgG in blood serum and colostrum
samples in naturally infected sheep, aimed to detect through IFRI the correlation of 1gG
antibodies to N. caninum in serum and colostrum samples from sheep matrices, and also to
evaluate the presence of this immunoglobulin in the serum. of newborn pups after colostrum
ingestion. For this study, 162 blood and colostrum samples were collected from sows that did
not present any disease in the general physical examination, newly born with a maximum of 5
days postpartum and 182 samples from neonates. 27.8% (45/162) of the matrices were positive
for the presence of 1gG anti-N. caninum, in which 53.8% (24/45) had no antibodies to this
protozoan detected in colostrum. All sows that showed positive colostrum had their offspring
reacting. It was concluded that the results obtained demonstrate good agreement between the
detection of anti-N. caninum in colostrum compared to matrix and lamb, being an alternative in
the diagnosis of the disease in herds.

KEY-WORDS: Colostrum; immunity; neosporosis; Indirect Immunofluorescence Reaction.
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INTRODUCAO GERAL

A ovinocultura destaca-se como uma importante atividade pecuaria no semiarido
brasileiro, essa exploracdo apresenta inimeras vantagens, como necessidade de menor area de
criagdo, menor consumo de alimentos, facilidade de manejo e grande diversidade de producao
de carne e couro de boa qualidade, servindo como alternativa de renda. Esses fatores associados
a boa adaptabilidade dos ovinos aos ecossistemas locais, torna essa atividade pecuaria muito
frequente nessa regido (REIS et al., 2015; AZAMBUJA-RIBEIRO & GONZALEZ-GARCIA,
2016).

O estado da Paraiba tem um rebanho de 712.632 mil cabecas ovinas, com mais da
metade inseridas na zona semiarida, apresentou crescimento consideravel entre 2016 e 2020,
com aumento entre 2019/2020 de 6,5% (MAGALHAES et al., 2020). A grande maioria da
criacdo é caracterizada pelo manejo semi-intensivo, com propriedades com &rea entre 15 e 40
ha. Os animais normalmente séo criados sem suplementacao alimentar e mineral, alimentando-
se apenas da vegetacdo nativa. Os rebanhos tém em média 50 animais, representados por
animais rasticos como ovinos da raca Santa Inés e mesticos. No manejo reprodutivo, as fémeas,
em sua grande maioria, entram na fase reprodutiva entre quatro e oito meses de idade, com
parigéo por volta de um ano a um ano e meio. A maior parte dos produtores tem a ovinocultura
para subsisténcia e ndo comercializacao, sendo importante fonte de alimento para as populacdes
do meio rural, fornecendo carne e leite (SILVA et al., 2018; BEZERRA et al., 2022).

No entanto, problemas sanitarios na ovinocultura brasileira sdo comuns, causando serios
prejuizos econdmicos para os criadores, principalmente na reproducdo, ocorrendo comumente
casos de abortos e ineficiéncia reprodutiva nessa espécie no semiarido brasileiro e no estado da
Paraiba (NOBREGA JR et al., 2005). Neste contexto, as doencas que tradicionalmente fazem
parte do manejo sanitario vem se juntar as enfermidades emergentes, dentre as quais se destaca
a neosporose pelas alteracGes reprodutivas que esta pode causar (R1ZZO et al., 2018).

A neosporose é uma doenca causada por um parasito intracelular obrigatério, Neospora
caninum, capaz de infectar diversos hospedeiros como bovinos, ovinos, caprinos equinos,
caninos e animais silvestres. A eliminagdo dos oocistos ocorre nas fezes de canideos infectados,
hospedeiros definitivos, e quando sdo ingeridos pelos hospedeiros intermediarios, como 0s
ovinos, podem desenvolver a doenca e desencadear surtos de abortos (DUBEY et al., 2007).

Os pequenos ruminantes, assim como 0s bovinos, estdo susceptiveis a parasitos como
N. caninum, sendo constantemente associados a distarbios reprodutivos. A grande maioria das

pesquisas sobre a importancia de N. caninum como causador de enfermidades que levam as
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perdas reprodutivas sdo realizadas de forma experimental. De acordo com Azevedo-Filho et al.
(2017), estudos observacionais que refletem o que ocorre quando parametros como a dose de
infeccdo, o estagio de gestacdo e a viruléncia do parasito ndo sdo controlados sdo extremamente
importantes para estudar a dinamica natural das infecces.

Portanto, devido a importancia econdémica que tem N. caninum e caréncia de estudos no
estado da Paraiba sobre a infeccdo por este protozoario em ovinos, para o primeiro capitulo,
objetivou-se estudar sua epidemiologia e transmissdo em ovinos naturalmente infectados no
semiarido paraibano, avaliando o perfil do status sorol6gico desses animais do nascimento a
idade reprodutiva, definindo se as fémeas chegam protegidas com anticorpos anti-N. caninum
na sua primeira gestacao. Foi realizado no segundo capitulo dessa dissertacdo um estudo de
deteccdo de anticorpos anti-N. caninum no colostro de ovinos, avaliando a eficiéncia da
imunizacdo passiva do neonato para esse agente, e a determinacdo da concordéancia dos
anticorpos séricos e colostrais da matriz pela Reacdo de Imunofluorescéncia Indireta (RIFI),

considerando a passagem dos mesmos para a glandula mamaria.

13
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Abstract

This study longitudinally assessed the serological profile of N. caninum occurrence among
female lambs in the first year of life to determine the main age at which primary infection
occurred under semiarid conditions. Blood samples were collected from 53 pregnant ewes from
farms in Paraiba state, Brazil in the month before giving birth, and their 59 female offspring

were sampled monthly up to one year of age. The indirect fluorescence antibody test was used,
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with a cutoff point of 1:50. Among the pregnant ewes, 26.4% (14/53; CI = 23.8%-29.3%) were
positive. Among the offspring, 61% (36/59; ClI = 57.2%-63.4%) of the lambs monitored were
positive for anti-N. caninum antibodies in at least one of the 12 months of evaluation. Transient
antibody production was observed for a short period after seroconversion. Among the offspring
of positive mothers, a smaller oscillation in the production of antibodies was observed over the
period. There was a correlation between the antibody titers of mothers and offspring in the first
month of life (r = 0.59; P < 0.0001). It was also observed that 76.7% (23/30) of post-natal
infections occurred before reproductive age (six months) was reached (p < 0.0001). It was
concluded that in most lambs, primary infection occurs up to reproductive age. Furthermore,
infection by N. caninum occurs throughout the year in this semiarid environment, giving rise to
transitory production of antibodies for this protozoon. This emphasizes the importance of

longitudinal studies.

Keywords: immunity, serology, neosporosis, reproduction.
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1. Introduction

Neospora caninum is a protozoon of the phylum Apicomplexa. It is an obligate
intracellular parasite belonging to the family Sarcocystidae, with wide geographic distribution,
and is constantly listed as one of the main causes of abortion and reproductive failure in cattle
(Dubey, 2013; Reichel et al., 2013). Over recent years, neosporosis has been reported as a cause
of reproductive diseases in small ruminants (Nunes et al., 2017; Garcia-Sanchez et al., 2020),
with abortion outbreaks reported in different regions of the world (Moreno et al., 2012; Pinto
et al., 2012; Gonzélez-Warleta et al., 2014; Al-Shaeli et al., 2020). Sanchez-Sanchez et al.
(2021) verified that N. caninum was the cause of low reproductive performance in a sheep flock
in Spain. Similarly, Della Rosa et al. (2021) reported N. caninum was the main pathogen
detected in abortions and perinatal deaths in different flocks in Argentina, suggesting that N.
caninum is efficiently transmitted to small ruminants and a frequent cause of ovine reproductive
failure, in contrast to Australia, which Clune et al. (2020) did not observe that N. caninum is a
cause of abortion and stillbirth. In Brazil, Pinto et al. (2012) reported an abortion outbreak in
ewes during the final third of pregnancy associated with N. caninum infection, and neurological
signs associated with neosporosis have been reported in newborn and adult sheep in Brazil
(Bishop et al., 2010; Pereira et al., 2021).

The definitive hosts for this protozoon are canids, which can eliminate oocysts through
their feces. This leads to infection of intermediate hosts such as ruminants (exogenous
transmission), mainly through ingestion of contaminated water and food (Cerqueira-Cézar et
al., 2017). N. caninum has already been described in different species of intermediate hosts,
such as cattle, buffaloes, sheep, goats, horses and pigs, in different regions of the world
(Mahajan et al., 2019; Al-Shaeli et al., 2020; Gui et al., 2020; Leszkowicz Mazuz et al., 2020;

Oliveira Junior et al., 2020).
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Infection of ewes during the gestational period, through exogenous transmission, is
capable of triggering acute neosporosis, given that during pregnancy there is a shift in the
response from T helper 1 lymphocytes (LTh1) to T helper 2 lymphocytes (LTh2), which is less
effective against intracellular pathogens. On the other hand, in ewes whose primary infection
occurred prior to pregnancy, cysts are more likely to form, thus characterizing a chronic stage
of the infection. However, when these ewes become pregnant, it is possible that with the
modulation of the immune response caused by pregnancy, recrudescence of infection may occur
(endogenous transmission). In these cases, bradyzoites become reactive and transform to the
infective form of tachyzoites, which leads to infection of placenta and/or the fetus (Dubey et
al., 2017; Tizard, 2018). Recrudescence of N. caninum infection in infected ewes can
compromise pregnancy and the fetus and is directly dependent on the immune response
produced by the mother (Gutiérrez-Exposito et al., 2020). Among ruminants, the main means
of maintenance of N. caninum in herds is through the endogenous route (Dubey et al., 2017).

Epidemiological studies in Brazil have shown frequencies of seropositivity for anti-N.
caninum antibodies ranging 20.3% - 60.6% among sheep in the states of Rio Grande do Sul,
Rondonia and Sergipe, respectively, using indirect fluorescence antibody test (IFAT) (Rizzo et
al., 2017; Consalter et al., 2020; Maia et al., 2021). The majority of N. caninum seroprevalence
studies on have depicted a single point in time, thus reflecting the animals’ immune status
without distinguishing between new and old cases. In contrast, longitudinal seroprevalence
studies identify frequency of cases over a period of time (Thrusfield, 2018) and provide a better
indication of the occurrence of the disease in a given population as this may address variation
in the duration of antibody production according to the infecting dose and the individuals'
immune status.

Sheep-rearing is of growing economic importance in Brazil, but infection due to N.

caninum has been gaining prominence in some sheep-rearing regions (Liu et al., 2015; Maia et
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al., 2021). Moreover, studies on natural infection by this protozoon in the semiarid region of
Brazil remain at an initial stage. Therefore, the aim of the present study was to determine the
serological profile among female lambs in this region, in their first year of life, so as to indicate

the main age range over which primary infection by N. caninum occurs.

2. Materials & Methods
2.1. Experimental design

During the years from 2018 to 2020, blood samples were collected from 182 ewes, of
no defined breed, that were in their final period of gestation. Among these samples, those from
ewes that gave birth to male lambs and those from ewes, which for some reason it was not
possible to monitor their female lambs until they reached reproductive age, i.e. until at least the
age of six months, were discarded from the experiment. Therefore, 59 female offspring from
53 ewes were monitored monthly, through blood samples, from the first to the twelfth month

of life, to detect 1gG anti-N. caninum antibodies.

2.2. Characterization of farms and herds

The farms studied are located in the semiarid region of Paraiba. This climate is
characterized by high annual temperatures, ranging from 20° to 38°C throughout the year. The
dry season lasts about eight months, while the wet season lasts just four months, with rainfall
from 528 to 750 mm (INMET, 2010; Azevedo et al., 2017).

Pregnant ewes were selected from seven farms in the Sertdo region of the state of
Paraiba, northeastern Brazil, which is an area of semiarid climate (Fig. 1). Farms and were
located in the municipalities of Aparecida (farm 1, n=4 ewes and n=4 lambs), Sousa (farm 2

with n=8 ewes and n=9 lambs; farm 3 with n=6 ewes and n=6 lambs; farm 4 with n=13 ewes
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and n=15 lambs; farm 5 with n=7 ewes and n=8 lambs), Paulista (farm 6, n=12 ewes and n=14
lambs) and Pombal (farm 7, n=3 ewes and n=3 lambs).

To avoid potential sources of bias, the matrices, at the time of selection, were identified
with numbers, as well as their respective offspring, this identification was essential so that the
matrices and their offspring could be compared. Another measure adopted, was the inclusion
in the study of only the offspring who were able to carry out the 12 collections.

Farms were selected for inclusion according to convenience sampling. Occurrences of
abortions and birth of premature lambs were reported on all of the study farms. Ewes were
identified with numbered tags at the time of selection, as well as their respective offspring. A
requirement for inclusion in the study was ability to sample the offspring for 12 collections at
one-month intervals. The main management systems used on these farms were extensive and
semi-intensive systems, in which sheep reproduction, rearing and fattening were undertaken
with the purpose of slaughter. High turnover of animals in the flocks was reported with frequent
purchase and selling of stock, but only ewes and lambs that were born and raised up to twelve
months on the same farm were included in the study. Rams used on the study farms were
borrowed from other properties in some instances, but the study farms did not have any history

of acquisition of animals from each other.

2.3. Collection of blood samples

Blood samples were taken from ewes that were in the final third of gestation and from
their female offspring. Among the offspring, blood samples were collected monthly,
commencing in the first month of age until lambs were 12 months old. Blood was collected by
means of venipuncture of the external jugular vein. Approximately 5 ml were collected in
vacuum tubes without anticoagulant. These samples were kept cool in an isothermal box and

were sent to the laboratory, where they were centrifuged at 1000 x g for 10 minutes. From this,
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blood serum was obtained, which was then divided into identified aliquots and stored at a

temperature of -20 °C, until the time of serological tests.

2.4. Serological tests

Anti-N. caninum IgG was detected by means of IFAT at the Laboratory of Laboratory
of immunology and infectious diseases, from the Instituto Federal da Paraiba.

The serum dilution used as a cutoff point was 1:50, as described by Helmick et al.
(2002), using the NC-1 N. caninum tachyzoites as the antigen (Dubey & Beattie, 1988).
Fluorescein isothiocyanate-labeled anti-sheep 1gG conjugate (whole molecule, SIGMA, St.
Louis, MO, USA) was used. The slides were evaluated under a fluorescence microscope.
Positive and negative control samples that had previously been tested for validation of the
reaction, were added to all slides. Samples were considered positive when complete peripheral
fluorescence was identified in more than 50% of the tachyzoites in different fields of each well
(Kim et al., 2019). Serum samples with titers > 50 were titrated from sequential dilutions at

base two until negative.

2.5. Statistical analysis

To verify the correlation between antibody titers from positive ewes and their offspring,
Pearson's correlation analysis was performed. Association analysis was performed between ewe
serological status in pregnancy and lamb serological status at birth/before 6 months of age by
Chi-square or Fisher’s exact test. The analysis on the antibody titers of the offspring from
positive and negative mothers, over the 12-month period, was performed using a general linear
model (two-way ANOVA) for repeated measures, including the individual lamb as a random
factor nested within the serological status of the ewe during pregnancy. For this analysis,

antibody titers were transformed into logic*! to approximate normal distribution. The
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significance level was set at 5% and all analyses were done in the R environment R Team

(2021), using the packages dplyr, car, rstatix, DescTools, emmeans and ggplot2.

3. Results

Among the 53 ewes selected for the experiment, 14 (26.4%; CI = 23.8%-29.3%) were
seropositive, with titers ranging from 1:50 to 1:12,800. Twin offspring were born to 11.3%
(6/53; ClI = 9.2%-13.7%) ewes included in the study, however none of these ewes were
seropositive for N. caninum. Ewes that were positive for N. caninum were identified on all the
farms. The litter size between positive and negative ewes did not differ statistically (P = 0.850),
and was 1.0 and 1.3 offspring per ewe, respectively.

It was found that 61% (36/59; ClI = 57.2%-63.4%) of the offspring were positive for
anti-N. caninum antibodies in at least one of the 12 months of evaluation. The six positive
offspring that were positive in the first month, all of them had positive mothers and there was
a correlation between the mothers’ and offspring's titers in the first month (Table 1, r = 0.59; P
< 0.0001). Among the offspring of negative mothers (78%; 46/59), post-natal seroconversion
was observed in 50% (23/46), occurred after the third month of life, with a peak of seropositivity
in the IFAT at six months (Fig. 2).

For the 30 offspring for which seropositivity detected up to 12 months of age but were
not positive in the first month, seroconversion was more likely to be detected by 6 months of
age (23/30 offspring) compared to the period 7-12 months (7/30; P < 0.0001).

Among the offspring of positive ewes, a low rate of passive immunization for N.
caninum was found: only 42.8% (6/14) were reactive in the first month of evaluation and the
titers varied between 1:100 and 1:6400 (Table 2). It was also found that among the six offspring

from positive ewes, three were seroreactive from the first to the last month of evaluation and in
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these animals, there was less oscillation in the monthly titration of antibody levels for N.
caninum, which suggested that vertical transmission occurred in these offspring.

It was observed that among the offspring that seroconverted from the 4" month onwards,
only 13.8% (4/29) remained seropositive at the times of all subsequent collections. In 86.2%
(25/29), transient antibodies against N. caninum were observed, with great variation between
the months evaluated: lambs that had high titers in one month or in sequential months were
negative in the following month (Table 2).

During the 12 months of evaluation, among the offspring of negative ewes, there were
low titers during the experiment, over a range from 50 to 200. On the other hand, among the
offspring of positive ewes, a range of titers from 50 to 12800 was observed (Fig. 3). There were
effects of the number of months of life of the offspring (F statistics = 3.714; degrees of freedom
[df] = 11; P = 0.002), the serological status of the ewes (F statistics = 239.09; df = 1; P = 0.001)
and the interaction these two factors (F statistics =2.330; df = 11; P = 0.029) on the offspring’s
antibody titers. The most common titer found over the twelve months of evaluation was 1:100,

and this titer was present in at least one animal over the twelve months of evaluation (Table 2).

4. Discussao

The seroprevalence of anti-N. caninum antibodies in ewes was 26.4%, with detection of
positive animals on all the farms monitored in this study. This corroborates the high prevalence
and wide distribution of this protozoon that was previously described in Brazilian herds of sheep
(Paiz et al., 2015; Consalter et al., 2020; Maia et al., 2021). In other countries, research carried
out shows similar seroprevalences, such as 32% and 19.3% in Spain and lItaly, respectively
(Gazzonis et al., 2016; Roberto-Sanchez et al., 2021). There is a variation in seroprevalence
reported in other regions of the world and these variations can be attributed to different climates,

livestock management systems, exposure to canids or different methodologies (IFAT wvs.
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ELISA). In South Australia, N. caninum is not considered an important cause of reproductive
diseases, Clune et al. (2021) performed a cross-sectional study using the indirect ELISA test
and found only 0.16% (2/1279) of positive sheep.

Among the offspring, 61% were seroreactive against the parasite in at least one month,
during the first year of life. This percentage reflects the high incidence of this protozoon in
sheep and indicates that the point prevalence may not demonstrate the true rate of exposure of
these animals to N. caninum in a herd or a region, due to the high fluctuation rate among the
monthly serological tests on the animals evaluated, with high prevalence on 6™ month of the
study. These results corroborate the data obtained by Azevedo-Filho et al. (2017), who carried
out a study on the incidence of N. caninum infection among naturally infected sheep, in which
the initial prevalence was 26% (13/50) and the final prevalence among the same animals was
72% (36/50), after serological follow-up of six months.

The monthly results from the exogenously infected offspring were variable, thus
demonstrating transient antibody production. The lowest monthly prevalence was 10.1% at 12
months of age, while the highest number of reactive animals was seen at the age of six months,
with a percentage of 45.7%. In a two-year longitudinal study carried out by Cardoso et al.
(2012), on three cattle farms, with quarterly evaluations on calves, heifers and cows, high
variation in the prevalence of anti-N. caninum antibodies was also observed. The percentage of
positive samples in each period evaluated ranged from 3.3% to 37.1% on the three farms.
Among horses, this same pattern of variation was also observed: Kormann et al. (2008) studied
the monthly kinetics of antibodies against N. caninum referring to the last four months of
pregnancy and observed a pattern of transient immunity similar to that of our study, such that
mares might be positive in a given month of evaluation and then becoming negative in

subsequent months. Cross-sectional studies provide a “snapshot” at the time of blood collection
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and, with this transient antibody production for N. caninum, the prevalence of this protozoon
may be underestimated.

Among the offspring born from N. caninum-seropositive ewes, three of them showed
antibody titers against the parasite during all the months of evaluation, with little fluctuation in
the titers measured. This finding is suggestive of occurrence of transplacental transmission,
since there was no decline in antibody levels after the third or fourth month of life in these
animals, which would normally occur with colostral antibodies. In a study carried out among
cattle by Cardoso et al. (2008), it was observed that calves that were born seronegative and
ingested colostrum from positive cows became seropositive, but their colostrum antibody levels
began to reduce from the fourth month of age onwards, disappearing completely after the fifth
month of life. Mesquita et al. (2013) observed that among naturally infected goats, all offspring
had vertical transmission, i.e. they were seropositive before ingesting colostrum and remained
positive throughout the study period, even after the metabolization of colostral antibodies.

It is noteworthy that N. caninum is capable of forming cysts, thereby escaping immunity
and causing a decrease in serum antibody levels. However, according to Dubey et al. (2017), at
any time that some immunosuppression occurs in the host, the parasite can be reactivated, thus
enabling emergence of clinical signs and reproductive problems. However, animals with
reduced or undetectable serum antibody titers can still be protected and produce an efficient
immune response, due to persistence of memory B and T lymphocytes, which are capable of
responding quickly to reinfection (Tizard, 2018).

It was observed that 30.5% of the offspring were infected for the first time after the sixth
month of life. Therefore, horizontal infection, by oocyst ingestion, potentially occurred during
the reproductive phase in these animals. Ewes that were already infected before mating are
capable of developing a good immune response and consequently producing anti-N. caninum

antibodies. This provides protection against new exogenous infections and/or reactivation of
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bradyzoites capable of causing vertical transmission during the gestation period. The moderate
serological response in the mother and the increased production of interleukin-17 reduced the
expression of interferon-y, which is related to pathological changes in the placenta and fetal
death (Gutiérrez-Expésito et al., 2020).

Passive immunization failures regarding N. caninum were also described by Hoffmann
(2007) in a study monitoring passive transfer of anti-N. caninum antibodies in horses. The
researchers found that foals born to positive mares did not seroconvert after ingestion of
colostrum in the first months of life and even suggested that this could have been due to low
concentrations of antibodies in colostrum, caused by low titers in the mothers, which made it
impossible to detect the antibody levels through conventional serological methods. In our study,
we observed that there were two ewes with titers of 6400 and 12800 (3-P5 and 6-P2), and even
so, the offspring were not positive in the first few months. In contrast, in a study on the immune
response of sheep naturally infected by Toxoplasma gondii, which is an similar apicomplexan
protozoon, Costa et al. (2021) observed that, excluding animals with vertical transmission, 48%
(20/41) of the lambs that were offspring of mothers with titers from 1:64 to 1:8192 were positive
for colostral antibodies in the first month.

Colostrum consists of the accumulated secretions of the udder at the end of pregnancy,
it is mainly composed of fat and proteins. Among the proteins, the most important are
immunoglobulins, in decreasing order of concentration, such as IgG, IgA and IgM. Low rates
of passive immunization of progeny can be caused by several factors, such as failure of the
mother to produce antibodies, failure of the offspring to ingest colostrum, or failure of intestinal
absorption (Tizard, 2018).

Thus, neosporosis may constitute an important reproductive disease among sheep in the
semiarid region of northeastern Brazil, while it has already been recognized as the most

important cause of abortions and neonatal losses among cattle worldwide (Reichel et al., 2013).
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Among sheep, although it has recently been described as an emerging disease capable of
causing neosporosis in these animals, it is sometimes neglected or underreported (Gonzéalez-
Warleta et al., 2014; Liu et al., 2015). It is important to note that, assuming that reproductive
disease (abortion) occurs when naive ewe become infected during gestation, it is worth
considering whether ewes mated after 12 months are likely to be immune and probably less
susceptible to reproductive disease (abortion) in event of point source exposure (ie
contaminated feed, water). However, fetal infection is possible even in animals that have been
exposed prior to pregnancy with recrudescence of latent infection causing vertical transmission

reported in 31.6% offspring (Feitosa et al., 2021).

5. Conclusion

It can be concluded that, under semiarid conditions, the prevalence of seropositivity for
N. caninum in sheep is high, with high fluctuation of antibody titers in the offspring of both
positive and negative ewes. In most cases, there is only transient immunity, which can lead to
underestimation of prevalence in cross-sectional epidemiological studies. It is also suggested
that most animals become infected up to six months of age, such that the primary infection

mainly occurs no later than when they reach reproductive age.
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Table 1. Association analysis between ewe serological status in pregnancy and lamb serological

status at birth/before 6 months of age.

. At birth Before 6 months of age
Offspring — ) — -
status Positive Negative P_value Positive Negative P_value
ewes ewes ewes ewes
Positive (%) 6 (42.9) 0 (0) 11 (78.6) 19 (42.2)
Negative (%) 8 (57.1) 45 (100) 0.0001 3(21.4) 26 (57.3) 0.039
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Table 2. Anti-Neospora caninum antibodies in prepartum ewes and their offspring that were positive for at least one month,

identified through the indirect fluorescence antibody test (IFAT) for IgG.

Mg;?ﬁ:; ) Female offspring born from positive ewes - monthly IFAT titre

IES,‘J 1 2 3 4 5 6 7 8 9 10 11 12
1-P2 12800 3200 <1:50 200 400 1600 3200 6400 12800 6400 6400 3200 <1:50
2-P2 12800 1600 <1:50 <1:50 200 <1:50 <150 <1:50 <1:50 800 400 <1:50 <1:50
3-P5 12800 <1:50 <1:50 6400 1600 1600 <1:50 3200 6400 6400 6400 3200 N/C
4-P7 6400 6400 6400 1600 800 800 1600 3200 1600 1600 1600 800 800
5-P6 6400 3200 <1:50 1600 800 400 400 800 800 800 200 1600 1600
6-P2 6400 <1:50 <150 <150 <1:50 3200 3200 6400 6400 6400 N/C N/C N/C
7-P5 3200 100 100 100 100 100 100 100 100 100 100 100 N/C
8- P6 100 <1:50 <150 <150 <1:50 50 50 100 50 <1:50 <150 <1:50 <1:50
9-P1 100 <1:50 <150 <150 <150 <1:50 <1:50 100 50 <1:50 <150 <1:50 <1:50
10-P5 50 100 50 50 50 50 50 50 100 100 50 N/C N/C
11-P4 50 <1:50 <150 <1:50 200 200 200 200 200 200 200 <1:50 <1:50
12-P5 50 <1:50 <150 <150 <1:50 <1:50 <1:50  <1:50 50 50 <1:50 <1:50 <1:50
13- P3 50 <1:50 <1:50 <1:50 <1:50 <1:50 50 N/C N/C N/C N/C N/C N/C
16* - P2 <1:50 <1:50 <150 <150 <1:50 50 50 50 <1:50 <150 <150 <150 <1:50

<1:50 <1:50 <1:50 <1:50 50 50 50 <1:50 <1:50 <150 <150 <150 <1:50

17 - P2 <1:50 <1:50 <150 <150 <1:50 <1:50 <1:50 50 <1:50 <1:50 <1:50 <1:50 <1:50
21 -P3 <1:50 <1:50 <1:50 N/C <1:50 <150 <150 <1:50 100 50 <1:50 <1:50 <1:50
22 -P3 <1:50 <1:50 <1:50 <1:50 <1:50 100 100 100 100 100 <1:50 <1:50 <1:50



23-P3
24 - P3
26 - P4
27-P4
28 - P4
31-P4
32-P4
33-P4
34* - P4
35% - P4
44 - P6
45 - P6
46* - P6
50 - P7
51 - P5
52% - P5

53-P5

<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50

<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50

<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50

<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50

<1:50
50
50
<1:50
50
200

50
<1:50

<1:50
50
<1:50
<1:50
<1:50
50
<1:50
<1:50

50
<1:50

<1:50
50
200
50
50
100
50
200
100

100
<1:50

<1:50

<1:50
50

<1:50
50

100
<1:50

<1:50
50
100
50
50
50
50
200
100
200
50
50
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<1:50

<1:50
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50
50

<1:50
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50
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100
<1:50

<1:50

50

50
<1:50

<1:50
50
50
50
50

<1:50
50
50
<1:50
100

50
<1:50

<1:50
<1:50
<1:50
<1:50
50
<1:50
N/C
50
50
<1:50

50

50
<1:50
50
50
100

100
<1:50

<1:50
<1:50
<1:50
50
<1:50
<1:50
N/C

50
<1:50

<1:50
50

50
N/C
<1:50
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<1:50
50
<1:50
<1:50
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N/C
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N/C

<1:50
<1:50

<1:50
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<1:50
<1:50
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<1:50
<1:50
<1:50

50

N/C
<1:50

<1:50
<1:50

50

50
N/C

<1:50
<1:50

<1:50
100
<1:50
<1:50
100
<1:50
<1:50
<1:50

<1:50

N/C
<1:50

<1:50
<1:50

50

* Mother with twin birth.
34* and 35* = Mothers with twin births and only one seroreactive progeny during the months of evaluation.

N/C = not collected.

P = Farm
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Figure 1. Geographical locations of the sheep herds analyzed in the semiarid region of the state
of Paraiba, northeastern Brazil.
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Figure 2. Proportion of positive offspring, born from ewes that were negative for anti-Neospora

caninum antibodies, determined through the indirect fluorescence antibody test (IFAT),
according to age, during the first year of life.
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Abstract:

The aim was to detect correlations of 1gG antibodies against N. caninum in serum and colostrum
samples from ewes, through the IFAT, and to evaluate the presence of this immunoglobulin in
the serum of newborn lambs after colostrum ingestion. Blood samples from 162 ewes that did
not show any disease in the general physical examination and from their newborn lambs, not
more than 5 days postpartum, along with 162 colostrum samples and 182 blood samples from
the neonates. 27.8% (45/162) of the mothers were positive for anti-N. caninum IgG, among

which antibodies were detected in colostrum in 46.7% (21/45). All the ewes with positive
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colostrum had reactive offspring. The kappa agreement for the correlation between the
serological tests on the ewes and the colostrum results was 0.558. This correlation increased as
the antibody titers of the mothers increased, and reached 1.000 from the titer of 1:400 from the
mothers. Comparison of the antibody detection results between the offspring’s serum and
colostrum showed kappa agreement of 1.000. In conclusion, there was a good agreement
regarding detection of anti-N. caninum IgG between colostrum samples and lambs’ serum; the

use of colostrum forms a noninvasive alternative for diagnosing N. caninum in sheep herds.

Keywords: Neosporosis; Offspring; Serology; Ovine.
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1. Introduction

Neosporosis is a disease caused by the protozoon Neospora caninum (Apicomplexa:
Sarcocystidae), which mainly causes reproductive problems such as miscarriage in intermediate
hosts. However, it can also give rise to neurological symptoms in cases of congenital infection
of neonates [1] and can form viable cysts in tissues. Under suitable conditions of low immunity,
the latter may undergo recrudescence and can cause clinical signs in animals [1-3].

N. caninum needs to be controlled in order to prevent infection. Once an individual has
become exposed to this protozoon, the infection may persist for the entire lifetime. Sheep can
acquire the infection before birth, via the placenta [2,4]. This can cause significant damage to
their fetuses, since the syndesmochorial nature of their placenta does not allow passage of
antibodies. In this way, the transfer of maternal immunity to the offspring only occurs after
ingestion of colostrum, which contains antibodies [5].

Studies have shown that N. caninum can have major impacts on pregnancy in sheep.
Infection in the first and second trimesters of pregnancy causes high abortion rates, while in the
final trimester it can cause premature, infected, weak or unhealthy births [6].

Sheep farming stands out as an important livestock activity and has numerous advantages,
such as needing a smaller breeding area, less forage consumption, ease of handling and
production of multiple products from the same animal, such as meat, milk and good-quality
leather [7].

Because sheep herds are mainly dedicated to production of meat and leather, reproductive
diseases can cause great damage, thus leading to losses for producers [8]. Neosporosis is of
great importance in small ruminants, as it is a disease that leads to formation of cysts that can
undergo reactivation under conditions of low immunity. Such conditions commonly occur

during pregnancy and lead to abortion [9-12].
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Therefore, taking into account the impacts that N. caninum can cause in sheep herds, the
aim of this study was detect the correlation of 1gG antibodies against N. caninum between serum
and colostrum samples from ewes, and to evaluate the presence of this immunoglobulin in the

serum of newborn lambs after ingestion of colostrum.

2. Materials and Methods

2.1 Experimental design

Twenty sheep breeding farms in the semiarid region of the state of Paraiba, Brazil, were
selected according to convenience. During the study, 162 blood and colostrum samples were
collected from ewes and 182 samples from their neonates (in cases of twin births, samples were
collected from both lambs).

On each farm, ewes that were found to be healthy in a general physical examination were
selected for serological and colostral samples to be taken. All of them had recently lambed and
were not more than five days postpartum. Blood samples were also collected from the
respective lambs, for detection of anti-N. caninum and evaluation of passive immunization

against this agent.

2.2 Blood and colostrum sampling

From each selected ewe, blood was collected by means of venipuncture of the jugular
vein. Soon after this, colostrum was collected by manual milking. Simultaneously, blood
samples were also taken from the newborn lambs of these selected ewes, between the second
and fifth day after birth, to investigate the passive transfer of anti-N. caninum IgG.

Colostrum was collected aseptically, in sterile test tubes. The first three milk jets were

always discarded in order to avoid contamination and then approximately 5 mL of colostrum
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was collected from each ewe. Animals that presented clinical mastitis were not included in this
study.

The blood samples were centrifuged at 1000 x g for 10 minutes, to obtain serum for
analysis. The colostrum was also centrifuged and, after this procedure, the superficial fat layer
(supernatant) was discarded and only the colostrum precipitate was used for the analyses. The
blood serum and colostrum precipitate from each animal were properly identified and then

stored at -20 °C until the time of examination.

2.3 Serological and colostral tests

The serum samples (ewes and lambs) and samples of colostrum precipitate were subjected
to the indirect immunofluorescence reaction (IFAT), always using the same protocol.

The IFATSs for anti-N. caninum IgG were carried out at the Laboratory of Immunology
and Infectious Diseases (LIID) of the Instituto Federal da Paraiba, Sousa campus.

The dilution used as a cutoff point for blood serum [13] and colostrum, adapted from
Camillo et al. [14], was 1:50. The Nc-1 strain of tachyzoites, fixed on a slide, was used as the
antigen [15].

A whole-molecule sheep anti-IgG conjugate was used (SIGMA, St. Louis, MO, USA).

Serum and colostrum precipitate samples that reacted at dilutions greater than or equal to
1:50 were considered positive. The reactive serum and colostrum precipitates were titrated in

sequential dilutions at base two until negative.

2.3 Statistical analysis
A concordance analysis was performed on the results from the IFATs between serum
samples from the ewes and their offspring and the colostrum samples, using the kappa

coefficient [16]. The sensitivity and specificity of detection of antibodies in colostrum through
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IFAT were calculated in comparison with detection of antibodies in the blood serum samples.
To assess the sensitivity and specificity of detection of antibodies in colostrum through IFAT,

detection of antibodies in the blood serum samples from the ewes and lambs was used as a

standard [14].
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3. Results
Among the 162 serological samples from ewes, 27.8% (45/162) were positive for anti-N.

caninum 1gG, with titers of between 1:50 and 1:6400 (Table 1).

Table 1. Detection and titration of anti-Neospora caninum IgG antibodies (Ab) by means of
the indirect immunofluorescence reaction (IFAT) in blood serum and colostrum samples from

ewes and in their lambs’ serum.

No. of ewes and  Postpartum Ewes
Colostrum Lambs
lambs days (serum)
2 4 200 200 100
3 3 3200 1600 100
5 3 200 100 50
6-L1 4 200 100 100
6-L2 - 50
9 2 200 - -
10 5 50 - -
11 2 200 - -
12 3 50 - -
18 4 50 - -
21 2 50 - -
27 -L1 4 200 100 50
27 -1L2 50
28 2 50 - -
29 2 50 - -
31 3 100 100 100
34 3 6400 6400 100
35 4 200 200 200
37 2 50 - -
38 2 100 50 50
39 4 50 - -
42 4 50 50 50
61 2 100 50 50
63 2 200 - -
64 2 400 400 400
71 3 50 50 50
81 4 50 - -
82 3 50 - -
83 2 50 - -
101 5 50 - -
103 5 100 100 100
107 4 50 - -
108 3 50 - -
112 3 50 50 50
113 3 50 50 50
115 4 100 50 50
123 4 50 - -
125 4 50 - -
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No. of ewes and  Postpartum Ewes

Colostrum Lambs
lambs days (serum)
126 3 50 - -
127 3 50 - -
128 2 50 - -
134 5 50 - -
135-L1 5 100 100 100
135-L1L2 100
140 5 50 - -
146 5 50 50 50
147 4 100 50 50
148 2 50 50 50

L1: lamb 1; L2: lamb 2

It was observed that for 53.3% (24/45) of the ewes that were positive for anti-N. caninum
in serum, no antibodies to this protozoon were detected in their colostrum. The titers for these
ewes were between 1:50 and 1:200 (Table 1). Among all the ewes that had positive colostrum,
their offspring were also reactive to anti-N. caninum antibodies. The mothers with titers greater
than 1:200 showed higher possibilities of immunizing their offspring.

There was a pattern among the samples that were positive in the IFAT. The serum samples
from the ewes had levels greater than or equal to the levels of the colostrum titers, and the titers
of their offspring were lower than or equal to the colostrum titers.

Moderate agreement was observed in the results from the IFATs on the ewes, in
correlations with the results from colostrum, with a kappa coefficient of 0.558 (Table 2). It was
also found that the titer results from the animals had an influence on the kappa coefficient
results: the ewes with low titers showed results that were discordant with those from the
respective colostrum, whereas the ewes with higher titers showed almost perfect kappa

agreement (Table 2).
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Table 2. Ewes that were positive and negative for anti-Neospora caninum IgG antibodies by
means of the indirect fluorescence antibody test (IFAT) in colostrum and serum samples. Result
stratified according to antibody titers obtained from the ewes’ serum, with comparison of the

analyses on the ewes’ serum and colostrum according to the kappa coefficient.

Titer of the ewes Positive Positive
ewes/analyzed colostrum/positive ewes  Kappa
ewes (%) (%)

1:50 27/162 (16.7%) 6/27 (22.2%) 0.323
1:100 7/162 (4.3%) 7/7 (100%) 1.000
1:200 8/162 (4.9%) 5/8 (62.5%) 0.760
1:400 1/162 (0.6%) 1/1 (100%) 1.000
1:3200 1/162 (0.6%) 1/1 (100%) 1.000
1:6400 1/162 (0.6%) 1/1 (100%) 1.000
Total 45/162 (27.7%) 21 0.558*

*Kappa values: 0.20 to 0.40 indicates reasonable agreement; 0.40 to 0.60 indicates moderate
agreement; 0.60 to 0.80 indicates substantive agreement; and 0.80 to 1.00 indicates perfect
diagnostic agreement between the tests evaluated.

Comparison of the detection results regarding the anti-N. caninum levels between lamb serum

and colostrum showed a kappa agreement of 1.000 (Table 3).

Table 3. Positive and negative animals according to IFAT examination of colostrum and

offspring serum, comparing the techniques according to the Kappa coefficient.

Seropositive  Seronegative Total Kappa
lambs lambs
Positive colostrum 21 0 21 1,000*
Negative colostrum 0 141 141
21 141 162

*Kappa values: 0.20 to 0.40 indicates reasonable agreement; 0.40 to 0.60 indicates moderate
agreement; 0.60 to 0.80 indicates substantive agreement; and 0.80 to 1.00 indicates perfect
diagnostic agreement between the tests evaluated.
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4 Discussion

In this study, anti-N. caninum antibodies were found through IFAT in colostrum samples
from the ewes evaluated. This is the first study worldwide to have evaluated detection of
antibodies against N. caninum in colostrum from sheep and the agreement of IFAT regarding
the serum antibody levels in ewes and lambs. A similar study was conducted by Ooi et al. [17]
with regard to detection of anti-N. caninum in the main fluids (serum, milk, vaginal secretion
and saliva) from cattle through IFAT. High sensitivity was observed in that study, but antibodies
against the parasitic agent were more frequently detected in blood serum, followed by the milk
of these animals. Meirelles et al. [18] investigated detection of Toxoplasma gondii in cows’
milk and observed that IFAT was not indicated for detection of anti-Toxoplasma gondii
antibodies in this milk, since there was no agreement between blood serum and milk. Possibly
the sensitivity observed in the present study was due to the fact that colostrum was used instead
of milk.

Failure to pass on anti-N. caninum antibodies through colostrum was observed in the
cases of 53.3% (24/45) of the ewes of the present study. Thus, for their offspring, passive
immunization failed. One observed characteristic was that among these 24 ewes that did not
have antibodies against N. caninum in their colostrum, 21 had a titer of 1:50. The kappa index
observed in the analysis between serum from the ewes and their colostrum showed moderate
agreement (0.558; Table 2). This may have occurred because the vast majority of the mothers
evaluated that were positive in blood serum and negative in colostrum (21/24) had a serum titer
of 1:50 (Tables 1 and 2). This low titer may have meant that these animals did not have enough
antibodies for their transfer to be detected in colostrum and in their offspring [19], such that
they would have a positive result in the IFATs, which would have considerably reduced the
level of agreement. Feitosa et al. [4] carried out a study evaluating vertical transmission of 1gG

antibodies against N. caninum in naturally infected Santa Inés ewes. They observed that the
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ones with serum titers of 1:50 and 1:100 did not demonstrate good immunization of their
offspring in the first month of life. In this regard, low titers of serum IgG in the mothers can
influence the presence and concentration of anti-N. caninum in colostrum, which interferes with
passive immunization of their offspring.

In an experimental study on cattle, Cardoso et al. [20] used colostrum from cows that
were positives for anti-N. caninum and observed that three of the eight suckled calves were not
passively immunized against the parasite. In this case, as in our study, there were several factors
that might have led to the failure of passive immunization of these calves through colostrum. It
is known that the antibodies in colostrum are influenced by the levels of serum
immunoglobulins, which are also produced in the udder. A reduction in antibody levels occurs
rapidly over the first few weeks of lactation [21].

Considering that the low-titer ewes did not pass enough antibodies to their offspring for
them to become immunized, these animals may have suffered parasite recrudescence due to
lowering of their immune response during pregnancy. This would generate the possibility that
lactogenic transmission to the neonates could occur. There are no studies demonstrating
lactogenic transmission of N. caninum, but there are studies demonstrating the presence of this
agent's DNA in cow's milk, through the polymerase chain reaction (PCR) [22, 23].

It was observed in the present study that the kappa agreement was higher among ewes
with titers greater than or equal to 1:200. Similar results were observed among cattle by Camillo
et al. [14] and Meirelles et al. [18], who found 100% agreement between blood serum and milk
among cows with serum antibody titers above 1:100. This indicated that N. caninum in
colostrum could be diagnosed through IFAT, but with restrictions, especially among animals
with titers of 1:50. In studies on outbreaks of abortions due to N. caninum infection, high titers
were observed among those suffered abortions. Thus, detection of 1gG in colostrum can be used

as a screening test in these cases [24, 25].
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In the present study, the kappa index obtained in comparative analysis between the lambs’
serum and colostrum showed perfect agreement, regardless of the titer obtained from colostrum
(1.000; Table 3). This was because immunization of lambs only becomes possible if the
colostrum presents enough anti-Neospora caninum IgG antibodies.

The analysis for diagnosing N. caninum demands specialized labor and a lot of time.
Therefore, it can be suggested that, in sheep herds, IFAT should be performed on colostrum for
diagnosing N. caninum in ewes. This makes it possible to identify the presence of this parasite
in the herd and also makes it possible to ascertain whether passive immunization of the lambs
has occurred, according to the titration. Therefore, when the colostrum presents titers greater
than or equal to 1:200 and there was no failure of ingestion of colostrum by the lamb, this
indicates that passive immunization of the lamb occurred. It is well known that low titers are
commonly associated with old infections, while higher titers indicate recent exposure to the
agent [5, 19].

Among cattle, excellent results have been demonstrated in studies evaluating the
detection of anti-N. caninum in cow's milk through IFAT. The main advantage of using this
biological sample is that the material is collected noninvasively, which reduces the risks of
disease transmission and high stress among the animals tested [14,18].

Among the ewes whose serum titers through IFAT were greater than or equal to 1:200,
the concordance with the results from colostrum and from the lambs’ serum was greater. This
allows combined analysis of colostrum and the lambs’ serum, using only the serum or colostrum
from adult females, given that seropositive females with titers of 1:200 will have similar titers
in the colostrum. Consequently, these ewes’ offspring will be passively immunized. In this
manner, analysis exclusively on serum or colostrum from ewes with titers greater than or equal

to 1:200 can make the analysis more practical for herds.
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5 Conclusions

It was concluded from the present study that there was a high level of agreement in
detection of anti-N. caninum antibodies between the serum of the ewes and their colostrum,
especially with higher titers among the ewes. Moreover, there was perfect agreement between
the colostrum and the lambs’ serum. This makes it possible to use IFAT on colostrum as a
noninvasive alternative for diagnosing N. caninum in sheep herds or mothers that present

reproductive problems.
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