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Abstract

ABSTRACT

Infectious diseases are of increasing concern on dairy farms because of their potential impact on animal
and human health, milk and meat production, food safety, and economics. The present PhD Thesis aimed
to determine, at individual and herd level, the presence and risk factors of the main reproductive
infectious agents of cattle in two regions from North Algeria: Batna, Khenchela, Setif (North-eastern)
and Tiaret (North-western) Algeria respectively. The present Thesis is divided in three studies: Study-I
analysed the prevalence and risk factors of the intracellular parasites Neospora caninum and Toxoplasma
gondii; Study-I1 studied the prevalence and risk factors of the bacteria Chlamydia abortus, Coxiella
burnetii and Brucella abortus; and Study-111 analysed the prevalence and risk factors the Bovine Viral

Diarrhoea Virus (Genus Pestivirus) and characterised molecularly the circulating strains.

In Study-1, we conducted a cross-sectional serological study on dairy farms from North-eastern Algeria
(Batna, Khenchela, Setif). Blood samples from 344 dairy cattle from 22 herds were collected. The
presence of antibodies against N. caninum and T. gondii was assessed by two commercial indirect
ELISA tests, while only 151 out of 344 sera belonging to 10 farms were tested for T. gondii antibodies.
Also, the presence of N. caninum and T. gondii DNA in aborted foetuses from the same dairy farms was
analysed by gPCR. In addition, the risk factors of neosporosis and toxoplasmosis were analysed.
Prevalence of antibodies against T. gondii and N. caninum was 9.9 (15/151; 95 % CI=5.9-15.5) and 5.5
% (19/344; 95 % CI1=3.3-8.4), respectively. At the herd level, the prevalence of antibodies against T.
gondii and N. caninum was 70.0 (7/10; 95 % C1=34.7-93.3), and 59.0% (13/ 22; 95 % CI=36.3-79.2)
respectively. Neospora caninum and Toxoplasma gondii DNA were detected in 30% and 0% of aborted
foetuses, respectively. The analysis of risk factors showed that the number of calving (>=6 vs <=2)
(OR=6.3; 95% CIl=1.7-23.4), presence of horses (yes vs no) (OR=5.9; 95% CI=1.0- 35.9) and the use
of artificial insemination in the last mating (yes vs no) (OR=4.8, 95% Cl=1.17-19.90) were significantly
associated with N. caninum prevalence in the studied cattle herds. Conversely, the presence of standing
water in the pasture (yes vs no) (OR=0.2; 95% CI1=0.05-0.8) was considered as a protective factor.
Retention of foetal membranes (P=0.081), increased inter-calving period (P=0.096) and the clinical
reproductive disorder experience (CRDE) (P=0.077) were the most frequently reported clinical

reproductive disorders among T. gondii seropositive cattle.

Study-11 evaluated the seroprevalence and risk factors of the bacteria Chlamydia abortus, Coxiella
burnetii and Brucella spp in dairy cattle from North-Eastern Algeria. Prevalence of antibodies against
Brucella spp, Coxiella burnetii and Chlamydia abortus was 28.6% (127/437; 95% ClI, 24.2-34.6%),
13.3% (46/344; 95% Cl, 9.8-17.8%) and 1.45% (4/344, 95 % CI, 0.6-3.2), respectively. At a herd level
Coxiella burnetii and Chlamydia abortus were observed in 11/22 (50.0%; 95% CI, 25.0-89.5%) and
4/22 (18, 1%; 95% CI, 5.0-46.6%) respectively. The following variables were identified as risk factors
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for Brucella spp prevalence by the final multivariable logistic regression analysis: age (all categories)
for cows over 60 months of age (OR=7.39; 95% C1=2.1-25.5%), artificial insemination (OR=1.46; 95%
CI1=0.4-4.3%), and rivers in the pasture (yes vs no) (OR=25.9; 95% CI=8.2-81.7%). Herd size (as a
numeric variable) was found as a protective factor, with an increase of one animal in the herd resulting
in a decrease of a 4% (1-0.96=0.04) in the odds. Visitors entering farms without personal protective
equipment (yes vs no) was the main variable that was identified as a risk factor for Coxiella burnetii
prevalence by the final multivariable logistic regression analysis (OR=5.70; 95% CI1=1.70-19.10). On
the other hand, season (Autumn vs Winter vs Spring) and water source (tap water vs well) were
identified as protective factors, with an odds ratio of 0.09 (95% C1=0.02-0.49) and 0.09 (95% CI1=0.02-
0.44), respectively. The variables age (numeric), stray dogs (yes vs no), and presence of wild animals
(mainly wolf, rodent, jackal, and Boar) in the building were identified as risk factors for Chlamydia
abortus prevalence by the final multivariable logistic regression, with odds ratio of 1.03 (95% CI=1.00-
1.05), 0.05 (95% CI1=0.00-0.85) and 13.75 (95% CI1=1.57-120.64), respectively.

In Study-I11, we performed a cross-sectional seroprevalence study and evaluated the risk factors
associated with BVVDV on dairy farms from North-western Algeria. Blood samples from 234 dairy cattle
from 31 herds were collected. Sera were analysed for the presence of antibodies against BVDV (Genus
Pestivirus) using a commercial iELISA. The presence of Pestivirus RNA in sera was also analysed using
a Reverse Transcription-gPCR and positive samples were sequenced. Additionally, we conducted a
literature review of the presence of BVDV in ruminants in North Africa using a systematic search and
compilation methodology to identify gaps of knowledge for future research. The prevalence of
antibodies against Pestivirus at population (59.9%; 95% CI1=49.0-70.7%) and farm (93.5%, 95%
CI=78.6%-99.2%) level concur with epidemiological data reported in neighbouring countries. Risk
factors associated with BVDYV seroprevalence in cattle were mixed herd (presence of sheep in the farm),
herd size (n>20), and parity (cow vs heifer). Furthermore, we confirmed the presence of BVDV-1a in
Algeria. This study represents the first report of BVDV in cattle in Algeria (Tiaret province), on account

of the fact that ruminant Pestivirus have historically been neglected pathogens in North Africa.

Our results confirmed the presence of Neospora caninum, Toxoplasma gondii, Chlamydia abortus,
Coxiella burnetii and Brucella spp, and BVDV among dairy cattle in Algeria and highlighted their

negative impacts on animal health and production and their public health implications.

Brucella spp and Toxoplasma gondii were found to cause reproductive disorders in the study area. A
strong significant association was found between Brucella spp seroprevalence and abortion (P<0.001)
in dairy cattle. The high BVDYV prevalence and the presence of a potential Persistently Infected (PI)
individual in the study area suggest an endemic epidemiological scenario of Pestivirus. Although

Chlamydia abortus and Coxiella burnetii were found to be prevalent in the study area, with no
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association with reproductive disorders. The lack of epidemiological and molecular transboundary
studies of abortive pathogens in ruminants in North Africa is of concern for human and animal health

as well as for wildlife conservation and further research is warranted.

Key words: Infectious abortion, Algeria, cattle, seroprevalence, risk factors, Neospora caninum,
Toxoplasma gondii, Brucella spp, Chlamyia abortus, Coxiella burnetiid, BVDV, BD, detection and/or

molecular characterization.
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Résumé

RESUME

Les maladies infectieuses sont de plus en plus préoccupantes dans les exploitations laitiéres en
raison de leur impact potentiel sur la santé animale et humaine, la production de lait et de viande,
la sécurité alimentaire et I'économie. La présente these de doctorat visait a déterminer, au niveau de
I'individu et du troupeau, la présence et les facteurs de risque des principaux agents infectieux
causant des troubles de la reproduction chez les bovins dans deux régions du nord de 1’ Algérie :
Batna Khenchela Sétif (Nord-est) et Tiaret (Nord-ouest) de I'Algérie. La présente thése est divisée
en trois études : L'étude-l1 a analysé la prévalence et les facteurs de risque des parasites
intracellulaires Neospora caninum et Toxoplasma gondii. L'étude Il a étudié la prévalence et les
facteurs de risque des bactéries Chlamydia abortus, Coxiella burnetii et Brucella spp; et 1’étude IIT
a analysé la prévalence et les facteurs de risque du virus de la diarrhée virale bovine (genre

Pestivirus) et a caractérisé au niveau moléculaire les souches en circulation.

Dans I'étude-1, nous avons mené une étude sérologique transversale sur des fermes laitieres du nord-
est de I'Algérie (Batna, Khenchela, Sétif). Des échantillons de sang de 344 bovins laitiers
appartenant a 30 troupeaux ont été prélevés. La présence d'anticorps dirigés contre N. caninum et
T. gondii ont été évaluée par deux tests ELISA indirects commerciaux. De plus, la présence d'ADN
de N. caninum et de T. gondii chez les feetus avortés des mémes fermes laitiéres a été analysée par
gPCR. De plus, les facteurs de risque de néosporose et de toxoplasmose ont été analysés. La
prévalence des anticorps contre T. gondii et N. caninum était respectivement de 9,9 (15/151 ; IC a
95% = 5,9-15,5) et 5,5% (19/344 ; IC a4 95% = 3,3-8,4). Au niveau du troupeau, la prévalence des
anticorps contre T. gondii et N. caninum était de 70,0 (7/10 ; IC a 95% = 34,7-93,3) et de 59,0%
(13/22 ; IC & 95% = 36,3-79,2) respectivement. L'ADN de Neospora caninum et de Toxoplasma
gondii a été détecté dans 30% et 0% des foetus avortés, respectivement. L'analyse des facteurs de
risque a montré que le nombre de vélages (<=2 vs > =6) (OR =6,3 ; IC a 95% = 1,7-23,4), la
présence de chevaux (oui vs non) (OR =5,9 ; IC a 95% = 1,0-35,9) et l'utilisation de I'insémination
artificielle lors du dernier accouplement (oui vs non) (OR = 4,8, IC a 95% = 1,17-19,90) étaient
significativement associées a la prévalence de N. caninum dans les troupeaux bovins étudiés. A
I'inverse, la présence d'eau stagnante dans le paturage (oui vs non) (OR = 0,2 ; IC a 95% = 0,05-
0,8) a été considérée comme un facteur de protection contre I’infection. La rétention des membranes
feetales (P = 0,081), l'augmentation de I’intervalle vélages- vélages (P = 0,096) et I'expérience des
troubles cliniques de la reproduction (CRDE) (P = 0,077) étaient les troubles de la reproduction

clinique les plus fréquemment rapporteés chez les bovins seropositifs a T. gondii.




Résumé

L'étude 1l a évalué la séroprévalence et les facteurs de risque des bactéries Chlamydia abortus,
Coxiella burnetii et Brucella spp chez les bovins laitiers du nord-est de I'Algérie. Des échantillons
de sang de 437 bovins laitiers de 30 troupeaux ont été prélevés. Tous les sérums ont été analysés en
utilisant Elisa Indirect. La prévalence des anticorps contre Brucella spp, Coxiella burnetii et
Chlamydia abortus était de 28,6% (127/437 ; IC & 95%, 24,2-34,6%), 13,3% (46/344 ; IC & 95%,
9,8-17,8%) et 1,45% (4/344, IC a 95%, 0,6-3,2), respectivement. Au niveau du troupeau, Coxiella
burnetii et Chlamydia abortus ont été observés respectivement dans 11/22 (50,0% ; IC 95%, 25,0-
89,5%) et 4/22 (18, 1% ; IC 95%, 5,0-46,6%). Les variables suivantes ont été identifiées comme
facteurs de risque de séropositivité contre la Brucella spp par l'analyse finale de régression
logistiqgue multivariée : ge (toutes catégories) pour les vaches de plus de 60 mois (OR =7,39; IC
a 95% = 2,1-25,5%), insémination artificielle (OR = 1,46 ; IC a 95% = 0,4-4,3%), et rivieres et
vapeur dans le paturage (oui vs non) (OR = 25,9 ; IC a 95% = 8,2-81,7%). La taille du troupeau (en
tant que variable numérique) a été considérée comme un facteur de protection, avec une
augmentation d'un seul animal dans le troupeau entrainant une diminution de 4% (1-0,96 = 0,04)
de la cote. Les visiteurs entrant dans les fermes sans équipement de protection individuelle (oui ou
non) était la principale variable identifiée comme facteur de risque de prévalence de Coxiella
burnetii par I'analyse finale de régression logistique multivariée (OR = 5,70 ; IC & 95% = 1,70-
19,10). En revanche, la saison (automne vs hiver vs printemps) et la source d'eau (eau du robinet vs
puits) ont été identifiées comme des facteurs de protection, avec un rapport de cotes de 0,09 (IC a
95% = 0,02-0,49) et de 0,09 (IC a2 95% = 0,02-0,44), respectivement. Les variables age (numérique),
chiens errants (oui vs non) et présence d'animaux sauvages (principalement loup, rongeur, chacal
et sanglier) dans le batiment ont été identifiées comme des facteurs de risque de prévalence de C.
abortus par la régression logistique multivariée finale, avec un odds ratio de 1,03 (IC a 95% = 1,00-
1,05), 0,05 (IC & 95% = 0,00-0,85) et 13,75 (IC & 95% = 1,57-120,64), respectivement.

Dans I'étude 111, nous avons réalisé une etude transversale de séroprévalence et nous avons évalué
les facteurs de risque associés au BVDV dans les fermes laitieres du nord-ouest de I'Algérie. Des
échantillons de sang de 234 bovins laitiers de 31 troupeaux ont été prélevés. Les sérums ont été
analysés pour la présence d'anticorps contre le BVDV (Genus Pestivirus) en utilisant un iELISA
commercial. La présence d'’ARN de Pestivirus dans les sérums a également été analysée en utilisant

une Reverse Transcription -gPCR et des échantillons positifs ont été séquencés.

En outre, nous avons mené une revue de littérature sur la présence du Pestivirus chez les ruminants
en Afrique du Nord en utilisant une méthodologie de recherche et de compilation systématique pour
identifier les lacunes dans les connaissances pour de possible futures recherches. La prévalence des
anticorps contre le BVDV au niveau de du cheptel bovine (59,9% ; IC a 95% = 49.0-70.7%) et a la
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Résumé

ferme (93,5%, IC a 95% = 78.6%-99.2%) concorde avec les données épidémiologiques rapportées
dans les pays voisins. Les facteurs de risque associés a la séroprévalence du BVDV chez les bovins
étaient le troupeau mixte (présence de moutons dans la ferme), la taille du troupeau (n> 20) et la
catégorie animale (vache vs génisse). De plus, nous avons confirmé la présence du BVDV-1a en
Algérie. Cette étude représente le premier signalement de BVDV chez les bovins en Algérie
(province de Tiaret), en raison du fait que les Pestivirus ruminants ont été historiquement des agents

pathogeénes négligés en Afrique du Nord.

Nos résultats ont confirmé la présence de Neospora caninum, Toxoplasma gondii, Chlamydia
abortus, Coxiella burnetii, Brucella spp, et BVDV chez les bovins laitiers en Algérie et mettent en
évidence leurs impacts négatifs sur la santé et la production animales et leurs implications pour la

santé publique.

Nous avous constaté que Brucella spp, et Toxoplasma gondii causaient des troubles de la
reproduction dans la zone d'étude. Une forte association significative a été trouvée entre la
séroprévalence de Brucella spp et lI'avortement (P <0,001) chez les bovins laitiers. La prévalence
élevée du BVDV et la présence d'un individu potentiellement infecté de maniere persistante (IP)
dans la zone d'étude suggérent un scénario épidémiologique endémique du Pestivirus. Bien que C.
abortus et C. burnetii soient répandus dans la zone d'étude, sans aucun lien avec des troubles de la
reproduction. Le manque d'études épidémiologiques et moléculaires transfrontieres sur les agents
pathogenes abortifs chez les ruminants en Afrique du Nord est préoccupant pour la santé humaine
et animale ainsi que pour la conservation de la faune et des recherches supplémentaires sont

justifiées.

Mots clés : Avortement infectieux, Algérie, bovins, séroprévalence, facteurs de risque, Neospora
caninum, Toxoplasma gondii, Brucella spp, Chlammydia abortud, Coxiella burnetii, BVDV, BD,

détection et/ou caractérisation moléculaire
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Chapter | Introduction

. Introduction

Abortions and/or embryonic mortalities in cattle are encient and known pathologies but which
still persist today in dairy cattle farms in Algeria

According to the Russian dictating "Better a goat which gives milk than a sterile cow", for this
the production of milk is intimately linked to the calving of dairy cows. The objective of any
breeder is to obtain a maximum lactation period with the optimum daily quantities of milk to
hope to be the owner of economically profitable breeding while preserving animal welfare.
Although, successful gestation to term is subject to many risks, mainly abortions or embryonic
mortalities, whether early or late. These latter are of major concerns for farmers, given the

economic and health impact they may have on farms.

Abortions can be idiopathic or result from metabolic or hormonal abnormalities, nutritional
deficiencies, trauma, toxicities, or infectious agents. The latter represents the main aetiology of
reproductive disorders overall (Ortega-Mora, 2007; Givens, 2006). The causes of abortions are
numerous and varied, the infectious origins are in turn diverse. It is also important to note that
some pathogens causing abortions in ruminants can be transmitted to humans and be dangerous;
especially for pregnant women. An increase in the number of spontaneous abortions in a herd
is a dramatic event for the farmer involved, and a range of epizootic and/or zoonotic diseases,

or even emerging diseases, maybe the cause.

Controlling abortion and preventing this huge amount of economic loss are vital for breeders in
Algeria. Many studies suggested that more than half of fertilizations result in embryo loss
before pregnancy is detected (Borel et al., 2014; Reichel and Hill, 2018; Wolf-Jackel et al.,
2020). In such situation’s farmers, along with their veterinary practitioners, and potentially
veterinarians state, expect rapid reliable results from diagnostic veterinary laboratories, a
process that is not always easily achieved (Borel et al., 2014). Diagnostic rates in ruminant
abortions are low worldwide, reaching approximately 50% of the cases (John Matthews, 2016).
Nevertheless, diagnosis of the etiological agent has improved with time, from about 33-37% in
the 1990s (Jamaluddin et al., 2016), to 44% in the 2000s (Anderson, 2007), to 58%(Clothier

and Anderson, 2016) in 2014, but only if a full range of samples were collected. Conversely, in
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Algeria the rate of diagnosis in ruminants remains very low, moreover, little scientific data in
this field are available, suggesting the need for other additional investigations. Algeria suffers
from a huge deficit to meet the national milk production needs, abortion and reproductive
disorders probably represent one of the main causes. Establishing an aetiological diagnosis
remains challenging awing to the large variety of bacteria, protozoa, viruses and fungi that have
been in relation with abortion in cattle (Ghalmi et al., 2012; Achour et al., 2012; Abdelhadi et
al., 2015; Hireche et al., 2016; Derdour et al., 2017; Rahal et al., 2018).

The ultimate goal is to try to obtain a satisfactory answer concerning some of the real obstacles
facing the increase in milk production in Algeria which currently meets a third of national needs
(MADR, 2013), besides, try to identify the probable direct and/or indirect causes of abortions
due to infections causes. In the absence of studies and investigations or at least still insufficient
responding to this problem and whose aim is to study the prevalence, the occurrence as well as
the risks of certain abortive agents, in the first intention so that in second intention to try to list

the appropriate recommendations in the Algerian context.

What is the proportion of the involvement of certain abortion agents in the phenomena of
infertility and abortions? what are the risk factors for infections with abortive agents, namely
Neospora caninum, Toxoplasma gondii, Chlamydia abortus, Coxiella burnetii, Brucella spp
and Bovine Viral Diarrhea Virus (BVDV)? What are the consequences of these latter on
reproduction parameters in cattle? Will the identification of the local strains help a good
understanding of the infections that plague Algerian herds? Do wild animals which probably
share common grounds with production animals, play a role in the achievement and spread of

the abortive agents included in our study?

Serology is considered as one of the most widely used means in the diagnosis of infectious
agents. In order to respond to this problem, a cross-sectional study was carried out, based on
the collection of blood samples from dairy cattle farms in the north of Algeria (the north-
easteren and the north-western). Epidemiological data from the different herds were collected
based on a detailed guestionnaire including a section on herd and breeder identification, a

section on livestock, and another section on reproductive performance of the herd.
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The detection of anti-abortive agent antibodies was performed by the IELISA technique,
Antibody IELISA was used because it is largely used and also recommended by OIE for
screening of brucellosis (OIE, 2008; IDvet innovative diagnostic, 2018). Most IELISAS use
purified smooth LPS (Lipopolysaccharide) as antigen but a good deal of variation exists in the

anti-bovine immunoglobulin conjugate used (Saegerman et al., 2004)

DNA and / or RNA extraction was conducted on organs from aborted foetuses, subsequently,
the identification of the various abortive agents was carried out mainly by the PCR technique
(RT [real time and reverse transcription]). In the end, the sequencing technique will surely
provide a more comprehensive understanding of the source of the pathogen as well as a possible

development of an effective means of prevention.
This thesis has two main chapters:

The first chapter is a review of the literature on the situation of dairy cattle breeding in Algeria,
the current situation of milk production as well as the major constraints for dairy cattle breeding
in Algeria, a synthesis of the main abortive agents in cattle in the countries of the Mediterranean
basin with an emphasis on the abortion processes due to infections by Neospora caninum,
Toxoplasma gondii, Chlamydia abortus, Coxiella burnetii, Brucella spp and BVDV.

Finally, a global approach to the means of diagnosis approach of abortion in a herd or flock

around the world and in particular in countries belonging to the Mediterranean basin.

The second chapter is an experimental study bringing together three studies in two regions of

northern Algeria:

1- Study I: Seroprevalence, risk factors and molecular detection of Neospora caninum and

Toxoplasma gondii in cattle in North-Eastern Algeria.

2- Study IlI: Seroprevalence, risk factors and molecular detection of Brucella abortus,
Chlamydia abortus, and Coxiella burnetii in cattle in north-eastern Algeria.

3- Study Ill: Seroprevalence, risk factors and molecular characterization of BVDV in
North-Western region of Algeria
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. 1. BOVINE BREEDING IN ALGERIA
I. 1. 1. Bovine population in Algeria
The Mediterranean Maghreb constitutes a unique ecological area with close relations and

exchanges at all levels of its economies. Livestock and particularly small ruminants play a
major socioeconomical role in this region. In the past 50 years, the cattle population has
increased from 865,700 heads to 1,895,126 (Yves Leforban et al., 1999; MADR, 2017a), and
in the past 20 years the total livestock, including sheep, goat, cattle, camels and horses, has

increased by 37%.

During the 2010-2017 period, sheep numbers represented 78% (26.4 million heads) of the total
livestock in Algeria, followed by goats (14%, 4.8 million heads) and bovines (6%, 1.9 million
heads), from which 52% were dairy cows (MADR, 2017b) (Figure 1).
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Figure 1. Evolution of the Algerian livestock from 2000 to 2017(MADR, 2017a)

The number of cattle varies considerably between the Maghreb countries: 2.8, 1.6 and 0.6
million in Morocco, Algeria and Tunisia, respectively. These figures have shown very slight

changes in recent years (Figure 2) (Srairi et al., 2013).
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Figure 2. Evolution of cattle numbers in the Maghreb countries from 2000 to 2010 (Srairi et al., 2013)

The cattle population in Algeria approaches two million heads, of which 70% are dairy cattle
(30% of imported cattle "IPC" and 40% of local improved cattle "LIC") representing an
important source of food for the inhabitants (Kali et al., 2011; Kardjadj, 2016). IPC cattle breeds
are highly-productive breeds that have been mainly introduced from Europe. They are
intensively or semi-intensively farmed in lowland and irrigated areas where fodder production
is relatively high. The primary IPC breeds in Algeria are Holstein (either black and white or red
and white coat colour) and Monbéliarde. There is also a hybrid breed generated by cross-
breeding of IPC breeds and the local breed "Brune de I'Atlas”. LIC breeds are located in
mountain and forest areas. In 2012, LIC represented 38% of the national workforce and
provided around 30% of total cow's milk production. Average milk yields of these local breeds
(LB) range from 3,000 to 3,500 litres / dairy cow / year. Given the low milk production of LIC,
milk products are mainly intended for self-consumption (i.e. feeding of young animals) and
they are mostly used for meat production (Kali et al., 2011). Finally, the production from this

category of LB is not counted because it is not the subject of dairy transactions.

The distribution of farms in Algeria is largely related to the richness of the pastures. About 80%
of cattle farming is located in the northern regions of the country and 59% in eastern Algeria,

which is the area with the highest rainfall in the country. Conversely, only 22% and 19% of
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the farms are located in central and South-western areas, respectively, where sheep and goats
are preferred due to the predominance of semi-arid areas (Kirat, 2007).

I. 1. 2. Current situation of milk production in Algeria

Algeria is the first consumer of milk in the Maghreb, with nearly 120L/inhabitant/year
compared to 83L/inhabitant/year in Tunisia and 64L/inhabitant/year in Morocco (Srairi et al.,
2013; Hassani, 2013). In 2015, Algeria recorded an average estimated to 150L of milk per capita
(Chemma, 2017) while the World Health Organization set an international standard of
90L/capita/year (Chemma, 2017; Boukhechem et al., 2019). Algeria is one of the largest
importers of milk worldwide. Indeed, the dairy industry operates mainly on the basis of

imported milk, which is becoming more and more expensive.

Before the 1970s, the cattle population in Algeria was almost entirely composed by local breeds,
adapted to the agro-climatic conditions but achieving low productivity (between 600 and
1800kg of milk/ cow / lactation) (Yekhlef, 1989). The intensification program of the milk
production, initiated in 1970 with the agrarian revolution, gradually introduced breeds with high
genetic potential, mainly from Europe. The appearance of these breeds, primarily Montbéliarde,
Frisonne Pie Noire, Pie breeds Eastern Red, Tarentaise and Holstein, reduced the presence of
LB in the population structure (Djermoun et al., 2017). Since the 1980s, a succession of state
policies has been approved, aimed at intensifying local milk production and aligning with
modern cattle farming. This has resulted in significant changes in cattle production, including
the modification of the genetic structure of the population (mentioned above), the progress of
the zootechnical practices, the use of artificial insemination (Al), and the development of

processing and marketing of raw milk.

The Maghreb countries have implemented programs of artificial insemination, using semen of
high genetic merit dairy cattle. The official figures reveal that the number of Als in 2011
reached 204,600, 320,000, and 305,000 in Algeria, Morocco and Tunisia respectively. The
number of Als is steadily increasing, yet their efficiency could be significantly improved as the
conception rate in herds is frequently superior to the double by herd (Srairi and Farit, 2001).

Despite these undeniable efforts, the integration rate of local production, which can only satisfy
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33% (MADR, 2013), remains low and a deficit still persists in milk production. In this context,

a global vision of the structure and conditions of cattle production is necessary.

I. 2. MAJOR CONSTRAINS FOR DAIRY CATTLE FARMING IN ALGERIA

The dairy cattle population in Algeria is located in the North of country, particularly in the coast
and the interior plains in humid and subhumid climates. This area holds most dairy cows (60%),
fodder areas (60.9%) and national raw milk production (63%) (MADR, 2017b). The extension
of cattle breeding remains limited towards the South of the country, due to the climatic
conditions (5% of cattle farming). The low productivity of dairy cattle in Algeria is the result
of several ecological, technical, and socio-economic obstacles, which limit the profitability of
farms (Herbut and Walczak, 2018). The slow growth recorded in the cattle population in Algeria
can be attributed to several factors (Kherzat Bahidja, 2006; Ghozlane, et al., 2010):

Insufficient support policies for livestock and development of fodder crops.

e Insufficient water resources and development of irrigated areas.

e Shortcomings in the milk price policy, inducing farmers to lose interest in milk
production.

e Shortcomings in mastering the technical management of farms in an integrated manner.

e Long cycles of droughts recorded in recent years.

e The appearance of several cases of infectious diseases (tuberculosis, brucellosis, foot
and mouth diseases. etc.), which sometimes led to forced slaughter.

e \Weak agricultural extension.

e Absence of farmer associations.

Bouras, (2015) concluded that the intensive agriculture is facing several obstacles that have
slowed its development, which can be classified into four types: technical (non-mastery of the
conduct of livestock dairy), environmental (difficulty in adapting animals), health (non-
compliance with health standards) and economic constraints (confidence in food supplie).
Ghozlane et al., (2010) argued that the poor reproductive management is also behind the poor
performance; it is clearly highlighted by an insufficient policy of reform, reproduction,

gestation control and heat detection. Additionally, analysis of reproductive criteria has shown
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that the calving — fertilization/insemination interval is far above accepted standards, resulting
in calving-calving intervals exceeding a year. However, environmental factors (climate and
type of housing) and especially hygiene and milking equipment should also be considered.
Bouzebda, (2007) reported that the conditions of animal husbandry at a farm level in six
provinces (Guelma, Annaba, Souk ahras, El-Taref, Skikda, Tebessa) indicated an inadequate
compliance of the animal husbandry regulations. Overall, the evaluation of production systems

shows that milk outputs still lag way behind the true potential of the dairy cattle breeds.

I. 2. 1. Algerian policies

Algeria is still far from guaranteeing acceptable coverage of dairy demands by national
production. In order to secure the milk supply, specific policies have been implemented in the
Maghreb countries. These strategies consisted in the establishment of a dairy industry, based
on the processing of either raw milk produced locally (in Morocco and Tunisia) or imported
milk powder (in Algeria) (Srairi et al., 2013). In Algeria, imports of powdered milk have been
a major obstacle to the local development of the production and processing of raw milk.
Nevertheless, the import bill for milk (including raw materials) fell to 849.2 million dollars
(USD) in 2016 against one billion USD in 2015, a decrease of 18.66%, according to the Ministry
of Agriculture and Trade (MADR, 2017b; Ministere du Commerce International, 2019).
Official policies in the Maghreb countries encourage an improvement in the average milk yield
per cow rather than an increase in the number of cattle. To achieve such an increase in milk
production, one of the most important measures adopted has been a plan for crossing LB and
breeds with high genetic value, such as Holstein, Montbeliard or Swiss Brown (Srairi et al.,
2013). Similarly, Algerian development policy for dairy production is based on a massive
introduction of cattle breeds with high genetic milk yield potential from Europe (Madani et al.,
2008).

According to Ferrah, (2000) , the cost of production of a litre of milk has increased from 22.4
DA in 2000 to 27 DA in 2004, which can be explained by the rising costs of food and cereals
in the global market (Djebbara, 2008). Srairi et al., (2013) identified remuneration as an
important challenge for the dairy sector of Maghreb. In this sense, the current subsidies for

dairy farming remain insufficient for the profitability of the sector (Senoussi, 2008).
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2. 2. Breeder’s qualification and feeding practices

The lack of technicality in the workforce is at the origin of the technical mismanagement of
farms and consequently of the low yield. These inappropriate technical practices are translated
into a low milk output. A recent publication by Boukhechem et al., (2019) on feeding practices

of dairy cows in Algeria concluded that:

e Production values do not deviate from the national average, reflecting technical
management problems in farms.

e Food wastage was observed in 50.2% of farms (coverage rates of nutrient requirements
were greater than 110%), in addition to production costs.

e A food strategy based on covering the nutrient requirements of cows and according to
scientific guidelines was lacking. This was mainly conditioned by forage availability
and food price, resulting in an excessive use of concentrate to cover the needs of cows

in spite of its negative impact on health status, profitability, and production cost.

Although these conclusions were also supported by several authors in Algeria (Kadi et al.,.
2007; Ghozlane et al., 2009). Ghozlane et al., (2009) argued that the production conditions in
the study region (Constantine- North-eastern Algeria) are favourable for improving the level of

milk production.

I. 2. 3. Climate

Several studies strongly suggest that warming of the Earth’s climate will increase in next
decades (Roth, 2017; Boni, 2019). Global temperatures are expected to rise by 1.4-3.0°C by
the end of XXI century, and by 5.0°C in certain temperate areas of the planet. An increase in
the frequency and intensity of extreme heat waves is also expected in the upcoming years. These
climatic changes will undoubtedly be a significant problem for cattle breeders throughout the
world. Different theories have attempted to explain the effects of high ambient temperatures on
livestock production. The impact of high temperatures was once thought to be limited to tropical
areas. However, it has extended into northern latitudes in response to the increasing global
temperature. Heat stress has become an important challenge facing the global dairy industry

due to climate change (Schar et al., 2004), as well as the increase in the number of livestock
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and the intensification of agriculture (Renaudeau et al., 2012; Von Keyserlingk, and Hotzel,
2015).

Numerous studies have focused on the productivity related effects of heat stress in lactating
cows (Kadzere et al., 2002), dry cows and calves (Tao and Dahl, 2013). In the European Union
alone, estimated losses in dairy production in 2015 relative to the earlier years were between
70 and 550 kg of milk/day/100 cows. In 2014, economic losses were estimated at 670 million
USD (using present-day milk prices), and this will probably rise to 2.2 billion USD/year by the
end of the century (Mauger et al., 2015). Heat stress can also contribute to an increase in the
number of cases of calving difficulties, postpartum paralysis, stillbirths, metritis and on other
fertility problems (Roth, 2017). Srairi at al., (2013) reviewed the dairy chains in North Africa
(Algeria, Morocco and Tunisia) and concluded that, given the climate constraints, dairy
intensification may not be possible without the production of high-quality irrigated fodder.
Recently, interest is also moving into the study of the impacts of heat stress on animal welfare
(Polsky and von Keyserlingk, 2017; Roth, 2017).

I. 2. 4. Water sources

Drinking water can be considered an essential nutrient for dairy cattle because it is used in
various ways in milk production. The dairy industry consumes great amounts of water and
generates large quantities of wastewater (Andrade et al., 2014). Regrettably, many areas of the
Maghreb countries are characterized by structural aridity and unpredictable rainfall, resulting
in an unsustainable use of groundwater resources to intensify agricultural activities (Wada,
Beek and Bierkens, 2012). In a context of scarcity, water is even a more important resource and
it is linked to an increase of milk volumes. In fact, climate constraints and lack of high-quality
irrigated fodder can prevent the intensification of the dairy industry. Under these circumstances,
water resource management agendas are in need of a holistic approach to environmental

management (Hermanowicz, 2008).

Srairi et al., (2009) reported that almost 1.8 and 10.6 cubic meters of water were necessarily to
get a single kg of milk and of live weight gain, respectively. The same author (Srairi et al.,
2016) demonstrated a mean water footprint of 1.62+0.81 and 8.44+1.09 m3/kg of milk and of

live weight gain, respectively. Groundwater represented only 13.1% and 2.2% of the total water
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used to produce milk and live weight gain, respectively, while rainfall represented 53.0% and
48.1% of the total water for milk and live weight gain. The remaining water volumes used came
from surface irrigation water (7.4% for milk and 4.0% for live weight gain) and from virtual
water (26.5% for milk and 44.7% for live weight gain) (Srairi et al., 2016). Benyettou and
Bouklikha, (2017) evaluated the variations and trends in temperatures and daily rainfall in
Algeria over a period of 34 years (1982-2016). Their principal component analysis revealed
four major regions in Algeria. The coastal region is characterized by a slight decrease in annual
precipitation. The eastern littoral region and the eastern highlands show a stable rainfall regime
(area of study of the present PhD Thesis). The western littoral region underwent extensive
annual rainfall deficit from 1982 to 2004. The region of West high plateaus and central Algeria
are characterized by rainfall deficits (area of our study). Finally, the climate is dry in the
southern region since the Sahara is a very windy and arid area (Benyettou and Bouklikha, 2017).

I.3. THE IMPORTANCE OF REPRODUCTIVE MANAGEMENT IN DAIRY CATTLE

Productivity and profitability are significantly impacted by the reproductive performance of a
dairy herd. Improved reproductive performance has many beneficial effects: increased
efficiency of milk production by shifting the milking herd to a more productive phase of the
lactation (Ferguson and Galligan, 1999); improved Income Over Feed Cost (IOFC)! and milk
yield per day of calving interval (Ribeiro et al., 2012); reduced reproductive culls (Pinedo, De
Vries and Webb, 2010); reduced need for replacement animals; increased percentage of the
lactating herd that is multiparous (Santos et al., 2010; Galvao et al., 2013); improved genetic
gain because of more selective culling of lactating cows and more stringent selection of
replacement animals (Kent Weigel, 2006; Santos et al., 2010); and reduced costs of
reproductive interventions (Giordano et al., 2012; Galvéo et al., 2013). However, significant
improvement in reproductive performance results in a greater proportion of dry cows in the
adult herd (Galvéo et al., 2013), demanding proper planning to accommodate these animals and

maternity needs.

! Income Over Feed Cost Calculations. The IOFC for each cow state is calculated by subtracting the cost of feeding from the milk production
value at each cow state.
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According to Sakaguchi et al., (2011), to achieve a sustainable development in the dairy
industry, it is important that cows become pregnant at a biologically optimal time and at an
economically profitable interval after calving. A coordinated series of physiological events are
the key to a successful reproduction, including the resumption of ovarian cyclicity postpartum,
the development and ovulation of a viable oocyte, fertilization, restoration of the uterus, embryo
development and implantation, and maintenance of pregnancy until foetal maturation (Butler,
2003; Garnsworthy and Webb, 2008).

Fertility is related to the parity of cows, the number of times that an animal has given birth.
Fertility issues affect reproductive performance of the herd, thereby negatively influencing
productivity and return on investment of the farming business. According to international
standards, an interval calving-calving (IVV) of 12-13 months is considered an economically
optimal goal. The level of oestrus detection and the conception rate are essential components
affecting the IVV. An inaccurate detection of oestrus is associated to loss of profit due to
extended IVV and milk loss (Roelofs et al., 2010). Galvéo et al., (2013) concluded that the
accuracy of ED and the compliance with injections for timed artificial insemination affected

reproductive performance, with compliance having a greater impact.

The challenges for optimizing fertility in dairy cattle (Roche and Diskin, 2001; Wiltbank,
Gumen and Sartori, 2002; Robinson et al., 2006) involve two heterogeneous factors: biological
changes in dairy cattle, and changes in the management and the economic environment of the
dairy industry (Rotz Zartman and Crandall, 2005; De Vries, 2006). The biological factor
includes certain characteristics shared worldwide regarding the genetic improvement of modern
high-yielding dairy cattle, as well as metabolic profiles and reproductive function (Jorritsma et
al., 2003). However, the human and economic factor differs across nations, areas and individual
herds, and management decisions have a significant impact on fertility based on the evolution
of biological and economic demands (Grohn and Rajala-Schultz, 2000; Evans et al., 2006;
Roche, 2006).

There are a number of key areas for improving fertility management in dairy cattle, including:
i) managing large volumes of data, ii) genetic selection (including improved phenotypes for use
in breeding programs), iii) nutritional management (including transition cow management), iv)

infectious disease control, v) reproductive management (and automated systems to improve
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reproductive management), vi) ovulation / estrogen synchronization, vii) rapid diagnosis of the
reproductive status, and viii) management of male fertility. However, the negative association
between infertility and production/profitability is not universal (Bello Stevenson, and
Tempelman, 2012). For example, Cummins et al., (2012a; 2012b; 2012c) reported divergent
fertility phenotypes with similar milk production, and there is evidence of fertility improving
following the inclusion of a fertility sub index (includes calving interval and survival to the
subsequent lactation) in multiple countries’ national breeding objectives. Increases in milk yield
observed in dairying over the past 50 years has been escorted by a decline in cow fertility in
multiple regions of the world and diverse production systems (VanRaden et al., 2004; Walsh
Williams and Evans, 2011). Nevertheless, there is increasing evidence that this decline has
ceased and a phenotypic improvement in cow fertility is now being observed (Diskin et al.,
2016).

Reproductive management of dairy animals has experienced extensive progress in the past 50
years, from the creation of prostaglandin drugs (Prostaglandin F2 Alpha [PGF2a]) for the
synchronization of oestrus in the 1970s to the implementation of on-farm in vitro embryo
production programs and the use of genomic selection to aid in breeding strategies. In addition,
the intensive use of sophisticated protocols to synchronise ovulation coupled with timed
artificial insemination, has dramatically improved fertility in recent years (Carvalho et al.,
2018). However, whether such protocols ultimately mask primary fertility issues which would
be apparent in the absence of such protocols is unclear. This progress has been possible because
reproductive efficiency has long been identified as critical for the profitability of dairy herds.
Herds with efficient reproductive programs benefit from having a large proportion of cows in
the most productive phase of lactation (Ferguson and Galligan, 1999), greater availability of
replacement animals, greater genetic progress (Giordano et al., 2012; Norman et al., 2009),
reduced proportion of reproduction culls(Pinedo De Vries and Webb, 2010; Galvéo et al., 2013)
reduced cost of reproductive programs (Giordano et al., 2012; Galvao et al., 2013), and

improved health.

Pregnancy begins with the fertilization of an oocyte with a sperm cell. In many dairy systems,
the first insemination is undertaken using artificial insemination (Al). Although there are

differences in male fertility (Berry Evans and Mc Parland, 2011), the use of Al programs
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focuses on the female and the events leading up to first ovulation, subsequent cyclicity, the
capacity for fertilization and pregnancy establishment. The fact that cows are undergoing
homeorhetic mechanisms to support an increase in milk production in early postpartum and are
typically at peak lactation during the breeding period, has led to a large volume of research
linking the physiological events controlling milk production with those that control the interval
to first ovulation, cyclicity, and overall fertility.

The traditional view is that the postpartum interval to first ovulation is an important metric for
reproduction(Petersson et al., 2007). This is certainly true and, therefore, it is reasonable to be
concerned about non-cycling cows. Non-cycling cows that ovulate for the first time during the
breeding period (either in response to synchronization or spontaneously) have compromised
fertility (Thatcher and Wilcox, 1973). During the early postpartum period, the ovary is primarily
dependent on luteinizing hormone (LH). LH is released from the pituitary gland in pulses, and
the frequency of these pulses is a major determinant of ovarian function postpartum (Butler,
2000); greater frequency, on average, results in ovulation. Follicle-stimulating hormone (FSH),
also released from the pituitary, is generally viewed as nonlimiting for ovarian follicular growth
and ovulation in the early postpartum (Lamming Wathes and Peters, 1981; Crowe Diskin and
Williams, 2014). Cows that are not cycling generally have elevated FSH concentrations because
the primary hormonal negative-feedback mechanism involving the dominant follicle is
suppressed (Crowe Diskin and Williams, 2014). Extended intervals between postpartum and
first ovulation are normal even in healthy, well-fed cattle because of the suckling effect
(prolactine negative feedback on ovulation) (Wright et al., 1990). In dairy cows, a prolonged
anovulatory period is not a normal event; rather, it indicates a blockage (perhaps metabolic) in
the restoration of the hypothalamic-pituitary-ovarian axis. In the past, negative energy balance
was considered a key risk factor of the anovulatory syndrome (Butler Everett and Coppock,
1981). Although the role of negative energy balance is well accepted, recently the extent to
which negative energy balance explains the variation in the interval to first ovulation has been

questioned.
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3. 1. Reproductive efficiency and dairy herd profitability

Economic efficiency of dairy farms is the main goal of farmers and reproduction continues to
be a critical component to maintain a dairy farm economically viable. In fact, the
competitiveness of dairy farms often depends more on the improvement of technology and
efficiency than on the size of the farm (Cabrera et al., 2010). Reproduction can have a multitude
of impacts on a farm, from altering culling policies, increasing retention of better replacements,
moving primiparous cows into a more productive second lactation, and improving milk
production. The income of dairy farms is mainly originated from milk sales (88% of gross
income), cows for dairy purposes, culled animals and calves (Santos et al., 2010). There are
four ways to increase the volume of milk produced by a cow per day in a dairy herd:
1) By carrying out a genetic selection, based mainly on selection of individuals and
artificial insemination
2) By improving nutrition
3) By better controlling diseases and management factors that reduce the yield (i.e.
mastitis, metritis, heat stress)

4) By increasing the reproductive efficiency

Reproduction affects about 10% of gross farm income, the gross margin per cow is maximized
when the herd's gestation rate (gestation efficiency) is greater than 30%. Gestation efficiency
of a herd is established according to the gestation rate, which is calculated by multiplying the
heat detection rate by the conception rate (Ferguson, 2003). Santos JEP, (2008) reported that
four main factors affected the reproductive efficiency in dairy herds and were commonly
monitored to evaluate reproduction: the voluntary waiting period, insemination rate, pregnancy
per Al, and pregnancy loss. Shortening the 1VV reduces the average days in milk of the herd
and, consequently, a greater proportion of cows would be in earlier stages of lactation, when
peak of milk production and greater IOFC occurs, whereas a smaller proportion of cows would
be in later stages of lactation producing low amounts of milk with low IOFC (Ribeiro, et al.,
2012).

Low oestrous detection rates result in low pregnancy rates and a large variation in age at first

pregnancy and age at first calving, which are economically undesired (Santos JEP, 2008).
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Diseases are also known to deeply reduce the income of a dairy cattle herd, for example
subclinical ketosis in dairy cows reduces the productivity and therefore the efficiency of milk
production and the profitability of the dairy farm (Mostert et al., 2018). Moreover, SCK is
associated with an increased risk of displaced abomasum, metritis, mastitis, lameness and
clinical ketosis among others (Suthar et al., 2013). $289 per case of SCK in relation only with
abomasum displacement, metritis and ovarian dysfunction (McArt Nydam and Oetzel, 2012).
According to the study of Mostert et al., (2018), the total cost of subclinical ketosis in dairy
cows was 130€ per case per year, and varied from 83€ in parity one to 175€ in parity three.
Costs were derived from a prolonged 1VV (36%), from reduced milk production (24%), from
treatment (19%), from discarded milk (14%) and from removal (6%). Estimating the economic
impact of diseases may make farmers more aware of these problems, and can improve their
decision-making regarding interventions to reduce illnesses. In Bejaia (North centre Algeria),
Bellil and Boukrif, (2015) identified four systems of production according to a set of
discriminative factors, two specialized in milk and two producers of both meat and milk. They
report that the average cost of milk production by system was of 46.09, 50.80, 50.28 and 55.72
DA for systems 1, 2, 3 and 4 respectively, and was often greater than the sale price of milk (47
DA/litre). However, the sale of milk doesn't always constitute the only source of product and

income.

I. 3. 2. Control of infectious diseases

Veterinarians managing fertility in dairy herds should regularly evaluate the herd health status
for pathogens known to compromise reproductive efficiency. Infectious diseases are of
increasing concern on dairy farms because of their potential impact on animal and human
health, milk and meat production, food safety, and economics. Moreover, dairy farms are

recognized as important reservoirs of foodborne pathogens.

Dairy cows are susceptible to production disorders and diseases during the peripartum period
and early lactation (Roche et al., 2013; Bouamra Ghozlane and Ghozlane, 2016). In cattle,
bacterial contamination of the uterus is ubiquitous at parturition. However, this does not
automatically imply the establishment of uterine disease and subsequent fertility problems. It

is generally a suppression in uterine immune function in addition to pathogen presence that
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allows a shift in bacterial populations and establishment of disease in up to 20% of animals
(Crowe and Williams, 2012).

Some pathogens are known to reduce conception rates while others may cause foetal losses and
abortions. These diseases are known to have a significant effect on dairy production due to their
effects on fertility (Walz et al., 2015; Bouamra Ghozlane and Ghozlane, 2016), milk production
(McAloon et al., 2016), and, subsequently, culling (Smith et al., 2010). To implement
appropriate and effective disease control programs at the national level, up-to-date and unbiased
information on disease frequency is needed in Algeria. Control programs should be
accompanied by continuous monitoring of herd status to assess the effectiveness of the program
and progress towards goals. This can be achieved through serological testing for different
infectious agents at the herd level (Houe Lindberg and Moennig, 2006). Testing of bulk milk
samples is a particularly cost-effective strategy and has become part of surveillance and disease-
control programs for several endemic infectious diseases of dairy cattle (Booth Cranwell and
Brownlie, 2013). The application of a suitable disease control or elimination programs and
monitoring at a national or a regional level should be based on knowledge of the baseline

frequency and distribution of the disease in the population (Sayers et al., 2015).
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I. 4. MAIN ABORTIVE INFECTIOUS AGENTS IN CATTLE IN THE
MEDITERRAENAN BASIN

Abortion among dairy cows is one of the major causes of economic losses in the cattle industry
(El-Tarabany, 2015). In many studies, only 30% or less of high-producing lactating cows calve
following a single Al service. However, this rate can vary substantially based on environmental,
genetic, and management conditions. The worldwide reported rate of abortion in dairy cows
varies from 12% to 16% depending on the stage of gestation when pregnancies are diagnosed
(Schlafer Fisher and Davies, 2000; Thurmond et al., 2005). Abortions may be idiopathic or the
result of metabolic or hormonal abnormalities, nutritional deficiencies, trauma, toxicities, or
infectious agents. The latter represents the leading aetiology of reproductive disorders (Givens,
2006; Ortega-Mora, 2007). Diagnostic rates in ruminant abortions are low worldwide, reaching
approximately 50% of the cases (John Matthews, 2016). Nevertheless, diagnosis of the
aetiological agent has improved over time, from about 33-37% in the 1990s (Jamaluddin et al.,
2016), to 44% in the 2000s (Anderson, 2007) and 58% (Clothier and Anderson, 2016) in 2019,
but only if a full range of samples are collected. An accurate and prompt diagnosis of abortive
infectious agents in a herd requires cooperation between the herd veterinarian and a veterinary
diagnostic laboratory. Combined efforts, good communication and appropriate sampling and
testing approaches, greatly improves the chance of obtaining an aetiologic diagnosis (Anderson,
2007).

A significant proportion of embryonic loss in dairy cows occurs quite early after conception.
Wiltbank et al. (2016) described four pivotal periods for pregnancy loss during the first
trimester of gestation in lactating dairy cows, each corresponding to key physiological changes
in the embryo, uterine environment, and ovary. These are: (i) during the first week after calving
due to fertilization failure or death of the early embryo (20%-50%); (ii) from day 8 to 27,
encompassing embryo elongation and maternal recognition of pregnancy with losses averaging
30%, but ranging from 25%-41%; (iii) from day 28 to 60, with losses of approximately 12%;
and (iv) during the third month of pregnancy (~2%). Pregnancy loss per day generally decreases
as pregnancy progresses and is much lower after day 60 of pregnancy (Santos Rutigliano and
Séa Filho, 2009; Diskin et al., 2016).
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Analogous to many countries, abortion is a major problem for dairy producers in Algeria.
Abortion, decreased calving percentage, stillbirths (i.e. expulsion of the foetus after day 260 of
gestation), birth of weak calves and decreased milk production often leads to high economic
losses for the farmer. Beyond to loss of foetus, abortion increases the number of Al required
for obtaining a calve, imposes rebreeding costs, medical treatment costs and replacement costs
to farmers (Peter, 2000; Weigel Palmer and Caraviello, 2003). Abortion in cattle was defined
as foetal death between days 42 and 260 of pregnancy by Peter et al. (Peter, 2000). Similarly,
Thurmond and Picanso, (1990) defined abortion as foetal death between 52 and 260 days in
pregnancy and reported an abortion rate of 11% with losses of about 640 US$ per abortion.
Norman et al., (2012) considered abortion cases only for cows with more than 150 days into
pregnancy and reported an abortion rate of 1.3%. According to Eicker and Fetrow, (2003), the
main factors affecting the value of a pregnancy are: cow parity, milk production level,
persistence of lactation, breeding and replacement systems; which resulted in an average value
of 200 USD. Gédicke Vidal and Monti, (2010) estimated that total net revenue for a lactation

with abortion showed a mean loss of -143.32 USD in Chile.

Effects of abortions on profit may be greater in natural service since the open cow may not be
identified until months after the abortion. The reproductive potential of these cows is lost for
the year, resulting in early culling and associated replacement costs (BonDurant, 2005). Costs
to the producer can be as high 1,900 USD per abortion based on stage of pregnancy, cow
performance, current prices, and producer decisions (De Vries, 2006; Norman et al., 2012). Iran
these costs have been found to vary significantly, ranging from 82 USD to 1,302 USD
(Kalantari et al.,2008). Finally, late-term abortions have been estimated to cost between 500
USD and 900 USD per case (Hovingh, 2002; Kirk, 2003) and often result in early culling of
productive cows for an additional loss of up to 1,000 USD (Kirk, 2003).

Many factors influence the viability of a bovine foetus during gestation, including hormonal
fluctuations, genetics, compromised blood, nutrient or oxygen supply to the foetus, and
exposure to pharmacologic, environmental, toxic, or infectious agents at critical times of
gestation (Cabell, 2007; Evans, 2011; 2012). Causes of abortion may be either infectious or
non-infections. Although non-infectious causes have gained more attention during recent years,

e.g. the identification of lethal haplotypes (Charlier et al., 2016; Adams et al., 2016), infections
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are generally thought to have a greater abortive potential and, thus, are considered more
important.. Furthermore, infections agents are traditionally more readily diagnosed than non-
infectious causes (Clothier and Anderson, 2016; Reichel Wahl and Hill, 2018). Borel et al.,
(2014) reviewed the most common and relevant abortive pathogens of cattle in Europe
highlighting their epizootic and zoonotic potential (Table 1). Similarly, Reichel Wahl and Hill,
(2018) evaluated the most important abortive pathogens of cattle in Australia and New Zealand
(Figure 4).
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Table 1. Overview of infectious causes of abortion in cattle in Europe (Borel et al., 2014)

Infectious agent Agent name Epidemiology Time of abortion
Viruses Bovine herpesvirus type-1 | ++, dt, epi.
Pestiviruses ++a, dt, epiand vt | Early embryo loss
Bluetongue virus +, vb, enz Second to third trimester
Schmallenberg virus ++, vb, enz
Bacteria Brucella spp. ++, dt, epi, zoo Second to third trimester
Chlamydia abortus +, dt, epi, zoo Third trimester
Coxiella burnetii ++, dt, epi, zoo Second to third trimester
Salmonella Abortusovis - Third trimester
Miscellaneous bacteria + Second to third trimester
Parasites Neospora caninum ++, ih and vt 3-8 months, usually 5
months
Toxoplasma gondii -
Tritrichomonas foetus + Early embryonic losses
Fungi Aspergillus fumigatus + 4 months to term

++, important in this species; +, occasional cause in this species; -, of unknown significance in this species.
epi, epizootic; enz, enzootic; zoo, zoonatic; vb, vector borne; dt, direct transmission; ih, intermediate host;
vt, vertical transmission

Prapoetion of diagnosed abarticns

L1

Figure 3. Percentage of aetiological diagnoses made per year, in 544 bovine abortion cases investigated at one veterinary

2011 Foib

qartena

diagnostic laboratory in New Zealand (Reitchel et al. 2018)
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Abortion caused by infectious agents in ruminants is a major cause of economic losses
worldwide. Effective management and control of outbreaks of abortive disease is essential in
limiting their spread, and in preventing zoonotic infections. An increase in the number of
spontaneous abortions in a herd is a dramatic event for the farmer involved. A range of enzootic,
epizootic, emerging diseases and/or zoonotic diseases may cause abortions in cattle. Regarding
breeding efficiency, abortion causes a larger 1VVV, hampering the achievement of the full
genetic potential. Moreover, late abortion increases premature culling, generating increased
replacement costs.

The mechanism of transplacental transmission has not been completely defined for many
pathogens. However, there is evidence to suggest that placental macrophages may contribute to
transmission of bacteria and fungi (Schlafer Fisher and Davies, 2000). Foetal response to
infection depends on the stage of gestation when infection first occurs. In the first trimester,
when the foetus has no effective immune system, infectious agents can directly kill foetal cells
(Maley et al., 2006). At this stage, if the foetus continues its development, the calf may be born
immunotolerant for the infectious agent, as in the case of BVDV. As the foetus develops, the
immune system response becomes more complete. For example, from day 98 of gestation
onwards, the foetus is capable of mounting an IgG immune response against N. caninum
(Bartley et al., 2013). Within a few more days, developed bovine foetal lymphocytes are capable
of mitogenic stimulation and the production of IL-2 (Bartley et al., 2013). Once the immune
system has matured, infection may be controlled and cleared, or, conversely, the products of
inflammation may negatively affect the foetus and even lead to foetal death (Srinivas et al.,
2006; Kraus et al., 2012).

In order to prevent the allogeneic rejection of the embryo, the maternal immune system is
diminished during pregnancy. Meanwhile, the foetal immune system only begins to develop
during the second trimester. This maternal immunosuppression, combined with the initial state
of foetal immune status, offers pathogens the ability to infect and grow uncontrollably. Infection
triggers the release of prostaglandins during the inflammatory response, resulting in luteolysis
and a cascade of events that lead to foetal expulsion (Neuvians et al., 2004; Skarzynski,
Jaroszewski and Okuda, 2005). Once the foetus dies, the placental circulation collapses and

becomes obliterated, characterized by intra-placental coagulation and endothelial disturbances
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(Ornoy Crone and Altshuler, 1976). The separation of cotyledons from caruncles results in the
termination of pregnancy. The foetus and foetal membranes are expelled, which is manifested
by an abortion (Roescher et al., 2014).

a) Bovine
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Figure 4. Frequency of diagnosed pathogens in cattle in relation to the total diagnosed cases, Ureaplasma diversum,
Campylobacter spp, Bovine Viral Diarrhea Virus and Neospora caninum. Some cases had a mixed diagnosis (Jose Diaz-
Cao et al., 2018).

The Mediterranean basin has an heterogeneneous scenario regarding the circulation of abortive
pathogens in domestic ruminants. In France, monitoring bovine abortions is required for the
surveillance of diseases such as Rift Valley Fever, Q fever or neosporosis (Anderson, 2007),
especially when they are zoonotic. In the same country, the current bovine abortion surveillance
system is designed to detect as early as possible any resurgence of bovine brucellosis
(Fediaevsky and Garin-bastuji, 2011). It relies on the mandatory notification and testing of each
and every aborting cow. Moreover, when at least three cows have aborted, the farmer can
benefit from differential abortion diagnosis protocols developed by the animal health groupings
(Groupements de Défense Sanitaire, GDS) to help identify whether the abortions could be

linked to an enzootic disease.

In Turkey, circulation of several abortive pathogens has been detected in cattle.Yage1 Yiicel et
al., (2014) reported seropositiviy against Toxoplasma gondii (56.06%; n=132), Listeria
monocytogenes (40,09%; n=132), and Brucella abortus (3.03%; n=132) in the region of Adana,
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by the standard Sabin-Feldman Dye Test (SFDT), Osebold method and Microtube
Agglutination Test (MAT) respectively (Yagc1 Yiicel et al., 2014). Also, Ozbek et al., (2008),
detected a seroprevalence of 21.7% (n=23) against Chlamydia trachomatis using three
diagnostic techniques (i.e. giemsa, immunoperoxidase and lugol stainings). Epidemic abortions
caused by Neospora caninum were also reported by Kul et al., (2009).

In Greece, Lefkaditis et al., (2020) detected a 21.03% (n=875) of seropositivity against N.
caninum in Holstein-Friesian dairy cows using the indirect fluorescent antibody technique.
Positive farms were associated to previous history of infertility problems, such as abortions,
increased number of Al services needed for conception, increased rate of returning to oestrus
and retention of foetal membranes. In 2005, Billinis et al., (2005) estimated the prevalence of
Bovine Viral Diahrroea Virus (BVDV) in Greece, using an antigen ELISA. Mean prevalences,
adjusted for the test’s accuracy and the herd-clustering effect, were 14% (95%CI: 11-18%) and
1.3% (0.8-1.8%), respectively. Herd size was not associated with the prevalence of antigen-

positive or persistentily infected (PI) animals.

In Egypt, antibodies against Pestivirus were detected in goats with a prevalence between 33-
72% (Loken Krogsrud and Bjerkas, 1991). One of nine cows aborted a Pestivirus-infected
foetus, and all were antibody-positive. Selimet al., (2019) reported a seroprevalence of Brucella
spp. of 16.7% and 16.25% in cattle and sheep, respectively. There was a significant association
(P <0.05) between the seroprevalence of brucellosis and sex in cattle and age in sheep level,
where seroprevalence was 18.7% in female cattle and 22% in sheep over 2 years. In Egypt
(Ahmed et al. 2019), 41.4% (94/127) of serum samples from cattle tested by a BTV ELISA
were positive for bluetongue virus (BTV) antibodies. Of these 94 ELISA-positive cattle, only
83 EDTA-blood samples were available and were tested for BTV and epizootic haemorrhagic
disease virus (EHDV) genome detection by RT-PCR and sequencing. In Egypt, Fereig et al.,
(2016) established a comprehensive record of the seroprevalence of T. gondii-specific
antibodies using several animal hosts at different locations. The prevalence of antibodies was
38.7% in sheep, 28.7% in goats, 23.6% in cattle, and 22.6% in donkeys. The authors, also
identified the risk factors associated with toxoplasmosis, using a cross-sectional

epidemiological study.
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In Tunisia, Amdouni et al., (2019) estimated the molecular prevalence of T. gondii infection in
meat from slaughtered sheep, goats and cattle in Northwest Tunisia (Béja district). The overall
molecular prevalence of T. gondii in sheep, goats and cattle was 33.3% (50/150), 32.5%
(39/120) and 19.3% (29/150), respectively. During 2015, the incidence of clinical human
brucellosis was estimated to 30.8 per 100,000 inhabitants affecting mainly males aged between
30 and 39 years. The overall animal seropositivity to Brucella, was 21 and 1.9% in case and
control farms, respectively (p <0.0001). Only five risk factors were found to be significant:
overall animal seropositivity (OR =65.2; 95%CI: 13.3-318.7); handling aborted females
(OR =43.1; 95%CI: 8.3-222.7); presence of male ruminants in the herds (OR = 18.5; 95%CI:
5.18-66) (Khamassi Khbou et al., 2017). Selmi et al., (2018) tested sera of healthy camels to
detect antibodies againts Coxiella burnetti using an indirect ELISA and reported an overall
prevalence of 44% (n=534). A meaningful high seropositivity was observed in female camels
with a previous history of abortion (70%) (OR=4.186, 95%CI. 2.05-8.51). Listeria spp.
prevalence was also studied in 1134 samples from 378 Tunisian ruminants using PCR and it
was detected in 5.7% of cattle and 10.2% of sheep (Barkallah et al., 2016). In addition, the true
herd-level prevalence was 50.1% in cattle and 26.7% in sheep. At the herd level, risk factors

for Listeria spp. test-positivity were abortion, herd composition and silage storage for cattle.

In Morocco, (Lucchese et al., 2016) 221 cattle sera from 25 farms were examined for the
presence of Brucella spp. antibodies, 176 for N. caninum, 88 for Leptospira spp., and 42 for
BVDV, Bovine Herpesvirus 1 (BHV-1), and Bovine Herpesvirus 4 (BHV-4) (at least 1 sample
per herd). Antibodies against the investigated pathogens were detected in all samples tested,
with an overall seroprevalence of 33.48% for Brucella spp., 8.52% for N. caninum, 9.09% for
Leptospira spp., 37.71% for BVDV, 50% for BHV-1 and 9.52% for BHV-4. Antibodies against
Leptospira spp. serovars Hardjo, Pomona, and Tarassovi were identified and mixed infections
were common. Additionally, abortions were reported in 23 (10.4%) of the 221 tested cattle. In
Sidi Kacem Province in Morocco, cattle and small ruminant sera were tested for Brucella spp.
antibodies using the standard Rose Bengal Test (SRBT) and the modified Rose Bengal Test
(mRBT). The prevalence in cattle at individual and herd level was 1.9% and 9%, respectively.
Bacteriology was also performed on 21 milk samples obtained from Brucella-seropositive

cattle. for isolation and phenotyping of circulating Brucella species. Culture was positive for
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three milk samples and B. abortus biovar 1was identified using Bruceladder® multiplex PCR

and classical phenotyping.

In Israel, 58,048 pregnancies from 111 herds were studied in 1995 and the abortion density, the
proportion of aborted cows, and the abortions per confirmed pregnancy were 4.2%, 5.9%, and
10.2%, respectively (Markusfeld-Nir, 1997). Seroprevalence of N. caninum antibodies has been
reported at 35.5% in a sample of 1,078 pregnant cows (Mazuz et al., 2014). The percentage
of abortions in seropositive cows was 3 times higher than in their seronegative counterparts
(21.6 and 7.3%, respectively). No statistically significant association was found between the
antibody level of positive cows during pregnancy and the proportion of aborting cows.
However, 41.2% of the cows with antibody titers of 1:12,800 aborted. The risk of abortion for
such animals was 2.7 times higher than for other seropositive cows which had lower titers of
antibodies (p=0.0072). In the follow-up examinations of the seropositive cows during several
pregnancies, the overall percent of abortions observed was significantly higher than in
seronegative individuals (49.3 and 16.9%, respectively; p<0.0001). Moreover, the proportion
of repetitive abortion observed was 5 to 1 (17.4 and 3.5%) in seropositive and seronegative
dams, respectively (p<0.001). The rate of vertical transmission in positive dams was 61.0% and
it appeared to be directly associated to antibody levels: the higher the titter in the cows during
pregnancy, the higher the percentage of sero-positivity in their calves. Increased proportion
of abortions was observed in seropositive cows both in summer and winter in comparison with
spring and autumn. It was found that in seropositive cows, an increased number of pregnancies,
which was directly related to the age of the dam, has been associated with an increased number

of abortions.

I. 4. 1. Neospora caninum

Neospora caninum is an apicomplexan protozoan parasite that can cause neosporosis in cattle
after consuming food or water contaminated with oocysts shed in canine faeces (Dubey et al.,
2007; Taylor Coop et Wall, 2013). In many countries, N. caninum is the most frequently
diagnosed cause of bovine abortion (Thilsted and Dubey, 1989; Dubey and Lindsay, 1996) and
has been associated with epidemic and endemic patterns of abortion and congenitally infected

calves with malformations (Dubey et al., 2017).
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The biological cycle of Neospora caninum is heteroxenous. Dog (Canis lupus familiaris),
coyote (Canis latrans), dingo (Canis lupus dingo) and grey wolf (Canis lupus) are the only
species recognized as definitive hosts of N. caninum, in which the sexual phase of the cycle
occurs, resulting in the shedding of oocysts in faeces (McAllister et al., 1998; Gondim et al.,
2004; Dubey et al., 2011).

Neospora caninum can be transmitted postnatally (horizontally, laterally) by ingestion of
tissues infected with tachyzoites or tissue cysts or by ingestion of food or drinking water
contaminated by sporulated oocysts. The infective form for intermediate hosts is the sporulated
oocyst, which is released in the faeces of definitive hosts (Figure 5). Transplacental (vertical,
congenital) transmission, from an infected dam to the foetus, can also occur during pregnancy
(Figure 5) (Dubey Schares and Ortega-Mora, 2007). In fact, vertical transmission accounts for
50-95% of infections and is the main route of transmission in intermediate hosts (Cardoso et
al., 2012; Almeria and Lépez-Gatius, 2015), playing an important role in the continuation of

the pathology in cattle herds (Santolaria et al., 2011).
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Figure 5. Life cycle of Neospora caninum (Dubey 1999)
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The routine diagnosis of bovine neosporosis is based on detection of Neospora caninum specific
antibodies in blood samples and milk. Although the detection of antibodies only indicates
exposure to N. caninum (Dubey and Schares, 2006), since the first isolation of the parasite, a
range of serological assays have been developed in dogs, cattle, and a variety of other potential
host species.

At present, the strategies to control the presence of N. caninum in cattle are based on herd
management and diagnosis (Dubey Schares and Ortega-Mora, 2007). The best control strategy
for neosporosis at farm level is the serology in order to minimize vertical transmission by
selective breeding and limiting horizontal transmission (to intermediate and definitive hosts)
through application of hygienic disposal procedures for elimination of aborted foetal and

maternal tissues.

Serological techniques are primarily employed to detect specific antibodies against N. caninum
to differentiate exposed from non-exposed dams. Tachyzoites are the active form of the N.
caninum parasite, representing the acute phase of the disease (Goodswen Kennedy and Ellis,
2013). Tachyzoites differentiate into bradyzoites, which characterize the chronic phase of the
disease (Jiménez-Ruiz et al., 2012). All the serological assays are based on tachyzoite antigens
(Dubey and Schares, 2006). These techniques include the several enzyme-linked
immunosorbent assays (ELISAS), the indirect fluorescent antibody test (IFAT), N. caninum
agglutination test (NAT), and western immunoblotting which is often used to confirm uncertain
results in valuable samples (Alvarez-Garcia et al., 2002). Although IFAT using whole fixed
tachyzoites is the most reliable serological test for the detection of N. caninum antibodies, high
cost and the need for specialized equipment and expertise have limited its use (Guido et al.,
2016). The iIELISA against recombinant antigens is a common serological test for the detection

of N. caninum antibodies.

Polymerase chain reaction (PCR) is also used for the detection of DNA of the parasite. It has
the advantage of being a quick, sensitive, and specific technique, but it still has high cost
(Tramuta et al., 2011). The target samples to detect N. caninum DNA are brain or tissues from
aborted animals (Wilkowsky et al., 2011). PCR can be applied for the diagnosis, protozoan

DNA quantification, and identification of new hosts for the parasite (Dubey and Schares, 2011).
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Various PCR formats have been developed, including real-time PCR (Pereira et al., 2014),
nested PCR (J et al., 2014), and multiplex PCR (Tramuta et al., 2011), and can be used on
aborted foetal tissue, amniotic or cerebrospinal fluid, blood, faeces, milk, semen, etc (Pereira et
al., 2014).

Since the protozoan is closely associated with domestic dogs, humans do occasionally suffer
from exposure; however, the disease is not considered a zoonosis (Dubey and Schares, 2011).
Immunocompromised patients may become opportunistic hosts for the pathogen; thus, the
disease emerges in this population (Oshiro et al., 2015).

Although neosporosis has been diagnosed in the main dairy and beef cattle producing countries,
few data have been published in the literature about the disease in the Maghreb (Lucchese et
al., 2016). In Algeria, the scarce reports available on its occurrence indicate that seroprevalence
in cattle ranges from 12.37% to 19.64% (Ghalmi et al., 2012; Achour et al., 2012; Derdour et
al., 2017).

Neospora caninum abortion process

Abortions caused by N. caninum can occur during all the gestation (Dubey Schares and Ortega-
Mora, 2007; Dubey et al., 2017). Neospora caninum multiplication in the placenta induces cell
death and causes abortion through the production of cytokines that are harmful for the
maintenance of pregnancy. Cytokines are secreted locally and allow the producing cell to exert
a powerful local effect on other cells of lymphoid and non-lymphoid origin, and hormonal
regulation. It has also been suggested that placental infection and inflammation may trigger
prostaglandin-induced luteolysis causing premature uterine contraction and foetal expulsion
(Dubey et al., 2017). Different clinical consequences of bovine neosporosis can be observed
depending on whether the infection occurs prior to conception or post-conception to birth or
post-natally. Infection of dams during gestation results in either abortion or persistently infected
(P1) calves (caused by exogenous transplacental transmission) (Figure 6). However, these
infected dams only rarely transmit N. caninum to future progenies in successive gestations.
Cows infected with N. caninum prior to gestation may give birth to seronegative calves without
evidence of N. caninum infection (Dubey et al., 2017). Therefore, these non-pregnant infected

animals can clear the infection and develop immunity that protects against abortion or
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transmission to successive generations. On the other hand, endogenous transplacental
transmission occurs as the result of reactivation of an existing persistent infection within a cow
during pregnancy (Figure 6) and can cause abortion or transmission of the infection to
successive progeny (Almeria Serrano-Pérez and Lépez-Gatius, 2017). Thus, cattle infected
during gestation and cattle PI do not easily develop effective immunity to the parasite (Almeria
et al., 2003).
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Figure 6. Host—parasite relationship and pregnancy. Image shows the difference between (a) endogenous and (b)
exogenous transplacental infection, as defined in the main text (Trees and Williams, 2005).

l. 4. 2. Toxoplasma gondii

Toxoplasma gondii is a zoonotic intracellular protozoan parasite of worldwide distribution.
Wild and domestic felids are the definitive hosts and, therefore, are the only known hosts that
excrete oocysts in faeces (Tenter Heckeroth and Weiss, 2000). Humans and virtually all warm-
blooded species, including birds, can be intermediate hosts and become infected by the
ingestion of food and water contaminated with sporulated T. gondii oocysts, by consumption
of tissue cysts in infected animal tissues, or congenitally (De Marez et al., 1999; Hill and Dubey,
2002; Tenter Heckeroth and Weiss, 2000),. Transmission can also occur via tachyzoites present
in blood products, organ transplants, or unpasteurized milk able to infect all warm-blooded

animals, including humans (Figure 7).
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Figure 7. The life cycle of Toxoplasma gondii [Calero-Bernal, 2011].

Infection with T. gondii can induce embryonic resorption, mummification, abortions, neonatal

deaths or birth of weak and non-viable new-borns.

Toxoplasma gondii distribution varies widely according to species, farms and countries. Sheep,
goats and pigs are the most sensitive species, recording the highest seroprevalences and
constituting a potential risk to humans (Tenter Heckeroth and Weiss, 2000; Dumetre et al.,
2006; Opsteegh et al., 2011). Although the detection of T. gondii in bovine tissues is rare,
consumption of raw or undercooked beef might be an important source of human infection
(Said et al., 2017). In addition, based on quantitative risk assessment, beef was predicted to be
the most important source of meat borne infections in the Netherlands and Italy (Belluco Patuzzi
and Ricci, 2018).

A variety of serological tests, such as dye test (DT), modified agglutination test (MAT), ELISA,

immunosorbent agglutination assay (ISAGA), IFAT and indirect hemagglutination assays
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(IHA), have been developed to detect different antibody classes or antigens. The dye test proved
highly sensitive and accurate, but may be unreliable in cattle and avian species (Dubey et al.,
1993). The major disadvantage of the DT is the requirement of live tachyzoites and the high
potential risk to laboratory staff conducting the test (Reiter-Owona et al., 1999). The gold
standard method for isolating the parasite is the mouse bioassay, which may increase the
sensitivity of T. gondii detection in infected cattle (Burrells et al., 2018).

Several immunofluorescence and ELISA tests have been developed. The ELISA method
usually includes the solid phase antigen or antibody, enzyme labelled antigen or antibody, and
the substrate of the enzyme reaction, which can be modified to test both antibodies and antigens.
Different types of ELISA have been developed to detect T. gondii antibodies or antigens, such
as indirect ELISA and sandwich ELISA (Figure 8).
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Figure 8. Schematic diagram of ELISA (Liu et al., 2015). A. Indirect ELISA: primarily used for detection of T. gondii
antibodies rather than antigen; involves the specific antigens coated onto the solid phase, enzyme conjugated secondary
antibody and substrate. B. Sandwich ELISA: used for the detection of T. gondii antigens; involves the specific antibody
coated onto the solid phase, enzyme conjugated antibody and substrate.
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Diagnosis of toxoplasmosis has been improved by the emergence of molecular technologies to
amplify parasite nucleic acids. Among these, PCR-based molecular techniques have been useful
for the genetic characterization of T. gondii. Several PCRs have been developed for the
detection of toxoplasmosis. Among these techniques, nested PCR is sensitive and reliable but
it is time consuming and not practical for high-throughput screening. The advent of innovative
qualitative and quantitative real time PCR techniques has proven useful in various applications,

including pathogen detection and gene expression investigations.

Approximately 30% of human population worldwide is chronically infected with T. gondii.
People can become infected with T. gondii via ingestion of undercooked or raw meat containing
tissue cysts or ingestion of oocyst-contaminated food or water (Moncada and Montoya, 2012).
Human infections are generally asymptomatic, but a severe form might occur in cases of
congenital toxoplasmosis and in immunocompromised individuals (Tenter Heckeroth, and
Weiss, 2000). Although T. gondii has been reported in the main dairy and beef cattle producing
countries, there is scarce data about the presence of this parasite in livestock farming in North-
African countries, including Algeria (Khatima and Abdellah, 2015; Derdour et al., 2017;
Khames et al., 2018), Morocco (Benkirane et al., 2015; Lucchese et al., 2016; Meriem Essayagh
et al., 2017), Sudan (Elfahal et al. 2013a), Egypt (Fereig et al., 2016) and Tunisia (Lachkhem
et al., 2015).

Toxoplasma gondii abortion process

Toxoplasma gondii infection affects all warm-blooded animals with a wide species variation in
the disease it causes. Previous studies have uncovered the fact that the asexual cycle of T.
gondii, especially in the intermediate hosts, is closely associated with its virulence. The asexual
cycle was artificially divided into five critical phases including glide, attachment, invasion,
intracellular proliferation and egress(Pittman and Knoll, 2015; White and Suvorova, 2018).
Additionally, the parasites egressed from the infected host cells can re-invade other vacant cells
through motility and re-attachment (Kato, 2018). Toxoplasma gondii often parasitizes its host
without any clinical manifestations under normal conditions. However, it can cause severe
infection depending on the strain of parasite and the route of transmission (Yu et al., 2007).
Infections in naive pregnant sheep may result in abortion or neonatal infection, while in cattle

the parasite is eliminated quickly from the tissues and clinical abortion has not been reported
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(Esteban-Redondo and Innes, 1997). Pregnant cattle inoculated with T. gondii oocysts or tissue
cysts developed transient fever and anorexia and gave birth to healthy calves (Munday, 1978).
Other studies (Koestner and Cole, 1961; Dubey, 1986) have also shown that toxoplasmosis does
not appear to cause abortion or neonatal mortality in cattle under natural conditions. However,
Costa et al., (2011) concluded that congenital infection of T. gondii in cattle, while infrequent,
does occur naturally (Canada et al., 2002). The pathogenicity of the strain of T. gondii may

influence the likelihood of this route of transmission.

Few studies describe the abortion mechanism of T. gondii in cattle, in contrast to sheep and
goats. Bari Yeasmin and Alam, (1993) reported that the pathological changes were more
common and severe in the placenta than in foetus and placental damage was probably the
primary cause of death in black Bengal goats. If established for the first time during pregnancy,
a progressive infection may develop in the gravid uterus (Buxton and Innes, 1995). In these
circumstances, tachyzoites invade the caruncular septa, the maternal tissue of the placentome,
and then invade the placental villi and the foetus (Buxton and Finlayson, 1986). The ability of
the foetal immune system to respond to T. gondii develops progressively after 70 days of
gestation. Infection before this age results in rapid foetal death with resorption, mummification,
maceration or abortion of the foetus. Infection later in pregnancy may be less damaging and
result in stillborn or weak lambs, or even clinically normal lambs that are infected and immune
to natural challenge (Buxton and Finlayson, 1986). Stillborn and weak lambs usually have brain
damage such as focal leukomalacia and a characteristic non-suppurative meningo-encephalitis
(Buxton et al., 1982). Lambs that survive the first few days of life generally grow normally to
adulthood without neurological defects (Buxton and Innes, 1995). Moreover, a previous study
confirmed that reactivation of T. gondii cysts in chronically infected sheep and goats poses an
important risk for endogenous transplacental transmission in sheep and goats during pregnancy
(Williams et al., 2005; Hide, 2016). Despite the vertical route of transmission has traditionally
been thought to be rare, the current evidence in sheep is ambivalent and controversial (Hide,
2016).

I. 4. 3. Brucella
To date, the genus Brucella consists of eleven species (Smirnova et al., 2013). Among the

different species of genus Brucella, B. abortus is the most common species infecting cattle

34



Chapter | Literature review

worldwide while B. melitensis mainly affects sheep and goats (Alton, 1990), and occasionally
affects cattle (Reisberg Selim and Gaede, 2013; OIE, 2009). Other relevant species include B.

ovis in sheep, B. suis in pigs and B. canis in dogs (Smirnova et al., 2013).

In livestock farming, brucellosis causes abortion and infertility in both male and female animals
and reduced milk yields. Brucella spp. are excreted in vaginal secretions of infected females
and are at their highest level immediately after abortion or birth. Therefore, products of abortion
and birthing materials are the main source of contagion, although vertical and sexual
transmission and transmission through lactation also occurs. Venereal transmission is not a
mayjor route of infection under natural conditions, but artificial insemination with contaminated
semen is a potential source of infection (McDermott and Arimi, 2002; Neta et al., 2010).
Extensive production systems exhibit low rates of disease transmission and lower disease
burden, while intensification promotes transmission due to increased stocking densities, animal
contacts and a higher birth index (McDermott Grace and Zinsstag, 2013; Ducrotoy et al., 2014;
Grace et al., 2012; Jones et al., 2013; Racloz et al., 2013).

A battery of serological tests including Milk Ring Test (MRT), Fluorescence Polarization Assay
(FPA), intradermal test, Rose Bengal Plate Test (RBPT), Complement Fixation Test (CFT),
Coombs test and ELISA are extensively used for diagnosis of bovine Brucella infection
(Nielsen, 2002; Abernethy et al., 2012). Currently, there is no diagnostic test sufficiently
sensitive and specific to detect all stages of infection in live animals (McGiven et al., 2003;
Poester et al., 2010). Serological tests are reliable but sometimes false positivity due to cross-
reacting antibodies against Yersinia enterolitica and some other zoonotic pathogens may reduce
the specificity (See et al., 2012).

The introduction of new animals in the herd has been identified as the main risk factor for
seropositivity (Musallam et al., 2015), besides, abortion in animals, age of the animal and
awareness about brucellosis(Chand and Chhabra, 2013). The disease, eradicated in many
developed countries, is a re-emerging neglected zoonosis endemic in several zones, especially
in the Mediterranean region (McDermott Grace and Zinsstag, 2013). In later stages of control
programs, in which eradication is the goal, a strict monitoring program using highly

discriminatory methods for strain characterization is crucial. Characterization of circulating
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strains allows the determination of the source of infection and the transmission routes
(Robinson, 2003; Almendra et al., 2009). Genotyping and identification of Brucella species
based on molecular approaches have proved to be powerful tools to confirm the presence of the
pathogen and to assess the genetic relationship among field isolates (Dorneles et al., 2014; Mick
et al., 2014; Allen et al., 2015). The great advantage of these methodologies are the reduced
risk of laboratory-acquired infections, short time-consuming and accessibility (Scholz and
Vergnaud, 2013). Among the molecular typing methodologies, the Multiple Locus Variable
Number Tandem Repeats VNTR Analysis (MLVA) has proved to be a valuable tool in
molecular epidemiology studies, allowing source tracking and characterization of new Brucella
species (Dorneles et al., 2014; Mick et al., 2014; Allen et al., 2015; Whatmore et al., 2014;
Xiao et al., 2015). Isolation and molecular description of the prevalent Brucella spp. are useful
to determine the origin of the infection and to establish appropriate measures to control
brucellosis (Godfroid et al., 2013).

Brucellosis stands first in the list of zoonotic bacterial diseases, and 500,000 cases are reported
annually in disease-endemic regions (Johansen et al., 2017). The World Health Organisation
(WHO) estimated that in 2010 there were 0.83 million cases of human brucellosis globally
(47% of these were identified as foodborne in origin). Nevertheless, the actual figure is likely
to be much higher than this, due to widespread under-reporting and misdiagnosis (WHO, 2015;
Kirk et al., 2015; Jennings et al., 2007). Nearly every case of human brucellosis has an animal
origin and, therefore, control is primarily a veterinary problem (Paul Nicoletti, 2002).
Brucellosis gains public health importance when the bacteria are transmitted to human via
unpasteurized milk, meat, and animal by-products from infected animals (Garcell et al., 2016).
Brucellosis in humans is characterized by undulant fever, general malaise, and arthritis. The
name ‘Malta fever’ is occasionally used for typical fever conditions caused by Brucella spp.

(Figure 9).

Brucellosis is an endemic infectious disease not only in animals but also in humans in Algeria
and in Maghreb (Reviriego and Dominguez, 2000; Aggad and Boukraa ,2006; Calistri et al.,
2013; Lounes et al., 2014; Ammam Grele and Belmamoun, 2018; Yahyaoui Azami et al., 2018;
Abdelbaset et al., 2018). Many studies have investigated the animal and herd seroprevalence,

histopathological identification, risk factors and molecular characterisation of Brucella spp. in
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cattle in Mediterranean countries (Selim et al., 2019; Khamassi Khbou et al., 2017; Kaaboub
et al., 2019; Aggad and Boukraa, 2006; Moustafa Kardjadj, 2017; 2018; Yahyaoui Azami et
al., 2018; Barkallah et al., 2016; Sahin et al., 2008).
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Figure 9. Summary of the impact of Brucella infection in humans and cattle (Khan and Zahoor, 2018).

Brucella abortion process

Brucellosis is the second most important zoonotic disease in the world after rabies according to
the World Organisation for Animal Health (Wareth et al., 2014). Brucella abortus is the primary
agent of brucellosis globally. Brucella melitensis is emerging as an important pathogen of cattle
worldwide (Wareth et al., 2014). Cattle erythritol, a four-carbon polyol, is a sugar abundant in
bovine placental tissues. The ability to catabolise erythritol preferentially over other sugars by
bacteria of the genus Brucella has been largely recognized and has been associated to the
capability to induce abortions in infected ruminants. This ability appears to be the cause of the
localization of B. abortus in the placenta of pregnant cows and has been linked to its virulence
(Smith H, et al., 1962). The pathway and the genes involved in the catabolism of erythritol in
Brucella spp. have been previously identied (Sperry and Robertson, 1975; Rodriguez et al.,
2012). The main consequence of bovine brucellosis is abortion, due to a series of biochemical

events that, if exacerbated, may lead to foetal expulsion or embryonic death. Under pathological
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conditions, there is an overproduction of free radicals, causing cell and tissue damage, which
requires the activation of the antioxidant system (Tonin et al., 2014). Perin et al., (2017)
concluded that: 1) pregnant cows seropositive for Brucella spp. suffer oxidative stress, which
may enhance the occurrence of abortion; and 2) the reduction in the activity of deaminase
adenosine in seropositive cows is a compensatory mechanism to decrease the inflammatory

process triggered by the disease and, consequently, the tissue damage that can lead to abortion.

The ability of the pathogen to survive and replicate within different host cells explains its
pathogenicity (Muflihanah et al., 2013; Ray et al., 2009; Mohammad and Esmaeil, 2012).
Pathogenesis depends upon various factors such as species, dose of the inoculum, route of
transmission and host immune status (Djgnne, 2007). Extensive replication in placental
trophoblasts is associated with abortion (Djgnne, 2007; Rodriguez et al., 2012; Corbel and
Organization, 2006), while persistence in macrophages and other cell types leads to chronic
infections (Gilbert et al., 1991; Pappas et al., 2006). Protective immunity to the host is conferred
by T-cell mediated macrophage activation by the antigenic protein of Brucella spp. and the
production of specific antibodies. Moreover, other elements of the immune response such as
tumour necrosis factor (TNF), interferons and complement activation are also involved.
Following infection, the immunoglobulin M (IgM) titer increases initially followed by the
immunoglobulin G (IgG) titer. Thus, the detection of IgM indicates an early immune response
and 1gG correspondingly indicates chronic infection or relapse (McDonald et al., 2006).
Rodriguez et al., (2012) results corroborate that erythritol is used preferentially over other
compounds and provide a neat explanation for the stimulation of B. abortus growth induced by
erythritol (Rodriguez et al., 2012).

I. 4. 4. Chlamydia abortus

Chlamydia spp. are Gram-negative, obligate intracellular bacteria that can infect a wide range
of animal hosts including humans, causing reproductive and respiratory diseases in many
countries around the world (Aitken and Longbottom, 2008) (Figure 10). Chlamydial infections
in cattle can cause abortion (Borel et al., 2006), vaginitis and endometritis (Wittenbrink et al.,
1993), infertility (Wehrend et al., 2005) and chronic mastitis (Biesenkamp-Uhe et al., 2007).
Several other disease syndromes can also be caused by Chlamydia infection, including

urogenital tract pathology, pneumonia, conjunctivitis, enteritis, polyarthritis and
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encephalomyelitis, as well as subclinical infections (Holliman et al., 1994). Chlamydia abortus
(formerly Chlamydophila abortus), Chlamydia pecorum (formerly Chlamydophila pecorum)
and Waddlia chondrophila are recognised causes of reproductive disease in cattle (Guest
editorial, 2006). There is also increasing interest in the role of another Chlamydia-like species,
Parachlamydia acanthamoeba in abortion in both cattle and humans (Wheelhouse et al., 2010;
Blumer et al., 2011).

Definitive diagnosis of Chlamydia species requires either identification of the bacteria by
microscopic examination of stained smears, detection of bacterial antigen by micro-
immunofluorescence (MIF) or by ELISA, or detection of bacterial DNA by PCR or by
microarray (Rodolakis and Yousef Mohamad, 2010). DNA amplification techniques have
allowed several reclassifications of the order of Chlamydiales in recent decades. The most
recent revision has led to the reunification of all known species of the family Chlamydiaceae
into one genus: Chlamydia (Sachse et al., 2015). Currently, 11 species are recognized: C.
abortus, C. pecorum, C. psittaci, C. pneumoniae, C. felis, C. caviae, C. trachomatis, C. suis, C.
muridarum and the novel C. avium and C. gallinacea. Complement fixation test is considered
the standard serological test for detection of chlamydial antibodies by the Organisation
Internationale des Epizooties (OIE) (OIE, 2020). However, the test lacks specificity in
ruminants, mainly due to the heat-resistant LPS antigen which is common to all Chlamydiaceae
species (Salinas et al., 2009). The MIF test is still regarded as the standard serological assay for
species-specific detection of chlamydial antibodies. Nevertheless, poor sensitivity and cross-
reactivity with MIF have been reported (Maass et al., 1998). Several ELISAs using purified
whole elementary bodies, LPS, or C. abortus major outer membrane protein (MOMP) show
improved sensitivity and specificity to detect antibodies against C. abortus (Rodolakis and
Yousef Mohamad, 2010).

Infection with C. abortus in pregnant women after contact with aborting/lambing sheep and
goats may also lead to abortion and, if untreated, to life-threatening illnesses. In humans,
different serovars of C. trachomatis cause eye and urogenital infections, being the leading cause
of infectious blindness worldwide (blinding trachoma) and the most common bacterial sexually
transmitted infection (O’Connell and Ferone, 2016). Respiratory infections in humans are

caused by C. pneumoniae, a chlamydial species also infecting horses, frogs, reptiles and
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marsupials (Roulis Polkinghorne and Timms, 2013). Chlamydia psittaci has the best-known
zoonotic potential and is associated with severe respiratory disease in humans, while birds are
commonly infected without clinical manifestations. Numerous other animal pathogenic
chlamydial species, including C. felis, C. caviae, and C. suis, are recognized or suspected to

cause infrequent human infections with various clinical presentations.

Although abortion and reproductive disorders such as infertility are of major economic
importance in both dairy and beef cattle, there is little information on the prevalence and
epidemiology of bovine chlamydial infection in North-Africa (Maghreb). The chlamydial
infection status of Algeria’s herds and flocks has been previously investigated (Derdour et al.,
2017; Merdja et al., 2015; Hireche et al., 2016), even in the Maghreb’s country (Benkirane et
al., 2015; Abdessalem Rekiki et al., 2005; Djellata et al., 2019), Egypt (Osman et al., 2011) and
Turkey (Halil Ibrahim Gokce et al., 2007). However, the lack of comprehensive understanding
of Chlamydia spp. dynamics limits the potential identification of a significant causal link.
Therefore, studies and surveys in this direction are needed to fill and complete the

epidemiological gaps.

Chlamydia abortus abortion process

The bacterium is transmitted through faeco-oral and/or venereal routes. Chlamydia abortus can
establish subclinical infections until pregnancy, when it can invade the placenta and induce an
inflammatory cascade leading to placentitis and abortion. It has been experimentally
demonstrated that Chlamydia spp. multiply primary in the cotyledons, where they cause severe
inflammation and necrosis. Since the bacteria affect placental function, abortion or peri-natal
deaths are well-described consequences of infection (Cavirani et al., 2001; Wang Shieh and
Liao, 2001). Abortions usually occur after the seventh month of gestation but have been
reported as early as the fifth month (Parkinson, 2019). Most cows show no clinical signs before
abortion. However, experimental infections showed an intermittent, mucoid, vulvar discharge,
together with transient diarrhoea, pyrexia and lymphopenia (Kaltenboeck Hehnen and
Vaglenov, 2005). Retention of the foetal membranes after abortion is common and infertility
that is not associated with abortion can also occur (Kaltenboeck Hehnen and Vaglenov, 2005).
Infection in the last trimester of pregnancy may also result in the birth of live, weak calves.

Early host—pathogen interactions could explain differential pathogenesis and subsequent
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disease outcome in ruminant species (Animal and Plant Health Agency (APHA), 2013).
Vaccines are available for use in sheep but none has yet been developed for use in cattle.
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Figure 10. Chlamydia developmental cycle(Borel, Polkinghorne, and Pospischil, 2018). The elementary body (EB)
attaches to a host cell and differentiates into a reticulate body (RB) after entry, enclosed in a membrane-bound vacuole.
The RB grows by binary fission and later differentiates into EBs, which are released and infect a new host cell. The
persistent state is characterized by the formation of the aberrant body (AB), which may be induced by stressful
conditions.

I. 4. 5. Coxiella burnetii

Coxiella burnetii, the causative agent of query (Q) fever or coxiellosis, is an obligate
intracellular bacterium that can infect a wide variety of hosts including arthropods (particularly
ticks), fish, reptiles, birds, mammals and humans (Cutler Bouzid and Cutler, 2007). Coxiella
burnetii can cause sporadic abortion in cattle (Jensen et al., 2007; Rady Glavits and Nagy,
1985). However, infection with C. burnetii without associated placental pathology has been
recently reported and the bacteria has also been detected in the vagina of healthy cattle (Guatteo

et al., 2006; Hansen et al., 2011).

Inhalation of aerosols containing C. burnetii is the main source of infection for cows and
humans (Isken et al., 2013). Moreover, this agent can be shed by infectious animals in milk,
urine and faeces and in high numbers in the amniotic fluid, vaginal discharges, aborted tissues,
placenta and semen (Plummer et al., 2018), (Scientific report of EFSA and ECDC, 2012),

(Guatteo et al., 2007). A high contamination rate has been reported in dairy products, especially
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if unpasteurized (Eldin et al., 2013). Noteworthy is the fact that asymptomatic individuals and
intermittent cattle shedders may remain negative in serological tests, unnoticeably shedding the
pathogen into the environment for several months or years (De Cremoux et al., 2012). Sporadic
cases of C. burnetii transmission by sexual contact, blood transfusion and transplantation have
also been reported (Petty Te and Pursell, 2017). The importance of ticks in the transmission of
C. burnetii remains unclear (Psaroulaki et al., 2006; Pluta et al., 2010; Knobel et al., 2013).

Intra-herd infection dynamics of a dairy herd are mainly influenced by this heterogeneity of the
shedding routes (Courcoul et al., 2011). Coxiella burnetii transmission and spread dynamics
among ruminants are influenced by local environmental conditions such as vegetation, soil
moisture and sewage water (Nusinovici et al., 2015; Pandit et al., 2016). Different farm-level
factors, such as farm location, density and proximity to other infected ruminant farms or
contacts with farm visitors, were found to be associated with higher C. burnetii seroprevalence
(Schimmer et al., 2014). Domestic ruminants (i.e. goats, sheep, cattle) are considered to be a
major reservoir of C. burnetii (Alvarez et al., 2012). Moreover, wildlife may also be an
important source of the pathogen (Nicole Borel Polkinghorne and Pospischil, 2018). As
mentioned above, C. burnetii is highly resistant and the environment itself can serve as a

reservoir (De Bruin et al., 2013).

Reproductive disorders such as abortions, stillbirths and delivery of weak and unviable new
borns have been reported in livestock infected with C. burnetii (Bildfell et al., 2000). In
ruminants, C. burnetii mainly causes reproductive disorders (spontaneous abortion, premature
delivery, stillbirth and weak offspring) in pregnant ewes, goats and cattle (Agerholm, 2013) as
well as metritis and infertility in cows (Scientific report of EFSA and ECDC, 2012). Other
reproductive conditions in cattle have also been associated with C. burnetii. There are biological
indications of species differences in relation to the impact on reproduction. Recent molecular
studies have shown that different strains of C. burnetii exist and those strains are associated

with different ruminant hosts, although cross infection does occur.

Diagnosis of C. burnetii in animals is based on detection of bacteria, bacterial DNA, or
antibodies (Rodolakis, 2009). Isolation of C. burnetii is hazardous, difficult and it requires

Biosafety Level 3 laboratories, due to the zoonotic nature of the microorganism (Masala et al.,
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2004). Diagnosis can also be based on PCR detection of C. burnetii DNA in different biological
samples, including placenta, vaginal mucus, milk, colostrum, faeces and tissues from aborted
foetuses (Rousset et al., 2010). Unfortunately, PCR is not reliable to determine the infection
status because of the variability in shedding between animals (different shedding routes,
potentially intermittent shedding). Exposure to C. burnetii can be screened indirectly by
serological tests. The complement fixation test (CFT) (OIE recommended test), indirect
immunofluorescence assay (IFA) or ELISA (EU recommended test) may be used, but the latter
is thought to be the most robust and has good specificity and high sensitivity (Emery et al.,
2014). ELISA is reported to be highly sensitive and specific for the detection of antibodies
against C. burnetii, and can be used in individual serum samples as well as in bulk milk. On the
other hand, CFT protocol is complex and fails to detect antibodies in sheep or goats (Kovacova
Kazar and Simkova, 1998). Taking into account that the clinical signs of coxiellosis in animals
are non-specific and infection may be asymptomatic, especially in cattle, laboratory tests are
crucial for the diagnosis of C. burnetii. (Guatteo et al., 2007). As a general principle, the
methods for the diagnosis of C. burnetii allow only an interpretation at the population level and

are not reliable at the individual level.

Coxiella burnetii infection in humans has been reported worldwide, with the exception of New
Zealand (Cutler Bouzid and Cutler, 2007), and in all continent except Antarctica (Dean et al.,
2013), Europe (Van den Brom et al., 2013), Oceania (Tozer et al., 2011), North America
(Anderson et al., 2009) and South America (Costa et al., 2005). The seroprevalence of C.
burnetii in humans ranges from less than 1% in Canada (Messier et al., 2012) to 52.7% in
Cyprus (Psaroulaki et al., 2006). However, the prevalence reaches 65.1% when evaluated in
high risk groups such as veterinarians from the Netherlands after the outbreak that occurred
between 2007 and 2009 (Van den Brom et al., 2013). Despite most of the recent human
outbreaks are known to originate from small ruminants, intensive cattle farming with high
prevalence could become a concern for public health (Guatteo, 2011). Lacheheb and Raoult,
(2009) reported a high seroprevalence of C. burnetii among the human inhabitants of Setif
region (Algeria), reaching 15.5% and being significantly higher among inhabitants of rural
areas (20%). However, to date, no epidemiological survey has targeted the livestock from Setif
region in Algeria. The disease has been described in humans in Cyprus (Cantas et al., 2011),
Syria (Bottieau et al., 2000) and Iraq (Faix et al., 2008).
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Coxiella burnetii circulation has been reported in several Middle-East countries. Prevalence in
Eastern Turkey was 5.8% in cattle and 10.5% in sheep (Cetinkaya et al., 2000). In Iran the
prevalences reported were 27.5% in sheep, 54% in goats and 0.83% in cattle (Abbasi-
Doulatshahi et al., 2015). A study investigating animals with history of abortion in Jordan
revealed a prevalence of 12.1% in sheep and 10.7% in goats (Aldomy Wilsmore and Safi,
1998). Ina recent serological survey of 2,699 animals across Egypt, significant interspecies and
regional variations were observed (Klemmer et al., 2018). Camels exhibited the highest rates
of seropositivity (40.7%), followed by cattle (19.3%), buffalo (11.2%), sheep (8.9%) and goats
(6.8%). Regarding regional differences, the highest rates of seropositive animals were observed
in the Eastern desert (27%), compared to the Nile Delta (16.4%) or Western Desert (17%).
Pasture-based production systems also had significant lower levels of seropositive animals
(9.9%) compared with either nomadic (19.4%) or stationary husbandry. Moreover, C. burnetii
DNA was identified in the placenta and vaginal swab from an aborted goat in a study of 109
abortions from Egyptian dairy goats, sheep and cattle (Abdel-Moein and Hamza, 2017). In Italy,
seroprevalence surveys in animals are scarce, and reports have mainly focused on reproductive
disorders and, particularly, on abortion as the major clinical problems (Vicari et al., 2013). The
only extensive investigations conducted to date were carried out in Sardinia, revealing a
seroprevalence of 38% and 47% on sheep and goat farms, respectively (Masala et al., 2004);
and in Piedmont, revealing a seroprevalence of 38,7% for sheep and 19,5% for goats (Rizzo et
al., 2016). Although comparisons among groups belonging to different productive orientations
and geographic areas revealed some critical differences, in most cases the real drivers of C.
burnetii infection in flocks and herds were intrinsic farm factors, such as production system and
management (Nokhodian et al., 2016; Rizzo et al., 2016).

Coxiella burnetii abortion process

Two microscopic forms of C. burnetii are known based on their pathogenicity (large-cell
variant and small-cell variant). The large-cell variant is the vegetative form in infected cells.
The small-cell variant is the extracellular form, which is shed in milk, urine, faeces, placenta,
and amniotic fluid (Maurin and Raoult, 1999). The small-cell variant is resistant to high
temperatures and desiccation, conferring the capacity for airborne transmission and long-term

environmental persistence to this form of C. burnetii (Van Schaik et al., 2013). Differences in
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the clinical presentations of coxiellosis in cattle could be the result of differences in bacterial
genotype. Although the role of C. burnetii in bovine abortion is clear, its association with other
reproductive disorders of cattle, such as infertility, premature delivery, endometritis, metritis,
and mastitis is controversial (De Biase et al., 2018; Agerholm, 2013). Additionally, C. burnetii
DNA has frequently been detected in cases of endocarditis in cattle at slaughter (Agerholm et
al., 2017); however, the clinical significance of this finding remains undetermined. It is
generally accepted that chronic infection with C. burnetii may cause abortion, premature birth,
dead or weak offspring in cattle, sheep and goats. Bacterial DNA and antigen have also been
detected in endometrial biopsies of cows with repeated breeding failure (De Biase et al.,
2018). Although these findings suggest an association between C. burnetii and reproductive
disorders in cattle, they have not been compared to those of healthy cows and reliable
conclusions cannot be drawn (De Biase et al., 2018). Agerholm, (2013) reported that the
outcomes of infection during pregnancy can involve a range of conditions, including abortion,
delivery of premature offspring, stillbirth and weak offspring (APSW complex) as well as

production of clinically normal progeny that may or may not be infected (Figure 11).
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Figure 11. Review of Coxiella burnetii associated reproductive disorders in domestic animals. APSW: Abortion,
Premature Offspring, Stillbirth and Weak Offspring (Agerholm, 2013).
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I. 4. 6. Bovine Viral Diarrhoea Virus

The Family Flaviviridae comprises four genera: genus Pestivirus, genus Hepacivirus, genus
Pegivirus and genus Flavivirus (Lefkowitz et al., 2018; ICTV, 2021). The genus Pestivirus
includes eleven recognised species formally named Pestivirus A to K. However, these
Pestivirus are most commonly known by their classical nomenclature. Traditionally,
Pestiviruses have been classified and named according to the affected species and the diseases
they cause. However, Pestiviruses have the ability to cross species barriers and to infect a wide
range of Cetartiodactyla species.

The three classical Pestivirus affecting cattle are Bovine Viral Diarrhoea Virus type 1 (BVDV-
1; Pestivirus A), BVDV-2 (Pestivirus B) and Hobi-like virus (Pestivirus H). Bovine Viral
Diarrhoea Virus is enveloped, spherical, approximately 50 nm in diameter and its genome is a
single-stranded positive-sense RNA molecule, of 12.5 kb long. The genome of BVDV contains
a single open reading frame flanked by a 5’ and a 3’ untranslated regions (UTR). The OFR
encodes a polyprotein of 3,900 amino acids, approximately, which will be cleaved into twelve
structural (S) and non-structural (NS) proteins. The S proteins are the capsid protein C and the
envelope glycoproteins Erns, E1 and E2 (Thiel et al., 1993). The NS proteins are p20 (Npro)
that is an autoprotease, p7, NS2, NS3, NS4A, NS4B, NS5A and NS5B. In addition, uncleaved
E2-p7 and NS2-3 polypeptides are produced. As a consequence of their RNA genome,
Pestivirus display high mutation rates, which, in some cases, may lead to the emergence of new
virus lineages. Bovine Viral Diarrhoea Virus -1 and -2 are divided into two biotypes, cytopathic

(cp) and non-cytopathic (ncp), based on their effects on cultured cells.

Bovine Viral Diarrhoea Virus causes disease in cattle and it is distributed worldwide, including
in many Mediterranean countries (Derdour et al., 2017; Feknous et al., 2018; Mahin Wellemans
and Shimi, 1985; Mahin et al., 1982; H. Yilmaz et al., 2012; Kadir et al., 2008; Beaudeau et al.,
2005; Thabti et al., 2002; Decaro et al., 2012; Aslan Azkur and Gazyagci, 2015; 2015; Lanave
et al., 2017; Arias et al., 2003; Billinis et al., 2005; Mainar-Jaime et al., 2001). The virus was
first described in 1957 as the causative agent for bovine viral diarrhoea (BVD) (Lee and
Gillespie, 1957). The infection with BVDV is responsible for massive economic losses in cattle
industry worldwide through reduced milk production, abortions, and a shorter lifespan of the
infected animals (Richter et al., 2017).
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Bovine Viral Diarrhoea Virus can be transmitted horizontally and/or vertically. Horizontal
transmission causes acute infections characterized by a short period of viraemia. The virus
spreads among ruminants by the oro-nasal route and can be detected in serum between day 4
and 11 post-infection. This acute form of BVD is characterized by a post-natal infection of an
immunocompetent host and courses with a mild transient viraemia followed by the production
of neutralizing antibodies (OIE, 2021). Clinically, acute ncp-BVDV infection courses with
enteric disease consisting of diarrhoea, pyrexia and mild depression, with high morbidity and
low mortality. However, the acute fatal haemorrhagic syndrome has been associated to ncp-
BVDV-2 (Carman et al., 1998).

The success of BVDV has been the vertical or congenital transmission to foetus. The infection
of cattle during pregnancy originates different clinical situations. While the course of infection
in the pregnant female is clinically mild or unapparent and similar to the acute horizontal
infection described above, the consequences for the foetus are of importance. The ability to
cross the placenta and the infection of the foetus causes different consequences depending on
the phase of the gestation when the infection occurs. Although the death of the foetus/embryo
can occur at any stage of gestation after BVDV infection, it is at the first stages when there is a
higher probability of death. After death, the embryo is typically reabsorbed, which usually goes
undetected. If the infection occurs before foetal immunocompetence, BVDV can replicate in
the foetal tissues without control. Approximately 50% of these infected foetuses die; if they
survive and are born alive, calves remain PI. Individuals Pl are characterized by the continuous
replication and excretion of the virus, as the immune system recognises the virus as a self-
antigen. The PI new born will have colostral antibodies against the virus (OIE, 2021). In the
epidemiology of BVDV, these Pl animals represent the major source of transmission of the
virus within and among cattle herds, causing significant losses in cattle farming worldwide
(Brownlie et al., 1987) (Figure 12). Persistent infected animals shed large quantities of virus
during their lives, whereas cattle with transient infections excrete small quantities of virus over
a short period of time (14 days in average) (Brownlie et al., 1987) and are less important for the

spread of infection (Niskanen Lindberg and Travén, 2002; Sarrazin et al., 2014).
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Mucosal disease (MD) is another enteric syndrome associated to BVDV infection, which can
lead to the death of the infected animal. This syndrome is associated to cp BVDV biotypes. The
presence of the cp biotype in an animal can be the consequence of: 1) superinfection of a cp
biotype ina Pl animal (Bolin, 1995), 2) recombination between ncp biotypes, or 3) mutation of
an already existent biotype (Loehr et al., 1998). Mucosal disease presents low morbidity and
high mortality and is characterized by diarrhoea, profound depression and death. At necropsy,
erosions in the mucosa at various sites along the gastrointestinal tract are observed. Histological
examination shows destruction of the gut-associated lymphoid tissue, which is replaced by

inflammatory cells.

The impact of BVDV on the health status of the herd depends on the time and duration of
infection, the virulence of the virus strain, herd immunity (Rodning et al., 2012), disease
prevalence, herd production level and concomitant infections (Stott Humphry and Gunn, 2010).
Induced costs are mainly due to production losses, derived from the immunosuppressive and
abortive actions of the etiological agent, and to the biosecurity and immunization measures

often implemented for its control or eradication (Richter et al., 2017; Thomann et al., 2017).

The most commonly used tests to detect the presence of a Pl animal include virus isolation,
reverse transcription PCR (RT-PCR), IHC (Immunohistochemistry), antigen-capture ELISA
(Table 2). Studies investigating the molecular epidemiology of BVDV can provide invaluable
information about the variability of viral strains existing in a population and, in turn, inform the
development of control programs, vaccine choice and determine likely infection sources.
Several epidemiological surveys have proven that BVDV-1 is the predominant Pestivirus
circulating in European cattle population, although very recently BVDV-2 outbreaks have been
reported. The main subtypes detected in Europe are BVDV-1b and BVDV-2a (Lanave et al.,
2017). However, in North Africa there is a single study that identified BVDV-2a and BVDV-
1b from cattle with clinical history in Tunisia (Thabti et al., 2002). Control programmes,

particularly vaccination, have not been implemented in Algeria.
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Figure 12. Shedding of Bovine Viral Diarrhoea Virus by Persistently Infected (P1) individuals (Khodakaram-Tafti and
Farjanikish, 2017)
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Figure 13. Mechanisms linking Bovine Viral Diarrhoea Virus infection with infertility in cattle (Oguejiofor et al.
2019).
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Table 2. Suggested diagnostic laboratory tests for the detection of Bovine Viral Diarrhoea Virus - persistently infected
(PI) animals (OIE, 2021).

Test Cost Advantages Disadvantages Specimens/shipping
Virus isolation Moderate -Gold -Slow procedure | -Whole blood (10 ml) or
to standard -Potential false | serum (2-3 ml) and tissue
high cost -High negatives: samples
specificity interference  with | -Send in container with
-Virus maternal antibodies | cold packs
available for | -Retest positivesin3 | -Do not freeze the
future studies | weeks to confirm Pl | samples
Immunohistochemistry Low cost -High -Labour-intensive -Skin samples-ear notch
sensitivity -Slow procedure | and  tissue  samples
-Formalin usage | -Send fresh on wet ice or
stored in formalin
Antigen-Capture ELISA in | Low cost -High -Potential false | -Serum at 4-82C
serum samples sensitivity negatives
-Easy to carry | -Retest positives in 3
out weeks toconfirm Pl
Antigen-Capture ELISA in | Low cost -High -Will generally not | -Skin samples-ear
skin samples sensitivity identify Pl animals notches
-Usually -Send in insulated
identifies only container with cold packs
Pl animals -Do not allow to dry out
Antigen-Capture ELISA in | Low cost -High -Labor-intensive to | -Whole blood (EDTA) or
tissue/leukocytes sensitivity prepare buffy coat tissues at 4-89C
Polymerase chain | Moderate -High -Retest positives in 3 | -Blood/serum, ear
reaction (PCR) to high cost | sensitivity weeks to confirm Pl | notches, milk, semen and
tissues at 4-82C

I. 4. 6. 1. Molecular characterization

Rapid and accurate detection of emerging viruses is essential for rapid response, optimized
clinical care and to limit the spread of these viruses. Ideally, a diagnostic test needs to be rapid,
cheap, accurate, and applicable in remote settings (Powers and Waterman, 2017). In the past,
diagnosis of pathogenic viruses was based on virus isolation and serology. However, these
methods have some drawbacks. Virus isolation is expensive and laborious. Serology tests lack
the sensitivity and specificity required for detection of viruses at a low level, although it is
useful for large population screenings.

Dramatic advances in molecular methods have revolutionized the detection and
characterization of emerging viruses. Molecular methods are methods which are commonly
employed in molecular biology studies and other disciplines of biological sciences dealing with

manipulation and analysis of nucleic acids and proteins. Currently, molecular methods find
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wide applications in the diagnosis and research of pathogenic viruses. One of the molecular
methods widely used in the detection and identification of pathogenic viruses is the polymerase
chain reaction (PCR).

PCR

Globally, the most widely used molecular tests today are based on the amplification of the target
genome (DNA or RNA) and are based on the PCR technique (Mullis et al., 1986). A virus is a
small infectious agent that can only multiply inside living organisms by directing the host cell's
machinery to generate more virus. The genetic material of a virus is either RNA or DNA. The
involvement and contribution of PCR in the field of diagnostics is considerable from the point
of view of performance in terms of sensitivity and specificity. PCR is an in vitro enzymatic
process used to amplify a single, or a few copies, of DNA/RNA across several orders of
magnitude, resulting in thousands to millions of copies of a specific DNA/RNA fragment. The
principle of amplification of a genomic region makes it possible to multiply a DNA or RNA
molecule, initially present in very small quantities, in order to be detected or for other
applications requiring a lot of material like isolation and culture. The specificity of PCR is
linked to the use of oligonucleotides complementary to the targeted nucleotide sequence. The
design of oligonucleotides is decisive in the specificity of the reaction. The targeted area of the
genome needs to slightly variable and highly conserved to ensure the hybridization of the
primers within the same viral family. Good primer design and optimized PCR conditions are
essential for a successful reaction.

PCR types and probes

Conventional PCR provides a qualitative or even semi-quantitative result and it is now being
replaced in favour of quantitative real-time PCR (qPCR). The gPCR provides absolute or
relative quantitative information. This allows the quantification of the genome of a
microorganism or the expression of a gene (RT-gPCR) from the host involved, for example, in
response to infection. gPCR is today implemented around two large fluorescence formats:
SYBR Green, which uses the properties of a specific fluorophore of double stranded DNA, and

a second type based on the use of hydrolysis or Tagman probes.
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SYBR Green chemistry is based on the use of DNA intercalating molecules which emit
fluorescence when incorporated into a double strand of DNA, even for small amounts of DNA.
This technology has increased sensitivity, potentially allowing the detection of only 20 pg of
genome DNA initially present in a sample (Karlsen Steen and Nesland, 1995). The specificity
of the reaction is also ensured by the interpretation of the fusion curve, which provides
information relating to the nitrogenous base composition of the amplified DNA fragment.The
use of a Tagman probe considerably increases the specificity of the reaction since it is a
nucleotide sequence complementary to the region of DNA to be amplified. In addition to the
primers, hybridization of the probe will be necessary for the detection of the targeted agent. In
addition, fluorescence will only be emitted if the DNA polymerase synthesizes the DNA strand

complementary to the DNA sought.

The choice between SYBR Green chemistry and Tagman chemistry is made according to the
specificity desired. A Tagman PCR is preferred when the aim is to reduce the risk of variability.
SYBR Green chemistry has the advantage of being able to amplify a potentially variable zone,
provided that the sites of hybridization of the primers are stable. The analysis of the fusion
curve offered by the SYBR Green technology provides, for example, the possibility of
identifying the presence of mutants or of relevant motifs, in particular thanks to High Resolution

Melting technology.

PCR is the technology of choice for finding a specific pathogen. However, the field of diagnosis
sometimes requires, depending on the clinical context, the search for several agents in the same
sample and in a single reaction. The objective of the maneuver is not only economical, but it
also saves time and preserves the samples. This is called multiplex PCR. The Multiplex PCR is
now widely marketed in the form of kits using Tagman technology. Indeed, a reaction dedicated
to the search for several pathogens will be done by labeling different probes with fluorophores
whose emission wavelengths are in distinct spectra. The limiting factor of the multiplexing
capacity is determined by the availability and the diversity of the fluorochromes as well as by
the capacity of the thermocycler to be able to discriminate the different fluorescence signals in

real time.

High throughput PCR
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PCR remains a flagship tool in view of its qualities of specificity and sensitivity. However, the
challenge lies in the possibility of being able to search for a large panel of microorganisms in a
large number of samples, simultaneously. The development of innovative diagnostic methods
is accompanied by a decrease in reaction volumes, microfluidic systems coupled with signal
detection devices based on nanotechnologies, which are now part of the landscape of molecular
analysis (Coelho et al., 2017). This reduction in volumes therefore allows a multiplication of
reactions. The conventional 96-well plate format has been supplemented by a 384-well format
to increase screening capacity; however, gPCR still shows limited multiplexing capacity. The
analysis proposed by Biomark (Fluidigm) is qualified as a high-throughput test because it
allows the screening of 48 or 96 samples against 48 or 96 pairs of primers in a single gPCR
reaction. Nevertheless, this is still targeted research requiring prior knowledge of the agents
sought and their genomes, all provided that a genetic modification does not hamper the analysis.

The ingredients needed for PCR assay include template DNA, primers, nucleotides, and
thermostable DNA polymerase. The DNA polymerase is the key enzyme responsible for
linking individual nucleotides together to form the PCR product. The nucleotides constitute
four bases, adenine (A), thymine (T), cytosine (C), and guanine (G) that act as the building
blocks used by the DNA polymerase to synthesize the PCR product. The primer is a short
piece of single-stranded DNA (generally about 18-22 bases) with a defined sequence
complementary to the target DNA that is to be detected and amplified. A number of factors
need to be considered in designing primers. The size of the primers is optimized to be long
enough for adequate specificity and short enough for the primer to bind easily to the template
at annealing temperature. During the PCR process, the primers function as starting points
for DNA synthesis. They are required because the DNA polymerases can only add new
nucleotides to an existing strand of DNA. The pairing of primers in the reaction (forward

and reverse primers) specify the exact DNA fragment to be amplified.
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Bovine Viral Diarrhoea Virus molecular detection

The RNA genome of BVDV is one of the largest (12500 bases=12.5 kb) among members of
the Flaviviridae family (Colett et al., 1988). The virus genome is single stranded RNA and it
consists of a long 5’ untranslated region which contains an internal ribosomal entry site (IRES)
for translation of viral proteins (Chon et al., 1998). It is composed of a single ORF flanked by
5" and 3" untranslated regions (UTR) and encodes for a long polyprotein (NH2-Npro-CErns-
E1-E2-p7-NS2-3-NS4A-NS4B-NS5A-NS5B-COOH) that is processed by viral and cellular

proteases, thus generating structural and non-structural proteins (Figure 14).

Reverse transcription-polymerase chain reaction (RT-PCR) is a rapid and sensitive method for
detection of viral RNA that has the advantage of being insensitive to toxic substances in the
specimen. A general RT-PCR protocol includes four different steps: extraction of RNA prior to
the PCR, reverse transcription to complementary DNA, primer-directed amplification, and
detection of amplified products. Characterization of the BVDV virus genome has classically
been performed by sequence analysis in any of three regions of the BVDV genome. These
regions are the 5’UTR (Vilcek et al., 2001)(Table 3), non-structural N-terminal protein (Npro)
region and the E2 region (Flores et al., 2000; Tajima et al., 2001). The Npro and the E2 regions
are in the ORF and both are highly conserved within the BVDV genome. However, the 5’UTR
is considered the most highly conserved region of Pestiviruses (Deng and Brock, 1993). There
is good agreement in genotypic classification when using any of these regions and all have been
used to characterize the BVDV virus at the subgenotype level (Kim et al., 2009; Vilcek et al.,
2001).
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Table 3 Primer information and sensitivity of the 5°-UTR-based RT-PCR assays used for detection of Pestiviruses in
bovine sera (Monteiro et al., 2019).

Primer Position | Target Sequence (5'-3’) Sensitivity§
(nt) (bp) BVDV-1 BVDV-2 | HoBiPeV

324-326 108- 288 | ATGCCCWATTAGTAGGACTAGCA 10 10 >10?
395" TCAACTCCATGTGCCATGTAC

HCV90-368 107- 283 CATGCCCATAGTAGGAC 10 10? 10°
389" CCATGTGCCATGTACAG

BP189-389 190- 201 AGTCGTCARAGTGGTTCGAC 1 1 1
390" TCCATGTGCCATGTACA

BVDV-2 2F-2R 143- 223 GCGGTAGCAGTGAGTTTATTGG ND 10 ND
365" TTTACTAGCGGGATAGCAGGTC

N2-R5 183- 150 TCGACGCATCAAGGAATGCCT ND ND 1
332% TAGCAGGTCTCTGCAACACCCTAT

ND= not detected until 10* TCIDsq/reaction;

RT-PCR = reverse transcription

PCR, UTR= untranslated region

*Position based on BVDV_1 sequence NADL (M31182.1)

fPosition based on BVDV_2 sequence 890 (U18059)

*Position based on HoBiPeV sequence D32/00 HoBi (AB871953.1)

SSensitivity tests were performed using Senger (BVDV_1), 890 (BVDV_2) and SV757/15 (HoBiPeV) strains
The value is presented in TCIDso/reaction

NS2-3 e
NS3 I»csf NS4BI NS5A | NS58
NS2-3 NS2-3
Non-cytopathic (ncp) | | | [ : | Cytopathic (cp)
NS2 NS3

Ll I

Figure 14. Organization of the Bovine Viral Diarrhoea virus genome and processing of the NS2-3 polypeptide in
cytopathic (cp) and non-cytopathic (ncp) isolates. In ncp isolates, NS2-3 is expressed as a single-long polypeptide; in cp
isolates both the entire NS2-3 a single-long polypeptide; in cpisolates both the entire NS2-3 and NS3
polypeptides are found. In cp viruses, NS3 expression may result from NS2-3 cleavage or translation of a
duplicated gene. UTR = untranslated region.
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I. 4. 6. 2. Sequencing

The ability of pathogenic viruses to adapt to new environments, cross species barriers, develop
resistance to antiviral drugs, and to evade existing vaccines is associated with the accumulation
of mutations throughout their genomes. DNA sequencing technologies allow determination of
the exact nucleotide sequence of each viral genome, in order to better understand viruses
especially in terms of genetic diversity, evolution, pathogenesis, ecology, and vaccine design.
Together with PCR screening can be used to track the ancestral relationships between viruses
and infer their possible origins. Sanger sequencing is the technique of choice for a punctual,
rapid and targeted need when there is no need to use high-speed sequencing. DNA sequencing
by the Sanger technique (Sanger Nicklen and Coulson, 1992) is a method of reading a series of
nitrogenous bases within a DNA molecule, it is a sequencing technique by termination of
reaction. The method of Maxam, Gilbert (Maxam and Gilbert, 1977) has been much less
utilized.

Manual method

The most used method is Sanger sequencing. The principle of this technique is based on the use
of DNA polymerase having the capacity to synthesize a complementary strand from a template
strand. The synthesis of the complementary strand is initiated following the fixing of a specific
primer for the PCR product to be analyzed. This primer, located upstream of the DNA to be
sequenced, allows the elongation of a new complementary strand following the random
incorporation of deoxyribonucleotides triphosphate (dNTP) in excess, and dideoxynucleotides
(ddNTP) in limiting quantities, which are incorporated very rarely and at random. The ddNTP
differ from ANTP by their 3 ' end where the group -OH is replaced by - H. This modification
prevents the phosphodiester bond with the following nucleotide and interrupts the chain
extension. At the end of the reaction, the medium is composed of fragments of all sizes which
are then separated by electrophoretic migration on polyacrylamide gel, according to their

molecular masses.

Automated methods

Adaptation of the Sanger method to fluorescence

57



Chapter | Literature review

The ddNTPs (ddATP, ddTTP, ddCTP, ddGTP) are each marked by a fluorophore of different
color with a specific emission spectrum. As a result, each DNA fragment synthesized carries a
terminal fluorophore called the elongation terminator (BigDye terminator). The advantage of
this technique is that it is carried out in a single sequencing reaction with a reaction mixture
composed of ADN matrice, enzyme, dNTP, ddATP, ddCTP, ddGTP and ddTTP. The mixture
is then injected into an automatic sequencer. The migration of PCR products is carried out by
capillary electrophoresis: the DNA fragments are separated according to their length by an
intense electric field. Through a resonance energy transfer system, the donor fluorochrome is
excited by an argon laser beam whose emission takes place at two distinct wavelengths (488
nm and 514.5 nm). The emitted fluorescence is picked up by the acceptor fluorochrome which
will re-emit according to a unique fluorescence spectrum for each ddNTP. This fluorescence
emission is picked up by a cell Charge Couple Divice camera (CCD) and processed by
computer to associate the corresponding base and, thus, define the nucleotide sequence of the
initial DNA strand (Figures 15 and 16) (Mayer, 2011). The chromatograms obtained are then
analyzed using software such as BIOEDIT v7.0.1 and then compared to the sequences listed in
the database (GenBank), National Center for Biotechnology Information (NCBI), via the Basic
Local Alignment Search Tool (BLAST) (Altschul et al., 1990).
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Figure 15. Sanger sequencing method adapted to fluorescence (Mayer, 2011)
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Figure 16. General scheme of sequencing according to the technique Big Dye.
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Pyrosequencing

Pyrosequencing allows rapid sequencing at a lower cost than sequencing by the Sanger method.
The dNTP is added one after the other, not all together as in the Sanger method. If the added
nucleotide is complementary to the nucleotide of the template strand, it is incorporated into the
strand being synthesized and an inorganic pyrophosphate (PPi) is released. The light signal is
picked up by a CCD sensor and translated by a peak on the pyrogram™ (Figure 17). The
drawback of this method is the size limit of the analyzable fragments (up to only 100

nucleotides).

h

Pyrogram

ACTT TGAA

—

Light signal intensity
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= synthesised DNA template DNA

A C 6 T
Added dNTP

Figure 17. Representation of a pyrogramme, from Ahmadian Ehn and Hober, (2006).

I. 5. Diagnosis approach of abortion in a herd

Controlling abortion and preventing the high economic losses derived from it are vital for cattle
breeders in Algeria. Previous studies suggested that over half fertilizations result in embryo loss
before pregnancy is detected in Algeria. In such situation, farmers, along with their veterinary
practitioners and potentially state veterinarians, expect rapid reliable results from veterinary
diagnostic laboratories, a process that is not always easily achieved (Nicole Borel et al., 2014).
Establishing an aetiological diagnosis remains challenging owing to the large variety of
bacteria, protozoa, viruses and fungi that have been associated with abortion in cattle. Economic
constraints limit and reduce considerably the range of diagnostic methods available for routine
diagnostics, and decomposition of the conceptus or lack of proper foetal and/or maternal
samples further restrict the diagnostic success (Wolf-Jackel et al., 2020). Given that rapid and

accurate laboratory diagnosis is central to controlling abortion outbreaks, the submission of
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tissue samples to laboratories offering the most appropriate tests is essential. Direct antigen
and/or DNA/RNA detection methods are the currently preferred methods of reaching an
aetiological diagnosis. ldeally, these results are confirmed by the demonstration of
corresponding macroscopic and/or histopathological lesions in the foetus and/or the placenta
(Nicole Borel et al., 2014). Even under optimal conditions, the percentage of aetiological
diagnoses of abortion reached in ruminants can be relatively low (John Matthews, 2016;
Moeller, 2011). Wolf-Jackel et al., (2020) categorized the diagnostic findings of aborted and
stillbirth bovine foetus or foetal tissue, foetal placenta and maternal blood samples into four
main groups:

1. Bacterial infection was diagnosed by the isolation of bacteria and the presence of

consistent lesions.

2. Mycoses were diagnosed by the presence of hyphae or yeast cells in tissue sections

associated with inflammation.

3. Protozoal infection was diagnosed by findings of non-suppurative inflammation in

foetal organs as follows: cases were considered positive if focal to multifocal non

suppurative necrotizing encephalitis was found together with non-suppurative interstitial

myocarditis and/or non-suppurative hepatitis. In the absence of brain lesions or exclusion

of the brain due to extensive decomposition, the presence of non-suppurative interstitial

myocarditis together with non-suppurative hepatitis was regarded as being diagnostic of

protozoal abortion.

4. Infection with BVDV was diagnosed by demonstration of the BVDV antigen within

foetal tissues.

In the case of dual infection (i.e. bacterial and protozoal infections), the case was diagnosed as
protozoal abortion because the protozoa-associated inflammatory lesions were more severe
than the bacteria-associated lesions. Overall, this allowed_the identification of the likely cause

of abortion associated with the main infectious agents.

However, Nicole Borel et al., (2014) reported that globally and particularly in Europe,
diagnostic laboratories usually focus on the most likely aetiologies, and those with zoonotic

potential. In New Zealand, Reichel et al., (2018) reported that N. caninum ranks highly as an
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important cause of reproductive loss along with fungal and bacterial infections and concluded
that effective disease control strategies require rapid diagnoses at diagnostic laboratories.

Abortion in dairy cows brings about breeding, productive and economic damages. The cost of
abortion varies according to factors such as time of gestation, milk production, days in milk,
time of insemination after parturition, cost of nutrition, sperm costs and laboratory costs, which
differ from country to country. The costs of laboratory examinations may be considerable and,
even under optimal conditions, the percentage of aetiological diagnoses reached can be
relatively low. In Algeria, abortion is not a notifiable disease. Therefore, official data on the
incidence of cases are not available from the Algerian Ministry of agriculture and rural
development. Nevertheless, many unpublished studies have been performed in different regions
and cities, most of them in the form of master’s and PhD thesis. In opposite, many investigations
on the seroprevalence of abortive agents have been published in several ruminant species from
different regions of Algeria(Kardjadj, 2016; Ghalmi et al., 2012; Achour et al., 2012; Derdour
et al., 2017; Khames Yekkour Fernandez-Rubio, et al., 2018; Hireche et al., 2016; Merdja et
al., 2015; Dijellata et al., 2019; Feknous et al., 2018; Saidi et al., 2018) and neighbouring
countries (Amdouni et al., 2019 ; Yahyaoui Azami et al., 2018 ; Mahin et al., 1982 ; Benkirane
et al., 2015 ; Lucchese et al., 2016 ; Fassi Fihri et al., 2019 ; Meriem Essayagh et al., 2017 ;
Wareth et al., 2014 ; Ahmed et al., 2019 ; Fereig et al., 2016 ; Jennings et al., 2007 ; Klemmer
et al.,, 2018 ; Abdel-Moein and Hamza, 2017). Although abortion of infectious origin is
considered a significant problem in dairy cattle farming because of its economic loss, the

declaration and investigation of cases is not mandatory in Algeria.
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Chapter 11 Hypothesis and Objectives

The hypothesis of the present Thesis is that the abortive diseases of infectious origin are
widespread in domestic ruminants in Algeria. Therefore, the main objective of the different
studies that compose the Thesis is to determine the presence of the main abortive pathogens
and their risk factors in cattle in Algeria. In Study-1, a cross-sectional serological study for the
detection of antibodies against N. caninum and T. gondii was conducted on dairy farms from
North-eastern Algeria. Also, the presence of Neospora caninum and Toxoplasma gondii DNA
in aborted foetuses from the same dairy farms was analysed by gPCR. In addition, the risk
factors of neosporosis and toxoplasmosis were analysed. The Study-Il evaluated the
seroprevalence and risk factors of the bacteria Chlamydia abortus, Coxiella burnetii and
Brucella spp in dairy cattle from North-estern Algeria. In the Study-111, we performed a cross-
sectional serosurvey and evaluated the risk factors associated with BVDV on dairy farms from
North-western Algeria. The presence of Pestivirus RNA in sera was also analysed using a
Reverse Transcription-gPCR and positive samples were sequenced. Additionally, we conducted
a literature review of the presence of Pestivirus in ruminants in North Africa using a systematic

search and compilation methodology to identify gaps of knowledge for future research.
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[11. 1. Study I. Seroprevalence, risk factors
and molecular detection of Neospora

caninum and Toxoplasma gondii in cattle in

north-eastern Algeria
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I11. 1. 1. Introduction

Toxoplasma gondii and Neospora caninum are two closely-related, intra-cellular apicomplexan
protozoan parasites of worldwide distribution that have been implicated in abortion and
reproductive disorders, mainly in ruminants (Dubey Schares and Ortega-Mora, 2007; Dubey,
2009). Toxoplasmosis, caused by T. gondii, affects most species of warm-blooded animals,
including birds, and is zoonotic (Dubey, 2009). Cats which are the only hosts of T. gondii that
can excrete environmentally resistant oocysts, are most frequently infected with T. gondii via
predation on infected birds and rodents. Neospora caninum is considered one of the most
important causes of abortion in cattle worldwide (Quintanilla-Gozalo et al., 1999; Dubey,
Schares and Ortega-Mora, 2007).

Accordingly, the study aimed:
Q) To determine the individual and herd seroprevalence of protozoans like Neospora
caninum and Toxoplasma gondii, in dairy cattle in North-eastern of Algeria.
(i)  Toinvestigate potential risk factors related to seropositivity of dairy cattle herds.
(iii)  To identify the occurrence of reproductive disorders in relation with infectious
diseases.

(iv)  To confirm the presence of these two pathogens by using molecular detection.
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ﬂampling and gathering information period 2015/2016 North-eastern \
- 30 herds visited once (8 Small, 22 medium)

- interview of farmers and herd record examinations

- observation of animals and environment

- biological materials (437 serum samples, 10 aborted foetus and
placenta)
- Sampling and gathering information period 2018/2019 North-western

31 herds visited once (24 Small, 7 medium)

- interview of farmers and herd record examinations

- observation of animals and environment

- biological materials (234 serum samples)

\ /

. North-eastern North-eastern North-western
Herds included (Study I) (study 1) (study I11)

. Bacteries
Parasites T

: : P Brucella spp .
Infection studied Neospora caninum Chlamydia abortus

Toxoplasma gondii Coxiella burnetii

-Serology (Ab iELISA for N. C, -Serology (Ab cELISA for BVDV) \
T.G,C.A C.B,B.sp) -RT-gPCR BVDV
-Bivariate and Multivariable -Bivariate and Multivariable
regression analysis regression analysis
-RT-qPCR of N. caninumand T. -PCR conventionnel
gondii -sequencing

Results not published BVDV Paper |

Results

Figure 18. Overview of the study; data and materials collected, infections studied, laboratory and statistical analysis performed
and resulting publication
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I11. 1. 2. Materials and methods
I11. 1. 2. 1. Area of study and target population:

The study area included Batna (Region-I; 35°.55"N 6°.15"E), Khenchela (Region-11; 35.43"N,
7.14"E) and Setif (Region-111; 36°.0"N 5°.3"E), these three regions are in the North-eastern
Algeria (Figure 19). Batna region is located in the Aurés region, at 1,037 m above sea level
with an area of 12,192 km? and is known to have many different climates (semi-arid cold, cold
desert, warm, summery Mediterranean, hot desert and finally warm-summer Mediterranean
climate) with an annual rainfall of about 329 mm with a rainy season from January to April,
average annual temperature is 14.2 °C (6.2°C to 25.58°C) (Climat Batna, 2020). This region is
located approximately 214 Km from the Mediterranean coasts. Batna region is delimited to the
north, by the province of Mila; to the north-east by the province of Oum-EI-Bouaghi; to the east
by the province of Khenchela, to the south by the province of Biskra; and to the north-west by
the province of Setif (Figure 19).

Setif region (North-Eastern Algeria; north-west border of the Batna region) has a warm and
temperate climate. In winter, the rains are much more important in Sétif than they are in
summer. The Koppen-Geiger classification is of the Csa (Mediterranean climate) type (hot dry-
summer). The average annual temperature is 13.3°C (4.5°C to 24.0°C) in Setif. Average annual
precipitation reached 469 mm (Climat Sétif 2020). As stated by Mouffok Charef-Eddine,
(2014), cattle farming in Setif and Bordj Bou Arréridj (North-Eastern Algeria) is generally
structured in small, medium-sized workshops of 13 Large Livestock Unit (LLU), including
generally eight dairy cows, three heifers and two bull calves. Cattle in the region are often
associated with sheep (42%) or operated alone (47%). Commercial strategies are based on total
(45%) or partial sales (50%) milk according to the farming system used. In addition, calves are
often sold at a late age (64%) as lean or finished on the farm, thus helping to improve the farm's
cash flow. The results of the typology highlighted the presence of five types of cattle workshops
expressing an increasing gradient of specialization.

1. The balanced mixed system is poorly represented (4%).

2. The dairy system characterizes farms specializing in milk production (15%) made up of a

reduced herd (9 LLU) dominated by dairy cows (7 heads).
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3. The mixed meat-oriented system is the dominant system in the study area with more than
50% of the cases. Over 60% of farmers in this group associate cattle with a relatively large
herd of meat sheep (> 30 heads).

4. The suckler cattle (meat) system represents only 5% of farms with relatively large herd size.

5. The mixed dairy-oriented system (20%) whose income is made up more from the sale of
milk (Mouffok 2018).

Khenchela's climate is classified as warm and temperate. In Khenchela, the rains are less intense
than they are in winter. According to Koppen and Geiger (Climat Batna, 2020), the climate is
classified as Csb (supra-Mediterranean climate). The average temperature in Khenchela is
12.6°C (4.2°C to 21.6°C). The rainfall here averages 446 mm being July the driest month.
Essentially, the north-eastern region of Algeria is known to include the most important number
of dairy herd cattle in comparison with other Algerian region as previously cited (bovine
breeding in Algeria chapter) about 80% of cattle farming is in the northern regions of the
country, 59% in the east, which is the wettest area of the country, against 14% in the west,
where sheep and goats are preferred, and 22% in the centre and only 5% in the south of the
country (Kirat, 2007).
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Figure 19. Representative map of north-eastern Algeria sampling.

I11. 1. 2. 1. Calculation of the sample size.
A representative sample of female cattle between 6 and 182 months of age was drawn by
random sampling in two steps. A two-stage sampling survey was carried out in north-western
Algeria. For the first stage of sampling (sampling of herds), the sample size for disease detection
was calculated based on the following formula (Dohoo et al., 2003).

n1=(1—(1—a1)Di1>><<N1—D12_1>

where a, was the confidence level (set at 95%), D, was the minimum number of infected herds

(estimated as D, = Prev,; X N,), where Prev, was the minimum herd prevalence to be detected
(set at 10%), and N, was the population of herds (which in our case were 292 dairy herds). The
estimate of n, was 30 herds. The Official Veterinarian in Batna, Khanchela (Hamma and
Roknia municipalities) and Setif (Ain Abbas, Ain Azel and Beidha Bordj municipalities)
Veterinary Office provided a list of all cattle herds registered in the province, which included

information of the herd owner, the address or number of animals. The sampling frame included
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292 dairy cattle herds. No formal random process was used for the selection of herds. Instead,
from the list, a herd was randomly selected, and the herd owner was contacted, and asked, first
a) whether they complied with the inclusion criteria, and then b) whether they were willing to
participate. The process was repeated until the number of herds needed for the first stage was
completed. The inclusion criteria comprised that the herd had at least one female animal above
six months, and that the milk was not only for own consumption (i.e. some of the milk was
sold). This age category was selected to avoid interference as much as possible the detection of
maternal antibodies in the seroprevalence studies (Chase Hurley and Reber, 2008).

For the second stage (sampling of animals within herds), the sample sizes for disease detection

were also calculated based on the formula by Dohoo et al., (2003):

1 D, —1
Nai = <1—(1—a2) DZ")X(Nzi_ 2 )

2

where a, was the confidence level (set at 95%), D,; was the minimum number of infected
animals in herd i (estimated as D,; = Prev, X N;), where Prev, was the minimum within-herd
prevalence to be detected (set at 30%), and N,; was the population size of herd i (size of herds
selected in stage 1 varied between 7 and 62). The estimate of n, varied between 4 and 8. The
sampling of animals within herds (second stage) was also random, although because of the lack
of proper sampling frames, no formal random process was used either. Random animals in the
herd were selected until the number of animals needed for the second stage was completed.
However, because of logistics problems, the number of samples per herd could not always be
completed, and therefore some extra samples were collected in some of the remaining herds,
and also a few extra herds were sampled. Within herds, animals were randomly selected to
allow the detection of infected individuals if infection was present in at least 30% of animals
with a 95% confidence (i.e. up to 10 animals depending on the size of the herd). Sample sizes
for the two stages were calculated using Epitools (Sergeant, 2018). Holstein/Friesian,

Monbeliard and crossbreed were the most common breeds.

In total, 30 herds were visited and 437 animals were sampled. Eigth herds were small scale
dairy herds (1-10 cattle) and 22 medium scale herds (10-100 cattle) (Table 4). Holstein/Friesian,
Monbeliard and crossbreed were the most common breeds in the two regions. The crossbred
cow is the principal component of herds in the smallholder farming, it is resulting of crossing
between local breed and imported dairy cow, commonly, the frisonne Holstein and
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Monbeliarde. Blood samples from 437 dairy cattle (344 from 22 dairy farms, from Batna and
Khanchela; 93 dairy cattle from Setif) were collected by a simple random sampling method
from animals aged between 9 and 180 months (Table 4, 5, 6, 7) (Figure 19).

Table 4. Size, number of herds, municipalities and animal categories sampled from the two study locations (regions).

Characterises | Regions North-East region (2015-2016)
Herd size

Herds 30

Small (1-10 cattle) 8

Medium (10-100 cattle) 22

Municipalities 14

Parity

Heifer 42

Cow 395

Total 437

Table 5. Region, Municipalities, Number of animals and Number of herds.

Province Municipality Number of animals Number of herds
Batna Djermaa 47 1
Ain assafir 25 2
Maadher 24 2
Lazrou 14 2
Seriana 25 1
Ain yagout 41 5
Zana Baidha 45 3
Boumia 31 2
Total 252 18
Khanechela | Hamma 52 3
Roknia 40 1
Total 92 4
Setif Ain abbas 24 2
Ain Hdjar 21 2
Douar Ajail 38 3
Ain Azel 10 1
Total 93 8

Table 6. Summarize of animals and herds per region.

Batna Khanchela | Setif Total
Animals 252 92 93 437
Herds 18 4 8 30
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Figure 20. Design of sampling in each region. Blue: number of animals sampled. Orange: number of herds sampled.

Table 7. Distribution of animals sampled by age in north-eastern Algeria.

Age category Frequency Percentage %
<24 months 41 9.4

>24 months <48 133 30.4

>48 months <60 113 25.9

> 60 months 150 34.3

Total 437 100

Samples were collected during field trips conducted between September 2015 and May 2016,
where each herd was visited once. Blood sampling (5 ml) were taken from the coccygian vein
of the animals on sterile dry vacutainer tubes, using disposable needles. The samples were
immediately sent on ice to laboratory. The sera were extracted by centrifugation at 10009 for
10 minutes, aliquoted in labeled Eppendorf tubes and then serum was removed and stored at -
20°C until further testing. In case where centrifuge was not available, the blood sample were
left in the fridge (+8°C) for maximum of 72 hours for serum separation. Serum samples were
then pipette into sterile tubes, transported on ice to a local laboratory and immediately frozen
at approximately -20°C. Information from all regions (north-Eastern Algeria) was gathered
through direct observation at farms, interviews of farmers, and collection of biological material
from animals. In addition, epidemiological data of each farm/breeder was recorded (Appendix

1) with the collaboration of a qualified veterinary.
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I11. 1. 2. 2. Serology

The search for antibodies against N. caninum and T. gondii was carried out by indirect ELISA
techniques IDSCREEN® Neospora caninum indirect (Innovative diagnostic, Grabels, France)
and IDSCREEN® Toxoplasmosis indirect multispecies (Innovative diagnostic, Grabels,
France), respectively. These tests were performed at the laboratory of serology of ‘The refuge’
private in Batna according to manufacturers’ instructions and cut-off recommendations (Table
10). These kits are based on an indirect ELISA technique using a purified antigenic extract of
Neospora caninum, and the P30 antigen specific to Toxoplasma gondii. The Sensitivity and
specificity of these IELISASs test figure out in the below table.

Table 8. Sensitivity and specificity of Indirect ELISA used for the antibody detection of each pathogen agent according
to the manufacturers.

Sensitivity | Interval confidence Specificity | Interval confidence
Neospora caninum | 99,6% (C195%: 98.9-100) 98.9% (C195%: 97.4-100)
Toxoplasma gondii | 98,36% (Cl 95%: 95.29%-99.44%) | 99,42 % (Cl 95%: 98.8%-100%),

The wells are sensitized with the antigens. The samples to be tested and the controls are
distributed in the wells. Anti-pathogen antibodies, if present, form an antigen-antibody complex
that masks the epitopes of the pathogen. A conjugate anti-pathogen labeled with peroxidase
(HRP) is distributed in the wells. It attaches to the epitopes of the pathogen, which remain free,
forming an antigen-antibody-conjugate-HRP complex. After removal of the excess conjugate
by washing, the reaction is revealed by a developer solution (TMB). The resulting coloration is
linked to the quantity of specific antibodies present in the test sample:

- in the presence of antibodies in the sample, a blue color appears which becomes
yellow after addition of the stop solution.

- in the absence of antibodies in the sample, wells remained clear

The color of each well is proportional to the level of anti-pathogen antibodies present in the
diluted sample. After stopping the reaction, the results (optical density) were read by an ELISA
plate reader. (DIALAB ELX800 G, Autriche), set at a wavelength of 450 nm. Positive and

negative control sera of the five diseases are supplied with the kit. (Figure 21).
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Protocol:

Almost the same protocol was performed for both pathogens.

All reagents were bringing to room temperature (21°C £ 5°C) before use and were homogenized

by Vortex.

1.

8.
9.

90ul of Dilution Buffer 2 was distributed in each well.

10ul of negative control was distributed in wells A1 and B1.

10ul of positive control was distributed in wells C1 and D1.

10ul of each sample to be tested in the remaining wells.

Cover the microplate and incubate 45 min + 4 min at 21°C (x5°C).

The wells were emptied by Washing each well 3 times with at least 300ul of washing
solution (Note: Avoid drying out of the wells between washes) (ORGANO TEKNIKA
washer).

The 1X Conjugate was prepared by diluting the concentrated conjugate 10X to 1/10th
in Dilution Buffer 3.

100ul of 1X Conjugate was distributed in each well.

The plate was covered and incubated for 30 min £ 3 min at 21°C (+ 5°C).

The wells were emptied again and each well was washed 3 times with at least 300ul of
washing solution (ORGANO TEKNIKA washer).

100ul of revelation solution was distributed in each well.

The plate was covered and incubated for 15 min £ 2 min at 21°C (£5°C) in the dark.

10. 100pl of Stop Solution was then dispensed into each well to stop the reaction.

11. Optical densities were measured and recorded at 450 nm (Microwell system).

78



Chapter 111. 1

Study |

Validity criteria and interpretation

The Tables 9 and 10 below summarize the validity criteria and interpretation of each ELISA.

Table 9. Validity criteria for each disease using the Indirect ELISA in cattle sera from north-eastern Algeria.

Validity Antigen used DOpc DOcp/DOnc | S/P calculation
N. caninum purified antllgenlc extract of 50350 | >3 (OD sample - ODnc)/ (ODpc - ODyc)
Neospora caninum x 100
T.gondii | P20 antigen  specific  to | a0 | 3 OD sampie/ODpc X 100
-9 Toxoplasma gondii : ‘ sample/ L IpC

Table 10. Interpretation for each disease using the ELISA in cattle sera from north-eastern Algeria.

Interpretation Negative Doubtful Positive Acute infection
(Strongly positive)

Neosppora caninum | S/P <40% 40<S/P<50% S/P >50% -

Toxoplasma gondii S/P <40% 40<S/P<50% 50<S/P<200% | S/P =200%

Figure 21. ELISA plates’ washer (ORGANO TEKNIKA; Microwell system); sera plate; reagents; ELISA reader

(Personal photographs)

I11. 1. 2. 3. Molecular detection of N. caninum and T. gondii

The analyses were conducted in different research and diagnostic laboratories. Veterinarian

laboratory of biotechnology research center Constantine in Algeria as well as in the Animal

Health Research Centre (IRTA-CReSA), Campus of the Autonomous University of Barcelona,

Bellaterra, Spain.
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Between 2016 and 2017, ten aborted foetuses of dairy cows (aged 1-8 months of gestation)
were obtained from seven dairy farms located in the study area (Northeastern Algeria) (Figure
19, 20). Aborted, mummified, stillborn foetuses and bovine placentas could be collected from
breeders willing to participate in the study and for whom previous serological studies were
carried out, in purpose confirm that the abortion is not caused by Brucellosis. A blood sample
was taken from the jugular vein or the coccygeal vein of cows that had abortion and from which

aborted foetuses could be removed.

e . J
,v
7 E : 4 pre

Figure 22. Cattle abortions mummified foetus (personal photographs).

After identification, the foetus samples were wrapped in plastic and placed in the portable
cooler with cold storage block, then immediately sent to the laboratory. In total, 10 abortions,
stillbirths, placentas, and mummified foetus were collected (Figures 22). In the laboratory, the
foetus samples were placed on a clean work surface. After macroscopic examination of the
placenta and foetus, these latter were autopsied. A total of 53 samples from different foetal
tissues (brain, Kidney, eye, spleen, liver, lung, heart, placentas) and mummified foetus were
collected. For each tissue two to three samples were separately placed in sterile plastic jars
(Figure 23) and stored at -20°C while waiting for DNA extraction. Blood serum of the mother
was collected after centrifugation or sedimentation of the whole blood to be tested for Brucella

spp antibodies by the rapid hemagglutination test (Rose Bengal).
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I11. 1. 2. 3. a. DNA extraction from animal tissue

Tissue samples were homogenized mechanically and DNA was extracted using the commercial
kit QlAamp DNA Mini Kit® (QIAGEN, Hilden, Germany) from 25 mg (10 mg spleen) of each
tissue. After the extraction, DNA samples were stored at -20°C until the execution of the RT-

gPCR reactions.

i. Principal
The QIAamp DNA Mini Kit uses a fast spin column or vacuum operation to simplify the
purification of DNA from animal tissue samples. DNA specifically binds to the QlAamp silica
gel membrane and contaminants flow away. PCR inhibitors, such as divalent cations and
proteins, can be removed in two effective washing steps. the kit is based on the principle of
ionic interactions and uses columns containing silica membranes capable of retaining DNA in
a specific way by adjusting the pH and the salt conditions.
The preparation passes through a filtration column, thus proteins, lipids and polysaccharides
are not retained by the membrane, after washing the membrane which makes it possible to rid
the sample of contaminants, the DNA is then eluted with the elution buffer AE supplied with
the Kit (aqueous solution containing very little salt). The pure DNA bound to the spin column
can be eluted with water or buffer in the kit. Genomic, mitochondrial, bacterial, parasitic or
viral DNA purified from animal tissue samples by QlAamp DNA technology can be used in
PCR and blotting experiments.
ii. Things to do before starting
Two water baths were heat

e Oneto 56°C.

e Oneto 70°C
Buffer AE or distilled water was equilibrated to room temperature for elution in step 11.
The Buffers AW1 and AW?2 have been prepared according to the following instructions:
AW1 and AW?2: the appropriate amount of ethanol (96-100%) was added as indicated on the
bottle for each one.
In case where a precipitate has formed in Buffer ATL or Buffer AL, it was dissolved by
incubating at 56°C.
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iii. Procedure
e The tissues samples were removed from storage. The amount of tissue was determined.
no more than 25 mg (10 mg spleen).
e According to the manufacture’s instruction, the tissue sample can be cut up, grind, or
mechanically disrupt.
Time will be reduced if the sample is mechanically homogenized in advance. Giving to our
available means we opted to use the mechanic homogenization by the TissuesLyser Il
(QIAGEN)
Up to 25 mg of tissue (10 mg spleen) was added to a 1.5 ml microcentrifuge tube containing 80
ul PBS and one small streel balls. The sample was Homogenized using the TissueLyser Il and
small steel ball (Figure 23).
e 20 ul proteinase K was added and was mixed by vertexing, and incubated at 56°C until
the tissue was completely lysed. To ensure efficient lysis, samples were placed in a
shaking water bath or on a rocking platform and overnight lysis was opted.
e Brief centrifugation of the 1.5 ml microcentrifuge tube was done to remove drops from
the inside of the lid
e 4 ulRNase A (100 mg/ml) was added, mixed by pulse-vortexing for 15 s, and incubated
for 2 min at room temperature (15-25°C). Briefly the 1.5 ml microcentrifuge tube was
centrifuged to remove drops from inside the lid before adding 200 ul Buffer AL to the samples
were mixed again by pulse-vortexing for 15 s, and incubated at 70°C for 10 min.
The 1.5 ml microcentrifuge tube were centrifuged, briefly, to remove drops from inside the lid.
In the case where white precipitate was formed when Buffer AL was added and according to
the manufacturer’s instructions, in most cases, it was dissolved during incubation at 70°C and
the precipitate did not interfere with the QlAamp procedure or with any subsequent application.
e 200 pl ethanol (96-100%) was added to the sample, and mixed by pulse-vortex for 15s.
After mixing, the 1.5 ml microcentrifuge tube was centrifugated to remove drops from inside
the lid. It was essential that the sample, Buffer AL, and the ethanol are mixed thoroughly to
yield a homogeneous solution.
Carefully the mixture was applied from the previous step (including the precipitate) to the
QlAamp Mini spin column (in a 2 ml collection tube) without wetting the rim. The cap was

closed, and centrifuged at 6000 x g (8000 rpm) for 1 min.
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The QlAamp Mini spin column was placed in a clean 2 ml collection tube (provided), and the
tube containing the filtrate was discarded.
Each spin column was closed to avoid aerosol formation during centrifugation. It was essential
to apply all of the precipitate to the QlAamp Mini spin column.
Centrifugation is performed at 6000 x g (8000 rpm) to reduce noise.
According to the manufacturer’s instructions, centrifugation at full speed will not affect the
yield or purity of the DNA. In the event that the solution has not completely passed through the
membrane, second centrifugation at a higher speed until all the solution has passed through was
needed.
e Carefully the QIAamp Mini spin column was opened and 500 pl Buffer AW1 was added
without wetting the rim. the cap was closed, and centrifuge at 6000 x g (8000 rpm) for
1 min.
The QIAamp Mini spin column was placed in a clean 2 ml collection tube (provided), and the
collection tube containing the filtrate was discarded.

e (Carefully the QIAamp Mini spin column was opened and 500 pl Buffer AW2 was added
without wetting the rim. The cap was closed and centrifugated at full speed (20,0009; 14,000
rpm) for 3 min.

e Manufacturer’s recommended: the QlAamp Mini spin column was placed in a new 2

ml collection tube (not provided) and the old collection tube with the filtrate was
discarded. Centrifugated at full speed for 1 min (This step helps to eliminate the chance
of possible Buffer AW?2 carryover)

e The QlAamp Mini spin column was placed in a clean 1.5 ml microcentrifuge tube and
the collection tube containing the filtrate was discarded. Carefully the QIAamp Mini
spin column was opened and 200 pl Buffer AE or distilled water was added. Incubated
at room temperature for 1 min, and then centrifugated at 6000 x g (8000 rpm) for 1 min.

The previous step was repeated to increase DNA yield (5 min incubation of the QlAamp Mini
spin column loaded with Buffer AE or water, before centrifugation.

For long-term storage of DNA, eluting in Buffer AE and placing at —15°C to -30°C was done,
because DNA stored in water is subject to acid hydrolysis.

According to the manufacturer’s information, 25 mg of tissue will yield approximately 10-30

ug of DNA in 400 ul of water (25-75 ng/ul), with an A260/A280 ratio of 1.7-1.9.
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I11. 1. 2. 3. b. BioDrop Microvolume Quantitation of Nucleic Acids (DNA)

In order to have an appropriate idea about the DNA concentration and purification, the BioDrop
Microvolume Quantitation of Nucleic Acids (DNA) was performed in the molecular biology
laboratory in the research centre of Biotechnology in Constantine Algeria.

i. Principal

Micro-volume measurement of DNA is a routine application in many life science laboratories.
Quantification and purity measurement of DNA is a key first step before performing
experiments such as PCR, gPCR, Next Generation Sequencing. The success of these
experiments demands accurate and precise quantification of the DNA starting material. These
experiments typically require highly concentrated solutions which are available only in small
volumes (2ng/ul for simple and 200ng/100p for gPCR). In addition, the high cost of the reagents

makes accurate initial quantification even more crucial.
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ii. Procedure

In the end of the DNA extraction procedure, the quantification of the DNA and purity was
performed using a Biodrop™ ULITE (Resolution Life Science Software, Montreal Biotech,
Abs 260/280mm ratio) spectrophotomer. Ratio above 1.8 were considered pure and samples
below this threshold were discarded. DNA samples concentration ranging between 5-130 ng/ul.
The integrated sampling port was used and sampling volumes as low as 0.5 pl dSDNA volumes
were pipetted and measured accurately. After each measurement, cleaning with distilled water

was carried out to prevent any transfer of samples.

ST
2/ : )

Figure 23. Materials used for DNA extraction (A-Tissue Lyser, B-refrigerated centrifuge, C-tidal bath, D-Laminar
flow hood, micro pipettes, Vortex, samples, PBS, mortar, absorbent paper, bins, E-steel balls, F- precise balance)
(Personal photographs).

Figure 24. kit QlAamp DNA Mini Kit® (QIAGEN, Hilden, Germany)
(Personal photographs).
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Figure 25. Biodrop™ uLITE (Resolution Life Science Software, Montreal Biotech, Abs 260/280mm ratio)
Spectrophotometer (personal photographs).

I11. 1. 2. 3. c. RTgPCR Neospora caninum and Toxoplasma gondii

The Nc-5 gene, a repeated DNA sequence in the N. caninum genome, has been shown to be an
effective target. N. caninum Real-time PCR (qPCR) was performed using the pair of primers
Np6+/Np21+, amplifying and based on the 337 bp-DNA fragments (Muller et al., 1996). DNA
from N. caninum NC-1 isolate was used as positive control and DNA from VERO cells as
negative control. In another hand, Toxoplasma gondii Real Time qPCR was based on the 529
bp-DNA fragment (Homan et al., 2000). A positive control (T. gondii TS-4, ATCC 40050) and
negative control were included in all experiments. Both qPCR was performed using the 7500

Fast Real Time PCR system thermocycler (Applied Biosystem).

i. Primers Neospora caninum and Toxoplasma gondii
The  primers used to  detect Neosppora  caninum  were  Np2l+ (5’-
CCCAGTGCGTCCAATCCTGTAAC-3) and Np6+ (5°-
CTCGCCAGTCAACCTACGTCTTCT-3’)and the NC-probe (5° 6FAM-CATCGGAG
GACATCGCTCACTGACTG-TAMRA 3°) (Table 11).

The primers used for detecting Toxoplasma gondii were Toxo-SE (900 nM, 5°-
AGGCGAGGGTGAGGATGA) and Toxo-AS (900 nM, 5’-TCGTCTCGTCTGGATCGCAT)
and the probe Toxotagman (300 nM, 5’- 6FAM-CGACGAGAGTCGGAGAGGGAGAAGA
TGT--BHQL1 -3°) (Table 11).
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Table 11 primers, probes of Neospora caninum and Toxoplasma gondii used for the RT gPCR amplification.

Target | Primers | Sequence 5'-3’ Probe 5’-3’
gene
NC5 Np21+ | CCCAGTGCGTCCAATCCTGTAAC | 6FAM-CATCGGAG GACATCGCTCACTGACTG-TAMRA
Np6+ CTCGCCAGTCAACCTACGTCTTCT
TOX ToxoSE | AGGCGAGGGTGAGGATG 6FAM-CGACGAGAGTCGGAGAGGGAGAAGATGT-BHQ1
ToxoAS | TCGTCTCGTCTGGATCGCAT

ii. Composition reaction mix
Prepare the reaction mix for each sample PCR reactions were performed in a 25 pl reaction
mixture containing:

1. 2 pl of the sample,

2. 0.45 pl of each primer,

3. 0.15 pl of the probe,

4. 12.5 ul of TagMan®2x Universal PCR MasterMix (Applied Biosystem, Warrington,

UK)
5. 9.45 ul of sterile water.

The TagMan® Universal PCR Master Mix no AmpErase® UNG, used in the reaction, was a
convenient mix of components (except primers, probes, template, and water) necessary to

perform a Real-Time Polymerase Chain Reaction (PCR).

iii. The TagMan® Universal PCR Master Mix no AmpErase® UNG contains
« AmpliTag Gold® DNA Polymerase, UP (Ultra-Pure)

* ANTPs with dUTP

* ROX™ Passive Reference

* Optimized buffer components

iv. Protocol
RT-gPCR were performed using a 7500 Fast Real Time PCR system thermocycler (Applied
Biosystem) at the following conditions (Table 12).
1. The reaction mix was prepared for each sample using the components listed above.
* The volume of each component of the PCR reaction mix was calculated by

multiplying the volume of each component by the number of replicates for each sample.
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+ we performed two technical replicates of each reaction according to the
manufacture’s recommendation.
2. The tube(s) was capped and vortexed briefly to mix the solutions.
3. The tube(s) was centrifugated briefly to spin down the contents and eliminated any air
bubbles from the solutions.
4. The appropriate volume of each reaction mixture was transferred to each well of an optical
reaction plate.
5. The plate was covered with a MicroAmp® Optical Adhesive Film. For standard 96-well
plates, we may use MicroAmp® Optical Caps (Figure 26).
6. The plate was centrifugated briefly to spin down the contents and eliminate air bubbles from
the solutions.
7. A compression pad was applied to the plate.
8. In the system software, the plate document or experiment was opened that corresponds to the
reaction plate.
9. The reaction plate was loaded into the real-time PCR system.

10. The run was Started.

Table 12. Thermal Cycling Parameters for Neospora caninum and Toxoplasma gondii

Parameter UNG Polymerase PCR
activation**
Incubation* (40 cycles)
Hold Hold Denature Anneal/extend
Temperature 50°C 95°C 95°C 60°C
Time (mm:ss) 2:00 10:00 00:15 1:00

* Required for optimal UNG activity. If using TagMan® Universal PCR Master Mix, no AmpErase®
UNG, this step is not necessary.
** Required to activate the DNA Polymerase.
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Figure 26. Cover the plate with a MicroAmp® Optical Adhesive Film, MasterMix (Applied Biosystem, Warrington,
UK), 7500 Fast Real Time PCR system thermocycler (Applied Biosystem) and work plan
(Personal photographs).

1. 1. 2. 4. Statistical analysis

The variables age, breed, number of calving, number pregnancy, herd size, standing water,
presence of rivers and streams, use of disinfectant, municipality, artificial insemination and
region were selected and (P < 0.20) for multivariate analysis of N. caninum in cows (Table 17).

The variables age, breed, stage of gestation, the number of calving, number of pregnancy,
region, municipality, artificial insemination practice, presence of stagnant water and/or rivers
and the use of disinfectant were selected (P < 0.25) for multivariate analysis (Table 17) for T.
gondii in cattle. No variables were identified as risk factors by the final multivariable logistic
regression.

For numeric variables, we used the Student’s t-test. For categorical variables, we used the Chi-
squared Test, except when the sample size for any of the categories was small (i.e. lower than

5), in which case we used the Fisher’s exact test.

1. 1. 3. Results

Animal-level and herd-level seroprevalence for N. caninum were 5.5% (19/344; 95% ClI, 3.3%-—
8.4%) and 59.0% (13/22; 95% ClI, 36.3%-79.2%) respectively, with specific seroprevalence at
farm level ranged from 0.0% (0 out 25;95% CI: 0-13.7%) to 23.0% (3 out of 13; 95% ClI:
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0.50%-53.8%). Positive cattle were found in all three age groups, and the seroprevalence ranged
from 3.4% to 12.2 %.

Animal-level and herd-level seroprevalence for T. gondii were 9.9 % (15/151; 95 % CI, 5.9%-
15.5%) and 70.00 % (7/10; 95 % CI, 34.75%-93.33%) respectively, and with specific
seroprevalence at farm level ranged from 0% (0 out of 11: 95%CI: 0.00-28.49%) to 20.00% (5
out of 20: 95%CI: 6.83%-40.70%). Positive animals and herds were also found in all districts.
Toxoplasma gondii prevalence in different ages of cattle ranged from 7.8% to 10.9 %. The

serological results are presented in the Table 13.

Table 13. Results of serological screening for abortive diseases on sera from cows from the wilayas of the study
areas.

Abortive agent Number animals | No. of Positive No. of Negative Seroprevalence (%)
examined

Toxoplasma gondii | 151 15 136 9.9

Neospora caninum | 344 19 325 5.5

i. Distribution of N. caninum and T. gondii according to farms

A herd is considered to be seropositive when it contains at least one female who is seropositive
for an abortive infection. The percentage of herds infected with N. caninum and T. gondii was
59.0% (13/22) and 70.0% (7/10) respectively. It is necessary highlight the presence of two
seropositive herds with five abortive diseases (N. caninum, T. gondii, Chlamydia abortus,
Coxiella burnetii, Brucella mellitensis; data exposed in Study I1), a frequency of 9.09% (2/22;
95% Cl, 1.1%-32.8%).

Table 14. Serological results of farms with regard to abortive agents.

Abortive agent Number of seropositive herds (%)

Toxoplasma gondii 7/10 (70.0%)

Neospora caninum 13/22 (59,0%)

Table 15 Distribution of seropositive cattle herds with a single abortion agent.

Abortive agent Number of herds seropositive (%)

Toxoplasma gondii

0/10 (0%)

Neospora caninum

0/22 (0%)
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Univariate analysis by Pearson's Chi-square test revealed a significant difference (p <0.05)
between Neospora caninum seropositivity and Toxoplasma gondii. Among the 15 Toxoplasma
gondi seropositive sera, 4 of them (33.3%) also contain anti-Nesopora caninum antibodies.
(Table 16).

Table 16. Distribution of Neospora caninum and Toxoplasma gondii seropositive and seronegative cattle.

Toxoplasma gondii
seronegative seropositive total
Neospora caninum | Seronegative 143 (92.9%) 11 (7.1%) 154
Seropositive 8 (66.7%) 4 (33.3%) 12
Total 151 (91.0%) 15 (9.0%) 166
P-value=0.014

ii. Risk factors associated to Neospora caninum and Toxoplasma gondii infection

The following variables were identified as risk factors for N. caninum infection by the final
multivariable logistic regression Table 18: number of calving (>=6 vs <=2), presence of horses
(yes vs no), Standing water (Yes vs no) and the use of artificial insemination in the last mating
(yes vs no) with odds ratios 6.3, 5.9, 0.2 and 4.8 respectively. No variables were found to be

risk factors in seropositive cattle to Toxoplasma gondii
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Table 17. Animal level putative risk factors in relation to Neospora caninum and Toxoplasma gondii (ELISA) serostatus
in dairy cattle of north-eastern Algeria region established using the Chi-square test or Fisher’s test.

Variables Category N. caninum T. gondii
No. animals | Proportion of P-value Number of | Proportion of P-value
examined seroreactors (95% Cl) animals examined | seroreactors (95% Cl)
Age (years) <2 149 3.4(1.3-7.2) 0.061* 77 7.8 (3.3-15.4) 0.872
2-6 146 5.5(2.6-10.1) 64 10.9 (5.0-20.3)
>6 49 12.2 (5.3-23.5) 25 8(1.7-23.3)
Breed Crossbreed 91 3.3(0.9-8.5) 41 4.9 (1.0-14.7) 0.225%*
Montbéliarde 120 4.2 (1.6-8.9) 0.062* 19 15.8 (4.7-36.4)
Holstein 100 11.0(6.0-18.2) 80 12.5(6.6-21.0)
Brune des alpes 25 0.0 (0.0-9.5) 20 0.0 (0.0-11.7)
Fluck 8 8(0.0-26.2) 6 0.0 (0.0-33.0)
Gestation No 168 6.0 (3.1-10.3) 82 11.0(5.6-19.1) 0.555
Yes 176 5.1(2.6-9.1) 0.917 84 7.1(3.0-14.1)
Stage of | 1-3 months 57 1.8(0.2-7.9) 0.285 31 6.5 (1.4-19.1) 0.117*
gestation 4-6 months 57 6.8 (2.3-15.3) 27 14.8 (5.2-31.5)
7-9 months 61 8.2 (3.2-17.0) 25 0.0 (0.0-9.5)
Number of | <=2 155 4.4 (2.0-8.5) 0.008* 74 9.2 (4.2-17.2) 0.189*
calving 3-5 128 4.3(1.6-9.1) 54 4.4 (0.9-13.5)
>=6 22 16.7 (6.7-32.7) 12 10.5(2.3-29.7)
Number <=2 97 3.7 (1.4-7.9) 0.042* 42 8.8(3.8-17.3) 0.675
pregnancy 3-5 176 5.1(2.6-9.1) 79 8.9 (4.1-16.6)
>=6 32 15.6 (6.2-30.9) 19 10.5 (2.3-29.7)
Herd size Small <20 72 8.3(3.6-16.4) 0.337 39 5.1(1.1-15.4) 0.525
Large >20 272 4.8 (2.7-7.8) 127 10.2 (5.9-16.4)
Mixing No 89 3.4(1.0-8.7) 0.422 8 12.5(1.4-45.4) 0.539
Yes 255 6.3 (3.8-9.8) 158 8.9 (5.2-14.0)
Presence of | No 81 2.5(0.5-7.7) 0.264 - -
sheep Yes 263 6.5(4.0-9.9) 166 9.0 (5.4-14.1)
Presence of cats | No 28 3.6 (0.4-15.5) 0.968 - - -
Yes 316 5.7 (3.5-8.7) 166 9.0 (5.4-14.1)
Presence of | No 11 0.0 (0.0-20.0) 0.885 11 0.0 (0.0-20.0) 0.591
dogs Yes 333 5.7 (3.6-8.6) 155 9.7 (5.8-15.1)
Visit of other | No 128 4.7 (2.0-9.4) 0.780 128 9.4 (5.2-15.3) 0.829
farmers Yes 216 6.0(3.4-9.8) 38 7.9 (2.3-19.6)
Standing water No 102 9.8 (5.2-16.7) 0.047* 86 8.1(3.7-15.3) 0.883
Yes 242 3.7(1.9-6.7) 80 10.0 (4.8-18.0)
Rivers and | No 189 7.4 (4.3-11.8) 0.102* 92 8.7 (4.2-15.7) 0.999
streams Yes 155 3.2(1.2-6.9) 74 9.5 (4.3-17.7)
Use of | No 207 3.4(1.5-6.5) 0.058* 45 4.4 (0.9-13.5) 0.360
disinfectant Yes 137 8.8 (4.9-14.4) 121 10.7 (6.2-17.2)
Region Batna 252 6.7 (4.1-10.3) 0.116* 166 9.0(5.4-14.1) -
Khenchela 92 2.2 (0.5-6.8) - -
Municipality EL-MADHER 24 4.2 (0.5-17.9) 0.137* 24 4.2 (0.5-17.9) 0.392
DJARMA 47 8.5 (2.9-19.0) 47 10.6 (4.2-21.8)
SERIANA 25 0.0(0.0-9.5) 25 20.0(8.1-38.4)
LAZROU 14 21.4 (6.4-46.9) 14 7.1(0.8-28.8)
BOUMIA 31 3.2(0.4-14.1) 31 3.2(0.4-14.1)
AY_A 25 12.0 (3.5-28.7) 25 8.0(1.7-23.3)
AIN_YAGOUT 41 4.9 (1.0-14.7) - -
ZANA EL_BAIDA 45 6.7 (1.9-16.7) - -
HAMMA 52 1.9 (0.2-8.6) - -
ROKNIA 40 2.5(0.3-11.1) - -
IA in five last 0.046* 0.791
year No 198 3.0(1.3-6.1) 61 9.8 (4.2-19.2)
Yes 47 8.5 (2.9-19) 47 10.6 (6.9-27.0)
Both 99 9.1 (4.6-15.9) 58 6.9 (2.0-13.4)
IA'in last mating 0.018* 0.999
No No Yes 198146 3.0(1.3-6.1) 61 9.8 (4.2-19.2)
Yes 8.9 (5.1-14.3) 105 8.6 (4.3-15.1)

* P.yvalue<0.25
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Table 18. The final multivariable logistic regression model for factors associated with Neospora caninum infection in
dairy cattle at the individual level in north-eastern Algeria.

Factor Odds Ratio Confidence interval | p-value
Number of calving (2 vs 1) 0.77 0.25-2.40 0.654
Number of calving (3 vs 1) 6.36 1.72-23.43 0.005
Presence of horses (yes vs no) 5.99 1.00-35.97 0.050
Standing water (yes vs no) 0.21 0.05-0.83 0.026
IA last mating (yes vs no) 4.83 1.17-19.90 0.029

Table 19. Occurrence of reproductive disorders in relation to Neospora caninum and Toxoplasma gondii serostatus.
*CRDE: Clinical reproductive disorder experience.

Variable Cattle N. caninum Cattle T. gondii
No. animals | No. of Proportion of P-value No. animals | No. of | Proportion of P-value
examined positive seropositive (95% Cl) examined positive seropositive (95% Cl)
Abortion
No 283 15 5.3(3.1-8.4) - 110 7 6.36 (2.60, 12.67) -
Yes 61 4 6.6 (2.3-14.8) 0.697 30 4 13.33(3.76, 30.72) 0.382
Endometritis
No 273 16 5.86 (3.39-9.34) - 124 10 8.06 (3.94, 14.33) -
Yes 32 1 3.12 (0.17-16.22) 0.817 16 1 6.25 (0.16, 30.23) 1.000
Weak calf
No 290 16 5.52(3.19-8.81) 132 11 8.33 (4.23,14.42)
Yes 15 1 6.67 (0.17-31.95) 1.000 8 0 0.00 (0.00, 36.94) 0.862
Retained fetal
membrane 283 15 5.30(3.00-8.59) - 128 8 6.25(2.74,11.94) -
No 22 2 9.09 (1.12-29.16) 0.792 12 3 25.00 (5.49, 57.19) 0.081
Yes
Repeat breeding
No 215 10 4.65 (2.25-8.39) - 95 6 6.32(2.35, 13.24)
YES 90 7 7.78 (3.18-15.37) 0.417 45 5 11.11(3.71, 24.05) 0.517
Anoestrus
No 244 16 6.56 (3.79-10.43) - 107 6 5.61(2.09, 11.81) -
Yes 61 1 1.64 (0.04-8.80) 0.236 33 5 15.15 (5.11, 31.90) 0.158
Increased inter
calving period 185 9 4.86 (2.25-9.03) - 78 3 3.85 (0.80, 10.83) -
No 120 8 6.67 (2.92-12.71) 0.678 62 8 12.90 (5.74, 23.85) 0.096
Yes
CRDE*
No 144 8 5.56 (2.43, 10.65) - 54 1 1.85 (0.05, 9.89) -
Yes 161 9 5.59(2.59, 10.35) 1.000 86 10 11.63 (5.72, 20.35) 0.077
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iii. Molecular detection of Neospora caninum and Toxoplasma gondii

Globally, three aborted foetuses and one mummified foetus out of 10 aborted foetuses (30%)
collected and tested by gPCR were found positive for N. caninum, with Ct values ranging from
35 to 39 (Figure 27). Nine of the 53 tissue samples from the analysed foetuses were positive for
N. caninum DNA, for an overall positivity rate by qPCR of 15.09% Table 20. Target DNA was
amplified from the brain, eye, lung, liver, placenta, stomach contents and mummified body.
Among the four N. caninum-positive foetuses, DNA was detected in 33.3% of mummified body
samples and 25% of eye samples. All foetuses’ samples were negatives for the presence of T.
gondii DNA (Table 20).
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Figure 27 Amplification and fusion curves obtained with primers N21 + and N6 +, amplification curves. melting curves
and specific melting temperature of the amplified product (95 ° C). The DNA of the N. caninum NC-1 isolate was used
as a positive control and the DNA of VERO cells was used as a negative control and as a positive control (left) and the
DNA of Toxoplasma gondii from the RH a strain. was used, and DNAse-free water was used as a negative control.
included in each series (right). A sample is positive when it has an amplification curve and a melting temperature
identical to that of the positive control.

94



Chapter 111. 1 Study 1

Table 20. Distribution of qPCR positive and negative samples according to specimen’s type.
Specimen Number | gPCR result foetus

tested N°+ve (%) N°-ve (%) 1 2 3 4

Brain 4 1(25%) 3 (75%) + - - -
Eye 4 1 (25%) 3 (75%) - - - +
Lung 4 1(25%) 3 (75%) - + + -
Liver 11 2 (18.18%) 9 (81.81%) - - + -
Kidney 4 0 (0%) 4 (100%) - - - -
Spleen 6 0 (0%) 6 (100%) - - - -
Heart 4 0 (0%) 4 (100%) - - - -
Stomach content 2 1 (50%) 1 (50%) NT |- + NT
Placenta 7 1(14.28%) | 6(85.71%) - - + -
Mummified body | 3 1(33.33%) | 2(66.66%) NT | NT |+ NT
Total 53 8 (15.09%) | 41 (83.67%)

I11. 1. 4. Discussion

The aim of our study was the investigation of individual-level seroprevalence of T. gondii and
N. caninum in dairy cattle in north-eastern Algeria and clarify factors associated with
individual-level seroprevalence of these pathogen infections. To our knowledge, this is the first

report of herd-level seroprevalence of T. gondii and N. caninum in cattle in the region.

Cross-sectional study design associated with serological investigations, as used in the study, is
widely used in veterinary epidemiology and used to assess the burden of a particular disease in
a defined population (Dohoo Martin and Stryhn, 2009). The advantage of cross-sectional design
is that it is unambiguous, straightforward, inexpensive, and needs only one sampling occasion.
It provides descriptive characteristics of a population at a particular point in time and includes
both old and new cases (Dohoo Martin and Stryhn, 2009). Nevertheless, it is less suitable for
determining when the disease occurred or for how long it has lasted. The finding of antibodies
in a single serum sample only indicates that infection has occurred sometime in the past which
make its diagnostic value as indicator of present active infection limited (Levin, 2006). It is
impossible to determine the sequence of events, namely whether exposure occurred before,
during, or after the onset of disease outcome (Levin, 2006). In some type of ELISA’s against
some diseases, a high level of antibodies could indicate a possible acute phase of the diseases.
One disadvantage of cross-sectional design compared to, for example, longitudinal study design
is consequently the weakness in determining cause-effect relationships (Dohoo Martin and
Stryhn, 2009). The association between seropositivity and reproductive disorders found in the

present study is therefore not necessarily causal even though it is statistically significant. Other
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study designs, such as longitudinal study or case-control study, would have been stronger field

Visits.

Sample-size determination is often an important step in planning an epidemiological study.
There are several approaches to determining sample size. It depends on the type of the study.
Descriptive, observational and randomized controlled studies have different formulas to
calculate sample size. An adequate sample size helps guarantee that the study will yield reliable
information, regardless of whether the ultimate data suggest a clinically important difference
between the treatment being studied, or the study is intended to measure the accuracy of a
diagnostic test or the incidence of a disease. Ideally, to get a true prevalence estimate of a given
infection in a population with good precision, all animals should be included (census). Due to
the insufficiency of resources, only a fraction (sample) of the population is used to represent
the whole population. This fraction needs to be optimal and representative to allow inferences
to be made about the target population (Dohoo Martin and Stryhn, 2009), which necessitates a
random sampling strategy.

The calculation of sample size needed was complicated by several factors: unknown prevalence
and heterogeneity in management systems. Pertinent literature on seroprevalence in Algeria is
scarce and concerns studies conducted in other parts of the country with different management
systems, study design, and laboratory techniques, limiting its relevance. The minimum sample
size was increased to take into account the mentioned challenges. It is therefore likely that the
sample size in the present study allows implications to be made about the target population;
furthermore, the herds included were generally typical and are very likely representative of

other herds in the study areas.

Most of the information on reproductive disorders and risk factors was collected using an
interview-based questionnaire, which is susceptible to communication challenges. To minimize
the risk of information bias/misinformation, for this, on each excursion, the purpose of which
was collect samples and information, a qualified veterinary accompanies the breeders to avoid
any possible ambiguities in the responses collected. This method was resource-demanding but
advantageous compared to online or paper-based data collection from veterinarian practices.
However, the information provided by the farmers depends largely on their knowledge, record

keeping, and capacity to remember what happened up to, in some cases, more than 5 years
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before interview. Because of the lack in records and farmers have a poor understanding of
reproductive disorders, the frequency of reproductive disorders in the area might have been
underestimating. For a dairy herd, the only record important to most farmers is number of
calving and milk yield in which this latter information could not be provided even for veterinary
inspection. Information on reproductive performance indicators in general (age at first service,
age at first pregnancy, conception rate, and calving interval) was sought by the owners. Early
embryonic loss, such as fertilization/conception failure and early embryonic mortality, was not
possible to assess in all breeders, which might cause further underestimation of the occurrence
of reproductive disorders.

Neospora caninum and Toxoplasma gondii have global epidemiological distribution (Khan and
Zahoor, 2018; Lanave et al., 2017; Barati et al., 2017; Almeria and Lopez-Gatius, 2013;
Hemphill and Gottstein, 2000; Dubey and Webster, 2010; Knobel et al., 2013) and were
selected in accordance with their recognized impact on the ability to cause reproductive
disorders in cattle, public health and economic importance, and likely local importance (Khan
and Zahoor, 2018; Lanave et al., 2017; Barati et al., 2017; Almeria and Lopez-Gatius, 2013;
Hemphill and Gottstein, 2000; Dubey and Webster, 2010; Knobel et al., 2013). The incidences
of reproductive disorders in bovine are increasing over years. This scenario is further
aggravating due to more emphasis on selection and rearing of animal for specific commercial

purposes which compromises livestock reproduction.

Bovine neosporosis control programs are currently based on herd management and
serodiagnosis because at present, there is no effective treatment or vaccine for N. caninum
infection, and control measures are based on herd management and diagnosis over the world.
Although a wide variety of serological tools have been developed, enzyme-linked
immunosorbent assays (ELISAs) are the most commonly commercialized and used tests.
Although IFAT using whole fixed tachyzoites is the most reliable serological test for detection
of Neospora antibodies, high cost and the need for specialized equipment and expertise have
limited its use. Serological techniques are primarily employed to detect specific antibodies
against N. caninum to differentiate infected from non-infected animals. These techniques

include a wide variety of enzyme-linked immunosorbent assays (ELISAS). In general, most of
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the available tests for the diagnosis of bovine N. caninum infection have shown strong
performances (Dubey and Schares, 2006b).

In the present study, Antibody IELISA used a purified antigenic extract of Neospora caninum
and have a sensitivity of 99.6 (C195%: 98.9-100) and specificity of 98.9 (C195%: 97.4-100).
According to Alvarez-Garcia et al., (2013) iELISA used in the study is one of the best-adjusted
ELISAs that showed excellent Sensitivity and Specificity values (>95%). Another important
issue is the study of cross-reactions with closely related apicomplexan parasites with relevance
to cattle, such as Sarcocystis spp and Besnoitia besnoiti. It is well known that 100% of cattle
are infected with Sarcocystis spp (Dubey et al., 1989). As satteled by Alvarez-Garcia et al.,
(2013) the iELISA used in the study it would be desirable to discard cross-reactions by
employing a wide panel of appropriate sera.

Toxoplasma gondii is not the main causative agent of abortion in cattle, and the contribution of
milk and meat from infected cattle to the prevalence of Toxoplasma in humans is unknown in
north-Africa (Dubey, 1986). In fact, serological methods appear to lack sensitivity and
specificity, even though the qualitative detection of antibodies remains a standard tool. At the
same time, there are differences within the serological techniques. Moreover, Dubey et al.,
(1995) found that the diagnostic performance of a MAT was higher than that of ELISA.

Toxoplasma  gondii,  Neospora spp., Sarcocystis spp., Hammondia spp.  and Besnoitia
besnoiti are genetically related cyst-forming coccidia. Serology is frequently used for the
identification of T. gondii, Neospora spp. and B. besnoiti-exposed individuals. Serologic cross-
reactions occur in different tests among animals infected with T. gondii and H. hammondi, as

well as among animals infected by T. gondii and N. caninum.

In the present study antibody iELISA was used with P30 antigen specific to Toxoplasma gondii
and have a sensitivity and specificity of 98.36 % (Cl 95%: 95.29%-99.44%) and 99.42 % (ClI
95%: 98.8%-100%), respectively. The surface protein (P30) was designated SAG1, which is
the product of the SAG1 gene. However, as it was observed more recently that SAG1 genes
belong to a superfamily of related genes, named SRS (SAG1-related sequences), which encode

a superfamily of structurally related surface proteins from T. gondii, the name of SAG1 (P30)
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has been changed to SRS29B (Wasmuth et al., 2012). This iIELISA test does not discriminate
between natural infection and vaccination, but, importantly, there is no history of vaccination
against toxoplasmosis in all over the word. Consequently, the presence of antibodies due to
vaccination can be excluded, which simplifies the interpretation of serological results.

The present study found that the associations between the number of calving and N. caninum
infection in dairy cattle were significant. While many studies demonstrated that age, breed, and
number of pregnancies were risk factors (Asmare et al., 2013). The seroconversion risk can
increase with time or gestation number (Rinaldi et al., 2005), suggesting that horizontal
transmission is important in some herds(Dubey et al., 2007). According to the literature,
Guimaré&es et al., (2004) indicated that older cows showed higher seropositivity for N. caninum,
indicating a greater possibility of horizontal transmission of the disease possibly owing to the
increased risk of infection by horizontal transmission. This fact suggests the existence of
sporulated N. caninum oocysts in the environment, which characterizes horizontal transmission,
as observed by (Dijkstra et al., 2001). In opposite, some studies regarding neosporosis have
shown that foetal infection decreases with the rise of the number of gestations or lactation, and
consequently with the animal's age, mainly because animals acquire immunity against the
parasite (Almeria et al., 2010). The risk of being seropositive may increase with age or gestation
number in beef and dairy cattle. Sanderson et al., (2000); Rinaldi et al., (2005) suggested that

horizontal transmission of N. caninum is of particular importance in some herds.

In the present study, the presence of standing water in the pasture was identified as a protective
factor associated with the animal-level prevalence of N. caninum infection. In opposite
direction, a possible way of infection could be the consumption of water contaminated with N.
caninum oocysts from feces of infected wild or domestic felines and canids because they may
come to a standing water region to drink and at the same time defecate in or near the water
source region. Studies have reported that abortion epidemics may be correlated with the
ingestion of food or water contaminated with oocysts (Sun et al., 2015). Moreover, flooding

may also be a risk factor because it can spread N. caninum oocysts (Justo et al., 2013).

Contrary to Justo et al. (2013), the results of (Gindri et al., 2018) showed that flooding was

actually associated with a lower N. caninum seroprevalence (OR = 0.5).
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The finding of this study indicates that the presence of horses in the same farm with cattle in
north-eastern Algeria are at risk factor of neosporosis (p<0.05, OR=5.9). Many studies made
similar conclusion (Hobson et al., 2005; Zhou et al., 2017).

Horses can be infected by Neospora caninum or Neospora hughesi, this latter is newly
recognized parasite that closely related to Neospora caninum and is a cause of equine protozoal
myeloencephalitis. The presence of shared antigens was demonstrated by the cross reactivity in
the Neospora agglutination test as well as in the indirect fluorescent antibody test between
Neospora caninum and Neospora hughesi in horses (Ae et al., 1996; Dubey et al., 2001). Horses
are known to be intermediate host of Neospora hughesi (Dubey et al., 2007a) mostly in the
United States of American areas. In contrast, Dubey and Lindsay, (1996b) concluded that
although Neospora caninum have a wide range of host, neosporosis is rare in animals other than

cattle and dogs.

Studies in Southern Brazil reported relatively higher Neospora prevalences on farms using
natural breeding (Martins et al., 2013; Ferre et al., 2005), demonstrated the presence of the
parasite in 15% semen samples from naturally infected bulls. Besides, intrauterine infection of
cows with tachyzoites led to seroconversion and detection of DNA of the parasite in 66% of
the animals studied (Serrano et al., 2006). In opposite, previous studies have shown that the use
of beef semen significantly reduces the risk of N. caninum abortions in seropositive dairy cows
(Lopez-Gatius et al., 2005; Almeria and Lopez-Gatius, 2013). Sala et al., (2018) hypothesized
that long-term systematic use of beef semen in seropositive breeders, may reduce N. caninum
incidence and prevalence, due to seropositive descendant exclusion from remount insemination
with beef-breed semen halves the abortion rate (Lopez-Gatius et al., 2005; Almeria and Lopez-
Gatius, 2013). In study of Ortega-Mora N. caninum DNA was detected in non-extended fresh
semen samples and frozen extended semen straws by nested-PCR (Ortega-Mora et al., 2003).
Doosti et al., (2015) reported that frozen semen samples, which used for artificial insemination
in Iranian Insemination Centres, plays an important role in the spread of bovine neosporosis.
The findings of the study showed the high presence of N. caninum infection (P<0.05) in fresh
and frozen bull’s semen samples that were used for artificial insemination in Iranian

Insemination Centers and animal husbandries (Sharifzadeh Doosti, and Dehkordi, 2012).
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Until now, insufficient data are available on cattle toxoplasmosis in the world, and there have
been limited number of reports on cattle toxoplasmosis from Algeria. The overall
seroprevalence of toxoplasmosis reported in the present study in north-eastern Algeria using
ELISA (9.03%) is higher than that reported in cattle from Medea (north of Algeria) (4.4%)
using the MAT (Khames et al., 2018), Djelfa province in Algeria (3.92%) based on the IFAT
(Khatima and Abdellah, 2015), Tanzania (3.6%) (Schoonman, Wilsmore and Swai, 2010) using
the LAT, France (7.8%) using MAT, Malaysia 7.9% in local cattle and 4% in yellow cattle,
(Chandrawathani et al., 2008) using IFAT, and Brazil (2.68%) using IFAT. The current
literature report seroprevalences of antibodies against T. gondii in cattle ranging from 3.3% in
Mexico to 90.9% in the Netherlands (Webster, 2010). Lower prevalence of infection in cattle
also reported in some countries sunch as Ethiopia (10.7%) using iIELISA (Tilahun et al., 2018),
Sudan (13.3%) using IELISA (Elfahal et al., 2013b), and in female cattle from south-west from
Iran (15.77%) using MAT (Hamidinejat et al., 2010). Thailand reported a prevalence of 22.3%
(Jittapalapong et al., 2008) using the LAT. The difference in the prevalence between studies

could be attributed to the different techniques used in estimating these prevalence’s.

Cattle can be readily infected with T. gondii, nevertheless, they are considered poor hosts. This
resistance to clinical toxoplasmosis could be explained by a more effective immune response

to T. gondii infection (Esteban-Redondo and Innes, 1997).
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[11. 2. Study I1. Seroprevalence and risk
factors of Brucella abortus, Chlamydia
abortus, and Coxiella burnetii in cattle in

north-eastern Algeria
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I11. 2. 1. Introduction

Productivity and profitability have a huge impact on reproductive performance of a dairy herd.
Fertility, in turn, is related to the parity of cows. To establish sustainability development in the
dairy industry, it is important that cows are pregnant at a biologically optimal time and at an
economically profitable interval after calving. Veterinarians managing fertility in dairy herds
should regularly evaluate the herd health status for pathogens known to compromise
reproductive efficiency. Infectious diseases are of increasing concern on dairy farms because
of their potential impact on animal and human health, milk and meat production, food safety,

and economics.

Dairy farms are recognized as important reservoirs of foodborne pathogens. Some infections
pathogens are known to reduce conception rates while others may cause foetal losses and
abortions. To implement appropriate and effective disease control programs at the national
level, up-to-date and unbiased information on disease frequency is needed in Algeria. It is
important that they are accompanied by continuous monitoring of herd status against abortive
pathogens, including Brucella abortus, Chlamydia abortus and Coxiella burnetii to assess the
effectiveness of the program and progress toward goals; this can be achieved through

serological testing at the herd level.

Accordingly, the study aimed:

(v) To determine the individual and herd seroprevalence of Brucella abortus,
Chlamydia abortus and Coxiella burnetii in non-vaccinated dairy cattle in north-
eastern of Algeria.

(vi)  To investigate potential risk factors related to seropositivity of antibodies against
these bacteria in dairy cattle herds.

(vii)  To identify the occurrence of reproductive disorders in relation with these infectious

diseases.

104



Chapter 111. 2 Study 11

I11. 2. 2. Materials and methods

1. 2. 2. a. Area of study and target population

The study area is described in Section I11. 1. 2. (Study I). Briefly, the study area included Batna,
Khanchela and Setif regions from north-eastern Algeria (Figure 19). Batna region (12,192 km?),
located in the Aures region approximately 214 Km from the Mediterranean coasts, has many
different climates (semi-arid cold, cold desert, warm, summery Mediterranean, hot desert and
finally warm-summer Mediterranean climate) with an annual rainfall of about 329 mm (Figure
19). Setif region has a warm and temperate climate with an average annual precipitation of
56mm (Climat Sétif, 2020). Khenchela's climate is classified as warm and temperate supra-
Mediterranean climate with an annual average rainfall of 446 mm. Essentially, the north-eastern
region of Algeria is known to include the most important number of cattle herds, and about 80%

of cattle farming is located in the northern regions of the country (Kirat, 2007).

I11. 2. 2. b. Calculation of the sample size

Calculation of the sample size was previously described in Study-l of the present Thesis.
Briefly, a two-stage sampling survey was carried out in north-western Algeria. For the first
stage of sampling (sampling of herds), the sample size for disease detection was calculated

based on the following formula (Dohoo et al., 2003) (I11. 1. 2. b. section of the present Thesis).

n1=(1—(1—a1)0_11>x(1v1—D1;1)

For the second stage (sampling of animals within herds), the sample sizes for disease detection

were also calculated based on the formula by Dohoo et al (2003) (I1I. 1. 2. b. sction of the

present Thesis):

1 Dy —1
Ny = <1 - (1-ay) D2i> x (Nzi - 2L2 )
Within herds, animals were randomly selected to allow the detection of infected individuals if
infection was present in at least 30% of animals with a 95% confidence. Sample sizes for the
two stages were calculated using Epitools (Sergeant, 2018). Holstein/Friesian, Monbeliard and

crossbreed were the most common breeds.
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I11. 2. 2. c. Herd animals and management

In total, 30 herds were visited and 437 animals included, 8 herds were small scale dairy herds
(1-10 cattle) and 22 medium scale herds (10-100). Tables 4 to 7 (Study — I) shows the

distribution of herds of different sizes and samples in the north-eastern regions.

I1. 2. 2. d. Study design

A graphical overview of the study design of all the thesis, the materials collected, and the
analysis performed is provided in the Figure 19. Study | and Il Neospora caninum, Toxoplasma
gondii, Brucella spp, Coxiella burnetii, and Chlamydia abortus as primary aetiology of abortion
was based on serological investigations of sera from the North-eastern region in Algeria as well
as molecular identification including RT-PCT from aborted bovine foetuses and foetal

membranes were used in this study.

I11. 2. 2. e. Study period and epidemiological data collection

All material for the project was collected during field trips conducted between September 2015
and May 2016, where each herd was visited once. Information from all regions (north-eastern
Algeria) was gathered through direct observation at farms, interviews of farmers, and collection
of biological material from animals. Table 21 summarizes the most of the information on
animals and farms management which was collected using an interview-based gquestionnaire
(Appendix 1). To minimize the risk of information bias/misinformation, for this, on each
excursion, the purpose of which was collect samples and information, a qualified veterinary
accompanies the breeders to avoid any possible ambiguities in the responses collected. Because
of the lack in records and farmers have a poor understanding of reproductive disorders, the

frequency of reproductive disorders in the area might have been underestimating (Appendix 1).
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Table 21. Epidemiological information’s collected during cattle sampling.

Characteristic

Variables

Animals and farm

breed (Holstein, Monbeliarde, Brune des Alpes, Fleckvieh and crossbreed), age (<2
years, between 2-6 years and >6years), animal categories (calves, heifers, milking
cows, dry cows), herd size (small <20, Large >20)

Reproductive

Performance

Reproduction technique (natural breeding (NB), artificial insemination (Al),
NB+Al), reproductive disorders (repeat breeding***(Repeat or normal), anoestrus
(yes/no), still birth (yes/no), birth of weak calf (yes/no), calving interval**
(Expected” or “Prolonged), diagnoses of reproductive diseases (brucellosis) (yes/no),
gestation status (pregnancy, no pregnancy, stage of pregnancy), abortion, number of
calving and pregnancy*, endometritis (yes/no), retained fetal membrane ((yes/no).

Clinical reproductive disorder experience CRDE (yes/no): abortion and/or stillbirth
and/or retained fetal membrane and/or dystocia and/or prolonged uterine discharge
(metritis) and/or the birth of defective and/or weak calf.

Bio-Security

Veterinarian assistance (yes, no), Presence of other animals (sheep, horses, rats, cats,
dogs), standing water, sanitary management

* Number was defined as the number of abortion and calving experienced by a cow
** Expected refers to calving every 12—-18 months while prolonged refers to over 18 months.
*** Cows reported requiring 3 or more services per pregnancy were categorized as repeat breeders.

**** abortion was defined as loss of the foetus between 42 and 260 days of gestation, and stillbirth was defined

as a calf that was born dead between 260 days and full-term or died within 24 h following birth.
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1. 2. 2. f. Serology
Blood samples were collected and stored as previously reported (111. 1. 2. g.; Study ).

The search for antibodies against the three targeted abortive agents was carried out by indirect
ELISA techniques. These tests were performed at the laboratory level of serology of the refuge
practice in Batna. All ELISAs were conducted in accordance with the manufacturer’s
instructions and cut-off recommendations (Table 24). Antibodies against all three pathogens
were tested by indirect ELISA technique using the Indirect Multi-species kit (innovative
diagnostic, Grabels, France). All ELISA kits have almost the same principal and protocol.
These kits are based on an indirect ELISA technique using a purified antigenic extract of
Coxiella burnetii phase 1 and 2 strains (isolated in France from the placenta of a bovine
abortion), Brucella abortus lipopolysaccharide and a synthetic peptide antigen from a MOMP
specific to Chlamydia. abortus. The Sensitivity and specificity of these IELISAS test figure out
in the below table.

Table 22. sensitivity and specificity of Indirect ELISA used for the antibody detection of each pathogen agent according
to the manufacturers.

Sensitivity | Interval confidence Specificity | Interval confidence
C. abortus 70% (C195%: 53.5 - 83.4%) 100% (C195%: 90.5 - 100%)
C. burnetii 100 % (C195%: 89.28%- 100%) * | 100 % (C195%: 97.75%-100%) **
B. abortus 100% (C195%: 89.57% - 100%) 99.74% (C195%: 99.24% - 99.91%)

*Performed on 32 samples.
**specificity performed on 167 samples.

Principal of the serologic technic and protocol followed in the case of bacterial abortive agents
were similar to the N. caninum and T. gondii and were summarized in the Study I- 11l. 1. 2. 2.

Serology.
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I. Validity criteria and interpretation
The Tables 23 and 24 below summarize the validity criteria and interpretation of each ELISA
test.

Table 23. Validity criteria for each disease using the Indirect ELISA in cattle sera from north-eastern Algeria.

Validity Antigen used DOpc DOcp/DOnc S/P calculation

Chlamydia synthetic peptide antigen from a | >0.350 >3 OD sample/ODpc X 100

abortus MOMP specific to Chlamydia abortus

Coxiella Coxiella burnetii phase 1 and 2 strain | >0.350 >3 OD sample/ODpc X 100

burnetii

Brucella spp Brucella abortus lipopolysaccharide >0.350 >3 (OD sample - ODnc)/
(ODpc - ODNc) x 100

Table 24. interpretation for each disease using the Enzyme-linked immunosorbent assays (ELISA) in cattle sera from
north-eastern Algeria.

Interpretation Negative Doubtful Positive Acute infection
(Strongly positive)

Chlamydia abortus S/P <50% 40<S/P<60% S/P >60% -

Coxiella burnetiid S/P <40% 40<S/P<50% 50<S/P<80% S/P >80

Brucella spp S/P <110 110<S/P<120% S/P 2120% -

I11. 2. 2. 3. Statistical analysis

The variables age, breed, number of calving, stage of gestation, use of disinfectant, cleaning
method, mixing species, sheep, quarantine practice, herd size, visit of other farmers, standing
water, presence of rivers and streams in the pasture, municipality, region and artificial
insemination were selected (P < 0.20) for multivariate analysis of Brucella abortus in cows
(Table 30).

The variables age, breed, mixing species, sheep, presence of rivers and streams in the pasture,
visit of other farmers, municipality, region and artificial insemination were selected (P < 0.20)

for multivariate analysis of Coxiella burnetii in cows (Table 30).

The variables age, breed, mixing species, sheep, visit of other farmers, municipality, region and
artificial insemination were selected (P < 0.20) for multivariate analysis of Chlamydia abortus
in cows (Table 34).
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I11. 2. 3. Results

On an individual scale, the results obtained showed a predominance of brucellosis with an
animal seropositivity rate of 28.6% (127/437; 95% ClI, 24.2%-34.6%), followed by Q fever with
A low prevalence of Chlamydia (1.45%, 95 % CI, 0.6%-3.2%) was also observed (5/344).

i. Distribution of bacterial abortive diseases according to farms

A herd is considered to be seropositive when it contains at least one female who is seropositive
for an abortive infection. Consequently, the distribution of herds shows that 22/30 (73.3%; 95%
Cl, 46.0-86.5%) have tested positive for brucellosis alone or in combination with other
abortifacients. The percentage of herds infected with Toxoplasma gondii is 70.0% (7/10) herds.
concerning Neosporosis the percentage of seropositive herds was 13/22 (59.0%; 95% ClI, 31.5-
77.5%). The other abortive diseases encountered Coxiella burneti and Chlamydia abortus had
a prevalence of 11/22 (50.0%; 95% CI, 25.0-89.5%) and 4 / 22 (18,1%; 95% CI, 5.0-46.6%)
respectively (Table 25-27).

ii. Multiple serological response (Study—I and Study-11 pathogens)

Of the 22 farms surveyed, 3 (13.63%) herds showed positive serological tests for Brucellosis
and Neosporosis (Study 1). In contrast, 15 (68.1%) herds showed positive serologies for 2, 3 or
4 abortion agents. Table 25 shows the different types of associated infections. The association
“Brucellosis, Neosporosis and Toxoplasmosis” as well as “Neosporosis, Brucellosis, Q fever,
Chlamydiosis, Toxoplasmosis” are the most frequent, both represented by 20.0% of farms. The
other associations are represented by: Neosporosis, Brucellosis, Q fever and Neosporosis-
Brucellosis with a similar prevalence respectively (13.6%), Brucellosis, Toxoplasmosis and
Neosporosis, Q fever, Toxoplasmosis with a similar prevalence of 10.0% respectively. Finally,
with low within-herd prevalence, the associations Neosporosis, Q fever and Brucellosis, Q

Fever, Chlamydiosis through a similar prevalence of 4.5% respectively.
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Table 25. Distribution of farms with multiple immune status against several abortive agents.

Multiple serological response No. seropositive (%) Municipality
Neosporosis — Brucellose 3/22 (13.6%) AIN_YAGOUT
AIN_YAGOUT
ZANA EL_BEIDA
Neosporosis - FQ 1/22 (4.5%) ROKNIA
Brucellosis — Toxoplasmosis 1/10 (10.0%) SERIANA
Neosporosis - FQ - toxoplasmosis 1/10 (10.0%) DJERMA
Neosporosis — Brucellosis - FQ 3/22 (13.6%) ZANA EL_BEIDA
ZANA EL_BEIDA
HAMMA
Brucellosis - FQ - Chlamydia 1/22 (4.5%) EL_MADHER
Brucellosis — Neosporosis - Toxoplasmosis 2/10 (20.0%) EL_MADHER
BOUMIA
Néosporosis - FQ — Chlamydia - Toxoplasmosis 1/10 (10.0%) AYOUN ASSAFIR
Néosporosis- Brucellosis- FQ-Chlamydia- | 2/10 (20.0%) LAZROU
Toxoplasmosis
AYOUN ASSAFIR
Total 15/22 (68.1) 10

On an individual scale, 23 female cattle showed antibodies to two to three abortifacients at a
time (Table 27). 7 cattle showed a positive serological association for brucellosis and
toxoplasmosis. On the other hand, only 4 cattle were simultaneously seropositive with
Chlamydia, Q fever and neosporosis, brucellosis. 3 cattle were seropositive for neosporosis, Q
fever and neosporosis, toxoplasmosis. However, no bovine was seropositive with the five

abortifacient agents at the same time but on the other hand, we detected a bovine seropositive

with four pathologies (neosporosis, toxoplasmosis, Q fever and chlamydiosis).
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Table 26. Distribution of seropositive cows by herd and by municipality.
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Table 27. Animals’ seroprevalence.
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Table 28. Distribution of seropositive and seronegative females for Brucella spp. and Coxiella burnetii

Coxiella burnetii

seronegative seropositive total
Brucella spp Seronegative 208 (82.5%) 44 (17.5%) 252
Seropositive 90 (97.8%) 2 (2.2%) 92
Total 298 (86.6) 46 (13.4%) 344

P-value<0.0001

Table 29. Distribution of seropositive and seronegative females for Brucella spp and Toxoplasma gondii

Toxoplasma gondi

seronegative seropositive total
Brucella spp Seronegative 115 (93.5%) 8 (6.5%) 123
Seropositive 36 (83.7%) 7 (16.3%) 43
Total 151 (91.0%) 15 (9.0%) 166

P-value=0.054 fisher =0.067

Table 30. Distribution of seropositive and seronegative females for Coxiella burnetii and Chlamydia abortus

Chlamydia abortus

seronegative seropositive total

Coxiella burnetii Seronegative 298 (100%) 0 (0.0%) 298
Seropositive 41 (89.1%) 5(10.9%) 46

Total 339 (98.5%) 5 (1.5%) 344

P-value<0.0001

Table 31. Distribution of seropositive and seronegative females for Chlamydia abortus and Toxoplasma gondii

Toxoplasma gondii

seronegative seropositive total

Chlamydia abortus | Seronegative 148 (91.9%) 13 (8.1%) 161
Seropositive 3 60.0%) 2 (40.0%) 5

Total 151 (91.0%) 15 (9.0%) 166

P-value=0.014 fisher=0.065

ii. Risk factors associated with the seropositivity of abortion bacterial agents.

Risk factors significantly associated with seropositivity towards Brucella spp, Coxiella burnetii
and Chlamydia abortus. The univariate analysis revealed seven factors significantly associated
with seropositivity towards of Coxiella burnetii. For numeric variables, we used the Student's
t-test. For categorical variables, we used the Chi-squared Test, except when the sample size for

any of the categories was small (i.e. lower than 5), in which case we used the Fisher’s exact

test.
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Associated with Brucella abortus

The following variables were identified as risk factors by the final multivariable logistic
regression Table 32: age (all categories) for cows more than 60 months OR=7.39 (95% ClI,
2.1%-25.5%) artificial insemination OR=1.46 (95% CI, 0.4%-4.3%), and finally, rivers and
steaming in the pasture (Yes vs No) OR=25.9 (95% ClI, 8.2%-81.7%) However, Herd size (as
numeric variable) was found as a protective factor, consequently, an increase of one animal in
the herd (namely, an increase of one unit in the size of the herd) translates as a decrease of a
4% (1-0.96 = 0.04) in the odds of the herd (Table 32).

Table 32. The final multivariable logistic regression model for factors associated with Brucella infection.

Factor Odds Ratio | Confidence interval P-value
Age (24, 48 months) 5.58 1.59-19.57 0.007
Age (48, 60 months) 5.66 1.55-20.68 0.009
Age (> 60 months) 7.39 2.14-25.53 0.002
Herd size (numerical) 0.96 0.93-0.96 0.002
Rivers and Streams (yes vs no) 25.95 8.23-81.76 <0.000
IA in five last year

Naturel 0.17 0.03-1.01 0.051
Artificiel 1.46 0.48-4.39 0.505

Association with Coxiella burnetii

Visit of other farmers with no specific protection (yes vs no) was the main variable that was
identified as risk factor by the final multivariable logistic regression with odds of ratios 5.70,
in another hand, the season (Autumn vs Winter vs Sprint) and water source (tap water vs well)

were identified as protective factors (decrease seropositivity) with odd ratio of 0.09 and 0.09,

respectively (Table 33).

Table 33. The final multivariable logistic regression model for factors associated with Coxiella burnetii

Factor Odds Ratio Confidence interval P-value
Season

Winter 0.29 0.09-0.89 0.031
Sprint 0.09 0.02-0.49 0.005
Visit of other farmers (yes vs no) 5.70 1.70-19.10 0.005
Water source (tap water vs well) 0.09 0.02-0.44 0.003
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Table 34. Risk factors in relation with B. abortus, C. abortus and C. burnetii.

B. abortus, melitensis, suis Chlamydia abortus C. burnetii

characteristics n No. of positive (%) P n P n % of positive P
<2 years6-48* 41 10 (24.4) 0.001 | 38 0(0) 0.240 | 38 2(5.3) 0.112
2-6 years49-72 318 81 (25.5) * 257 3(1.2) 257 40 (15.6)
>6years73-182 78 36 (46.2) 49 2(4.1) 49 4(8.2)
Breed 0.000 0.032 0.000
Crossedbreeds 113 59 (52.2) * 91 0(0) * 91 2(2.2) *
Montbéliarde 159 35(22) 120 1(0.8) 120 26 (21.7)
Holstein 126 26 (20.6) 100 3(3) 100 17 (17)
Brune des alpes 28 5(17.9) 25 0(0) 25 0(0)
Fleckveih 1 2(18.2) 8 1(12.5) 8 1(12.5)
number of calving 0.997 0.033 1.000
<=2 234 65 (27.8) 194 1(0.5) * 194 26 (13.4)
3-4 153 47 (30.7) 116 2(L7) 116 16 (13.8)
>=5 50 15 (30) 34 2(5.9 34 4(11.8)
Number of pregnancies 0214 0.090 0.819
<=2 213 59 (27.7) 194 1(0.5) 194 26 (13.4)
35 157 42 (26.8) 116 2(L7) 116 16 (13.8)
>=5 67 26 (38.8) 34 2(5.9 34 4(11.8)
Gestation 0.280 0.372 0.533
No 204 55 (27) 168 1(0.6) 168 20 (11.9)
Yes 233 72 (30.9 176 4(2.3) 176 26 (14.8)
Stage of gestation (month) 0211 0.205 0.462
1-3 75 22 (29.3) 57 1(1.8) 57 6 (10.5)
4-6 76 27 (35.5) 57 2(35) 57 11(19.3)
7-9 81 23 (28.4) 61 1(L.6) 61 9(14.8)
Al 5yr 0.000 0.037 0.009
No 222 45 (20.3) * 198 1(0.5) 198 33(16.7) *
Yes 78 9(11.5) 47 0(0) 47 8(17)
Both 137 73 (53.3) 99 4(4) 99 5(5.1)
Al in last mating 0.019 0.167 0.053
No 222 45 (20.3) * 198 1(0.5) 198 33(16.7)
Yes 215 82 (38.1) 146 2.7 (5) 146 13 (8.9)
use of disinfectant 0.126 0.021 0.790
Yes 262 73(27.9) 207 0(0) 207 29 (14)
No 175 54 (30.9) 137 5(3.6) 137 17 (12.4)
Cleaning method 0.000 0.503 0.494
Balayage 108 49 (45.4) * 77 0(0) 77 8(10.4)
Balayage et toyauterie 329 78 (23.7) 267 5(1.9) 267 38(14.2)
mixing with other spp 0.000 1.000 0.006
No 99 9(9.1) * 89 1(11) 89 20 (22.5)
Yes 338 118 (34.9) 255 4(1.6) 255 26 (10.2)
Visit of another farmer 0.184 0.654 0.030
No 159 49 (30.8) 128 1(0.8) 128 10(7.8)
Yes 278 78 (28.1) 216 4(1.9) 216 36 (16.7)
Quarantine practice 0.001 0.545 0.660
No 365 119 (32.6) * 272 5(1.8) 272 38(14)
Yes 72 8(11.1) 72 0(0) 72 8(11.1)
presence of sheep 0.000 0472 0.004
No 91 8(8.8) * 81 0(0) 81 19 (23.5)
Yes 346 119 (34.4) 263 5(1.9) 263 27(10.3)
Presence of calving box 0.013 1.000 . 0.824
No 354 114 (32.2) * 261 4(1.5) 261 36(13.8)
Yes 83 13 (15.7) 83 1(1.2) 83 10 (12)
EL-MADHER DJARMA | 47 0(0) 0.000 | 47 0(0) 0001 | 47 (8(17) 0.001
SERIANA 25 16 (64) * 25 0(0) 25 0(0)
LAZROU 24 16 (66.7) 24 1(4.2) 24 2(8.3)
BOUMIA 14 2(14.2) 14 1(7.1) 14 2(14.3)
AY_A 31 8(25.8) 31 0(0) 31 0(0)
AIN_YAGOUT 25 1(4) 25 3(12) 25 3(12)
ZANAEL_BAIDA 41 35(85.4) 41 0(0) 41 0(0)
HAMMA 45 11 (24.4) 45 0(0) 45 10 (22.2)
ROKNIA 52 3(5.8) 52 0(0) 52 11(21.2)
AIN ABASSA 40 0(0) 40 0(0) 40 10 (25)
DOUAR ADJAIL 24 2(8.3) - - - -
AIN AZAL 21 9(42.9) - - - -
AIN HEDJAR 38 24 (63.2) - - - -
Batna 252 89(35.3)
Khenchela 92 3(3.3) 252 5(2) 252 25(9.9)
Setif 93 35(37.6) 92 0(0)- 92- 21(22.8)-
Small <20 130 52 (40) 0.013 | 72 3(4.2) 0.063 | 72 7(9.7) 0.407
Large >20 307 75 (24.4) 6 272 2(0.7) 272 39 (14.3)
River streaming 0.000 0.383 0.008
No 223 19 (8.5) * 189 4(2.1) 189 34 (18)
Yes 214 108 (50.5) 155 1(0.6) 155 12(7.7)
Standing water 0.000 0.156 0.765
No 136 16 (11.8) * 102 3(2.9) 102 15 (14.7)
Yes 301 111 (36.9) 242 2(0.8) 242 31(12.8)
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Association with Chlamydia abortus

The following variables were identified as risk factors by the final multivariable logistic
regression Table 35: age (numeric), stray dogs (yes vs no) and wild animal in the building with
odds ratios 1.03, 0.05 and 13.75 respectively.

Table 35. The final multivariable logistic regression model for factors associated with Chlamydia infection.

Factor Odds Ratio | Confidence interval P-value
Age (numeric) 1.03 1.00-1.05 0.066
Stray dog (yes vs no) 0.05 0.00-0.85 0.038
Wild species in the building 13.75 1.57-120.64 0.018

Table 36. Occurrence of reproductive disorders in relation to Chlamydia abortus.

Variable Cattle Chlamydia
seropositive cattle
Number of animals | No. of Positive Proportion of P-value
examined seropositive
(95% CI)

Abortion
No 245 4 1.63(0.45, 4.13)
Yes 60 1 1.67 (0.04, 8.94) >0.999
Endometritis
No 273 5 1.83(0.60, 4.22)
Yes 32 0 0.00 (0.00, 10.89) 0.971
Weak calf
No 290 5 1.72 (0.56, 3.98)
Yes 15 0 0.00(0.00, 21.80) >0.999
Retained foetal membrane
No 283 5 1.77 (0.58, 4.07)
Yes 22 0 0.00(0.00, 15.44) >0.999
Anoestrus
No 244 4 1.64 (0.45, 4.14)
Yes 61 1 1.64 (0.04, 8.80) >0.999
Repeat breeding
No 215 2 0.93(0.11, 3.32)
Yes 90 3 3.33(0.69, 9.43) 0.311
CRDE
No 149 1 0.67 (0.02, 3.68) 0.395
Yes 156 4 2.56 (0.70, 6.43)
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Table 37. Occurrence of reproductive disorders in relation to Coxiella burnetii.
Variable Cattle Coxiella brunetii
seropositive cattle
Number of animals | No. of Positive Proportion of P-value
examined seropositive
(95% Cl)
Abortion
No 245 34 13.88 (9.81, 18.85)
Yes 60 10 16.67 (8.29, 28.52) 0.729
Endometritis
No 273 41 15.02 (11.00, 19.82)
Yes 32 3 9.38 (1.98, 25.02) 0.553
Weak calf
No 290 43 14.83 (10.94, 19.45)
Yes 15 1 6.67 (0.17, 31.95) 0.617
Retained foetal
membrane
No 283 44 15.55 (11.53, 20.30)
Yes 22 0 0.00 (0.00, 15.44) 0.092
Anoestrus
No 244 37 15.16 (10.91, 20.29)
Yes 61 7 11.48 (4.74, 22.22) 0.596
Repeat breeding
No 215 26 12.09 (8.05, 17.22)
Yes 90 18 20.00 (12.31, 29.75) 0.107
CRDE
No 149 21 14.09 (8.94, 20.73) >0.999
Yes 156 23 14.74 (9.58, 21.30)
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Table 38. Occurrence of reproductive disorders in relation to Brucella abortus.

Variable Cattle B. abortus
seropositive cattle
Number of animals | No. of | Proportion of P-value
examined Positive seropositive
(95% Cl)

Abortion
No 313 68 21.73(17.28, 26.71)
Yes 82 48 58.54 (47.12, 69.32) <0.000
Endometritis
No 357 101 28.29 (23.68, 33.27)
Yes 38 15 39.47 (24.04, 56.61) 0.211
Weak calf
No 380 111 29.21 (24.68, 34.06)
Yes 15 5 33.33(11.82, 61.62) 0.956
Retained foetal membrane
No
Yes 364 103 28.30 (23.73, 33.23)

31 13 41.94 (24.55, 60.92) 0.163
Anoestrus
No 324 95 29.32 (24.42, 34.61)
Yes 71 21 29.58 (19.33, 41.59) >0.999
Repeat breeding
No 277 74 26.71 (21.60, 32.34)
Yes 118 42 35.59 (27.00, 44.93) 0.098
CRDE
No 189 39 20.63 (15.10, 27.11)
Yes 206 77 37.38 (30.75, 44.37) <0.000

I11. 2. 4. Discussion
The aim of our study was the investigation of individual-level seroprevalence of Brucella
abortus, Chlamydia abortus and Coxiella burnetii in dairy cattle in eastern Algeria and clarify

factors associated with individual-level seroprevalence of these pathogen infections.

Cross-sectional study design associated with serological investigations, as used in the study I,
is widely used in veterinary epidemiology and used to assess the burden of a particular disease
in a defined population (Dohoo et al., 2009). The advantage of cross-sectional design is that it
is unambiguous, straightforward, inexpensive, and needs only one sampling occasion. It
provides descriptive characteristics of a population at a particular point in time and includes
both old and new cases (Dohoo et al., 2009). Nevertheless, it is less suitable for determining
when the disease occurred or for how long it has lasted. The finding of antibodies in a single

serum sample only indicates that infection has occurred sometime in the past which make its
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diagnostic value as indicator of present active infection limited (Levin, 2006). It is impossible
to determine the sequence of events, namely whether exposure occurred before, during, or after
the onset of disease outcome (Levin, 2006). In some type of ELISA’s against some diseases, a
high level of antibodies could indicate a possible acute phase of the diseases. One disadvantage
of cross-sectional design compared to, for example, longitudinal study design is consequently
the weakness in determining cause-effect relationships (Dohoo et al., 2009). The association
between seropositivity and reproductive disorders found in the present study is therefore not
necessarily causal even though it is statistically significant. Other study designs, such as
longitudinal study or case-control study, would have been stronger field visits.

Sample-size determination is often an important step in planning an epidemiological study.
There are several approaches to determining sample size. It depends on the type of the study.
Descriptive, observational and randomized controlled studies have different formulas to
calculate sample size. An adequate sample size helps guarantee that the study will yield reliable
information, regardless of whether the ultimate data suggest a clinically important difference
between the treatment being studied, or the study is intended to measure the accuracy of a
diagnostic test or the incidence of a disease. Ideally, to get a true prevalence estimate of a given
infection in a population with good precision, all animals should be included (census). Due to
the insufficiency of resources, only a fraction (sample) of the population is used to represent
the whole population. This fraction needs to be optimal and representative to allow inferences
to be made about the target population (Dohoo et al., 2009), which necessitates a random
sampling strategy.

The calculation of sample size needed was complicated by several factors: unknown prevalence
and heterogeneity in management systems. Pertinent literature on seroprevalence in Algeria is
scarce and concerns studies conducted in other parts of the country with different management
systems, study design, and laboratory techniques, limiting its relevance. The minimum sample
size was increased to take into account the mentioned challenges. It is therefore likely that the
sample size in the present study allows implications to be made about the target population;
furthermore, the herds included were generally typical and are very likely representative of

other herds in the study areas.
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Most of the information on reproductive disorders and risk factors was collected using an
interview-based questionnaire, which is susceptible to communication challenges. To minimize
the risk of information bias/misinformation, for this, on each excursion, the purpose of which
was collect samples and information, a qualified veterinary accompanies the breeders to avoid
any possible ambiguities in the responses collected. However, the information farmers provide
depends largely on their knowledge, record keeping, and capacity to remember what happened
up to, in some cases, more than 5 years before interview. Because of the lack in records and
farmers have a poor understanding of reproductive disorders, the frequency of reproductive
disorders in the area might have been underestimating. For a dairy herd, the only record
important to most farmers is number of calving and milk yield in which this latter information
could not be provided even for veterinary inspection. Information on reproductive performance
indicators in general (age at first service, age at first pregnancy, conception rate, and calving
interval) was sought by the owners. Early embryonic loss, such as fertilization/conception
failure and early embryonic mortality, was not possible to assess in all breeders, which might
cause further underestimation of the occurrence of reproductive disorders. Brucella spp.

typically results in abortion in late gestation that is relatively easily recognized by farmers.

All infectious agents studied have global epidemiological distribution (Khan and Zahoor, 2018;
Lanave et al., 2017; Barati et al., 2017; Almeria and Lopez-Gatius, 2013; Hemphill and
Gottstein, 2000; Dubey and Webster, 2010; Knobel et al., 2013). They were all selected in
accordance with their recognized impact on the ability to cause reproductive disorders in cattle,
public health and economic importance, and likely local importance (Khan and Zahoor, 2018;
Lanave et al., 2017; Barati et al., 2017; Almeria and Lopez-Gatius, 2013; Hemphill and
Gottstein, 2000; Dubey and Webster, 2010; Knobel et al., 2013) exceptionally in Algeria where
vaccine does not practical against them. Practical and financial considerations made it necessary
to focus on only a few. There are several other important infectious agents known to cause
reproductive disorders in cattle such as Leptospira spp., Campylobacter foetus, Listeria spp.,
Haemophylus somnus, Trichomonus foetus, Sarcocystis neuroni and Bovine Herpes Virus -1
(BHV- 1) (Yoo, 2010). The incidences of reproductive disorders in bovine are increasing over
years. This scenario is further aggravating due to more emphasis on selection and rearing of
animal for specific commercial purposes which compromises livestock reproduction.

Commonly, in Algeria, there is a paucity of data on endemic zoonosis other than Brucella spp
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(Khan and Zahoor, 2018; Lanave et al., 2017; Barati et al., 2017; Almeria and Lopez-Gatius,
2013; Hemphill and Gottstein, 2000; Dubey and Webster, 2010; Knobel et al., 2013; Lounes et
al., 2014). In Algeria, few studies have been done on humans and livestock (Lacheheb and
Raoult, 2009; Rouatbi et al., 2019; Croxatto et al., 2014; Lounes et al., 2014), accentuating the
need for more research on this infection. Additionally, molecular epidemiological information

is still lacking.

In the current study, Antibody IELISA was used because it is widely used and also
recommended by OIE for screening of brucellosis (OIE, 2008; IDvet innovative diagnostic,
2018). The IELISA has a sensitivity of 100% (C195%: 89.57% - 100%), a specificity of 99.74%
(C195%: 99.24% - 99.91%), and performed with Brucella abortus lipopolysaccharide as
antigen. ELISAs are divided into two categories, the indirect ELISA (iELISAs) and the
competitive ELISA (CELISAs). Most iIELISAs use purified smooth LPS as antigen but a good
deal of variation exists in the anti-bovine Ig conjugate used (Saegerman et al., 2004). Most
IELISASs detect mainly 1gGs or 1gG sub-classes. Their main quality is their high sensitivity but
they are also more vulnerable to non-specific reactions, notably those due to Yersinia
enterolitica (YO9) infection. These cross-reactions seen in iELISAs motivated the development
of cELISAs. These tests are more specific, but less sensitive, than IELISAs (Nielsen et al.,
1995). The OIE considers these tests “prescribed tests for trade”(OIE, 2008).

The ELISA used in the study detects antibodies directed against Brucella abortus, melitensis
and suis in serum and plasma. Khames et al., (2017) concluded that Bruce-ladder multiplex
PCR and conventional bio typing showed that Algerian cattle are infected mostly by B. abortus
biovar 3, and to less extent by B. abortus biovar 1 and B. melitensis biovar 3. The test is
straightforward and versatile with short and overnight incubations for individual serum or

plasma samples, or pools of up to 10 samples.

When testing bovine samples, cross-reactions due to Yersinia enterolitica may be observed with
this test, especially for free range animals. The Kit is easy-to-use, and results are obtained in 90
minutes. This test does not discriminate between natural infection and vaccination with B.
abortus S19, but, importantly, there is no history of vaccination against brucellosis in Algeria.
Consequently, the presence of antibodies due to vaccination can be excluded, which simplifies

the interpretation of serological results.
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Enzyme linked immunosorbent assay (ELISA) with blood is preferred for large-scale screening
of the infection status livestock (OIE, 2019). In dairy cattle, seroconversion against C. burnetii
tends to occur within the first ninety days of lactation, with young multiparous cattle being the
most likely to seroconvert (Bottcher et al., 2011). As stated by Niemczuk et al., (2014); Sidi-
Boumedine et al., (2010) the use of a combination of different laboratory methods, preferably
ELISA for serology and PCR for the agent detection, is suggested to achieve the correct
diagnosis of Q fever in cattle.
Antibody iIELISA used in the current study is based on Coxiella burnetii phase 1 and 2 strains
(isolated in France from the placenta of a bovine abortion). It can be used on serum, plasma and
milk of ruminants. C. burnetii exists in two antigenic phases: phase | and phase Il. This
antigenic difference is important in diagnosis. Anti- phase I1-antibodies are produced early after
infection with virulent C. burnetii, whereas the increase of anti-phase | antibody titers is
delayed. The two forms of the infection, acute and chronic, have different serological profiles:
o inacute cases of Q fever, antibody levels to phase 11 C. burnetii are usually much
higher than to phase | C. burnetii, and are generally first detected during the
second week of illness.

o in chronic Q fever, both phase I and phase 11 antibody titres are high.

ELISA is preferred over IFA and CFT, particularly for veterinary diagnosis, because it is
convenient for large-scale screening. The ID Screen® Q Fever Indirect Multi-species ELISA
used in the study uses phase I and 11 Coxiella burnetti as antigens. The manufacturer claims 100
% (CI195%: 89.28%- 100%) sensitivity performed on 32 samples and 100 % (C195%: 97.75%-
100%) specificity performed on 167 samples of animals with known infection status. Similarly,
to other studied diseases there is no vaccination in Algeria against the Q fever. This test does
not discriminate between natural infection and vaccination, but, importantly, there is no history
of vaccination in Algeria, therefore, the presence of antibodies due to vaccination can be

excluded, which simplifies the interpretation of serological results.
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Chlamydia abortus

Serological diagnosis of Chlamydia abortus may be achieved by the complement fixation test
(CFT) or by ELISA. These tests, which use LPS or whole bacteria as antigens, generally present
low specificity and sensitivity levels, and cross reactions are often observed with the
lipopolysaccharide of Chlamydophila pecorum. The IDvet Screen® Chlamydophila abortus
Indirect Multi-species ELISA used in the present study aims to reduce these false positive
reactions through the use of a synthetic peptide antigen from a MOMP specific to Chlamydia
abortus.

The PCR and real-time PCR tests, although highly sensitive and used to detect Chlamydia in
different animals in other countries have seldom been used on a large scale due to high cost.
O’Neill et al., (2018) reported in his investigation that aimed to compare three commercial
ELISA Kits to detect C. abortus antibodies in ewes and to determine which of the kits had the
highest sensitivity. The IDvet kit used a MOMP peptide antigen, the MVD-Enfer kit is based
on a POMP90-3 antigen while the LSI Kit plates are coated with chlamydial LPS. Moreover,
the sensitivity was highest with the LSI test kit at 94.74%, followed by the MVD-Enfer and
IDvet Kits, at 78.95% and 73.68% respectively.

In the present study antibody IELISA was used and the manufacturers claims a specificity of
100% (CI95%: 90.5 - 100%) and sensitivity of 70% (C195%:53.5%-83.4%). This test does not
distinguish between natural infection and vaccination, but, prominently, there is no history of
vaccination in Algeria against Chlamydiosis, subsequently, the presence of antibodies due to

vaccination can be let off, which simplifies the interpretation of serological results.
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The aim of this study was to determine the seroprevalence of Brucella spp. infections in
unvaccinated cattle in selected districts of north-eastern region of Algeria and identify
associated risk factors. From our study, there was evidence of previous cattle exposure to
brucellosis in the study area.

In Algeria, control programs against brucellosis are applied based on various strategies:
screening-slaughtering program against cattle brucellosis, and Rev-1 vaccination program
against small ruminants’ brucellosis (Kardjadj, 2016), whereas on the other hand, no vaccine is

practice for cattle.

The overall animal level seroprevalence in our study (28.6%) was higher than previously
reported in Algeria (7/280; 2.5%) using the Rose Bengal test (Kaaboub et al., 2019). Similarly,
Yahia et al., (2018) stated a seroprevalence of 1.4% in their study carried out between 2004-
2013 in Djelfa province (located in the high plateaus, 300 km south of Algiers capital of
Algeria). In the same way. Ammam et al., (2018) reported 6.30% in human seroprevalence in
contact with cattle from North-western Algeria (Sidi Bel Abbes). World Health Organisation
(WHO) argued that human brucellosis incidence in Maghreb countries was 10 to 25 times
underestimated (Berger, 2016). In opposite, the animal seroprevalence in the current study was
lower when compared to the 31.5% in both southern and northern Tiaret province (Aggad and
Boukraa, 2006) using the buffered plate antigen test, and also 40.10% in Angola (Franco C.
Mufinda et al., 2015) using Rose Bengal test.

The reported herd level seroprevalence in our study (73.3%) was higher when compared to the
7/57 farms (12.28%) in media (north centre Algeria) (Kaaboub et al., 2019). Further, Moustafa
Kardjadj, (2018) reported a within herd prevalence of 12% (95%; Cl 4.65%-19.35%) using
IELISA in their study carried out in five regions (north-central, north-western, north-eastern,
steppe, and the Sahara region). The same observation was reported in Morocco at individual
(1.9%; 95% CI 1.2%-2.8%) and herd 9% (95% CI 4.5%-1.5%) levesl by Yahyaoui Azami et
al., (2018). In addition, based on serological (Rose Bengal test and iELISA) and molecular
(real-time PCR) analyses, the true adjusted animal population level prevalence was 23.5 % in
cattle in central-eastern Tunisia with a true adjusted herd level prevalence of brucellosis of 55.6
% (Barkallah et al. 2017). There, Khamassi Khbou et al., (2017) reported an overall animal

seropositivity to Brucella spp., of 21% and 1.9% in case and control farms, respectively.
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Despite a lack of epidemiological data, it is admitted the disease is endemic in Maghreb, with
brucellosis prevalence in small ruminants ranging from 0.1% for Morocco to 6% and 7.5%,
respectively for Algeria and Tunisia (Ayayi Justin Akakpo et al., 2009). Refai Mohamed,
(2002) stated that, brucellosis infection was reported in almost all domestic animals, particularly
cattle, sheep and goats in countries of the Near East region (Saudi Arabia, Kuwait, Israel, Oman,
Iraq, Iran, United Arab Emirates, Jordan, Israel, Palestinian, Syria, Yemen Sudan, Egypt, Libya,

Somalia Tunisia and Turkey).

In the study area, semi-extensive farming management is the most type used by breeders. It
may be explaining the high level of animal and within herds seroprevalence of antibodies
against Brucella spp. in agreement with multiple studies that reported that extensive production
systems exhibit low rates of disease transmission and lower disease burden, while
intensification promotes transmission due to increased stocking densities, animal contacts and
a higher birth index (Grace et al., 2012; McDermott Grace and Zinsstag, 2013; Jones et al.,
2013; Racloz et al., 2013; Ducrotoy et al., 2014).

In the present investigation, the potential risk factors included age (all categories: for cows more
than 60 months (OR=7.39 [95% ClI, 2.1%-25.5%]), presence of rivers and/or runoff (OR=25.9
[95% CI, 8.2%-81.7%]) in pastures and the use of artificial insemination (OR=1.46 (95% ClI,
0.4%-4.3%)). In opposite, herd size (as numeric variable) was found as a protective factor; an
increase of one animal in the herd (namely, an increase of one unit in the size of the herd)
translates as a decrease of a 4% (1-0.96 = 0.04) in the odds of the herd.

Age is one of the possible factors associated with the occurrence of brucellosis. The prevalence
was lower among the young animals screened in this study compared to the older ones. Usually,
young animals are protected by maternal immunity until when the immunity disappears, thus
susceptibility seems to be low among them. The high prevalence seen in the older animals is
demonstrating the chronic nature of brucellosis. Brucellosis appears to be more associated with
sexual maturity (Mukasa-Mugerwa and Africa, 1989). This is in accordance to previous studies,
and its explanation lies in the fact that the older animal is, the longer is the potential exposure
to the pathogen (Abutarbush, 2010; Megersa et al., 2011). Age was previously found to be

significantly associated with seropositivity for brucellosis in cattle in Media (North center
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Algeria) (Kaaboub et al., 2019), Niger (Mohammed et al., 2011; Boukary et al., 2013). While,
Mohammed et al., (2011) observed that age, sex, location, and herd size played role in the

epidemiology of brucellosis among cattle herds in Jigawa state, north western Nigeria.

The data generated in the present study agrees with Delafosse et al., (2002) Koutinhouin. B et
al., (2003), Muma et al., (2006), Zubairu Ardo and Mai, (2014) Asmare K et al., (2010), Ibrahim
et al., (2010), Hailu Degefu et al., (2011), B et al., (2011), Tialla et al., (2014) and Dirar
Nasinyama and Gelalcha, (2015) that reported that the relationship between the increase of the
risk of infection with age logically corresponds to a greater probability of exposure to risk in
older animals to remain infected, and to be dangerous to other animals.

Farms which practiced artificial insemination (Al) had 1.46 (95% CI, 0.48-4.39) times more
likely to have brucellosis infection compare to farms with natural mating. Brucella spp. antigen
could be transmitted via Artificial insemination gun during non-aseptic Al process by
inseminator. Two of the major goals of artificial insemination of domesticated animals are to
achieve continuous genetic improvement and to prevent or eliminate venereal disease.
According to McDermott and Arimi, (2002); Neta et al., (2010) venereal transmission is not a
major route of infection under natural conditions, but artificial insemination with contaminated

semen was reported as potential source of infection in Brazil and sub-Saharan Africa countries.

B. abortus is one of the pathogens that directly affect the testicular parenchyma where it could
become cultured; genital tract cells produce erythritol promoting this pathogen’s growth and
are thus its preferred localization Givens and Marley, (2008). reported that brucellosis infection
in bulls could lead to reduced libido and lower semen quality and infertility. The shedding of
B. abortus in the semen of bulls has been reported and this may pose a risk of disease
transmission by Al (Eaglesome M.D and Garcia M. M, 1993). Johanna Lindahl et al., (2019)
stated that artificial insemination was also associated with increased risk of brucellosis infection
in dairy herds. Aprizal Panus et al., (2018) indicated that farms which were not having
disinfection before the artificial insemination seems 2.8 times more likely to have brucellosis
infection in their farms compare to farms with having disinfection, assessing the importance of

disinfection as protective factor to reduce brucellosis infection.
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Nicoletti, (1980) (Nicoletti, 1980) suggested that although Brucella abortus survives under
certain conditions in pasture and water, the absence of direct contact between susceptible and
infected animals or infected biological material (carcasses, uterine secretions, aborted foetuses,
and semen for artificial insemination) almost eliminate the risk of disease spread. In contrast,
Shome, (2014) concluded in their investigation in India that animals bred with natural mating
were more seropositive for Brucella infection than animals bred with artificial insemination. In
the same way, Cérdenas et al., (2019) said that when herds with and without artificial
insemination were compared, it was observed that farms that used natural breeding with bulls
from non-certified herds had a higher risk than farms using artificial insemination (OR =2.45,
p-value=0.037), but when the bulls came from brucellosis-free farms, farms with natural
breeding were less affected (OR=0.30, p-value=0.004) than farms using artificial
insemination, whether with frozen semen from certified brucellosis-free herds or fresh semen

from uncontrolled Columbian herds.

Nevertheless, given that in Algeria semen comes from The National Center for Artificial
Insemination and Genetic Improvement (CNIAAG), with quality control standards, artificial

insemination is a consolidated and safe reproductive procedure (http://www.cniaag.dz/)

(‘CNIAAG’ 2020). It should be worried that the exclusive use of artificial insemination for
reproductive management might be a substitution variable for herds that have better production
standards and therefore greater concern over health issues, given the quality of the genetic

material in the herd.

In the present survey, larger herds were considered protective factors, more precisely, an
increase of one animal in the herd (namely, an increase of one unit in the size of the herd)
translates as a decrease of a 4% (1-0.96 = 0.04) in the odds of the herd to contract brucellosis
infection. The explanation of that is probably, purchase of cows (introduction of new animals
to the herd without any controlling) in small herds increased the prevalence and risk of
brucellosis infection in comparison to middle and large herd sizes. One explanation could be
that cattlemen with small herds are less careful, by economical constraints, in purchasing
animals. McDermott and Arimi, (2002) stated that brucellosis risk in the extensive livestock
production systems is more important regarding large herd sizes, extensive movement of cattle,

and common mingling with other herds at common grazing and watering points from sub-
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Saharan Africa. The same reflexion took place regarding large herd size in Ethiopia (Ibrahim
et al., 2010; Terefe et al., 2017), in Tanzania (Sagamiko et al., 2018), in Uganda (Bugeza et al.,
2019), (Oloffs, 1996), (Fred Unger et al., 2003), in Ghana (Tasiame et al., 2016), in Zambia
(Muma et al., 2007), in Negeria (Ogugua et al., 2018), in Italy (Calistri et al., 2013), and in
Brazil (De Alencar Mota et al., 2016).

It is reasonable that a larger flock size increases the risk of infection by increasing the contact
rate between susceptible and infected animals, particularly, in the case of intensive breeding.
Further, sanitary measures are poorer in larger herds compared to small herds. Unhygienic
practices, cattle concentrations, and mixing encourage spread of the infection amongst the
animals. Furthermore, Calistri et al., (2013) suggested that the association between the
brucellosis infection and the number of animals in the herd is probably linked to the number of
parturitions and abortion, and therefore probability of Brucella spread, and maybe to the

number of contact among animals, through animal movements or in the pastures.

In the present survey, presence of rivers and steaming in the pasture (Yes vs no) were considered
as risk factors to seropositivity of animals (P-value<0.001, OR=25.9 [95% CI, 8.2%-81.7%)]).
Our finding is in accordance with several studies (Calistri et al., 2013; Mazeri et al., 2013;
Pandey et al., 1999; Hellmann, Staak and Baumann, 1984). Transmission is possible at watering
points when cattle share water with wild animals, which could explain the higher risk of

infection in herds that shared water with wild animals.

Animal-level and herd-level seroprevalence in unvaccinated cattle for Coxiella burnetii were
13.3% (46/344; 95% ClI, 9.8%-17.8%) and 11/22 (50.0%; 95% ClI, 25.0%-89.5%) respectively,
with specific seroprevalence at farm level (at least one positive animal) ranged from 0.0% (0
out 47;95% CI: 0-5.2%) to 41.7% (5 out of 12; 95% CI: 18.0%-68.8%). The age of the cows
ranged between 6 months and 15 years. Positive cattle were found in all three age groups, and

the seroprevalence ranged from 5.3% to 15.6 %.

In Algeria, Q fever is considered an endemic infection. Interestingly, very few studies have
documented the seroprevalence of Q fever in Algerian farm animals and most investigations
have focused on sheep and goats (Khaled et al., 2016; Yahiaoui et al., 2013; Rahal K et al.,

2011). Consequently, Q fever has been unexplored in Algeria. As a consequence of the lack of
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published results, the value of ruminants as C. burnetii reservoirs and their role in diffusion of
this pathogen are currently not totally known.

The overall animal level seroprevalence in our study (13.3%) was lower than that reported
earlier in south-eastern Algeria by Benaissa et al., (2017) who reported a seroprevalence of C.
burnetii at the animal level equal to 71.2% (95% CI: 65.2—78.3) and 85.3% (95% CI: 72.8—
97.8) at the herd level in camel using ELISA. Obaidat and Kersh, (2017) in Jordan revealed that
62.9% (95% confidence interval: 55.1% t070.0%) of the tested ruminant farms were positive
for C. burnetii antibodies using Ab ELISA in Bulk milk (Obaidat and Kersh 2017). These
results are much lower than those observed in Europe, for example, ELISA testing showed
38.1% in cattle for individual for seropositivity in Hungary (Gyuranecz et al., 2012), in northern
Spain, ELISA anti-C burnetii antibody prevalence was slightly higher in beef cattle (6.7+2.0%).

The seroprevalence observed in the studied area was also lower compared to the results from
other African countries. The seroprevalence in cattle was estimated to be between 40% and
59.08% in Nigeria, Sudan and Zimbabwe however, higher than carried out in Chad about 4%
(Guatteo, 2011). Alos, previous studies recorded the presence of infection in east Turkey at
rates of 5.8% in animal level using IFAT (Cetinkaya et al., 2000).

The overall animal level seroprevalence in our investigation was higher than the previously
reported in Iran, where the seroprevalence of Q fever in domestic cattle was 3.23%, whereas all
IPC were negative (Ghasemi et al., 2018). Furthermore, the overall animal level seroprevalence
in our investigation was lower than that reported recently in Lebanon 30.63% at herd level
(Dabaja et al., 2019).

Finally, Guatteo, (2011) concluded that infected animals are detected in all the 5 continents
(Africa, America, Asia, Europe, Oceania), New Zealand being the only country with a reported

apparent prevalence of zero.

The inhalation of contaminated aerosols seems to be the main route and its low infectious dose
(Jones et al., 2016). In relation with recent Q fever outbreaks, the presence of contaminated
aerosols with C. burnetii or its presence in dust taken from animal premises confirmed potential

transmission risks to humans. Infection of animal and human and contamination of environment
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with C. burnetii requires transport through the atmosphere. It is assumed that C. burnetii is
absorbed or fixed at the aerosol surface and becomes airborne. C. burnetii is resistant to heat

and dryness and can survive for more 150 days in the environment.

The analysis of seroprevalence in the three age categories revealed that prevalence of antibodies
increased with age, with very low prevalence in animals less than 2 years (5.3%) without be
statistically significant (Table 34). This was in agreement with other studies and indicated
horizontal transmission and maintenance of infection within adult populations (McCaughey et
al., 2010; Ruiz-Fons et al., 2010; Taurel et al., 2011).

In the current study, the visit of other farmers was considered a risk factor (OR=5.70, P=0.005).
In the same manner, Woldehiwet, (2004) and Paul et al., (2012) suggested in their investigations
that farm personnel often act as mechanical transmitters of contaminated fomites from an
infected herd to uninfected ones. Therefore, a lack of precautionary measures for visitors (such
as washing hands and changing clothes and boots) before entering the farm including
veterinarians, food factory staff, and professional hoof trimmers are considered as a potential
risk to transmitted C. burnetii. Similarly, another investigation stated that the factors including
animal contact with human visitors from outside the farm, artificial insemination by other
people than artificial insemination technician, and herd health contract for routine health
evaluation of the herd by the veterinarian were associated with increased antibody C. burnetii
positivity with odd ratio 4.2, 7.7, 4.3 respectively (Agger et al., 2013). A study conducted in
the United States of America by Whitney et al., (2009) in which the aims were to estimate
seroprevalence and risk factors among veterinarian, concluded that antibodies against C.
burnetii were detected in 113 (22.2%) of 508 veterinarians and risk factors associated with
seropositivity included age > 46 years, routine contact with ponds, and treatment of cattle,

swine, or wildlife.

The season (Autumn vs Winter vs Sprint) and water source (tap water vs well) were identified
as protective factors (decrease seropositivity) with odd ratio of 0.09 and 0.09, respectively.
Little information is available about the probability of the influence of season and water source
on C. burnetii seropositivity in cattle, however, in one study C. burnetii was reported that the

higher risk of introduction and/or transmission of C. burnetii in larger herds is possibly due to
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the higher number of calving or lambing females during the parturition season (Woldehiwet,
2004).

In the present study, no relationship was found between the size of the herd and the
seroprevalence level. Nevertheless, other studies showed controversial results. Thus, whereas
Taurel et al., (2011) found a significantly higher seroprevalence in herds with less than 46
animals, others McCaughey et al., (2010); Ryan et al., (2011) observed higher seroprevalence
in larger dairy herds. The results obtained in the present study, assessed that no significant
association between C. burnetii seropositivity and reproductive disorders. In a common
direction, some researchers reported a lack of association between high seroprevalence of C.
burnetiid and reproductive disorders in cattle (Raoult Marrie and Mege, 2005; Muskens et al.,
2011; Astobiza et al., 2012; Muskens et al., 2012; Obaidat and Kersh, 2017). These findings
suggest that infection can persist in cattle sometimes without producing significant clinical
signs (Paiba et al., 1999).

In opposite, the results reported by Khalili Sakhaee et al., (2012) showed that 51.35% of dairy
cattle with reproductive problems and 10.3% cattle without problems were C. burnetii
seropositive, signifying a close association between a history of reproductive disorders and Q
fever seropositivity (P<0.05). (Bildfell et al., (2000) reported that bovine placentitis was highly
associated with the presence of C. burnetti, along the same lines McCaughey et al., (2010)
(McCaughey et al. 2010) stated the same conclusion. Equally, in cattle, metritis is frequently
the unique manifestation of the disease (Woldehiwet, 2004; To et al., 1998; Parisi et al., 2006).

In conclusion, this study confirms the widespread existence of C. burnetii antibodies in dairy
cattle in the study area (north-eastern Algeria) and suggests that further studies on the public
health consequences of C. burnetii shedding in ruminant milk would be beneficial. Questions
emerged regarding the potential impact of Coxiella burnetii on the general population as well

as persons at risk, such as pregnant women.

Although few studies have investigated the prevalence of chlamydial infections in cattle in
North Africa, reported prevalence rates vary hugely all over the world. In the current study, an
animal-level and herd-level seroprevalence for Chlamydia abortus were 1.45% (5/344; 95%
ClI, 0.6%-3.2%) and 4/22 (18.1%; 95% CI, 25.0%-89.5%), respectively, in Batna and Khanchla
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province (North-eastern region of Algeria) (Figure 19) with specific seroprevalence at farm
level (at least one positive animal) ranged from 0.0% (0 out of 47;95% CI: 0%-5.2%) to 12.5%
(1 out of 8; 95% CI: 1.4%-45.4%). The age of the cows ranged between 6 months and 15 years.
Positive cattle were found in all three age groups, and the seroprevalence ranged from 3.4%
(1.3%-7.2%) and 12.2% (5.3%-23.5%).

Detection of antibodies against C. abortus is due to natural infection, since vaccination is not
practiced in Algeria. However, the seroprevalence rate in cows may be overestimated with the
use of ID Screen® Chlamydophila abortus Indirect Multi-species ELISA Kits due to antigenic
cross-reactivity with Chlamydophila pecorum and other organisms that have some similarities
to C. abortus. Further, the ELISA used in the study aims to reduce these false positive reactions
through the use of a synthetic peptide antigen from a MOMP specific to Chlamydia abortus
(‘IDvet | Innovative Diagnostic Kits’ n.d.) (see Diagnosis challenge). The rate of such cross-
reactions depends on the incidence of these organisms in cow population and thus could differ
with geographical area, animal age, and sex or with the property of origin (McCauley et al.,
2010). There has been no report on the seroprevalence of organisms that cross-react with C.
abortus in dairy herds in Algeria. Therefore, it was difficult to estimate how much of the

seroprevalence rate was due to infection with these organisms.

Several studies have reported considerable variation in the seroprevalence of chlamydial
infection in cattle. Research on the disease has been mainly carried out in small ruminants
(sheep and goats) and dairy cattle. Our results were significantly lower than the prevalence
observed in the same country with an animal level seroprevalence of 12.2% (45/368) for C.
abortus, and a seroprevalence at herd level of 29.8% (37/124) using ELISA, concurring with

previous studies from north-centre of Algeria (Djellata et al., 2019).

Our results were meaningfully lower than the prevalence observed in Jordan, animal and herd
level 19.9% and 66.3%, respectively (Abdelsalam Talafha et al., 2012). Other investigations
carried out in several region in turkey which seroprevalence ranged from 5% to 20% in cattle
(Berri et al., 2004; Da Silva et al., 2006; Entrican, 2002). Other studies was carried out in
Algeria in small ruminant (Merdja et al., 2015). Halil Ibrahim Gokce et al., (2007) reported that
8.33% of cattle were positive for antibodies specific to C. abortus and 26.92% (7/26) of herds
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examined in Turkey. Globally, seroprevalence of C. abortus in cattle ranged from 4.76 to
12.67% in the north-eastern part of Turkey using IELISA.

Seroprevalence to C. psittaci in dairy herds in Italy has been estimated at 24%, although the
prevalence was appreciably higher in cows with reproductive problems (Cavirani et al., 2001).
In Germany, seropositivity was associated with infertility (Sting R, et al. 2003), while this value
rose to 41.5% in cows from farms with an increased incidence of reproductive disorders
(Wehrend et al., 2005). In contrast, a study in Sweden, reported a seroprevalence of 28%, but
could find no correlation between the presence of chlamydial antibody and reproductive disease
(Godin et al., 2008). Further studies of both dairy herds and breeding bulls also concluded that
C. abortus infection is uncommon or absent in Sweden (Karlsson et al., 2010). The overall
seropositivity was 11.8% in cattle in Reunion Island (Cardinale et al., 2014)

The complement fixation test (CFT) results showed that the seroprevalence of Chlamydia spp.
infections in the asymptomatic cattle population was 4.15%, while in the cattle with
reproductive disorders 7.20% in the polish dairy population (Szymanska-Czerwinska
Niemczuk and Galinska, 2013). In China, fifty out of the 134 herds (37.31%) had at least one
C. abortus seropositive animal, and 535 cattle were seropositive (11.92 %) for C. abortus by
Hemagglutination assay (IHA) test at the cut-off dilution of 1:16 (Sun et al., 2015). However,
158 of 974 (16.22%) white yaks were seropositive for C. abortus antibodies at the cut-off of
1:16 in by HIA in yack in north-eastern China. Reinhold Sachse and Kaltenboeck, (2011) stated
that data published in the last two decades suggest a high seroprevalence of chlamydial infection
in herds worldwide (Austria, Germany, Switzerland, Italy, Sweden, Taiwan and United states

of America), with seropositivity at a herd level ranging from 45% to 100% in cattle.

At the individual animal level, our results was higher than reported by Derdour et al., (2017)who
reported an animal seroprevalence of 0.83 (Cl195%, 0%-1.77%) using ELLISA exactly in
Algiers (north-centre of Algeria) (Derdour et al., 2017).

The following variables were identified as risk factors by the final multivariable logistic
regression to Chmlamydia abortus cattle seropositive (Table 35): age (numeric), wild animal
in the building with odds ratios 1.03 and 13.75 respectively. In opposite, stray dogs (yes vs

no) was considered as a protective factor (OR=0.05).
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Age of cattle (years) as a continuous variable was analysed in the logistic regression model, and
the results showed that the prevalence was different significantly with ages (OR=1.03, P-
value=0.066) demonstrating that the age is a predisposing factor for C. abortus seroprevalence.
Significantly, the seroprevalence of C. abortus infection was nearly gradually increased with
increase of age in cattle (Table 35). As the growth of the age, the seroprevalence of C. abortus
infection went up all the time, indicating that there may be a cumulative likelihood for exposure
to C. abortus infection with age in these surveyed regions. which was consistent with previous
studies in other aged animals susceptible to C. abortus in white yaks in China (Qin et al., 2015).
The seroprevalence of C. abortus vary significantly across age groups. In the same sense to our
finding, a study from Bosnia reported significant regional differences in addition to differences
between age groups(Softic et al., 2018).

In our knowledge, a very limited information is available on the presence of Chlamydiaceae in
wildlife, particularly in North Africa. In the present investigation, the presence of wildlife in
the pasture or/and in the building (Fox (Li et al., 2018), wolf, , boar and maybe birds(Nicole
Borel Polkinghorne and Pospischil, 2018; Burnard and Polkinghorne, 2016)) were considered
as an important risk factor (OR=13.75, P=0.018). Chlamydiosis is common in livestock,
poultry, companion, and wild animals which may serve as reservoir for this organism and play
a role in the contamination of the environment and spread of the disease (Berri et al., 2004;
Hotzel et al., 2004; Hoffmann et al., 2015). Susceptible animals are infected through ingestion
or inhalation of C. abortus-infected material, as a result of contamination of calving pens or of
pasture by foetal membranes and discharges. Further, evidence is slowly mounting for the
zoonotic and/or cross-species transmission potential of other bacteria within the
order Chlamydiales with an increasing number of reports suggesting contact with wildlife is a
risk factor for these infections as well (Hoffmann et al., 2015). Highlighting of Chlamydia spp

infection in wild animals in Algeria could clarify the understanding of this pathogen.

In non-pregnant animals, this bacteria can exist in a latent form, possibly in lymphoid tissue,
where it remains until at least the onset of pregnancy (Da Silva J.C. De Freitas and Miiller,
2006; Entrican, 2002). However, the infection cannot be diagnosed either serologically or by

direct detection of the pathogen (e.g., modified Ziehl-Neelsen staining, PCR) until the time of

136



Chapter 111. 2 Study 11

abortion, when infectious organisms are excreted and maternal C. abortus antibody titres
rapidly increase. Zhaocai et al (2018) (Li et al., 2018) reported the evidence for the existence
of C. abortus in farmed fur animals for the first time (the fox is one of them). Other possibility
is that, it has been reported that Chlamydia psittaci, Chlamydophila pneumonia and C. abortus
can be found in the faecal material and respiratory exudates of infected birds which results in
contamination of the environment and spread of the disease in cattle(Borel et al., 2006). In our
study, since the stray dogs were present in the study area, they were considered as a protective
factor against cattle Chlamydia abortus infection (OR=0.05, P-value=0.03), this may be
explained by the fact that they help to keep wild animals away from the farms. Thus, reduce the
bacterial load that can infected cattle.

Factors, including presence of regular veterinary services, farm workers visiting neighboring
farms, source of feed and water, presence of calving pens, and abortion rate were not

significantly associated with seropositivity to C. abortus in this study.

Using the IDvet iIELISA, no difference in chlamydial seroprevalence was found between cows
with reproductive problems (including abortion), compared to healthy control cows (Godin et
al., 2008; Petit et al., 2008). Our results, using IELISA, also showed that chlamydial
seropositivity was independent of reproductive disorders history including abortion. Although
chlamydiae are not considered a threat to the livestock industry, since abortions are sporadic
and abortion storms are rare events, they could affect 20% of pregnant cows (Reinhold Sachse
and Kaltenboeck, 2011). On the other hand, one must take into account the subclinical effect of

Chlamydia infections, which have significant economic repercussions (Reinhold et al., 2008).

It is recommended that seropositive animals should be eliminated from flocks and herds. An
appropriate vaccine against C. abortus should also be applied for ewes and cows to reduce the

incidences of infection.

This is among the first report confirming and detect the seroprevalence of C. abortus in cattle
offering basic data for prevention and control of this latter in cattle. Limiting access of wild
animals to the farms (building and pasture) are important measures to minimize the risk for
infection and reinfection not only with Chlamydophila spp. but also other infections affecting

human and animal health. More studies using additional sensitive and specific molecular and
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serological tests, such as PCR, monoclonal antibodies and recombinant protein-based ELISA,
and characterization of field isolates, will improve herd management, control, and treatment of
chlamydial infections. This, in turn, will lead to an intensification in animal production,
improvement of animal welfare, an increase in economic return, and also reduction in the
likelihood of zoonotic risk to humans.

138



Chapter 111. 3 Study 111

[11. Study I11. Seroprevalence, risk
factors and molecular characterization of

BVDV in north-western region of Algeria
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I11. 3. 1. Introduction

The livestock sector in Algeria is enormous in animal numbers but the production is
disproportionally small. In Algeria, there are several constraints to reach an acceptable level of
dairy production and consequently, developing the Algerian dairy industry. One of them and
probably the most restrictive is the absence of controlling program against the main infectious
reproductive diseases. Many studies were conducted and concluded that the appearance of
several cases of contagious diseases (tuberculosis, brucellosis, foot and mouth disease, etc),
which sometimes led to forced slaughter therefore it was until now an absolute obstacle to
achieve self-sufficiency of milk production. In addition, analysis of the reproductive criteria
has shown that the calving fertilization insemination interval is far above accepted standards;
this resulted in a calving-calving interval exceeding three hundred and sixty days. Similarly, a
poor reproductive management is also behind these poor performances; it is clearly highlighted
by a poor policy of reform, reproduction, gestation control and heat detection.

Bovine viral diarrhoea virus (BVDV), belonging to the genus Pestivirus, the family
Flaviviridae, has a markedly negative impact on the economy to the livestock industry
worldwide, through reduced milk production, abortions, and a shorter lifespan of the infected
animals. Mortality, morbidity, premature culling and clinical signs include upper respiratory
disease, fever, transient immune suppression, death among young stock, reproductive losses,

still birth and the generation of P1 animals.

Even thought, the epidemiological surveillance and vaccine against BVDV are the main
methods used over all the world to control and minimize the effect of the disease. Algeria is
still quite late in the practice of these procedures. Serological screening and molecular
characterization studies are needed to achieve an effective management of BVDV disease,
particularly the fact to detect and eliminate Pl animals from herds. To date, the nucleotide
sequencing and phylogenetic analysis of BVDV infection has not been systematically assessed
in cattle from Algeria. The aims of this study, conducted between 2018 and 2019, were i) to
estimate the BVDV seroprevalence in Tiaret region (north-western Algeria) cattle herds, ii) to
identify associated risk factors, to confirm the BVDV impact in Algeria through serological
screening based on ELISA tests and Reverse Transcriptase RT PCR, iii) to analyse the genetic

diversity of Pestivirus circulating in cattle herds of north-western Algeria. This epidemiological
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data should may lead to improve the visibility of this neglected disease in Algeria, suggest
detection and elimination of Pl animals and to develop a monitoring plan for the country.

I11. 3. 2. Materials and methods
I11. 3. 2. 1. Area of study and target population

Tiaret region sits at about 1143 mm above sea level with average temperature about 14.7°C and
a mean annual rainfall of about 529 mm. The study area covers an area of 20,399.10 km? and
covers part of the Tell Atlas in the north and the highlands in the Center and South. Tiaret region
is located approximately 160 Km from the Mediterranean coasts. It is limited by several
provinces, namely: the province of Tissemsilet and Relizane in the north; Laghouat and El-
Bayadh in the South; the province of Mascara and Saida and to the West; the province of Djelfa
to the East.

The average number of head of cattle per farm in Tiaret increased from 15 cows in 2009 to
between 50 and 100 heads in 2015. The wilaya of Tiaret currently has a herd made up of 42,600
dairy cows including 12,000 imported cows (WWW.APS.DZ, 2015). The target population of
this study is dairy cattle where the sale of milk is the main source of income for the farmer. The
husbandry system in our target population is semi-intensive for the entire dairy herds (Figure

28).
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Figure 28. Representative map of the north-western Algeria sampling.
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I11. 3. 2. 2. Herd animals and management

In total, 31 herds were visited and 234 animals were included in the study. Twenty-four herds
were small scale dairy herds (1-10 cattle) and seven were medium scale herds (10-100 cattle).
Table 35 shows the distribution of herds of different sizes in the regions. Holstein/Friesian,
Monbeliard and crossbreed were the most common breeds in the regions. The crossbred cow is
the principal component of herds, it is resulting of crossing between local breed and imported
dairy cow, commonly, the frisonne Holstein and Monbeliarde. Dairy cattle originating from 31
dairy farms, in the region of Tiaret from 17 municipalities (35°22'23.6"N 1°19'16.5"E) north-
western Algeria (Figure 28). The herd size varied from farm to farm with a range of 10 to 70
cattle. Blood samples from 234 dairy cattle were collected by a simple random sampling method
from animals aged between 9 and 180 months (Table 39, 40, 41).
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Table 39. Size, number of herds, municipalities and animal categories sampled from the two study locations (regions).

Tiaret (North-western Algeria)

(2018-2019)

Herds 31
Small (1-10 cattle) 24
Medium (10-100 cattle) 7

Municipalities 17

parity

Heifer 45
Cow 190
Total 235

Table 40. Distribution of animals sampled by age in north-western Algeria.

Age category Frequency Percentage %
<24 months 38 16.2
>24 months <48 74 31.9
>48 months <60 29 12.3
> 60 months 93 39.6
Total 234 100

Table 41. Region, Municipalities, Number of animals and Number of herds.

Province Municipality Number of animals Number of herds

Tiaret Rahouia 7 1
Tousnina 47 5
Kebouba 18 1
Mecharraf 12 2
Mellakou 13 2
Charra 1
Medroussa 3 1
Tiaret 19 2
Rechigua 10 1
Hammadia 8 1
Oued Sousellem 14 3
Harmela 8 1
Souguer 12 1
Sid labid 39 1
Biben Mesbah 5 1
Faija 16 4
Sid Hosni 1 1
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I11. 3. 2. 3. Study design
Within the present study, which is a cross-sectional study, the selection of animals was done at
two stages. A two-stage sampling survey was carried out in north-western Algeria (Tiaret
province; 35°22'10.1"N 1°19'47.7"E) between June 2018 and August 2019. For the first stage
of sampling (sampling of herds), the sample size for disease detection was calculated based on
the following formula (Dohoo lan, Stryhn HE, and Martin W, 2003).

n1=<1—(1—a1)0i1)><(N1—D12_1)

where a; was the confidence level (set at 95%), D, was the minimum number of infected herds

(estimated as D, = Prev; X N,), where Prev,; was the minimum herd prevalence to be detected
(set at 10%), and N, was the population of herds (which in our case were 289 dairy herds). The
estimate of n, was 29 herds.

The Official Veterinarian in Tiaret Veterinary Office provided a list of all cattle herds registered
in the province, which included information of the herd owner, the address or number of
animals. The sampling frame included 289 dairy cattle herds. No formal random process was
used for the selection of herds. Instead, from the list, a herd was randomly selected, and the
herd owner was contacted, and asked, first a) whether they complied with the inclusion criteria,
and then b) whether they were willing to participate. The process was repeated until the number
of herds needed for the first stage was completed. The inclusion criteria comprised that the herd
had at least one female animal above six months, and that the milk was not only for own
consumption (i.e. some of the milk was sold). This age category was selected to avoid
interference as much as possible the detection of maternal antibodies in the seroprevalence
studies (Chase Hurley and Reber, 2008).

For the second stage (sampling of animals within herds), the sample sizes for disease detection

were also calculated based on the formula by Dohoo et al., (2003):

1 D, — 1
Ny = <1—(1—a2) D2i>X(N2i_ 2L2 )

where a, was the confidence level (set at 95%), D,; was the minimum number of infected
animals in herd i (estimated as D,; = Prev, X N;), where Prev, was the minimum within-herd
prevalence to be detected (set at 30%), and N,; was the population size of herd i (size of herds

selected in stage 1 varied between 7 and 62). The estimate of n, varied between 4 and 8. The
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sampling of animals within herds (second stage) was also random, although because of the lack
of proper sampling frames, no formal random process was used either. Random animals in the
herd were selected until the number of animals needed for the second stage was completed.
However, because of logistics problems, the number of samples per herd could not always be
completed, and therefore some extra samples were collected in some of the remaining herds,
and also a few extra herds were sampled.

Within herds, animals were randomly selected to allow the detection of infected individuals if
infection was present in at least 30% of animals with a 95% confidence (i.e. up to 10 animals
depending on the size of the herd). Sample sizes for the two stages were calculated using
Epitools (Sergeant, 2018). Holstein/Friesian, Monbeliarde and crossbreed were the most
common breeds. Blood samples were collected from 234 dairy cattle aged between 9 and 180
months by a two-stage sampling design. Serum samples were obtained by centrifuging at 12009
for 10 min and stored at —20°C until tested. Figure 18 summarizes and gives an overview of the
study design (previously reported, Study I), the materials collected, and the analysis performed.
Papers 1 (Pestivirus in ruminant in North Africa) was based on serological investigations of
sera from the north-western region in Algeria as well as molecular characterization including

RT-PCT, Conventionnel PCR and Sequencing the Pestivirus.

Study period and Epidemiological data collection

All the biological samples were collected during field trips conducted from June 2018 and
August 2019, where each herd was visited once. Information from both regions (north-eastern
and north-western) was gathered through direct observation at farms, interviews of farmers, and

collection of biological material from animals.

The same approach of the first study was applied to achieve the third investigation. As
previously cited, Table 39 summarizes the information on animals and farms management
which was collected using an interview-based questionnaire (appendix 1). To minimize the risk
of information bias/misinformation, for this, on each excursion, the purpose of which was
collect samples and information, a qualified veterinary accompanies the breeders to avoid any
possible ambiguities in the responses collected. This method was resource-demanding but

advantageous compared to online or paper-based data collection. However, the information
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provided by the farmers depends largely on their knowledge, record keeping, and capacity to
remember what happened up to, in some cases, more than 5 years before interview. Because of
the lack in records and farmers have a poor understanding of reproductive disorders, the

frequency of reproductive disorders in the area might have been underestimating.

I11. 3. 2. 4. Serology.
The analysis of the sera was carried out by IDEXX BVDYV p80 Ab (Montpelier, France) which
is an enzyme linked immunoassay (ELISA) for the detection of antibodies directed against p80
protein for diagnostic of Bovine Viral Diarrhoea Virus (BVDV) and Mucosal Disease (MD) in
individual serum, plasma and milk samples and in pools of serum (maximum 10) and tank milk

samples from bovine origin.

Descriptions and Principles

The IDEXX BVDV p80 Ab is based on the principle of competition between the bovine
antibodies and a Peroxidase coupled monoclonal anti-p80-antibody “WB112”. Microplates are
coated with p80 proteins attached to the wells via a specific WB103 antibody. Samples to be
tested are diluted and incubated in the wells. Upon incubation of the test sample in the coated
wells, p80 protein specific antibodies form immune-complexes with the p80 protein. After
washing away unbound material, an anti-p80 protein antibody enzyme conjugate is added. In
presence of the p80 protein-antibody immune-complex, the conjugate is blocked from binding
to its corresponding epitopes on the microplate. Conversely, in the absence of p80 protein-
antibodies in the test sample, the conjugate is free to bind to its corresponding epitopes on the
microplate. Unbound conjugate is washed away and an enzyme Substrate (TMB) is added. In
presence of the enzyme, the Substrate is oxidized and develops a blue compound becoming
yellow after blocking. Subsequent color development is inversely proportional to the amount
of anti-p80 protein antibodies in the test sample. The result is obtained by comparing the sample

absorbance with the Negative Control mean absorbance
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Figure 29 ELISA reader (BIO TEK), samples, plate and micropipette
(Personal photographs)

Protocol

All reagents were allowed to come to 18-26°C before use. Reagents were mixed by gentle
inverting or swirling.

1. coated plates were obtained and the sample position was recorded

2. Dilution buffer N. 9, controls and samples were dispensed

90uL of Dilution Buffer N.9 was dispended in each well.

10uL of Negative Control was dispended into two appropriate wells.

10uL of Positive Control was dispensed into one appropriate well.

10 pL of sample was dispensed into remaining wells (1 well per sample)

contents of the wells were homogenized using a microplate shaker.

The microplate was covered and overnight incubate was performed for 16-24 hours at 2-8°C.

3. the solution was removed and each well was washed with approximately 300 pL of
Wash Solution 3-5 times. Each plate was taped onto absorbent material after the final wash to
remove any residual wash fluid.

4, 100puL of DILUTED Conjugate was dispensed into each well.

5. The microplate was covered and incubated for 30 minutes (£3 min.) at 18-26°C.
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6. The solution was removed and each well was washed with approximately 300 puL of
Wash Solution 3 times. Each plate was taped onto absorbent material after the final wash to
remove any residual wash fluid.

7. 100uL of TMB Substrate N.9 was dispensed into each well.

8. Incubated 20 minutes (3 min.) at 18-26°C away from direct light.

9. 100uL of Stop Solution N.3 was dispensed into each well.

10.  Absorbance values of samples and Controls were measured and recorded at 450 nm.
11.  Calculation:

Controls
NC1+ NC2
NCx=———7—
2
i.Validity criteria
Controls
NCx = 0.800 PC:NCx < 0.20

ii.Interpretation
Samples

Sample (450)

SIN% = (—x¢;

) X 100

Table 42. BVD/MD diagnostic for bovine Individual Serum and Plasma samples

Negative Suspect Positive

S/N >50% 40 % <S/N<50% S/N <40 %
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I11. 3. 2. 5. Molecular detection

Reverse transcription-polymerase chain reaction (RT-PCR) is a rapid and sensitive method for
detection of viral RNA that has the advantage of being insensitive to toxic substances in the
specimen. A general RT-PCR protocol includes four different steps: a previous extraction of
RNA, reverse transcription to complementary DNA (cDNA), primer-directed amplification,
and detection of amplified products. Furthermore, by direct sequencing of the PCR products,
phylogeny studies can be performed for rapid and exact identification of virus variants. These
regions are the 5’UTR (Vilcek et al., 2001), non-structural N-terminal protein (Npro) region
and the non-structural protein two and three (NS2/3) region (Flores et al. 2000; Tajima et al.
2001). However, the S’UTR is considered the most highly conserved region of Pestivirus (Deng
and Brock, 1993). Analysis of the 5’UTR, a highly conserved region of the genome, has shown
to be areliable and reproducible method for genetic characterization of BVDV isolates (Ridpath
2005). Additionally, it is the target region for most PCR-based diagnostics, and as such a
suitable target for direct sequencing from the PCR product.

RNA extraction from pools samples

First step was the constitution of pool samples (n=4). Serum pools were compiled by removing
50ul from the individual serum. Total RNA was extracted and achieved using the commercial
kit IndiMg ®pathogen kit (Indical Bioscience GmbH, Leipzig, Germany) and eluted in 100ul
RNase-free upon delivery. It contains sodium azide, an antimicrobial agent that prevents growth
of RNase-producing organisms (Buffer AVE, 30ng/upl) according to the manufacturer’s
instructions (descripted below). The 200 uL of the resulting pooled sera were used for BVDV
detection by RT (Reverse transcription)-PCR.

Principal

The IndiMag Pathogen Kit uses MagAttract magnetic-particle technology for nucleic acid
purification. This technology combines the speed and efficiency of silica-based nucleic acid
purification with the convenient handling of magnetic particles. The workstation processes a
sample containing magnetic particles.

e Step 1. A magnetic rod, protected by a rod cover, enters a well containing the sample and

attracts the magnetic particles.
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e Step 2 The magnetic rod cover is positioned above another well and the magnetic particles
are released.

Steps 1 and 2 are repeated several times during sample processing. The purification procedure
is designed to ensure convenient, reproducible handling of potentially infectious samples
(Figure 30). DNA and RNA bound to the magnetic particles are then efficiently washed,
followed by an air-drying step. High-quality nucleic acids are eluted in Buffer AVE (Figure
31).
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Figure 30 Schematic of the magnetic bead principle.
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Figure 31 Schematic description of protocol steps

Things to do before starting

e 96 samples and were Buffers thawed at room temperature (15-25°C).
e Carrier RNA was Dissolved in Buffer AVE as indicated in the tube.
e Isopropanol (100%) was added to Buffer ACB and ethanol (96-100%) to Buffer AW1

AW?2 before use until the bottle labels for volume.
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Protocol

1. Five C-Blocks and one 96 well Microplate PM were labeled.

2. 20 pl Proteinase K was piped into the bottom of the S-Block well and 200 pl of sample was

added 2
3. Buffer VXL mixture was prepared and mixed thoroughly for 30 second (Table 43).

Table 43 Preparation of Buffer VXL mixture.

Number of samples
Reagent 1 96
Buffer VXL 100 pl 9.6 ml
Buffer ACB 400 pl 38.4 ml
MagAttract Suspension G 25 ul 2.4 ml
Carrier RNA (1 pg/ul) 1l 96 ul

© o N o g b

Table 44.

500 pl Buffer VXL mixture was added to each sample in the block.
Four S-Blocks (slots 2-6) and one 96 well Microplate MP according to (Table 44)
The BioSprint 96 was switched on at the power switch (Figure 32).

The front door of the protective cover was opened

Table 44 BioSprint 96 wortable setup and reagent volumes.

The protocol “BS96 cador v2” was selected using the 1 and | keys (Figure 32)

“Start” was pressed and the messages was followed for loading the worktable as shown in

Volume per well

Includes 20ul Proteinase K, 200 pl sample and 500 pl Buffer VXL mixture

Slot | Loading message | Format Item to add ()
6 Load rod cover S-Block Large 96-rod cover -

5 Load elution 96-well microplate MP Buffer AVE 100
4 Load wash 3 S-Block Buffer (96- 100%) 750
3 Load wash 2 S-Block Buffer AW2 700
2 Load wash 1 S-Block Buffer AW1 700
1 Load lysate S-Block Lysate* 720

2 Note: in case where sample volume was less than 200 pl, PBS was added until 200 pl.

153




Chapter I111. 3 Study 111

Figure 32. BioSprint 96 DNA Plant Kit, indimag reagents, S Block (Personal photographs).

I11. 3. 2. 6. Phylogenetic analysis of BVDV

RNA extraction from individual samples

In order to get a hight amount of RNA to achieve the next step (sequencing), the twelve samples
constituted the four positive pools were used to performing a second manual RNA extraction
using NucleoSpin® RNA Plus kit (MACHEREY-NAGEL GmbH & Co. KG, Germany). RNA
was stored at — 70°C until phylogenetic analysis.

The basic Principle

The NucleoSpin® RNA Plus Kit is designed to purify RNA from a variety of cell and tissue
types. The NucleoSpin® RNA Plus kits allow purification of high-quality RNA. The
NucleoSpin® RNA Plus kits allow purification of RNA with an A260/A280 ratio generally
exceeding 1.9. This kit introduces the NucleoSpin® gDNA Removal Column, a spin column,
which quickly and effectively removes genomic DNA contamination without the need of
DNase digestion. One of the most important aspects during the isolation of RNA is to prevent
degradation of the RNA. Cells and tissues are first lysed by incubation in a chaotropic ion lysis

buffer solution, which immediately inactivates RNases. The lysate is added to the NucleoSpin®
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gDNA Removal Column to clarify the lysate and to remove contaminating gDNA. After the
addition of the Binding Solution to the flow-through, the RNA is bound to the NucleoSpin®
RNA Plus Column. Two subsequent wash steps remove salts, metabolites, and macromolecular
cellular components. High quality RNA is eluted with RNase-free H20.

1 Homogenize sample =
and lyse sample 350 uL LEP

2 Remove gDNA and
filtrate lysate

11,000% g,
Qj s

3 Adjust RNA binding 100 pLBS
conditions )
Mix
4 Bind RNA
" Load sample
6_‘3 11,000x g,
155
3 Wash and dry silica 1# wash 200 pL W1
membrans
27 wash 600 ul Wa2
34 wash 250 pL WB2
” 11,000x g,
rand2e €3 s
' 11,000 g,
¥ f:’:j 2 min
6  Elute RNA 30 pL ANase-free HO
11,000x% g,
6,3 1 min
= 30 uL ANase-free H,0
y
11,000x g,
1 min

Figure 33. Protocol-at-a-glance NucleoSpin® RNA Plus
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Figure 34. Manual RNA extraction, reagents, work plan (Personal photographs).

The one-step RT-PCR

All sera were also analysed for the presence of Pestivirus RNA using a RT-PCR. The RT-PCR
was performed using primers 324 and 326 (Vilcek et al., 1994) and a commercial kit (One-Step
PCR Kit, Qiagen Inc., Hilden Germany). Each 50ul Reverse Transcription PCR (RT-PCR)
reaction was performed in the 96 well plate format using 7500 Fast Real Time PCR system
thermocycler (Applied Biosystem). Each 50ul RT-PCR reaction was prepared using 0.2 uM
Pestivirus Forward 324 (5’-ATGCCCWTAGTAGGACTAGCA-3’) and Reverse 326 (5’
TCAACTCCATGTGCCATGTAC-3") primers, 100ng RNA template was added to each
sample. RT-PCR reactions were performed in single RNA and it was reverse transcribed at
50°C for 30 minutes followed by deactivation of reverse transcriptase at 95°C. cDNA was
amplified by 40 cycles at 94°C for 30 seconds, 58°C for 30 seconds and 72°C for 60 seconds a
final hold for 10 minutes at 72°C was followed by an infinite hold at 4°C.

156



Chapter 111. 3 Study 111

Gel electrophoresis

The RT-PCR-amplified products were examined by electrophoresis in a 2% agarose gel, stained
with a 1% solution of ethidium bromide, and examined under UV illumination. In this study, A
negative control (sterile water), and a positive control RNA from BVDV-1 (IRTA-CReSA,

Spain), were included in each amplification run.

Phylogenetic analysis

Pestivirus positive amplicons were sequenced as described below and the 5’ untranslated region
(5’-UTR) was characterized. The phylogenetic tree was calculated by the neighbour-joining
method using an automatic root location. To test the reliability of the branches in the tree, a
bootstrap analysis of 1000 replicates was performed by creating a series of randomly selected
bootstrap samples.

This procedure included routine precautions and safety measures to avoid cross contamination
of the samples (Belék and Ballagi-Pordany, 1993). The segment of the BVDV genome used to
characterize the virus was the highly conserved 5’UTR. The primers used were described
according to the site of binding when using the BVDV-NADL strain of reference (GenBank
accession number M31182). The primer sequences were designed to amplify a region of the
5’UTR common in BVDV viruses (Vil¢ek et al., 1994).

I11. 3. 2. 7. The review of the presence of ruminant Pestivirus in North Africa

The review of the presence of ruminant Pestivirus in North Africa was performed using a
systematic search and compilation methodology of peer-reviewed literature available to
identify gaps of knowledge for future research. North Africa is the UN subregion comprised by
Algeria, Egypt, Libya, Morocco, Sudan, Tunisia and Western Sahara. We searched Web of
Science: All Databases (WoS; Thomson Reuters) literature database using “topic” searcher. We
used the words “(Pestivirus AND Algeria OR Egypt OR Libya OR Morocco OR Sudan OR
Tunisia OR Western Sahara)” (44 articles) and then we discarded research papers on Classical
Swine Fever Virus (44 Pestivirus articles - 21 CSFV articles = 23 Ruminant Pestivirus articles
from North-African countries). Finally, we added any relevant literature that was not originally
included in WoS (2 articles).
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I11. 3. 3. Results

The prevalence of antibodies against Pestivirus in cattle found in the present study, adjusted for
the two-stage design was 59.9% with a 95% CI [49.0-70.7%]. The overall seroprevalence of
infected herds was 93.5% (29 out of 31) with a 95% CI [78.6%-99.2%] and the within-herd
seroprevalence ranged from 0.0% to 100.0%. Considering the sensitivity and specificity of the
IDEXX p80 test, 60% and 97%, respectively (Hanon et al., 2017), and an estimated apparent
prevalence of 59.9%, the true prevalence of disease would 99.8%. The model with all the factors
that were significantly associated (p<0.05) with the presence of Pestivirus infection included:
presence of sheep, size of herd, parity, breed, presence of standing water and number of calving.
After studying the correlation, the best-fitting model included: presence of sheep (OR=5.64;
95% CI [2.0, 15.9]; p=0.001) and parity (OR=3.80; 95% CI [1.6, 8.9]; p=0.002) (Table.46) The
variance of the random effect was 0.48, therefore evidencing the heterogeneity among herds.
RT-PCR resulted positive in 3 out of the 234 analysed animals. Only one of these three positive
samples (a heifer of 20 months) could be sequenced targeting the Pestivirus 5’UTR region,
confirming the presence of BVDV-1a in cattle from Algeria (Tiaret_2019; GenBank Acc. No.
MT157227) (Figure.35-36)

Review of ruminant pestiviruses in North Africa

Our literature review (25 research articles) confirmed the presence of ruminant Pestivirus in all
North African countries, except in Libya and Western Sahara, where no data was available. A
summary of the studies on Pestivirus in livestock in North Africa is presented in Table 48. The
most studied and reported Pestivirus were Pestivirus A and B (BVDV-1, -2) in cattle, sheep
and dromedary camels. However, the few studies on Pestivirus D (BDV) reported high
seroprevalences in Algeria, Morocco and Tunisia, and an outbreak of severe clinical Border
Disease in Tunisia in small ruminants. The review of the main risk factors for the presence of
Pestivirus in livestock in North Africa found them to be heterogeneous (Table 48). On the other
hand, no information about Pestivirus in wild ruminants in North African countries was

recorded.
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Table 45. Animal level putative factors in relation BVDV (iELISA) serostatus in dairy cattle of north-western Algeria
region established using the Chi-square test or Fisher’s exact test.

Variables Category BVDV
Number of | Proportion of P-value
animals examined | seroreactors (95% Cl)

Age (years) <2 42 40.5 (23.6-64.8) 0.006
2-6 128 57.8 (45.4-72.6)
>6 64 71.9 (52.6-95.9)

Breed Crossbreed 47 42.6 (26.0-65.7) 0.030
Montbéliarde 90 57.8 (43.2-75.8)
Holstein 95 68.4 (52.8-87.2)
Brune des alpes 1 100 (2.5-100)
Fluck 1 0 (0.0-85.3)

parity Heifers 45 42.2 (25.4-65.9) 0.022
Cows 189 62.5 (51.7-74.8)

Gestation No 87 63.2 (47.6-82.3) 0.352
Yes 147 56.1 (44.4-69.2)

Stage of gestation | 1-3 months 76 50.0 (35.4-68.6) 0.293
4-6 months 47 66.6 (44.8-93.6)
7-9 months 25 56.0 (30.6-94.0)

Number of calving | <=2 117 51.6 (39.1-66.0) 0.002
3-5 56 60.6 (42.0-84.8)
>=6 61 70.4 (51.0-95.0)

Number <=2 83 54.2 (43.5-64.6) 0.007

pregnancy 3-5 79 62.0 (51.0-72.1)
>=6 52 71.2 (57.9-82.1)

Herd size Small <20 105 60.0 (50.5-69.0) 0.721
Large >20 129 57.7 (49.1-65.9)

Mixing No 164 53.2 (43.0-66.1) 0.029
Yes 70 69.9 (51.8-92.5)

Food source purchased 73 56.2 (44.7-67.1) 0.098
mixed on the farm | 47 72.3 (58.5-83.5)
both 114 54.8 (45.7-63.7)

Water source tap 8 25.0 (5.6-59.2) 0.065
Well or drilling 216 59.0 (52.4-65.4)
River water 10 80.0 (49.7-95.6)

Quarantine No 176 57.2 (46.7-69.7) 0.542
Yes 58 61.9 (44.2-86.4)

Cleaning method | Scanning 94 61.5 (46.9-79.8) 0.024
Piping 0 0
Both 110 50.8 (38.8-66.7)
Not practice 30 76.4 (63.3-91.1)

Presence of sheep | No 46 28.3 (15.0-48.2) 0.000
Yes 188 66.1 (55.3-79.1)

Presence of cats No 7 71.3 (49.1-69.4) 0.703
Yes 227 58.1 (23.2-93.5)

Presence of | No 101 43.6 (31.7-58.2) 0.000

horses Yes 133 70.0 (57.1-86.4)

Visit of other | No 77 58.4 (38.5-60.9) 1.000

farmers Yes 157 58.7 (47.2-71.9)

Calving box No 222 58.3 (48.9-69.5) 0.765
Yes 12 66.7 (28.8-87.5)

Standing water No 140 54.4 (43.4-68.7) 0.0182
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Yes 94 64.9 (49.6-83.4)
Rivers and | No 168 59.6 (49.0-73.1) 0.623
streams Yes 66 56.0 (39.5-77.2)
Use of | No 86 59.2 (44.2-78.0) 1.000
disinfectant Yes 148 58.2 (46.5-71.8)
Municipality Ainfrid sidhosni 1 100.0 (14.7-100.0) 0.001
Bibenmisbah 5 60.0 (20.9-90.6)
Chara 3 100.0 (46.4-100.0)
Faija 16 56.3 (32.6-77.8)
Hammadia 8 25.0 (5.6-59.2)
Harmela 8 50.0 (19.9-80.1)
Kebouba 18 72.2 (49.4-88.5)
Mecharaf 12 75.5 (47.1-92.4)
Medroussa 3 100.0 (46.4-100.0)
Mellakou 13 46.2 (22.1-71.7)
Oued souseleme 14 64.3 (38.5-84.9)
Rahouia 7 42.9 (13.9-76.5)
Rechiga 10 90.0 (61.9-98.9)
Remelia 12 100.0 (81.5-100.0)
Sidelabid 39 56.4 (40.9-71.1)
Tiaret 19 68.4 (46.1-85.6)
Tousnina 47 36.2 (23.6-50.4)
IAin five last year | No 198 58.6 (48.7-70.6) 0.854
Yes 12 66.7 (28.8-87.5)
Both 25 56.0 (30.6-94.0)
IA in last mating No 200 59.1 (48.8-70.7) 0.886
Yes 34 55.8 (33.6-87.3)
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Table 46. The final multivariable logistic regression model for factors associated with Bovine Viral Diarrhea Virus
infection in dairy cattle at the individual level in north-western Algeria.

Factor Odds Ratio Confidence interval p-value
Presence of sheep 10.7 4.3-29.8 <0.001
Presence of standing water (yes vs no) 0.2 0.1-0.6 0.003
Herd size (small vs large) 0.9 0.8-1.0 0.025
Animal categories (heifers vs cows) 2.5 1.0-6.5 0.048
Number of births (<=2, 3-4, >=5) 1.2 1.1-1.5 0.008

Table 47. Occurrence of reproductive disorders in relation to BVDYV serostatus in dairy cattle in north-western Algeria.

Cattle BVDV seropositive cattle
Variable Number of animals | No. of | Proportion of P-value
examined Positive seropositive (95% Cl)
Abortion
No 176 109 61.9 (57.6-68.9)
Yes 14 10 71.4 (45.5-89.5) 0.285
Endometritis
No 183 114 62.3 (55.1-69.1)
Yes 7 5 71.4 (35.2-93.5) 0.703
Weak calf
No 188 117 62.2 (55.2-68.9)
Yes 2 2 100 (33.3-100) 0.634
Retained foetal membrane
\l;l:s 183 114 62.3 (55.1-69.1)
7 5 71.4 (35.2-93.5) 0.702
Anoestrus
No 177 108 61.0 (53.7-68.0)
Yes 13 11 84.6 (59.1-96.7) 0.105
Repeat breeding
No 148 91 61.5 (53.5-69.0)
Yes 42 28 66.7 (51.7-79.4) 0.251
Increased inter calving
r\’li”c’d 129 77 59.7 (51.1-67.9)
61 42 68.9 (56.6-73.4) 0.078
Yes
CRDE
No 130 79 60.8 (52.2-68.9)
Yes 60 40 66.7 (54.277.6) 0.164
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Table 48. Characteristics of studies investigating seroprevalence BVDV in North Africa country in cattle.

Country Year . Pestivirus Species Diagnostic N Prevalence Risk factors Ref.
sampling method
Algeria 2011-2013 BVDV Cattle Ab-ELISA 360 1.4% Abortions (Derdour et al., 2017)
2019 BVDV-1a Cattle Ab-ELISA 234 58.9% Herd size Present Study
RT-qPCR 1.3% Presence of sheep
Increase of age
2015-2016 BDV/BVDV Sheep Ab-ELISA 576 68.2% Climate: arid vs Mediterranean (Feknous et al., 2018)
VNT 197 68.2% Landscape: mountain vs plateau
Ag-ELISA 689 0% Flock management: sedentary vs
RT-PCR 689 0% transhumant
Presence of goat
2016-2017 BVDV Dromedary | Ab-ELISA 111 9.0% Sheep, goat, cattle in mixed herd (Saidi et al., 2018)
camel Ag-ELISA 41.4%
Morocco 1984 BVDV Cattle IFF 524 48.5% Extensive management system (Mabhin et al., 1985)
Local ruminants
Ruminants without apparent
respiratory symptoms
NA BDV Sheep Ab-ELISA 760 28.9% Intensive farming (Fassi et al., 2019)
gPCR 543 0% Presence of cattle
Ag-ELISA 150 0%
NA/19827? BVDV Cattle Disease 1 (Mabhin et al., 1982)
NA BVDV Cattle Ab-ELISA 42 37.7% (Lucchese et al., 2016)
Tunisia 1995 BDV Sheep Disease NA NA Vaccine contamination (Thabti et al., 2005a)
Sequencing 9
1993 BDV Sheep from | Abortion 2,576 17.7% (Zaeim et al., 1993)
1 flock with | VNT 53 100%
BD clinical aborte
history d
sheep
2001-2002 BVDV2a Cattle from | Ab-ELISA F1-188 87% Importation of infected | (Thabti et al., 2005b)
BVDV1b 2 farms (F) F2-820 | 82% cattle/semen
with  BVD | PCR 2.6%
clinical 0.2%
history Sequencing F1 BVDV2a
F2 BVDV1b
Egypt NA BVDV Cattle VNT 128 49.2% Species: Cattle/Buffalo vs | (Zaghawa, 1998)
Buffalo (BVDV 150 52.0% sheep/goat/dromedary
Sheep strains) 178 27.5%
Goats 137 31.4%
Dromedary 59 52.5%
camel
2011 BDV/BVDV Sheep IHC 5 0% -Neurological signs (Abdel-Latif et al., 2013)
Goat 4
MAbs 50%
RT-PCR 0%
MDBK 25%
Sequencing BVDV1b
BVDV1a
2012-2013 BVDV Cattle Ab-ELISA 480 40% Species: Cattle vs Buffalo (Selim et al., 2018)
Buffalo 260 23%
2011 BVDV Cattle Ab-ELISA 151 100% -NA (EI-Bagoury et al., 2012)
Buffalo Ag-ELISA 97 62.2%
MDBK 22 14.5%
IFAT 21 13.9%
IPMA 19 12.5%
3 1.9%
2017 BVDV Dromedary | Ab-ELISA 80 11.2% Camels from Sudan (El Bahgy et al., 2018)
camel Ag-ELISA 80 7.5%
RT-PCR 10 0%
Libya No Data
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Western
Sahara No Data
Sudan 2017 BVDV Dromedary | Ab-ELISA 120 47.5% (El Bahgy, et al., 2018)
camel- Ag-ELISA 120 31.6%
smuggler RT-PCR 7 42.8%
into Egypt
2000-2006 BVDV Dromedary Ab-ELISA 260 84.6% (Intisar et al., 2010)
camel Ag-ELISA 186 7%
RT-PCR 13 100%
2000-2012 BVDV Dromedary | Ic-ELISA 474 9.0% - Mixed virus infection (Saeed et al., 2015)
camel - Pneumonia
- Lacrimation
2005-2008 BVDV Cattle Ab-ELISA 688 25.7% - Khartoum state (Elhassan et al., 2011)
- Rainy season (July to October)
- Females
- Old cattle
- Abortions
- Neonatal deaths

163




Chapter I111. 3

Study 111

1 2 ) ' s s

i

S e 2
— P,
[remspmid oo Yo
o |r e o fl ortpmn. [ormsun
| Cr Ungetormsed. Or 3326 v,

Untewmre:  Crindmsmned T U

s Skt g A Sk k. B < e s Q8029 10,
Hwrespmsrf [ raun § 0 oes pmn 2 [ennpun ™ - 2 by 240
Qi s [ il ey - - e
CrUnsskenred \ 07 25 36 Cringameqq T A Cruncumineg s hecgiess - . Y CT 8%
Cruntaemneg Crinssminet  Cr Ungesrmises . =
Sgez Sange % Somge 4 s ! - 1 i Sonpe 82 Sangee Sanghe ¢ t =
Drrisun. Orossn. Jompmn - =% oo Drermeran srerunJrespan. o S 1
£ | s o, Bueapun. [nmsrn Brmrwn. opmm ) s von Erorarma
Crlbgsiensed O Unielemied  Cr Undelmies  PAOWRA - - Cr. Undistermined T
CrUstameg T Ui Cr Usdeimnsd = ¢ CUras
' A —n A ' . A A A oo A
ez g s Sompet somon 2 sarpet e e 011
Porespmn 70 et FAN T
| Bnnmisun.. Grnmsuan. B2 Brrssun. e [ o [5] B ]
L s o o i o s P .
C Undekrined 01 Unitemived Cilbiderned O Urcklersiet O Undebrmived O Uncilemined O Undadamined oL

TQ-Pesti (FAM-TAMRA)

o
S
P pe—_— t
Somen s
[
| Mnata. | Wunema o R, | .
CrUngsbrired  Crlnfemies  FRTMSA teoud
Crtreneet € Untiteraana
. e A "”m '_”u a 'w & pRes P
i | Taem Faw A = o Ses. 4 pro s | TG Pve Fa neapen
| osaemn. T2 g rnn Womsrua. [ o o o Lo ool b o
oy e et FARTA i et frotiny e [ty s Sl . )
o Unasmeiees Crltesnies Cothidmn  OrlUnbosd  Crlbiebeeioet  CrUndsminss  Cribdelamiost
= \
ey 4 . ' e A 2 wnen A : . \
o Ss St ews  m e S
oo Deemrwn. Doesenn. Doramen 0o o Mrorestmn s Hrorermn. Suomms 0,00001 1
Cr Undetemised - Aamm T tawes) Untekrmnet P Cr Unértorminet - au3
CrvEmees  Crinesmees | CrUsidene O Unined o Urcsrns o UnaseTines
4 ' P ' 1 1 1 o A
sanoes et oz s e snze e e
A paa. R
| .| Enapan Bty e 1] 1] 1] ] e U] 0,000001 -
o s e MDA i = Fuma o ey PO : R I E
Uk Uniemied Colngdnnd  Cr Unckbemiws |Gt Gnivkrmind e ibemined O ekt & Ut Cycle

Figure 35. Reverse Transcription (RT) PCR on the 60 pools (234 serum)
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Figure 36. Phylogenetic analysis based on the nucleotide sequences of the 5’-UTR.
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I11. 3. 4. Discussion

The result of this study revealed that BVDV-1a as the major pathogen of cattle are prevalent in
Tiaret region of Algeria. This study shows for the first time the spectrum of BVDV subtype
diversity in non-vaccinated cattle within the study population. The results show high prevalence
of antibodies against Pestivirus in cattle analysed in the present study, animal level was 58.9%
(138 out of 234) with a 95% CI [52.4%, 65.3%]. The overall seroprevalence of infected herds
was 93.5% (29 out of 31) with a 95% CI [78.6%, 99.2%] and the within-herd seroprevalence
ranged from 0.00% to 100.00%.

The presence of BVDV-specific antibodies shows and indicates a natural exposure of cattle to
wild BVDV because of the non-use of vaccination globally in Algeria. Consequently, the
seropositive status in cattle reveals infection by BVDV once, or multiple infections. Our
analysis also indicates a tendency to rise of BVDV seroprevalence and, also, possibly,
increasing the importance of the virus throughout the study region in Algeria. The best-fitting
model included the following factors as significantly associated (p<0.05) to the risk of
Pestivirus infection: presence of sheep (OR=10.67; 95% CI [4.2, 27.4]), herd size (n<20)
(OR=0.91; 95% CI [0.8, 1.0]), and age (cows vs heifer) (OR=2.53; 95% CI [1.0, 6.4]).

Cross-sectional study design associated with serological investigations, as used in the study, is
widely used in veterinary epidemiology and used to assess the burden of a particular disease in
a defined population (Dohoo et al., 2009). The advantage of cross-sectional design is that it is
unambiguous, straightforward, inexpensive, and needs only one sampling occasion. It provides
descriptive characteristics of a population at a particular point in time and includes both old and
new cases (Dohoo et al., 2009). Nevertheless, it is less suitable for determining when the disease
occurred or for how long it has lasted. The finding of antibodies in a single serum sample only
indicates that infection has occurred sometime in the past which make its diagnostic value as
indicator of present active infection limited (Levin, 2006). It is impossible to determine the
sequence of events, namely whether exposure occurred before, during, or after the onset of
disease outcome (Levin, 2006). In some type of ELISA’s against some diseases, a high level of
antibodies could indicate a possible acute phase of the diseases. One disadvantage of cross-
sectional design compared to, for example, longitudinal study design is consequently the
weakness in determining cause-effect relationships(Dohoo, 2009). The association between

seropositivity and reproductive disorders found in the present study is therefore not necessarily
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causal even though it is statistically significant. Other study designs, such as longitudinal study
or case-control study, would have been stronger field visits.

Sample-size determination is often an important step in planning an epidemiological study.
There are several approaches to determining sample size. It depends on the type of the study.
Descriptive, observational and randomized controlled studies have different formulas to
calculate sample size. An adequate sample size helps guarantee that the study will yield reliable
information, regardless of whether the ultimate data suggest a clinically important difference
between the treatment being studied, or the study is intended to measure the accuracy of a
diagnostic test or the incidence of a disease. Ideally, to get a true prevalence estimate of a given
infection in a population with good precision, all animals should be included (census). Due to
the insufficiency of resources, only a fraction (sample) of the population is used to represent
the whole population. This fraction needs to be optimal and representative to allow inferences
to be made about the target population (Dohoo, 2009), which necessitates a random sampling
strategy.

The calculation of sample size needed was complicated by several factors: unknown prevalence
and heterogeneity in management systems. Pertinent literature on seroprevalence in Algeria is
scarce and concerns studies conducted in other parts of the country with different management
systems, study design, and laboratory techniques, limiting its relevance. The minimum sample
size was increased to take into account the mentioned challenges. It is therefore likely that the
sample size in the present study allows implications to be made about the target population;
furthermore, the herds included were generally typical and are very likely representative of

other herds in the study areas.

There are no pathognomonic clinical signs of infection with Bovine Viral Diarrhoea Virus in
cattle. A wide range of test methods is available, but only a few tests are usually used in BVDV
control at the herd, regional, or national level: antibody-Enzyme Linked ImmunoSorbent
Assays (ELISA), antigen-ELISA, and Reverse Transcriptase Polymerase Chain Reaction (RT-
PCR) tests (Jozef Laureyns, 2014). ELISA is now established as a sensitive, rapid, reliable and
economical test for the study of the circulation of BVDV in cattle (Edwards, 1990). In
unvaccinated dairy herds (like in study area), serological testing of bulk milk or blood is a

convenient method for BVDV prevalence screening. Alternatively, serological testing of young
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stock may indicate if BVDV is present in a herd. In BVDV positive herds, animals Pl with
BVDV can be identified by combined use of serological and virological tests for examination
of blood samples (Sandvik, 1999). ELISAs have been used for rapid detection of both BVDV
antibodies and antigens in blood, but should preferably be backed up by other methods such as
virus neutralization, virus isolation in cell cultures or amplification of viral nucleic acid. Due to
serological cross-reactivity of Pestivirus, serological surveillance of BVD by ELISA does not

distinguish between BVD and BD virus as source of infection (Kaiser et al., 2017).

Despite the present study was performed in a different region (north-western) than the other
studies (Neospora caninum and Toxoplamsa gonndii, Coxiella burnetii, Chlamydia abortus and
Brucella spp seroprevalence and risk factors) and different breeders were interviewed, the same
questionnaire was used with a similar level of underestimation risk in some cases. Additionally,
BVDV mainly results in early embryonic losses, which are usually not observed by farmers and
therefore this study might have underestimated the impact of BVDV on reproductive

performance/disorders.

Ruminant Pestivirus are neglected pathogens in North Africa. However, the scarce data
available suggest an endemic epidemiological scenario of Pestivirus in livestock. The antibody
seroprevalence at population and farm levels obtained in the present study concur with the
majority of the epidemiological data reported in cattle and dromedary camels in neighbouring
North-African countries (Table 48). Surprisingly, the present study is in contrast to Derdour et
al., (2017) that reported a very low prevalence of antibodies (1.4%) in cattle in Algeria, probably
due to a sampling performed exclusively in intensive production systems. The hypothesis of an
endemic and heterogenous Pestivirus scenario in North-Africa is reinforced by the studies
performed in small ruminants, that show the presence of a third Pestivirus, Pestivirus D (Border
Disease Virus — BDV) in these species, with similar high antibody prevalence (17.7% to 68.2%)
(Table 48). Additionally, the present study reported the first description of a BVDV-1a in North
Africa, whereas BVDV-2a and BVDV-1b had been isolated from cattle in Tunisia (Thabti et
al., 2005b). Although the three PCR-positive animals could not be confirmed as PI individuals
(i.e. two PCR-positive samples separated between 15 days), their presence together with the
reported seroprevalences of antibodies in some farms, is highly suggestive of the presence of

Pl cattle in Algeria. Detection and elimination of PI individuals, and characterization of
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circulating viruses are cornerstones for eradication programs. On the other side, the current
Algerian seroprevalence is lower than that recorded in Kars district in Turkey by (Yilmaz,
2016), the seroprevalence were 89.58% and 83.85% in blood serum and milk respectively and
also in Ankara 70.89% (Aslan Azkur and Gazyagci, 2015).

The risk factors detected in the present study (large herd size [n>20], mixed herd [presence of
sheep], parity [cow]) have been previously related to Pestivirus infections’ worldwide
(Schweizer and Peterhans, 2014). However, the specific risk factors for Pestivirus infection in
ruminants in North Africa have not been analysed in depth, and the few studies show a high
heterogeneity of risk factors (Table 48), hindering the possibility of improving livestock
production. In our study, the presence of sheep in the herd increased significantly the risk of
Pestivirus infection (OR=10.67), which may be explained by the inter-specific infectious ability
of Pestivirus, that facilitate their geographic dispersion and persistence in ruminant populations
(Schweizer and Peterhans, 2014). Seroconversion in cattle after exposure to infected sheep has
been the subject of several reports (Braun et al., 2019). Cohabitation between species may thus
lead to bovine virus transmission to sheep and vice-versa. Furthermore, several studies reported
that the disease may be caused in sheep by bovine viral diarrhoea virus (BVDV), transmitted
from PI cattle to sheep which will present similar symptoms of BD (Paton et al., 1998; Braun
et al., 2013). Other investigations have indicated that BDV can be transmitted to cattle on farms
where the two species are kept together (Ueli Braun et al. 2013; 2014; Ueli Braun et al. 2019).
These factors may explain the relatively high BVDV/BDV cattle seroprevalence levels

observed in this study.

Many studies reported the fact that large herd size was a risk factors than small herd as
previously reported (Viltro et al., 2002; Williams and Winden, 2014; Sun et al., 2015; Graham
et al., 2016; Byrne et al., 2017; Amelung et al., 2018; Olmo et al., 2019; Akagami et al., 2020)
while no such association was found for BVDV in northern Ireland (Cowley et al., 2014).
Larger size herd had higher seropositivity than smaller herds and statistically significant. Self-
clearance mechanism performs major role in smaller herd and automatically BVDV will be
cleared by itself and chances of introduction of Pl animals in early pregnancy stage and this
phenomenon will be lower in smaller herds. The process of self-clearance is mainly altered by

herd size, contact period and movement of animals within the farm(Kampa et al. 2009; Akagami
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et al. 2020; Kumar et al. 2018). Smaller herds will allow the self-clearance mechanism than
larger herds. Higher seroprevalence in larger farms is due to probable transmission of BVDV
infection between animals by nose to nose contact and it depends on dose of virus, means of
contact, also by airborne transmission of BVD from Pl animals and self-clearance
mechanism(Kampa et al., 2009). Kaiser et al. (2017) reported that the Swiss eradication
program encompasses only bovines, but not sheep and goats. Thus, the mean BDV
seroprevalence in Pestivirus-antibody positive cattle of at least 6.7% with an increasing trend
between 2012 and 2014 indicates that the serological surveillance by ELISA, which does not
differentiate BVDV from BDV infections, might be critical. Even though discrimination by
cross-SNT (cross-serum neutralisation tests) as described in his study is laborious, it adds to
classical epidemiological investigations and allows the identification of possible sources of
infection, which is of particular importance in the late phase of an eradication program. In
summary, they determined for the first time the prevalence of BDV in Pestivirus-positive cattle
in Switzerland, and they provide strong evidence that common housing of cattle and sheep is
the most significant risk factor for the interspecies transmission of BD virus from small
ruminants to cattle (Kaiser et al., 2017). It was demonstrated by Danuser et al. (2009) by means
of cross-serum neutralisation tests (cross-SNT) that 9% of the sheep and 6% of the goats were
infected with BDV. However, 31% and 66% of the seropositive sheep and goats, respectively,
could not be assigned to BVDV or BDV leaving the source of infection unidentified (Danuser
et al., 2009).

Our results show that cows have a higher risk of Pestivirus infection as compared to heifers
(OR=2.53), which coincides with previous studies (Schweizer and Peterhans, 2014; A. M.
Selim et al., 2018), and explained because of the higher the age of cows versus heifers, that
increases the probability to be exposed Pestivirus (cumulative infection with age). Following
transient infection, specific anti-BVDV antibodies can be detected within 3 weeks of infection
(Vilcek et al., 1994) and animals will remain antibody positive for life, so antibody prevalence
reflects the proportion of animals previously exposed to BVDV at any point in life (Hans Houe,
1995). The increase in antibody prevalence by increasing age and consequently by the number
of births is probably due to the fact that BVDV antibodies in most cases are long-term. So the
older the animal, the higher is the probability that it has been infected during its life
(Mockelitiniene et al., 2004; Selim et al., 2018; Erfani et al., 2019).
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It has not been demonstrated an association between BVDV seropositive and reproductive
disorders in the studied herds while repeat breeding was common (p=0.034) among BVDV
exposed cows in Ethiopia (Kassahun Asmare et al., 2018). Infection with BVDV has been
associated with a decline in the fertility of affected cattle (Robert et al., 2004; Burgstaller et al.,
2016). Mufioz-Zanzi Thurmond and Hietala, (2004) considered the overall impact of endemic
BVDV infection on fertility of dairy heifers to depend on the type and timing of infection
relative to reproductive development. These reproductive losses vary from insidious reduction
in reproductive performance at the herd level to devastating abortion storms (Grooms Ward and
Brock, 1996). Occurrence of infection before the third trimester of pregnancy may do not
causing reproductive disorders such as abortion (Anderson, 2007). Most BVVDV abortions occur
when previously unexposed dams are infected during gestation and probably this may be
explained by the epidemiology of BVDV in that the infection is highly contagious and the
within herd prevalence could rise to over 60% in a short time and most animals in transient
infection clear the virus and remain with solid immunity for an extended period (Hans Houe,
2003; Talafha et al., 2009).

The role of wildlife as reservoir of Pestivirus has been proved in several wild species
worldwide, being a risk factor for livestock. Pesitivirus A and D were reported to have a sylvatic
cycle in white-tailed deer (Odocoileus virginianus; USA) and Pyrenean chamois (Rupicapra
pyrenaica; Spain) respectively (Fernandez-Sirera et al., 2012; Passler Ditchkoff and Walz,
2016). Also, Pestivirus D was reported to produce high mortality rates in chamois, entailing a
threat for its conservation (Fernandez-Sirera et al., 2012). There is not any available research
on the presence of Pestivirus in North-African wildlife. Seven free-ranging wild ruminant
species inhabit North-African countries, sharing territories with livestock like camels,
dromedary and goat (IUCN, 2020). However, the conservation status is of all North-African
wild ruminants is of concern, and two species are considered as critically endangered (Addax
[Addax nasomaculatus], Dama Gazelle [Nanger dama]), one as endangered (Slender-horned
Gazelle [Gazella leptoceros]), and four as vulnerable (Cuvier's Gazelle [Gazella cuvieri],
Nubian Ibex [Capra nubiana]; Aoudad [Ammotragus lervia]; Dorcas Gazelle [Gazella
dorcas]). In this sense, Pestivirus circulation in domestic ruminants should be of concern both

for its economic impact but also from a wildlife conservation perspective.
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In the present study, we have reported the circulation of BVDV-1a in north-western Algeria.
Studies exploring the molecular epidemiology of BVDV can offer precious information about
the diversity of viral strains present in a population and, in turn, inform control programs, drive
vaccine development and determine likely infection sources(Richard Booth et al., 2013).
Although the real circulation could have been underestimated due to the fluctuation of viremia
and PCR-negative results in some PI animals (Bauermann et al., 2014). The experience with
eradication program against the disease in a number of countries has shown that the RT-PCR
method is a useful tool to reveal Pl animals in cattle herds (Falcone et al., 2003; Hurtado et al.,
2003; Moennig Houe and Lindberg, 2005; Wernike et al., 2017). Nevertheless, confirmation of
Pl status of a ruminant requires identification of virus in two separate samples with minimum
of 15-21 days (Nettleton et al., 1998).

In the current study, RT-PCR resulted positive in 3 out of the 234 analysed animals.
Only one of these three positive samples (a seronegative heifer of 20 months) could be
sequenced targeting the Pestivirus 5’UTR region, confirming the presence of BVDV-1a in
cattle from Algeria (Tiaret_2019; GenBank Acc. No. MT157227; Figure 36). Previously
reported phylogenetic analyses of BVDV revealed the existence of at least 21 subtypes within
BVDV-1 (1a-1u) (M. Deng et al., 2015). BVDV 1la has been reported in several countries,
including Canada, France, Germany, New Zealand, Mozambique, Spain, Sweden, the UK, and
the USA (Walz et al., 2010). As stated by Luzzago et al., (2014) the most prevalent subtypes
are BVDV-1e in France, BVDV-1e and 1h in Switzerland, BVDV-1h in Austria, and BVDV-
1d and 1f in Slovenia (Jackova et al., 2008; Bachofen et al., 2008; Toplak et al., 2004; Hornberg
et al., 2009). Four frequency and distribution patterns of BVDV-1 subtypes were identified in
Italy: high prevalent subtypes with a wide temporal-spatial distribution (BVDV-1b and 1e), low
prevalent subtypes with a widespread geographic distribution (BVDV-1a, 1d, 1g, 1h, and 1k),
low prevalent subtypes in restricted geographic areas (BVDV-1f in the North), and sporadic
subtypes detected only in single herds (BVDV-1c, 1j, and 1I).

To our knowledge, this is the first phylogenic study of Pestivirus using 5°UTR region in cattle
from Algeria. It suggests that an immediate survey regarding the genetic diversity of BVDV in
cow flocks, including in PI cattle, is highly necessary for reducing the prevalence of BVDV

base on administration of intervention measures including culling strategy and animal
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vaccination, if necessary (Newcomer Chamorro and Walz, 2017). The current data on BVDV
prevalence in these regions suggests that continuous epidemiological monitoring including
small ruminants and comprehensive intervention strategy against BVDV infection in dairy
cattle should be conducted.
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I11. 3. 5. Conclusion

This present study, in comparison with other regional studies, emphasis that any control
programme needs to be initially assessed with the rate of infection in a specific region.
Knowledge of herd management and environmental factors which enhance the risk of BVDV
infection would improve the ability to control and prevent the transmission, reducing the
detrimental impacts of BVDV infection on herd health and productivity. Furthermore, this
study underlines that, BVDV-1a are among the important possible causes of abortion and
infertility in dairy cattle in North-Western Algeria. Thus, authors would like to recommend for
in-depth studies on Pestiviruses to launch strategic intervention considering both the economic
and public health importance of diseases affecting the dairy sector. In summary, Pestivirus are
widespread in livestock in North Africa. However, there is a significant lack of both cross-
sectional and long-term transboundary studies about the epidemiology and molecular
variability of ruminant Pestivirus in livestock and wildlife in North Africa. This is of concern

for livestock health and wildlife conservation, and needs to be addressed.
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V. Conclusions and
recommendations
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The current study allows us to conclude that many efforts have to be accomplish in order to
protect and reach the national needs concerning of livestock welfare. The present investigation
underlines that the six studied diseases are among the important causes of abortion and
infertility in dairy cattle in all Algeria. A global vision of the structure management of farms is
necessary including the control and eradication programs of infectious diseases. To prevent the
presence and spread of reproductive pathogens within cattle population, the knowledge of
epidemiology of these infectious diseases must be improved in Algeria. Particularly we
highlight the need for long term

The present studies emphasize that any control programme needs to be initially assessed with
the rate of infection in a specific region. In addition, the knowledge of herd management and
environmental factors which enhance the risk of abortive diseases would improve the ability to
control and prevent the transmission, reducing the detrimental impacts of diseases on herd
health and productivity. This experimental study made it possible to draw up an initial
assessment of the seroprevalence of six abortive diseases, Neospora Caninum, Toxoplasma
Gondii, Chlamydia abortus, Coxiella burnetiid, Brucella abortus and Bovine Viral Diarrhea
Virus (BVDV) in unvaccinated cattle. Infections by BVDV, Brucella spp. N. caninum and

Coxiella burnetii were found to be prevalent in the study area.

Direct and indirect factors were found as effectiveness tools for the spread and propagation of
pathogens through dairy herds in the study localisation. The seroconversion risk increases with
time or calving number, indicating a greater possibility of horizontal transmission of the disease
possibly owing to the increased risk of Brucella spp, Chlamydia abortus and BVDV infection

respectively by horizontal transmission.

The findings of the current study showed that the use of artificial insemination increases
considerably the N. caninum and Brucella spp seropositive infection cattle in herds using this
mode of reproduction. Consequently, Al represent a potential source of direct (semen) or

indirect (Artificial insemination gun) infection.

The mixed herd or the visit of foreign farmers was one of the most important risk factors in
which the presence of sheep or horse or even wild animals are a risk for Neospora caninum,

BVDV, Chlamydia abortus, and Coxiella burnetii infection respectively. Larger size herd had
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higher seropositivity than smaller herds and statistically significant regarding BVDV infection.
While large size herd was recognized as a protective factor.

Brucela spp and Toxoplasma gondi were found to cause reproductive disorders in the study
area. However, the impact of the remain pathogens appeared to be low in the study area, with
no association with reproductive disorders detected.

Thus, the PhD candidate would like to recommend for in-depth study on these and other
infectious causes of reproductive disorders to launch strategic intervention considering both the
economic and public health importance of diseases affecting the dairy sector.

In addition, surveillance and complementary scientific research should be done in several
regions (provinces) aimed to identify the possible presence of pathogenic agents in the sperm
used for veterinary inseminators. This research, together with the control of artificial
insemination practiced by veterinarians, will act in the right direction and effectively prevent

the spread of infections.

Additionally, Pestivirus positive amplicons were sequenced and the 5’ untranslated region (5°-
UTR) was characterized. Studies exploring the molecular epidemiology of BVDYV can offer
precious information about the diversity of viral strains present in a population and, in turn,

inform control programs, drive vaccine development and determine likely infection sources

Once controlled, all risk factors for the entrance of the studied abortive pathogens, it would be
necessary to reduce/eradicate the pathogens through vaccination programs at national level

(when the vaccine is available) and eliminating from flocks and herds the positive individuals.

Finally, there is a significant lack of both cross-sectional and long-term transboundary studies
about the epidemiology and molecular variability of ruminant diseases in livestock and wildlife
in North Africa. This is of concern for livestock health and wildlife conservation and needs to

be addressed. Improve epidemiological data would be mandatory.
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Appendix 1 Questionnaire used in the study
— Section identification herd and farmer

Date of interview.

Season
Farm/Herd Number
Farmer Name
Localisation
Zones agro —écologiques
Propriétaire
Phone Number

— Section livestock
What is the total number of cattle in your farm?

Category | Bull (>1 | Young Cow Heifer> 1 year calves Total
year) Bull Pregnant | empty | Pregnant | empty | Male | female

effective

What type of production system do you practice?

Kind of production system Intensive Extensive Semi-intensive
Yes/ No
If Cats are present 1. Occasional presence of neighborhood cats ¢
2. Regular presence (cats feeding on the spot) ¢
Do you see kittens 1. Yes 2. No
Presence of stray dogs in pastures or stables 1. Yes 2. No
Use of disinfectant 1. Yes 2. No

Frequency of disinfection 1. Once a week

2. Once a month

3. Once a quarter

4. Once a semester

5. Once a year

6. Other
Cleaning method 1. Scanning

2. Piping

3. Both

4. Not practical
Vaccination 1. Yes 2. No
Against which diseases? 1. Rabies

2. Foot-and-mouth disease
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Regular presence of a veterinarian
Mixture between cattle other species
If yes which species

g b~ WN -

1. Yes 2. No

1. Yes

. Sheep

. Goats

. Monkey
. Horses

. Kitchen

2. No

Animal Total

The same building

The same pasture

Sheep

Goat

Horse

Monkey

cats

Dogs

Chicken

Rabbit

Visit of the farm by foreign breeders

Food sources 1.

Drinking Water sources 1. Tap

1. Yes
mixed on the farm

2. From grazing land
3.
4. Both

Bought

2.Well or drilling

4.

River water

Do animals have access to running water (river, stream) to drink
Do animals have access to a standing water point (pond) to drink

Quarantine practice
Are there special calving box
Brucellosis screening

tuberculosis screening 1. Yes

1. Yes

1. Yes

1. Yes

2. No
2. No

2. No
1. Yes 2. No
1. Yes 2. No
2. No
2. No
date  of last  screening------------

date of last screening------------

Wildlife animals

To the building Yes/No

In the pasture Yes/No

Boar

Fox

wolf

Other
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Rate the production efficiency/performance of your animals 1. Very good

2. Good
3. Poor
Presence of other livestock buildings around the farm 1.0
2.1or2
3. More than 2
Do workers use special clothing for the farm 1. Yes 2. No
Presence of rodents 1. Yes 2. No
Presence of ticks and flies 1. Yes 2. No
Do you sell milk 1.Yes 2. No
To whom do you sell your milk
. Neighbors
. Milk vendor

. Primary co-operative milk collection center
. Private milk collection center

. Restaurant/hotel

. Processing factory

. Milk kiosk

. Others (state)

)0 T 3R O ke
( Zf"{z " S{./Sos/\l/

o N o oA W N -
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0-<2 _ stabulation trés propre

Zonel: /02
Zone2: 102 2-<4 _ stabulation propre
Zone3: /02 4-<6 _ stabulation un peu sale
Zoned: /02 6-<8 _ stabulation sale
Zone5: /02 . .

8-10 _ stabulation trés sale
Note : /10

— Reproduction performance section

Mode of reproduction 1. natural
2. artificial
If you are using natural breeding what is the source of the bull 1. From own farm
2. Neighbourhoods
3. Other farms
ADOItION FAte/YEaN-=====mmmmmm e mm e oo e e e e e e e
How do you dispose the after-birth 1. Buried
2. In the pit
3. Burn
4. Others (Please specify)
Are there cats at home or from the neighbourhoods 1.Yes 2. No
Are there dogs at home or from the neighbourhoods 1.Yes 2. No
Have you seen any rodents around your farm/ home 1.Yes 2. No
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Inter calving period (Expected” or “Prolonged) *

Number of abortions in the last 5 years **
Retained foetal membrane (Yes/No)

Stage of gestation (months)
Number of pregnancies
Endometritis (Yes/No)

Weak calf (Yes/No)
Anoestrus (Yes/No)

Repeat breeding (Yes/No) ***

Number of calving
Stillbirth (Yes/No)

Cattle identification
Breed
Type (Cow/Heifer)

Age (months)

* Expected refers to calving every 12—-18 months while prolonged refers to over 18 months.

** abortion was defined as loss of the foetus between 42 and 260 days of gestation, and stillbirth was defined as a calf that was
born dead between 260 days and full-term or died within 24 h following birth.

*** Cows reported requiring 3 or more services per pregnancy were categorized as repeat breeders.
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Appendix 2. RNA extraction from serum using IndiMag® Pathogen Kit with BioSprint
96.

Equipment and reagents to be supplied by user

1 If applicable: Magnetic head for use with Large 96-Rod Covers

(1 Pipettors and disposable pipette tips with aerosol barriers (20—1000 ul)

[ Multichannel pipettor and disposable 1000 pl pipette tips with aerosol barriers

1 Multidispenser

(1 Ethanol (96-100%)*

1 Isopropanol

(1 Phosphate-buffered saline (PBS), may be required for diluting samples

[J Vortexer

1 Soft cloth or tissue and 70% ethanol or other disinfectant to clean the used worktable
Important points before starting

1 Ensure that you are familiar with the correct operation of the workstation. Refer to the
respective user manual for operating instructions.

[1 Check that Buffer ACB, Buffer AW1, Buffer AW2, and Carrier RNA have been prepared
according to the instructions.

[1 Check that Buffer VXL or Buffer ACB does not contain a white precipitate. If necessary,
incubate Buffer VXL or Buffer ACB for 30 minutes at 37°C with occasional shaking to dissolve
precipitate.

1 If using IndiMag Pathogen Kit (SP947457): The 96-rod covers are supplied as packets of 2.
When using a new packet of 2, store the second 96-rod cover on another S-block or plate. Care
should be taken to not bend the 96-rod covers.

Things to do before starting.

1 Thaw and equilibrate samples at room temperature (15-25°C).

(1 If the volume of the sample is less than 200 ul, add PBS or 0.9% NacCl to a final volume of
200 pl.

(1 Prepare the Buffer VXL mixture according to Table 3 on page 26, for use in step 3 of the
procedure.

Before adding MagAttract Suspension G, ensure that it is fully resuspended. Vortex for 3
minutes before using for the first time or 1 minute before subsequent uses.

Important: Do not add Proteinase K directly to the Buffer VXL mixture! This can cause clogs
or precipitates. Follow the procedure as described below (pipetting Proteinase K into the wells,
followed by sample and then Buffer VXL mixture).

Buffer VXL mixture preparation.

Number of samples

Reagent 1 48 96
Buffer VXL 100 pl 4.8 ml 9.6 ml
Buffer ACB 400 pl 19.2 ml 38.4 ml
MagAttract Suspension G | 25 pl 1.2ml 2.4 ml
Carrier RNA (1 pg/ul) 1l 48 pl 96 ul

* The volume prepared is 105% of the required volume to compensate for pipetting error and possible evaporation. Excess buffer should be
discarded.
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Procedure for use with magnetic particle processors (e.g., KingFisher Flex, BioSprint 96
or equivalent)

1. Label and prepare 4 x 96-well deep well plates (S-Block) and 1 x 96-well microplate (slots
2-6) according to Table 2.

Instrument setup and reagent volumes.

Loading Format Item to Volume per well
Slot  message add (1)

Load Large
6 rod S-Block 96-rod | -

cover cover

96-well

Load : Buffer | 100
5 elution :\n/llsroplate AVE

Load Buffer
4 h S-Block (96- 750

wash 3 100%)

Load Buffer | 700
3 wash 2 S-Block AW2

Load Buffer | 700
2 — S-Block AW

Load i « | 720
1 lysate S-Block Lysate

* Includes 20 pl Proteinase K, 200 ul sample and 500 pl Buffer VXL mixture.

2. Ensure to have prepared enough Buffer VXL mixture.

3. Pipet 20 ul Proteinase K into the bottom of a new well of the 96-well deep plate or S-Block
and add 200 pl sample. Note: If your sample volume is less than 200 pl, bring it to 200 ul by
adding PBS.

4. Mix Buffer VXL mixture thoroughly for 30 s and add 500 ul Buffer VXL mixture to each
sample in the 96-well deep well plate.

Immediately load the prepared plates onto the processor and start the respective protocol as
demonstrated in the following link on how using of the DNA extraction on Biosprint 96
instrument at CAGE.

https://www.youtube.com/watch?v=0-ko9SgDSN4
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Appendix 3: ERRATA.

ERRATA for the defense of the doctoral thesis

Date: 14/06/2021.

Doctorate candidate: GUIDOUM Khaled Azzeddine
Veterinary Institute of Ibn Khaldoun-Tiaret university-Algeria

Title of thesis: Seroprevalence and risk factors of the main abortive infectious agents of cattle
in Batna.

Despite the vigilance given when writing the final thesis, a mistake has, escaped my notice. The
only and main correction to be made are presented below:

Instead of the title of the thesis "Seroprevalence and risk factors of the main abortive
infectious agents of cattle in Batna" read “Seroprevalence and risk factors of the main
abortive infectious agents of cattle in Algeria”

Initially the experimental study was programmed to cover only the region of Batna (northeast
Algeria).

Following the support provided by veterinary practitioners working in other regions of eastern
Algeria, in particular Setif and Khanchela, sampling could be carried out effectively in these
latter localities.

In the same way, the sampling could also cover the province of Tiaret.
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Appendix 4: Published paper

Ruminant Pestiviruses in North Africa

Guidoum, K. A., B. Benallou, L. Pailler, J. Espunyes, S. Napp, and O. Cabezon. 2020.
‘Ruminant Pestiviruses in North Africa’. Preventive Veterinary Medicine 184
(November): 105156. https://doi.org/10.1016/j.prevetmed.2020.105156.
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