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A B S T R A C T

The aim of this study is to provide preliminary data about the occurrence of Neospora caninum- and Toxoplasma
gondii-related abortions and perinatal deaths in sheep from Argentina. Thirty ovine aborted foetuses and 33
perinatal deaths were submitted to the Veterinary Diagnostic Service at INTA EEA Balcarce (Argentina) during
2017–2019. A complete necropsy was performed on all specimens submitted, and foetal and placental tissues
were examined. Foetal cavity fluids were collected for assessment of antibodies to N. caninum and T. gondii by
indirect fluorescent antibody technique (IFAT). Placental and foetal tissue samples were collected for DNA
extraction and histopathological analysis. The differential diagnosis with other causes of abortion was carried out.
Of the sampled specimens, 20.63% (13/63) displayed evidence for N. caninum infection by IFAT and PCR, and in
61.5% (8/13) of the positive specimens the parasite was confirmed as the cause of abortion/perinatal death based
on the presence of compatible histological lesions and/or positive immunohistochemistry test, positive PCR and/
or positive IFAT, and no other infectious agents diagnosed. In contrast, T. gondii infection was confirmed in 9.52%
(6/63) of the analysed specimens, but only in 2 lambs T. gondii was determined as the death cause. Neospora
caninum and T. gondii co-infections were confirmed in 4 analysed specimens (2 aborted foetuses and 2 perinatal
deaths). These results demonstrated that N. caninum is efficiently transmitted and a frequent cause of ovine
reproductive failure in the commercial analysed flocks compared with T. gondii. Despite T. gondii congenital
infection was detected in some specimens (6/63), it was confirmed as the cause of death in only two of them.
Thus, and considering the limited availability of confirmed samples, we could not determine whether toxoplas-
mosis is a major problem in Argentinian sheep flocks or not. More studies on a greater number of specimens from
different ovine production systems under different management conditions are necessary to assess the real impact
of neosporosis and toxoplasmosis in Argentina.
1. Introduction

Neospora caninum is an apicomplexan protozoan parasite recognized
as a major cause of abortion and severe economic losses to the cattle
industry worldwide (Reichel et al., 2013). Cattle can be infected hori-
zontally by the ingestion of N. caninum oocysts shed in the faeces of the
definitive hosts (canids), or vertically from the mother to the foetus
during gestation (Lindsay & Dubey, 2020). In addition, transplacental
transmission can occur following recrudescence of a persistent infection
during pregnancy (endogenous transplacental transmission), or after a
new infection by ingestion of oocysts (exogenous transplacental
ultural Technology (INTA), 7620
Hecker).

12 October 2021; Accepted 27
vier B.V. This is an open access ar
transmission) (Trees & Williams, 2005). Although neosporosis has been
shown as a major cause of abortion in cattle, N. caninum has also been
detected in many animal species, including sheep (Lindsay & Dubey,
2020). Neospora caninum can be congenitally transmitted in naturally
infected sheep and can cause abortion and perinatal mortality
(Gonz�alez-Warleta et al., 2018). Several reports have suggested the role
of naturally acquired N. caninum infections in sheep, and its involvement
in poor reproductive performance and abortions in flocks from different
countries, i.e. Argentina (Hecker et al., 2019), Brazil (Moraes et al., 2011;
Filho et al., 2017; Pereira et al., 2021), Iran (Asadpour et al., 2013), Iraq
(Al-Shaeli et al., 2020), Italy (Gazzonis et al., 2019), New Zealand (West
, Balcarce, Argentina.
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et al., 2006; Howe et al., 2012), Spain (Moreno et al., 2012;
Gonz�alez-Warleta et al., 2014, 2018), Tunisia (Amdouni et al., 2018),
and UK (Bartley et al., 2019). However, the role of N. caninum as a sig-
nificant pathogen and abortifacient in flocks is yet under discussion. On
the other hand, T. gondii has been reported as one of the most common
abortive agents in sheep worldwide (Lindsay & Dubey, 2020). Toxo-
plasma gondii and N. caninum are closely related cyst-forming apicom-
plexan parasites with similar clinicopathological manifestations in sheep
that can be differentiated both through immunohistochemical analysis
and by detecting parasite DNA (Moreno et al., 2012). For this reason, it
has been suggested that N. caninum may have been misidentified as
T. gondii in previous studies (Moreno et al., 2012; Gonz�alez-Warleta et al.,
2014, 2018).

The productivity of small ruminant flocks depends on their repro-
ductive efficiency. In Argentina, ovine abortion is a major cause of eco-
nomic losses (unpublished data of the Veterinary Diagnostic Service at
INTA Balcarce, Argentina). Nevertheless, the research about abortion
aetiology is still scarce (Paolicchi et al., 2013; Fiorentino et al., 2017;
Gual et al., 2018; Hecker et al., 2019). Ovine neosporosis has been
recently reported in Argentina. Initially, serological surveys demon-
strated that N. caninum seroprevalences were 3% and 1.54% in dairy and
meat sheep, respectively, indicating that N. caninum may not be an
important pathogen affecting reproduction in Argentinian flocks (Hecker
et al., 2013, 2018). Later, Hecker et al. (2019) reported the first case of
ovine abortion caused by N. caninum. In addition, although anti-T. gondii
antibodies have been investigated in Argentina (Hecker et al., 2013,
2018), clinical disease is also scarcely reported (Gual et al., 2018). In
order to further evaluate the importance of protozoan parasites as causal
agents of reproductive losses in sheep from Argentina, the aim of this
study is to provide data about the occurrence N. caninum and T. gondii in
cases of ovine abortion and perinatal death.

2. Materials and methods

2.1. Necropsy and sampling of aborted foetuses and perinatal deaths

A total of 30 aborted foetuses and 33 perinatal deaths from different
sheep flocks were submitted to the Veterinary Diagnostic Service at INTA
EEA Balcarce (Argentina) during 2017–2019. A complete necropsy was
performed on all specimens. Foetal and placental tissues were examined
by standard gross pathology procedures (Campero et al., 2003). Foetal
cavity fluids were collected and stored at �20 �C until assessment for the
presence of antibodies against N. caninum and T. gondii by indirect
fluorescent antibody technique (IFAT). Placental and foetal tissue sam-
ples (central nervous system, heart, lungs, liver, tongue, forelimb and
hindlimb muscles) were collected for DNA extraction and histopatho-
logical analysis according to Hecker et al. (2019).

2.2. Serology

All foetal fluid samples were evaluated for anti-N. caninum and anti-
T. gondii specific IgG by IFAT using a cut-off titre of 1:10 and the pertinent
positive and negative controls as described earlier (Hecker et al., 2019).

2.3. DNA extraction and PCR

DNA was extracted using a commercially available kit according to
the manufacturer’s recommendations (High Pure PCR Template Prepa-
ration Kit, Roche, Mannheim, Germany). DNA concentration was
measured using an Epoch micro-volume spectrophotometer system
(Epoc, Bioteck® Instruments, Inc., Vermont, USA). The concentration of
DNA for all samples was adjusted with PCR-grade water to 50–100 ng/μl.

For detection of N. caninum DNA, an adapted single-tube nested-PCR
on the internal transcribed spacer 1 (ITS1) region was carried out using
the external primers TgNN1 and TgNN2 (0.01 μM) and the internal
primers NP1 and NP2 (0.2 μM) (Regidor-Cerrillo et al., 2014). In
2

addition, a PCR assay on the B1 gene was used to detect T. gondii DNA
using the primers Tox5 and Tox8 (0.5 μM) as previously described by
Mor�e et al. (2010). For both PCRs, the amplifications were performed in a
reaction mixture of 24 μl consisting of 10 mM Tris-HCl, 2 mM MgCl2,
200 μM of each dNTP, and 1 unit of Taq Polymerase (Taq Pegasus, PB-L,
Argentina). DNA ofN. caninum (Nc1 strain) and T. gondii (RH strain) were
used as positive controls. The DNA tachyzoite extraction (from each
parasite) was made using the High Pure PCR Template Preparation Kit,
(Roche) following the manufacturer’s recommendations to extract DNA
from blood cells. The secondary amplification products were visualized
in a 1.8% agarose gel electrophoresis using SYBR Safe DNA gel stain
(Invitrogen, Carlsbad, CA, USA) under UV light.

2.4. Procedures for differential diagnosis

Samples of lungs and abomasal content were cultured to determine the
presence of aerobic, CO2-dependent and microaerophilic bacteria (Brucella
spp., Campylobacter spp., Salmonella spp., Listeria spp.) (Fiorentino et al.,
2017). In addition, a direct fluorescent antibody test was performed on
foetal kidney imprints and smears of abomasal content for identification of
Leptospira spp. and Campylobacter spp. (Campero et al., 2003) and a PCR
assay on the omp1 gene was used to detect Chlamydia spp. in placental and
foetal tissue samples (Sachse, 2004). Finally, for viral isolation, spleen
homogenates were inoculated onto Madin-Derby bovine kidney (MDBK)
cell cultures as described Ode�on et al. (2003) and were tested for border
disease virus (BDV) by an indirect fluorescent antibody procedure with a
polyclonal antibody (VMRD, Pullman, TN, USA).

2.5. Histopathological and immunohistochemical analysis

Five μm-thick sections of each foetal tissue were cut, mounted on
glass microscope slides, and stained with haematoxylin and eosin (H&E).
Histopathological lesions found in analysed tissues were classified ac-
cording to their severity and the number of inflammatory lesions. Lesions
were classified as mild when they were limited to focal lymphohistiocytic
inflammatory infiltrates. Multifocal non-suppurative inflammatory le-
sions were classified as moderate. Lesions were classified as severe when
necrotizing areas were observed with the presence of non-suppurative
inflammation, in some cases, with the presence protozoan cysts and/or
mineralization. Tissues that had protozoan-compatible lesions were
selected and analysed by immunohistochemistry (IHC) test using poly-
clonal antibodies against N. caninum (kindly provided by Dr M. Ander-
son, UC Davis, USA) and T. gondii (kindly provided by Dr M.C. Venturini,
UNLP, Argentina) and Dako EnVision kit (Carpinteria, CA, USA),
employed according to the manufacturer’s instructions.

2.6. Established criteria for etiological diagnosis

A diagnosis of congenital infection with N. caninum or T. gondii was
made when PCR and/or IFAT results were positive. Furthermore, these
parasites were confirmed as the cause of abortion or perinatal death
according to the following criteria: (i) presence of compatible histo-
pathological lesions and/or positive IHC test; (ii) positive PCR and/or
positive IFAT; and (iii) no other infectious agents diagnosed. When the
cause of death could not be narrowed down to either Neospora or Toxo-
plasma because the IHC test was negative for both pathogens, death was
deemed to be caused by “protozoan parasites”. Finally, a diagnosis was
considered indeterminate when no causative agent could be detected by
any of the laboratory tests.

3. Results

3.1. Diagnosis of the analysed specimens

A total of 30 aborted foetuses and 33 perinatal death cases were
received from 9 to 8 flocks, respectively. Information about the number
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of analysed specimens according to production system and its location is
included in Table 1. The submitted aborted foetuses had a gestation age
of 2–5 months; gestation age of 80% of them was between 110 and 150
days. In 18 out of the 30 aborted foetuses, the cause of foetal death was
determined (60%) (Table 2). In 14 foetuses, the abortion was caused by
an infectious agent, of which 8 were caused by protozoan infection
(57.14%). On the other hand, in 25 out of the 33 perinatal death cases a
diagnosis was achieved (75.75%) (Table 2). Of these, 14 lamb deaths
were caused by infectious agents, of which protozoans were involved in 5
cases (35.71%).

3.1.1. Neospora caninum
Congenital infection with N. caninum (PCR and/or presence of anti-

bodies) was confirmed in 9 out of 30 (30%) aborted analysed foetuses
(Table 3). However, N. caninum was confirmed as the cause of abortion
(based on the presence of compatible histopathological lesions and/or
positive IHC test, positive PCR and/or positive IFAT, and no other in-
fectious agent diagnosed) only in 7 foetuses (23.33%). In one of the
aborted foetuses (#18N203), co-infection with N. caninum þ T. gondii
was detected (positive PCR for both pathogens); nevertheless, although
the lesions were compatible with protozoan parasites, the etiological
diagnosis could not be confirmed because the IHC test was negative for
both pathogens. In another foetus (#18N204) a co-infection was detected
but the final diagnosis was associated with Leptospira spp. since it
resulted positive by IFAT (data not shown) and the lesions observed were
compatible with lesions caused by this spirochete.

Congenital infection with N. caninum was confirmed in 4 out of 33
(12.12%) perinatal death cases. Nevertheless, only in a single specimen
(3.03%) the infection with N. caninum was considered as the cause of
perinatal death (based on the presence of compatible histopathological
lesions, positive PCR and/or positive IFAT, and no other infectious agent
diagnosed) (Table 3). In another perinatal death case (#19N120), co-
infection with N. caninum þ T. gondii was detected by PCR with lesions
compatible with protozoan parasites, but the IHC test was negative for
both pathogens; thus the final diagnosis could not be confirmed. In
addition, in 2 death cases of lambs infected with N. caninum (#18N132
and #18B87) lesions compatible with foetal stress were detected, i.e.
lesions associated with foetal hypoxia and presence of meconium in
Table 1
Number of analyzed specimens according to the production system and its
location

Death cause Production system (N) Location (n)

Abortion Meat flocks (N ¼ 8) Buenos Aires (n ¼ 19)
Corrientes (n ¼ 5)
Santa Fe (n ¼ 1)
Entre Ríos (n ¼ 1)

Dairy flocks (N ¼ 1) Buenos Aires (n ¼ 4)
Perinatal death Meat flocks (N ¼ 7) Buenos Aires (n ¼ 24)

Corrientes (n ¼ 8)
Dairy flocks (N ¼ 1) Buenos Aires (n ¼ 1)

Abbreviations: N, number of flocks; n, number of specimens.

Table 2
Diagnoses of the analyzed specimens

Agent diagnosed Cause of
abortion

Cause of
perinatal death

Total
specimens

Neospora caninum 7 1 8
Toxoplasma gondii 0 2 2
Protozoan parasitesa 1 2 3
Other infectious causes
(bacteria, viruses, fungi)

6 9 15

Non-infectious causes 4 11 15
Indeterminate diagnosis 12 8 20
Total specimens 30 33 63

a Mixed infection with N. caninum and T. gondii.
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bronchi or pulmonary alveoli; thus in these cases we assumed that foetal
stress was the cause of death because the lesions were not compatible
lesions with protozoan parasites.

Histopathological findings in all aborted foetuses and dead lambs
where the infection with N. caninum was considered the cause of the
reproductive loss, varied in their severity from mild to moderate but no
differential severity lesions were found between aborted foetuses and
perinatal death cases. Lesions varied from non-suppurative inflammatory
infiltrates, areas of necrosis and/or parasite cysts in younger foetuses to
lesions limited to a mild non-suppurative inflammatory infiltrate in the
full-term aborted foetuses or perinatal death cases. Some specimens were
mummified, their tissues being severely autolyzed. When placenta was
available, the most common lesion was a diffuse lymphohistiocytic pla-
centitis with vasculitis, and multifocal necrosis. In the central nervous
system, moderate to severe multifocal non-suppurative necrotizing
myelomeningoencephalitis was commonly detected. In one aborted
foetus, this lesion was severe and associated with the presence of
N. caninum cysts (#19N56). In the heart, the most frequent lesion was a
moderate diffuse lymphohistiocytic endocarditis with extensive
myocarditis and pericarditis (Fig. 1A). Finally, non-suppurative multi-
focal glossitis and non-suppurative hepatitis (Fig. 1B) and pneumonia
were commonly observed. N. caninum cysts and/or unencysted zoites
were detected in IHC analysis of the brain (#19N56) (Fig. 1C) and tongue
(#17N156).

3.1.2. Toxoplasma gondii
Congenital infection with T. gondii was confirmed based on PCR and/

or presence of antibodies in 2 out of the 30 (6.66%) aborted foetuses, but
this parasite could not be confirmed in any of these specimens as the
cause of death since no compatible lesions and/or positive IHC test were
detected. Co-infections with N. caninum alone (#18N203) and Leptospira
spp. and N. caninum (#18N204) were detected in two aborted foetuses.
Again, in both foetuses the abortion could not be associated directly with
T. gondii (Table 3).

Among perinatal death cases, congenital infection with T. gondii was
confirmed in 4 out of 33 lambs (12.12%), but only in 2 of them (6.06%)
the infection was determined as the cause of death (based on the pres-
ence of compatible histopathological lesions, positive PCR and/or posi-
tive IFAT, and no other infectious agent diagnosed) (Table 3). Two death
lambs were co-infected with T. gondii þ N. caninum (#18N132 and
#19N120), although the diagnosis could not be associated with T. gondii
as indicated above (Section 3.1.1). In addition, in one perinatal death
case, there were severe histological lesions compatible with protozoan
infection (#19N117), but the IHC test was negative and unfortunately,
there were no tissues and serum samples available for molecular and
serological studies, respectively; therefore the diagnosis could not be
confirmed.

In the two specimens in which the death was caused by T. gondii
(#19N115 and #19N116) the histological lesions ranged from moderate
to severe with non-suppurative multifocal necrotizing meningoenceph-
alitis (Fig. 1D), non-suppurative multifocal necrotizing myocarditis, non-
suppurative interstitial pneumonia, multifocal non-suppurative glossitis
and multifocal non-suppurative myositis. Immunohistochemistry for
T. gondii was negative in all tissues with compatible lesions and no
serological evidence for this parasite was detected in foetal fluids.

4. Discussion

In the present study, aborted foetuses and perinatal death cases were
analysed and the importance of N. caninum and T. gondii as causes of
reproductive losses in sheep production systems in Argentina was
assessed. To the best of our knowledge, this is the first study carried out
on a significant number of aborted sheep foetuses and perinatal deaths in
Argentina and even in South America, using serology, molecular and
histopathological techniques. Previous serological studies in Argentina
have hypothesized that N. caninum would not be an important pathogen



Table 3
Diagnosis of Neospora caninum and Toxoplasma gondii by histopathology, serology (IFAT), PCR and immunohistochemistry (IHC) in the studied specimens

ID Moment of fetal death Histopathological lesions
compatible with
protozoan parasites

Neospora caninum Toxoplasma gondii Congenital infection Etiological diagnosis

IFAT PCR IHC IFAT PCR IHC

17N156 112 dg þ þ þ þ – – – N. caninum N. caninum
18N197 80 dg þ – þ – – – – N. caninum N. caninum
18N198 80 dg þ þ þ – – – – N. caninum N. caninum
18N199 Full term þ – þ – – – – N. caninum N. caninum
18N201 Full term þ þ þ – – – – N. caninum N. caninum
18N203 Full term þ – þ – – þ – N. caninum þ T. gondii N. caninum or T. gondii?
18N204 Full term – þ – – – þ – N. caninum þ T. gondii Leptospira spp.
19N56 130 dg þ þ þ þ – – – N. caninum N. caninum
19N119 Full term þ þ þ – – – – N. caninum N. caninum
18N132 Perinatal death – þ þ – – þ – N. caninum þ T. gondii Fetal stress
18B78 Perinatal death þ – þ – – – – N. caninum N. caninum
18B87 Perinatal death þ na þ – na – – N. caninum Fetal stress
19N115 Perinatal death þ – – – þ þ – T. gondii T. gondii
19N116 Perinatal death þ na – – na þ – T. gondii T. gondii
19N117 Perinatal death þ na na – na na – N. caninum or T. gondii? N. caninum or T. gondii?
19N120 Perinatal death þ þ þ – – þ – N. caninum þ T. gondii N. caninum or T. gondii?

Abbreviations: dg, days of gestation; na, not available.

Fig. 1. Pathological findings in the analysed
specimens with neosporosis and toxoplasmosis. A
Severe non-suppurative myocarditis in a full-term
foetus infected with N. caninum (H&E, 100�). B
Severe non-suppurative periportal hepatitis in a
1-day-old lamb infected with N. caninum (H&E,
100�). C Protozoan cysts of N. caninum immu-
nolabeled in cerebral cortex (IHC, 100�). D Se-
vere non-suppurative focal necrotizing
encephalitis in a 1-day-old lamb infected with
T. gondii (black arrows) (H&E, 100�).
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of the reproductive tract in the Argentinian flocks (Hecker et al., 2013,
2018). However, a low number of flocks were sampled in these studies,
and the results may have underestimated the real impact of ovine neo-
sporosis. In the present study, although the number of flocks under study
was limited, the fact that they come from four Argentinian provinces in
which the dairy and meat ovine production is important (https://
www.magyp.gob.ar/sitio/areas/d_ovinos/), gives relevance to the pre-
liminary results obtained. The present study allowed us to determine the
frequency of congenital infections by PCR and/or IFAT, and the
involvement of the protozoan pathogens N. caninum and T. gondii as
causes of abortion or perinatal death based on the presence of compatible
histopathological lesions and/or positive IHC test.

The results of the present study showed that N. caninum is frequently
vertically transmitted in Argentinian sheep flocks (20.63% of the 63
specimens) in agreement with previous results reported in other coun-
tries (Hughes et al., 2005; Buxton et al., 2007; Howe et al., 2012; Moreno
4

et al., 2012; Razmi&Naseri, 2017). Considering thatN. caninum is one of
the most important causes of bovine abortion in Argentinian production
systems, an epidemiological relationship may be involved. Further, the
use of farm working dogs is frequent in both systems (bovine and ovine)
and this practice may influence our findings. Although the main trans-
mission way of N. caninum has traditionally been considered to be ver-
tical, a previous study in Argentina indicated that in some farms with
specific husbandry conditions, the horizontal transmission may play a
key role (Mor�e et al., 2009). Therefore, further studies analysing more
specimens from more flocks are necessary to expand our knowledge of
the epidemiology of ovine neosporosis in Argentina.

Neospora caninum was confirmed as the cause of death in 8 (7 abor-
tions and 1 perinatal death) out of 13 specimens with N. caninum
congenital infection. In these 8 specimens, no evidence of other pathogen
infection was detected (including T. gondii). Although IHC test was per-
formed in these foetuses to differentiate from T. gondii, positive

https://www.magyp.gob.ar/sitio/areas/d_ovinos/
https://www.magyp.gob.ar/sitio/areas/d_ovinos/
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immunostaining for N. caninum was detected only in two aborted foe-
tuses, possibly due to the mild to moderate lesions found in these spec-
imens and the low sensitivity of this technique as previously reported
(Van Maanen et al., 2004). However, the detection of N. caninum DNA by
PCR (and the absence of T. gondii DNA), the presence of antibodies
detected by IFAT and the compatible histological lesions were sufficient
to confirm N. caninum as the cause of these reproductive losses.

In the present study, most of the aborted foetuses referred for diag-
nosis had a gestational age of 75 days or more. Therefore, in the absence
of early abortion specimens to analyse, this study could not determine the
term in which N. caninum-related abortions were more prevalent.
Experimental infections with N. caninum in sheep have shown that
N. caninum can cause foetal death at any time of gestation (Weston et al.,
2009; Arranz-Solís et al., 2015) although under field conditions sheep
abortions of less than 75 days of gestation are difficult to find and recover
for further analysis. Howe et al. (2012) suggested that naturally infected
sheep are exposed to lower infectious doses and at variable times during
pregnancy compared with animals under experimental conditions. Thus,
a variety of pregnancy outcomes could be expected in any given flock
experiencing abortions due to N. caninum infection. However, if we
consider that this species is very efficiently vertically transmitted in
flocks and that the moment of parasite reactivation occurs during
mid-gestation, due to the natural immunosuppression that occurs in the
dam, it could be hypothesized that most of the abortions occur from this
moment on, as it has been previously reported in cattle (Benavides et al.,
2014).

In this study, the presence of parasite cysts in the central nervous
system was detected by IHC test in one aborted foetus at 130 days of
gestation (#19N56) infected with N. caninum. This finding was previ-
ously described by Gonzalez-Warleta et al. (2018) but in stillbirth with
milder lesions and an immunologically controlled infection, allowing the
parasite to reach a quiescent stage. However, in the present study, the
histopathological lesions found in this aborted foetus were severe, indi-
cating the absence of foetal immunocompetence and an uncontrolled
infection that finally caused its foetal death. In addition, many of the
foetuses in which N. caninum was diagnosed showed moderate or mild
lesions, according to the gestation progress. Previous studies have re-
ported that the severity and distribution of lesions in the central nervous
system, heart and lungs may be affected by gestational age (Weston et al.,
2009; Benavides et al., 2014). Considering the PCR results for N. caninum
in the present study indicating congenital infection, it is likely that the
parasite reactivation occurs after the middle of the gestation period, as
previously reported (Jolley et al., 1999; Gonz�alez-Warleta et al., 2014,
2018). Therefore, the foetuses were already immunocompetent, so the
foetal lesions were less severe, although the foetal or perinatal deaths
were caused. Other authors reported that the effects of neosporosis could
be more damaging in sheep than in cattle, even though the transplacental
passage of the parasite occurs when the foetal lambs have already
developed immunocompetency (Arranz-Solís et al., 2015;
Gonz�alez-Warleta et al., 2018). However, in the present study N. caninum
was only the cause of a single perinatal death (#18B78), and the histo-
pathological lesions found in this specimen were mild and no parasite
cysts were detected.

As shown in Table 3, congenital coinfections were detected by IFAT
and PCR in two aborted foetuses and in two perinatal deaths. In two of
these specimens (#18N203 and #19N120), histopathological lesions
were compatible with protozoan parasites, but the death cause could not
be confirmed because the IHC test was negative in both specimens.
Gondim et al. (2017) reviewed the serological cross-reactivity among
T. gondii, Hammondia spp., N. caninum spp., Sarcocystis spp. and Besnoitia
besnoiti in cattle, reporting serological cross-reactivity between T. gondii
and N. caninum. However, in the coinfected specimens studied here,
antibodies were only detected against N. caninum and not against
T. gondii, possibly due the presence of persistently infected but clinically
unaffected dams that reactivated their N. caninum infection during
gestation producing the endogenous transplacental transmission of the
5

parasite (Gonz�alez-Warleta et al., 2018). In addition, the lack of anti-
bodies against T. gondii in the analysed specimens may indicate an acute
infection or the existence of an immune response in the dams that pre-
vented the parasite reactivation during gestation and, thus, the endoge-
nous transplacental transmission (Benavides et al., 2017). Likewise, the
PCR results allowed confirming a co-infection with both parasites. It has
been shown by others that a flock with reproductive problems exhibited
simultaneously both N. caninum and T. gondii infections (H€assig et al.,
2003). Therefore, we cannot rule out that the simultaneous infection
with both pathogens has caused death in both specimens. However, the
aetiology of reproductive failure is multifactorial and therefore the
possible contribution of other factors (physical, chemical and biological)
cannot be completely ruled out.

Toxoplasma gondii is one of the most important pathogens of the
reproductive tract in small ruminants, leading to important losses in the
sheep industry worldwide due to abortions after primo-infection of
pregnant sheep (Dubey, 2009). The presence of T. gondii-seropositive
sheep was previously reported in Argentina (Hecker et al., 2013, 2018)
and a case of spontaneous abortion due to T. gondii infection has been
reported in a flock in Buenos Aires Province (Gual et al., 2018). In the
present study, endogenous transplacental transmission of T. gondii was
scarcely detected (9.52%) coinciding with the findings of other authors
from other countries suggesting that this transmission route may not be
important for this pathogen (Buxton et al., 2007; Dubey, 2009; Innes
et al., 2009) compared with the frequently detected endogenous trans-
placental transmission of N. caninum in cattle (Trees & Williams, 2005;
Lindsay& Dubey, 2020) and sheep (Jolley et al., 1999; Gonz�alez-Warleta
et al., 2018). Additionally, T. gondii could only be confirmed as the cause
of two perinatal deaths but not in aborted foetuses, being less frequent
than previously reported in the literature (Hughes et al., 2005; Dubey,
2009; Moraes et al., 2011; Moreno et al., 2012; Sah et al., 2019).

The histopathological findings in the T. gondii-infected perinatal
death cases (#19N115, #19N116) were more severe compared with le-
sions found in perinatal death cases caused by N. caninum infection.
Similar findings have been described in naïve dams infected for the first
time providing evidence that maternal and foetal immune systems are
unable to control T. gondii infection (Benavides et al., 2017). Therefore,
an out-of-control parasite infection that invades the placenta and the
developing foetus causes its death. Unfortunately, because T. gondii could
not be diagnosed as death cause in any foetus, a comparative analysis
with N. caninum, considering lesion severity and abortion timing for
aborted foetuses could not be made. A recent study of Nayeri et al. (2021)
reported the global prevalence of T. gondii infection in the aborted foe-
tuses. This study provided evidence that the overall prevalence rates of
T. gondii infection detected by molecular methods or serological tests in
aborted foetuses and stillbirths were 42% and 16%, respectively, over a
total of 4383 studied specimens. The findings of this global meta-analysis
show the importance of T. gondii as a cause of reproductive losses
worldwide. Considering the limited availability of analysed samples in
the present study, we could neither confirm nor rule out that toxoplas-
mosis is a major problem in Argentinian sheep flocks.

5. Conclusions

The results of the present study showed that N. caninum is vertically
transmitted and was frequently associated as a cause of reproductive
losses in sheep from the analysed Argentinian flocks. Considering that
N. caninum is one of the most important causes of bovine abortion in
Argentina, an epidemiological study about ovine neosporosis evaluating
other husbandry conditions should be performed. The findings demon-
strate that neosporosis should be included as a frequent cause of ovine
abortion in Argentina. Despite T. gondii congenital infection was detected
in some specimens (6/63), it was confirmed as the cause of death in only
two of them. Thus, and considering the limited availability of confirmed
samples, we could not determine whether toxoplasmosis is a major
problem in Argentinian sheep flocks or not. More studies on a greater
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number of specimens from different ovine production systems under
different management conditions are necessary to assess the real impact
of neosporosis and toxoplasmosis in Argentina.
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