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1. Introduction

South American camelids are experiencing increasing popularity in the Western world, primarily prized for their exceptionally soft
wool, utility as trekking companions, and suitability as pets. Breeders face significant challenges due to low reproductive rates, re-
ported to range between 45.5 % and 65.9 % (Aller et al., 2003; Bravo et al., 2010), and the prevalence of abortions or stillbirths, which
are among the primary health concerns (Tibary et al., 2006). Abortion rates range between 24 % and 34.1 % (Ridland et al., 1993;
Bravo et al., 2010), emphasizing the potential substantial economic losses within the breeding industry. High abortion rates among
SAC can result in significant economic losses for the breeders. Often, the underlying cause of abortions remains undetermined, as
careful examination of the fetus and placenta frequently fail to reveal a clear cause (Schaefer et al., 2012; Riifli et al., 2021; Clarke and
Breuer, 2022). Like other mammals, many infectious pathogens responsible for abortions in SAC are transmissible to other species,
including humans and other farm animals, posing a zoonotic risk. This makes it crucial to prevent, accurately diagnose, and manage
the causes of abortions to halt the spread of these pathogens. In Switzerland, several diseases such as brucellosis, bovine viral diarrhea
virus, chlamydiosis, salmonellosis, and equine arteritis virus are classified as epizootics, underscoring the potential necessity of
including SAC in eradication efforts to prevent transmission to other farm animals. Given that SAC have only recently gained popu-
larity in the Western world, the lack of economic resources and the extrapolation of information generated from other species, there is
a notable gap in veterinary knowledge concerning their specific health issues. This review aims to consolidate all so far known in-
fectious and non-infectious causes of abortions in SAC, providing veterinarians, field scientists and SAC owners with a comprehensive
knowledge base.
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2. Material and methods

The review was structured around five key phases: (1) defining the research question, (2) locating relevant studies, (3) selecting
appropriate studies, (4) extracting and processing data, and (5) summarizing and presenting the findings, following the methodology
proposed by Tricco et al. (2016). The central research question guiding the review was, “What are the known infectious and non-
infectious causes of abortions, stillbirths and perinatal mortality in SAC?” To address this, searches were conducted in six medical
or agricultural electronic databases through the end of 2023: PubMed, Scopus, Embase, Ovid, Web of Science, and ScienceDirect,
without imposing restrictions on publication date, language, or study type. The search utilized terms associated with pregnancy loss
and perinatal mortality in SAC such as South American camelids, alpaca, llama, abortion, pregnancy loss, embryonic death, stillbirth,
pathologic pregnancy, neonatal loss, perinatal mortality, neonatal death, brucellosis, bovine virus diarrhea virus, equine herpes virus,
coxiellosis, salmonellosis, leptospirosis, infectious bovine rhinotracheitis, neosporosis, toxoplasmosis, trace minerals. The search query
was tailored to the requirements of each database. All identified citations were imported into the reference manager Mendeley
(Elsevier, Amsterdam, Netherlands) and duplicates were manually removed, with additional duplicates identified and eliminated
throughout the process. Initial screening involved reviewing titles and abstracts, discarding publications not in English, German, or
French, those not focused on SAC, molecular-level studies, non-peer-reviewed documents, research describing diseases in males,
conference proceedings, or studies where the death of the cria occurred more than 48 after birth. Additionally, publications prior to
1990 were excluded. Furthermore, studies were excluded if early embryonic loss occurred by the sixth week of pregnancy, adhering to
the abortion definitions used in other species where abortion is defined post- 42 days of gestation in cattle (Mee, 2023) and post-40
days in horses (Leon et al., 2023). Subsequent full-text screening excluded manuscripts based on the initial criteria. The remaining
studies underwent data extraction, with information complied into a Microsoft Excel spreadsheet (Microsoft Corporation, Redmond,
USA).
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Fig. 1. PRISMA flow chart of study selection process.
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3. Results
3.1. Search results

The initial search generated 5’234 potentially relevant results. Following duplicate removal, 2’416 citations underwent eligibility
screening. From these, 58 records met the inclusion criteria and were subjected to full-text assessment. After thorough examination, 49
publications were retained for inclusion in the review. The progression of citations from identification to final inclusion is shown in
Fig. 1.

The publications included in the review originated from four continents, with the majority from North America (n=26), followed
by Europe (n=12), South America (n=7), and Australia (n=4). The studies primarily focused on alpacas (n=24) or both alpacas and
llamas (n=19), with fewer studies (n=6) exclusively involving llamas. Of the total, 36 publications addressed aspects of pregnancy loss,
while only six specifically dealt with perinatal mortality and stillbirths. Twelve studies examined both, abortions and perinatal
mortality. Research on specific infectious agents causing abortions was limited. A summary of the findings is presented in Table 1, and
non-infectious abortifacients are listed in Table 2.

Table 1
Infectious agents causing abortions listed alphabetically.
Group Infectious agent Species Location Citation
Viruses BVDV Alpaca, llama UK, USA, Canada (Belknap et al., 2000)

(Goyal et al., 2002)
(Wentz et al., 2003)
(Carman et al., 2005)
(Evermann, 2006)
(Tibary et al., 2006)
(Barnett et al., 2008)
(Topliff et al., 2009)
(Van Amstel and Kennedy, 2010)
(Bedenice et al., 2011)
(Jarvinen and O’Connor, 2014)
EAV Alpaca Germany (Weber et al., 2006)

Bacteria Brucella ssp. Llama USA (Gidlewski et al., 2000)
(Tibary et al., 2006)
(Vaughan and Tibary, 2006)

Campylobacter fetus ssp. fetus Alpaca UK (Bidewell et al., 2010)
(Halsby et al., 2017)
Chlamydia Alpaca, llama USA (Tibary et al., 2006)
(Vaughan and Tibary, 2006)
Corynebacterium pseudotuberculosis Alpaca Sweden (Bjorklund et al., 2019)
Coxiella burnetii Alpaca, llama Switzerland (Riifli et al., 2021)
Encephalitozoon cuniculi Alpaca USA (Webster et al., 2008)
Leptospira Alpaca, llama UK, USA (Tibary et al., 2006)

(Vaughan and Tibary, 2006)
(Halsby et al., 2017)

Listeria monogytogenes Alpaca, llama USA (McLaughlin et al., 1993)
(Tibary et al., 2006)
(Vaughan and Tibary, 2006)

Salmonella ssp. Alpaca, llama UK (Halsby et al., 2017)

Septicemia (Strep. sanguis type 1) Llama USA (Semalulu and Chirino-Trejo, 1991)
(Tibary et al., 2006)

Strep. pluranimalium Alpaca, llama Switzerland (Riifli et al., 2021)

Trueperella pyogenes Alpaca, llama USA (Tibary et al., 2006)

Yersinia enterocolitica Alpaca, llama UK (Halsby et al., 2017)

Opportunistic infection - E. coli Alpaca, llama Switzerland (Riifli et al., 2021)

Parasites Neosporin caninum Alpaca, llama Peru, USA (Chavez-Velasquez et al., 2005)

(Serrano-Martinez et al., 2007)

Sarcocystis ssp. Alpaca USA (La Perle et al., 1999)
(Tibary et al., 2006)

Toxoplasma gondii Alpaca, llama USA, Switzerland (Tibary et al., 2006)

(Vaughan and Tibary, 2006)
(Dubey et al., 2014)
(Riifli et al., 2021)
Fungi Coccidoides posadasii & immitis Alpaca, llama USA (Diab et al., 2013)
(Grayzel et al., 2020)

Abbreviations: Bovine Viral Diarrhea Virus (BVDV), Equine Arteritis Virus (EAV), Streptococcus (Strep.), Escherichia coli (E. coli), subspecies (ssp.)
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Table 2
Non-infectious reasons for abortions listed alphabetically.
Non-infectious reasons Species Location Citation
Body condition of dam Alpaca, llama UK, USA, Continental Europe, Australia (Brown, 2000)
(poor/ obese) (Vaughan and Tibary, 2006)

(Van Saun, 2008)
(Kapustka and Budzynska, 2022)

Dexamethasone Alpaca, Llama USA (Bravo et al., 1996)
(Vaughan and Tibary, 2006)
Dystocia Alpaca, llama Australia, USA, Switzerland, Germany, Austria (Brown, 2000)

(Ferrer et al., 2015)
(Wolfthaler et al., 2020)

Fetal malformations Alpaca, llama UK, USA (Davis et al., 1998)

(Ferrer et al., 2015)
Genital abnormalities of dam Alpaca, llama USA, Australia (Brown, 2000)

(Vaughan and Tibary, 2006)

Alpaca Peru (Bravo et al., 2009)

Maternal stress Alpaca, llama USA (Vaughan and Tibary, 2006)
Mineral / vitamin deficiencies Alpaca, llama USA (Van Saun, 2008)
PGF2a Alpaca, llama USA, Peru (Bravo et al., 1996)

(Memon and Stevens, 1997)
(Smith et al., 2000)
(Vaughan and Tibary, 2006)

Plant poisoning Alpaca, Australia (McKenzie et al., 2009)
Pregnancy toxemia Alpaca Italy (Sylla and Crociati, 2020)
Twin pregnancy Alpaca, llama USA, Germany, UK, Continental Europe (Vaughan and Tibary, 2006)

(Schaefer et al., 2012)

(Hoops and Kauffold, 2013)

(Campbell et al., 2015)

(Ferrer et al., 2015)

(Kapustka and Budzynska, (2022)
Umbilical torsion Alpaca, llama USA (Schaefer et al., 2012)

3.2. Infectious agents
3.2.1. Viral pathogens

3.2.1.1. Bovine viral diarrhea virus. South American camelids are susceptible to bovine viral diarrhea virus (BVDV), but an experi-
mental study has shown that acutely infected animals show few or no clinical signs (Wentz et al., 2003). Since BVDV isolates from
llamas and bovines are very similar, it has been concluded that cattle are the most likely source of BVDV infection in SAC (Wentz et al.,
2003). Bovine viral diarrhea virus causes early embryonic loss, abortions and stillbirths (Belknap et al., 2000; Goyal et al., 2002;
Carman et al., 2005; Barnett et al., 2008). Persistent infections with BVDV type 1b are possible in SAC, as was first described in 2005
(Carman et al., 2005). Persistently infected (PI) alpaca crias experience a high degree of morbidity and mortality associated with
various clinical manifestations of disease. Clinical signs of PI animals include stillbirth, chronic wasting, low-grade pyrexia, atypical
fleece, lethargy, inappetence, low birth weight, stunted growth and weight gain, diarrhea, joint swelling, opportunistic dental, in-
testinal and respiratory diseases (Belknap et al., 2000; Carman et al., 2005; Foster et al., 2005, 2007; Bedenice et al., 2011).
Opportunistic infections and reduced immune responses can contribute to the early death of PI alpacas (Bedenice et al., 2011). Because
of their high viral shedding, PI animals are an important source of infection for other healthy ruminants (Carman et al., 2005).

3.2.1.2. Equine arteritis virus. In a zoo in western Germany, an alpaca had an abortion in the late stages of gestation. In organs of the
aborted fetus PCR isolation confirmed Equine Arteritis Virus (EAV). All five remaining alpacas at the zoo tested positive for EAV
antibodies. Five donkeys in the same zoo were tested for antibodies against EAV. Two of these donkeys were seropositive for EAV.
There was no direct contact to equids, but visitors had the possibility to feed the alpacas and equids, and the same caretakers were
responsible for the donkeys and the alpacas, so EAV could have been transmitted to the alpacas (Weber et al., 2006). The case report of
Weber et al. is so far the only publication on EAV infection in SAC.

3.2.2. Bacterial pathogens

3.2.2.1. Brucella abortus. Spontaneous Brucella abortus infections have not been described in SAC, but were experimentally induced in
a llama by inoculation into the conjunctival sac (Gidlewski et al., 2000). After 43 days, the dam aborted an eight-month-old fetus. The
lesions caused by Brucella abortus in the llama dam were comparable to those seen in cattle, as Brucella abortus was isolated from the
mammary gland, lymph nodes and placenta of the dam when the llama was necropsied after abortion. Brucella abortus was also
identified in the fetal kidney and lung (Gidlewski et al., 2000).
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3.2.2.2. Campylobacter fetus subspecies fetus. Late gestation abortions due to C. fetus ssp. fetus were reported in a herd of alpacas in
England. The potential sources of infection in the study of Bidewell et al. were direct or indirect exposure to contaminated feces of
carrier sheep, alpacas, wildlife or wild birds. The alpacas had direct and indirect contact with a flock of sheep living on the same farm
with no history of fetal loss. There were four abortions and one birth of a premature, non-viable cria over a six-week period. The
abortion rate in the described alpaca herd was 6.25 %. Abortions occurred two to four weeks before term. The pathogen was isolated
from fetal stomach contents and the placenta. Nine out of 25 fecal samples from pregnant alpacas contained C. fetus ssp. fetus.
Therefore, it was concluded that fecal shedding also occurs in SAC (Bidewell et al., 2010).

3.2.2.3. Coxiella burnetii. Recently, Coxiella burnetii was identified as an abortion pathogen in alpacas and llamas (Riifli et al., 2021).
Eight aborted or stillborn fetuses were necropsied and examined for infectious causes leading to abortion. In five out of eight fetuses
Coxiella burnetii was isolated from fetal organs or the placenta. In three cases, corresponding placentitis was identified. As Coxiella
burnetii has zoonotic potential and is highly infectious, precautions should be taken to protect owners and other susceptible animals
(Riifli et al., 2021).

3.2.2.4. Listeria monocytogenes. Only one case of late gestation abortion due to Listeria monocytogenes was reported in a llama dam
(McLaughlin et al., 1993). The dam appeared slightly lethargic but was otherwise in good condition. The placenta showed scattered
areas of congestion with edema and many necrotic neutrophils and mononuclear cells extending from the chorionic epithelium into the
underlying connective tissue. No significant gross lesions were discovered in the aborted fetus. Listeria monocytogenes was isolated in
pure culture from the liver and lungs of the fetus. The dam remained healthy (McLaughlin et al., 1993).

3.2.2.5. Streptococcus sanguinis type 1. An abortion was reported in one llama after an estimated 270 days pregnancy. A pure culture of
Streptococcus sanguinis type-1 was isolated from samples of gastric fluid, liver, lung and spleen of the aborted fetus. The large number of
Streptococcus sanguinis isolated support the etiologic role of septicemia and subsequent abortion (Semalulu and Chirino-Trejo, 1991).

3.2.2.6. Salmonella typhimurium and Salmonella dublin. A salmonella infection can lead to abortion in animals. The Animal and Plant
Health Agency in England confirmed 23 cases of salmonella infections in SAC between 2000 and 2015, including two abortions. One
was caused by S. dublin and one by S. typhimurium (Halsby et al., 2017).

3.2.2.7. Leptospira. Leptospira can infect many animal species, including livestock and domestic mammals, and can lead to asymp-
tomatic or mild disease through to severe, fatal hepatorenal failure. In England, Leptospira ssp. have been detected in the kidneys of an
aborted alpaca fetus (Halsby et al., 2017). Leptospira ssp. has also been described as possible cause of abortion in SAC in North and
South America (Tibary et al., 2006; Vaughan and Tibary, 2006).

3.2.2.8. Opportunistic coinfections (Escherichia coli and Streptococcus pluranimalium). In the study by Riifli et al. (2021), one aborted
SAC fetus showed histological signs of severe bronchopneumonia. Severe growth of Escherichia coli (E. coli) was detected in bacterial
cultures from the liver, lungs, C3 and placenta. Coxiella burnetii was also detected in the placenta. This suggests that E. coli was only
involved as an opportunistic secondary pathogen (Riifli et al., 2021). A co-infection of Coxiella burnetii and Streptococcus pluranimalium
was found in one abortion in the same study. The affected dam had already suffered an abortion in a previous pregnancy (Riifli et al.,
2021).

3.2.2.9. Necrotizing placentitis / uterine infection with unknown pathogens. In a study done by Schaefer et al. (2012), 85 placentae were
histologically examined to characterize the microanatomy and histopathology of placentae of aborted, stillborn and normally deliv-
ered SAC. Placentitis was diagnosed in 11.8 % of the aborted placentae of llamas and alpacas examined. In five out of ten cases,
bacteria were identified as the sole infectious cause of the placentitis. In the other five cases, the etiology remained undetermined
(Schaefer et al., 2012). The same finding was made in one case of necrotizing placentitis following an abortion, in which no pathogen
could be identified either (Bjorklund et al., 2019).

3.2.2.10. Miscellaneous bacterial abortifacients. Abortions due to Chlamydia ssp. have been described in SAC (Tibary et al., 2006;
Vaughan and Tibary, 2006). In a single known case in Sweden, one abortion was found to be due to abscesses of Corynebacterium
pseudotuberculosis in the gravid uterine horn (Bjorklund et al., 2019). Trueperella pyogenes has been found in biopsies of the genital tract
of llamas and has therefore been mentioned as potential abortifacient in SAC (Tibary et al., 2006). One abortion in SAC in the United
Kingdom was caused by Yersinia enterocolitica. Infections in animals are usually asymptomatic, rarely leading to diarrhea and abortions
(Halsby et al., 2017).

3.2.3. Parasitic pathogens

3.2.3.1. Toxoplasma gondii. Dubey et al. (2014) reported a spontaneous abortion associated with toxoplasmosis in an alpaca in the
USA: an alpaca fetus was stillborn two days before the expected date of delivery. The fetus had a hydrocephalus and an enlarged liver.
Protozoan cysts were discovered in the brain and kidney tissue and identified as Toxoplasma gondii. The dam’s antibody titer against
Toxoplasma gondii was increased (Dubey et al., 2014). In Switzerland, Toxoplasma gondii antibodies were detected in the body fluids of
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an aborted fetus and a stillborn cria. No Toxoplasma gondii cysts were detected, but the presence of antibodies in fetal material clearly
suggested an infection with Toxoplasma gondii because maternal antibodies cannot cross the placental barrier in SAC. The dams had
also developed antibodies against Toxoplasma gondii (Riifli et al., 2021).

3.2.3.2. Neospora. Neospora caninum has been shown to be the cause in 14 out of 50 mid to late trimester abortions in SAC (Serra-
no-Martinez et al., 2007), and in three mid to late trimester of pregnancy abortions mentioned by Serrano-Martinez et al., (2004).
Protozoal infection was found in 38 % of the fetuses examined. Characteristic histopathological lesions are non-suppurative multifocal
encephalitis and meningoencephalitis. These typical lesions were present in only three of 13 (26 %) aborted fetuses that had
protozoan-associated lesions in brain tissue (Serrano-Martinez et al., 2007). Other ways of detecting Neospora ssp. are immunohis-
tochemical analysis or specific PCR, in which 28 % of the aborted fetuses showed signs of protozoal infection (Serrano-Martinez et al.,
2007).

3.2.3.3. Sarcocystis. A severe disease caused by Sarcocystis aucheniae was described in an alpaca, which led to recumbency, abortion
and ultimately death. At necropsy, numerous cysts and hemorrhagic lesions were found in skeletal muscles of the entire body of the
dam. The alpaca dam showed signs of both acute and chronic disease, which is unusual. No cysts or hemorrhages were found in the
aborted fetus and placenta (La Perle et al., 1999).

3.2.3.4. Enzephalitozoon cuniculi. Webster et al. (2008) reported a case of placentitis, premature birth and perinatal death of a 290-day
pregnant alpaca cria in Purdue, USA, caused by Encephalitozoon cuniculi. The dam remained clinically normal. DNA of Encephalitozoon
cuniculi was extracted from placental tissue. Enzephalitozoon cuniculi should be considered as a potential cause of sporadic abortions
and perinatal deaths in SAC (Webster et al., 2008).

3.2.4. Fungal pathogens

3.2.4.1. Coccidoides posadasii and immitis. Diab et al. (2013) report an abortion caused by Coccidoides posadasii in the ninth month of
pregnancy in California, USA. The serum of the dam was positive for coccidioidal IgG antibodies. The high titer (1:256), determined by
quantitative immunodiffusion, was interpreted as an indicator of disseminated coccidiomycosis. The dam was subsequently eutha-
nized and a necropsy was performed. Disseminated coccidiomycosis was found, severely affecting the lungs and serosal membranes of
thoracic cavities. The placenta and the fetus showed multifocal pyogranulomatous nodules in many organs. This suggests that he-
matogenous spread or aspiration of contaminated amniotic fluid led to subsequent placental insufficiency and / or fetal disease
resulting in abortion (Diab et al., 2013). Grayzel et al. documented four additional cases of miscarriage or neonatal mortality in alpacas
due to coccidiomycosis and showed that SAC living in California are at higher risk for developing coccidiomycosis than SAC living in
other states of the USA. Pregnant alpacas infected with Coccidoides ssp. appear to be predisposed to abortion, even in the absence of
other clinical signs of disease (Grayzel et al., 2020).

3.3. Non-infectious agents
3.3.1. Iatrogenic causes

3.3.1.1. PGF2a. Prostaglandins have been shown to safely induce birth within 24 h in alpacas (Bravo et al., 1996; Vaughan and
Tibary, 2006). In the study by Bravo et al. (1996), crias born after PGF2a (40pg fluprostenol IM) treatment took a longer time from
birth to standing than crias after spontaneous delivery, but otherwise showed no differences in regard to mean time from birth to first
suckling, body weight or mean IgG serum concentration 24 h postpartum and vital parameters (Bravo et al., 1996). In unwanted cases
of pregnancies (e.g. in possibly related animals or animals accidentally bred too young), the prostaglandin analogue cloprostenol can
be used to induce abortion through luteolysis (Memon and Stevens, 1997). In the study of Memon and Stevens (1997) an intramuscular
dosage of 150pg cloprostenol was used, while Smith et al. (2000) used a higher dosage of intramuscular cloprostenol (250pg). The
majority of abortions (82.9 %) happen within three or four days (Smith et al., 2000). In rare cases, a second injection of cloprostenol
may be required (Smith et al., 2000). Induction of abortion with cloprostenol does not appear to have a negative effect on the future
fertility of the dam (Memon and Stevens, 1997; Smith et al., 2000).

3.3.1.2. Dexamethasone. Dexamethasone administered in high doses (e.g. 0.5 mg) causes intrauterine death of alpaca fetuses. In an
experimental study by Bravo et al. (2009), the fetuses were expelled six to nine days after administration of dexamethasone. Two dams
in the same study developed dystocia and had to be assisted in labor. The stillborn crias and fetal membranes were in a necrotic state.
This shows that dexamethasone cannot be used to safely induce parturition in alpacas. Administered at lower doses (0.0005 mg,
0.005 mg, 0.05 mg IV), dexamethasone had no adverse effects on the pregnancies (Bravo et al., 1996; Vaughan and Tibary, 2006).

3.3.2. Influence of dam, management and housing conditions

3.3.2.1. Age of dam. Body weight of crias at birth and placental efficiency (body weight of cria divided by placenta weight at birth)
increase with dam’s age. Dams older than six years give birth to heavier crias, reaching a peak of cria birth weight in nine-year-old
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dams. Stillborn crias and crias that died shortly after birth were significantly lighter than surviving crias. The inability to ingest
sufficient colostrum due to weakness or lack of colostrum production can lead to death. In a study by Bravo et al., the weight of the crias
was put in relation with the survival of the newborns. This study showed that 11.3 % of crias from dams at the age of two to three years
died. In contrast, only 5.9 % of crias born to dams aged four to 12 years died. The increased quantity and quality of colostrum could
have an influence, as could the more experienced mothering ability of multiparous females (Bravo et al., 2009).

3.3.2.2. Vitamin / mineral deficiencies. Deficiencies in trace minerals (copper, selenium, zinc) are likely to lead to reproductive losses,
as these are important nutrients supporting the immune function of the dam and neonate. This hypothesis has not yet been confirmed
in SAC, but seems likely as reproductive losses occur in cattle that are deficient in trace minerals (Hostetler et al., 2003; Van Saun,
2008). Fat soluble vitamins (Vitamin A and E) may also play a role in early embryonic death, but this has not yet been proven (Tibary
et al., 2006; Van Saun, 2008). In a recent study, crias from dams receiving mineral supplements had higher birth weights, than those
from dams that did not receive mineral supplements. But in regard of miscarriages, stillbirth or neonatal death, no difference was found
(Kapustka and Budzynska, 2022).

3.3.2.3. Pregnancy toxemia. Inappetence due to many diseases or stress factors can lead to increased mobilization of body fat and
subsequently to liver lipidosis and ketonemia. This has been reported in two alpacas in late gestation. Pregnancy toxemia can lead to
intrauterine death of the fetus or to prematurely born crias. In this study, one fetus of a dam suffering from pregnancy toxemia died
intrauterinely and was later iatrogenically aborted with prostaglandins, after which the condition of the dam improved rapidly (Sylla
and Crociati, 2020). Another prematurely born cria of a dam with pregnancy toxemia was euthanized after 36 h of life after its general
condition declined due to failure of passive transfer and non-responsiveness to the applied therapy (Sylla and Crociati, 2020).

3.3.2.4. Dystocia. Anatomy and constitution of the dam can lead to dystocia, possibly leading to stillbirth of the cria. Incorrect
positioning of cria or malformations can lead to dystocia, although malformations of the fetus rarely appear to be a problem (Ferrer
et al., 2015; Wolfthaler et al., 2020). Most birth difficulties are due to an abnormal presentation or position of the fetus. Dystocia can
also be due to genital abnormalities of the dam, infections, poor nutrition or obesity (Brown, 2000).

3.3.2.5. Nutritional status of the dam. Nutritional deficiencies, particularly in maiden females can lead to abortions (Brown, 2000;
Vaughan and Tibary, 2006). A recent study showed a close correlation between scabies infestation in a herd and an increased rate of
abortions and stillbirths of unknown etiology. Sarcoptes mites have no direct influence on the fetus, but infestation with this parasite
leads to weight loss and impaired reproductive performance of the dam due to reduced general health condition (Kapustka and
Budzynska, 2022). Nowadays obesity poses more often a problem regarding birth, as fat deposits in the birth canal can lead to dystocia
(Belknap et al., 2000). Obese animals are also more susceptible to hepatic lipidosis. Clinical observations suggest lower progesterone
concentrations in obese animals and therefore a higher risk for early embryonic loss (Van Saun, 2008).

3.3.2.6. Plant poisoning. Nitrate-nitrite poisoning after consumption of oat hay (Avena sativa) resulted in the death of four alpacas and
induced abortion of a full-term fetus, shortly before the dam died as well. The clinical signs in the adult alpacas were cyanosis,
tachycardia, weakness and finally collapse. No lesions were noted at necropsy of the fetus. Necropsy of the adult animals revealed
cyanosis of the carcass, edematous congested lungs and very dark blood suggestive of methemoglobinemia. The aqueous humor of the
fetus contained 10 mg NO3/L, whilst the aqueous humor of the adults contained 25 mg NOs/L. In cattle, aqueous humor concen-
trations greater than 25 mg NO3/L are regarded as diagnostic of intoxication (Osweiler et al., 1985). The abortion of the fetus is
believed to be due to fetal hypoxia as a result of maternal methemoglobinemia (McKenzie et al., 2009).

3.3.3. Influence of fetus

3.3.3.1. Twins (Placental Insufficiency). Conception of twins is not uncommon in alpacas, but two viable twins are almost never born
(Schaefer et al., 2012). An incidence of twin pregnancies below 1 % has been suggested (Vaughan and Tibary, 2006). A very high rate
of spontaneous reductions of twin pregnancies occurs before Day 45 of pregnancy. A significant number of twin pregnancies may even
result in the loss of both embryos. Unilaterally ovulating females carrying twins may be at higher risk of losing both embryos than
bilaterally ovulating females (Campbell et al., 2015). In the study of Kapustka and Budzynska (2022), 81 % of twin pregnancies ended
in miscarriage. Placental insufficiency is believed to play a major role in this phenomenon. Areas of villous hypoplasia have been
detected in placentae of alpaca abortions due to twinning. This leads to placental insufficiency, which can result in fetal distress
syndrome due to hypoxia (Schaefer et al., 2012). Abortion of twins can furthermore lead to dystocia from incorrect positioning in the
birth canal (Ferrer et al., 2015).

3.3.3.2. Fetal malformations. Fetal anomalies rarely appear to be a problem in SAC. Some cases of spina bifida (Davis et al., 1998),
hydrocephalus (Dubey et al., 2014; Ferrer et al., 2015) and brachygnathia superior (Ferrer et al., 2015) have been reported. These
malformations can lead to dystocia.

3.3.4. Miscellaneous non-infectious abortifacients
Placental insufficiency due to villous hypoplasia can result in a fetal distress syndrome due to hypoxia and therefore lead to
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abortion. If considered as possible cause of abortion, the percentage of idiopathic abortions in alpacas in the study of Schaefer et al.
(2012) is reduced from 66.2 % to 47.9 % of the microscopically examined cases. In the same study one abortion was caused by an
umbilical torsion. Inbreeding is a factor that is also associated with embryonic loss (Brown, 2000). Furthermore, maternal stress, e.g.
due to transport, can lead to abortion (Vaughan and Tibary, 2006).

4. Discussion

Abortions in SAC significantly impact animal welfare and biosafety. Many infectious diseases have zoonotic potential or can be
transmitted to other species. Furthermore, recurrent abortions can lead to substantial economic losses in SAC herds. Despite this, the
field remains under-researched, with a few studies available, many of which are dated or rely on limited sources. Some studies are
based on hypotheses or single case reports, while other potential causes for abortions have only been mentioned in personal com-
munications from authors without further investigation. In most examined cases, the reason of the abortion remains unidentified, and
no causative agent can be found. With the increasing accuracy of modern diagnostics and the availability of more diagnostic options,
there is a pressing need for new studies to gain a better understanding of the possible causative diseases. Many infectious diseases that
cause abortions in SAC are transmissible to humans or other species, often resulting in similar symptoms, including abortions. Hence, it
is crucial to raise awareness about this potential risk and implement appropriate biosafety measures. These measures should include
testing and isolation new animals before introducing them into a herd, isolation and providing veterinary care for sick animals, and
ensuring that pregnant women do not come into contact with abortion material. Some infectious diseases, such as brucellosis, BVDV,
chlamydiosis, salmonellosis, and EAV, are listed in the terrestrial animal health code of the World Organization for Animal Health
(World organization for animal health, 2024). Consequently, special regulations regarding epizootics of individual countries must be
considered when these diseases occur.

In addition to infectious causes, there are numerous non-infectious reasons for abortions in SAC, many of which are influenced by
management and housing conditions. Proper nutrition is crucial, requiring high-quality basic feed and mineral supplements in
appropriate quantities. Regular assessment of body condition scores is necessary to prevent malnourishment or obesity, keeping in
mind that large amount of fibers can mask the actual body condition. Additionally, effective monitoring of births and close supervision
of pregnant animals can help identify and correct potential dystocia due to incorrect positioning of the cria, thereby reducing perinatal
mortality.

5. Conclusion

As the popularity of SAC continues to rise, conducting further research becomes increasingly crucial for enhancing our under-
standing and mitigating the occurrence of abortions. We strongly advocate for SAC owners and attending veterinarians to thoroughly
investigate any instances of abortion, as each case contributes valuable insights that can advance our collective knowledge in this field.
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