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Simple Summary

Alpaca farming in the high Andean regions of Peru is a traditional family-based activity that supports
local culture and income. However, alpacas often suffer from different health problems, including a
long-standing disease caused by parasites called sarcocystosis. This disease affects the muscles and
has been present for more than 30 years without an effective solution. In this study, we examined
over 1,300 alpacas in a slaughterhouse to look for visible signs of this disease. We focused on certain
muscles where the parasites are usually found, such as the neck, ribs, and legs. About 30 percent of
the animals showed signs of infection. Adult alpacas had more parasites than younger ones, but
males and females were affected equally. Although the disease did not reduce the animals” body
weight or meat yield, the parasites were most concentrated in the rib muscles. These results show
that sarcocystosis continues to be a common and serious issue in alpacas. Finding better ways to
control this disease could help protect animal health and improve the quality of alpaca meat, which
would benefit farmers and consumers alike.

Abstract

Alpaca farming in the high Andean regions of Peru is a family activity of social, cultural, and
economic importance. Some struggles for farmers include infectious, parasiticc and nutritional
diseases. Among these, sarcocystosis does not have a medium- or long-term solution, with parasite
prevalence dating back 3 decades. This study was conducted to determine the prevalence of
sarcocystosis through visual examination and to determine the differences according to age, sex, and
number of macrocysts. A visual examination of the cystic structures in different predisposing or
susceptible areas, such as the cervical (neck), costal (intercostal muscles), and thigh muscles was
performed to identify macroscopic cysts. A total of 1,361 alpacas were evaluated; of these, 410 were
sarcocystosis -positive. The results revealed an overall prevalence of 30.12% and varried by age.
Alpacas with complete dentition, on average, had the highest parasitic load (192 macrocysts)
compared to those with deciduous dentition (43 macrocysts). Although the infection did not affect
live weight, carcass weight or performance, the intercostal muscles had the highest cyst density.
These findings confirm that sarcocystosis is an endemic disease in alpacas, with a heterogeneous
distribution according to age groups but homogeneous between sexes, and highlights the need to
implement sustainable control strategies, especially in adult alpacas, where the parasitic load is
critical.
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1. Introduction

Sarcocystis is a parasitic disease of widespread distribution worldwide that affects various
domestic animals, including South American camelids. The infection is caused by protozoa of the
genus Sarcocystis, whose species and mechanisms vary depending on the host. Sarcocystis in South
American camelids is caused by the coccidia Sarcocystis aucheniae and Sarcocystis lamacanis , both
with an indirect predator-prey life cycle. The alpaca is the intermediate host where the parasite carries
out its asexual reproduction, forming macro and micro cysts that can massively affect muscle fibers,
both striated and cardiac [1]. The definitive host is the domestic and wild canine, where coccidia
develop their sexual phase giving rise to the formation of thousands of sporocysts and oocysts, which
are released sporulated along with the feces into the environment [2].

This disease is commonly known as (trichina or arrocillo) and constitutes a toxic zoonosis [3]. In
Peru, S. aucheniae produces macroscopic cysts in the skeletal muscles of alpacas [4]. Alpaca farming
in the high Andean regions of Peru constitutes a family activity of social, cultural and economic
importance [5,6]. The production of alpaca meat has become very relevant due to its nutritional
quality, since it has less fat and cholesterol compared to other sources of animal protein, which as
caused an increase in consumption mainly in developed countries [5,7,8]. However, sarcocystosis
significantly affects the weight gain of infected animals (-18.7 and -4.7 g/day), with mortality rate up
to 60% [9]. Furthermore, the massive presence of macroscopic cysts in the muscles of animals destined
for human consumption leads to the confiscation of carcasses and limits the commercialization of
meat [10].

Macrocyst prevalences of 70-100% have been reported in all four South American camelid
species across all alpaca-producing regions of the country. This clearly indicates the high levels of
contamination of pastures with this parasite, which is aggravated by the close coexistence of dogs
and the feeding of dogs with raw meat infected with this coccidia [3,11,12], and the low
socioeconomic levels of the rural population. Alpaca production in the Macusani district is not fully
developed due to the presence of parasitosis, which causes delays in production and reproduction
parameters in alpacas. This is a consequence of the lack of interest and knowledge of alpaca producers
who do not have access to specific information about the parasitic disease and delays all the normal
physiological processes of alpacas. Furthermore, there are no studies that count cysts in alpaca
carcasses and the effect they have on carcass performance. The objective of this study was to
determine the prevalence of sarcocystosis by macrocyst count and to determine the relationship of
infection with alpaca carcass weight.

2. Materials and Methods

2.1. Location

The research was carried out in several alpaca breeding sites, one of them is the Municipal
Slaughterhouse of Macusani district, Carabaya Province, located in the northern part of the Puno
Region (Figure 1), at an average altitude of 4345 meters above sea level, 14°04'07” South latitude and
70°25'53” West longitude. This area has a rainy and semi- frigid climate, with poor humidity in
winter, where the maximum temperature is around 12°C and minimum temperatures are around 2°C
in summer and -6.5°C in winter, with a rainfall of 636 mm [13].
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Figure 1. Ubication of the Municipal Slaughterhouse of Macusani district (red marker).

2.2. Animals

The study population consisted of alpacas slaughtered at the municipal slaughterhouse in the
district of Macusani, province of Carabaya, department of Puno. The sample size was determined
using non-probability convenience sampling, working with the 1361 slaughtered alpacas. The
animals were classified by age (DL: milk tooth, 2D: 2 teeth, 4D: 4 teeth, BLL: full mouth) and sex.

2.3. Methods

To determine the prevalence and count of macroscopic superficial cysts in the skeletal muscles
of each carcass, the methodology described by FAO (2007) and Vasquez et al. (2012) [14,15] was
adopted, which consists of a detailed visual examination of the cystic structures in the predisposing
or susceptible areas of greater infection, such as the cervical region (neck), costal (intercostal muscles)
and thigh muscles. This macroscopic approach is commonly used in the scientific literature due to its
effectiveness in identifying visible cysts without the need for additional techniques such as
microscopic analysis [16,17]. The inspection was carried out systematically and the presence of one
or more macrocysts was considered positive (Figure 2), macrocyst identification was done as
described by Decker (2018) [18] Figure 3 (forms A, B, C, D and E), while the absence of these structures
was recorded as negative. The carcasses were classified according to the presence of Sarcocystis sp.
macroscopic cysts, following the criteria established by different authors in previous studies [19]. In
addition, a detailed record of each carcass was kept, specifying the location of the macrocysts.
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Figure 2. Carcass with cysts of S. aucheniae in the intercostal muscles considered positive (red arrows).

Figure 3. Different morphologies and sizes of macroscopic cysts of S. aucheniae [18].

To assess the impact of sarcocystosis on carcass yield, the live weight of each alpaca before
slaughter and the carcass weight after slaughter were recorded using a digital scale with a sensitivity
of 50 grams. This procedure is key to correlating the prevalence of infection with potential variations
in meat yield, an aspect that has been documented in other studies on sarcocystosis in species of
economic interest [17,20].

2.4. Statistical Analysis

To compare the prevalence of sarcocystosis by sex and class, the chi-square test of independence
was used with a significance level of 0.05. To analyze quantitative data (such as cyst count and
weights), measures of central tendency and dispersion were calculated. Prior to analysis, the data
were transformed to meet the assumptions of normality. To compare the number of cysts by sex, the
Student t test for independent samples was applied, while for comparisons by class, a completely
randomized design (CRD) was used, and Tukey's test was used to compare means. Finally, weights
were analyzed using a CRD with a 4 x 2 factorial arrangement and Tukey's test to compare means.

3. Results

3.1. Prevalence of Sarcocystis Aucheniae in Alpaca Carcasses

Of the 1,361 carcasses analyzed, 410 were positive for sarcocystosis, representing an overall
prevalence of 30.12%. By sex, the prevalence was 29.95% in females and 30.33% in males, with no
statistically significant differences (p>0.05), indicating a homogeneous distribution between both
sexes. The lowest prevalence was recorded in alpacas with 4D and BLL, which presented similar
prevalences. The confidence intervals were narrow, suggesting precision in the estimates (Table 1).
These results suggest a possible influence of age or physiological development on parasite exposure,
which was also reported in previous studies [17]. However, further analysis would be required to
confirm this relationship. Differences between classes were significant (p < 0.05), according to the
statistical analysis applied.

Table 1. Prevalence of alpacas positive for Sarcocystis Aucheniae by sex and class.

Sex N Positives Prevalence LI (95%) LS (95%)
Female 728 218 29.95a 29.91 29.98
Male 633 192 30.332 30.30 30.37
Total 1361 410
Class
DL 156 37 23.72a 23.65 23.78
2D 147 51 34.692 34.62 34.77
4D 438 131 29.91a 29.87 29.95
BLL 620 191 30.812 30.77 30.84
Total 1361 410
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DL: Baby tooth, 2D: 2 teeth, 4D: 4 teeth, BLL: Full mouth; Prevalence (%) of Sarcocystis -positive alpacas
aucheniae, by sex and dental class. Identical letters (a) in superscript indicate no significant differences (Chi-

square test, p > 0.05). 95% confidence intervals (CI: lower limit, LS: upper limit). N: sample size.

3.2. Sarcocystis Macrocyst Count in Alpaca Carcasses

All 410 selected animals tested positive with the molecular and serological diagnostic tests. The
majority presented visible macrocysts in the muscle tissue. This group also included some animals
that, although they did not show visible macrocysts , were positive at the molecular and serological
level. The average number of macrocysts observed was 32.5 in female alpacas and 26.18 in males, and
this difference was not statistically significant (p = 0.085). Similar trends were observed in previous
studies in South American camelids [19]. Females had between 1 and 350 macrocysts, while males
had between 1 and 154 macrocysts (Table 2).

Table 2. Number of cysts in superficial muscle in the 410 animals positive by macroscopic diagnosis by sex.

Sex Average Min Max

Female 32.502 1 350

Male 26.18 1 154
Probability 0.085

Values are expressed as mean * standard error (SE). Identical letters (a) indicate no significant differences

(Student 's t test for independent samples, p > 0.05).

Significant differences were observed in the average number of lesions between the different
ages (Table 3). Alpacas with milk teeth (DL) had the lowest average (43 macrocysts), followed by 2-
tooth alpacas (2D) with 53 macrocysts . In contrast, 4-tooth alpacas (4D) and those with complete
dentition (BLL) showed notably higher averages, with 134 and 192 macrocysts respectively. These
results align with those reported by Velasquez et al. (2019) [19] It should be noted that, although the
minimum number of macrocysts recorded was 1 in all groups, the maximum value was 350
macrocysts (Table 3).

Table 3. Number of cysts in the 410 animals positive for macroscopic diagnosis by age group.

Category Average Min Max
DL 43a 1 49
2D 53ab 1 139
4D 134b 1 188
BLL 192° 1 350
Probability 0.046

Values are expressed as mean + standard error. Different letters (a, b) indicate significant differences (p < 0.05)
according to Tukey's test. DL: Baby tooth, 2D: 2 teeth, 4D: 4 teeth, BLL: Full mouth. Different letters in the same

column denote significant differences (p < 0.05).

3.3. Live Weight, Carcass Weight, and Carcass Yield of Alpacas

Analysis of live weight, carcass weight, and carcass yield revealed that the presence of
macrocysts did not significantly affect these parameters (p > 0.05), as no statistical differences were
observed between sarcocystosis- positive and -negative alpacas (Table 4). However, BLL positive
alpacas (Full Mouth) recorded the highest live weight (53.45 kg), while DL alpacas (milk teeth)
together with 2D (2 teeth), presented the lowest values (p < 0.05). A similar pattern was observed in
carcass weight, with BLL positive alpacas reaching the highest weight (27.80 kg), and DL negative
the lowest (18.45 kg) (p <0.05). No significant differences were found between age groups for carcass
yield (p > 0.05), suggesting that conversion efficiency is not altered by age or infection.
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Table 4. Effect of sarcocystosis on alpaca carcass weight and yield.

Sarcocystosis Live weight, kg Carcass weight, kg Carcass Yield, kg
Negative 45.092 23.222 51.322
Positive 45.362 23.042 50.572
Probability 0.793 0.763 0.584

Sarcocystosis Age

DL 37.542 18.452 49.122
Negative 2D 44 .54« 22.64bd 50.582
4D 49.95¢d 25.734 51.152
BLL 48.32<d 26.06¢ 54.422
DL 40.392 19.58 48.392
Positive 2D 41.512b 20.93*® 50.242
4D 46.08bc 23.85¢d 51.662
BLL 53.454 27.804 51.992
Probability 0.001 0.026 0.088

Different letters (a, b, ¢, d) in the same column indicate significant differences (p < 0.05, Tukey's test), DL: Baby
tooth, 2D: 2 teeth, 4D: 4 teeth, BLL: Full mouth.

The results obtained indicate that, although age influences live and carcass weight, possibly due
to physiological development, the presence of Sarcocystis aucheniae macrocysts does not appear to
significantly compromise alpaca performance. This suggests that the parasitic load does not
significantly affect nutrient metabolism or muscle development at the stages evaluated. However,
experimental studies have shown that Sarcocystis infections can reduce weight gain and fiber
production in young alpacas, especially when the parasitic load is high [9].

4. Discussion

The data presented in Table 1 reveal that no statistically significant differences (p > 0.05) were
identified in the prevalence of S. aucheniae between female and male alpacas. This lack of association
between sex and the presence of macroscopic cysts coincides with the findings previously
documented by Palomino (2013) [17] in Huancavelica, Peru, who reported prevalences of 31.23% in
females and 33.67% in males, with no significant differences between the two groups. Analogous
results were obtained by Velasquez et al. (2019) [19] in Puquio, Ayacucho region, where prevalences
of 16.3% in females and 17.1% in males were observed, reinforcing the hypothesis of an equitable
distribution of the infection based on sex. Likewise, Vizarreta & Huaylla (2023) [21], in a study carried
out in the municipal slaughterhouse of Espinar, Cusco, reported prevalences of macroscopic
sarcocystosis of 37.6% in male alpacas and 36.2% in females.

Taken together, these results suggest that sex is not a determining factor in susceptibility to S.
aucheniae infection in alpacas. The absence of significant differences could be explained by the action
of common ecological and epidemiological factors that affect males and females equally. Among
these, the widespread contamination of pastures which can be attributed to the close interaction
between South American camelids and domestic or wild canids, which act as definitive hosts of the
parasite. This ecological dynamic generates constant and equitable exposure to both sexes.
Additionally, traditional practices such as communal grazing, as well as the clandestine slaughter of
adult animals, increase the likelihood of indiscriminate contact with sources of infection,
perpetuating the parasite's life cycle in the production environment. The similarity in infection rates
could also be linked to a comparable immune response between males and females, as suggested by
Saeed et al. (2018) [12], which would contribute to the uniformity observed.

These results differ from those reported by Carhuapoma-Delacruz et al. (2024) [22] in muscle
tissue in the localities of Huancavelica, Peru, where prevalences of 36.5% and 31.3% were recorded
in alpacas and 39.0% and 37.0% in llamas, for males and females respectively. Additionally, Hidalgo-
Pozo at al. (2021) [23] identified macrocysts of Sarcocystis spp . in slaughterhouses in Ecuador,
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reporting a differential prevalence according to sex: 58.82% in male carcasses versus 41.18% in
females. Rooney et al. (2014) [24] demonstrated, in llamas, that females were significantly more likely
to harbor macrocysts compared to males. This pattern was corroborated by Decker-Franco et al.
(2018) [25], who, through visual inspection of carcasses, reported a prevalence of 85.7 % in females
compared to 42.1 % in males. They attribute this greater vulnerability in females to physiological
factors, particularly immunosuppression induced by gestational and birth stress, especially between
2.5and 4.5 years of age, a critical period in which the immune response can be compromised, favoring
the installation and development of the parasite.

These discrepancies between studies could be due to multiple factors, including differences in
the methodology used (visual inspection vs. histological or molecular techniques), environmental
conditions, handling practices, animal age, physiological status, and variations in environmental
infection pressure. Therefore, it is essential to consider these variables when interpreting the
influence of sex on the epidemiology of S aucheniae. Controlled studies with samples stratified by
age and physiological status are recommended to more accurately elucidate the role that sex may
play in the parasite's transmission dynamics.

The prevalence according to age was different than those reported by Velasquez et al. (2019)
[19], in the municipal slaughterhouse of Puquio (Ayacucho, Peru) with prevalences of S. aucheniae
infection in young (16.3%) and adult (16.9%) alpacas. However, Chirinos (2017) [26] reported in the
municipal slaughterhouses of Nufioa and Ayaviri a prevalence of 100% in animals of different ages.
Also Vizarreta & Huaylla (2024) [21] showed a prevalence of 21.9% in young alpacas and 51.9 in
adults in a municipal slaughterhouse in Espinar, Cusco. Romero et al. (2017) [27] reported the
percentage of positive animals in llamas aged 2 years or older as 28.5% and under 2 years as 5.1%. A
similar association between age and S. aucheniae infection was observed by Castro et al. (2004) [28],
in a study carried out in Junin, Peru, where they evaluated the relationship between the age of alpacas
and the presence of antibodies against Sarcocystis sp. The authors found a high overall
seroprevalence (89.7%). Likewise, Rooney et al. (2014) [24] recorded prevalences of 19.9%, 28.4% and
90.4% in Bolivian llamas with 2 teeth, 4 teeth and a full mouth, respectively, demonstrating a
significant by age. This indicates that age constitutes a risk factor for infection, with adult animals
being more likely to have detectable macrocysts, due to their longer exposure to the parasite. This is
explained by the fact that older animals have had more time to be exposed to the parasite. The high
seropositivity could be influenced by the presence of domestic and wild canids in the area, which act
as definitive hosts and maintain the continuous transmission of Sarcocystis sporocysts in the
environment, favoring frequent reinfections and the persistence of the infection in the alpaca
population.

Studies carried out in Ecuador by Hidalgo-Pozo at al. (2021) [23] report prevalences of 12.50% in
young animals and 39.47% in adult alpaca carcasses. However, Wu et al. (2022) [29] Sarcocystis
parasitosis can manifest from 3 and a half years of age, located mainly in muscle tissues such as the
neck, arm, and leg. This explains the high prevalence observed in carcasses from animals 4 years of
age or older, since the infection accumulates with age due to greater exposure to the parasite.
Previous studies confirm that the probability of infection increases from the first year of life, reflected
in a high seroprevalence in adult alpacas [28].

The biological explanation for this relationship is based on the fact that adult animals have been
exposed for longer periods of time to infective sporocysts present in the environment, especially in
endemic areas with a high density of definitive hosts, such as domestic and wild canids. This
prolonged exposure facilitates the progressive accumulation of cysts in muscle tissue, which
increases the parasitic load over time. Consequently, the evidence generated in this study reinforces
the importance of considering age as a determining epidemiological factor in the dynamics of S.
aucheniae infection in alpacas. This aspect should be integrated into the design of health control and
management strategies, in order to reduce both the incidence and economic impact of this parasitic
infection in South American.
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The results obtained in the present study are comparable with those reported by Lopez-Torres
et al. (2015) [30] in the Huancavelica region, Peru, who identified microcysts of Sarcocystis lamacanis
in alpacas between 3 and 5 years of age, with a parasitic load that ranged from 6.4 to a maximum of
130.3 microcysts per area analyzed. Similarly, Jiang et al. (2021) [31] reported the presence of
Sarcocystis spp. in the cardiac tissue of alpacas in China, specifically in the myocardium, with a mean
burden of 79.00 + 4.58 sarcocysts per square centimeter. These authors also described that the cyst
size varied between 36.48-204.41 x 31.32-102.01 um (n = 70).

However, our results significantly exceed those reported by Fernandez-F et al. (2022) [32], who
studied alpacas older than three years in the departments of Puno and Arequipa. In that study,
microcysts were quantified in the heart tissue, finding an overall average of 4.6 cysts. Broken down
by department, the average was 3.5 in Arequipa and 5.7 in Puno, which suggests a greater exposure
of Puno alpacas to the S. lamacanis parasite, possibly occurring at an earlier period than animals in
the other group. Consistently, Chirinos (2017) [26] also documented the presence of microcysts in
alpacas aged 2 to 6 years, of both sexes, in the Puno region. In their study, maximum averages of up
to 75 cysts were observed in the Nufioa municipal slaughterhouse and 56 cysts in the Ayaviri
slaughterhouse, which reinforces the hypothesis of a high endemicity of the parasite in that area.

The discrepancies analyzed here highlight the need for multicenter studies that integrate
molecular characterization, environmental assessment, and socioeconomic analysis. Parasitic
diversity in the Andes could be greater than documented, requiring massive sequencing techniques
for elucidation. Furthermore, the implementation of predictive models for alpaca production would
allow for the optimization of control strategies based on local epidemiological data. In summary, this
study not only contributes to the understanding of sarcocystosis in South American camelids but also
establishes a comparative framework for future research, underscoring the importance of
interdisciplinary approaches that reconcile animal health, food safety, and economic sustainability in
regions with high alpaca production.

The high prevalence and high counts, especially in adult animals, pose important considerations
for the alpaca industry. S. aucheniae macrocysts not only represent an aesthetic problem that can
affect the commercial acceptability of the meat, but they may also contain toxins that require specific
treatments for their inactivation. Studies have shown that physical treatments such as cooking and
baking at 80°C for 5 minutes, as well as prolonged freezing, can be effective for the sanitation of
infected meat [10].

The high prevalence rates documented underscore the importance of sarcocystosis as a health
problem in alpaca production and the need to implement comprehensive control strategies that
consider the identified risk factors. These findings contribute significantly to the understanding of
the epidemiology of S. aucheniae in South American camelids and provide a scientific basis for the
development of more effective control programs and management strategies that optimize both
animal health and food safety in the alpaca industry.

Sarcocystis aucheniae infection does not significantly affect live weight, carcass weight or yield
(p > 0.05), coinciding with studies in camelid production systems under extensive management
[12,33]. However, the differences observed between age groups (DL: 37.54 kg vs BLL: 53.45 kg) reflect
growth patterns linked to physiological maturity, supported by longitudinal research in Australian
and South American alpacas [33,34].

The absence of significant differences between BLL-positive and -negative alpacas (p = 0.793 in
live weight) could be explained by the low pathogenicity of S. aucheniae in chronic stages.
Experimental studies show that subclinical infections do not alter muscle protein synthesis in
camelids [12], a hypothesis supported by Moré et al. (2016) [35] in models of nutritional homeostasis
in ruminants. The metabolic compensation capacity observed in BLL-positive alpacas (53.45 kg)
suggests efficiency in resource redistribution, even under parasitic load.

The preferential location of cysts in skeletal muscle (neck, back) does not compromise total
muscle mass, according to histopathological studies as described by Smith et al. (2015) [33] where
they observed that 79.1% of the carcass weight in adult alpacas corresponds to commercial cuts,
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regardless of infection. This stability suggests that cysts occupy interstitial space without causing
atrophy. However, authors such as Chavez et al. (2008) [9] demonstrate the opposite effect of
microscopic sarcocysts in young alpacas experimentally infected with sporocysts . Infected alpacas
showed a decrease in body weight gain and hematocrit levels compared to control groups. High
mortality (92%) was observed in alpacas infected with a high dose of sporocysts . Histological
examination of the cardiac muscle revealed that microscopic sarcocysts were located only in
myocytes and not in Purkinje cells, and did not cause any disruption in the conduction of electrical
impulses through the myocardium [36].

Additionally, the absence of an effect on performance (50.57-51.32%) indicates that the infection
does not alter nutrient digestibility. Castellaro et al. (1998) [34] demonstrated that alpacas in natural
grazing maintained stable metabolic rates (+50 kcal/kg0.75/day), even with moderate parasitic loads.

Overall, these studies indicate that Sarcocystis spp. may be responsible for significant pathology
in llamas and alpacas, although infection is usually subclinical or asymptomatic. Further studies are
needed to understand the pathogenesis of sarcocystosis, both macroscopic and microscopic, and its
impact on musculoskeletal and cardiac function, immunity, and productivity in camelids, especially
in terms of animal welfare and economic importance [12]. Sarcocystosis does not compromise key
production parameters in alpacas, but its management requires integrating age and health criteria.
The stability of performance (51%) suggests physiological resilience, while age-specific differences
between DL-BLL reinforce the importance of age management. Future research should prioritize
predictive tools that balance performance and health quality, ensuring the sustainability of the
camelid industry.

5. Conclusions

The overall prevalence of sarcocystosis in alpacas was 30.12%, with BLL alpacas presenting the
highest macrocyst burden (192 on average), suggesting a progressive accumulation of the parasite
with age. Furthermore, the presence of macrocysts did not affect live weight, carcass weight, or
performance, although BLL alpacas (positive and negative) showed higher weights (53.45 kg vs. 37.54
kg in DL; 53.45 kg vs. 37.54 kg in DL). This indicates that, under conditions of subclinical infection,
productivity is not compromised, but age remains the determining factor in productive performance.
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Abbreviations

The following abbreviations are used in this manuscript:

S. aucheniae Sarcocystis aucheniae
S. lamacanis Sarcocystis lamacanis
DL Baby tooth

2D Two teeth

4D Four teeth

BLL Full mouth

kg kilogram

LI Lower Limit

LS Upper Limit
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