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ABSTRACT: The objective of this study was to determine the effect of species (alpacas and llamas), markets 

in the city of Huancayo (Ferrocarril Commercial Center, Nueva Esperanza, and Nazareth), and muscle groups 

on the prevalence of Sarcocystis sp. Between January and October 2023, a total of 2,211 carcasses were 

inspected, comprising 1,716 alpacas and 495 llamas. The results indicated a prevalence of 21% (104/495 

carcasses) in llamas and 8% (138/1,716 carcasses) in alpacas. By region of origin, the prevalence in alpacas 

was reported as follows: Huancavelica (7.7%) with 14/181 carcasses, Junín (6.7%) with 55/820 carcasses, 

and Lima (9.7%) with 69/715 carcasses. For llamas, the Lima region exhibited the highest prevalence of 

sarcocystosis (33.9%) with 72/212 carcasses, followed by Huancavelica (14.7%) with 14/102 carcasses, and 

Junín (9.8%) with 18/181 carcasses. Regarding the markets, the Ferrocarril market presented the highest 

risk of contamination, serving as the reference group for comparison. In contrast, the Nazareth and Nueva 

Esperanza markets showed significantly lower odds of Sarcocystis sp. presence, with Odds Ratios (ORs) of 

0.38 and 0.25, respectively. For muscle groups, the anatomical distribution of Sarcocystis sp. cysts revealed a 

preferential localization in the leg (OR = 1.65) and neck (OR = 1.20) compared to the shoulder. This 

investigation provides significant data on the prevalence of Sarcocystis sp. in alpacas and llamas, 

highlighting a higher prevalence in llamas despite their smaller sample size. These findings emphasize the 

need for targeted interventions to address this parasitic infection in camelid production systems. 
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INTRODUCTION   
 

Peru boasts a diverse range of climatic conditions, coupled with ample availability of natural pastures (Estremadoyro et 

al., 2024), which serve as the primary food source for South American camelids. These animals exhibit remarkable 

efficiency in converting feed, requiring only 1.5 - 2% of dry matter (DM) relative to their body weight for survival (Coleman 

et al., 2010). With approximately 4.3 million alpacas and 1.2 million llamas, Peru sustains a substantial population of 

these valuable species (Catoa et al., 2016). 

Sarcocystosis is a parasitic disease caused by protozoa of the genus Sarcocystis sp. (Fayer et al., 2015), this 

protozoan belongs to the domain Protozoa, phylum Apicomplexa, class Sporozoa, suborder Eimeriorina, and family 

Sarcocystidae (Yang et al., 2005), which affects a wide range of intermediate hosts, including domestic and wild animals 

(Amalfitano et al., 2017). In camelids, particularly alpacas (Vicugna pacos) and llamas (Lama glama), this parasitosis is of 

growing concern due to its significant impact on meat quality (Gareh et al., 2020), food safety, and public health 

(Fernandez-F et al., 2022; Rodríguez et al., 2023). The life cycle of Sarcocystis sp., involves both definitive and 

intermediate hosts, with the parasite undergoing asexual reproduction in the musculature of the intermediate host (Lucas 

et al., 2019; Wu et al., 2022), forming cysts that can compromise meat suitability for human consumption. Definitive 

hosts, such as domestic and wild canids, play a crucial role in the dissemination of the parasite, perpetuating its cycle 

(Lindsay and Dubey, 2020). Despite the cultural and economic importance of alpacas and llamas in the Andean regions, 

there is limited information on the prevalence and distribution of sarcocystosis in their carcasses (Shams et al., 2022), 

particularly in commercial markets. Previous studies have documented prevalence rates varying widely between regions 

and production systems, suggesting that environmental conditions, animal management practices, and market dynamics 

may significantly influence the epidemiology of this disease (Valentine and Martin, 2007; Condori-Quispe et al., 2019). 

However, these studies often lack granular insights into the role of specific factors, such as geographic location, market 

practices, and anatomical distribution of cysts, which are essential for designing targeted control strategies. 

This study addresses a critical gap in knowledge by evaluating the prevalence of Sarcocystis macrocysts in alpaca 

(Vicugna pacos) and llama (Lama glama) carcasses marketed in three key regions of Peru: Lima, Junín, and Huancavelica 
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(Bartl et al., 2023). These regions are not only pivotal for livestock production but also showcase diverse environmental 

and commercial dynamics, which may influence the epidemiology of sarcocystosis (Ayala Vargas, 2018). Additionally, this 

research explores the association between the prevalence of Sarcocystis sp., and specific commercial markets, as well as 

the distribution of cysts across different muscle groups, providing a nuanced understanding of this parasitic disease. In 

recent years, the province of Huancayo has experienced a marked increase in the consumption of alpaca and llama meat 

(Caulfield et al., 2022). However, the scarcity of authorized slaughterhouses and suboptimal sanitary conditions in animal 

processing has created significant information gaps. These include limited data on the prevalence of Sarcocystis sp., as 

well as the economic losses associated with carcass seizures due to parasitic contamination. 

In this context, the objective of this study was to determine the prevalence of Sarcocystis sp. in llama and alpaca 

carcasses marketed in Huancayo. Furthermore, it sought to evaluate the economic implications of carcass seizures 

caused by this parasitosis. The findings aim to provide valuable insights for the better management of camelid resources 

and to support the implementation of effective strategies for controlling this parasitic disease. 

 

MATERIALS AND METHODS 

 

Area study  

The study was conducted in three markets located in the city of Huancayo, situated in the southern part of the 

Mantaro Valley at an altitude of 3,200 meters above sea level. The selected markets were Centro Comercial Ferrocarril 

(12°4'18.80"S, 75°12'17.47"W), Nueva Esperanza (12°4'12.28"S, 75°12'16.35"W), and Nazaret (12°4'12.94"S, 

75°12'16.18"W) (Senamhi, 2023). These markets primarily offer llama and alpaca carcasses, which are sourced from 

various regions, including Lima, Huancavelica, and Junín. The climate of the study area is characterized by an average 

annual temperature of 11°C and a total annual rainfall of 625 mm. A map indicating the location of the markets is 

presented in Figure 1. 

 

 
Figure 1- Location of the study 

 

Samples 

During the period from January to October 2023, a total of 2211 carcasses were collected, of which 1716 

corresponded to alpacas and 495 to llamas. These were from 3 regions: Huancavelica (181/alpaca and 95/llama), Junín 

(820/alpaca and 108/llama), and Lima (715/alpaca and 292/llama). These carcasses from the 3 regions were received 

by 3 markets: Centro Comercial Ferrocarril (n = 572 alpaca, with 223, 126, and 223 for the neck, shoulder, and leg 

muscles, respectively; and 160 llama, with 52, 61, and 47 for the same muscles, respectively), Nazareth (n = 482 alpaca, 

with 154, 149, and 179 for the neck, shoulder, and leg muscles, respectively; and 182 llama, with 58, 68, and 56 for the 

same muscles, respectively), and Nueva Esperanza (n= 662 alpaca, with 249, 168, and 245 for the neck, shoulder, and 

leg muscles, respectively; and 153 llama, with 53, 52, and 48 for the same muscles, respectively). This collection was 

carried out in collaboration with the sanitary control personnel from the Bromatology area of the Provincial Municipality of 

Huancayo. 
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Parasitological analysis 

Macroscopic examinations were conducted on the neck, shoulder, and legs of each camelid (alpacas and llamas) to 

assess infection rates of macroscopic cysts (Regensburger et al., 2015). The detection of cysts involved meticulous and 

thorough visual inspections of the carcasses, ensuring accuracy and consistency in observations (Apaza Jimenez and 

Chipana Mendoza, 2021). These examinations were performed in designated markets and at the processing center 

managed by the National Agricultural Health Service (SENASA), adhering to standardized protocols to ensure the 

reliability of the results. 

 

Statistical analysis 

The prevalence of macrocysts in alpacas and llamas were calculated using the equation: 

 𝑃𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 (%) =
# 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑎𝑠𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠
𝑥100 

A generalized linear mixed model (GLMM) with binomial distribution was applied, with the response variable being 

the presence of the parasite (macrocysts). Random effect variables included Species (Alpaca and Llama), Region 

(Huancavelica, Junín and Lima) and arm (BRAZO), neck (CUELLO) and leg (PIERNA) muscles. Additionally, the logit 

function was used to calculate Odds Ratios (OR), providing a measure of association between the variables of interest. All 

statistical analyses and calculations were performed using Excel (Microsoft Office® v2013) and the open-source software 

R (Team et al., 2018), using the packages descTools, ROCR, agricolae and stats to ensure accurate and reproducible 

results. 

 

RESULTS AND DISCUSSION 

 

Table 1 presents the total number of carcasses examined per camelid. The results showed the presence of Sarcocystis sp. 

in both species, with a prevalence of 8.0% (138 carcasses) for alpacas and 21.0% (104 carcasses) for llamas. The results 

of this study provide valuable insights into the prevalence and distribution of Sarcocystis sp. in alpaca and llama 

carcasses, emphasizing species, regional, and market-specific differences, as well as muscle-specific predilections. These 

findings highlight critical epidemiological patterns and their implications for food safety and public health.  Table 2 shows 

that the highest prevalence of sarcocystosis in alpacas was recorded in the Lima region (9.7%) with 69 out of 715 

carcasses, followed by Huancavelica (7.7%) with 14 out of 181 carcasses, and Junín (6.7%) with 55 out of 820 carcasses. 

Similarly, concerning llamas, the Lima Region exhibited the highest prevalence of sarcocystosis (33.9%) with 72 out of 

212 carcasses, followed by Huancavelica (14.7%) with 14 out of 102 carcasses, and Junín (9.8%) with 18 out of 181 

carcasses. A significant difference (p < 0.05) in the prevalence of sarcocystosis was observed between Lima and Junín, as 

well as between Lima and Huancavelica in the case of alpacas. Similarly, significant differences (p < 0.05) in the 

prevalence of sarcocystosis were found between the Huancavelica region and the Lima and Junín regions in llama 

carcasses. It was observed that the regions of Lima are the most at-risk places for consumption. These results are similar 

to those reported by Castro and Leguía (1992) in Lima and by Santiago and Leguía (2018) in the Junín region. These 

findings highlight that, despite being recognized as prominent livestock areas, the measures implemented for the 

management and prevention of parasitosis have not yielded satisfactory results in terms of food safety. In this situation, it 

is imperative to prioritize control efforts, such as health education and implementing authorized slaughterhouses for more 

effective resource management, thus ensuring food safety and public health. 

 

Table 1 -   Prevalence of Sarcocystis sp. in alpaca and llama carcasses.  

Carcasses Total examined 
Positive infected 

N % 

Alpaca 

Llama 

1716 

495 

138 

104 

8.0 

21.0 

 

Table 2 - Prevalence of Sarcocystis sp. in alpaca and llama carcasses. 

Animal Region Total Infected % 

Alpaca 

Huancavelica 

Junin 

Lima 

181 

820 

715 

14 

55 

69 

7.7a 

6.7a 

9.7a 

P-value    NS 

Llama 

Huancavelica 

Junín 

Lima 

102 

181 

212 

14 

18 

72 

14.7a 

9.9a 

33.9b 

P-value    ** 
Equal letters in the same column do not differ significantly (p > 0.05). 
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Table 3 - Prevalence of Sarcocystis sp. in alpaca and llama carcasses. 

Variable  N Odds ratio References P values 

SPECIES 
ALPACA 1716  Ref.  

LLAMA 495  2.82 (2.06, 3.84) <0.001 

REGION 

HUANCAVELICA 276  Ref.  

JUNIN 928  1.45 (0.85, 2.52) 0.179 

LIMA 1007  3.79 (1.68, 8.69) 0.001 

MARKET 

FERRO 732  Ref.  

NAZA 664  0.38 (0.22, 063) <0.001 

NESPE 815  0.25 (0.12, 0.51) <0.001 

MUSCLES 

ARM 624  Ref.  

NECK 789  1.20 (0.81, 1.79) 0.364 

LEG 798  1.65 (1.17, 2.35) 0.005 
The OR (Odds ratio) is a statistical indicator that measures the probability of an event occurring in one group compared to another 

(Reference). 

 
In Table 3, the Odds Ratios (OR) are observed, with the Llama species obtaining a value of 2.82, indicating that 

llamas have a higher chance of the presence of Sarcocystis sp. macrocysts compared to Alpacas. Regarding the region, 

Lima shows the highest chance of reporting macrocysts, reaching an OR of 3.79. This suggests a significantly higher 

presence compared to other regions. The higher prevalence of Sarcocystis sp. in llamas (21.0%) compared to alpacas 

(8.0%) reflects significant differences in susceptibility between the two species. This discrepancy may be attributed to 

llamas’ greater exposure to definitive hosts, such as domestic and wild canines, and their distinct grazing behaviors, 

which may increase the risk of infection (Rosenthal, 2021). Additionally, management practices, herd density, and 

environmental conditions likely play a role in the higher parasitic burden observed in llamas. These findings align with 

existing literature, which suggests that llamas are often more vulnerable to parasitic infections due to less intensive 

management systems compared to alpacas (Wu et al., 2022). A notable finding of this study is the significant regional 

disparity in the prevalence of Sarcocystis sp. Lima exhibited the highest prevalence among regions, with an OR of 3.79 

compared to other locations, such as Junín and Huancavelica. This suggests that factors specific to Lima, including 

urbanization, higher population density, and suboptimal slaughterhouse conditions, may contribute to the elevated risk of 

contamination, an idea also shared by Rene et al. (2019). Moreover, the environmental conditions in Lima, characterized 

by more intensive camelid trade and market activity, likely exacerbate the exposure of animals to parasitic contamination 

(Raymond et al., 2020). The lower prevalence observed in Junín and Huancavelica may be explained by differences in 

climatic conditions, such as cooler temperatures and reduced rainfall, which may limit the survival of Sarcocystis sp. in 

the environment (Baitzel et al., 2022). The results also highlight significant differences in prevalence within regions for 

alpacas and llamas. For instance, Lima showed a prevalence of 9.7% in alpacas and 33.9% in llamas, compared to Junín, 

which had lower rates for both species. These regional variations underscore the need for tailored interventions that 

account for the specific epidemiological and environmental characteristics of each location (Jauregui et al., 2024).  

The prevalence of Sarcocystis sp. also varied significantly among markets (Table 3). The Ferrocarril market showed 

the highest risk of contamination, serving as the reference group with which other markets were compared. Conversely, 

the Nazareth and Nueva Esperanza markets demonstrated significantly lower odds of Sarcocystis sp. presence, with ORs 

of 0.38 and 0.25, respectively. These differences may be attributed to variations in sourcing practices, transportation 

conditions, and sanitary measures implemented at each market (Fernandez-F et al., 2022; Rodríguez et al., 2023). 

Markets with better infrastructure and stricter quality control measures are likely to exhibit lower prevalence rates of 

parasitic infections (Baitzel et al., 2022). The findings suggest that market-specific factors, such as hygiene standards and 

meat handling protocols, play a critical role in determining the risk of contamination. The anatomical distribution of 

Sarcocystis sp. cysts revealed a preferential localization in the leg (OR = 1.65) and neck (OR = 1.20) compared to the 

shoulder. This finding is consistent with previous studies that report a higher prevalence of macrocysts in muscle groups 

with greater vascularization and proximity to infected tissues (Regensburger et al., 2015). The preferential accumulation 

of cysts in the leg and neck muscles may reflect physiological differences in blood flow or tissue composition, which 

facilitate parasite development and cyst formation (Lucas et al., 2019; Wu et al., 2022). From a practical standpoint, this 

information is essential for meat inspection processes, as it highlights the importance of focusing on high-risk anatomical 

sites during routine examinations. 

 

CONCLUSION  

 

The research reveals significant data on the prevalence of Sarcocystis sp. in alpacas and llamas, highlighting a higher 

presence in llamas despite their smaller number of examined samples. This finding suggests a potential risk to public 
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health, especially in areas like Lima, where the prevalence is notably high. The results also underscore the importance of 

addressing risk factors such as extreme weather conditions and commercial practices that may influence the spread of 

parasitosis. There is a clear need to implement effective control and resource management measures to ensure food 

safety and public health in these regions. These findings provide a solid foundation for future research and preventive 

actions in the region. 
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