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Cystic echinococcosis (CE) is a livestock disease caused by a parasite known as Echinococcus granulosus. It is one of the primary cause for illness and poverty especially for herders on the Qinghai–Tibet plateau, China. Meanwhile, the Qinghai–Tibet plateau has been a key area for echinococcosis control in China. Here in current study, we determined the seroprevalence of E. granulosus in ruminants on this region. A total of 2,730 serum samples (1,638 samples from yaks and 1,092 samples from sheep) were collected on the plateau during the period of 2017. The samples were assayed for E. granulosus antibodies by commercial enzyme-linked immunosorbent assay kits. Our results exhibited a prevalence percentage of 52.2% in Tibetan yaks and 38.2% in Tibetan sheep. Moreover, there was more chance of being infected with E. granulosus infection in old animals due to more exposure to contaminated sources of infection. However, no significant difference was observed. Furthermore, we observed that the rainfall and presence of several lakes has increased the risk of CE infection in yaks and sheep in the Qinghai, Qinglong, and Baingoin areas. Hence, with this investigation, it was possible to determine the frequency and distribution of CE in yaks and Tibetan sheep on the Qinghai-Tibet plateau, that laying the groundwork for its prevention and management.
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INTRODUCTION

Cystic echinococcosis (CE) is a livestock disease caused by a parasite called Echinococcus granulosus. It is transmitted by dogs, wolves, and foxes, causing different symptoms in different viscera or brain (1–3). Approximately 30 million livestock are infected with this globally distributed disease every year, causing more than 1.92 billion US dollars loss to the global animal husbandry (4, 5). Moreover, the health of livestock and herders is seriously endangered with the low development of breeding industry under the affect of CE. It is one of the main factors causing illness and making herders poor on the Qinghai–Tibet plateau. The Qinghai–Tibet plateau has been a key area for echinococcosis control in China.

E. granulosus is mainly found in low-lying moist areas and swamps (6, 7). The strategies to control the risk of E. granulosus are more important particularly in such areas, where humans and domestic livestock are in the same environment (8–12).

A number of diagnostic tests are available for the detection of E. granulosus, such as polymerase chain reaction, enzyme-linked immunosorbent assay (ELISA), indirect ELISA, and colloidal gold method (13–18). The ELISA approach is notable for its inexpensive cost, increased sensitivity, and specificity as compared to other methods, which often overlook infections with low parasitemia (14, 15).

In current research, we determined the seroprevalence of E. granulosus in ruminants using ELISA. With the investigation, the prevalence and distribution of CE were basically clarified in yaks and Tibetan sheep on the Qinghai–Tibet plateau, which provided a basis for the prevention and control of the disease.



MATERIALS AND METHODS


Information of Collecting Region

The Qinghai–Tibet plateau is located on the southwestern border of China and south-central Eurasia. It is the largest and highest plateau in China (latitude and longitude, 20°00'−39°47'N and 73°19'−104°47'E, respectively). The average altitude is above 4,000 m with a complex climate, low temperature, and a sufficient sunshine. There were more than 300 lakes within 10 km2 on the plateau. Also, it is one of the important pastoral areas in China with abundant grassland (19).



Information of Sampled Animals

Yak is a unique bovine species on the Qinghai–Tibet plateau. More than 14 million yaks are mainly distributed on the Qinghai–Tibet plateau in China, while there is a small distribution in Afghanistan, India, and Pakistan. The yaks are necessary for herders because of the milk, wool, and meat (20, 21). Tibetan sheep is one of the three original varieties in China and the biggest proportion in livestock, with more than 30,000,000 sheep on the plateau (22).



Serum Samples

A total of 2,370 blood samples (1,638 samples from yaks, Figure 1; 1,092 samples from sheep, Figure 2) were collected during 2017 on Qinghai, Gansu, and Tibet, respectively. Age, sex, and region was the information that obtained for each animal, involving this study. Then serum of each animal was separated by centrifugation and stored at −20°C till analysis.
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FIGURE 1. Geographic distribution of yaks enrolled in study.
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FIGURE 2. Geographic distribution of Tibetan sheep enrolled in study.




Determination of Antibodies Against E. granulosus

All serum had been determined for anti-E. granulosus antibodies by using two commercial enzyme-linked immunosorbent kits (Jianlun Biological Pharmaceuticals Co., Ltd., Guangzhou China; Duoyu Biological Pharmaceuticals Co., Ltd., Shanghai, China) according to the manufacturer's instructions. The detailed method was consistent with the previous research (23).




RESULTS

A total of 855 of the 1,638 (52.2%) yaks were detected to have a CE infection, of which 328 (50.2%) were males and 527 (53.6%) were females. The prevalence values were 45.1, 64.3, and 49.5% on Tibet, Qinghai, and Gansu, respectively. While the prevalence ranged from 17.4 to 57.5% in different ages (Table 1).


Table 1. Prevalence and risk factors of Echinococcus granulosus infection in yaks on Qinghai–Tibet plateau.

[image: Table 1]

In the current research, the more influencing risk factors were region and age according to logistic regression models. Qinghai yaks were considered to be 2.20 times of higher risk of being positive compared with Tibet yaks, whereas Gansu yaks were considered to be 1.19 times at higher risk of CE infection compared with Tibet yaks (Table 1). In different ages, yaks <1 year ≤ 2 years had 3.46 times higher risk of CE infection compared with yaks <0 years ≤ 1 year; both yaks of <2 years ≤ 4 years and >4 years (57.54%) had 5.19 times and 6.42 times higher risk of being positive, respectively, when compared with yaks <0 years ≤ 1 year (Table 1). Also, there was no significant difference between males and females for yaks (Table 1).

In our research, 1,092 serum samples of Tibetan sheep were tested, 38.2% were detected to be positive for E. granulosus, with the distribution of 25.3% (Sog county), 15.4% (Nyainrong), 54.4% (Qinglong), and 56.8% (Baingoin) (Table 2). Tibetan sheep from both Nyainrong and Sog county had a significantly lower risk of CE infection compared with that from Qinglong and Baingoin (Table 2). With regard to sex, there was a non-significant difference. However, the seroprevalence values were 25.7% (juveniles), 42.8% (sub-adults), and 50.7% (adults) (Table 2). The Tibetan sheep in sub-adults and adults had two times higher risk of CE infection in juveniles (Table 2).


Table 2. Prevalence and risk factors of Echinococcus granulosus infection in Tibetan sheep on Qinghai–Tibet plateau.
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DISCUSSION

Parasites have lived on Earth for as long as life has existed, and no species, whether animal or human, is exempt to parasites (24). E. granulosus had caused a tremendous economic loss and a severe public health risk in China as a foodborne neglected parasitic disease (25). More than seven million livestock are infected by CE yearly (8).

The seroprevalence of CE infection in yaks was 52.2% in our study, which was higher than the prevalence in the previous research in Turkey (41.1%), Greece (42%), and Ethiopia (27.6%), and significantly higher than the prevalence in Southern Brazil (13.7%) and Pakistan (13.46%) (3). Meanwhile, the previous investigation showed that the average infection rates of sheep decreased from 8.17% in 2012 to 3.68% by 2018 in the Western Sichuan Plateau (26). It was also significantly lower than the seroprevalence of CE infection in Tibetan sheep in our research (38.2%).

The previous study identified that the prevalence of CE was bound with environment culture, exerting complicated and combined effects (27). Meanwhile, the low temperatures could be a possible reason for the seroprevalence of CE. The Qinghai–Tibet plateau had a low surface temperature for years and has been a suitable place for CE due to its high altitude (28, 29). On the other hand, the stagnant economy is one of the main reason for CE. In rural areas, people had no awareness to undergo a personal medical checkup before the illness. People could be infected easily by echinococcosis due to the lack of education, information, and low sanitation conditions (30–33). A recent study showed that the plateau is the key area of CE in China (3).

In our research, the analysis showed that E. granulosus infection is closely related to region and age of animals. Due to the rainfall and many lakes, the ruminants had a higher risk of CE infection in Qinghai province, Qinglong, and Baingoin (23). In addition, the results suggested that old animals had more chances to acquire E. granulosus infection due to more exposure to the source of infection. However, no significant difference was observed in sex. Therefore, persons had a much higher risk of E. granulosus infection by frequent exposure to infected animals.



CONCLUSION

Our research showed the high seroprevalence rate of E. granulosus infection in ruminants on the Qinghai–Tibet plateau in China. It was indicated that E. granulosus could cross-transmit between the environment and host, including human beings. Therefore, effective measures must be taken to control the spread of E. granulosus by considering the role of various factors. Hence, our study might be useful to wiping off such transmissible disease on Qinghai–Tibet plateau of China.
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