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Toxoplasma gondii is a worldwide zoonotic protozoan. Donkeys are often susceptible to many pathological agents, acting as carriers of pathogens for other animal species and humans. However, data on the prevalence of T. gondii in donkeys during lactation and on the status of antibodies against T. gondii in donkey milk are lacking. A cross-sectional study evaluated the variation of the anti-T. gondii antibodies in the blood and milk of domestic donkeys during lactation. A total of 418 domestic donkeys were randomly selected from the Shandong province, eastern China from January 2019 to March 2020. The anti-T. gondii antibodies were found in 11.72% (49/418) serum and 9.81% (41/418) milk samples using a commercial ELISA kit, respectively. There was a very high consistency between the serum and milk (Spearman’s coefficient = 0.858, p-value < 0.0001 and Kendall’s tau = 0.688, p-value < 0.0001), particularly at the 45th to 60th day of lactation. The present results of the statistical analysis showed that the history of abortion (p = 0.026; adjusted OR = 2.20; 95% CI: 1.15–4.20) and cat in the house (p = 0.008; adjusted OR = 2.36; 95% CI: 1.26–4.44) were significantly associated with T. gondii infection in the domestic donkeys. This is the first report to detect antibodies against T. gondii in donkey milk in China. These results indicate a potential risk of humans contracting the infection through the consumption of raw milk from the naturally infected donkeys.
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Introduction

Toxoplasmosis is a very important and prevalent foodborne parasitic disease, caused by Toxoplasma gondii, infecting all warm-blooded animals including human beings, livestock, birds, and marine mammals (Dubey, 2010). Normally, T. gondii infection does not result in obvious clinical symptoms. However, the T. gondii infection occurring in pregnant women, organ transplant patients, and patients with immune deficiency triggers severe clinical symptoms and even death (Montoya and Liesenfeld, 2004). Thus, T. gondii infection induces huge damages in both the public health sector and the veterinary field. The infection occurs mainly in three ways: congenital transmission, organ transplant/blood transfusion, and through food and water contaminated by either of the three forms of this parasite (tachyzoite, cysts, and oocysts) (Tenter et al., 2000). Usually, raw or undercooked meat, contaminated milk, and unwashed fruit vegetables can induce this parasitic infection (Pinto-Ferreira et al., 2019). To date, no reports suggest evidence of T. gondii infection due to the consumption of donkey’s milk, and raw goat’s milk has been proven to be associated with the T. gondii infection in humans in clinical practice (Camossi et al., 2011).

So far, T. gondii has been reported in the milk of various hosts like a goat (Bezerra et al., 2015; Gazzonis et al., 2019), sheep (Iacobucci et al., 2019), cat (Powell et al., 2001), camel (Saad et al., 2018), buffalo (Dehkordi et al., 2013), cow (Koethe et al., 2017), and even lactating women (Azab et al., 1992). Thus, T. gondii infection is presumed to occur upon the consumption of either of the milk when consumed raw (Boughattas, 2017). Therefore, there is a necessity of identifying the parasitic contamination in donkey’s milk (Martini et al., 2014). However, there is limited information available on the prevalence of T. gondii in donkey’s milk available worldwide (Haridy et al., 2010; Mancianti et al., 2014; Martini et al., 2014; Perrucci et al., 2021), especially in China, which is one of the world’s largest donkey breeding countries.

The consumption of raw milk products has been well-known to pose a very large potential risk, especially in some special groups, such as infants and the aged. Thus, this study aimed to evaluate the prevalence of T. gondii in the serum and milk of domestic donkeys during lactation in China. This would provide primary data regarding the prevalence of T. gondii in donkey milk in China and add some new data for the safety of the public.



Materials and Methods


Ethical Statement

The owners of the donkeys and the local veterinarians were employed to collect the serum and milk from the domestic donkeys. All of the samples were procured with the approval of the owners. All the procedures involving animals were approved by the Animal Care and Ethics Committee of Jilin Academy of Agricultural Sciences.



Sample and Animal Data Collection

A cross-sectional study was carried out in four donkey culturing cities (Jining, Linyi, Rizhao, and Liaocheng) from the Shandong province, eastern China (Figure 1). A total of 418 serum and 418 milk samples from the domestic donkeys were randomly collected from January 2019 to March 2020. The blood samples and corresponding milk samples were obtained from each of the donkeys. About 10 ml of blood samples was obtained from the jugular vein of the donkeys using the blood lancet and stored in vacuum tubes without anticoagulant agents. Before collecting the milk samples, the teats were firstly disinfected, and then, about 10 ml of milk samples was collected by milking donkeys by humans and stored in sterile tubes. After transferring the samples to the laboratory, the blood samples were centrifuged at 1,500 g for 10 min and then placed at room temperature for 4 h. Finally, the obtained serum was stored at −20°C until further use. For processing the collected milk samples, the fatty components and the somatic cells were removed according to a previous study (Petruzzelli et al., 2013) and then stored at −20°C until further use. For collecting the animal data, the individual data about the age and history of abortion of each donkey, cats in the house, source of water, and source of fodder were obtained from the owners. Moreover, the day of birth of each donkey was set as day 0, and the day of lactation was calculated (Gazzonis et al., 2019).




Figure 1 | A map of China showing the four cities, Jining, Linyi, Rizhao, and Liaocheng, in Shandong province, eastern China, where the serum and milk samples of the domestic donkeys were collected.





Laboratory Testing for the T. gondii Antibody

To detect the specific IgG-antibodies against T. gondii in the collected samples, the available commercial ELISA kit (ID Screen® Toxoplasmosis Indirect MultiSpecies, IDVET, Montpellier) was employed according to the instructions of the manufacturer following the protocol described in the previous study (Gazzonis et al., 2018). The absorbance was measured as the optical density (OD) at 450 nm using a microplate reader (BIO-RAD iMark, United States). The test results were calculated according to the formula provided by the manufacturer:

	

The cutoff value for the positive serum samples and milk samples were set at S/P% ≥50% and S/P% ≥21.8%, respectively (Gazzonis et al., 2018).



Statistical Analysis

The statistical analysis was performed using the SPSS 25.0 software package IBM, (Armonk, NY, United States). p-values less than 0.05 were considered statistically significant. Spearman and Kendall’s rank correlation coefficients analyzed the correspondence between sera and milk results. The logistic regression was used to analyze the association between the T. gondii infection and potential risk factors. The multivariate logistic analysis was further performed using the full model, including all the potential risk factors in the analyses.




Results


The T. gondii Antibody Detection in the Serum and Milk Samples

In total, 11.72% (49/418) serum samples and 9.81% (41/418) milk samples were found to be positive for the anti-T. gondii antibodies, respectively. Comparing the results obtained from the serum and the milk samples, eight positive serum samples were found to have yielded negative results for the correspondent milk samples, while none of the negative serum samples yielded positive correspondent milk samples.

There was a very high consistency between the results on the serum and milk samples (Spearman’s coefficient = 0.858, p-value < 0.0001 and Kendall’s tau = 0.688, p-value < 0.0001). The best agreement was obtained from the 46–60 DP (days from parturition), followed by 0–15 DP, while the worst was evident at the second half of the month of lactation (16–30 DP) (Table 1). The trend in the antibody level in the serum and milk was explored: the ELISA S/P% values of the serum and milk samples were high in the third phase of lactation (31–45 DP) and the fourth phase of lactation (46–60 DP), respectively. Moreover, both the ELISA S/P% values of the serum and milk samples decreased in the last lactation (>60 DP) (Figure 2).


Table 1 | The conformance between the lactating donkey’s serum and milk samples based on the ELISA S/P% results.






Figure 2 | The distribution trend of the ELISA S/P% values of serum (black) and milk (yellow) samples of the domestic donkeys during the lactation. The cutoff values for the anti-T. gondii IgG were 50 (dashed line) and 21.8 (dotted line) in the serum and milk samples and were considered positive, respectively.



All of the tested domestic donkeys were divided into four age groups. The highest seroprevalence of T. gondii in the serum samples was 13.73% for the age group 37–48 months old, and the highest prevalence of T. gondii in the milk samples was 11.94% for the age group >48 months old (Table 2). In terms of region, Linyi (15.31%) and Rizhao (11.34%) were found to have the highest prevalence of T. gondii in the serum and milk samples, respectively (Table 2). Considering the sampling time, both the highest prevalence of T. gondii in the serum and milk samples were found in winter (16.16% and 14.14, respectively), and the lowest was found in autumn (8.33% and 6.82%. respectively) (Table 2). By days from postpartum, the highest prevalence of T. gondii in the serum and milk samples were found in the 46–60 DP group (18.67%) and the >60 DP group (15.00%), respectively, but both the lowest prevalence of T. gondii in the serum and milk samples were found in the 0–15 DP group (4.29% and 2.86%. respectively) (Table 2).


Table 2 | Univariate analysis of the variables associated with T. gondii prevalence in the serum and milk samples of the domestic donkeys tested by ELISA.





Risk Factors for T. gondii Infection

In the univariate analysis for the serum samples, two variables were found to be associated with the anti-T. gondii IgG positivity, including the history of abortion (p = 0.012; adjusted OR = 2.17; 95% CI: 1.18–3.96) and cat in the house (p = 0.002; adjusted OR = 2.66; 95% CI: 1.45–4.90). Only one variable (cat in the house, p = 0.038; adjusted OR = 2.02; 95% CI: 1.04–3.91) was found to be associated with the anti-T. gondii IgG positivity in the univariate analysis for the milk samples (Table 2). The following multivariate logistic regression showed that the history of abortion (p = 0.026; adjusted OR = 2.20; 95% CI: 1.15–4.20) and cat in the house (p = 0.008; adjusted OR = 2.36; 95% CI: 1.26–4.44) were independent risk factors for T. gondii seropositivity in the domestic donkeys (Table 3).


Table 3 | Multivariate logistic regression with a full model for the risk factors of T. gondii infection in the domestic donkeys in China.






Discussion

Donkey’s milk has been used since antiquity mainly for its important medicinal properties as well as nutrient values (Li Q. et al., 2020). It is endowed with the potent ability to regulate the immune system to postpone senility, making it a potentially functional health food for inhibiting the progression of some diseases, such as triple-negative breast tumors (Li Q. et al., 2020), type 2 diabetes (Li Y. et al., 2020), and atherosclerosis (Tafaro et al., 2007). Moreover, donkey’s milk has been recognized as an ideal alternative to human milk because of its total protein and lactose contents, as well as similar fatty acid and protein profiles (Zhang et al., 2021). Owing to these advantages, there has been a booming global demand for the direct consumption of donkey milk. This escalating demand has to be met by simultaneously and chiefly prioritizing the safety of the consumers, especially considering that many consumers often buy donkey milk directly raw from the farms and individual raisers (Boughattas, 2017). The ingestion of unpasteurized milk has been found to have potential risks and sources of T. gondii infection for children living in rural areas (Radon et al., 2004). Moreover, consumption of unpasteurized milk also elevates the potential risk factor for toxoplasmosis in females with recurrent pregnancy loss (Rehman et al., 2020). The latest China Statistical Yearbook has reported about 2.53 million donkeys in China in 2018 (Luoyizha et al., 2020). Although several studies have been conducted to detect the prevalence of T. gondii infection in the donkeys from the different regions of China (Miao et al., 2013; Yang et al., 2013; Zhang et al., 2017; Cong et al., 2018; Meng et al., 2018), the data regarding the prevalence of T. gondii infection in the donkey’s milk in China is scarce. This is the first study to estimate the prevalence of the specific IgG-antibodies against T. gondii in the milk of the domestic donkeys during lactation in China, which provided important data for controlling and preventing toxoplasmosis in human beings in China.

The present study investigated the anti-T. gondii IgG levels during lactation in the serum and milk samples of the domestic donkeys in China and evaluated the information about the dynamics of specific antibody levels both in the serum and milk. About 9.81% (41/418) of milk samples were found to be contaminated with T. gondii. Until now, only four studies have been conducted to explore the contamination status of the milk matrix of donkeys by T. gondii globally. In Egypt, the antibodies against T. gondii in the milk of a pregnant Egyptian donkey female were detected using an ELISA and reported a contamination rate of 46.3% (Haridy et al., 2010). In Italy, T. gondii DNA was detected in three of the six tested milk samples using nest-PCR (Mancianti et al., 2014). In another study conducted in Italy, 4 (22.2%) out of 18 donkeys presented T. gondii DNA in milk (Martini et al., 2014). Simultaneously, the milk quality in the positive donkeys showed a significant difference compared to that in the negative donkeys, suggesting that T. gondii infection might induce changes in the milk quality. Moreover, the DNA of T. gondii was found in the milk of three jennies in all the 19 milk samples collected from central Italy by a nest-PCR (Perrucci et al., 2021). In Europe, raw milk collected from any animal can be sold directly to any people (the producer of milk product, a local milk seller, or final consumers) without any processing except refrigeration between 0 and 4°C (Mancianti et al., 2014). To sum up, donkey’s milk should be considered as a potential pathway of T. gondii infection in human beings.

The concordance was explored between the serum and milk collected from the different phases of lactation to find the best agreement in the 45–60 days from parturition, followed by the first phase (0–15 days from parturition). However, the phase of lactation was not found to be a risk factor influencing the antibody level both in the serum and milk samples in the present study. Unfortunately, there is limited information about the physiological immunoglobulin levels in the donkey’s milk during lactation. Based on the present data, in milk, the IgG level demonstrates a little change among the different phases of lactation and the peak was evident in the fourth phase of lactation (46–60 DP). Likewise, in the serum, the IgG level was high in the fourth phase of lactation; subsequently, it decreased sharply in the last phase of lactation (>60 DP). However, the trends of antibody levels in the milk samples are mostly the same as those in the serum; thus, the IgG trend of milk during lactation might reflect the process of the systemic immunoglobulin production, although more in-depth studies are needed to explain these differences.

As we all know, T. gondii is one of the infectious agents causing early embryonic problems such as abortion, stillbirth, mummification, and death (Dubey, 2009). T. gondii has been considered a potential factor for reproductive failures in domestic animals worldwide (Nayeri et al., 2021). In this study, the domestic donkeys with a history of abortion have been found to demonstrate a significantly higher T. gondii seroprevalence compared to those without a history of abortion (Table 2). So, effective control measures and strategies are needed for reducing the rate of abortion in domestic donkeys as well as reducing the economic damage to the livestock industry.

Cats, as the final hosts of this parasite, excrete oocysts via their feces infecting the intermediate hosts such as the domestic animals (Dubey, 2004). The presence of cats in the animals’ habitat has been strongly associated with the prevalence of the anti-T. gondii antibodies (Moreira et al., 2019). In this study, the presence of a cat in the house was found to be a significant risk factor for T. gondii seropositivity among these tested domestic donkeys (p = 0.008; adjusted OR = 2.36; 95% CI: 1.26–4.44) (Table 3). Moreover, the tested domestic donkeys were collected from the rural areas, thus, the number of feral cats may be certainly large. Therefore, it is important to effectively bar cats out of the donkey’s habitat to reduce the incidence of infection.

Exploring the transmission route of toxoplasmosis infection in donkeys can provide important suggestions for preventing and treating toxoplasmosis. Undoubtedly, considering the dietary habits of herbivores, they are most likely to contract the infection by ingesting the oocysts that existed in their environment because feline is the final host of T. gondii discharging oocysts into the environment. Furthermore, some external forces such as wind, rain, and surface water can facilitate its diffusions in the environment. Although the source of water and source of fodder were not evaluated as the potential risk factors in the present study, these have been identified as the risk factors associated with T. gondii infection in domestic animals, such as cow, goat, sheep, and equids (Dubey et al., 2014; Gazzonis et al., 2019; Moreira et al., 2019). Thus, more future studies should be conducted for detecting the T. gondii oocysts in their environment for further assessment of the risk of infection.

In the present study, an available commercial validated ELISA kit was employed to test the serum–milk pairs and an optimal agreement was obtained between the results of the two biological matrices. In this case, it is easier and less expensive to collect the milk samples rather than collecting the serum samples. Moreover, collecting milk is less irritating to the animals. Thus, during the routine disease screening of toxoplasmosis at the individual, herd, and farm levels, this method should be considered for the first round of screening (Schares et al., 2004). However, more studies are needed for supporting the hypothesis of parasite transmission via the ingestion of raw milk or dairy products, including molecular diagnosis and biological methods.

Although this is the first study detecting the antibodies against T. gondii in donkey milk in China, two main limitations cannot be neglected. Firstly, the serum and milk samples were not respectively collected on a different phase of lactation from the same objects. Thus, the concordance between the serum and milk samples may be affected by some objective factors. Secondly, only serological tests were conducted in the present study. The diagnosis of toxoplasmosis merely based on serological tests is ineffective and insufficient. The serological results require a confirmatory diagnostic method that is based on directly demonstrating the parasite in the tissues or biological fluids by tissue culture or mouse inoculation. Thus, more studies should be conducted to verify the current results, including the isolation of the live organisms and more rigorous and standard sampling schemes.

Given the present results, health instruction from the health authorities must be implemented and distributed to the consumers of the animals’ milk. Boiling or pasteurization are recommended procedures for eliminating the risk of transmission of T. gondii. In addition, more studies should be carried out to evaluate the quantity and viability of T. gondii eliminated in the donkey’s milk. There is an immense need for some studies based on natural infections, especially in the rural or some individual farmers because they are habituated to consuming raw donkey milk. Both priority and special concerns should be focused on the most vulnerable consumer groups, including the immunocompromised patients, the aged, and babies with milk allergies. Moreover, heat treatment of the milk is strongly recommended before consumption.
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Variable No. tested Serum Milk
Positivity (%) 0Odds ratio p-value  Positivity (%) Odds ratio p-value
(95% confidence interval) (95% confidence interval)

Age (Months)
24 67 4.48 0.35 (0.09-1.37) 0.130 4.48 0.35 (0.09-1.37) 0.180
25-36 182 13.19 1.12 (0.48-2.63) 0.794 9.89 0.81 (0.33-1.96) 0.639
37-48 102 13.73 1.17 (0.46-2.97) 0.736 11.76 0.98 (0.38-2.55) 0.972
>48 67 11.94 Reference 11.94 Reference

Region
Jining 116 9.48 0.91 (0.38-2.21) 0.842 7.76 0.82 (0.32-2.09) 0.672
Linyi 98 16.31 1.58 (0.69-3.62) 0.283 11.22 1.23 (0.50-3.03) 0.658
Rizhao 97 12.37 1.23 (0.562-2.94) 0.638 11.34 1.24 (0.50-3.07) 0.640
Liaocheng 107 10.28 Reference 9.35 Reference

Sampling time
Spring 108 1111 0.65 (0.29-1.45) 0.291 7.41 0.49 (0.19-1.21) 0.122
Summer 79 12.66 0.75 (0.32-1.76) 0.512 12.66 0.88 (0.37-2.10) 0.774
Autumn 132 8.33 0.47 (0.21-1.07) 0.071 6.82 0.44 (0.18-1.07) 0.071
Winter 99 16.16 Reference 14.14 Reference

History of abortion
Yes 130 17.69 2.17 (1.18-3.96) 0.012* 12.31 1.48 (0.76-2.87) 0.251
No 288 9.03 Reference 8.68 Reference

Days from postpartum
0-15 70 429 0.25 (0.05-1.37) 0.111 2.86 0.17 (0.03-1.08) 0.060
16-30 164 14.02 0.92 (0.25-3.41) 0.906 11.59 0.74 (0.20-2.77) 0.658
31-45 89 6.74 0.41 (0.09-1.80) 0.238 6.74 0.41 (0.09-1.80) 0.238
46-60 75 18.67 1.30 (0.34-5.51) 0.704 14.67 0.97 (0.24-3.89) 0.970
>60 20 15.00 Reference 15.00 Reference

Cats in house
Yes 115 20.00 2.66 (1.45-4.90) 0.002* 14.78 2.02 (1.04-3.91) 0.038*
No 308 8.58 Reference 7.92 Reference

Source of Water
Well 141 10.64 0.71 (0.35-1.45) 0.344 9.22 0.78 (0.36-1.69) 0.781
Tap water 138 10.14 0.67 (0.32-1.39) 0.284 8.70 0.73 (0.33-1.61) 0.438
Well/Tap water 139 14.39 Reference 11.51 Reference

Source of fodder
Forage 96 13.54 1.17 (0.567-2.39) 0.676 13.54 1.79 (0.83-3.85) 0.138
Commercial feed 1 2.91 0.82 (0.39-1.73) 0.600 9.91 1.26 (0.57-2.78) 0.576
Forage/Commercial feed 211 11.85 Reference 8.06 Reference

Total 418 11.72 41 9.81

*Statistically significant.
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Age (months) (£24 vs. >48) 0.45 (0.11-1.88) 0.274
Age (months) (25-36 vs >48) 1.60 (0.64-3.99) 0.316
Age (months) (37-48 vs >48) 1.27 (0.48-3.35) 0.633
Region (Jining vs Liaocheng) 0.83 (0.33-2.11) 0.696
Region (Linyi vs. Liaocheng) 2.06 (0.86-4.96) 0.106
Region (Rizhao vs. Liaocheng) 1.42 (0.58-3.47) 0.444
Sampling time (Spring vs. Winter) 0.69 (0.30-1.57) 0.380
Sampling time (Summer vs. Winter) 1.08 (0.43-2.73) 0.866
Sampling time (Autumn vs. Winter) 0.38 (0.17-0.89) 0.026
History of abortion 2.20 (1.15-4.20) 0.017
Days from postpartum (0-15 vs. >60) 0.17 (0.03-0.96) 0.045
Days from postpartum (16-30 vs. >60) 0.79 (0.21-3.01) 0.729
Days from postpartum (3145 vs. >60) 0.43 (0.09-1.91) 0.265
Days from postpartum (46-60 vs. >60) 0.99 (0.24-4.03) 0.988
Cat in house 2.36 (1.26-4.44) 0.008
Source of Water (Well vs. Well/Tap water) 0.57 (0.27-1.23) 0.152
Source of Water (Tap water vs. Well/Tap water) 0.62 (0.29-1.33) 0.217
Source of fodder (Forage vs. Forage/ 1.23 (0.568-2.61) 0.594
Commercial feed)

Source of fodder (Commercial feed vs. Forage/ 0.71 (0.33-1.55) 0.391

Commercial feed)
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