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Abstract

:

Toxoplasmosis in immunocompromised patients results in either reactivation of latent toxoplasmosis or acute infection. In the framework of the kidney transplantation program in Senegal, the serological screening of potential pre-transplant and transplanted patients can prevent the disease. This study aimed to assess the seroprevalence of toxoplasmosis in a cohort of hemodialysis patients, candidates for kidney transplantation. To this end, a multicentre cross-sectional study was conducted in 2020 in six dialysis units from five regions. Blood samples and sociodemographic data were collected from each patient. IgG and IgM against T. gondii antibodies were assessed by a chemiluminescent method using Architect ci4100, and statistical analysis was performed using R software. Overall, 211 hemodialysis patients aged from 18 to 77 years were enrolled. The mean age was 42.62 years ± 13.6, and the sex ratio M/F was 1.24. The overall seroprevalence of T. gondii was 41.7%, with the highest value being recorded in the region of Kaolack (44.4%). Patients aged over 60 years were more typically infected, at a proportion of 56.0%. Regarding sex, males elicited a higher prevalence (44.4.%) than females did. Patients of an upper socioeconomic status were less affected, and contact with cats was not associated with toxoplasmosis. By education level, the illiterate group was most affected one. Overall, this first study of toxoplasmosis among Senegalese hemodialysis patients indicates high seroprevalence.
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1. Introduction


Toxoplasmosis is a widespread, cosmopolitan parasitic disease caused by an intracellular parasite: Toxoplasma gondii. It is mainly acquired through contact with newly infected cats or by consuming contaminated meat, unwashed fruit and vegetables, and sometimes, water contaminated with cat feces [1,2,3]. While acquired toxoplasmosis is generally benign in healthy humans, it can be fatal in immunocompromised individuals, including patients with cancer, organ transplant recipients, and those with HIV/AIDS [4,5,6,7]. Either reactivation of latent toxoplasmosis or acute infection can cause toxoplasmosis in immunocompromised patients such as organ transplant recipients. In both cases, various clinical manifestations, including neurological signs such as headaches, disorientation, and convulsions may be observed [2,8]. In northern countries, serological screening for toxoplasmosis among potential pre-transplant and transplant recipients is highly recommended. The primary goal is to identify patients with a chronic infection at risk of reactivation and to prevent the disease spreading to non-immunized patients by transplanting an infected organ [3,9,10,11,12,13].



In Senegal, hemodialysis is the only treatment for patients with chronic renal failure [14]. Nevertheless, organ transplantation is now allowed due to the adoption of the law on organ and human tissue transplantation in 2015. The National Committee for Donation and Transplantation is currently finalizing procedures for initiating kidney transplantation. Previous studies on toxoplasmosis in Senegal focused only on pregnant women with seroprevalence rates ranging from 31.15% to 35.4% [15,16,17]. So far, in the framework of kidney transplantation, there are no available data on toxoplasmosis in hemodialysis patients. This study aimed to assess the seroprevalence of toxoplasmosis in a cohort of hemodialysis patients in Senegal.




2. Results


2.1. Characteristics of the Study Participants


Cross-sectional blood sampling was carried out on 211 hemodialysis patients aged from 18 to 77 years. The mean age (±SD) was 42.62 years ± 13.6, and the sex (M/F) ratio was 1.24. By age, the most represented age group (years) was 31 to 45 with 37.9%, followed by 46–60 with 27%, 18–30 with 23%, and those over 60 were less represented with 12%. Patients from Dakar region were most represented ones with 41.2% (95% CI 35–48), followed by Kaolack and Thiès with 17.1% (95% CI 12–23) and 16.1% (95% CI 12–22), respectively. With regard to the education level, the proportions for primary, secondary, and university levels were 33% (95% CI 27–40), 27.8% (95% CI 22–34), and 14.4% (95% CI 10–20), respectively. According to socioeconomic status (SES), most of the patients (41.7% (95% CI, 35–49)) had a low SES. Those with moderate and upper SES were observed at proportions of 35.1% (95% CI, 29–42) and 23.2% (95% CI, 18–30), respectively. Contact with a cat was noted in 60 participants (28.4% (95% CI, 23–35)). Detailed characteristics of the cohort are summarized in Table 1.




2.2. Toxoplasmosis Seroprevalence


The overall seroprevalence of T. gondii was 41.7% (95% CI 35–49). Only four patients were positive for IgM toxoplasma antibodies (1.9%, (95% CI 0.61–5.1)). The distribution of antibody response by region showed the highest seroprevalence in Kaolack (44.4%, (95% CI 28–62)), followed by Dakar (43.7%, (95% CI 33–55)), Thies (41.2%, (95% CI 25–59)), Ziguinchor (40.7%, (95% CI 23–61)), and Saint-Louis (33.3%, (95% CI 17–54)). By age group, the highest seroprevalence was found among patients aged over 60 years with 56.0% (95% CI 35–75), followed by the age groups 46–60 years (41.4%, (95% CI 29–55)), 31–45 years (41.2%, (95% CI 31–53)), and decreasing to 35.4% (95% CI 23–51) among patients aged between 18 and 30 years old. Overall, the positive antibody response was higher in males (44.4.%, (95% CI 35–54)) compared to that in females (38.3%, (95% CI 29–49)), although the difference was not significant (p = 0.37). According to the education level, the highest seroprevalence was recorded in the illiterate group with 57.7% (95% CI 43–71) and the lowest was recorded in patients with secondary education at 31.0% (95% CI 20–45). Although there was no significant difference in the seroprevalence according to SAS (p = 0.7), patients with high SAS were less affected (36.7%, (95% CI 24–52)) than those with low (43.1%, (95% CI 33–54)) and moderate (43.2%, 95% CI 32–55) SAS were. Similarly, contact with a cat did not show any significant difference in the prevalence between the two groups (p > 0.9) (Table 2).



The multivariate logistic regression analysis has shown that patients with secondary education levels were less affected by toxoplasmosis than the illiterate group was: odds ratio—1.1 (95%CI 1.9–0.28; p = 0.009) (Figure 1).





3. Discussion


Our objective was to determine the seroprevalence of toxoplasmosis among hemodialysis patients for the first time. Indeed, toxoplasmosis is an opportunistic disease, in which the reactivation of a past infection can occur during immunosuppressive treatment. In the framework of renal transplantation in Senegal, it is crucial to evaluate the seropositivity rate in patients undergoing hemodialysis.



In our series, a positivity rate of IgG antibodies of 41.71% was recorded, and four patients were IgM positive (1.9%). However, a second sample was not collected from the four patients with patterns compatible with a recent infection (IgG +/IgM +) to investigate the course of the disease. Comparing our results to those found in hemodialysis patients in other countries, our seroprevalence rate was lower than those recorded in Malaysia (56.7%) [18], Turkey (76.6%) [19], and Iran (80.8%) [20]. These wide variations in seroprevalence across countries may be attributed to socio-economic or cultural factors (cat ownership, personal hygiene, and eating habits) and climatic factors.



In Senegal, as in most West African countries, data regarding toxoplasmosis are exclusively available for pregnant women. Therefore, our findings are compared with previous data regarding pregnant women in Dakar.



In 2010, Lô et al. reported a seroprevalence rate of 31.15% in their study among pregnant women referred to the laboratory of the Military Hospital of Ouakam [15]. Five years later, Seck et al. still reported a slightly increased seroprevalence rate of 32.70% in the same laboratory [17]. In addition, in 2017, Tine et al. reported a seroprevalence of 35.4% among pregnant women attending the Fann Teaching Hospital in Dakar [16]. These findings indicate that the seroprevalence of toxoplasmosis is highest in hemodialysis patients compared to that in the pregnant women population. This same pattern was observed by comparing the specific results from dialysis units of Dakar with the previous data on pregnant women. However, comparing the seroprevalence rate of toxoplasmosis among females in this study (38.3%) with those previously recorded in Dakar shows that it remains higher, even if the difference is insignificant.



In Africa, toxoplasma seroprevalence has been highly variable from country to country. Indeed, rates above 50% were recorded in Côte d’Ivoire (60%) [7], Gabon (56%) [21], Central African Republic (47.9%) [22], and Morocco (50.6%) [23]. However, they are much lower in Nigeria and Algeria, at 43.7% and 47.8%, respectively [24,25].



Analyzing seroprevalence of toxoplasma by age did not reveal any significant difference in our study (p = 0.49), even though the highest rates were reported among patients aged over 60 and between 30 and 45. Contrary to our findings, Lô showed a significant difference with increasing seropositivity with the age of the patients (p < 0.05) [15]. The same trends were observed in Iran in series by Rostami et al. in 2006 and Mostafavi et al. in 2011 [26,27].



The seroprevalence of toxoplasmosis in our study indicated that men are more affected than women are, although the difference was not statistically significant (p = 0.37). These findings suggest a comparable infection risk level between men and women. Indeed, toxoplasmosis is mainly contracted by ingesting oocysts buried in the soil or cysts in animal meat (sheep). Senegalese cooking habits, with temperatures above 70 °C, make contamination by the ingestion of cysts unusual. Therefore, cyst ingestion remains the main route of contamination in this context, with similar levels of risk for both sexes. The same finding was reported in the series by Nissapatorn in 2003 by ELISA [19] and Alvarado-Esquivel et al. in Mexico in 2014 [28]. Meanwhile, Saadat et al. showed the highest seroprevalence in women in Iran [29].



In this study, the seroprevalence of toxoplasmosis in hemodialysis patients differed between regions, although it was not significant. The region of Kaolack recorded the highest seroprevalence rate, followed by Dakar, Thiès, and Ziguinchor, respectively, without any significance. The northern region of Saint-Louis had the lowest seroprevalence trend. These findings are not in line with evidence from the literature that suggests that toxoplasmosis is more common in humid areas. The region Ziguinchor, located in the southern province of Senegal with the highest humidity level, is expected to record the highest seroprevalence. However, the low sample sizes in the different study areas may explain such results.



According to the education level, illiterate patients were more affected by toxoplasmosis than the other groups were. In a study in Malaysia, the highest prevalence was noted in patients with a primary level of education [19].



In our series, any significant difference was noted in seroprevalence based on contact with cats. In contrast, in Iran, Soltani et al. found a significant association between seroprevalence of T. gondii infection and contact with cats (OR 3.73 (95% CI 2.00–6.95)) [30]. Additionally, an association between Toxoplasma infection, contact with cats, and socioeconomic status was reported in Zambia by Frimpong et al. [31].



Socioeconomic status has been identified as a factor influencing toxoplasmosis prevalence. Though the difference was not statistically significant, our results agree with this trend. Patients with high SAS are less affected than those with moderate and low socioeconomic status are. A similar trend was observed in Brazil, where the seroprevalences were 23% in the upper socioeconomic groups, 62% in the middle socioeconomic groups, and 84% in the lower socioeconomic groups [32]. Similarly, Yasodhara et al. reported, in India, a higher seropositivity rate among patients with low SES compared to that of those with high SES [33]. These findings are consistent with the hypothesis that toxoplasmosis is more prevalent in people of a low socioeconomic status.



Our study remains two limitations. First, the study’s small size was due to the low number of hemodialysis patients attending dialysis units. Nevertheless, all the patients consenting to be included were enrolled.



Second, there are no available data on toxoplasmosis for the general population in Senegal that has been used for comparison with the prevalence among hemodialysis patients. The only available data concern pregnant women.




4. Materials and Methods


4.1. Study Areas


This is a cross-sectional multicentre study carried out between June and September 2020 in six dialysis units in five regions of Senegal, including Dakar, Thiès, Kaolack, Saint-Louis, and Ziguinchor. Two dialysis units in Dakar (Military hospital of Ouakam and Idrissa Pouye Hospital), and one in each other region: Thiès (Amadou Sakhir Ndieguene Hospital), Kaolack (El hadji Ibrahima Niass Regional Hospital), Saint-Louis (Regional Hospital of Saint-Louis), and Ziguinchor (Regional Hospital of Ziguinchor) (Figure 2). Patients aged ≥18 years and undergoing chronic hemodialysis for at least three months were included. Signed informed consent was obtained from all the study participants before enrolment. Non-consenting patients and those diagnosed with an acute kidney injury were excluded. We collected 5 mL of venous blood for each patient and recorded clinical symptoms for the last three months and dialysis parameters from the medical records. Serum samples were obtained by centrifugation of the whole blood at 3000 rpm for 5 min and stored at −20 °C until used.




4.2. Toxoplasma gondii Antibodies Detection


Using serum samples, quantitative analysis of anti-T. gondii IgG and IgM antibodies was carried out at the laboratory of the Military Hospital of Ouakam by a chemiluminescent microparticle immunoassay (CMIA) according to the manufacturer’s instructions using Architect ci4100 (Abbott). Briefly, The ARCHITECT Toxo IgG and IgM assay is a two-step immunoassay for the quantitative determination of IgG and qualitative detection of IgM antibodies to T. gondii in human serum and plasma using CMIA technology with flexible assay protocols, referred to as Chemiflex. To quantitatively determine IgG, a pre-diluted sample, assay diluent, and paramagnetic microparticles coated with recombinant T. gondii antigens (containing recombinant antigens P30 (SAG1) and P35 (GRA8)) were combined in the first step. T. gondii specific antibodies in the sample bound to microparticles coated with recombinant T. gondii antigens. After washing, murine acridinium-labeled anti-human IgG conjugate was added to create a reaction mixture in the second step. After another wash cycle, pre-trigger and trigger solutions were added to the reaction mixture. There is a direct relationship between the amount of anti-Toxo IgG in the sample and the relative light units (RLU) detected by the ARCHITECT i System optics. The IgG antibody test was considered to be non-reactive (<1.6 IU/mL), grey zone (1.6 to <3.0 IU/mL), and reactive (≥3.0 IU/mL). For the qualitative detection of IgM, in the first step, we combined the pre-diluted sample and paramagnetic microparticles coated with anti-human IgM mouse monoclonal antibodies. The specific anti-toxoplasma IgM in the sample was bound to the anti-human IgM mouse monoclonal antibody-coated microparticles. After washing, a conjugate complex consisting of an acridinium labeled anti-mouse monoclonal antigen p30 F(ab’)2 fragment and a native T. gondii lysate containing the p30 antigen was added to create a reaction mixture in the second step. In the first step, this conjugate complex was bound to the specific anti-Toxo IgM captured by the microparticles coated with a mouse monoclonal anti-human IgM antibody. After another wash cycle, pre-trigger and trigger solutions were added to the reaction mixture. The ARCHITECT i system calculated the average chemiluminescent signal from Calibrator 1; the default result unit for the ARCHITECT Toxo IgM test is the index. The IgM antibody was considered to be non-reactive (<0.50 Index), grey zone (0.50 ≤ x < 0.60 Index), and reactive (≥0.60 Index).




4.3. Statistical Analysis


Data were analyzed using R software (R 4.1.2). Continuous variables are described as mean and standard deviation. Normally distributed variables were compared using the Student t-test, and abnormally distributed data were compared with the nonparametric Mann–Whitney U test. Categorical variables are presented as percentages, and Fisher exact or chi-squared tests were used for proportional assessments. Univariate logistic regression analysis was used to assess the association between the related risk factors and seropositivity. Four age groups were defined for analysis, i.e., from 18 to 30 years; from 31 to 45 years; from 46 to 60 years; from 61 to 77 years. Socioeconomic status (SES) was based on a combination of occupation, education level, monthly income, and living area [34]. For all the statistical tests, we accepted a two-sided level of significance at p ≤ 0.05.





5. Conclusions


This study is the first one regarding toxoplasmosis in hemodialysis patients in Senegal, and it revealed higher seroprevalence compared with the previous data recorded in pregnant women. This finding indicates an increased risk of potential transplant recipients harboring Toxoplasma gondii cysts, which could lead to re-activation after immunosuppressive treatments. In addition, almost 60% of hemodialysis patients are not immunized against toxoplasmosis, highlighting a risk of infection due to the transplantation of an infected organ. These findings suggest systematic screening for toxoplasmosis in future pre-transplant patients and among organ donor patients in Senegal.
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Figure 1. Odds ratio (OR) predictions for the probability of toxoplasmosis seropositivity according to age group, region, sex, education level, SAS, of hemodialysis patients and whether they had contact with a cat. The plot presents OR points estimates with 95% CI. (**: p < 0.05). 
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Figure 2. Senegalese regions included the five study sites. 
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Table 1. Sociodemographic characteristics of hemodialysis patients (N = 221).






Table 1. Sociodemographic characteristics of hemodialysis patients (N = 221).





	

	
% (n)

	
95% CI






	
Age group (years)




	
18–30

	
23% (48)

	
17–29




	
31–45

	
38% (80)

	
31–45




	
46–60

	
27% (58)

	
22–34




	
61–77

	
12% (25)

	
8.0–17




	
Region




	
Dakar

	
41% (87)

	
35–48




	
Kaolack

	
17% (36)

	
12–23




	
Saint-Louis

	
13% (27)

	
8.7–18




	
Thies

	
16% (34)

	
12–22




	
Ziguinchor

	
13% (27)

	
8.7–18




	
Sex




	
Female

	
45% (94)

	
38–52




	
Male

	
55% (117)

	
48–62




	
Education level




	
Illiterate

	
26% (54)

	
20–32




	
Primary

	
33% (69)

	
27–40




	
Secondary

	
27% (58)

	
22–34




	
University

	
14% (30)

	
9.9–20




	
Socioeconomic status




	
High

	
23.2% (49)

	
18–30




	
Low

	
41.7% (88)

	
35–49




	
Moderate

	
35.1% (74)

	
29–42




	
Cat with contact




	
No

	
71.6% (151)

	
65–77




	
Yes

	
28.4% (60)

	
23–35
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Table 2. Seroprevalence of toxoplasmosis by sociodemographic characteristics of hemodialysis patients.
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Positive IgG, n (%, (95%CI))

	
Overall, N = 211

	
p-Value






	
Age group




	
18–30

	
17 (35.4, (23–51))

	
48 (100%)

	
0.4




	
31–45

	
33 (41.2, (31–53))

	
80 (100%)




	
46–60

	
24 (41.4, (29–55))

	
58 (100%)




	
61–77

	
14 (56.0, (35–75))

	
25 (100%)




	
Region




	
Dakar

	
38 (43.7, (33–55))

	
87 (100%)

	
>0.9




	
Kaolack

	
16 (44.4, (28–62))

	
36 (100%)




	
Saint-Louis

	
9 (33.3, (17–54))

	
27 (100%)




	
Thies

	
14 (41.2, (25–59))

	
34 (100%)




	
Ziguinchor

	
11 (40.7, (23–61))

	
27 (100%)




	
Sex




	
Female

	
36 (38.3, (29–49))

	
94 (100%)

	
0.4




	
Male

	
52 (44.4, (35–54))

	
117 (100%)




	
Education level




	
Illiterate

	
31 (57.4, (43–70))

	
54 (100%)

	
0.036




	
Primary

	
28 (40.6, (29–53))

	
69 (100%)




	
Secondary

	
18 (31.0, (20–45))

	
58 (100%)




	
University

	
11 (36.7, (21–56))

	
30 (100%)




	
Socioeconomic status




	
High

	
18 (36.7, (24–52))

	
49 (100%)

	
0.7




	
Low

	
38 (43.1, (33–54))

	
88 (100%)




	
Moderate

	
32 (43.2, (32–55))

	
74 (100%)




	
Conctact with cat




	
No contact

	
63 (41.7, (34–50))

	
151 (100%)

	
>0.9




	
Contact

	
25 (41.6, (29–55))

	
60 (100%)
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