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Introduction:: The current study aimed to quantitatively synthesize available evidence regarding the seroprevalence of human toxocariasis in Latin America and the Caribbean.

Methods:: A systematic research involving six electronic databases was conducted using a research strategy that combined MeSH terms with free terms. Article selection and information extraction were performed using a double and independent approach. The Newcastle-Ottawa tool was used to assess the risk of bias in the included articles. The meta-analysis used the random-effects approach, with subgroup analysis and sensitivity analysis for risk of bias also being performed.

Results:: We included 101 articles with a total of 31,123 participants. The studies were conducted between 1990 and 2022, with Brazil accounting for the largest number of studies (n = 37). The overall seroprevalence of human toxocariasis was 31.0% (95% CI: 27.0-35.0%, I2 = 99%). The prevalence of the main characteristics observed in seropositive patients were as follows: ocular toxocariasis (30.0%), asymptomatic (26.0%), and presence of dogs at home (68.0%). In addition, the seroprevalence was lower in studies including only adults than in those including children or both. In contrast, no differences in seroprevalences were found between studies conducted in the community and hospital.

Conclusion:: The overall seroprevalence of human toxocariasis in Latin America and the Caribbean was high. Notably, our findings showed that the seroprevalence was increased among populations who kept a dog at home but was decreased in populations comprising only adults. Our findings can be used to establish epidemiological surveillance strategies for the prevention and early identification of toxocariasis.
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1. Introduction

Toxocariasis is a zoonosis caused by the larvae of two main species of Toxocara, Toxocara canis found in dogs and Toxocara cati found in cats (1, 2). Although other species, such as Toxocara leonina found in foxes, can also cause toxocariasis, T. canis has been most associated with human toxocariasis (3). Toxocariasis is a prevalent parasitic disease with a significant socioeconomic impact in symptomatic patients, especially among poor communities, and at the governmental level, with the need for investments in animal deworming campaigns (4, 5). Although infected humans may be asymptomatic, toxocariasis in human always causes extraintestinal pathologies (5). As such, toxocariasis has been associated with various short- and medium-term diseases, such as ocular disease (4), heart disease, stroke, heart failure (6), childhood asthma (7), allergic skin disorders (8), epilepsy (9), or diseases of the urinary system (10), although evidence for this remains inconclusive. Hence, health care systems should prioritize the diagnosis and adequate treatment of this condition.

Toxocariasis is particularly prevalent in the tropics, subtropics, and in low- and middle-income countries where treatment and canine population control is limited (11). However, the prevalence of toxocariasis has varied. Studies estimating the prevalence of specific serum anti-Toxocara antibodies found that it was 0.7% in New Zealand, 1.6% in Japan, 2.4% in Denmark, 6.3% in Austria, 7% in Sweden, 14% in the United States, and 31% in Ireland (12). Nevertheless, higher prevalence rates were observed in some ethnic and socioeconomically disadvantaged groups, such as Iran (22%) and Nepal (81%) (12). This suggests that in countries with large socioeconomically disadvantaged groups, better measures are needed to prevent the complications of this disease, including determination of its prevalence based on which future prevention and/or control programs can be implemented (12).

Latin America and the Caribbean are heterogeneous regions with inequities that impact various health indicators (13, 14), including some coexisting conditions that are associated with increased risk of toxocariasis. These include warm, humid regions where eggs survive better in the soil; low levels of education; and areas with a lower human development index and poor environmental sanitation and hygiene (4). Hence, a systematic review found that the prevalence of specific anti-Toxocara antibodies was 27.8% in South American countries and 12.8% in North American countries, suggesting potentially frequent infections at the population level (12).

Despite the numerous studies on seroprevalence, to the best of our knowledge, no study has yet synthesized available evidence regarding the seroprevalence of human toxocariasis in Latin American countries according to certain clinical and sociodemographic conditions. Therefore, the present study aimed to synthesize evidence on the seroprevalence of human toxocariasis in Latin America and the Caribbean through a systematic review and meta-analysis.



2. Methods


2.1. Registration and reporting

A short version of the protocol for this systematic review was uploaded to the International Prospective Register of Systematic Reviews (PROSPERO) [CRD42023389135]. The manuscript follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA) statement for reporting results (15).



2.2. Search strategy and databases

The search strategy used MeSH, Emtree, and free terms following the Peer Review of Electronic Search Strategies (PRESS) Checklist (16). A search formula was created to retrieve studies assessing the seroprevalence of T. canis in humans. Afterwards, it was adopted for all employed databases, without date or language restrictions. Preprint databases and reference lists of the included studies were also manually searched. A systematic search of the following databases was performed simultaneously on December 23, 2022: PubMed, Scopus, Embase, LILACS, Scielo, and Web of Science. The complete search strategy is detailed in Supplementary Table S1 attached as Supplementary material.



2.3. Study selection and data extraction

All phases of study selection were independently performed by two authors (E.A.A-B and E.A.H-B). The eligibility criteria were (1) cross-sectional studies assessing the (2) seroprevalence of T. canis in humans. We excluded narrative reviews, scoping reviews, systematic reviews, and conference abstracts. Duplicates were removed using EndNote 20.1 ©. The remaining studies were then exported to Rayyan QCRI © for screening according to titles and abstracts (17). After identifying potential studies for inclusion, the authors independently assessed the full text of each one. Any conflict or discrepancy in any phase of the study selection process was resolved via consensus. Data extraction was independently performed by four authors (J.R.U-B, X.L.C-T, R.A.S-A and M.A.H-C) using a standardized data extraction sheet created using Microsoft Excel ©. The following pieces of information were extracted: author names, publication date, country, type population, sample size, survey modality, and seroprevalence of human toxocariasis in Latin America and the Caribbean.



2.4. Risk of bias and publication bias

Quality assessment was performed independently by four authors (J.R.U-B, X.L.C-T, R.A.S-A and M.A.H-C). We used the Newcastle-Ottawa Scale (NOS) for cohort/case–control studies and the adapted version of the Newcastle-Ottawa Scale for cross-sectional studies (NOS-CS) (18). Studies with a score of ≥7 stars were considered to have a low risk of bias (high quality), whereas those with a score of <7 stars were considered to have a high risk of bias (low quality). Publication bias was not assessed given that it is not recommended for proportional meta-analyzes considering the lack of evidence that proportions are adjusted correctly (19, 20).



2.5. Data synthesis

Statistical analysis was performed using STATA 17.0 ©. We conducted a pooled analysis of the seroprevalences of human infections according to T. canis. The 95% confidence intervals (CI) for the proportions reported in each study were calculated using the Clopper–Pearson method. The Freeman–Tukey double arcsine transformation was used as the variance stabilizer. A random-effects model (Dersimonian and Laird) was created for quantitative analysis. Between-study heterogeneity was assessed using the Cochran’s Q test and I2 statistic. Values ≥60% indicated high heterogeneity for the I2 statistic, whereas p values <0.1 indicated heterogeneity in Cochran’s Q test. In addition, we conducted a subgroup analysis according to continent and population groups and a sensitivity analysis excluding studies with high risk of bias.




3. Results


3.1. Search results

The systematic search identified a total of 4,355 studies. After removing 1,620 duplicate studies, 2,735 studies remained for further screening. Subsequently, screening according to abstracts and titles was performed, after which 230 studies remained. Finally, the full texts of the remaining studies were evaluated, and 101 studies were found to satisfy all eligibility criteria (21–121). This selection process is summarized in the PRISMA flow diagram (Figure 1).
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FIGURE 1
 PRISMA flow diagram.




3.2. Study characteristics

A total of 101 studies with 31,123 participants were included. The studies were conducted between 1990 and 2022 and were developed in the following countries: Brazil (35 studies), Argentina (13 studies), Venezuela (10 studies), Mexico (10 studies), Peru (11 studies), Colombia (5 studies), Bolivia (3 studies), Cuba (3 studies), Chile (2 studies), Ecuador (2 studies), Puerto Rico (1 study), Trinidad and Tobago (1 study), Saint Lucia (1 study), Paraguay (1 study), Honduras (1 study), Jamaica (1 study), and multiple Caribbean countries (1 study). In all studies, seroprevalence was assessed using ELISA method (Table 1).



TABLE 1 Characteristics of the included studies.
[image: Table1]

During the quality assessment of the studies using NOS and NOS-CS, 5 studies were found to have a high risk of bias, whereas the remaining 96 were found to have a low risk of bias (Supplementary Table S2).



3.3. Seroprevalence of human toxocariasis

Some meta-analyzes results are summarized in Table 2 given the large number of studies involved, which diminish the quality of the images. All 101 studies were included in the meta-analysis. Notably, the seroprevalence of human toxocariasis in Latin America and the Caribbean was 31.0% (95% CI: 27.0–35.0%) with high heterogeneity across all studies (I2 = 99%). Subgroup analysis according to country showed no decrease in heterogeneity in any of the countries: Brazil (28%), Argentina (37%), Venezuela (22%), Mexico (19%), Peru (34%), Colombia (39%), Bolivia (19%), Cuba (28%), Chile (26%), and Ecuador (64%). Analysis according to age group revealed no decrease in heterogeneity in any of the groups: Children and adults (31%), adults (20%), and children (32%). Subgroup analysis according to sample collection site found no decrease in heterogeneity in any of the groups: Community (30%) and Hospital (31%). Finally, sensitivity analysis revealed no evidence of a decrease in heterogeneity with a seroprevalence of 30.0% (95% CI: 26.0–34.0%, I2 = 99.03).



TABLE 2 Results of seroprevalence meta-analyzes.
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3.4. Characteristics of patients seropositive for human toxocariasis

Ocular toxocariasis in patients with human toxocariasis was evaluated in 17 studies (Figure 2), revealing a prevalence of 30.0% (95% CI: 15.0–45.0%) with a high heterogeneity among studies (I2 = 98.49%). Meanwhile, the number of asymptomatic patients with human toxocariasis was evaluated in 9 studies (Figure 3), revealing a prevalence of 26.0% (95% CI: 2.0–50.0%) with a high heterogeneity among studies (I2 = 99.02%). Finally, the seroprevalence of toxocariasis in patients with dogs at home was evaluated in 36 studies, revealing a prevalence 68.0% (95% CI: 61.0–75.0%; Figure 4) with a high heterogeneity among studies (I2 = 96.15%).
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FIGURE 2
 Seroprevalence of ocular toxocariasis in seropositive participants.
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FIGURE 3
 Seroprevalence of asymptomatic seropositive participants.
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FIGURE 4
 Seroprevalence of seropositive participants with dogs in home.





4. Discussion

The main findings of the current study show that 3 out of 10 participants were seropositive for T. canis, with the same findings obtained at the community and hospital levels. A comparison between children and adults showed that 3 out of 10 children and 2 out of 10 adults were seropositive for T. canis. Meanwhile, two-thirds of patients living with dogs in homes were seropositive. Variations in seroprevalence had been noted among countries, with Honduras and Puerto Rico showing an increased and decreased seroprevalence, respectively. One-fourth of the seropositive patients were asymptomatic and one-third of them had ocular involvement.

The worldwide prevalence of Toxocara in humans is influenced, at the population level, by environmental, geographic, cultural, and socioeconomic factors and, at the individual level, by susceptibility to infection, which is consequently influenced by immunity, co-infection, genetics, age, nutrition, or the sex of the host (11). These factors, along with population growth, global migration, and rural–urban migration, have promoted increasingly close human–host interactions, making toxocariasis a dynamic public health problem (11). However, some systematic reviews have attempted to determine its seroprevalence.

A systematic review that calculated the overall prevalence of serum anti-Toxocara antibodies in humans found that one-fifth of the world’s population is seropositive for Toxocara, with Africa showing increased seropositive rates with a mean of 37.7% and the Eastern Mediterranean region showing decreased rates with a mean of 8.2%. Evidencing in South American countries, specifically in Latin America and the Caribbean, showed an average seroprevalence of 27.8% (range 23.1–32.7%) and was 12.8% in North American countries (range 10.0–15.8%) (122). These results show the heterogeneity of prevalence in the countries within the region, similar to that observed herein and in various systematic reviews involving other regions globally.

In fact, a systematic review that determined the burden of toxocariasis in North America found that prevalence estimates ranged from 0.6% in a Canadian Inuit community to 30.8% in Mexican children with asthma (123). In Africa, another systematic review found that, despite underdiagnosis, human exposure to Toxocara is widespread in various geographical areas and different populations in Africa and occurs in virtually all climatic zones, with seroprevalences greater than 80% in some populations such as in Makoko, Nigeria, or La Réunion (124). Finally, the seroprevalence among the general European population was 6.2%, although no significant differences were observed among the combined prevalence rates of the European subregions (125).

These differences may be due to the varying proportion of risk factors in the studies, which also vary among the regions studied and, in some cases, are common in Latin American and Caribbean countries. Globally, areas with a low human development index and income levels, those located within the low-latitude regions, those having high ambient temperature, and those with increased precipitation have been associated with a high prevalence of serum anti-Toxocara antibodies (122). Other risk factors include male sex; living in rural areas; young age; close contact with dogs, cats, or soil; consumption of raw meat; and consumption of untreated drinking water (122). In North America, commonly cited risk factors include African American race, poverty, male sex, pet ownership, or environmental contamination by animal feces (123). Additionally, apart from the differences in serodiagnostic methods used, other systematic reviews likely included other types of Toxocara, unlike our research, which only evaluated the seroprevalence of T. canis, precluding direct comparisons between our results (5). Likewise, a limitation of T. canis antigen tests, which is their cross-reactivity with other helminths such as Ascaris lumbricoides, needs to be considered, particularly in endemic areas (5) given the potential for overestimating the seroprevalence of T. canis in Latin America and the Caribbean (126).

Our study, which evaluated not only overall seroprevalence but also differences according to site of evaluation and age group, found that around 3 out of 10 seropositive patients were asymptomatic. In most patients, Toxocara infections were not severe, and several people, especially adults infected with a small number of larvae, may remain asymptomatic or have mild or nonspecific symptoms that go undiagnosed, with more severe cases being rare (4). In this sense, the similarity in seroprevalence at the hospital and community levels could be attributed the low disease severity in majority of the cases. Similarly, although the percentage of asymptomatic patients in our study is important, we emphasize that positive results in serological test for antibodies against Toxocara, which have been available, are not necessarily correlated with any clinical symptoms and cannot differentiate between current active disease and past infection (4).

Another significant finding of our study was that 3 out of 10 seropositive patients had ocular involvement. Ocular involvement in toxocariasis occurs when Toxocara larvae migrate to the eyes, promoting symptoms and signs that include vision loss, ocular inflammation, or retinal damage, usually in a single eye (127). As of 2018, a total of 823 cases of ocular toxocariasis had been reported, including 282 cases in Europe, 317 cases in Asia, five cases in Australia, 218 cases in Latin America, and 1 documented case in Tunisia (4). The highest number of ocular toxocariasis cases had been reported in Japan, Korea, France, Brazil, and the US (4). Our results showed that up to 133 Peruvian patients alone were seropositive, which warrants special follow-up by the Peruvian health authorities. Ocular involvement is more common among children aged 5 to 10 years (128–130), which could explain the higher prevalence of toxocariasis among children. However, studies in Europe show otherwise such that the pooled seroprevalence was higher among people over 50 years of age than among younger people (18). A systematic review found that the pooled estimate of the worldwide prevalence of T. canis in the pediatric population was 30%, with Asian populations showing higher rates than the European, American, and African populations (131). One study in America showed a seroprevalence of 31%; however, given that this study included North American countries and both T. canis and T. cati, our results cannot be compared (131).

Our findings showed that the seroprevalence was higher in patients who had a dog in the household. This is consistent with the results of a systematic review in the Americas, Middle East, and Western Pacific Region, which found a statistically significant association between seropositivity for Toxocara and contact with pets, although only in younger people with both dogs and cats (132). Toxocariasis has a fecal–oral route of transmission where domestic dogs accounted for 39% of the total egg production, followed by feral cats, domestic cats, and foxes (4). However, in some urban areas, egg production may be dominated by feral cats (4). Therefore, some health care systems include mass deworming of dogs and cats as a strategy for disease control. However, attention has been drawn to harmful effects of parasiticides on a wide range of invertebrates, which could be very detrimental to wildlife and ecosystems and could impact public health. Another important strategy could be the use of molecular tests (polymerase chain reaction) for the identification of various types of Toxocara eggs in parks and recreational areas for better monitoring and control.

To avoid these problems, one study in the United Kingdom suggest promoting regular health checks and providing information on all approaches to prevent animals from contracting parasites, explaining the symptoms, informing owners regarding the risks associated with infections, and reminding them to always collect and dispose of feces responsibly (4). Likewise, the same study suggested providing an explanation to patients and animal owners regarding the potential risks of parasiticides to animals, humans, and the environment. Finally, the mentioned study suggests adopting a risk-based approach to prescribing in which parasiticide prescriptions and frequency of administration are tailored to the needs and risk level of the animal (4). These recommendations could also be applied to the countries studied herein.


4.1. Limitations

This study has several limitations that warrant discussion. Firstly, performing many more subgroup analysis (according to comorbidities, sex, age, etc.) would have been ideal in order to explain the high heterogeneity of our study. Secondly, many of the included studies have non-probabilistic sampling and small sample sizes, which could exaggerate the weighting representation in the random-effects method and alter the confidence interval values. Thirdly, future studies are needed to analyze more associated factors or compare different environmental (humidity, altitude, temperature, soil acidity), economic, and sociodemographic variables.




5. Conclusion

The current study found a high seroprevalence of human toxocariasis in Latin America and the Caribbean. Moreover, we observed differences in seroprevalence across Latin American and Caribbean countries probably attributed to sociodemographic and economic variables. Our findings can be used to establish epidemiological surveillance strategies for the prevention and early identification of this pathology. However, more factors associated with human toxocariasis seropositivity need to be analyzed in future studies.
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