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Simple Summary: The consumption of fish represents a healthy and affordable alternative for a large
sector of the population; among the species with the highest consumption worldwide are tilapia.
However, its consumption may be associated with health risks of a parasitic type. Through the
analysis of the available scientific literature on parasitic prevalence in tilapia, it was observed that
fish obtained from the wild and aquaculture represent a risk of parasitosis in human populations.
Additionally, a high prevalence of cestodes and a greater diversity of trematodes were found. Finally,
the presence of the genus Gnathostoma must stand out. This synthesis of information can be useful as
a platform for the develCopment of intervention programs for parasite control, and it also suggests
continuing with the study of zoonotic parasites related to the consumption of tilapia in geographical
areas of high consumption.

Abstract: Tilapia has a high socioeconomic value in many countries worldwide. However, it has been
identified as a zoonotic parasite reservoir. A systematic literature search and meta-analysis were car-
ried out in order to estimate the global prevalence of zoonotic parasites that affect tilapia. The search
was performed by three field experts to avoid reviewer bias. Polled prevalence was estimated using a
logistic-normal random-effect regression model in the R software. We dealt with the heterogeneity
among studies through subgroup analysis, taking into account the continent, country, genus of the
host, parasite taxonomic group, sample origin, and type of diagnostic test as moderator variables.
Fifty-two eligible articles were identified covering five tilapia genera with a pooled prevalence of 0.14
(95% CI: 0.10–0.20) showed significant heterogeneity (I2 = 98.4; p < 0.001). The subgroup analysis
revealed that the most affected host was Sarotherodon, with a prevalence of 0.42 (95% CI: 0.22–0.65).
Cestode was the taxonomic group with the largest prevalence (0.40; 95% CI:0.32–0.48), followed by
amoeba (0.24; 95% CI: 0.16–0.35) and nematode (0.22; 95% CI: 0.11–0.38), among which, Schyzocotyle
spp., Opistorchis spp., Gnathostoma spp. and Vermamoeba spp. have an impact on public health.
Significant differences (p < 0.004) were found among continents and countries, with the highest value
of prevalence detected in the African continent (0.28; 95% CI: 0.20–0.37), specifically in Tanzania (0.56;
95% CI: 0.22–0.87) and Egypt (0.43; 95% CI: 0.20–0.55). The origin of samples had a significant effect
(p < 0.0001) on the detected prevalence, especially from those that showed the highest prevalence
(0.24; 95% CI: 0.17–0.33). Finally, there were no differences in prevalence according to the diagnostic
test (p = 0.97). Our results provide useful information on the development of epidemiological pro-
grams for the control of zoonoses associated with parasites in tilapia and in the design, planning, and
implementation of future research.
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1. Introduction

Aquaculture is one of the most important food production sectors worldwide, as it
has been growing steadily over the last few decades, contributing to the achievement of
many of the Sustainable Development Goals established by the United Nations, including,
among others, poverty reduction, nutrition, sustainability, good health and wellbeing, and
the generation of sources of employment [1]. In 2018, worldwide aquaculture production
reached 114.5 million tons; and within this, “tilapia” species contributed 6 million tons [2,3].

Tilapia species (family Cichlidae) are African fish from tropical environments. There
are three genera of economic importance in aquaculture, Oreochromis, Sarotherodon, and
Tilapia [4]. In general, tilapia is characterized by rapid growth and its ability to colonize var-
ious aquatic environments. They are very resistant to low oxygen levels (below 4 mg O2/L)
and high concentration of organic matter in the water (more than 30 mg of suspended
solids) [5]. Thus, tilapia are able to survive in high variations of salinity and temperature [6].
These characteristics, together with its relatively easy reproduction, have made tilapia one
of the most cultivated species in the world, and it is expected that its production will
continue to grow to reach 7.3 million tons by 2030 [7,8].

However, as in any other farming industry, tilapia is not exempt from diseases as-
sociated with this wide diversity of etiological agents, and this could include zoonotic
parasites [9,10]. A zoonosis is an infectious disease that can be transmitted from animals
to humans [11]. In most cases, zoonotic parasitic diseases in human beings from fish are
accidental infections [12,13] caused by ingestion of undercooked meat containing viable
parasites [14].

Among zoonotic diseases, there is a wide diversity of etiological agents that cause
them, such as protozoa, worms, and arthropods, many of them have important implications
for public and veterinary health. For instance, estimates indicate that 500 million people are
at parasitosis risk in the world [15]. Indeed, there are epidemiological reports estimating
that 18 million people in Asia are infected with trematodes, while in developing areas, such
as Africa, up to 81 million people are at risk of helminth infections [16–18]. Within the
causative agents of these infections, some of those that are transmitted by the consumption
of tilapia have been identified as trematodes, such as Haplorchis pumilio, Centrocestus for-
mosanus, Haplorchis yokogawi, Pygidiopsis genata, and Phagicola ascolonga [16,19], nematodes,
such as Gnathostoma spp., emergent zoonotic parasites, and Contracaecum spp. [12,20–22].
In addition, there are reports of cestodes in tilapias (Schyzocotyle spp.) and protozoan infec-
tions with zoonotic potential, such as Giardia duodenalis [23], Cryptosporydium parvum [24,25],
and Vermamoeba vermiformis [26]. In free-living protozoan infections, tilapia can function as
a vector for the transmission of the infection that can even occur by contact [27].

Zoonotic parasites can lead to particular signs of disease in fish, including skin hem-
orrhagic lesions [28], laminar melting in gills [29,30], intestinal disorders [31], and finally,
mortality. In human beings, pathology goes from subclinical symptoms to abdominal pain,
vomiting, fever, and weight loss [23,25]; in severe clinical cases, there is the presence of
eosinophilic granuloma in the heart, brain, and spine due to the nematode infection, such
as the outbreak of gnathostomiasis reported in Mexico in the 1970s, where the origin is at-
tributed to tilapia consumption from the Miguel Aleman dam. Indeed, cholangiocarcinoma
has been observed in trematode infection [13,14,19,32–34]. Given this scenario, the aim
of this work is to assess the zoonotic parasite prevalence associated with the ingestion of
tilapia meat. In addition, it is important to address the occurrence and distribution aspects,
which can help develop intervention strategies in public health and parasite control.
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2. Materials and Methods
2.1. Data Sources and Searches

A systematic literature search via ScienceDirect (https://www.sciencedirect.com/, ac-
cessed on 8 August 2022), PubMed (http://www.pubmed.gov, accessed on 8 August 2022),
PRIMO-UAEH (https://uaeh-primo.hosted.exlibrisgroup.com/primo-explore/search?
vid=UAEH, accessed on 8 August 2022), CONRICyT (https://www.conricyt.mx/, ac-
cessed on 8 August 2022), LILACS (https://lilacs.bvsalud.org/es/, accessed on 8 August
2022), and AJOL (https://www.ajol.info/index.php/ajol, accessed on 8 August 2022) was
carried out using a predetermined protocol in accordance with the preferred reporting
items for systematic reviews and meta-analysis (PRISMA) in order to identify scientific
publication that report prevalence of zoonotic parasite diseases in tilapia, search engines
were reviewed during the months of August to November 2020. LILACS and AJOL are
databases specialized in Latin American and African scientific literature in health sciences,
respectively. Searches were limited to articles in English. The zoonotic potential of parasites
that affect tilapia was defined by the available scientific literature, as is shown in Table S1.

The search was conducted in three stages. First, we carried out a general search of
studies focused on parasites that affect tilapia using the following keywords: “parasite”,
“nematodes”, “cestodes”, “trematodes”, “cichlids”, “Oreochromis” and “tilapia”. The second
stage comprised the search of studies focused on parasites that affect tilapia with zoonotic
potential using the following terms: “zoonotic parasite”, “foodborne parasites”, “Ore-
ochromis” and “tilapia”. Finally, the third stage focused on searching for prevalence studies
using specific keywords of parasite genera and diseases in combination with research terms
to refer to host organisms (“Oreochromis” and “tilapia”). These entries included the main
helminths reported in tilapia (nematodes, cestodes, and trematodes). The full approach
and keywords used are depicted in Table 1.

Table 1. Search strategy for zoonotic parasites studies that affect tilapia.

1 (Oreochromis or Tilapia 1 or Cichlids) and (Parasite or Nematode or Cestode or Trematode)
2 zoonotic parasite/or foodborne parasites/or Oreochromis/or Tilapia 1/
3 prevalence/or Diphyllobothrium/or Diphyllobothriasis/or Oreochromis/or Tilapia 1/
4 prevalence/or Bothriocephalus or Schyzocotyle/or Bothriocephaliasis/or Oreochromis/or Tilapia 1/
5 prevalence/or Centrocestus/or Centrocestiasis/or Oreochromis/or Tilapia 1/
6 prevalence/or Clonorchis/or Clonorchiasis/or Oreochromis/or Tilapia 1/
7 prevalence/or Opisthorchis/or Opisthorchiasis/or Oreochromis/or Tilapia 1/
8 prevalence/or Heterophyes/or Heterofiasis/or Oreochromis/or Tilapia 1/
9 prevalence/or Haplorchis/or Haplorchiasis/or Oreochromis/or Tilapia 1/
10 prevalence/or Gnathostoma/or Gnathostomiasis/or Oreochromis/or Tilapia 1/

1 Word “Tilapia” used in the search refers to the cichlid fish group commonly named tilapia.

2.2. Study Selection and Eligibility Criteria

The search was performed by three field experts to avoid reviewer bias. Two study
authors independently screened the search output to identify full texts that met the follow-
ing eligibility criteria: (a) studies published in an international peer-reviewed scientific
journal, (b) studies that reports prevalence of zoonotic parasite diseases in tilapia, even
if prevalence was 0%, (c) articles that reported the number of events per study, and (d)
articles that reported the study population. An event was defined as a positive diagnosis
of zoonotic parasites that affect tilapia. In the current study, “tilapia” fish correspond to
cichlids of the genera Oreochromis spp., Sarotherodon spp., Ptychochromis spp., Vieja spp., and
Tilapia spp.; also, native, or wild cichlids that maintain the name “tilapia” were included.
Studies that assessed zoonotic parasite diseases in water, soil, and environmental samples
were omitted, since they did not provide prevalence data.

https://www.sciencedirect.com/
http://www.pubmed.gov
https://uaeh-primo.hosted.exlibrisgroup.com/primo-explore/search?vid=UAEH
https://uaeh-primo.hosted.exlibrisgroup.com/primo-explore/search?vid=UAEH
https://www.conricyt.mx/
https://lilacs.bvsalud.org/es/
https://www.ajol.info/index.php/ajol


Animals 2022, 12, 2800 4 of 17

2.3. Data Extraction and Tabulation

After selecting the studies that met the previous eligibility criteria, one expert extracted
data into a spreadsheet and the other two reviewers verified the database for any discrep-
ancy. Conflicts were resolved by consensus or by consulting a third researcher. The final
database included 52 articles, from which the following information was obtained: article
title, authors’ name, journal of publication, and publication year. Interest variables were
categorized as primary outcomes and exploratory outcomes. The primary outcomes corre-
spond to quantitative response variables (i.e., prevalence), while the exploratory outcomes
describe the environmental and experimental characteristics of the analyzed studies. Both
types of outcomes were obtained according to the available information in the analyzed
scientific articles (Table 2).

Table 2. Data variables extracted from studies included in the meta-analysis.

Primary Outcomes

Number of events per study (positive cases)
Size of study population
Prevalence

Exploratory outcomes

Host fish (genera)
Parasite (genera and species)
Parasite taxonomic group (nematode, trematode, protozoan, amoeba independently tested for
their free-living in ponds, and cestode)
Sample origin (aquaculture, fishing, restaurants, and aquaculture-fishing)
Diagnostic test (microscopy and PCR)
Country of study
Continent of study

2.4. Meta-Analysis

A meta-analysis was carried out to estimate the global prevalence of zoonotic parasites
that affect tilapia. For estimation of prevalence, we extracted data from the number of
events and the total number of samples to perform proportional meta-analysis in the
R environment for statistical computing (version 4.0.2; R Core Team, 2020) using the
“metaprop” function of ‘meta’ package version 4.13–0 [35]. Polled proportions of prevalence
were estimated using a logit transformation in a logistic-normal random-effect regression
model as described by Nyaga et al. (2014) [36].

ri ∼ binomial (pi, ni) (1)

where observed events ri assumed a binomial distribution with parameters pi and sample
size ni. Therefore, a normal distribution was used for the random-effects model.

logits(pi) ∼ normal(µ, τ) (2)

where µ is the mean of a population of possible means and τ is the between-study variance,
both on the logit scale. The exact or Clopper-Pearson method [37] to binomial proportions
was used to construct confidence intervals for individual studies.

Since the analyzed studies were conducted across different environmental conditions,
procedures of sample collection and diagnostic methods, the prevalence of zoonotic para-
sites was expected to show high heterogeneity. Heterogeneity was explored by inspection of
a forest plot, estimation of between-study random-effects variance (t2) and the percentage
of variability explained by heterogeneity rather than by a simple variance (I2 index) [38].
The between-study variance (t2) was estimated using the maximum-likelihood estimator
method. We investigated sources of heterogeneity between studies through subgroup
analysis with respect to continent and country from which the study was conducted, genus
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of the host, parasite taxonomic group, sample origin, and type of diagnostic test. The
results are presented as summary proportions with 95% confidence intervals and were
displayed in a forest plot as well as heterogeneity between subgroups.

3. Results

The flow diagram of search results is displayed in Figure 1. The systematic search
through electronic databases yielded a total of 1044 articles. First, the screening stage
excluded 724 studies, mainly due to replication and being outside of the scope of the
current study. In the second stage, 171 duplicated studies were removed; to the rest of
the studies (n = 149), eligibility criteria were applied; in this stage, the main reasons for
exclusion were: reports of zoonotic parasitic diseases of non-tilapia fish and studies that do
not report prevalence. Fifty-two articles containing prevalence data of diseases caused by
zoonotic parasites in tilapia met all criteria for inclusion and were used for meta-analysis
(Figure 1).
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Figure 1. Flow diagram describing the paper selection process according to PRISMA guidelines.

A total of 19,247 observations (sample size) were analyzed in order to identify the
global prevalence of parasitic infections with zoonotic potential in tilapia, with a pooled
prevalence of 0.14 (95% CI: 0.10–0.10) showing a significant heterogeneity (I2 = 98.4;
p < 0.001).
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In the current meta-analysis, heterogeneity was explored through a subgroup analysis.
Most of the subgroup analyses of exploratory outcomes showed considerable heterogeneity
(I2 > 86.0). Significant statistical heterogeneity in the subgroup analysis reveals a likely
interaction among exploratory variables. Only the protozoan taxonomic group displayed
low heterogeneity (I2 = 0). Heterogeneity was not possible to calculate for variables with
only one study per group (host: Ptychochromis, Vieja; taxonomic group: amoeba, cestode;
sample origin: restaurants). However, these studies were not eliminated because they
contributed to the estimation of the overall prevalence.

The subgroup analysis with respect to the host resulted in a significant difference
within the subgroup (p < 0.0001). The parasitic prevalence in tilapia assessed by the host
ranges from a minimum overall prevalence of 0.09 (95% CI: 0.06–0.15) to the Oreochromis
group with the highest number of outcome observations (n = 14,379). The Tilapia group
shows a meta-analysis overall prevalence of 0.19 (95% CI: 0.10–0.34) with the second
largest number of observations (n = 3923). The largest values of prevalence were shown by
Ptychochromis (0.40; 95% CI: 0.32–0.48) and Sarotherodon (0.42; 95% CI 0.22–0.65); however,
these results must be taken with caution due to the low sample size used to estimate the
overall prevalence (Table 3).

Table 3. Results of meta-analysis assessing the prevalence of parasitic infections with zoonotic
potential in tilapia.

Item Summary
Proportion

Lower 95%
CI

Upper 95%
CI I2 Sample

Size

Overall estimated 0.14 0.10 0.20 98.4 19,347
Host
Oreochromis 0.09 0.06 0.15 99.0 14,379
Tilapia 0.19 0.10 0.34 98.0 3923
Sarotherodon 0.42 0.22 0.65 98.0 863
Ptychochromis 0.40 0.32 0.48 n.e. 142
Vieja 0.02 0.003 0.15 n.e. 40
p-value * <0.0001
Taxonomic group
Amoeba 0.24 0.16 0.35 n.e. 75
Cestode 0.40 0.32 0.48 n.e. 142
Nematode 0.22 0.11 0.38 99.4 10,477
Protozoan 0.03 0.01 0.06 0.0 182
Trematode 0.12 0.08 0.18 96.3 8471
p-value * <0.0001
Continent
Africa 0.28 0.20 0.37 98.1 6420
America 0.13 0.00 0.41 99.8 8409
Asia 0.10 0.04 0.18 99.0 4356
Oceania 0.07 0.00 0.22 97.5 162
p-value * <0.0004
Sample origin
Aquaculture 0.05 0.02 0.11 92.6 2872
Fishing 0.24 0.17 0.33 98.8 15,615
Restaurants 0.15 0.08 0.26 n.e. 65
Aquaculture-fishing 0.05 0.03 0.11 86.0 795
p-value * <0.0001
Diagnostic test
Microscopy 0.14 0.09 0.20 98.2 14,476
PCR 0.13 0.07 0.24 96.6 4871
p-value * 0.97

* p-value of test for subgroup differences of the random-effects model; n.e., not estimable.

Subgroup analysis based on the taxonomic group revealed a significant effect of this
moderator outcome (p < 0.0001). Five parasite taxonomic groups were identified that
affected tilapia populations. The cestode taxonomic group showed the highest overall
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prevalence (0.40; 95% CI: 0.32–0.48), followed by amoeba infections (0.24; 95% CI: 0.16–0.35);
however, these results should be interpreted cautiously due to the low number of analyzed
studies that do not allow heterogeneity estimation. Taxonomic groups with the highest
sample size were trematode (n = 8471) and nematode (10,477) with a pooled prevalence of
0.12 (95% CI: 0.08–0.18) and 0.22 (95% CI: 0.12–0.38), respectively. The lowest prevalence of
parasitic infection in tilapia was shown by the protozoan taxonomic group (0.03; 95% CI:
0.01–0.06) (Figure 2).
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according to the taxonomic group.

According to moderator analysis, prevalence shows considerable geographical varia-
tion (continent and country) (Table 3). Regarding the continent, America had the largest
sample size (n = 8409) with a prevalence of 0.13 (95% CI: 0.00–0.41) and Mexico had the
largest number of observations (n = 8280). The African continent had the highest positive
rate of 0.28 (95% CI: 0.20–0.37) and the largest number of countries reporting parasitic
infections. Tanzania (0.56; 95% CI: 0.22–0.87) and Egypt (0.43; 95% CI: 0.20–0.55) were the
countries with the largest values of prevalence. Conversely, Oceania showed the lowest
prevalence (0.07; 95% CI: 0.00–0.22) because Australia is the only country that reports
parasitic infections in tilapia (0.14; 95% CI: 0.15–0.34) (Figure 3).
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in tilapia.

The analysis results showed a variation in global prevalence based on the origin of
samples (p < 0.0001). Subgrouping analysis revealed that most studies were carried out
on fishing samples (n = 15,615) with a global prevalence of 0.24 (95% CI: 0.17–0.33). The
prevalence of aquaculture studies was 0.05 (95% CI: 0.02–0.11) with the second largest
number of observations (n = 2872). The prevalence of parasites from restaurant samples was
obtained from a single study. Sixty-five observations were examined in this study, of which
the prevalence estimated was 0.15 (95% CI: 0.08–0.26) (Table 3). There were no differences in
the prevalence according to the diagnostic test (p = 0.97). Parasitic prevalence was 0.14 (95%
CI: 0.09–0.20) and 0.13 (95% CI: 0.07–0.24) for microscopy and PCR, respectively (Table 3).

The parasitic genera that were identified in the tilapia samples were 15. In addition,
two positive samples were identified at the family level (Echinostomatidae and Heterophy-
dae); the mean effect calculated for the explanatory variable “Parasite” was 0.13 (95% CI:
0.08–0.19) with a 98% I2. Parasites of the genus Gnathostoma spp. (4124), Clinostomum spp.
(2256), and Contracaecum spp. (1751) showed the highest sample size in the random-effects
model, while it was Phagicola spp. and Schyzocotyle spp. that showed a higher preva-
lence rate of 0.94 (95% CI: 0.89–0.96) and 0.40 (95% CI: 0.32–0.48), respectively. Moreover,
the genus Cryptosporidium spp. had the lowest clustered prevalence rate (0.02; 95% CI:
0.01–0.08) (Figure 4).
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4. Discussion

This systematic review and meta-analysis showed an overall prevalence of 0.14
(95% CI: 0.10–0.20) for zoonotic parasites in tilapia and a lower prevalence for pathological
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infections in tilapia by protozoan parasites (69%). However, our prevalence was higher
than crustacean infections (5%) [39]. The variability in overall prevalence can be explained
by the wide diversity of etiologic agents reported; fish were documented to be affected
by up to 15 parasitic genera of trematodes (9), cestodes (1), nematodes (2), and protozoa
(3). The general heterogeneity calculated showed an interaction between the bibliographic
resources selected for the meta-analysis (Table 3). This characteristic allowed for directing
the use of a random-effects model to generate the estimate of the pooled prevalence with
95% confidence intervals [40].

According to evaluated data, five tilapia genera were identified with zoonotic parasite
infection: Oreochromis spp., Tilapia spp., Sarotherodon spp., Ptychochromis spp., and Vieja
spp. The first two were shown as important zoonotic parasitic load reservoirs. The high
observation number in Oreochromis spp. (n = 14,379) evidenced it as the Tilapia genus with
the highest recurrence in cultivation practices and repopulation in bodies of continental
water worldwide. In addition, it has the highest number of species described in any of
the genus, with a value of 32 [4,41]. Jointly, the genus Tilapia presented a high sample
size (n = 3923), likely related to recurrent production and consumption on the African
continent [42]. These genera have exponents, such as Oreochromis niloticus and Tilapia zillii,
as excellent crop species due to their tolerance to temperature, oxygen and salinity, rapid
growth, and high environmental adaptability, which has allowed their introduction to
different countries [43]. Moreover, a higher prevalence rate was observed in Sarotherodon
spp. and Ptychochromis spp., fishes with a slower growth rate worldwide; for example, S.
melanotheron fish is still in the domestication process for production [44], while various
species, such as Ptychochromis spp., have high endemism in Madagascar, Africa, which
makes them difficult to disperse and cultivate for use [45]. The evaluation suggests that
captured species and recent domestication attempts influence the prevalence of zoonotic
infections by parasites.

In our study, the parasites determined in tilapia samples showed a higher prevalence
of infections caused by cestodes (0.40; 95% CI: 32–48), which could be partially explained by
the low-host specificity of these parasites [46]. However, these results should be taken with
caution because cestodes had a low sample size to estimate the global prevalence (n = 142).
Life-cycle characteristics may influence the low number of cestodes in tilapia because these
parasites require copepods (Acanthocyclops spp. and Cyclops spp.) as primary hosts, which
conditions a higher infection frequency in planktonic diet fish, such as cyprinids [47].

The wide presence of nematode infection in tilapia can be related to its wide bio-
logical diversity, since approximately 25,000 species have been recognized for the entire
phylum [48]. Additionally, the higher number of observed cases of nematode infections can
be associated with the increase in Gnathostomiasis cases in humans. Actually, nematode in-
fection has been classified as an emerging disease in countries, such as Mexico, Guatemala,
Colombia, Ecuador, Peru, and Brazil, which represents a public health problem related
to tilapia consumption [49–52]. It has also been reported that infections by the nematode
Contracaecum spp. in humans have been associated with vomiting, diarrhea, and abdominal
syndrome [53]. According to our findings, trematodes showed a moderate prevalence
with a high sample size and a wide diversity of parasites that affect tilapia. The infection
potential of trematodes is probably associated with their life-cycle characteristics due to
these parasites having motility stages (miracide and cercariae) that facilitate the search
for their hosts, conferring an advantage in establishing a parasite-host relationship [54].
Among zoonotic trematodes that infect fish, we found that the Heterophyidae and Echinos-
tomatidae families, which are associated with intestinal infection, and the Opisthorchiidae
family, provoke liver infection in humans [17]. In relation to the presence of protozoa,
these have been related to intestinal infections in humans, which reflect signs of abdominal
pain [26]. Also, in this study, Cryptosporidium spp. and Giardia spp. showed low prevalence
in the analyzed tilapias, while Vermamoeba spp. presented higher values (0.24; 95% CI:
0.16–0.35).
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Geographical distribution in data assessment showed prevalence in 22 countries
(Figure 3), where Africa (eight countries) showed the highest clustered prevalence rate (0.28;
95% CI: 0.20–0.37). Egypt and other sub-Saharan African countries maintain high tilapia
production [55]; unfortunately, many African countries face constant challenges, such as
lack of safe drinking water, inadequate sanitation, and hygiene, as well as diagnosis and
treatment of disease difficulties [56]. These factors could enhance the dispersion and trans-
mission of zoonotic parasites in the consumption of tilapia and other fish species. Asia has
extensive tilapia production capacity in countries, such as China [57,58], which also depicts
a high endemism of zoonotic parasites in the south-east of the continent [59]. According to
our results, Asia presented a low clustered prevalence rate (0.10; 95% CI: 0.04–0.18), which
shows a lack of attention to public health problems by some countries in the area. The
United States Agency for International Development (USAID) has participated through
mass medication against tropical diseases on the Asian continent [60]. In addition, water,
hygiene, and sanitation programs have been implemented [61].

On the other hand, America accounts for the highest sample size (n = 8409), with
Mexico as a country of endemism for Gnathostoma spp. [51,52,62,63], which has caused
the monitoring of the etiologic agent causing Gnatostomiasis [20] and the inclusion of
Gnathostoma spp. in the trade policies of this country [64]. However, zoonotic parasitic
distribution has high potential due to various factors: host migration [65], culinary habit
globalization [66–68], market policy omission [53,69], parasite-fish cointroduction [41,46],
and even migration and tourism [59,70].

Our study showed the greatest prevalence in wild fish (0.24; 95% CI: 0.17–0.33),
evidencing immunological differences, resistance, and tolerance to parasitic loads between
wild and crop populations [71]. The lower prevalence rate in controlled environments
(culture) can be related to quarantine application, rejection of batches, personnel control,
and quality of food supplied, among others [72], while in wild environments, biotic factors
are combined without restrictions that allow intermediate hosts and perpetuate the life
cycle of parasites [73,74]. Likewise, in wild environments, pollution factors may favor the
growth of the population of parasites [75,76]. The diagnostic test explanatory variable did
not show significant statistical differences (p = 0.97) in the grouped prevalence. This shows
the use of molecular techniques as a complement. In addition, the scope of this analysis
was at the level of parasitic genera, for which future studies are suggested for evaluation at
the species level.

Among parasitic genera, the highest grouped prevalence rates in tilapia populations
were cestode Schyzocotyle spp. (0.40; 95% CI: 0.32–0.48). These parasites usually infect a
wide fish variety, however, in humans, there are reports of accidental infection by egg stage,
where signology is manifested with abdominal pain [77]. Our study suggests that emerg-
ing infections affect tilapia populations largely because the fish have not been previously
exposed to these pathogens, so they lack regulation in the expression of genes related to
the adaptive immune system necessary to combat these infections [63,78]. Moreover, infec-
tions by reoffending genera showed lower prevalence, reflecting host-parasite relationship
coevolution, where both have been exposed to antagonistic natural selection processes,
allowing the ecological relationship continuity [79]. Clinostomum spp. is an example. This
parasite presented 2256 observations and has the lowest pooled prevalence rates (0.20; 95%
CI: 0.10–0.36) because this etiological agent has been described with high specificity of
infection in tilapia [80]. The forest plot of the explanatory variable “Parasite” shows this
behavior (Figure 4).

Finally, nine genera were evaluated corresponding to trematoda taxon; Centrocestus
spp., Clinostomum spp., Echinostoma spp., Haplorchis spp., Heterophyes spp., Opisthorchis
spp., Phagicola spp., Procerovum spp., and Pygidiopsis spp. Trematode infections in tilapia
populations can be promoted by the fact that these parasites use gastropod molluscs as
primary hosts. These hosts are persistent in aquatic environments and widely distributed
worldwide, such as in the case of Melanoides tuberculata and Pirenella conica [59,81,82], a
situation that makes it difficult to control parasitic loads. In view of the aforementioned,
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this evaluation aims to provide a basic guide for continuing the establishment of monitoring
programs and the development of intervention strategies, against zoonotic parasitic loads
in the tilapia production and consumption chain. Similarly, this information can promote
compliance with public policies in countries that have applicable regulations for tilapia meat
safety. In Mexico, the regulations indicate the use of refrigerated and frozen aquaculture
products, likewise, the correct cooking before consumption of fish meat, including tilapia
meat, is indicated [64]

5. Conclusions

The results of the meta-analysis reported a global prevalence of 0.14 (95% CI: 0.09–0.19)
of analyzed studies. The parasites Phagicola spp. and Schyzocotyle spp. presented the
highest prevalence in the study. The variability of the global effect of the prevalence of
parasites in tilapia was partially associated with the explanatory variables. For instance,
the fishing reports and samples of the genus Sarotherodon spp. presented the highest values
of prevalence. Except for the independent variable “sample type”, most of the analyzed
groups displayed a heterogeneity greater than 90%. The prevalence of parasites in tilapia
showed variation according to the geographical region where the study was carried out,
where Africa presented a greater number of studies with prevalence for zoonotic parasites;
this variability could be associated with experimental characteristics, socioeconomic factors,
and culinary practices. According to the results, the level of prevalence depends on the
characteristics of the experimental design, such as sample type, sample size, and diagnostic
technique. Therefore, the assessments of explanatory variables provide useful information
in the design, planning, and implementation of future research with the optimization of
materials and human resources. Additionally, they also provide information about the
design and development of epidemiological programs for the control of zoonoses associated
with parasites in tilapia. They join the preventive measures and good consumer practices
available.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ani12202800/s1, Table S1: Parasites of tilapia with zoonotic potential according with the
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