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Abstract 

Background Digenetic trematodes, including blood flukes, intestinal flukes, liver flukes, lung flukes, and pancreatic 
flukes, are highly diverse and distributed widely. They affect at least 200 million people worldwide, so better under‑
standing of their global distribution and prevalence are crucial for controlling and preventing human trematodiosis. 
Hence, this scoping review aims to conduct a comprehensive investigation on the spatio‑temporal distribution 
and epidemiology of some important zoonotic digenetic trematodes.

Methods We conducted a scoping review by searching PubMed, Web of Science, Google Scholar, China National 
Knowledge Infrastructure, and Wanfang databases for articles, reviews, and case reports of zoonotic digenetic trema‑
todes, without any restrictions on the year of publication. We followed the inclusion and exclusion criteria to identify 
relevant studies. And relevant information of the identified studies were collected and summarized.

Results We identified a total of 470 articles that met the inclusion criteria and were included in the review finally. 
Our analysis revealed the prevalence and global distribution of species in Schistosoma, Echinostoma, Isthmiophora, 
Echinochasmus, Paragonimus, Opisthorchiidae, Fasciolidae, Heterophyidae, and Eurytrema. Although some flukes are 
distributed worldwide, developing countries in Asia and Africa are still the most prevalent areas. Furthermore, there 
were some overlaps between the distribution of zoonotic digenetic trematodes from the same genus, and the preva‑
lence of some zoonotic digenetic trematodes was not entirely consistent with their global distribution. The temporal 
disparities in zoonotic digenetic trematodes may attribute to the environmental changes. The gaps in our knowledge 
of the epidemiology and control of zoonotic digenetic trematodes indicate the need for large cohort studies in most 
countries.

Conclusions This review provides important insights into the prevalence and global distribution of some zoonotic 
digenetic trematodes, firstly reveals spatio‑temporal disparities in these digenetic trematodes. Countries with higher 
prevalence rate could be potential sources of transmitting diseases to other areas and are threat for possible out‑
breaks in the future. Therefore, continued global efforts to control and prevent human trematodiosis, and more 
international collaborations are necessary in the future.
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Background
Class Trematoda is consisted of subclasses Digenea, and 
Aspidogastrea [1], and flukes that parasitize in human are 
from subclass Digenea, which includes orders Strigeida 
(such as blood fluke), Echinostomida (such as intestinal 
fluke), and Plagiorchiida (such as liver fluke, lung fluke, 
and pancreatic fluke). Digenetic trematodes generally 
have similar physiological structures, characterized by 
dorsoventral compression, bilateral symmetry, and oral 
and ventral suckers [1]. All digenetic trematodes, except 
for the blood fluke, are hermaphrodites. Digenetic trema-
tode is composed of integument and parenchyma, and 
possesses digestive, reproductive, excretory, and nervous 
systems [2].

The complex life cycle of digenetic trematodes involves 
asexual reproduction in the first intermediate hosts, and 
sexual reproduction in definitive hosts like humans and 
other vertebrates [3]. Commonly, the basic stages in the 
development process of digenetic trematodes include 
ovum, miracidium, sporocyst, redia, cercaria, encysted 
metacercaria, metacercaria, and adult (Fig.  1). Humans 
become infected by ingesting metacercariae in aquatic 
organisms including contaminated vegetables, raw fish 
and crabs (foodborne trematodes) or contacting cercar-
iae in water (schistosomes). Since the hosts of digenetic 
trematodes are diverse, the transmission of trematodiosis 
in human is associated with the infection status in animal 
hosts [2]. Therefore, comprehensively grasp the species of 
hosts plays an important role in controlling this disease.

Because of the high diversities and wide distributions 
of digenetic trematodes, at least 200 million people 
affected by these flukes worldwide [4]. Therefore, it is 
crucial to have a better understanding of the epidemi-
ology of trematodiosis. However, early reviews mainly 
focused on the distribution of one or several foodborne 
trematodes or schistosomes at that time [5–11], but 
ignored the spatio-temporal disparities in these dige-
netic trematodes. Therefore, in this scoping review, we 

conducted a comprehensive investigation on the spa-
tio-temporal distribution of some important zoonotic 
digenetic trematodes, including species in Schistosoma, 
Echinostoma, Isthmiophora, Echinochasmus, Paragoni-
mus, Opisthorchiidae, Fasciolidae, Heterophyidae, and 
Eurytrema, in order to provide useful insights for con-
trolling and preventing human trematodiosis.

Methods
Search strategy, inclusion criteria and exclusion criteria
We searched the studies reporting digenetic trema-
todes using the PubMed (https:// www. ncbi. nlm/ nih. gov/ 
pubmed/), Web of Science (https:// www. webof scien ce. 
com/), Google Scholar (https:// schol ar. google. com), China 
National Knowledge Infrastructure (CNKI, https:// www. 
cnki. net/), and Wanfang (https:// www. wanfa ngdata. com. 
cn/) databases with no limits on the year of publication. 
Keywords in the search were the combinations of “trema-
tode”, “fluke”, “digenea”, “epidemiology”, “distribution” and 
their expanded aspects, such as the generic name of dige-
netic trematode, continent name, country name and other 
identified search terms. The search terms used within five 
databases are listed in Additional file  1. The last retrieval 
time was December 2023.

Duplicated articles were initially removed by End-
Note X9 (Clarivate, Philadelphia, USA), then, the titles 
and abstracts of the remaining articles were screened, 
those did not report prevalence or distribution of dige-
netic trematode were excluded. Full texts were evalu-
ated carefully according to the following inclusion 
criteria: (1) the literature described the global distribu-
tion and epidemiology of one or more digenetic trema-
tode aforementioned, (2) the literature type was article, 
review or case report. The exclusion criteria: (1) stud-
ies without full text available; (2) the literature type 
was news, comment or letter; (3) duplicates of gradu-
ate thesis by the same author. The search and selec-
tion processes of literatures were performed by two 

Fig. 1 Life cycle of digenetic trematode. a Dioecism. The representative genus Schistosoma undergoes two stages in its life cycle, an asexual stage 
in snails and a sexual stage in mammals. Eggs are discharged into the water through feces (Schistosoma japonicum and Schistosoma mansoni) 
or urine (Schistosoma haematobium). Under appropriate conditions, the eggs hatch and release miracidia, which penetrate snail intermediate hosts. 
In snails, miracidia successfully complete sporocyst generations and produce the infective cercariae, which penetrate the skin of mammalian hosts 
(definitive hosts) and become schistosomulae. The schistosomulae migrate to lungs via venous circulation, then to the heart, and then develop 
in the liver, exiting the liver via the portal vein system when mature. Finally, adult worms copulate and reside in the mesenteric venules (Schistosoma 
japonicum and Schistosoma mansoni) or urinary bladder (Schistosoma haematobium). b Hermaphrodite. The representative genus Clonorchis 
and Paragonimus undergoes two stages in the life cycle, an asexual stage in snails and a sexual stage in mammals. Eggs in the feces (Clonorchis 
& Paragonimus) or sputum (Paragonimus) are discharged into water. Under appropriate conditions, the eggs hatch and release miracidia, which 
penetrate snail intermediate hosts. In snails, miracidia go through several developmental stages (sporocysts, rediae, and cercariae). The cercariae 
penetrate the flesh of raw fish or crabs, where they encyst as metacercariae. Mammalian hosts (definitive hosts) become infected by ingesting 
metacercariae on contaminated vegetables or in raw fish and crabs (foodborne trematodes). Finally, metacercariae developed into adult worm 
in lung (Paragonimus) and bile duct (Clonorchis). These figures are created with BioRender.com

(See figure on next page.)

https://www.ncbi.nlm/nih.gov/pubmed/
https://www.ncbi.nlm/nih.gov/pubmed/
https://www.webofscience.com/
https://www.webofscience.com/
https://scholar.google.com
https://www.cnki.net/
https://www.cnki.net/
https://www.wanfangdata.com.cn/
https://www.wanfangdata.com.cn/
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Fig. 1 (See legend on previous page.)



Page 4 of 19Hu et al. Infectious Diseases of Poverty           (2024) 13:46 

independent researchers, and any disagreement was 
mediated through consultation with a third researcher 
or team discussion until reaching a consensus.

Quality assessment of included literature
The quality of the included articles was evaluated 
using the Joanna Briggs Institute Prevalence Critical 
Appraisal Tool [12]. The tool consists of ten quality 
control items, with each item assigned a score of either 
one or zero depending on its fulfillment. The scores 
were aggregated, where a total score of 0–3 indicates a 
low quality of the article, 4–6 a moderate quality, and 
7–10 a high quality [13]. The quality assessment report 
of the included articles in this review is available in 
Additional file 2.

Data extraction and analysis
All searched articles were processed by EndNote X9. The 
extracted data included: article title, author names, pub-
lication year, country of study, digenetic trematode spe-
cies and its global distribution, prevalence, pathogenesis, 
and hosts. Subsequently, the extracted information was 
tabulated in Microsoft Excel 2016 (Microsoft Corp., Red-
mond, WA, USA) for descriptive analysis.

Results
Description of included studies
Based from the literature search, a total of 7074 articles 
were identified through database searching [PubMed 
(n = 1043), Web of Science (n = 4313), Google Scholar 
(n = 513), China National Knowledge Infrastructure 
(n = 577), and Wanfang (n = 628)]. After removal of 
duplicated records, 4814 articles were screened, 672 
of which met the inclusion criteria. Following the full-
text eligibility assessment, 470 articles were included in 
the review finally (Fig.  2). All literatures included were 
peer-reviewed articles. Moreover, Table 1 was created to 
exhibit the global distribution, temporal origins, and geo-
graphic origins of significant zoonotic digenetic trema-
todes in a more concise and organized manner.

The included studies were carried out in Asia (39.4%; 
n = 185), Africa (20.0%; n = 94), North America (9.8%; 
n = 46), South America (7.0%; n = 33), Europe (20.9%; 
n = 98), Oceania (3.0%; n = 14), and Antarctica (0.0%; 
n = 0).

Moreover, a comprehensive historical analysis of the 
published research has been conducted across distinct 
time periods: 1850–1900, 1901–1950, 1951–2000, and 
2001–2023, encompassing 2, 10, 91, and 367 studies con-
ducted in each respective era (Fig. 3).

Global distribution and epidemiology
Schistosoma
Global distribution Schistosoma haematobium was 
first discovered in 1851 in Egypt by Bilharz during a nec-
ropsy [14, 15]. Subsequently, S. haematobium was found 
in Egypt and Iraq between 1901 and 1950 [16] (Addi-
tional file  3: Fig. S1a). Whereafter, S. haematobium was 
reported in Africa, the Middle East, and India from 1951 
to 2000 [17] (Additional file  3: Fig. S1b). At present, S. 
haematobium is prevalent in Africa, the Middle East, 
and Europe [18]. Although Europe is not an endemic 
area, Schistosoma has been introduced through migra-
tion and travel [19]. In sub-Saharan Africa, S. haemato-
bium is mostly distributed in Nigeria [20], Volta basin, 
Ghana, southwest Cameroun [21] and Mozambique [22]. 
Furthermore, it occurs in Portugal, Mauritius, Mesopota-
mia and Madagascar. A few cases have been reported in 
Mumbai and India (Additional file 3: Fig. S1c).
In 1902, Manson found eggs with lateral spine in the 
feces of an English patient [15]. Sambon proposed this 
new species named after Schistosoma mansoni in 1907 
[15] (Additional file 3: Fig. S1a). From 1951 to 2000, S. 
mansoni was reported in the Middle East [23], Africa, 
Brazil, Venezuela, and the Caribbean [17] (Additional 
file  3: Fig. S1b). S. mansoni is primarily distributed 
in sub-Saharan Africa, the Middle East, some South 
American countries (Brazil, Venezuela, and Suriname), 
and the Caribbean islands [24], with sporadic reports in 
the Arabian Peninsula [23] and a few European coun-
tries [19]. In sub-Saharan African region, S. mansoni 
is mostly distributed in Ethiopia [25], Nigeria [20], 
Tanzania (Sengerema District, Nyamatongo Ward), 
north Ghana [21], Mozambique [22], Rwanda [26], and 
Democratic Republic of the Congo [27] (Additional 
file 3: Fig. S1c). Recently, a systematic review and meta-
analysis in Ethiopia showed that the distribution area of 
S. mansoni exhibit environmental and ecological het-
erogeneities, where the soil’s silt and clay contents are 
higher than 22.0% [28].

In 1903, Kawanishi first discovered trematode eggs in 
stool examination of a patient. On May 30, 1904, Fuji-
nami discovered a female parasite in the portal vein when 
performing an autopsy (Additional file  3: Fig. S1a). He 
designated it as a new species, Schistosoma japonicum 
[29]. From 1951 to 2000, cases of S. japonicum infec-
tion were reported in China, Japan, and the Philippines 
[30] (Additional file 3: Fig. S1b). S. japonicum used to be 
endemic in Japan, but was eliminated in 1996 [31]. Cur-
rently, it is mainly distributed in East Asia and Southeast 
Asia, including China, the Philippines [32], and a few 
regions of Indonesia such as Sulawesi [33, 34] (Additional 
file 3: Fig. S1c).
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Schistosomiasis was initially reported in the Mekong 
River’s Lower Basin region in 1957, specifically from 
the Laotian island of Khong to the Cambodian prov-
ince of Kratie. At that time, S. japonicum was believed 
to be the cause, until a major revelation in 1978. This 
was when Neotricula aperta was discovered and Schis-
tosoma mekongi, a unique species, was identified for 
the first time as the true cause of these cases [35–37] 
(Additional file  3: Fig. S1b). To date, S. mekongi is a 
restricted Schistosoma species found near the Mekong 
River, mainly in southern Lao PDR and northern Cam-
bodia [38, 39] (Additional file 3: Fig. S1c).

Epidemiology According to World Health Organiza-
tion (WHO), an estimated 240 million people world-
wide are infected with S. haematobium, while 90 million 
people are infected with S. mansoni, and 25 million peo-
ple are infected with S. japonicum [40]. Approximately, 
140,000 people are subject to the risk of infection by S. 
mekongi, with 80,000 found in Cambodia and a further 
60,000 in Lao PDR [41]. Despite the number appearing 
small, continuous infection and re-infection contribute 
to the persistence of the disease within these susceptible 
populations. Notably, children are the most impacted due 
to their greater engagement with water [42]. Preventive 

Fig. 2 Flow diagram presenting the search process, including inclusion and exclusion criteria for articles screen
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measures for schistosomiasis include health education, 
improved water supply and sanitation, and mass drug 
administration of praziquantel, which is the recom-
mended treatment for Schistosoma infection. Control 
and elimination programs for schistosomiasis are ongo-
ing in many endemic countries.

Echinostoma and Isthmiophora

Global distribution Echinostoma revolutum, the type 
species of the genus Echinostoma, was first reported by 
Froelich in Germany in 1802. However, the first reported 
human infection occurred in Taiwan province, China in 
1929 [43] (Additional file 4: Fig. S2a). Between 1951 and 
2000, E. revolutum was reported in China [44], Australia, 
New Zealand [45], USA [46], and Thailand [47] (Addi-
tional file  4: Fig. S2b). Currently, E. revolutum is the 
most widely distributed species among the known Echi-
nostoma species and can be found in Asia (Bangladesh, 
China, India, Indonesia, Iran, Japan, Lao PDR, Malay-
sia, Republic of Korea, Thailand, and Vietnam), Oce-
ania (New Zealand), Europe (Austria, Belarus, Bulgaria, 
Czech Republic, Finland, France, Germany, Greece, Hun-
gary, Iceland, The Netherlands, Poland, Russia, Slovak 
Republic, UK, and Yugoslavia), and Americas (USA and 
Brazil), but rarely found in Africa [45, 46, 48–51]. How-
ever, reports in recent years show that outbreaks have 
been reported in North America after travellers returned 

from Eastern Africa including Kenya and Tanzania [52] 
(Additional file 4: Fig. S2c).
Another important species, Isthmiophora hortensis, was 
first reported by Asada in Japan in 1926 (Additional file 4: 
Fig. S2a). In 1964, I. hortensis was reported in Republic of 
Korea [53] (Additional file 4: Fig. S2b). The current global 
distribution of I. hortensis is primarily localized to East 
Asia, especially in China, Republic of Korea, and Japan 
[54] (Additional file 4: Fig. S2c).

Epidemiology In 2004, the WHO estimated the num-
ber of human infection for I. hortensis was approximately 
50,000 [40]. The prevalence of E. revolutum among 
people in Taiwan province, China was estimated to be 
2.8–6.5% [6]. Infection rates of E. revolutum were found 
to range from 7.5% to 22.4% among schoolchildren in 
Pursat Province, Cambodia [6]. However, the number of 
individuals currently infected or at risk of echinostomia-
sis remains unclear [55], highlighting the need for further 
research in this area.

Echinostoma are commonly found among birds and 
mammals in fresh water habitats, contributing to their 
ubiquitous presence. Echinostomiasis tend to be foci of 
infection in places where raw or undercooked intermedi-
ate hosts are eaten, so the most effective measure to pre-
vent human infection is to eliminate the consumption of 

Fig. 3 Total number of the research articles searching through PubMed, Web of Science, Google Scholar, CNKI and Wanfang databases
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raw or undercooked freshwater snails, clams, fishes, or 
amphibians [5].

Echinochasmus
Global distribution Echinochasmus japonicus was first 
reported in the experimental infection of dogs, cats, rats, 
mice and birds in Japan in 1926 [5] (Additional file 5: Fig. 
S3a). Natural infections of E. japonicus were reported in 
China [56] and Republic of Korea [57] from 1951 to 2000 
(Additional file 5: Fig. S3b). Human infection of E. japoni-
cus is mostly restricted in Asia. It has been reported in 
Japan, China, Republic of Korea, Kuwait, Lao PDR, Rus-
sia, Thailand, and Vietnam [6] (Additional file 5: Fig. S3c).
Echinochasmus perfoliatus was first identified in dogs 
in Romania by Motas and Straulescus in 1902 and was 
found in cats and dogs in Hungary by Ratz in 1908 (Addi-
tional file 5: Fig. S3a). In 1998, it was discovered in the Far 
East of Russia [58] (Additional file 5: Fig. S3b). Moreover, 
the natural and experimental infection in human was first 
found in Japan [59]. The epidemiology of E. perfoliatus 
infection is not only restricted in Asian area including 
China, Japan, Thailand, Republic of Korea, India, Viet-
nam, and the Philippines [5]. Cases or studies concern-
ing the prevalence in the intermediate or definitive hosts 
were also reported from European countries like Den-
mark, England, Hungary, Russia, Poland, Ukraine, and 
Italy [5]. An infection of E. perfoliatus in gastrointestinal 
tract has been reported in Egypt on white ibis recently 
[60]. And similar finding was shown in Denmark on red 
foxes, another common reservoir host of E. perfoliatus 
[61] (Additional file 5: Fig. S3c).

Epidemiology As for E. japonicus, a larger-scale remote 
study conducted in Fujian and Guangdong province, 
China reported the prevalence rates in people, dogs and 
cats as 4.9%, 39.7% and 9.5%, respectively [59]. Further-
more, a study conducted in Lao PDR reported an over-
all infection rate in human was 3.1% [62]. Addition-
ally, research has been conducted on the infection of 
E. japonicus in stray cats in various countries including 
Kuwait (1.6%) [63], and Republic of Korea (2.6% along 
the Geumgang river) [64]. Furthermore, a prevalence rate 
of 1.8% was reported for E. perfoliatus among individu-
als residing in the Guangdong, Fujian, Anhui, and Hubei 
provinces of China [6].

Like other reservoir hosts, including dogs, cats, ducks, 
and birds, humans are infected by eating the insufficiently 
cooked aquatic animals with encysted metacercariae. 

Hence, proper cooking of fish and improved sanitation 
and hygiene practices are essential to avoid the infection. 
Praziquantel is recognized as the first-line drug while 
albendazole as an alternative treatment option.

Paragonimus
Global distribution Paragonimus westermani is the 
most prominent species among the genus Paragonimus 
[65]. The first report on P. westermani could date back 
to 1877, when Kerbert detected it in the lungs of a Ben-
gal tiger [66]. Between 1951 and 2000, P. westermani was 
reported in Japan, China, Republic of Korea, the Philip-
pines, peninsular Malaysia, and Thailand [67] (Additional 
file  6: Fig. S4a). Currently, paragonimiasis (lung fluke 
disease), which is caused by the parasitic flatworm, is 
endemic to several parts of Asia, Africa, South America, 
and North America, but occurs primarily in China, the 
Philippines, Japan, Vietnam, Republic of Korea, Thailand, 
Malaysia, North Sumatra, and Indonesia [65, 67–73] 
(Additional file 6: Fig. S4b).
The first identified specimens of Paragonimus skrjabini 
were obtained from the lungs of a viverrid, Paguma lar-
vata, located in Guangzhou city, Guangdong Province, 
China in 1959 [74] (Additional file 6: Fig. S4a).  Initially, 
the species was classified as Paragonimus szechuanensis 
when the first report of infection occurred in Sichuan 
Province, China. Subsequently, further research revealed 
that P. szechuanensis was synonymous with P. skrjabini 
[75]. It is commonly found in Asia (China, India, Indo-
nesia, Iran, Japan, Lao PDR, Malaysia, Republic of Korea, 
and Vietnam), Europe (Austria, Russia, and UK) and 
Americas [76–78] (Additional file 6: Fig. S4b).

Epidemiology An estimated 293.8 million individu-
als worldwide are at risk of Paragonimus infection, with 
China being the most heavily affected country, account-
ing for 195 million cases. Notably, P. westermani has been 
identified in multiple provincial-level administrative divi-
sions across China, including Guangdong, Fujian, Yun-
nan, Guangxi, Guizhou, Hubei, Jiangxi, Hunan, Henan, 
Shaanxi, Gansu, Zhejiang, Sichuan, Hunan, Hainan, and 
Shanxi [78].

In certain endemic areas, the prevalence of paragonim-
iasis can be as high as 10% or more. To prevent the dis-
ease, it is recommended to cook crabs thoroughly and 
improve sanitation and hygiene practices. Praziquantel 
or triclabendazole are typically used as treatment for 
paragonimiasis.
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Opisthorchiidae
Global distribution Clonorchis sinensis is the third most 
prevalent human fluke globally. The first reports of C. 
sinensis were made in 1874, nearly at the same time by 
MacConnell in India and MacGregor in Mauritius [79]. 
Between 1901 and 1950, reports of C. sinensis were doc-
umented in China and Japan [79] (Additional file 7: Fig. 
S5a). Furthermore, C. sinensis was reported in Republic 
of Korea, Vietnam, and the Far East of Russia between 
1951 and 2000 [80] (Additional file  7: Fig. S5b). Nowa-
days, the endemic areas are mainly located in the Far East  
and East Asia, such as China, Republic of Korea, Vietnam, 
Russia, excluding Japan [6] (Additional file 7: Fig. S5c).

Opisthorchis felineus was first reported in the liver of 
cats, and human infection was first reported by Wino-
gradoff in Tomsk, Siberia in 1892 [1, 81]. Between 1951 
and 2000, it was reported in Kazakhstan, Italy, Albania, 
Greece, Switzerland, Holland, Germany, Poland, Ukraine, 
Bielorussia, Turkey, and Siberia [80] (Additional file  7: 
Fig. S5b). Eggs of O. felineus were found in fecal fossils 
of human and dog in Russia [82]. Nowadays, it’s world-
wide prevalent in Germany, Greece, Poland, Romania, 
Italy, Spain, Belarus, Ukraine, Kazakhstan, and Russia [6] 
(Additional file 7: Fig. S5c).

Opisthorchis viverrini was first detected in the liver of 
Felis viverrini, a civet cat brought from India to France 
in 1886 and Leiper reported Jiang’s first human infec-
tion through autopsy of two prisoners in 1991 [81, 83]. 
Between 1951 and 2000, O. viverrini was reported in 
Thailand, Lao PDR, Cambodia, and Malaysia [80] (Addi-
tional file 7: Fig. S5b). Currently, it’s also mainly prevalent 
in the southeast Asian countries such as Thailand, Lao 
PDR, Vietnam, Cambodia, Malaysia, and Myanmar [6] 
(Additional file 7: Fig. S5c).

Metorchis orientalis was first detected in Anas platy-
rhynchos domestica (ahiru) by Tanabe in Fukuyama 
city in Japan in 1920 [84] (Additional file  7: Fig. S5a). 
M. orientalis is a liver fluke species that infects piscivo-
rous birds and mammals, including humans in East Asia 
[85–87]. The first documentation of human infections 
dates back to 2001, when 4 (4.21%) out of 95 residents 
examined in Ping Yuan County of Guangdong Province, 
China, were found to be infected. Furthermore, 12 adult 
flukes were retrieved from two purged patients [85]. The 
geographical range of M. orientalis appears to overlap 
with that of C. sinensis, mainly distributed in East Asia 
including China, Japan, and Republic of Korea until now 
[7, 88] (Additional file 7: Fig. S5c).

Epidemiology Previous reports have revealed that the 
prevalence of opisthorchiasis, the disease caused by 
Opisthorchis, can reach up to 70% or more in some endemic 
areas [89]. In Asia, C. sinensis is currently the most preva-
lent parasite, infecting approximately 15 million people, 
with an estimated 200 million at risk of persistent infec-
tion. Moreover, at least 1.6 million people are infected 
with O. felineus of the total of 17 million infested with the 
Opisthorchis flukes [90], while the estimated number of 
people infected with O. viverrini is 9–10 million [7].

Appropriate cooking of freshwater fish, as well as 
improved sanitation and hygiene practices, are effective 
preventive measures for opisthorchiasis. Praziquantel or 
albendazole are generally applied to the treatment for the 
disease.

Fasciolidae
Global distribution Currently, Fasciola hepatica has a 
widely distributed geographical range among parasitic 
and vector-borne diseases. Reports of liver fluke could 
date back to 1379 in France [91], but it was not until 1523 
that Fitzherbert published the first detailed description 
of it. F. hepatica is widely believed to have originated in 
Eurasia [80], specifically in the Near East of Asia [91, 92]. 
Later, F. hepatica has spread west into Europe [93], east 
into Asia [94], south into Africa [95], and transocetically 
into Oceania and Americas [96] (Additional file  8: Fig.  
S6b). Numbers of clinical cases of F. hepatica reported have 
been increasing since 1970 [80]. Nowadays, F. hepatica  
is found on all inhabited continents, in more than 70 coun-
tries. Human infections have been reported in Ecuador, 
Bolivia, Chile, Peru, Cuba, Egypt, Portugal, France, Spain, 
Iran, Turkey, Republic of Korea, Japan, China, Thailand, 
and Vietnam [7, 97, 98] (Additional file 8: Fig. S6c).

Another species responsible for fascioliasis is Fasciola 
gigantica, which was described by Cobbold from the 
liver of the giraffe in Pakistan in 1855 [99]. F. gigantica is 
limited to the tropical and subtropical regions of Africa, 
Asia and the Far East where Radix vectors allow for their 
transmission [92]. In the twentieth century, F. gigantica 
was reported in Indonesia, Cambodia, Thailand, the 
Philippines, Vietnam, China, Burma, Pakistan, India, 
Nepal, Iran, Egypt, Sudan, Tanganyika, Malawi, Chad, 
Mali, Kenya, Tanzania, Nigeria, Cameroons, West Africa, 
Zambia, Zimbabwe, Uganda, Ethiopia [100]  (Additional 
file  8: Fig. S6a and S6b). At present, F. gigantica is the 
main species responsible for fasciolosis in Cambodia 
[101], Lao PDR [102], China [103] and Thailand [103] 
(Additional file 8: Fig. S6c).
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Fasciolopsis buski is the largest trematode in the world, 
which was first discovered in the duodenum of an Indian 
sailor in 1843 [104, 105]. Lankester named it Distoma 
buski in 1857. Later, the species was transferred to the 
genus Fasciolopsis by Odhner. In the last century, fascio-
losis was prevalent in China [106] (Additional file 8: Fig. 
S6a). Its presence in India was reported in 1972 [107] 
(Additional file 8: Fig. S6b). F. buski is of Asian origin and 
mainly distributed in China [106], Southeast Asia (Thai-
land, Vietnam, Malaysia, Myanmar, and Indonesia) [108–
110], and India [111, 112] (Additional file 8: Fig. S6c).

Epidemiology The prevalence of fascioliasis in cer-
tain endemic areas can be as high as 90% or more [97]. 
Approximately 2.6 million individuals are estimated to 
be infected with Fasciola spp., based on limited country 
prevalence data and expert opinion [113]. F. gigantica is 
of greatest importance as a parasite of cattle and buffalo 
although, there are occasional reports of human infection 
with F. gigantica, mainly case studies [100]. An estimated 
minimum of 10 million people in Asia are infected with 
F. buski [114]. The prevalence of F. buski among human 
populations varies, ranging from 0.04% in Cambodia to 
8.6% to 50% in Bangladesh, up to 85% in certain regions 
of China [6].

Therefore, cooking aquatic plants properly as well as 
improving sanitation and hygiene practices are the key 
measures to avoid being infected. Treatment for the dis-
ease typically involves the use of praziquantel or bithionol.

Heterophyidae
Global distribution Heterophyes heterophyes was ini-
tially discovered in the human intestine by Bilharz in 
Egypt in 1851 [115]. From 1951 to 2000, it was reported 
in Egypt, the Middle East [116], Republic of Korea [117], 
and Japan [118] (Additional file 9: Fig. S7b). Currently, it 
is widely distributed from Europe to the Middle East and 
North Africa, particularly in Egypt, Tunisia, and Iran [6]. 
Cases of human infection have been reported in various 
countries, including Republic of Korea [116], Egypt [119], 
Sudan [117], Japan [118], and so on (Additional file 9: Fig. 
S7c).

Another species of Heterophyes, Heterophyes nocens, 
was first discovered by Onji and Nishio in Japan in 1916 
[120] (Additional file  9: Fig. S7a). It was reported in 
Republic of Korea in 1981 [121], in China in 1994 [122] 
(Additional file  9: Fig. S7b). Nowadays, there were also 
some cases in Thailand since 2015 [123] (Additional 
file 9: Fig. S7c).

Haplorchis pumilio was first discovered as a natural 
infection in birds in Egypt in 1899 [124]. However, 12 
cases of human infection have been reported in Thailand 
in 1983 [125] (Additional file 10: Fig. S8b). Nowadays, H. 
pumilio has been identified in various regions spanning 
Africa, Asia, Oceania, and America, with higher preva-
lence rates observed in Vietnam and Thailand [6] (Addi-
tional file 10: Fig. S8c).

Haplorchis taichui was first identified in Taiwan Prov-
ince, China in 1924 from birds and mammals [126] 
(Additional file  10: Fig. S8a). Natural human infections 
were first reported in the Philippines [127]. Currently, it 
is mainly distributed in Asia (the Philippines, Malaysia, 
Thailand, Lao PDR, Vietnam, China, Bangladesh, India, 
and Sri Lanka) and the Middle East (Palestine, Iraq, and 
Egypt) [128, 129] (Additional file 10: Fig. S8c).

Metagonimus yokagawai, which was found in Japan in 
1912 for the first time [84] (Additional file 11: Fig. S9a). 
From 1951 to 2000, it was reported in Republic of Korea 
[130] and Japan (Additional file 11: Fig. S9b). Currently, 
it has been found parasitizing mammals and birds in 
Republic of Korea, Japan, and China [131] (Additional 
file  11: Fig. S9c). Although no human infections have 
been confirmed, numerous epidemiological investiga-
tions have identified that high-risk endemic areas are pri-
marily located along rivers [130, 132, 133].

Stellantchasmus falcatus was first observed in experi-
mentally feeding cats in Japan in 1916 [134]. Subse-
quently, there were reports of human infections in Hawaii 
in 1938 [135] (Additional file  11: Fig. S9a), followed by 
cases reported in Republic of Korea in 1990 [53] (Addi-
tional file 11: Fig. S9b), as well as in Vietnam [136], and 
several other countries, particularly in Asia (Additional 
file 11: Fig. S9c).

Centrocestus formosanus was first identified in Taiwan 
Province, China in 1924 [137] (Additional file  11: Fig. 
S9a). Between 1951 and 2000, it was reported in China 
[138], Thailand [139], Malaysia [140], and Mexico [141] 
(Additional file  11: Fig. S9b). At present, C. formosanus 
distribute widely in Asia and America, covering China, 
Japan, Lao PDR [142], Vietnam [143], Thailand [144], 
USA, Brazil, Mexico and so on [7, 141] (Additional 
file 11: Fig. S9c).

Epidemiology A cross-sectional study conducted on 996 
randomly selected preschool and school-aged children  
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in Gharbia governorate during January to April 2018 
showed that the prevalence of H. heterophyes is 1.4% 
[119]. In Republic of Korea, residents of southwestern 
coastal areas and islands showed a 10–70% positive rate 
for H. nocens [145]. In Republic of Korea, the national 
average prevalence of heterophyid eggs, mainly M. 
yokogawai, was 0.5% in 2004 and the estimated number 
of infected individuals in Republic of Korea is approxi-
mately 260,000 [146]. In Japan, the reported prevalence 
of M. yokogawai in humans had been 0.5–35.1% until the 
1960s depending on the locality [6]. In Vietnam, between 
January 2009 and December 2010, the stool of a total of 
405 people with the habit of eating raw fish were collected 
for examination of the presence of fish-borne trematodes, 
revealing a 52.08% prevalence for H. pumilio and 1.04% 
prevalence for C. formosanus [139]. In Republic of Korea, 
although only 4 cases of S. falcatus infection in humans 
have been confirmed, the estimated number of human 
cases is 5000 [57]. An epidemiological survey indicates 
that the raw estuarine fish consumption is linked to the 
prevalence of S. falcatus infections among residents in 
endemic areas [147], therefore, improving the dietary 
habits of these populations is critical. The prevalence of 
H. taichui infection is high in certain regions of South-
east Asia, with reported cases reaching 4,138,169; in these 
areas, the eggs of this parasite are frequently mistaken for 
those of Opisthorchis viverrine [148].

Humans get infected by consuming raw or undercooked  
freshwater fish or crustaceans that contain metacercariae.  
Therefore, improving the dietary habits of residents in 
endemic areas is critical. Treatment for heterophyidiasis 
typically involves the use of praziquantel or albendazole.

Eurytrema
Global distribution Eurytrema cladorchis was first  
described from pancreatic duct of wild deer in the moun-
tain area of Guizhou Province in China in 1965 [149] 
(Additional file  12: Fig. S10a). Existence of the flukes 
was first reported from domestic ruminants in Nepal 
in 1985 [150] (Additional file 12: Fig. S10a). At present, 
E. cladorchis was found in cattle in Bangladesh [151], 
Indonesia [152] and Vietnam [150] (Additional file 12:  
Fig. S10b).

Epidemiology E. cladorchis infection is endemic in live-
stock in the mountain villages in China bordering Fujian, 
Zhejiang and Jiangxi provinces. From 83 to 100% of cattle 
were found to be infected with as many as 542 to 1840 
flukes/animal [153].

Discussion
Our analysis revealed that the distribution of zoonotic 
digenetic trematodes is geographically widespread, with 
certain species being more prevalent in specific regions. 
For instance, species within Schistosoma, including S. 
haematobium, S. mansoni, and S. japonicum, are primar-
ily found in Africa, the Middle East, and Asia [16, 22–24]. 
The prevalence of Schistosoma infections is substantial, 
with millions of people affected worldwide, underscoring 
the significant burden of schistosomiasis on public health 
[154]. Similarly, other digenetic trematodes such as Echi-
nostoma, Isthmiophora, and Echinochasmus exhibit spe-
cific geographic distributions, with varying prevalence 
rates in different regions [54, 155]. Transmission typically 
occurs through consumption of undercooked aquatic 
animals, pointing to the critical role of safe food handling 
practices in infection prevention. The prevalence of these 
trematodes varies across different endemic areas, empha-
sizing the need for region-specific control strategies and 
surveillance efforts. Furthermore, this review confirms 
that digenetic trematodes are widespread globally and 
are a significant problem in many regions, particularly 
in developing countries in Asia and Africa. However, 
even countries without endemic digenetic trematodes 
are at risk due to increased global travel and migration 
[1–4]. This underlines the need for a global approach to 
control and prevention of these infections. The research 
further underscores the imperative for expanded studies 
on infection control and treatment. Despite praziquan-
tel’s efficacy in treating numerous trematodiasis cases, 
there are instances of drug-resistant flukes [156–158]. 
Thus, comprehensive infection control strategies must go 
beyond medical treatment, emphasizing hygiene, sanita-
tion improvement, and possibly biological snail control.

Although our study has updated current knowl-
edge on the spatio-temporal distribution of several 
zoonotic digenetic trematodes, there are still consid-
erable gaps in our understanding. First, many stud-
ies identified were case reports or small-scale studies, 
possibly underrepresenting the actual infection bur-
den. Additionally, research concentration in Asia and 
Africa might denote higher prevalence or reflect under-
reporting and surveillance deficits in less scrutinized 
locales. Moreover, the complex life cycles of these 
trematodes, involving multiple hosts, complicate the  
comprehension of their transmission dynamics, neces-
sitating broad-based global collaboration for effective  
control and prevention strategies. Hence, there is an  
urgent call for increased researches and interven-
tion efforts, particularly in developing countries 
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disproportionately affected by these digenetic trema-
todes. Continued implementation of effective control 
tactics and improvements in health education are criti-
cal moving forward. Moreover, fostering cooperation 
among various stakeholders, including parasitologists, 
veterinarians, medical professionals, public health offi-
cials, and policymakers, is essential to ensure compre-
hensive and effective disease management strategies.

Conclusions
Trematodiosis, which is caused by digenetic trematodes, 
constitutes a severe public health and economic con-
cern worldwide. In this review, we provided important 
insights into some zoonotic digenetic trematodes with 
respect to the prevalence and global distribution, firstly 
revealed spatio-temporal disparities in these digenetic 
trematodes. Through the distribution of zoonotic dige-
netic trematodes from the same genus, we found some 
overlaps between them, which indicated the risk of co-
infections that could increase transmission. Moreover, 
the prevalence and global distribution of zoonotic dige-
netic trematodes did not equate, the former relies on 
various factors, including the detection methods and test 
population. Obviously, the source of infection, route of 
transmission, and susceptible population are key factors 
of trematodiosis prevalence, countries with higher preva-
lence rate could be potential sources of transmitting dis-
eases to other areas and are threat for possible outbreaks 
in the future. Recent global changes such as climate 
warming, environmental alterations, changes in dietary 
patterns, and increased international travel and coopera-
tion have contributed to the spread of trematodiosis. The 
temporal disparities in zoonotic digenetic trematodes 
may attribute to environmental temperature, precipita-
tion and the population dynamics of hosts. Therefore, 
improved diagnostic methods, effective treatment of 
patients, host control, and raising public health aware-
ness, even in developed areas, are key factors in safe-
guarding public health from trematodiosis. Furthermore, 
this review calls for continued global efforts to control 
and prevent human trematodiosis, and more interna-
tional collaborations are necessary in the future.

However, despite the unquestionable progress achieved 
in the prevalence of trematodiosis, epidemiological data 
are lacking in most countries, emphasizing the need for 
large cohort studies. Also, there is an urgent need to 
improve the pathogenesis, applying omics technologies 
in research would enable a more comprehensive under-
standing of fluke biology, physiology, and genetics as well 
as mechanisms during trematodiosis development. This 
could potentially reveal new targets for early diagnosis, 
treatment, and prognosis to support the prompt elimina-
tion of trematodiosis.
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WHO  World Health Organization
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