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Abstract

Background Gastropoda, the largest class within the phylum Mollusca, houses diverse gut microbiota, and some
gastropods serve as intermediate hosts for parasites. Studies have revealed that gut bacteria in gastropods are associ-
ated with various biological aspects, such as growth, immunity and host-parasite interactions. Here, we summarize
our current knowledge of gastropod gut microbiomes and highlight future research priorities and perspectives.

Methods A literature search was undertaken using PubMed, Web of Science and CNKI for the articles on the gut
microbiota of gastropods until December 31, 2022. We retrieved a total of 166 articles and identified 73 eligible arti-
cles for inclusion in this review based on the inclusion and exclusion criteria.

Results Our analysis encompassed freshwater, seawater and land snails, with a specific focus on parasite-transmitting
gastropods. We found that most studies on gastropod gut microbiota have primarily utilized 16S rRNA gene sequenc-
ing to analyze microbial composition, rather than employing metagenomic, metatranscriptomic, or metabolomic
approaches. This comprehensive review provided an overview of the parasites carried by snail species in the con-

text of gut microbiota studies. We presented the gut microbial trends, a comprehensive summary of the diversity

and composition, influencing factors, and potential functions of gastropod gut microbiota. Additionally, we dis-
cussed the potential applications, research gaps and future perspectives of gut microbiomes in parasite-transmitting
gastropods. Furthermore, several strategies for enhancing our comprehension of gut microbiomes in snails were

also discussed.

Conclusions This review comprehensively summarizes the current knowledge on the composition, potential
function, influencing factors, potential applications, limitations, and challenges of gut microbiomes in gastropods,
with a specific emphasis on parasite-transmitting gastropods. These findings provide important insights for future
studies aiming to understand the potential role of gastropod gut microbiota in controlling snail populations and snail-
borne diseases.

Keywords Snail, Intermediate host, Gut microbiome, Potential application, Snail-born parasite, Schistosome,
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Background

Mollusca, the second largest phylum in the animal king-
dom, represents one of the most diverse animal popula-
tions on Earth. Among the classes within this phylum,
gastropods are the most widely distributed and abundant
species, accounting for ~ 80% of all existing mollusk spe-
cies [1]. Gastropods inhabit various environments includ-
ing marine, freshwater, and terrestrial ecosystems, where
they play vital roles in nutrient cycling, soil formation,
productivity, and the decomposition of organic matter
[2]. Importantly, certain gastropods serve as intermedi-
ate hosts for parasites such as Schistosoma mansoni, S.
japonica, S. haematobium, S. mekongi, and Angiostrongy-
lus cantonensis, contributing to the transmission of infec-
tious diseases [3—7]. Additionally, parasite-transmitting
snail Biomphalaria straminea, an important intermediate
host of S. mansoni, has invaded Hong Kong, China, since
1974 and has spread in Guangdong, Southern China,
which has garnered significant attention from various
organizations, including disease control centers and uni-
versities [3, 8].

The emergence of invasive alien species (IAS) has
become a pressing concern worldwide. These spe-
cies refer to organisms unintentionally introduced and
established beyond their native range, posing signifi-
cant threats to human health, economy, biodiversity,
and food security [9, 10]. Recently, certain gastropod
species, such as Pomacea canaliculata and Achatina
fulica, have gained particular attention due to their
destructive impacts on ecosystems [11]. These invasive
gastropods pose potential threats to public health, eco-
logical environments, agriculture, and the economies of
affected countries [6, 12, 13]. Given the substantial bur-
dens caused by IAS, prioritizing monitoring and control
efforts through effective strategies becomes crucial.

The gut microbiota refers to the trillions of microor-
ganisms that inhabit the intestines [14]. Initially, our
understanding of gut microbes in organisms was estab-
lished through bacterial isolation and culture techniques.
However, recent advancements in high-throughput
sequencing have revolutionized our knowledge of gut
microbiomes. Sequencing approaches such as metatran-
scriptome, metaproteome, and metabolome have pro-
vided deeper insights into gut microbiota composition
[15]. Since the 1970s, researchers from various countries
have been studying the gut microbiota of gastropods
using bacterial isolation, 16S rRNA gene sequencing, and
metagenomic sequencing.

Recent studies have shed light on the pivotal role of
gut microbiota in host growth, development, adaptation
to the environment, and interactions with pathogens
[16-19]. Some research endeavors have explored the gut
microbiomes of certain gastropod species [20-23]. These
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investigations have established correlations between gas-
tropod gut microbiota and vital biological functions such
as cellulose degradation and immune enhancement [13,
24]. Furthermore, scientists have endeavored to explore
novel approaches such as modulating gut microbiota
through diverse dietary interventions, aiming to develop
potential control strategies for mitigating the spread of
gastropods [23]. However, the biological characteristics
underlying the interaction between gut microbiota and
gastropods remain poorly understood. To address this
issue, it is essential to explore the baseline of gut micro-
biota in gastropods and understand its influencing fac-
tors, potential functions, and the current limitations or
challenges associated with gastropod gut microbiota.
We believe that these efforts will contribute to further
deepening our understanding of the potential application
prospects of gastropod gut microbiota.

Methods

Information sources and search strategy

In this review, we searched the PubMed website (https://
pubmed.ncbi.nlm.nih.gov/), Web of Science (https://
www.webofscience.com/) and CNKI (China National
Knowledge Infrastructure, https://www.cnkinet/) (In
Chinese) for the articles on the gut microbiota of gastro-
pods until December 31, 2022. For PubMed and Web of
Science, the term used in the database search was ((snail)
OR (gastropod)) AND ((gut microbiome) OR (gut micro-
biota) OR (intestinal microbiota)). For CNKI, the main
subject term: (snail) AND (gut microbiota) was searched.
We then searched for core journals in the CNKI Journal
Evaluation System by selecting "Core Journal Library"
or "Key Journal Library" from the drop-down menu on
the CNKI homepage to identify core journals. For infor-
mation on the search strategies used for the databases,
please refer to Additional file 1. The included references
were manually checked to determine the absence of addi-
tional studies.

Eligibility criteria

Published papers were eligible for inclusion if they
focused on the following inclusion criteria: (1) Gastro-
pod gut microbiota; (2) Research articles; (3) Published
before December 31, 2022; (4) Not duplicated studies; (5)
“Core journal” screening at CNKI. Exclusion criteria for
the present review consisted of: (1) Research on non-gas-
tropod gut microbiota; (2) Review articles, opinion arti-
cles, letters, case reports, and conferences; (3) Duplicated
studies; (4) Not a “core journal” at CNKI.

Study screening, data extraction and analysis
This was then followed by a full-text review of identi-
fied articles, independently conducted by two reviewers.
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References identified in the initial studies were also
reviewed and included in this review if they were deemed
relevant. A comprehensive analysis was conducted for
each eligible document, including a thorough review
of the full-text and a narrative synthesis, which was
then summarized into a qualitative review. Data extrac-
tion was completed by two researchers using a different
pre-prepared checklist. The results of the screening and
selection process are presented in Table 1.

Quality assessment of included literature

We used the Joanna Briggs Institute Prevalence Criti-
cal Appraisal Tool to assess the quality of the included
articles [25]. This tool consists of 10 quality control
items, and each selected study was evaluated based on
these criteria. For every item fulfilled, a score of one was
assigned, while a zero score was given for unmet items.
By aggregating the scores, we categorized the studies into
three levels of quality: low (0-3), moderate (4—6), or high
(7-10) [26]. For more detailed information, please refer
to Additional file 2.

Results

As shown in Fig. 1, we identified 166 relevant papers
from electronic databases, comprising 69 from Pub-
Med, 80 from Web of Science, and 17 from CNKI. After
eliminating duplicates, considering publication dates and
article types, 100 papers qualified for screening based on
title and abstract relevance. At this stage, 27 papers were
excluded, leaving 73 articles eligible for inclusion in this
review.

Trends in gut microbiota in gastropods
Until 2012, there were limited studies on the gut micro-
biota of gastropods using high-throughput sequencing
techniques in PubMed, Web of Science and CNKI data-
bases (Fig. 2a). However, with advancements in technol-
ogy and a better understanding of gastropod biology,
more researchers have started focusing on the symbi-
otic bacteria present in the gut of gastropods. Overall,
research on gastropod gut microbiota is rapidly growing.
Gastropods can be categorized into different popula-
tions based on their habitat, including land, freshwater,
and seawater snails. The majority of publications on gas-
tropod gut microbiota are related to freshwater snails,
accounting for 48% (Fig. 2b). Furthermore, as depicted
in Fig. 2c and Table 1, the most commonly used tech-
nique for studying gastropod gut microbiota is 16S rRNA
gene sequencing, which constitutes 78% of the studies.
This indicates that most research has focused on ana-
lyzing the microbial composition using 16S rRNA gene
amplicon sequencing, rather than employing metagen-
omic, metatranscriptomic, or metabolomic approaches.
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However, it is worth considering combining multiple
sequencing techniques in future studies to overcome the
limitations of each individual method.

In addition, we specifically focused on gastropods
that transmit parasites and act as intermediate hosts for
various parasites. Many freshwater, land, and seawater
snails, such as Achatina fulica, Pomacea canaliculata
and Haliotis tuberculata, are responsible for transmit-
ting parasites like A. cantonensis, S. japonica, S. mansoni
and Echinostoma cinetorchis (Table 2). Some of these
parasites are zoonotic and can cause diseases in humans.
Therefore, this review specifically emphasized the bio-
logical aspects of the parasite-transmitting gastropod gut
microbiota.

Overall, research on gastropod gut microbiota is rap-
idly expanding, with a particular focus on freshwater
snails and the role of microbiota in parasite transmis-
sion. The utilization of high-throughput sequencing
techniques and the integration of multiple sequencing
methods hold great promise for future studies in this
field.

Gut microbial composition and diversity

in parasite-transmitting gastropods

A total of 73 gastropod species have been studied for
their gut microbiota as of December 2022 (Table 1).
Among these, 20 snail species have been identified as
capable of transmitting parasites (Table 2). The dominant
phyla found in the gut microbiota of land and freshwa-
ter gastropods were Proteobacteria, Firmicutes, and Bac-
teroidetes [22, 31, 36, 75]. On the other hand, seawater
gastropods showed dominance of the phyla Tenericutes,
Proteobacteria, and Fusobacteria in their gut microbiota.

Land gastropods

The giant African snail (A. fulica), known for transmit-
ting various pathogens such as A. cantonensis, is highly
invasive and found in many countries worldwide. A pre-
vious study showed that the crop of A. fulica harbored a
higher abundance of Proteobacteria, while the fecal sam-
ples were dominated by Bacteroidetes and Firmicutes
[36]. The gut microbiota of the European-protected slug
Geomalacus maculosus from Ireland housed the highest
relative abundance of Proteobacteria (73.1%), followed
by Bacteroidetes (7.5%) [51]. Phyllocaulis soleiformis,
an important intermediate host of Angiostrongylus cos-
taricensis from Brazil, exhibited Proteobacteria, Bac-
teroidetes, and Verrucomicrobia as the core gut phyla
[31]. Oncomelania hupensis, an intermediate host of S.
japonicum, housed a diverse gut microbiota dominated
by Actinobacteria, Proteobacteria, Firmicutes, and Bac-
teroidetes [62]. Arion ater, which transmits Angiostoma
norvegicum n. spp. and A. vasorum, showed a high
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Table 1 Comprehensive analysis of microbiomes in gastropods: insights from various snail species, habitat, source, publication year,

and research techniques

Snail species Habitat Source Publication year Research techniques?® References
Biomphalaria glabrata Freshwater USA; USA; Brazil; USA; France; 1979; 1981;2013;2018; 2019; Isolation; isolation; isolation;  [20, 23, 27-31]
China; Brazil 2022; 2020 16S; 16S; metagenomic; 16S,
respectively
Cornu aspersum Freshwater France; Bulgaria; USA; 2006; 2014; 2019; 2020; 2019  Isolation; isolation; 16S; isola-  [24, 32-35]
Greece; Greece tion; isolation, respectively
Helix pomatia Land France 2006 Isolation [24]
Achatina fulica Land Brazil; India; Brazil; China; 2012; 2015; 2015; 2020; 2022 16S; Isolation; isolation; 16S,  [13, 36-39]
Indonesia 16S, respectively
Achatinella mustelina Land USA 2014 16S [40]
Potamopyrgus antipodarum — Freshwater New Zealand; UK 2016; 2021 16S; 16S, respectively [41,42]
Turbo cornutus Seawater  Japan 2016 Isolation [43]
Rubyspira osteovora Seawater  USA 2017 16S [44]
Cone snails Seawater  USA 2017 16S [45]
Caracolus marginella Land USA 2017 Metagenomic [46]
Rapana venosa Seawater  China; China; China; China 2018;2019; 2020; 2022 16S; 16S; 16S and metabo- [47-50]
lomic, respectively
Aplexa cf. marmorata Freshwater Brazil 2018 16S [21]
Geomalacus maculosus Land Ireland 2018 16S [51]
Radix auricularia Freshwater China; China 2018; 2020 16S; 16S, respectively [52,53]
Haliotis tuberculata Seawater  France 2018 16S [54]
Haliotis discus hannai Seawater  China; China; China 2018; 2018; 2022 16S; 16S, 16S, respectively [55-57]
Haliotis gigantea Seawater  Japan 2020 16S [58]
Haliotis fulgens Seawater  Mexico; Mexico 2018; 2018 16S; 16S, respectively [59, 60]
Haliotis corrugata Seawater  Mexico; Mexico 2018;2018 16S; 16S, respectively [59, 60]
Batillus cornutus Seawater  Japan 2019 16S [61]
Oncomelania hupensis Freshwater China 2020 16S [62]
Pomacea canaliculata Freshwater China; China; China; Ching; 2019;2021;2022; 2022: 2022  16S; 16S; 16S; 16S; 16S, [12,63-66]
China respectively
Pomacea maculata Freshwater China 2022 16S [67]
Theodoxus fluviatilis Freshwater Germany 2020 165 [68]
Phyllocaulis soleiformis Land Brazil 2020 16S [31]
Littorina spp. Seawater  Russian 2021 16S [69]
Planorbella trivolvis Freshwater China; China 2021; 2020 16S; 16S, respectively [22,53]
Oreohelix strigosa Land USA; USA 2021; 2022 16S; 16S, respectively [70,71]
Cipangopaludina chinensis Freshwater China; China 2022: 2022 16S; 16S, respectively [12,72]
Bradybaena ravida Land China 2022 16S [73]
Bellamya aeruginosa Freshwater China 2022 16S [74]
Ampullaceana balthica Freshwater Estonia; Estonia 2022:2022 16S; 16S, respectively [75, 76]
Cipangopaludina cathayensis Freshwater China 2022 16S [77]
Arion ater Land UK; UK 2017;2022 Metagenomic; metagen- [78,79]
omic, respectively
Alviniconcha marisindica Seawater  China 2022 Metagenomic [80]
Trochus niloticus Seawater  China 2022 16S [81]
Indoplanorbis exustus Freshwater India 2022 Isolation [82]
Juturnia kosteri Freshwater USA 2022 16S [83]
Pyrgulopsis roswellensis Freshwater USA 2022 16S
Ambigolimax valentianus Land USA 2021 16S [84]
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Table 1 (continued)

Snail species Habitat Source Publication year Research techniques?® References
Alycaeus jagori land Germany 2021 16S [85]
Georissa similis

Plectostoma concinnum

Diplommatina calvula

Kaliella accepta

Haliotis sorenseni Seawater  USA 2020 16S [86]
Lymnaea stagnalis Freshwater UK 2020 16S [87]
Chlorostoma funebralis Seawater  USA 2019 16S [88]
Littorina keenae

Lottia gigantea

Benedictia baicalensis Freshwater Russia 2018 16S [89]
Biomphalaria pfeifferi Freshwater USA 2012 16S [90]

Bulinus africanus

Helisoma duryi

Cellana toreuma Seawater  Republic of Korea 2022 Isolation [91]

216S refers to 16S rRNA gene sequencing
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Fig. 1 Flow diagram of literature screening and selection process
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abundance of Proteobacteria in its gut, with Gammapro-
teobacteria being the majority [79].

Freshwater gastropods

The composition of gut microbiota among various fresh-
water gastropods at the phylum level was similar. In the
microbiome analysis of B. glabrata based on 16S rRNA
gene sequencing, the core gut microbes were identified as
Proteobacteria, Bacteroidetes, Cyanobacteria, and Planc-
tomycetes [133]. Cipangopaludina chinensis, a widely
distributed snail in Asia with high nutritional value and
medicinal value, housed a high abundance of Proteobac-
teria and Verrucomibia in the guts, with the genus Aero-
monas being the dominant bacterium [72]. Planorbella
trivolvis from China showed Bacteroidetes and Proteo-
bacteria as the most abundant phyla in its gut microbiota
based on the 16S rRNA gene sequencing [22]. The gut
microbiota of Ampullaceana balthica from Eurasia was
dominated by Proteobacteria, Bacteroidetes, Planctomy-
cetes, Actinobacteria, and Firmicutes [75].

Seawater gastropods
The genus Mycoplasma was a common gut microbe
among seawater gastropods. Haliotis tuberculata, which
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transmits Haplosporidium montforti n. spp., had Psychri-
lyobacter, Mycoplasma, and Vibrio as dominant bacte-
ria in its gut [54]. Littorina spp., the intermediate hosts
of Himasthla elongata and Renicola roscovita, harbored
Proteobacteria and Fusobacteria in their gut [69]. The
deep-sea snail Rubyspira osteovora in Monterey Canyon
was dominated by gut microbes Mycoplasma and Psy-
chromonas [44]. The gut microbiota analysis of Haliotis
discus hannai from the Republic of Korea revealed domi-
nant microbes Tenericutes and Fusobacteria in the guts.
At the genus level, Mycoplasma was found to be the most
abundant in the gut microbiota of Haliotis discus hannai
[55]. Similarly, Mycoplasma was also the most abundant
in the gut microbiota of Rapana venosa from China [47].

The gut microbiota composition of gastropods varies
depending on the habitat and species, with certain phyla
and genera being commonly found across different land,
seawater and freshwater gastropods. Further investiga-
tions are urgently needed to understand the potential
functional roles and ecological significance of these gut
microorganisms in gastropod biological aspects and dis-
ease transmission.

Potential functions of the gut microbiota

in parasite-transmitting gastropods

The gut microbiota in parasite-transmitting gastropods
serves important functions in host digestion, nutrient
absorption, and overall health. Research has shown that
certain microbial species, such as Paraprevotella, show
the ability to recruit trypsin to their surface, leading to
enhanced trypsin autolysis [134], and this process helps
maintain gut homeostasis and can also impact the host’s
sensitivity to enteroviruses. Moreover, reducing the pop-
ulation of Asaia through rifampin treatment has been
observed to delay the development of Anopheles ste-
phensi larvae [16]. Here, this review highlights the role of
gut microbes in host growth, development and resistance
to pathogens of parasite-carrying gastropods.

Metabolism and host digestion

The gut microbes in gastropods possess the ability to
break down food components, aiding in the digestion
process (Table 3). For instance, bacteria from the Act-
inobacteria group isolated from the digestive tract of A.
fulica showed high cellulolytic activity and produced gly-
coside hydrolases [13]. Similarly, Proteobacteria strains
isolated from the A. fulica intestine showed cellulase
activity, contributing to the degradation of cellulose in
the host’s diet [37].

Additionally, through metagenomic sequencing,
researchers have revealed that gut bacteria of Cornu
aspersum and Helix pomatia are capable of degrading
various plant components [24], suggesting that these


https://pubmed.ncbi.nlm.nih.gov/
https://pubmed.ncbi.nlm.nih.gov/
https://www.webofscience.com/wos/woscc/basic-search
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https://www.cnki.net/
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Table 2 Snails associated with gut bacterial studies and the snail-borne parasites
Snails Parasites Diseases References
Achatina fulica Angiostrongylus cantonensis Angiostrongyliasis cantonensis [92]
Angiostrongylus costaricensis Angiostrongyliasis costaricensis ~ [93]
Angiostrongylus malaysiensis - [94]
Angiostrongylus vasorum Canine angiostrongylosis [95]
Rhabditella axei Rhabditelliasis axei [96]
Rhabditis terricola - [96]
Pristionchus entomophagus - [96]
Cruznema spp. - [96]
Bellamya aeruginosa Angiostrongylus cantonensis Angiostrongyliasis cantonensis [97]
Echinochasmus perfoliatus - [98]
Pomacea canaliculata Angiostrongylus cantonensis Angiostrongyliasis cantonensis [99]
Gnathostoma spinigerum Gnathostomiasis [100]
Angiostrongylus vasorum Canine angiostrongylosis [101]
Pomacea maculata Angiostrongylus cantonensis Angiostrongyliasis cantonensis [102]
Stomylotrema gratiosus - [103]
Biomphalaria glabrata Schistosoma mansoni Schistosomiasis [104]
Angiostrongylus cantonensis Angiostrongyliasis cantonensis [31]
Echinostoma caproni Echinostomiasis [105]
Cipangopaludina chinensis Echinostoma cinetorchis Echinostomiasis [106]
Angiostrongylus cantonensis Angiostrongyliasis cantonensis [107]
Cornu aspersum Brachylaima spp. Brachylaimiasis [108]
Angiostrongylus cantonensis Angiostrongyliasis cantonensis [109]
Oncomelania hupensis Schistosoma japonicum Schistosomiasis japonica [110]
Exorchis spp. - [111]
Phyllocaulis soleiformis Angiostrongylus costaricensis Abdominal angiostrongyliasis [112]
Angiostrongylus cantonensis Angiostrongyliasis cantonensis [31]
Radix auricularia Fasciola Fasciolosis [113]
Trichobilharzia franki Cercarial dermatitis [114]
Diplostomidae, Echinostomatidae, Notocotylidae, Plagiorchiidae, and Strigeidae - [115]
Diplostomum spathaceum, Paryphostomum radiatum, Echinoparyphium recurva- - [116]
tum, Opisthioglyphe ranae, Plagiorchis elegans, Australapatemon burti, Echinos-
tomaspp., Hypoderaeum conoideum, Isthmiophora melis, Notocotylus attenuatus,
Tylodelphys clavata, Echinostoma revolutum, Trichobilharzia szidati
Potamopyrgus antipodarum  Atriophallophorus winterbourni - 117
Notocotylus spp. - 117
Aspidogaster conchicola - 118
Echinoparyphium aconiatum - 118
Haliotis tuberculata Haplosporidium montforti n. spp. - 119

Littorina spp.

Planorbella trivolvis

Oreohelix strigosa

Arion ater

Biomphalaria pfeifferi
Bulinus africanus
Lymnaea stagnalis
Indoplanorbis exustus

Himasthla elongata

Renicola roscovita
Neoechinorhynchus emydis
Drepanocephalus spathans spp.
Echinostoma trivolvis
Brachylaime microti
Angiostoma norvegicum n. spp.
Angiostrongylus vasorum
Schistosoma mansoni
Schistosoma haematobium
Trichobilharzia szidati
Amphistome cercaria

Echinostome cercaria

Canine angiostrongylosis
Schistosomiasis
Schistosomiasis
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Table 2 (continued)
“~"means not applicable
Table 3 Dominant microbes and their potential functions in gastropods
Phylum Genus Snail species Potential function References
Proteobacteria Aeromonas Achatina fulica Degrading cellulosic compounds [13,37]
Klebsiella
Enterobacter
Vibrio Haliotis tuberculata Metabolizing cellulose and degrading extracellular oligosaccharides  [54]
Azonexus Biomphalaria glabrata  Carbohydrate metabolism; nitrogen metabolism [23]
Acidovorax
Rhodoferax
Vogesella
Actinobacteria Streptomyces Achatina fulica Degrading cellulosic compounds [13]

Cellulosimicrobium

Agromyces

Microbacterium

Nocardiopsis
Firmicutes Bacillus Haliotis diversicolor Promoting immune status [135]

Lactococcus Pomacea canaliculata  Antagonism against pathogens [64]

Lactobacillus Cornu aspersum Immunomodulation [34]
Fusobacteria Psychrilyobacter Haliotis discus hannai Degrading oligo-polysaccharide [54]
Verrucomicrobia - Biomphalaria glabrata ~ Anti-inflammatory and immune-stimulant [133]
Tenericutes Leuconostoc Pomacea canaliculata ~ Restoring intestinal disorder [64]
Bacteroidetes - Pomacea canaliculata Fermentative metabolism and degradation of oligosaccharides [64]

“~"means not applicable

microbial communities may play a critical role in the
digestion of phytophagous snails. In the case of abalone,
the dominant microbe in the digestive gland is the genus
Psychrilyobacter, which is associated with the degrada-
tion of undigested oligopolysaccharides [135]. While
abalones themselves may show limited ability to degrade
complex polysaccharides, their gut microbes, such as
Vibrio, are closely related to the digestion of abalone algal
diet. These specific gut microbes can promote the break-
down of algae polysaccharides [54].

Host immunity and protection against pathogens

The gut microbiota of parasite-transmitting gastropods
plays a crucial role in host immunity (Table 3; Fig. 3). The
host-microbiota homeostasis is associated with immune
function and defense against bacterial pathogens [80].
Infection with parasites such as blood flukes (S. mansoni)
led to changes in the composition and diversity of gut
microbiota in mice [136]. Some bacterial species, such as
Planctomycetes and Verrucomicrobia, showed significant
alterations in abundance following infection, suggest-
ing their potential involvement in interactions between
the host and the parasite, as well as in maintaining the
integrity of the intestinal barrier in parasite-transmitting

gastropods [133]. Interestingly, Verrucomicrobia main-
tained higher abundance even 25 days post-infection,
indicating its potential role in S. mansoni-infected B.
glabrata [133]. Some strains of the Lactococcus isolated
from Arapaima gigas fish could resist certain pathogenic
bacteria, including Citrobacter freundii, Pseudomonas
spp., Enterobacter, and Aeromonas hydrophila, suggest-
ing that Lactococcus may be involved in the immunity of
some pathogens in gastropods [64]. The Lactobacilli iso-
lated from the Cornu aspersum gut tract demonstrated
powerful inhibitory effects against Salmonella enteritica
serotype Enteritis, S. enteritica serotype Choleraesuis and
Stapyloccocus epidermidis [32]. Previous studies revealed
that a strain of lactic acid bacteria isolated from Cornu
aspersum can enhance the production of antimicrobial
factors in the hemolymph and increase the bactericidal
activity of snail serum against potential pathogens. Fur-
thermore, dietary supplementation of the snail-gut com-
mensal probiotic Lactobacillus plantarum Sgsl4 strain
has been found to reduce the mortality of Listeria mono-
cytogenes-infected Cornu aspersum via exhibiting anti-
Listeria activity [34].

In total, the gut microbiota of parasite-transmit-
ting gastropods can play a critical role in host growth,
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development, and immunity to pathogens. These
microbes are involved in host digestion and nutri-
ent absorption, and can break down complex food
components such as cellulose and plant components.
Gut microbes may also play an important role in host
immunity, maintaining gut homeostasis and defending
against bacterial pathogens. The specific gut microbial

communities present in parasite-carrying gastropods
may hold significant potential for prospective applica-
tions. Further studies are urgently needed to fully elu-
cidate the complex interactions between gut microbes
and hosts, and to explore the potential role of these
microorganisms in the transmission capacity of para-
site-transmitting gastropods.
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Factors affecting the gut microbiota

in parasite-transmitting gastropods

Both endogenous and exogenous factors can affect the
gut microbiota of animals [137]. For instance, the para-
site Eimeria can induce an imbalance in the gut microbes
of chickens [138]. Significant differences in the composi-
tion of honeybee gut microbiota in different seasons were
found [139]. The gut microbiota of seals is affected by
age and sex [140]. In gastropods, the composition of gut
microbiota can be affected by the environment, sex, diet,
and infection status (Fig. 3), indicating that gastropod gut
microbiota can be influenced by multiple factors.

Habitats

The diversity and composition of microbial communi-
ties in gastropods’ gut can vary based on their habitats. A
study conducted by Li et al. [63] compared the microbi-
ota in the buccal mass, stomach, and intestine of P. cana-
liculata and found that different sections of the digestive
tract may show distinct dominant phyla, such as Bacte-
roidetes and Fusobacteria in the buccal mass, Cyanobac-
teria in the stomach, and Tenericutes and Spirochetes in
the intestine. In A. fulica, Proteobacteria was the domi-
nant phylum in the anterior segment of the digestive
tract, while Bacteroidetes and Firmicutes were enriched
in the fecal samples [36].

Environmental factors

A comparative analysis of the gut microbiota of O. hupen-
sis from four different ecological landscapes in Chinese
mainland revealed that gastropods from marshlands and
lakes showed the highest abundance of gut microbiota,
while those from coastal areas displayed the lowest abun-
dance. And the gut microbiota of gastropods from these
landscapes showed significant differences at the genus
level [62]. Bankers et al. [42] investigated the variation
in the gut microbiota of Potamopyrgus antipodarum
was compared between native populations in New Zea-
land and invaded populations in Europe. They found that
the invasive gastropods housed more core microbes and
higher species richness while the native retained a por-
tion of their core microbiota. These results suggested that
the living environment showed a great influence on the
gut microbiota.

Salinity can also affect the composition of bacterial
communities [141]. Theodoxus fluviatilis is capable of liv-
ing in both fresh water and brackish water with salinities
up to 28. Kivistik et al. [68] found significant differences
in the composition of bacterial communities of T. fluvia-
tilis under different salinity conditions.

Temperature and season are also key factors that affect
the physiological state of animals [66, 142]. A study
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explored the effect of temperature on the gut microor-
ganisms of Rapana venosa. Mycoplasma was the domi-
nant genus, but the relative abundance among the three
experimental groups differed noticeably. Psychromonas
and Vibrio were only present in the low-temperature
(16 C) group and the high-temperature (28 °C) group,
respectively, while Flavobacteriaceae was more abundant
in the 22 C and 28 °C groups [48]. The diversity of gut
microbiota in P. canaliculata increased under high- and
low-temperature conditions, although the composition
of the core microbiome remained relatively unaffected
[65]. Additionally, the gut microbial structure of P. cana-
liculata was significantly different among seasons [66].

Other factors, such as copper nanoparticles, could also
affect the gut microbiota and protein profiles of Indo-
planorbis exustus [82], indicating that copper nanopar-
ticles may have implications for the health of snails and
their gut microbiota. Additionally, exposure to cadmium
had a significant impact on the community structure and
function of gut microbiota, which could potentially affect
the gut homeostasis and overall health of Cipangopalu-
dina cathayensis [143].

Host biology

A previous study suggested that both sex and develop-
mental stages could affect the gut microbiota of P can-
aliculata. The richness and diversity of gut microbiota
were the highest in the female group and the lowest in
the male group. In terms of community composition, the
dominant gut microbial phyla of the female group are
Proteobacteria, Actinobacteria and Chloroflexi, while
Bacteroidetes and Tenericutes are abundant in the male
group and juvenile group, respectively [64]. The compo-
sition of the gut microbiota was similar between young
and adult Cipangopaludina chinensis, but the abundance
of Flavobacterium, Silanimonas, Geobacter and Zavar-
zinella in young gastropods was significantly higher than
that in adults [72]. Additionally, different snail species,
such as B. pfeifferi, Bulinus africanus and Helisoma duryi,
harbor distinct gut microbiota [90], indicating that host
species play a role in shaping the gut microbiota of snails.
In summary, gender, development stages and host species
contribute to the variation in gastropod gut microbiota.

Diet

Diets with varying levels of cellulose have been found to
impact the gut microbiota and its metabolites. A study
compared the gut microbiota of Planorbella trivolvis
under different dietary conditions. It was observed that
the relative abundance of Proteobacteria was 52.97%
and Bacteroidetes was 28.75% in the cellulose-rich food
group, while the relative abundance of Proteobacteria
was 95.23% in the fiber-poor diet group, indicating that
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the fiber-poor diet significantly reduced the diversity of
the gut microbiota in gastropods [22] Another study by
Du et al. [23] used metagenomics sequencing to compare
the differences in the gut microbiota of B. glabrata fed
a low-digestibility protein and low polysaccharide diet
(LPLP) versus a high-digestibility protein and high poly-
saccharide diet (HPHP). The results showed that Chry-
seobacterium was enriched in gastropods on the HPHP
diet, while Acidovorax was enriched in gastropods on the
LPLP diet. Furthermore, functional annotations showed
that the HPHP group exhibited a higher abundance of
carbohydrate-degrading genes, whereas the LPLP group
had more denitrifying genes.

Health status

The health status of gastropods affects their gut micro-
biota composition. The diversity of gut microbiota was
found to be lower in diseased abalone compared to
healthy abalone [144]. An analysis conducted by Por-
tet et al. [133] investigated the changes in the microbi-
ota of B. glabrata before and after S. mansoni infection
and revealed that both the type and frequency of infec-
tion affect the snail microbiota. Of the core microbiota
families, 69.4% were significantly affected by the infec-
tion. Tenericutes showed an increase after infection
but decreased significantly after 4 days. Planctomycetes
increased during primary infection but decreased sig-
nificantly 1-4 days after reinfection. In the case of A.
cantonensis infection, Proteobacteria in B. glabrata gut
microbiota was increased while Nitrospirae and Teneri-
cutes were decreased [31].

Combining this section, the gut microbiota of gastro-
pods can be influenced by various endogenous and exog-
enous factors, such as habitats, environmental factors,
host biology, diet and health status. The composition and
diversity of microbial communities in the gut can vary
based on the ecological landscapes in which gastropods
reside, including salinity, temperature, and season. Host
biology, particularly gender and developmental stage, as
well as species-specific differences, can also shape the
gut microbiota. Furthermore, dietary components, such
as cellulose and protein, can impact the gut microbiota
and its metabolites, while disease and infection can alter
the gut microbiota composition as well. Understanding
these factors and their impacts on gastropod gut micro-
biota will provide insight into the complex interactions
between gastropods and their gut microbiomes.

The application prospects of the gut microbiota

in parasite-transmitting gastropods

In recent years, the potential applications of gut micro-
biota have been extensively explored in various fields,
such as promoting human health [145], controlling
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insect populations [146], and modifying susceptibility to
pathogens [147]. Researchers have also focused on the
potential applications of gut microbiota in parasite-trans-
mitting gastropods (Fig. 4a). The potential applications
of gut microbiota in parasite-transmitting gastropods
include controlling invasive gastropods, preventing the
spread of parasites and studying host-microbiota inter-
actions. Further studies are urgently needed to expand
our knowledge of snail gut microbiota and its functional
roles, as well as its potential applications in managing
invasive gastropods and parasitic infections.

Controlling the spread of invasive

and parasite-transmitting gastropods

Invasive gastropods can cause serious impacts on human
health, environmental ecology, and agricultural produc-
tion. These gastropods can rapidly grow and reproduce,
even under unfavorable conditions, leading to a reduc-
tion in the diversity of native species. Furthermore, some
gastropods, such as P canaliculata and A. fulica, serve
as vectors for parasitic pathogens, posing a significant
threat to human health [148-150]. To control the popu-
lations of invasive gastropods, traditional methods such
as physical removal (such as manual collection and trap-
ping) and chemical treatments (e.g., molluscicides like
niclosamide) have been commonly used [151, 152]. How-
ever, these methods often pose challenges due to their
potential inefficiency, high costs, and negative environ-
mental impacts [5, 153]. Therefore, exploring biological
control methods may present a promising alternative for
managing invasive gastropods [5, 154, 155].

Previous studies have shown that disturbing the key
gut microorganisms in insects can affect their survival,
growth, and reproduction. For instance, female mosqui-
toes treated with antibiotics show decreased fecundity
due to impaired digestion of blood proteins in the gut
[156]. The Wolbachia popcorn strain has been found to
shorten the lifespan of adult Drosophila melanogaster
[157]. Similarly, disturbing the gut microbiota in hon-
eybees can affect their gut metabolism, immunity, and
overall survival rate [158]. Therefore, by studying the gut
microbiota that plays a crucial role in snail physiology, we
may gain insights into potential avenues for manipulat-
ing their microbiota to influence their survival, growth,
and reproduction. For example, understanding the com-
position and function of the snail gut microbiota could
help identify specific bacteria or microbial metabolites
that are essential for snail health and development. This
knowledge could be utilized to develop targeted probi-
otics or microbial-based biocontrol agents that promote
beneficial microbial communities in snails, hindering
the establishment of harmful pathogens or parasites. It’s
important to note that research on snail gut microbiota
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and its potential applications is still limited compared to
insects like mosquitoes and honeybees. Further studies
are needed to explore the diversity and functional roles
of snail gut microorganisms, as well as their interactions
with the snail host.

Prevention of the spread of potential pathogens

Certain invasive gastropods, such as A. fulica [36] and
P canaliculata [150], serve as intermediate hosts for
parasites such as A. cantonensis. Human infection can
occur when consuming raw or undercooked gastro-
pods. In insects, gut microorganisms such as Serratia
ureilytica Su-YN1 found in mosquito midguts have been
discovered to secrete enzymes that target and eliminate
Plasmodium parasites [159]. This review highlights the
significant threat that gastropods pose to human health
as intermediate hosts for various parasites. Despite pre-
vious studies suggesting a relationship between changes

in gut microbiota and parasite infection [31], it is crucial
to conduct additional investigations to elucidate the spe-
cific mechanisms by which the gut microbiota of gastro-
pods may influence parasite transmission. In summary,
exploring the influence of gut microbiota in parasite-
transmitting gastropods on their ability to transmit para-
sitic pathogens may offer valuable insights for advancing
human health research.

Snails as a novel model organism for studying host-
microbiota interactions

Some snail species, such as B. glabrata and B. straminea,
are easily cultured and manipulated in laboratory environ-
ments [5]. Their hermaphrodite characteristics may reduce
interference from genetic factors during experiments [5].
Moreover, these snails can be infected with S. mansoni,
making them an ideal model for investigating the inter-
action between microorganisms and parasitic infections
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[133]. Such research can enhance our understanding of
how different microorganisms affect the susceptibility of
hosts to parasites [31, 133, 160]. Therefore, these easily cul-
tured and manipulated snail species, such as B. glabrata
and B. straminea, with their hermaphrodite characteris-
tics, provide an ideal model for studying the interaction
between microorganisms and parasitic infections, particu-
larly S. mansoni. By investigating this interaction, we can
gain a better understanding of how different microorgan-
isms influence the susceptibility of hosts to parasites.

Additionally, establishing a germ-free model of gastro-
pods is an important endeavor that can greatly contrib-
ute to our understanding of the interactions between gut
microbiota and hosts, similar to what has been done with
mammals [161]. While certain techniques have been estab-
lished for developing germ-free gastropods in a few spe-
cies [20, 27], there are still limited strategies for establishing
germ-free gastropods across various species. Only after
successfully establishing a germ-free gastropod model can
we better study the composition, function and interactions
between the gastropod gut microbiota and the host. There-
fore, there is an urgent need for further research in this area
to refine the methods for establishing germ-free gastropods
and to advance the study of gastropod gut microbiota.

Limitations and prospects of studies on the gut
microbiota in parasite-transmitting gastropods

In this study, we reviewed the composition and diversity,
functions, and influencing factors of gastropod gut micro-
biota, and analyzed the potential applications of gut micro-
biomes in gastropods. However, several limitations and
prospects that need to be addressed (Fig. 4b, c).

Lack of sufficient gastropod genomes and limited
application of novel sequencing technologies in snail gut
microbiota

The development of sequencing technology has greatly
contributed to our understanding of animal gut micro-
biota. For instance, metagenomic sequencing provided a
more comprehensive composition of the gut microbiota
compared to 16S rRNA gene sequencing. However, due to
the limited availability of gastropod genomes, it is challeng-
ing to analyze the gut microbiota of gastropods without
publicly available genomes using metagenomic, metatran-
scriptomic, or microbial single-cell RNA sequencing
approaches.

Dynamics and roles of gastropod gut microbiota: a limited
understanding of temporal, spatial and generational
changes

The transmission routes of gut microbiota play a crucial
role in understanding the interactions between hosts
and bacterial ecology. While studies on gut microbiota
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have largely focused on vertebrates and the transmission
modes of commensal gut microbiota in mammals have
been extensively studied [162], the routes of transmission
of gastropod gut microbiota between hosts remain poorly
understood. The baseline composition of the gut micro-
biota in major parasite-transmitting gastropods across
China, such as B. straminea, A. fulica and O. hupensis,
remains unclear. While we have discussed various factors
such as sex, diet, habitat, infection status, and host genet-
ics that can affect the gut microbiota of snails, the major
factors responsible for shaping the gut microbiomes of
snails remain unclear. Additionally, while the gut micro-
biota can influence fitness in mammals, the associations
between gut microbiota and gastropod fitness, as well as
the impact of gut microbiota on gastropod adaptation to
the environment, are still poorly understood.

Inadequate investigations of gut microbiota-parasites—
gastropod interactions

The gut microbiota of animals is influenced by various
external factors, such as diet, environment and parasitic
infection. Although previous studies have provided a
general understanding of gut bacteria in gastropods, they
were insufficient to comprehensively understand the gut
microbial composition of snails and to explore the rela-
tionship between snail gut microbiota and environmen-
tal factors. Moreover, numerous gastropod species can
be infected by multiple parasites such as S. mansoni, and
there is a lack of accurate methods to analyze the infec-
tion status of gastropods. Therefore, further studies are
needed to determine whether the gut microbiota can
serve as a potential alternative tool for distinguishing the
infection status of wild gastropods.

Limited development of bacterial culture techniques

in gastropods

Bacterial culture techniques have been instrumental
in obtaining mammalian gut microbes, such as Bacte-
roides fragilis, which were proven to participate in host
immunity [163]. Furthermore, a previous study sig-
nificantly improved researchers’ ability to isolate pure
cultures and identify new taxa, thus aiding in the con-
servation and utilization of microbial resources from
various extreme environments [164]. Earlier investiga-
tions have explored the influence of various diets on
the gut microbiota of Helix aspersa snails, revealing a
prevalent Gram-positive coccobacillus (Enterococcus
casseliflavus) under anaerobic conditions, and indicat-
ing potential synergistic interactions between the snail
and bacteria [165]. However, the development of bacte-
rial cultivation strategies to further reveal the real need
for nutrients and the suitability of environmental fac-
tors that ensure the growth of the microorganisms to
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be isolated in snails is still limited. Additional studies
are urgently necessary to determine which gastropod
gut microorganisms can be cultured successfully and
which play key roles in important biological aspects,
such as development and immunity.

Taking together, several challenges and limitations need
to be addressed in the study of gastropod gut microbiota.
These include the lack of available gastropod genomes
for metagenomic sequencing, inadequate understanding
of the temporal and spatial changes in gut microbiota,
limited investigations of gut microbiota-parasites-gas-
tropod interactions, and the limited development of bac-
terial culture techniques in gastropods. We believe that
addressing these challenges will lead to a more compre-
hensive understanding of gastropod gut microbiota and
its potential applications in controlling invasive gastro-
pods and preventing the spread of parasites.

Conclusions

Gastropods, which play a crucial role in ecosystems and
serve as intermediate hosts for numerous parasites, have
a limited understanding of their gut microbiota. There is
an urgent need for further investigation into the gastro-
pod gut microbiota, as it plays an important role in the
biological aspects of gastropods and the transmission
of potential parasitic pathogens. This article is divided
into five sections: the trends in gut microbiota of gastro-
pods, gut microbial composition and diversity, poten-
tial functions of gut microbiota, the factors affecting the
gut microbiota, and the application prospects of the gut
microbiota. The limitations and challenges in this field
were also discussed. These sections provide a compre-
hensive overview of the current knowledge and form the
foundation for future research aimed at understanding
the biological characteristics underlying the interaction
between the gut microbiota and gastropods, as well as
preventing the spread of parasites. Exploring novel strat-
egies to modulate gut microbiota for controlling invasive
gastropods may hold potential applications in mitigating
snail-borne diseases and safeguarding human health.

Abbreviations

IAS Invasive alien species

LPLP Low-digestibility protein and low polysaccharide diet
HPHP  Ligh-digestibility protein and high polysaccharide diet

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540249-023-01159-z.

Additional file 1: Information sources and search strategy.

Additional file 2: Quality assessment of included literature.

Page 14 of 18

Acknowledgements
Not applicable.

Author contributions

ZDW, XS and DTL conceived and designed the research. PPL, JNH and DTL
were responsible for study selection and data extraction and drafted the
manuscript. PPL, MRW, ZHY, YH and DTL revised the manuscript. DT gave help-
ful suggestions. ZDW, XS, DTL and JNH revised the paper in the second round
of peer review. ZHY and YH double-checked the completeness of the article
information obtained from the databases. All authors read and approved the
final manuscript.

Funding

This work was supported by the National Key R&D Program of China (Nos.
2020YFC1200100, 2020YFC1200103, 2021YFC2300800 and 2016YFC1200500),
the National Natural Science Foundation of China (Nos. 82202560,
82161160343 and 82272361), the R&D Program in Key Areas of Guangdong
Province (No. 2022B1111030002), the Fundamental Research Funds for the
Central University (No. 22gntd4813), the Science and Technology Planning
Project of Guangdong Province (No. 2021B1212040017), the 111 Project (No.
B12003), the 6th Nuclear Energy R&D Project (No. 20201192) and the National
Parasitic Resource Center and Ministry of Science and Technology (No. NPRC-
2019-194-30). The funders had no role in the study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Parasitology, Zhongshan School of Medicine, Sun Yat-Sen
University, Guangzhou, China. Key Laboratory of Tropical Disease Control,
Ministry of Education, Sun Yat-Sen University, Guangzhou, China. *Chinese
Atomic Energy Agency Center of Excellence on Nuclear Technology Applica-
tions for Insect Control, Provincial Engineering Technology Research Center
for Diseases-Vectors Control, Sun Yat-Sen University, Guangzhou, China.
“Department of Traditional Chinese Medicine, Guangdong Provincial People’s
Hospital, Guangdong Academy of Medical Sciences, Southern Medical Univer-
sity, Guangzhou, China.

Received: 7 August 2023 Accepted: 13 November 2023
Published online: 24 November 2023

References

1. Dar MA, Pawar KD, Pandit RS. Gut microbiome analysis of snails: a
biotechnological approach. In: Ray S, editor. Organismal and molecular
malacology. IntechOpen: Rijeka; 2017.

2. Puig-Girones R, Santos X, Bros V. Long-interval effects of wildfires on the
functional diversity of land snails. Sci Total Environ. 2023;876: 162677.

3. Lin D, Zeng X, Sanogo B, He P, Xiang S, Du S, et al. The potential risk
of Schistosoma mansoni transmission by the invasive freshwater snail
Biomphalaria straminea in South China. PLoS Negl Trop Dis. 2020;14(6):
e8310.

4. Gamiette G, Ferdinand S, Couvin D, Dard C, Talarmin A. The recent
introduction of Angiostrongylus cantonensis and its intermediate host


https://doi.org/10.1186/s40249-023-01159-z
https://doi.org/10.1186/s40249-023-01159-z

Li et al. Infectious Diseases of Poverty

20.

21.

22.

23.

24.

25.

26.

(2023) 12:105

Achatina fulica into Guadeloupe detected by phylogenetic analyses.
Parasit Vectors. 2023;16(1):276.

Lin D, Xiang S, Sanogo B, Liang Y, Sun X, Wu Z. Molecular characteri-
zation of rotifers and their potential use in the biological control of
Biomphalaria. Front Cell Infect Microbiol. 2021;11: 744352,
Vonghachack Y, Odermatt P, Utzinger J, Sayasone S. Improved latrines
minimally impact Schistosoma mekongi transmission in Mekong islands.
Sci One Health. 2023;2: 100038.

Li H, Arthur Djibougou D, Lu S, Lv S, Zongo D, Wang D, et al. Strength-
ening capacity-building in malaria and schistosomiasis control under
China—Africa cooperation: assessing a case study of Burkina Faso. Sci
One Health. 2022;1: 100009.

Meier-Brook C. A snail intermediate host of Schistosoma mansoni intro-
duced into Hong Kong. Bull World Health Organ. 1974;51(6):661.
Diagne C, Leroy B, Vaissiere AC, Gozlan RE, Roiz D, Jaric |, et al. High

and rising economic costs of biological invasions worldwide. Nature.
2021;592(7855):571-6.

Lester PJ, Beggs JR. Invasion success and management strategies for
social Vespula wasps. Annu Rev Entomol. 2019,64:51-71.

O'Neil CM, Guo Y, Pierre S, Boughton EH, Qiu J. Invasive snails alter
multiple ecosystem functions in subtropical wetlands. Sci Total Environ.
2023;864: 160939.

Zhou Z, Wu H, Li D, Zeng W, Huang J, Wu Z. Comparison of gut
microbiome in the Chinese mud snail (Cipangopaludina chinensis) and
the invasive golden apple snail (Pomacea canaliculata). Peer). 2022;10:
e13245.

Pinheiro GL, Correa RF, Cunha RS, Cardoso AM, Chaia C, Clementino
MM, et al. Isolation of aerobic cultivable cellulolytic bacteria from dif-
ferent regions of the gastrointestinal tract of giant land snail Achatina
fulica. Front Microbiol. 2015;6:860.

Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, Knight R. Diver-
sity, stability and resilience of the human gut microbiota. Nature.
2012;489(7415):220-30.

Berg G, Rybakova D, Fischer D, Cernava T, Verges MC, Charles T, et al.
Microbiome definition re-visited: old concepts and new challenges.
Microbiome. 2020;8(1):103.

Chouaia B, Rossi P, Epis S, Mosca M, Ricci |, Damiani C, et al. Delayed lar-
val development in Anopheles mosquitoes deprived of Asaia bacterial
symbionts. BMC Microbiol. 2012;12(Suppl 1):S2.

Eleftherianos |, Atri J, Accetta J, Castillo JC. Endosymbiotic bacteria in
insects: guardians of the immune system? Front Physiol. 2013;4:46.
Khakisahneh S, Zhang XY, Nouri Z, Wang DH. Gut microbiota and host
thermoregulation in response to ambient temperature fluctuations.
mSystems. 2020;5(5):e00514-e520.

Ma L, Zhao H, Wu LB, Cheng Z, Liu C. Impact of the microbiome on
human, animal, and environmental health from a One Health perspec-
tive. Sci One Health. 2023;2: 100037.

Ducklow HW, Boyle PJ, Maugel PW, Strong C, Mitchell R. Bacterial flora
of the schistosome vector snail Biomphalaria glabrata. Appl Environ
Microbiol. 1979;38(4):667-72.

Lyra ML, Bletz MC, Haddad C, Vences M. The Intestinal microbiota of
tadpoles differs from those of syntopic aquatic invertebrates. Microb
Ecol. 2018;76(1):121-4.

Hu Z,Tong Q, Chang J, Yu J, Li S, Niu H, et al. Gut bacterial communities
in the freshwater snail Planorbella trivolvis and their modification by a
non-herbivorous diet. PeerJ. 2021,9: €10716.

Du S, Sun X, Zhang J, Lin D, Chen R, Cui Y, et al. Metagenome-assem-
bled genomes reveal mechanisms of carbohydrate and nitrogen
metabolism of schistosomiasis-transmitting vector Biomphalaria
glabrata. Microbiol Spectr. 2022;10(2): e184321.

Charrier M, Fonty G, Gaillard-Martinie B, Ainouche K, Andant G. Isola-
tion and characterization of cultivable fermentative bacteria from

the intestine of two edible snails, Helixpomatia and Cornu aspersum
(Gastropoda: Pulmonata). Biol Res. 2006;39(4):669-81.

Munn Z, Moola S, Riitano D, Lisy K. The development of a critical
appraisal tool for use in systematic reviews addressing questions of
prevalence. Int J Health Policy Manag. 2014;3(3):123-8.

Kalinda C, Mindu T, Chimbari MJ. A systematic review and meta-analysis
quantifying schistosomiasis infection burden in pre-school aged
children (PreSAC) in sub-Saharan Africa for the period 2000-2020. PLoS
ONE. 2020;15(12): €244695.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 150f 18

Ducklow HW, Clausen K, Mitchell R. Ecology of bacterial communities
in the schistosomiasis vector snail Biomphalaria glabrata. Microb Ecol.
1981;7(3):253-74.

SilvaTM, Melo ES, Lopes AC, Veras DL, Duarte CR, Alves LC, et al.
Characterization of the bacterial microbiota of Biomphalaria glabrata
(Say, 1818) (Mollusca: Gastropoda) from Brazil. Lett Appl Microbiol.
2013;57(1):19-25.

Allan E, Tennessen JA, Sharpton TJ, Blouin MS. Allelic variation in a
single genomic region alters the microbiome of the snail Biomphalaria
glabrata. J Hered. 2018;109(5):604-9.

Huot C, Clerissi C, Gourbal B, Galinier R, Duval D, Toulza E. Schistosomia-
sis vector snails and their microbiota display a phylosymbiosis pattern.
Front Microbiol. 2019;10:3092.

Osorio JB, de Mattos PL, Giongo A, Marconatto L, Potriquet J, Candido R,
et al. Mollusk microbiota shift during Angiostrongylus cantonensis infec-
tion in the freshwater snail Biomphalaria glabrata and the terrestrial
slug Phillocaulis soleiformis. Parasitol Res. 2020;119(8):2495-503.

Koleva Z, Dedov |, Kizheva J, Lipovanska R, Moncheva P, Hristova P.
Lactic acid microflora of the gut of snail Cornu aspersum. Biotechnol
Biotechnol Equip. 2014;28(4):627-34.

Smith PN, Boomer SM, Baltzley MJ. Faecal microbiota dynamics in Cornu
aspersum during dietary change and antibiotic challenge. J Molluscan
Stud. 2019;85:314.

Dushku E, Kotzamanidis C, Avgousti K, Zdragas A, Vafeas G, Giantzi V,

et al. Listeria monocytogenes induced dysbiosis in snails and rebiosis
achieved by administration of the gut commensal Lactobacillus plan-
tarum Sgs14 strain. Fish Shellfish Immunol. 2020;104:337-46.

Dushku E, loannou A, Staikou A, Yiangou M. Probiotic properties and
immunomodulatory activity of gastrointestinal tract commensal
bacterial strains isolated from the edible farmed snail Cornu aspersum
maxima. Fish Shellfish Immunol. 2019,92:792-801.

Cardoso AM, Cavalcante JJ, Vieira RP, Lima JL, Grieco MA, Clementino
MM, et al. Gut bacterial communities in the giant land snail Achatina
fulica and their modification by sugarcane-based diet. PLoS ONE.
2012;7(3): €33440.

Pawar KD, Dar MA, Rajput BP, Kulkarni GJ. Enrichment and identification
of cellulolytic bacteria from the gastrointestinal tract of Giant African
snail, Achatina fulica. Appl Biochem Biotechnol. 2015;175(4):1971-80.
SongY, Qiu R, Hu J, Li X, Zhang X, ChenY, et al. Biodegradation and
disintegration of expanded polystyrene by land snails Achatina fulica.
SciTotal Environ. 2020;746: 141289.

Ni'Matuzahroh, Affandi M, Fatimah, Trikurniadewi N, Khiftiyah AM, Sari
SK, et al. Comparative study of gut microbiota from decomposer fauna
in household composter using metataxonomic approach. Arch Micro-
biol. 2022;204(4):210.

O'Rorke R, Cobian GM, Holland BS, Price MR, Costello V, Amend AS. Din-
ing local: the microbial diet of a snail that grazes microbial communi-
ties is geographically structured. Environ Microbiol. 2015;17(5):1753-64.
Takacs-Vesbach C, King K, Van Horn D, Larkin K, Neiman M. Distinct Bac-
terial microbiomes in sexual and asexual Potamopyrgus antipodarum, a
New Zealand freshwater snail. PLoS ONE. 2016;11(8): e161050.

Bankers L, Dahan D, Neiman M, Adrian-Tucci C, Frost C, Hurst G, et al.
Invasive freshwater snails form novel microbial relationships. Evol Appl.
2021;14(3):770-80.

Doi H, Chinen A, Fukuda H, Usuda Y. Vibrio algivorus sp. nov., an algi-
nate- and agarose-assimilating bacterium isolated from the gut flora of
a turban shell marine snail. Int J Syst Evol Microbiol. 2016;66(8):3164-9.
Aronson HS, Zellmer AJ, Goffredi SK. The specific and exclusive micro-
biome of the deep-sea bone-eating snail, Rubyspira osteovora. FEMS
Microbiol Ecol. 2017;93(3):fiw250.

Torres JP, Tianero MD, Robes J, Kwan JC, Biggs JS, Concepcion GP, et al.
Stenotrophomonas-like bacteria are widespread symbionts in cone snail
venom ducts. Appl Environ Microbiol. 2017,83(23).e01418-e1517.
Rabelo-Fernandez RJ, Santiago-Morales K, Morales-Vale L, Rios-
Velazquez C. The metagenome of Caracolus marginella gut microbiome
using culture independent approaches and shotgun sequencing. Data
Brief. 2018;16:501-5.

Song H, Yu ZL, Yang MJ, Zhang T, Wang HY. Analysis of microbial abun-
dance and community composition in esophagus and intestinal tract
of wild veined rapa whelk (Rapana venosa) by 165 rRNA gene sequenc-
ing. J Gen Appl Microbiol. 2018;64(4):158-66.



Li et al. Infectious Diseases of Poverty

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

(2023) 12:105

Yang MJ, Song H, Sun LN, Yu ZL, Hu Z, Wang XL, et al. Effect of tem-
perature on the microflora community composition in the digestive
tract of the veined rapa whelk (Rapana venosa) revealed by 16S rRNA
gene sequencing. Comp Biochem Physiol Part D Genomics Proteom-
ics. 2019;29:145-53.

Yang M, Song H, Yu Z, Hu Z, Zhou C, Wang X, et al. Changes in symbi-
otic microbiota and immune responses in early development stages
of Rapana venosa (Valenciennes, 1846) provide insights into immune
system development in gastropods. Front Microbiol. 2020;11:1265.
Yang M, Song H, Feng J, Yu Z, Shi P, Liang J, et al. Symbiotic micro-
biome and metabolism profiles reveal the effects of induction by
oysters on the metamorphosis of the carnivorous gastropod Rapana
venosa. Comput Struct Biotechnol J. 2022;20:1-14.

Reich 1, ljaz UZ, Gormally M, Smith CJ. 16S rRNA sequencing reveals
likely beneficial core microbes within faecal samples of the EU pro-
tected slug Geomalacus maculosus. Sci Rep. 2018;8(1):10402.

Hu Z, Chen X, Chang J, Yu J, Tong Q, Li S, et al. Compositional and
predicted functional analysis of the gut microbiota of Radix auricu-
laria (Linnaeus) via high-throughput Illumina sequencing. Peerl.
2018;6: e5537.

Hu Z, Chang J, Tong Q, Yu J, Li S, Niu H. High-throughput sequenc-
ing analysis of intestinal flora diversity of two freshwater snails
(Radix auricularia and Planorbella trivolvis). Chin J Biotechnol.
2020;36(12):2622-34.

Gobet A, Mest L, Perennou M, Dittami SM, Caralp C, Coulombet

C, et al. Seasonal and algal diet-driven patterns of the digestive
microbiota of the European abalone Haliotis tuberculata, a generalist
marine herbivore. Microbiome. 2018;6(1):60.

Nam BH, Jang J, Caetano-Anolles K, Kim YO, Park JY, Sohn H, et al.
Microbial community and functions associated with digestion of
algal polysaccharides in the visceral tract of Haliotis discus hannai:
insights from metagenome and metatranscriptome analysis. PLoS
ONE. 2018;13(10): €205594.

Huang Z, Petersen JM, Martijn J, Ettema T, Shao Z. A novel alphapro-
teobacterium with a small genome identified from the diges-

tive gland of multiple species of abalone. Environ Microbiol Rep.
2020;12(4):387-95.

Yu X, Luo K, Rao W, Chen P, Lei K, Liu C, et al. Effects of replacing dietary
fish meal with enzyme-treated soybean meal on growth performance,
intestinal microbiota, immunity and mTOR pathway in abalone Haliotis
discus hannai. Fish Shellfish Immunol. 2022;130:9-21.

Mizutani Y, Mori T, Miyazaki T, Fukuzaki S, Tanaka R. Microbial commu-
nity analysis in the gills of abalones suggested possible dominance of
epsilonproteobacterium in Haliotis gigantea. Peer). 2020;8: €9326.
Cicala F, Cisterna-Celiz JA, Moore JD, Rocha-Olivares A. Structure,
dynamics and predicted functional role of the gut microbiota of the
blue (Haliotis fulgens) and yellow (H. corrugata) abalone from Baja
California Sur, Mexico. PeerJ. 2018;6: €5830.

Cicala F, Moore JD, Caceres-Martinez J, Del RM, Hernandez-Rodriguez
M, Vasquez-Yeomans R, et al. Monomorphic pathogens: the case of
Candidatus xenohaliotis californiensis from abalone in California, USA
and Baja California, Mexico. J Invertebr Pathol. 2018;154:19-23.

Ito M, Watanabe K, Maruyama T, Mori T, Niwa K, Chow S, et al. Enrich-
ment of bacteria and alginate lyase genes potentially involved in
brown alga degradation in the gut of marine gastropods. Sci Rep.
2019,9(1):2129.

HaoY, Guan W, Wu H, Li L, Abe EM, Xue J, et al. Intestinal microbi-

ome profiles in Oncomelania hupensis in mainland China. Acta Trop.
2020;201: 105202.

LiLH, Lv S, LuY, Bi DQ, Guo YH, Wu JT, et al. Spatial structure of the
microbiome in the gut of Pomacea canaliculata. BMC Microbiol.
2019;19(1):273.

Chen L, Li S, Xiao Q, Lin Y, Li X, QuYY, et al. Composition and diversity of
gut microbiota in Pomacea canaliculata in sexes and between develop-
mental stages. BMC Microbiol. 2021;21(1):200.

LiS,Qian Z, Gao S, Shen W, Li X, Li H, et al. Effect of long-term tem-
perature stress on the intestinal microbiome of an invasive snail. Front
Microbiol. 2022;13: 961502.

Li S, Qian Z,Yang J, Lin Y, Li H, Chen L. Seasonal variation in structure
and function of gut microbiota in Pomacea canaliculata. Ecol Evol.
2022;12(8): €9162.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Page 16 of 18

LiS,LinY,QiW, ChenY, Li X, Zhu S, et al. Research on the bacterial com-
munity structure and functions in the intestine of Pomacea maculata. J
Nanjing Normal Univ (Nat Sci Ed). 2022;45(01):64-73.

Kivistik C, Knobloch J, Kairo K, Tammert H, Kisand V, Hildebrandt JP,

et al. Impact of salinity on the gastrointestinal bacterial community of
Theodoxus fluviatilis. Front Microbiol. 2020;11:683.

Maltseva AL, Varfolomeeva MA, Gafarova ER, Panova M, Mikhailova NA,
Granovitch Al. Divergence together with microbes: a comparative study
of the associated microbiomes in the closely related Littorina species.
PLoS ONE. 2021;16(12): €260792.

Chalifour B, Li J. Characterization of the gut microbiome in wild rocky
mountainsnails (Oreohelix strigosa). Anim Microbiome. 2021;3(1):49.
Chalifour BN, Elder LE, Li J. Gut microbiome of century-old snail speci-
mens stable across time in preservation. Microbiome. 2022;10(1):99.
Zhou K, Qin J, Pang H, Chen Z, Huang Y, Li W, et al. Comparison of the
composition and function of gut microbes between adult and juvenile
Cipangopaludina chinensis in the rice snail system. PeerJ. 2022;10:
e13042.

Zhang P, LiW, Qiu H, Liu M, LiY, He E. Metal resistant gut microbiota
facilitates snails feeding on metal hyperaccumulator plant Sedum
alfredii in the phytoremediation field. Ecotoxicol Environ Saf. 2022,236:
113514.

Lyu T, Zhu J, Yang X, Yang W, Zheng Z. Responses of gut microbial
community composition and function of the freshwater gastropod
Bellamya aeruginosa to cyanobacterial bloom. Front Microbiol. 2022;13:
906278.

Kivistik C, Tammert H, Kisand V, Kairo K, Herlemann D. Impact of distur-
bance and dietary shift on gastrointestinal bacterial community and its
invertebrate host system. Mol Ecol. 2022;00:1-13.

Kivistik C, Kairo K, Tammert H, Sokolova IM, Kisand V, Herlemann D.
Distinct stages of the intestinal bacterial community of Ampullaceana
balthica after salinization. Front Microbiol. 2022;13: 767334.

Wu YY, Cheng CX, Yang L, Ye QQ, Li WH, Jiang JY. Characterization of gut
microbiome in the mud snail Cipangopaludina cathayensis in response
to high-temperature stress. Animals (Basel). 2022;12(18):2361.
Madubuike H, Ferry N. Characterisation of a novel acetyl xylan esterase
(BaAXE) screened from the gut microbiota of the common black slug
(Arion ater). Molecules. 2022:27(9):2999.

Joynson R, Pritchard L, Osemwekha E, Ferry N. Metagenomic analysis of
the gut microbiome of the common black slug Arion ater in search of
novel lignocellulose degrading enzymes. Front Microbiol. 2017;8:2181.
Yang 'Y, Sun J, Chen C, Zhou Y, Van Dover CL, Wang C, et al. Metagen-
omic and metatranscriptomic analyses reveal minor-yet-crucial roles of
gut microbiome in deep-sea hydrothermal vent snail. Anim Microbi-
ome. 2022;4(1):3.

Zhang T, Wang X, Qu Y, Zhang X, Zhang Q, Yang D, et al. Intestinal
microbiota perturbations in the gastropod Trochus niloticus concur-
rently exposed to ocean acidification and environmentally relevant
concentrations of sulfamethoxazole. Chemosphere. 2022;311(Pt 2):
137115.

Mehraj A, Pandit SV. Assessment of the impact of green synthesized
copper nanoparticles on freshwater snails (Indoplanorbis exustus) in
comparison with field-control and lab-control snails. J Basic Appl Zool.
2022;83(1):20.

Walters AD, Arp A, Cerbie GM, Trujillo DA, Kiss AJ, Berg DJ. Phylogenetic
relationship and habitat both impact the gut microbiome in two micro-
endemic gastropods. J Molluscan Stud. 2022;88(1):eyac002.

Jackson D, Maltz MR, Freund HL, Borneman J, Aronson E. Environment
and diet influence the bacterial microbiome of Ambigolimax valen-
tianus, an invasive slug in California. Insects. 2021;12(7):575.

Hendriks KP, Bisschop K, Kortenbosch HH, Kavanagh JC, Larue A, Chee-
Chean P, et al. Microbiome and environment explain the absence of
correlations between consumers and their diet in Bornean microsnails.
Ecology. 2021;102(2): €3237.

Parker-Graham CA, Eetemadi A, Yazdi Z, Marshman BC, Loeher M,
Richey CA, et al. Effect of oxytetracycline treatment on the gastroin-
testinal microbiome of critically endangered white abalone (Haliotis
sorenseni) treated for withering syndrome. Aquaculture. 2020;526:
735411.

Horton AA, Newbold LK, Palacio-Cortes AM, Spurgeon DJ, Pereira MG,
Carter H, et al. Accumulation of polybrominated dipheny! ethers and



Li et al. Infectious Diseases of Poverty

88.

89.

90.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

103.

105.

106.

107.

(2023) 12:105

microbiome response in the great pond snail Lymnaea stagnalis with
exposure to nylon (polyamide) microplastics. Ecotoxicol Environ Saf.
2020;188:109882.

Neu AT, Allen EE, Roy K. Diversity and composition of intertidal gas-
tropod microbiomes across a major marine biogeographic boundary.
Environ Microbiol Rep. 2019;11(3):434-47.

Shtykova YR, Sitnikova TY, Kulakova NV, Sukhanova EV, Khanayev IV,
Parfenova VV. First reports on the bacterial community of the digestive
system of endemic baikal gastropods Benedictia baicalensis. Microbiol-
ogy (NY). 2018;87(6):825-32.

Van Horn DJ, Garcia JR, Loker ES, Mitchell KR, Mkoji GM, Adema CM,

et al. Complex intestinal bacterial communities in three species of
planorbid snails. J Molluscan Stud. 2012;78:74-80.

Yoo JH, Han JE, Lee JY, Jeong SW, Jeong YS, Lee JY, et al. Parasphin-
gorhabdus cellanae sp. nov., isolated from the gut of a Korean limpet,
Cellana toreuma. Int J Syst Evol Microbiol. 2022;72(8).

GuoY, Zhang Y, Liu Q Huang Y, Mao G, Yue Z, et al. A chromosomal-
level genome assembly for the giant African snail Achatina fulica.
Gigascience. 2019;8(10):giz124.

Valente R, Diaz JI, Salomon OD, Navone GT. Natural infection of the
feline lungworm Aelurostrongylus abstrusus in the invasive snail
Achatina fulica from Argentina. Vet Parasitol. 2017;235:17-9.

Jakkul W, Chaisiri K, Saralamba N, Limpanont Y, Dusitsittipon S, Charoen-
nitiwat V, et al. Newly developed SYBR Green-based quantitative real-
time PCRs revealed coinfection evidence of Angiostrongylus cantonensis
and A. malaysiensis in Achatina fulica existing in Bangkok Metropolitan,
Thailand. Food Waterborne Parasitol. 2021;23: e119.

Jefferies R, Morgan ER, Shaw SE. A SYBR green real-time PCR assay for
the detection of the nematode Angiostrongylus vasorum in definitive
and intermediate hosts. Vet Parasitol. 2009;166(1-2):112-8.

D'Ovidio D, Nermut J, Adami C, Santoro M. Occurrence of rhabditid
nematodes in the pet giant African land snails (Achatina fulica). Front
Vet Sci. 2019,6:88.

Cheng, GuoY, Lin G, Ai L, Chen S, Lu M. Integrating morphology,
breeding ground and mitochondrial COI gene analysis for species
identification of Bellamya lithophaga (Gastropoda: Viviparidae) in China.
Iran J Parasitol. 2014;9(2):260-5.

Cheng, Lin J, Fang Y. Experimental observation on cercaria infection of
Echinocoelostis phylloides in Bellamya aeruginosa. Chin J Parasitol Parasit
Dis. 1988;51:105-6.

Hu QA, Zhang Y, Guo YH, Lv S, Xia S, Liu HX, et al. Small-scale spatial
analysis of intermediate and definitive hosts of Angiostrongylus canton-
ensis. Infect Dis Poverty. 2018;7(1):100.

Komalamisra C, Nuamtanong S, Dekumyoy P. Pila ampullacea and
Pomacea canaliculata, as new paratenic hosts of Gnathostoma spini-
gerum. Southeast Asian J Trop Med Public Health. 2009;40(2):243-6.
Mozzer LR, Coaglio AL, Dracz RM, Ribeiro VM, Lima WS. The develop-
ment of Angiostrongylus vasorum (Baillet, 1866) in the freshwater snail
Pomacea canaliculata (Lamarck, 1822). J Helminthol. 2015;89(6):755-9.
Underwood EB, Walker MJ, Darden TL, Kingsley-Smith PR. Frequency of
occurrence of the rat lungworm parasite in the invasive island apple
snail in South Carolina, USA. J Aquat Anim Health. 2019;31(2):168-72.
Pinto HA, Cantanhede SP, Thiengo SC, de Melo AL, Fernandez MA. The
apple snail Pomacea maculata (Caenogastropoda: Ampullariidae) as the
intermediate host of Stomylotrema gratiosus (Trematoda: Stomylotrem-
atidae) in Brazil: the first report of a mollusc host of a Stomylotrematid
Trematode. J Parasitol. 2015;101(2):134-9.

Li H, Hambrook JR, Pila EA, Gharamah AA, Fang J, Wu X, et al. Coordina-
tion of humoral immune factors dictates compatibility between
Schistosoma mansoni and Biomphalaria glabrata. Elife. 2020;9: €51708.
Bouchut A, Sautiere PE, Coustau C, Mitta G. Compatibility in the Biom-
phalaria glabrata/Echinostoma caproni model: potential involvement of
proteins from hemocytes revealed by a proteomic approach. Acta Trop.
2006;98(3):234-46.

Chung PR, Jung Y. Cipangopaludina chinensis malleata (Gastropoda:
Viviparidae): a new second molluscan intermediate host of a human
intestinal fluke Echinostoma cinetorchis (Trematoda: Echinostomatidae)
in Korea. J Parasitol. 1999;85(5):963-4.

Shan LYZX, Chinese CFDC, Who CCFM, Schistosomiasis AF, Shanghai,
China, et al. Experimental study on compatibility of three species of

108.

109.

110.

113.

114.

117.

121.

123.

124.

127.

Page 17 of 18

freshwater snails with Angiostrongylus cantonensis. Chin J Parasitol
Parasit Dis. 2006;24(4):277-80 In Chinese.

Gerard C, Ansart A, Decanter N, Martin MC, Dahirel M. Brachylaima spp.
(Trematoda) parasitizing Cornu aspersum (Gastropoda) in France with
potential risk of human consumption. Parasite. 2020;,27:15.

Chan D, Barratt J, Roberts T, Lee R, Shea M, Marriott D, et al. The Preva-
lence of Angiostrongylus cantonensis/mackerrasae complex in molluscs
from the Sydney Region. PLoS ONE. 2015;10(5): e128128.

Liu MM, Feng Y, Yang K. Impact of micro-environmental factors on
survival, reproduction and distribution of Oncomelania hupensis snails.
Infect Dis Poverty. 2021;10(1):47.

Yan W, Dibo N, CaoY, Peng W, Tang C, Huang S. Exorchis sp. in the catfish
Silurus asotus and Oncomelania hupensis in marshlands of Poyang Lake,
China: a potential biological control tool for Schistosoma japonicum. Int
J Parasitol Parasites Wildl. 2023;21:129-33.

Graeff-Teixeira C, Pinto VM, Busato JE, Agostini AA. Natural infection

of Phyllocaulis soleiformis with larvae morphologically similar to L2 of
Angiostrongylus costaricensis. Mem Inst Oswaldo Cruz. 1994;89(1):121.
Nyagura |, Malatji MP, Mukaratirwa S. Occurrence of Fasciola (Dige-

nea: Fasciolidae) species in livestock, wildlife and humans, and the
geographical distribution of their intermediate hosts in South Africa—a
scoping review. Front Vet Sci. 2022,9: 935428.

Caron 'Y, Cabaraux A, Marechal F, Losson B. Swimmer's itch in Belgium:
first recorded outbreaks, molecular identification of the parasite species
and intermediate hosts. Vector Borne Zoonotic Dis. 2017;17(3):190-4.
Nakao M, Sasaki M. Trematode diversity in freshwater snails from a
stopover point for migratory waterfowls in Hokkaido, Japan: an assess-
ment by molecular phylogenetic and population genetic analyses.
Parasitol Int. 2021;83: 102329.

Solddnové M, Selbach C, Sures B, Kostadinova A, Pérez-Del-Olmo A. Lar-
val trematode communities in Radix auricularia and Lymnaea stagnalis
in a reservoir system of the Ruhr River. Parasit Vectors. 2010;3(1):56.
Feijen F, Buser C, Klappert K, Jokela J. Parasite infection and the move-
ment of the aquatic snail Potamopyrgus antipodarum along a depth
cline. Ecol Evol. 2023;13(5): e10124.

Cichy A, Marszewska A, Parzonko J, Zbikowski J, Zbikowski E. Infection
of Potamopyrgus antipodarum (Gray, 1843) (Gastropoda: Tateidae) by
trematodes in Poland, including the first record of aspidogastrid acqui-
sition. J Invertebr Pathol. 2017;150:32-4.

Carlos A, Pablo B, Graga C, Camino G, Raquel A, Nancy AS, et al. Ultras-
tructural and molecular characterization of Haplosporidium montforti
n. sp., parasite of the European abalone Haliotis tuberculata. J Invertebr
Pathol. 2006;92(1):23-32.

Diaz MDM, Bommarito C, Vajedsamiei J, Grabner DS, Rilov G, Wahl M,

et al. Heat sensitivity of first host and cercariae may restrict parasite
transmission in a warming sea. Sci Rep. 2022;12(1):1174.

Mouritsen KN, Andersen C. Worms at war: interspecific parasite compe-
tition and host resources alter trematode colony structure and fitness.
Parasitology. 2017;144(11):1530-42.

Koch RW, Goeppner SR, Gustafson KD, Bolek MG. Seasonal occur-
rence of Neoechinorhynchus emydis (phylum: acanthocephala) in the
freshwater snail, Planorbella cf. p. trivolvis, from oklahoma. J Parasitol.
2022;108(5):423-34.

Matt JG, Lester HK, Sylvie MQ, Mary MO, Linda MP, Terrence EG, et al.
Genetic sequence data identifies the cercaria of Drepanocephalus
spathans (Digenea: Echinostomatidae), A parasite of the double-crested
cormorant (Phalacrocorax auritus), with notes on its pathology in juve-
nile channel catfish (Ictalurus punctatus). J Parasitol. 2012,98(5):967-72.
Rohr JR, Raffel TR, Sessions SK, Hudson PJ. Understanding the net
effects of pesticides on amphibian trematode infections. Ecol Appl.
2008;18(7):1743-53.

Redetzke KA, Canaris AG. Brachylaime microti: a mechanistic simulation
model of the parasite, its intermediate snail host, Oreohelix strigosa,
and its definitive rodent hosts, Peromyscus maniculatus and Microtus
montanus. Exp Parasitol. 1977,41(1):229-41.

Ross JL, Haukeland S, Hatteland BA, Ivanova ES. Angiostoma norvegi-
cum n. sp. (Nematoda: Angiostomatidae) a parasite of arionid slugs in
Norway. Syst Parasitol. 2017;94(1):51-63.

Helm J, Roberts L, Jefferies R, Shaw SE, Morgan ER. Epidemiological
survey of Angiostrongylus vasorum in dogs and slugs around a new
endemic focus in Scotland. Vet Rec. 2015;177(2):46.



Li et al. Infectious Diseases of Poverty

128.

129.

130.

132.

133.

134.

135.

137.

138.

139.

140.

142.

144.

146.

147.

(2023) 12:105

Bu L, Lu L, Laidemitt MR, Zhang SM, Mutuku M, Mkoji G, et al. A genome
sequence for Biomphalaria pfeifferi, the major vector snail for the
human-infecting parasite Schistosoma mansoni. PLoS Negl Trop Dis.
2023;17(3): €11208.

Zhang SM, Bu L, Lu L, Babbitt C, Adema CM, Loker ES. Comparative
mitogenomics of freshwater snails of the genus Bulinus, obligatory vec-
tors of Schistosoma haematobium, causative agent of human urogenital
schistosomiasis. Sci Rep. 2022;12(1):5357.

Skala V, Walker AJ, Horak P. Snail defence responses to parasite infection:
the Lymnaea stagnalis-Trichobilharzia szidati model. Dev Comp Immu-
nol. 2020;102: 103464.

Ardpairin J, Dumidae A, Subkrasae C, Nateeworanart S, Thanwisai A,
Vitta A. Preliminary Survey of larval trematodes in freshwater snails

of Phitsanulok Province in Lower Northern Thailand. Iran J Parasitol.
2022;17(2):268-76.

Bawm S, Khaing N, Win SY, Thein SS, Khaing Y, Thaw YN, et al. Morpho-
logical and molecular identification of trematode cercariae related with
humans and animal health in freshwater snails from a lake and a dam in
Myanmar. Parasitol Res. 2022;121(2):653-65.

Portet A, Toulza E, Lokmer A, Huot C, Duval D, Galinier R, et al. Experi-
mental infection of the Biomphalaria glabrata vector snail by Schisto-
soma mansoni parasites drives snail microbiota dysbiosis. Microorgan-
isms. 2021;9(5):1084.

LiY, Watanabe E, Kawashima Y, Plichta DR, Wang Z, Ujike M, et al. Identi-
fication of trypsin-degrading commensals in the large intestine. Nature.
2022,609(7927):582-9.

Choi M, Oh YD, Kim YR, Lim HK, Kim J. Intestinal microbial diversity is
higher in Pacific abalone (Haliotis discus hannai) with slower growth
rates. Aquaculture. 2021;537: 736500.

Jenkins TP, Peachey LE, Ajami NJ, Macdonald AS, Hsieh MH, Brindley PJ,
et al. Schistosoma mansoni infection is associated with quantitative and
qualitative modifications of the mammalian intestinal microbiota. Sci
Rep. 2018;8(1):12072.

Lynch SV, Pedersen O.The human intestinal microbiome in health and
disease. N EnglJ Med. 2016;375(24):2369-79.

Jebessa E, Guo L, Chen X, Bello SF, Cai B, Girma M, et al. Influence of
Eimeria maxima coccidia infection on gut microbiome diversity and
composition of the jejunum and cecum of indigenous chicken. Front
Immunol. 2022;13: 994224.

Papp M, Bekesi L, Farkas R, Makrai L, Judge MF, Maroti G, et al. Natural
diversity of the honey bee (Apis mellifera) gut bacteriome in various
climatic and seasonal states. PLoS ONE. 2022;17(9): €273844.
Pacheco-Sandoval A, Lago-Leston A, Abadia-Cardoso A, Solana-Arel-
lano E, Schramm Y. Age as a primary driver of the gut microbial compo-
sition and function in wild harbor seals. Sci Rep. 2022;12(1):14641.
Herlemann DP, Labrenz M, Jurgens K, Bertilsson S, Waniek JJ, Andersson
AF. Transitions in bacterial communities along the 2000 km salinity
gradient of the Baltic Sea. ISME J. 2011;5(10):1571-9.

LiuY,Cheng J, Xia Y, Li X, Liu Y, Liu PF. Response mechanism of gut
microbiome and metabolism of European seabass (Dicentrarchus
labrax) to temperature stress. Sci Total Environ. 2022;813: 151786.

Jiang JY, Li WH, Wu YY, Cheng CX, Ye QQ, Feng JX, et al. Effects of cad-

mium exposure on intestinal microflora of Cipangopaludina cathayensis.

Front Microbiol. 2022;13: 984757.

Huang ZB, Guo F, Zhao J, Li WD, Ke CH. Molecular analysis of the
intestinal bacterial flora in cage-cultured adult small abalone, Haliotis
diversicolor. Aquac Res. 2010;41(11):e760-9.

Panigrahi P, Parida S, Nanda NC, Satpathy R, Pradhan L, Chandel DS,
et al. A randomized synbiotic trial to prevent sepsis among infants in
rural India. Nature. 2017;548(7668):407-12.

Zabalou S, Riegler M, Theodorakopoulou M, Stauffer C, Savakis C,
Bourtzis K. Wolbachia-induced cytoplasmic incompatibility as a
means for insect pest population control. Proc Natl Acad Sci USA.
2004;101(42):15042-5.

Gaudet RG, Sintsova A, Buckwalter CM, Leung N, Cochrane A, Li J, et al.
Cytosolic detection of the bacterial metabolite HBP activates TIFA-
dependent innate immunity. Science. 2015;348(6240):1251-5.

Wang QP, Chen XG, Lun ZR. Invasive freshwater snail, China. Emerg
Infect Dis. 2007;13(7):1119-20.

Lima MG, Augusto RC, Pinheiro J, Thiengo SC. Physiology and immu-
nity of the invasive giant African snail, Achatina (Lissachatina) fulica,

150.

151.

152.

154.

155.

156.

157.

158.

159.

163.

164.

165.

Page 18 of 18

intermediate host of Angiostrongylus cantonensis. Dev Comp Immunol.
2020;105: 103579.

Wang W, Huang S, Liu F, Sun'Y, Wang X, Yao J, et al. Control of the
invasive agricultural pest Pomacea canaliculata with a novel mol-
luscicide: efficacy and safety to nontarget species. J Agric Food Chem.
2022;70(4):1079-89.

Constantine KL, Makale F, Mugambi |, Chacha D, Rware H, Muvea A,

et al. Assessment of the socio-economic impacts associated with the
arrival of apple snail (Pomacea canaliculata) in Mwea irrigation scheme,
Kenya. Pest Manag Sci. 2023;79(11):4343-56.

Yang C, Huang Y, Lu Z, Ma Y, Ran X, Yan X, et al. Sublethal effects of
niclosamide on the aquatic snail Pomacea canaliculata. Ecotoxicol
Environ Saf. 2023;259: 115064.

Bertelsmeier C, Ollier S, Liebhold A, Keller L. Recent human history
governs global ant invasion dynamics. Nat Ecol Evol. 2017;1(7):184.
Duval D, Galinier R, Mouahid G, Toulza E, Allienne JF, Portela J, et al. A
novel bacterial pathogen of Biomphalaria glabrata: a potential weapon
for schistosomiasis control? PLoS Negl Trop Dis. 2015;9(2):e3489.

Ki WP, Kwong KL, Qiu J. Complex interactions among fish, snails and
macrophytes—implications for biological control of an invasive snail.
Biol Invasions. 2008;11(10):2223-32.

Gaio AO, Gusmao DS, Santos AV, Berbert-Molina MA, Pimenta PF, Lemos
FJ. Contribution of midgut bacteria to blood digestion and egg produc-
tion in Aedes aegypti (Diptera: Culicidae) (L.). Parasit Vectors. 2011;4:105.
Min KT, Benzer S. Wolbachia, normally a symbiont of Drosophila, can be
virulent, causing degeneration and early death. Proc Natl Acad Sci USA.
1997,94(20):10792-6.

Zhu L, Qi S, Xue X, Niu X, Wu L. Nitenpyram disturbs gut microbiota and
influences metabolic homeostasis and immunity in honey bee (Apis
mellifera L.). Environ Pollut. 2020;258:113671.

Gao H, Bai L, Jiang Y, Huang W, Wang L, Li S, et al. A natural symbiotic
bacterium drives mosquito refractoriness to Plasmodium infection via
secretion of an antimalarial lipase. Nat Microbiol. 2021;6(6):806—17.

Li P Hong J, Wu M, Yuan Z, Li D, Wu Z, et al. Metagenomic analysis
reveals variations in gut microbiomes of the Schistosoma mansoni-
transmitting snails Biomphalaria straminea and Biomphalaria glabrata.
Microorganisms. 2023;11(10):2419.

Wahl A, Yao W, Liao B, Chateau M, Richardson C, Ling L, et al. A germ-
free humanized mouse model shows the contribution of resident
microbiota to human-specific pathogen infection. Nat Biotechnol.
2023.

Moeller AH, Suzuki TA, Phifer-Rixey M, Nachman MW. Trans-

mission modes of the mammalian gut microbiota. Science.
2018;362(6413):453-7.

Mazmanian SK, Round JL, Kasper DL. A microbial symbiosis factor
prevents intestinal inflammatory disease. Nature. 2008;453(7195):620-5.
Yang Z, Lian Z, Liu L, Fang B, Li W, Jiao J. Cultivation strategies for
prokaryotes from extreme environments. iMeta. 2023;2(3):e123.
Charrieryannick M, Combet-Blancyannick Y, Ollivier C. Bacterial flora in
the gut of Helix aspersa (Gastropoda Pulmonata): evidence for a per-
manent population with a dominant homolactic intestinal bacterium,
Enterococcus casseliflavus. Can J Microbiol. 1998:44(1):20-7.

Learn more biomedcentral.com/submissions

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.




	Gut microbiota in parasite-transmitting gastropods
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Information sources and search strategy
	Eligibility criteria
	Study screening, data extraction and analysis
	Quality assessment of included literature

	Results
	Trends in gut microbiota in gastropods
	Gut microbial composition and diversity in parasite-transmitting gastropods
	Land gastropods
	Freshwater gastropods
	Seawater gastropods

	Potential functions of the gut microbiota in parasite-transmitting gastropods
	Metabolism and host digestion
	Host immunity and protection against pathogens

	Factors affecting the gut microbiota in parasite-transmitting gastropods
	Habitats
	Environmental factors
	Host biology
	Diet
	Health status

	The application prospects of the gut microbiota in parasite-transmitting gastropods
	Controlling the spread of invasive and parasite-transmitting gastropods
	Prevention of the spread of potential pathogens
	Snails as a novel model organism for studying host–microbiota interactions

	Limitations and prospects of studies on the gut microbiota in parasite-transmitting gastropods
	Lack of sufficient gastropod genomes and limited application of novel sequencing technologies in snail gut microbiota
	Dynamics and roles of gastropod gut microbiota: a limited understanding of temporal, spatial and generational changes
	Inadequate investigations of gut microbiota–parasites–gastropod interactions
	Limited development of bacterial culture techniques in gastropods

	Conclusions
	Anchor 38
	Acknowledgements
	References


