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Abstract: This systematic review and meta-analysis aimed to collate the infection rates of Fasciola
spp. in intermediate host snails and their distribution in Africa. The overall infectivity prevalences
of Galba truncatula, Radix natalensis, and Pseudosuccinea columella are 52%, 8%, and 3%, respectively.
The intermediate host snails native to Africa (R. natalensis and G. truncatula) have been examined
more than the invasive P. columella. The studies included in the review ranged from 1999 to 2022.
North Africa has the highest prevalence of G. truncatula, with an infection rate of 52%. The review
reveals that naturally infected intermediate host snails (G. truncatula, R. natalensis, and P. columella)
are found in various regions of Africa. G. truncatula accounts for 22% (from three countries) of the
studies included in the review and it was only found in the North African region with the highest
overall infection rate of 52%. More studies on infection rate and distribution are needed to effectively
control and prevent future transmissions.

Keywords: intermediate host snails; radix natalensis; galba truncatula; pseudosuccinea columella;
infection rate; fasciola hepatica; fasciola gigantica

1. Introduction

Worldwide, fascioliasis is an emerging infection. Climate change effects may result in
increased rainfall in some regions and decreased freezing temperatures in others, resulting
in the emergence of new habitats for Fasciola and its hosts [1]. New irrigation projects
and other man-made environmental changes may result in more appropriate habitats
being available [2]. Fascioliasis is one of the most neglected zoonotic diseases in Africa
despite being a threat to human and animal health. Good knowledge of the life cycles, host
specificity, and geographic distribution of the important medical and veterinary parasites
transmitted by intermediate host snails is a crucial requirement in the fight against them.
Freshwater snails have been of interest to the research world as they are intermediate hosts
for several diseases in animals and humans including fascioliasis. Fascioliasis, a trematode
infection, thrives in tropical and subtropical countries. According to Dida et al. [3], before
1992, the total number of reported human cases of fascioliasis was considered to be less than
3000. More recent statistics show that between 2.4 and 17 million people are infected, with
an additional 91.1 million people at risk of infection [4]. Trematode infections are still one of
Africa’s most common and pervasive tropical diseases, especially in areas near freshwater

Trop. Med. Infect. Dis. 2023, 8, 467. https:/ /doi.org/10.3390/ tropicalmed8100467 https://www.mdpi.com/journal/tropicalmed


https://doi.org/10.3390/tropicalmed8100467
https://doi.org/10.3390/tropicalmed8100467
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/tropicalmed
https://www.mdpi.com
https://orcid.org/0000-0002-8144-0248
https://doi.org/10.3390/tropicalmed8100467
https://www.mdpi.com/journal/tropicalmed
https://www.mdpi.com/article/10.3390/tropicalmed8100467?type=check_update&version=1

Trop. Med. Infect. Dis. 2023, 8, 467

20f12

bodies [5,6]. Fascioliasis is transmitted through two different hosts (intermediate and
definitive). In nature, freshwater snails serve as the intermediate hosts for the development
of its asexual stage. Humans are accidental hosts, but cattle and other ruminants serve
as the final hosts for the sexual stage. The spread of the parasites and their vectors to
new areas can be facilitated by migration, globalization, and the import and export of
livestock. Together, all of these factors may lead to an expansion of endemic regions and a
rise in the prevalence of Fasciola in livestock as well as in humans [6-8]. Because herding
communities are constantly near the cattle they keep, fascioliasis is a disease that is highly
prevalent in these communities [9]. Sripa and Piratae [10] suggested that it is possible to
check for local transmission using knowledge about a particular type of snail in a given
area. Over a million people in 90 countries are estimated to have been infected by parasitic
diseases involving snail intermediate hosts [6]. The transmission dynamics of fascioliasis
will be further complicated by climate change as it may change the presence, distribution,
abundance, and infection rates of the intermediate host snails. Climate change may also
result in the changing of interactions between animals and humans with the fasciola-infested
waterbodies and pastures through changes in livelihoods.

Fascioliasis is caused by infection of trematodes belonging to the genus Fasciola spp.
These Fasciola spp. are zoonotic pathogens whose common causative agents are Fasciola
hepatica (Linnaeus, 1758) and Fasciola gigantica (Cobbold, 1855; Galba Schrank, 1803). The
presence and distribution of intermediate host snails determine the geographic range of
fascioliasis [11]. According to Moema and Baker [12] in Africa, Radix natalensis (Krauss,
1848) is involved in the transmission of F. gigantica whereas Galba truncatula (Muller, 1774)
is involved in the transmission of F. hepatica, with any epidemiological cross-over being
regarded to be unusual [13]. Galba truncatula is an intermediate host of the liver fluke F. hep-
atica, which is mostly accountable for human disease. It is distinguished by its amphibious
lifestyle, adaptation to cooler habitats, and capacity to endure drought periods and other
adverse climatic circumstances in unstable waterbodies [14]. It has been established that
the invasive Pseudosuccinea columella (Say, 1817) serves as an intermediate host for both
F. hepatica and F. gigantica in numerous countries [15]. Mage et al. [16] carried out a study
in Central France over a period of 10-12 years to analyze the changes in the prevalence of
fascioliasis. The infectivity prevalence of snails ranged from 4.7% (1989) to 7.2% (1993) and
slowly decreased after that date reaching 3.3% (in 2000). Furthermore, Cucher et al. [17]
obtained two samples from Argentina which were analyzed and identified as P. columella
and the infection rate was 17.5% and 51.3% by direct examination and PCR, respectively. A
study by [18] showed that P. columella can coexist with R. natalensis in some parts of South
Africa. Fascioliasis is unfortunately not a recognized and reportable disease in many of
the least developed countries, which are ravaged by poverty and infectious diseases. The
first vital components in any planned intervention strategy include generating knowledge
about this disease and raising awareness within the affected communities [19]. This sys-
tematic meta-analysis aimed to determine the infection rate of Fasciola spp. transmitted by
intermediate host snails and their distribution in Africa. The results of this study show the
role of these intermediate host snail species in fascioliasis transmission and its potential
presence in both humans and animals and regional hotspots in different parts of Africa.

2. Methods
2.1. Search Strategies and Inclusion Criteria

The search was conducted in three search databases, Google Scholar, Pubmed, Scopus,
and other sources (reference list of included articles). The search terms used were as follows:

AT v VATEs

“Fasciola intermediate host”, “intermediate host snails”, “snail intermediate host”, “inter-

VZ7i ”ou

mediate host”, “freshwater snails”, “freshwater snail host”, “snail vector”, “malacology
survey”, “Lymnaea columella”, “ Lymnaea natalensis”, “ Lymnaea truncatula”, “ Pseudosuccinea

v v Zan

columella”, “Radix natalensis”, “Galba truncatula”, “infection”, “infection rate”, “intensity”,
” "

“prevalence”, “incidence”, “Fascioliasis”, “liver fluke”, “Fasciola hepatica”, Fasciola gi-
gantica”, “Fasciola sp.”, “Africa”. These search terms were combined using the Boolean
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operators (AND; OR) to construct search phrases. The last phrase “Africa” was further
categorized into African regions in the following manner: North African countries—Algeria
OR Egypt OR Libya OR Morocco OR Sudan OR Tunisia OR and Western Sahara; Central
or Middle African countries—Angola OR Cameroon OR Central African Republic OR
Chad OR Congo Republic—Brazzaville OR Democratic Republic of Congo OR Equatorial
Guinea OR Gabon OR and Sao Tomé and Principe; Southern African countries—Botswana
OR Lesotho OR Namibia OR South Africa OR Swaziland OR Lesotho; OR Madagascar
OR Malawi OR Mauritius OR Mozambique OR Zambia OR and Zimbabwe; East African
countries—Burundi OR Comoros OR Djibouti OR Ethiopia OR Eritrea OR Kenya OR
Réunion OR Rwanda OR Seychelles OR Somalia OR Somaliland OR Tanzania OR Uganda;
Western Africa—Benin OR Burkina Faso OR Cape Verde OR Cote D’'Ivoire OR Gambia OR
Ghana OR Guinea OR Guinea-Bissau OR Liberia OR Mali OR Mauritania OR Niger OR
Nigeria OR Senegal OR Sierra Leone OR Togo. See Supplementary Material File S1 for the
full literature search terms and combinations that were used on PubMed, Google Scholar,
and other databases.

The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines were used for the paper selection process (Figure 1). The following were
requirements for all articles to be included in this study: (a) studies reporting data from any
African country, (b) studies reporting data on fascioliasis infection on intermediate host
snails from the Family lymnaeidae (P. columella, R. natalensis, and G. truncatula) to species
level, (c) studies reporting distribution of the Family lymnaeidae within Africa, (d) studies
that mentioned the diagnostic used in detecting infected snails, (e) only studies written in
English, and (f) studies that reported infection in snails that had been sampled from the
field and not laboratory-infected snails. Studies without full texts, studies that were review
articles, and meta-analyses were excluded. The articles that qualified to be included in the
review were retrieved and exported from the different database libraries to the Endnote 20
reference manager.

—
c
-g Records identified from database
8 search: Google scholar= 230; Additional record identified from
B Pubmed =8 & Scopus= 6, other sources:3
S (n=245)
B
ﬂ ﬂ
Records after duplicates were removed: n=230
Records excluded based on
inappropriate topic and
g abstract=185
=
1)
e
S
a
Articles remaining after title and abstract screening
{(n=45)
bl Articles excluded: (n=22)
S
© Articles included in the review
% after full article screening: (n=23)
=

Figure 1. PRISMA diagram of the articles included in the meta-analysis.
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2.2. Data Extraction and Quality Appraisal

The first author’s name, the year of publication, the country of the study, the species
of snails used (collection, examination, and infection), the number of snails, as well as the
diagnostics used to detect Fasciola infection were all included in the data extraction format
from the assessed articles. Using the 10 quality-control criteria outlined by the Joanna
Briggs Institute Prevalence Critical Appraisal [16], the quality of all included research was
evaluated (Supplementary Material File S52).

2.3. Data Analysis

The pooled prevalence estimates from the eligible studies were obtained using an
inverse variance heterogeneity (IVhet) model in MetaXL version 5.3 (a Microsoft Excel
add-in tool for meta-analysis). The IVhet model was chosen above the fixed-effect and
random-effect models because, in the absence of heterogeneity, the confidence interval
coverage stays relatively close to the nominal level [20,21]. To display the estimated
prevalence and its 95% confidence interval, forest plots were created. Cochran’s Q statistic
was utilized to gauge the degree of study heterogeneity, and Higgin’s inconsistency statistic
(i%) was used to measure the degree of study variability. When Higgins’s i* value is less than
25%, 50%, and 75%, it can be considered that it demonstrates strong homogeneity, medium
heterogeneity, and high heterogeneity, respectively [22]. Using the Luis Furuya-Kanamori
(LFK) index of the Doi plot, publication bias was evaluated. The size of the LFK index
determined the degree of publishing bias. An LFK value within the range of “£1” was
considered to be “symmetrical” and classified as the absence of publication bias, while
an LFK value outside the range of “42” was considered to be major asymmetry and high
publication bias. Additionally, to explain the observed heterogeneity, subgroup analysis
was performed using our data stratified by snail species and the African regions where the
studies were conducted [23,24].

3. Results
3.1. Search Results

The search yielded 245 articles from the different databases, and 15 were identified
as duplicates and therefore removed. The 230 remaining articles were screened by title
and abstract resulting in the exclusion of 185 articles. Forty-five articles remained after the
title and abstract screening. After the full article screening, 22 articles were excluded and
23 articles were considered eligible for inclusion in the systematic review and meta-analysis
(Figure 1). The studies included in this review ranged from 1999 to 2022.

The review focused on African countries, but the 23 included articles were from
10 countries (Tables 1-3). The method of diagnosis used to detect the Fasciola infection
was cercarial shedding for 14 articles, 5 articles used both cercarial shedding and crushing,
3 articles used PCR, and 1 article used dissecting.

3.2. Infection Rates of Fasciola Intermediate Host Snail Species and Their Distribution in Africa

The highest infection rate was 43.5% (n = 10) in Egypt and 17.4% (n = 4) in Nigeria.
Following was Algeria with 8.7% (n = 2), while Zambia, Tanzania, Sudan, Ethiopia, Tunisia,
and South Africa all consisted of 4% (n = 1). Of the 23 articles, 53.3% (n = 14) reported on
R. natalensis (Table 1); 20% (n = 5) reported on G. truncatula; and 17% (n = 4) of the articles
reported on P. columella.

The information in Table 1 is for R. natalensis; it includes the citation of the study the
information was extracted from, the country, African region, duration of sampling, sample
size, positive snails, infection rate, and the method of diagnosis.

The pooled prevalence estimate of infectivity for R. natalensis (Figure 2) was 8% (95%
CI: 0.00-0.20) with a significantly low degree of heterogeneity (I = 100%, p = 0.00). The
Southern Africa region had the highest prevalence estimate infectivity at 14% (95% CI: 0.12—
0.16), followed by North Africa 8% (95% CI: 0.00-0.41), West Africa 7% (95% CI: 0.00-0.24),
and East Africa had the least, which was 5% (95% CI: 0.00-0.11).
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Table 1. Infection rates of Radix natalensis with Fasciola spp. in African regions.

African Sample

Infection

Quality .\ tion

Region Country Size Positive Rate (%) Method Sampling Period Score
North Africa  Egypt 1500 1110 74 Cercariae shedding April 2016-September 2017 10 [25]
and crushing )
Crushing and Cercariae
Egypt 918 197 21.5 shedding January 2004-December 2006 10 [26]
Cercariae shedding i
Egypt 917 51 5.5 and crushing Not specified 9 [27]
Egypt 4939 27 0.6 Crushing technique March 1997-February 1999 10 [28]
Sudan 1710 412 23.7 Cercarial shedding Not specified 9 [29]
Egypt 2237 91 41 Cercariae shedding December —August 2005 10 [30]
West Africa Nigeria 211 18 8.5 Cercarial shedding January-May 2019 10 [31]
Nigeria 372 4 1.1 Cercariae shedding June-December 2014 10 [32]
Nigeria 2180 12 17 Cercariae shedding August-September 2011 10 [33]
Nigeria 630 69 10.95 Cercariae shedding January 2013-December 2013 10 [34]
East Africa Ethiopia 747 11 1.5 Cercariae shedding March-May 2016 10 [35]
Tanzania 832 86 10.3 Cercariae shedding July 1996-June 1997 10 [36]
Ethiopia 412 11 2.7 Cercarial shedding February-May 2016 10 [37]
S()Auf;}il:;n Zambia 984 135 13.7 Cercariae shedding August-October 2003 10 [38]
Study or Subgroup, - Prev (95% CI) % Weight
North Africal
Ibrahim and Ahmed (2019) | 0.74 (072, 0.76) 8.1
Hussein et al. (2005)| 0.04 ( 0.03, 0.05) 12.0
Ashour et al. (2008) 021 (0.19, 0.24) 4.9
Ahmed and Ramzy (1999) Il 0.01 ( 0.00, 0.01) 26.6
El Shazly et al. (2002) 0.06 ( 0.04, 0.07) 4.9
North Africa subgroup| ~<CQ— 0.08 ( 0.00, 0.41) 56.5
Q=4463.94, p=0.00, 12=100%
West Africa
Atta El Mannan et al. (2001) 0.24 (022, 0.26) 9.2
Luka and Mbaya (2015) I 0.01 ( 0.00, 0.01) 11.7
Kele and Attah (2022 0.09 ( 0.05, 0.13) 1.1
Bagbe (2017) ® 0.01 ( 0.00, 0.02) 2.0
Abdulkadir et al. (2018) 0.11 ( 0.09, 0.14) 3.4
West Africa subgroup ’ 0.07 ( 0.00, 0.24) 27.5
Q=784.36, p=0.00, 12=99%
East Africaj
Deribew et al. (2020) ® 0.03 (0.0, 0.04) 22
Mereta et al. (2019) B 0.01 (001, 0.02) 4.0
Nkwengulila and Kigadye (2005) 0.10 ( 0.08, 0.13) 45
East Africa subgroup| <o 0.05 ( 0.00, 0.11) 10.7
Q=70.81,p=0.00,12=97%
Southern Africa
Phiri et al. (2007 0.14 (0.12, 0.16) 5.3
Overall| <@ 0.08 ( 0.00, 0.20) 100.0
Q=5395.96, p=0.00, 12=100%

0

0.4 0.6 0.8 1
Prevalence

Figure 2. The forest plot represents the prevalence estimate of Fasciola intermediate host snail Radix

natalensis extracted from studies included in the review [25-38].
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3.2.1. Infection Rates of Galba Truncatula in African Regions

A total of 5 articles from the eligible (23) focus on G. truncatula sp (Table 2). Interest-
ingly, from the articles obtained, its distribution is restricted to the North African region
(Algeria (n = 2); Egypt (n = 2); and Tunisia (n= 1)). The infection rate of the intermediate
host ranged between 3.1% and 19.2%; the lowest (3.1%) was recorded in Egypt [27] and the
highest (19.2%) was recorded in Tunisia [39].

Table 2. Infection rates of Galba truncatula with Fasciola spp. in African regions.

African Sample Positive Infection . . Quality .
Region Country Size Snails Rate (%) Method Sampling Period Score Citation
Algeria 722 75 10.7 Multiplex PCR Not specified 9 [40]
North Tunisia 1346 1218 19.2 Cercariae shedding July 2004-May 2005 10 [39]
Af(;li:a Egypt 731 71 9.7 Crushing technique March-May 2014 10 [41]
Cercariae shedding and e
Egypt 215 7 3.1 crushing Not specified 9 [27]
Algeria 1303 888 4.0 Crushing technique November 2002-May 2003 10 [42]
The pooled prevalence estimated infectivity for G. truncatula (Figure 3) was 52% (95%
CI: 0.05-0.97) with a significantly low degree of heterogeneity (I* = 100%, p = 0.00) and it
was only found in the North African region.
Study| - Prev (95% Cl) % Weight
Righi etal. (2016) M 0.10 ( 0.08, 0.13) 167
Hammami et al. (2007) B | 050 (089, 092) 312
Arafa, Hassan et al. (2018, [ ] 0.10 ( 0.08, 0.12) 16.9
El Shazly et al. (2002)] = 0.03 (0.01, 0.06) 5.0
Mekroud et al. (2004) [ | 0.68 ( 0.66, 0.71) 302
Overall| ————— | 0.52 ( 0.05, 0.97) 1000
Q=2920.88, p=0.00, 12=100%
0 0.2 0.4 0.6 0.8 1
Prevalence
Figure 3. The forest plot represents the pooled prevalence estimate of Fasciola intermediate host snail
Galba truncatula extracted from studies included in the review [27,39-42].
3.2.2. Infection Rates of Pseudosuccinea Columella in African Regions
Table 3 shows 4 articles from the 23 eligible. These articles focus on the P. columella sp.
From the articles obtained, its distribution is limited to the North African region (Egypt
(n = 3)) and the South African region (South Africa (n = 1)). The infection rate of the
intermediate host ranged between 0% and 100%; the lowest was recorded in Egypt [27]
and the highest (100%) was recorded in South Africa [15].
Table 3. Infection rates of Pseudosuccinea columella with Fasciola spp. in African regions.
African Sample ope Infection . . Quality ceps
Region Country Size Positive Rate (%) Method Sampling Period Score Citation
Southern South
Africa Africa 100 100 100 PCR November 2017-July 2018 10 [15]
Egypt 4087 81 2.0 Crushing technique March 1997-February 1999 10 [28]
North Africa Egypt 296 38 12.84 PCR Not specified 9 [43]
Egypt 45 0 0 Cercariae shedding and Not specified 9 [27]

crushing

The invasive P. columella (Figure 4) pooled prevalence estimate of infectivity was 3%
(95% CI: 0.00-1.00) and it had a moderate-to-high degree of heterogeneity (I = 100%,
p = 0.00). Interestingly the infectivity data were obtained from two regions, Southern Africa
at 100% (95%CI: 0.98-1.00) and North Africa at 2% (95% CI: 0.00-0.15).
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Study or Subgroup
Southern Africa
Malatji and Mukaratirwa (2020)

Prev (95% Cl) % Weight

- 1.00 ( 0.98, 1.00) 2.2

North Africa

Ahmed and Ramzy (1999)
Grabner et al. (2014)

El Shazly et al. (2002)

0.02 ( 0.02, 0.02) 902
0.13 ( 0.09, 0.17) 6.5
0.00 ( 0.00, 0.04) 1.0

o,
¥

North Africa subgroup
Q=58.04, p=0.00, 12=97%

!
|
Overall F—— 0.03 ( 0.00, 1.00) 100.0
Q=790.24, p=0.00, 12=100% |

0 0.2 0.4 0.6 0.8 1
Prevalence

0.02 ( 0.00, 0.15) 97.8

Figure 4. The forest plot represents the pooled prevalence estimate of Fasciola intermediate host snail
P. columella extracted from studies included in the review [15,27,28,43].

The Fasciola spp. (Figure 5) pooled prevalence estimate of infectivity was 10% (95% CI:
0.00-0.24) and it had a moderate to a high degree of heterogeneity (1= 100%, p = 0.00). The
infectivity of F. gigantica was 7% (95% CI: 0.00-0.17) and F. hepatica infectivity was 22% (95%

CI: 0.00-0.79).
Study or Subgroup; - Prev (95% Cl) % Weight
Fasciola hepatica

Ibrahim and Ahmed (2019) - 0.74 ( 0.72, 0.76) 4.7

Hussein et al. (2005)| ® 0.04 ( 0.03, 0.05) 7.0

Deribew et al. (2020] = 0.03 ( 0.01, 0.04) 1.3

Ashour et al. (2008) -+ 0.21 ( 0.19, 0.24) 29

Ahmed and Ramzy (1999) B 0.01 ( 0.00, 0.01) 15.4

Atta El Mannan et al. (2001) - 0.24 ( 0.22, 0.26) 5.3

El Shazly et al (2002)( = 0.06 ( 0.04, 0.07) 29

Luka and Mbaya (2015)] ® 0.01 ( 0.00, 0.01) 6.8

Kele and Attah (2022 - 0.09 ( 0.05, 0.13) 0.7

Bagbe (2017)| = 0.01 ( 0.00, 0.02) 1.2

Abdulkadir et al. (2018) - 0.11 ( 0.09, 0.14) 2.0

Mereta et al. (2019) = 0.01 ( 0.01, 0.02) 23

Nkwengulila and Kigadye (2005) 0.10 ( 0.08, 0.13) 2.6

Phiri et al. (2007 L 0.14 ( 0.12, 0.16) 3.1

Malatji and Mukaratirwa. (2020)4 - 1.00 ( 0.98, 1.00) 0.3

Ahmed and Ramzy.(1999) W 0.02 ( 0.02, 0.02) 12.8

Grabner et al.. (2014) H- 0.13 ( 0.09, 0.17) 0.9

El Shazly et al.(2002)[ = 0.00 ( 0.00, 0.04) 0.1

Fasciola hepatica subgroup| <o 0.07 ( 0.00, 0.17) 723

Q=6314.31,p=0.00,12=100%

Fasciola gigantica

Righi et al. (2016) - 0.10 ( 0.08, 0.13) 2.3

Hammami et al. (2007) - 0.90 ( 0.89, 0.92) 4.2

Arafa et al. (2018), L 3 0.10 ( 0.08, 0.12) 2.3

El Shazly et al.. (2002)] = 0.03 ( 0.01, 0.06) 0.7
Mekroud et al. (2004), - 0.68 ( 0.66, 0.71) 4.1

Malatji and Mukaratirwa (2020 - 1.00 ( 098, 1.00) 0.3
Ahmed and Ramzy.. (1999) W 0.02 ( 0.02, 0.02) 12.8
Grabner et al. (2014 - 0.13 ( 0.09, 0.17) 0.9

El Shazly et al.. (2002)a| = 0.00 ( 0.00, 0.04) 0.1
Fasciola gigantica subgroup ——— 0.22 ( 0.00, 0.79) 27.7

Q=7073.60, p=0.00, 12=100%

Overall 0.10 ( 0.00, 0.24) 100.0
Q=14690.43, p=0.00, 12=100%)

0 0.2 0.4 0.6 0.8 1
Prevalence

Figure 5. Forest plot represents the pooled prevalence estimate of Fasciola gigantica and Fasciola
hepatica extracted from the studies included in the review [15,25-44].
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The Doi plot showed a significant publication bias, as indicated by the LFK index of
2.78, which indicates a significant asymmetry (Figure 6).

LFKindex: 2.78 (Major asymmetry)

. 'd,-'d OCQ)Q)

1.5

|Z-score|

o,
e,
e,
.....
O

2.5

e,
e,
®e,
e,
o,
o,
.,
.,
.,
®e,
®e,
e,
e,
.,

3.5

0.724 1.447 2.171 2.894
Double Arcsin Prevalence

Figure 6. Luis Furuya-Kanamori (LFK) index of the Doi plot presents the publication bias.

4. Discussion

The systematic review and meta-analysis were carried out to determine the infection
rate of Fasciola intermediate host snails (P. columella, R. natalensis, and G. truncatula) and
their distribution in African regions. The distribution of the intermediate host snails and
the rate of their infections are indicators of disease hotspots and are hence important to
know from a disease control perspective. The findings of this review suggest that naturally
infected intermediate host snails (P. columella, R. natalensis, and G. truncatula) are found in
various regions of Africa; however, no studies on the infection rates of Fasciola intermediate
host snails were identified from the Central African region. This may be attributed to
conflict in Central African countries which limits research activities; hence, it is not easy to
determine infection rates of Fasciola intermediate host snails in that region [45].

The native intermediate host snails’ (R. natalensis and G. truncatula) infectivity preva-
lence has been studied more than that of invasive P. columella. Radix natalensis accounts for
60.9% of the studies included in the review which were from various African regions. The
Southern Africa region had the highest Fasciola infection prevalence but consisted of one
study [38], followed by the North Africa region which consisted of studies mainly from
Egypt [25-28,30]. The results of this review showed that Egypt had the highest Fasciola
infection prevalence in Africa. These findings are in agreement with Nyindo and Lukam-
bagire [19], who stated that, to date, fascioliasis has been identified in many countries
and Egypt has the highest prevalence. Radix natalensis had a low overall Fasciola infection
rate of 8%. There was a wide distribution of R. natalensis (North Africa, East Africa, West
Africa, and Southern Africa) compared to the other intermediate host snails in this study.
Most countries in these regions practice livestock farming and the migration of livestock
contributes to the distribution of Fasciola spp. The wide distribution of R. natalensis was
also noted by Malatjli et al. [44], where lymnaeide snail species appeared in 10 of the
12 countries in the East and Southern Africa regions. The results of this review aligned
with Moema and Barker [12] who suggested that the primary snail host for F. hepatica or
F. gigantica, common in Africa, is the R. natalensis snail. The study by Wamae et al. [46]
further stated that the most prevalent liver fluke in sub-Saharan Africa is F. gigantica, which
thrives in warmer climates probably as a result of the vast distribution of its intermediate
host R. natalensis.

Galba truncatula accounts for 22% (from three countries) of the studies included in the
review and it was only found in the North African region with the highest overall infection
rate of 52%. Countries in the North African region usually have hot climatic conditions
with little rainfall. The study from Tunisia had a significantly high Fasciola prevalence
rate compared to studies from Algeria and Egypt [11,27,39,40,42]. Galba truncatula is an
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amphibious organism and can survive long dry periods, hence the high percentage of
Fasciola infection [47]. Temperature is one of the environmental conditions that can affect
the host—parasite interaction by compromising immunological processes, thereby lowering
host resistance to infections [48].

The results of this review show that there is an overlap of distribution between
R. natalensis and G. truncatula in Africa. According to Malatji et al. [45], overlaps can be
local, as in the Nile Delta in Egypt, where the climate is favorable for the coexistence of
Galba and Radix species throughout the year, or zonal, as in highland areas where the cold-
mild weather favors F. hepatica and G. truncatula and the lowlands provide the warm-hot
climate for Radix spp. and the F. gigantica system. This latter type of overlap has been
described [47].

The invasive P. columella accounts for 17% of the studies included in the review which
yielded an overall infection rate of 3%. The prevalence of Fasciola infectivity in P. columella
may be affected by biological factors such as predators and competitors because it is
still adapting in the African regions. Predators prey on freshwater snails and consume
trematode larvae, miracidia. Consequently, the prevalence of freshwater snail infection with
trematodes may be reduced. The distribution and infectivity of these Fasciola intermediate
host snails may be further complicated by climate change. Hence, there is need for more
studies on the impact of climate change on their presence, abundance, co-habitation,
and infectivity.

In Africa, the infection rate of Fasciola spp. in the definitive hosts is significantly much
more studied than in the intermediate host snails. It is important to note that the infection
rate of ruminants can be significantly higher than that of intermediate hosts. One of the
reasons is that it is easier to deal with livestock than to deal with snails whose abundance
and distribution are not easy to estimate. Livestock are of more economic importance than
intermediate hosts. There were reports about fascioliasis in ruminants from Chad, Egypt,
Ethiopia, Kenya, Nigeria, Sudan, Tanzania, Tunisia, Zambia, and Zimbabwe. The highest
number of reports were recorded in Kenya and Ethiopia. According to Jones et al. [49],
the majority of infections are caused by bovine fascioliasis, which is widely distributed
throughout the world and accounts for 29% of zoonoses. The infection rate of Fasciola spp.
in the intermediate host snails may give an indication of the presence and burden of the
disease in the community, i.e., livestock and humans. El Shazly et al. [27] examined all three
intermediate host snails which were co-existing in Egypt. Radix natalensis, G. truncatula,
and P. columella had infection rates of 5.5%, 3.1%, and 0%, respectively. The results from
this review (Figure 5) suggested that F. hepatica has the highest infection prevalence at 22%
compared to F. gigantica at 7%; however, the overall pooled prevalence was low. These
findings were in line with the results (Figures 2—4) obtained from the Fasciola infection
prevalence of intermediate host snails of these Fasciola spp. In this study. Generally, the
prevalence was fairly low. According to Bowden [50], a hospital in Egypt received patients
with fever of unknown origin, and 4% of them tested positive for F. hepatica. Previously
endemic in isolated foci along the Nile River in Egypt, the F. hepatica-caused disease is now
widespread throughout the Nile valley. According to an earlier study by Esteban et al. [51]
that looked at parasite causes of pediatric hepatomegaly, about 8.7% of the patients under
investigation had fascioliasis in the villages in the Nile Delta of Egypt. This is an indication
of the consequences of the transmission of Fasciola.

The main limitation of this review is that the cercarial shedding method was used in
70% (16/23) of the studies included in the review to determine Fasciola infections. Due
to its accessibility and affordability, this is a frequent diagnostic technique for identifying
infections, and the cercarial shedding technique is time- and labor-intensive; it is known to
significantly underestimate the true prevalence of infection in the intermediate host snail.
The low pooled prevalence in this meta-analysis may therefore be partially attributable to
the infection detection method [52]. A significant number of reviews in Africa focus on the
infection rate of Fasciola in definitive hosts [53-56], and according to our knowledge, there
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has not been a review focusing on the infection rate of intermediate host snails in all the
regions of Africa; hence, the need of this review is significant.

5. Conclusions

In conclusion, this review has revealed that naturally infected Lymnaeide interme-
diate host snails are distributed in the various African regions and the Fasciola infection
prevalence varies in the different regions depending on the IH and Fasciola spp. Overall,
the low number of studies retrieved shows that the role of intermediate host snails in the
transmission of Fasciola spp. is still neglected in Africa. This calls for more studies on the
comparative analysis of the environmental and climatic factors related to the presence,
abundance, co-habitation, and infection rates of these Fasciola intermediate host snails and
to elucidate the potential impacts of climate change on the transmission dynamics of this
disease in Africa. Our findings also emphasize the need for more malacology surveys
using enhanced infectivity diagnostic methods throughout the various African regions to
improve the diagnosis of infection and integrated snail control strategies to prevent the
spread of fascioliasis.
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