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Abstract

Background

Schistosomiasis is a parasitic disease caused by trematode worms of the genus Schisto-

soma and belongs to the neglected tropical diseases. The disease has been reported in 78

countries, with around 290.8 million people in need of treatment in 2018. Schistosomiasis is

predominantly considered a rural disease with a subsequent focus of research and control

activities in rural settings. Over the past decades, occurrence and even expansion of schis-

tosomiasis foci in peri-urban and urban settings have increasingly been observed. Rural–

urban migration in low- and middle-income countries and subsequent rapid and unplanned

urbanization are thought to explain these observations. Fifty-five percent (55%) of the world

population is already estimated to live in urban areas, with a projected increase to 68% by

2050. In light of rapid urbanization and the efforts to control morbidity and ultimately achieve

elimination of schistosomiasis, it is important to deepen our understanding of the occur-

rence, prevalence, and transmission of schistosomiasis in urban and peri-urban settings. A

systematic literature review looking at urban and peri-urban schistosomiasis was therefore

carried out as a first step to address the research and mapping gap.

Methodology

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines, a systematic computer-aided literature review was carried out using

PubMed, ScienceDirect, and the World Health Organization Database in November 2019,

which was updated in March 2020. Only papers for which at least the abstract was available

in English were used. Relevant publications were screened, duplicates were removed,
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guidelines for eligibility were applied, and eligible studies were reviewed. Studies looking at

human Schistosoma infections, prevalence, and intensity of infection in urban and peri-

urban settings were included as well as those focusing on the intermediate host snails.

Principal findings

A total of 248 publications met the inclusion criteria. The selected studies confirm that schis-

tosomiasis is prevalent in peri-urban and urban areas in the countries assessed. Earlier

studies report higher prevalence levels in urban settings compared to data extracted from

more recent publications, yet the challenge of migration, rapid uncontrolled urbanization,

and resulting poor living conditions highlight the potential for continuous or even newly

established transmission to take place.

Conclusions

The review indicates that schistosomiasis has long existed in urban and peri-urban areas

and remains a public health problem. There is, however, a challenge of comparability of set-

tings due to the lack of a clear definition of what constitutes urban and peri-urban. There is a

pressing need for improved monitoring of schistosomiasis in urban communities and consid-

eration of treatment strategies.

Author summary

Schistosomiasis is an infectious parasitic disease and one of the 20 diseases considered by

the World Health Organization as a neglected tropical disease. It is typically associated

with poor environmental and sanitary conditions, primarily affecting rural communities.

However, with the currently observed rapid urbanization and predicted two-thirds of the

world population living in urban areas by 2050, concerns are raised about a spread of

schistosomiasis to urban and peri-urban areas. At the same time, there seems to be little

knowledge of the extent of schistososomiasis in urban areas. In light of the efforts to con-

trol morbidity and ultimately achieve elimination of schistosomiasis as well as reaching

Sustainable Development Goals 3 “achieve health for all” and 11 “make human settle-

ments inclusive, safe, resilient, and sustainable,” this systematic literature review was con-

ducted to address the existing research and mapping gaps and to contribute to the

understanding of the burden of schistosomiasis in areas that have not, as yet, been the

focus of control efforts and mass drug administration programs. The review suggests that

rapid and unorganized urbanization and resulting poor living conditions in urban and

peri-urban areas may lead to new disease foci and thereby increase the overall disease bur-

den. Research and policy implications are discussed.

Introduction

Schistosomiasis is a parasitic disease caused by trematode worms of the genus Schistosoma,

from which the disease derives its name. Schistosomiasis is one of the 20 diseases considered

by the World Health Organization (WHO) as neglected tropical diseases (NTDs). The disease

has been reported in 78 countries, 52 of which have moderate to high transmission requiring

large-scale intervention through preventive chemotherapy [1]. Praziquantel is the
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recommended drug for treatment and WHO estimated that around 290.8 million people were

in need of treatment in 2018 [1].

The infective larvae (cercariae) develop within freshwater snails and when released pene-

trate the skin of a human/mammalian body in contact with the water. The adult worms reside

within blood vessels of the human host, and eggs are expelled in urine (S. haematobium) or

feces (S. mansoni, S. japonicum, S. mekongi, S. intercalatum, and S. guineensis). In both rural

and urban areas with poor sanitation, this may result in eggs reaching open freshwater bodies,

including man-made sources such as irrigation canals and dams, facilitating infection of snails

and the continuation of the life cycle [2].

There are two forms of the disease: (i) intestinal schistosomiasis, which results in abdominal

pain, diarrhea, blood in the stool, and in advanced stages also leads to the enlargement of liver

and spleen, liver fibrosis, portal hypertension, and accumulation of fluid in the peritoneal cav-

ity; and (ii) urogenital schistosomiasis, which results in blood in urine, pain during micturi-

tion, and in advanced stages also leads to fibrosis of bladder and ureter, as well as kidney

damage and bladder cancer [2]. Genital forms can manifest in pain of the testicle and blood in

the sperm in men [3]. In women, eggs deposited in the tissues of the cervix and lower female

genital tract lead to intravaginal lesions resulting in genital itching, pain, bleeding as well as

dyspareunia. Moreover, eggs which deposited in the uterus and fallopian tubes can lead to

infertility. In particular, female genital schistosomiasis is known to be an important HIV/

AIDS cofactor in co-endemic areas [4].

Prevalence and transmission of the different types of schistosomiasis are typically associated

with poor environmental and sanitary conditions, thus usually affecting people living in unfa-

vorable socioeconomic conditions [5,6]. Due to environmental degradation and climate

change, leading to warmer, tropical temperatures, and shifting rainfall patterns, there may be a

change and even increase in the geographic and periodic distribution of Schistosoma spp.

infections [5,7]. Hotez [8] draws attention to “new global hot zones for emerging and parasitic

diseases” due to combined forces of climate change, urbanization, and poverty, possibly

explaining why we are already seeing emergences of NTDs in wealthy G20 countries, for exam-

ple, urogenital schistosomiasis in Corsica, France [8,9].

Schistosomiasis is predominantly considered a rural disease, associated with places where

people are reliant on natural freshwater bodies for everyday activities, with a subsequent focus

of research and control activities in rural settings. Yet, over the past decades, occurrence and

even expansion of schistosomiasis foci in peri-urban and urban settings have increasingly been

observed [9–12]. Rural–urban migration in low- and middle-income countries (LMICs) and

subsequent rapid and unplanned urbanization are thought to explain these observations [13].

Fifty-five percent (55%) of the world population is already estimated to live in urban areas,

with a projected increase to 68% by 2050 [14]. Moreover, 90% of this increase in urban popula-

tions is projected to take place in Africa and Asia [14], including countries affected most by

schistosomiasis. Such rapid urbanization is known to lead to informal settlements with low-

quality housing, poor sanitation, and waste management as well as limited availability of, and

access to, formal health services with subsequent health risks and social inequities [15,16]. The

risk of transmission of infectious diseases, including schistosomiasis, is thereby amplified.

It is important to note that estimations of the rate of urbanization and the number of people

living in urban areas vary since there is no universal definition of “urban” and “peri-urban”

[17]. According to the Food and Agricultural Organization (FAO) of the United Nations,

“because of national differences in the characteristics that distinguish urban from rural areas,

the distinction between urban and rural population is not amenable to a single definition that

would be applicable to all countries. Rural areas are usually defined as ‘what is not urban’ (UN,
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1998, 2004), and so inconsistencies in the definition of what is urban lead to inconsistencies in

characterizing what is rural” [18].

In light of rapid urbanization and the efforts to control morbidity and ultimately achieve

elimination of schistosomiasis, it is important to have a sound understanding of the occur-

rence, prevalence, and transmission of the disease in urban and peri-urban settings. However,

according to unpublished country experiences [19] and national programs, there is uncer-

tainty as to whether peri-urban and urban areas are included in schistosomiasis mapping activ-

ities and national control and elimination efforts. Therefore, as countries intensify control and

elimination interventions, it is necessary to identify research and mapping gaps and ensure

accurate estimates of schistosomiasis prevalence in countries in order to develop protocols for

control and elimination interventions in urban and peri-urban settings. As a first step to

address the research and mapping gap, a systematic literature review was conducted.

Methods

Protocol and registration

A review protocol was written and registered with PROSPERO (https://www.crd.york.ac.uk/

prospero/display_record.php?ID=CRD42020164873 or registration number:

CRD42020164873).

Definition of urban and peri-urban

As there are no clear definitions for urban and peri-urban areas, schistosomiasis research stud-

ies referring to urban and peri-urban settings, towns, and cities were therefore included with-

out further inquiry. In the context of Chinese publications, insight from Chinese colleagues

was sought to better understand the administrative levels. When neither abstracts nor further

research into the study area provided clarity as to the nature of the setting, the paper was not

included in the review.

Eligibility criteria

All studies looking at human Schistosoma infections, prevalence, and intensity of infection in

urban and peri-urban settings were included. Similarly, studies focusing on intermediate host

snails for human schistosomiasis in urban and peri-urban areas were included. There were no

restrictions as to geography or age or sex of the people assessed. The search excluded studies

that looked at nonhuman infection with Schistosoma other than snails. Furthermore, publica-

tions looking at urban residents becoming infected as tourists in rural areas were not included

when they did not also assess prevalence levels in specific urban or peri-urban areas more gen-

erally [20].

Information sources and search

A systematic computer-aided literature review was carried out using PubMed, ScienceDirect,

and WHO Database. The search was conducted in November 2019 and updated again in

March 2020. The following search terms were utilized: “urban schistosomiasis,” “urban AND

schistosomiasis,” urban AND schisto�[title], urban[title] AND schisto�[title], urban AND

schisto�[title/abstract], urban[keyword] AND schisto�[keyword]. The above search terms

were also employed, using peri-urban, town, towns, city, and cities, instead of urban.

No further selection was made according to study design or countries of study. The metho-

dologic quality of the individual studies was not assessed. No differentiation was made between

the different forms of schistosomiasis. In order to obtain an understanding as clear as possible
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of the research carried out into urban schistosomiasis, all available records were considered for

eligibility for the review, with data from 1953 through to March 2020 included. The cutoff

point was March 25, 2020.

Study selection

The study selection process is outlined in Fig 1. Only studies for which either the full paper or

the abstract were available were considered in the analysis. Studies written in a language other

than English were included, provided the abstract was in English, meaning that only data

extracted from the English abstract were included and no data were extracted from any non-

English text. The quality of the underlying data of the publications was not assessed. Moreover,

studies for which there was no information about a proceeding peer-review process were also

included. As mentioned, the quality of the data was not assessed, but an extensive inclusion of

studies was aimed for.

Data items

Data on prevalence and intensity of infection in humans were of importance for the review, as

well as malacologic data, i.e., prevalence and density of both infected and noninfected interme-

diate host snails. Furthermore, information on location, demographics as well as the year of

data collection were recorded where available. Most studies were cross-sectional. Where possi-

ble, data shared in the papers on infection over time were extracted and reported on in the

review in order to establish an understanding of how urban schistosomiasis has changed in

that particular setting over time. Furthermore, information on factors identified or assumed to

be of relevance for driving transmission of Schistosoma infections in urban and peri-urban set-

tings was recorded. Details can be found in S1 Table.

Risk of bias in individual studies and risk of bias across studies

In this review of available studies on urban schistosomiasis, the methodological quality of the

individual studies was not assessed. This may have increased the risk that biased papers were

included. However, since the purpose of the review was to determine whether there is evidence

of urban schistosomiasis, having a greater number of studies included in the review was con-

sidered beneficial. The next step, if there is evidence suggestive of urban schistosomiasis, is to

conduct high-quality prevalence surveys to have more accurate prevalence estimates. The

Fig 1. Selection criteria and process used in this review.

https://doi.org/10.1371/journal.pntd.0008995.g001

PLOS NEGLECTED TROPICAL DISEASES Schistosomiasis in urban and peri-urban settings

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008995 February 25, 2021 5 / 19

https://doi.org/10.1371/journal.pntd.0008995.g001
https://doi.org/10.1371/journal.pntd.0008995


main criterion was whether the studies took place in urban and/or peri-urban settings. Since

only publications available in English or with an English abstract were included, the review has

a bias toward publications in this language.

Synthesis of results

Recurring themes were summarized via a combination of thematic synthesis and textual narra-

tive synthesis, meaning that descriptive themes were generated following the analysis of the

papers, such as “migration,” “sanitary infrastructure,” and “awareness.” Findings are organized

according to the themes identified, based on word analysis, not quantitative analysis of num-

bers presented in the papers. Numeric data are then presented within the themes. Exceptions

and outliers were equally addressed in order to fully capture the findings of urban schistosomi-

asis so far.

Results

The selection process and results obtained are shown in Figs 1 and 2 and Table 1.

As shown in Table 1, publications on urban schistosomiasis date back to the 1950s. With

increasing urbanization, the number of publications on urban schistosomiasis published per

year also increased. Table 1 also shows that the majority of publications on urban schistosomi-

asis came from Brazil (n = 76) and Ethiopia (n = 27), followed by China (n = 21) and Nigeria

(n = 21).

The majority of the studies set out to study urban schistosomiasis either in comparison to

rural schistosomiasis, to assess changes over time, or to specifically assess prevalence and

intensity levels in certain areas and among certain population groups at that point in time [21–

24]. Many studies also included questionnaires in order to better understand the socioeco-

nomic circumstances of the study participants, as well as to learn more about their habits

regarding their water-related recreational activities, source and use of water, as well as access

to sanitary facilities [25–27].

The selected studies confirm that schistosomiasis is or was prevalent in peri-urban and

urban areas in the countries assessed. Point prevalence estimates ranged from low (below 1%

Fig 2. Number of studies looking at humans only, snails only, or both.

https://doi.org/10.1371/journal.pntd.0008995.g002
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Table 1. Year, country, and number of published papers reporting on urban schistosomiasis included in our review, stratified by geographic region.

Year Africa Asia Latin and Central America Middle East and

North Africa

Other

1953–1978
Libya 1 Japan 1 Brazil 2 Egypt 1 USA 2

Madagascar 1 Philippines 2

Mauritania 1

Mauritius 1

Nigeria 1

Zambia 1

1979–1988
Cameroon 3 Brazil 3 N/A 1

Central African Republic 1 Dominican Republic 2

Ethiopia 1

Liberia 1

Republic of the Congo 1

Tanzania 2

Zimbabwe 1

1989–1998
Botswana 1 China 1 Brazil 24 Egypt 2 N/A 1

Burundi 2 Dominican Republic 1 Yemen 1

Cameroon 1 Venezuela 1

Côte d’Ivoire 1

Equatorial Guinea 2

Ethiopia 8

Kenya 1

Libya 1

Mali 1

Niger 1

Nigeria 5

Republic of Sao Tome and Principe 2

Senegal 4

Tanzania 2

Uganda 2

Zambia 2

Zanzibar 1

Zimbabwe 1

1999–2008
Burkina Faso Cambodia 1 Brazil 19 Egypt 2

Cameroon 3 China 1 Yemen

Côte d’Ivoire 2

Ethiopia 1

Madagascar 1

Mali 1

Niger 3

Nigeria 8

Tanzania 1

Zimbabwe 4

2009–2018

(Continued)
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in Tanga, Tanzania [13]; 1.9% in Korhogo, Côte d’Ivoire, 2015 [28]; 8.4% in Jimma Town,

Ethiopia [29]) to moderate (17.4% in Ibadan, Nigeria [30]; 20.7%, Lusaka, Zambia, 2007 [31];

24.9%, State of Alagoas, Brazil [32]) to high (61.5%, Adwa, Ethiopia [33]; 60.9%, Abeokuta,

Nigeria in 1987 [34]]). Years of data collection have been provided when specifically indicated

in the papers.

Urban schistosomiasis—general findings

Overall, certain factors were found to be significantly associated with a lower or higher risk of

infection in urban areas: Distance from the individuals home to a freshwater access point in

which disease-relevant mollusc species were present [5], abstaining from or swimming in open

freshwater bodies [28,35–37], as well as the profession of the parents, and socioeconomic status

[38–40].

Similarly to findings from rural areas, across the studies reviewed, boys in urban areas as

well as age cohorts between 8 and 15 years old were more likely to be infected and to exhibit

more intense infections than girls or other age groups [5,28,30,38,41].

Urban schistosomiasis over time

Looking at prevalence and intensity levels of schistosomiasis in one place over time can further

help to deepen the understanding of whether and how numbers have been changing in urban

areas over time and where appropriate data are collected develop an understanding of the fac-

tors that contributed to that change. Silva and colleagues, for example, compared prevalence

levels of S. mansoni infection in the São Bartolomeu in Salvador, Brazil, in 2011 and 2015, by

Table 1. (Continued)

Year Africa Asia Latin and Central America Middle East and

North Africa

Other

Angola 1 China 16 Brazil 24 Egypt 2

Benin 1 Yemen 1

Côte d’Ivoire 4

Democratic Republic of the Congo 1

Ethiopia 15

Ghana 2

Kenya 4

Mali 2

Malawi 1

Mauretania 1

Mozambique 1

Nigeria 7

Sudan 2

Tanzania 3

Uganda 2

Zambia 1

Zanzibar 1

2019–2020
Ethiopia 3 China 2 Brazil 2

Ghana 1 Philippines 1

Uganda 1

A table of all papers included in this review is provided in S1 Table.

https://doi.org/10.1371/journal.pntd.0008995.t001
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comparing a cohort that was enrolled in a schistosomiasis treatment program in 2011 to one

that was not. In 2011, the overall prevalence of infection was above 20%, and by 2015, it had

decreased to 6% (p<0.01; effect size 0.20; 95% CI 0.15 to 0.27). In addition, they observed

improvements in sanitary facilities (defined as number of households having a connection to

septic tank or sewer, otherwise toilet flushes to rivers or streams) and the frequency of house-

hold flooding in that neighborhood over time. The authors concluded that while treatment

with praziquantel may have helped in the decline in prevalence, the biggest impact was attrib-

utable to the structural and sanitary changes in the community [42]. Similarly, in order to

understand whether and how urban schistosomiasis had changed over time, a comparative

cross-sectional study was carried out in the urban area of Alhandra, Brazil, comparing preva-

lence levels in 2010 to those found in 1979 [43]. Prevalence of infection was at 10% in 2010,

compared to 47% in 1979. Furthermore, in 2010, 1% of the collected Biomphalaria glabrata
intermediate host snail specimens produced cercariae, compared to 6% in 1979 (no informa-

tion provided with regard to the statistical significance). The authors attributed these improve-

ments to the mass treatment program among the population that had taken place between

1977 and 1979 and successive treatments of positive cases between 1982 and 2010, as well as

sanitary improvements.

With many publications, however, it is not clear whether the prevalence levels reported and

referred to are comparable. For example, a study carried out both in Dar es Salaam and Tanga

in Tanzania compared the status of urogenital schistosomiasis among primary school children

after a decade of anthelmintic treatment and found a low burden in both cities: 1.2% in Dar es

Salaam and 0.3% in Tanga [13]. Previous studies had found prevalence levels in Dar es Salaam

of 5% to 55% [41], 68% [44], and 48% [45] and in Tanga of 16% to 32% [46]. In addition to

available treatment programs that had taken place to varying degrees in both cities between

2001 and 2009 (Dar es Salaam) and 2010 (Tanga), fewer snail habitats as a result of environ-

mental change as well as improved levels of hygiene were considered to have contributed to

the decrease. Another study carried out in Dar es Salaam, in comparison, looked at preschool-

age children and found a Schistosoma spp. infection prevalence of 16% [47]. Different method-

ologies and diagnostics used are likely to explain some of the differences. Said and colleagues

[47], for example, employed point-of-care circulating cathodic antigen (POC-CCA), urine fil-

tration, Kato-Katz, FLOTAC, and Baermann tests to detect helminth infections in urine and

stool, while Mwakitalu and colleagues [13] assessed for eggs in urine and stool using urine fil-

tration and Kato-Katz techniques only.

Overall, when looking at prevalence in studies conducted in the same place at different time

points, prevalence tend to also indicate a decline, while still persisting [34,48–50], but it is diffi-

cult to draw direct comparisons.

Explanation for schistosomiasis prevalence in urban areas

There were a number of recurring themes used to explain the prevalence of Schistosoma infec-

tion and risk for further establishment of disease foci in urban and peri-urban areas. These

were mainly migration to urban areas and consequent unorganized urbanization and environ-

mental degradation, a lack of safe water, sanitation, and hygiene (WASH) facilities as well as

the absence of awareness for the disease among the urban communities [51,52].

Urbanization and lack of sanitary infrastructure. While urbanization per se was not

highlighted as influencing prevalence of urban schistosomiasis, proximity of water sources,

lack of adequate sanitary waste disposal, and living in poor shantytowns were recurring themes

[16,39,53]. A study in Uganda, for example, assessed the relationship between exposure to

wastewater and fecal sludge and schistosome infection using demographic and socioeconomic
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data as well as stool samples analyses using the Kato-Katz technique. Urban farmers exhibited

the highest point prevalence (23% for S. mansoni), compared to slum dwellers and workers

collecting fecal sludge or maintaining drainage channels (5% or above; difference x2, p<0.001)

[54]. A lack of sanitary infrastructure and clean water supports fecal contamination of natural

aquatic environments in new urban areas. Intermediate host snails can thereby become

infected, leading to new sources of transmission. In line with these findings, Gomes and col-

leagues [7] highlighted a direct relationship between the contamination of the environment

with human waste and foci of active Schistosoma transmission.

Migration. The movement of people with active schistosome infections into urban areas

creates possibilities for rapid introduction of transmission of the disease in places where the

intermediate snail hosts exist [55–57]. A literature review by Kloos and colleagues [11] suggests

the need for research into different types of migration patterns, in order to fully understand,

forecast, and assess the risk of future spread of schistosomiasis. In addition to rural–urban

migration, the authors mention the relevance of urban–urban, urban–rural movement as well

as movements of environmental refugees and tourists as a result of social-economic dynamics

for the spread of schistosomiasis. Feeding into this review, Kloos and colleagues [39] found

labor migration patterns from, and periodic returns to, rural areas to be associated with Schis-
tosoma infections. Other studies, however, did not show such clear relationships between

migration and presence of infection [50,58].

Presence of snails and environmental changes. A range of studies carried out malacolo-

gic surveys, including parasitologic analysis of the molluscs. In particular, studies conducted in

Brazil paid attention to the intermediate host snail species [59]. The high abundance of cer-

caria-shedding snails as well as irrigation activities in peri-urban and urban areas suggested

the need for focal snail control in prospective control interventions that accompany treatment

programs [60,61].

Moreover, one study assessed the influence of rainfall seasonality on prevalence of infection

among school-age children in a town in southern Mauritania. It was observed that dry season,

meaning the months during which there is a lack of precipitation, appeared to increase the risk

for S. haematobium infection [62]. Such findings suggest that environmental and climate

changes that change rainfall patterns and temperature may influence the prevalence of schisto-

somiasis and thus the risk for the health of residents as well as that this influence may be differ-

ent for urban and rural areas [63].

In particular, malacologic surveys appeared essential in understanding the prevalence of

disease-relevant snail species, their infection levels, and changes in their distribution, with

many of these studies having been carried out in Brazil [7,64]. The authors mentioned, for

example, the disturbance and degradation of natural areas neighboring residential zones as

responsible for the proliferation of molluscs. The situation was worsened by subsequent con-

tamination with human waste, as described above [16]. Studying rainfall patterns and abun-

dance of B. glabrata, Oliveira and colleagues concluded that climate change and changes in

frequency and intensity of rainfall likely interfered with the focus of urban schistosomiasis in

the Aracaju metropolitan area, Brazil [65]. Similarly, researchers from China [66] assessed the

effectiveness of habitat modification with regard to snail control. Between 2003 and 2011, they

observed an average decline in snail density of 99.83% and a schistosome infection rate of

0.31% resulting from smoothing beaches, or lowering some and raising other parts of beaches

as well as cultivation in the area.

Disease awareness. Limited research has been carried out into availability of health edu-

cation among urban residents and levels of knowledge, awareness, and perceptions (KAP) of

schistosomiasis in urban settings. Two studies looked at levels of awareness, including attitudes

and health seeking behaviors, of urban communities around Lake Victoria compared to rural
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communities, as well as the feasibility of carrying out health education via community health

workers [67,68]. Despite disease prevalence levels of 36%, there was little awareness for the dis-

ease. In one urban area in Brazil, it was found that illiterate individuals (30.1%) were at greater

risk for periportal fibrosis. Both an education level of up to 11 years as well as specific prior

treatment against schistosomiasis, suggesting an awareness for the disease, in turn, were found

to be preventive factors for severe periportal fibrosis [69].

Discussion

Schistosomiasis has been documented in urban and peri-urban areas across the world, with

publications from Central and Latin America, sub-Saharan Africa, and Asia. Published studies

date back to the 1950s; however, it seems that with an increasing rate of urbanization, an

increasing number of publications report on this particular issue. Whether the proportion of

studies on urban schistosomiasis to total studies reporting on schistosomiasis has changed was

not analyzed.

Overall, when looking at prevalence in studies conducted in the same place at different time

points, prevalence tend to indicate a decline, while still persisting [34,48–50], but it is difficult

to point to a clear direction with regard to schistosomiasis infections for particular settings

let alone for regions more generally. This is because (i) very few longitudinal studies were iden-

tified in the review; and (ii) the majority of publications looking at schistosomiasis prevalence

over time refer to prevalence levels indicated in earlier publications or reports without neces-

sarily commenting on the comparability of methodologies employed and thus on the compa-

rability of results. Furthermore, the review suggests patchy availability of both up-to-date

prevalence levels in individual countries and major urban and peri-urban areas in most or all

endemic countries.

The review points to a number of recurring themes associated with schistosomiasis in

urban and peri-urban areas. Studies continuously report on gender, i.e., being male, the age

cohort 8–15 years, poor living conditions as well as the proximity to freshwater water bodies

with intermediate host snails to all be associated with a higher risk of infection and more

intense infections. Proximity to water includes housing, distance of respective schools to water

bodies, as well as the profession (e.g., vehicle washers and sand harvesters) of individuals and

the associated necessary water contact. Improvements in sanitary facilities, more built-up liv-

ing conditions, active changes to landscapes (meaning fewer natural environments for snails

to inhabit and continue the parasite’s life cycle), as well as regular treatments, were all men-

tioned as explanations for reductions in prevalence and intensity of infection. It was also

reported, however, that despite schistosomiasis being prevalent in urban and peri-urban areas,

there was little awareness and knowledge of the disease and its transmission dynamics among

affected populations, in particular compared to that found in rural communities.

Interestingly, despite the overall trend of reduced prevalence levels in urban areas, authors

continuously raised the challenge of migration, rapid uncontrolled urbanization (i.e., nonregu-

lated growth of urban and peri-urban areas), as well as peri-urban gardens used for local food

supply needs, to add to or exacerbate poor living conditions and to thereby increase the poten-

tial for continuous or even newly established transmission to take place. The importance of

continued treatments, sanitary improvements, and education was therefore emphasized

throughout in order to maintain the overall positive developments.

Research and policy implications

Research implications. Five central research implications were identified: (i) the need for

an operational definition of “urban” relevant to schistosomiasis; (ii) categorizing the urban
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and peri-urban environment with respect to transmission potential and risk of exposure; (iii)

the need for a heightened awareness on the focality of infection, particularly relevant in urban

settings; (iv) the need to assess where improved WASH and behavior change in the absence of

mass drug administration (MDA) have led to a reduction in prevalence; and (v) the relation-

ship between changes to the environment, the proliferation of molluscs, and the subsequent

risk of transmission.

The lack of a definition of what constitutes a peri-urban and urban area makes comparabil-

ity of research activities and findings difficult. While it may not be possible to come up with a

universal definition, as outlined in the introduction, a description in published papers of the

area studied could help to contextualize the findings and increase comparability of publica-

tions and can help to establish a definition relevant to schistosomiasis research. Furthermore,

the definition and context of urban and peri-urban areas will have changed over time, which

can make comparisons over time and in different settings more difficult.

While some studies mentioned and even discussed explanations for the prevalence of schis-

tosomiasis in urban areas and how new urban schistosomiasis foci may become established,

there were no publications that had studied these factors together with changes in prevalence

rates over time in order to establish a clear correlation or causational effect. Studies do, how-

ever, indicate great variation in the risk for, and prevalence of, schistosomiasis across urban

and peri-urban settings. Categorizing the urban and peri-urban environment according to

infection already being prevalent as well as areas with a potential for transmission and the

respective reasons can provide helpful information on the focality of infection, which, in turn,

can feed into the development of setting-specific elimination strategies. This requires more

systematic mapping of Schistosoma spp. prevalence and intensity among urban populations

over time.

This is directly linked to the need to better understand the relationship between environ-

mental changes due to urbanization, natural degradation as well as climate change, improved

levels of hygiene, and both the occurrence of the intermediate snail hosts as well as their infec-

tion levels. Operational research looking into which environment changing factors and activi-

ties increase and which decrease the distribution of molluscs and subsequently the risk of

infection can help to identify preventative measures that can feed into urban planning.

Together with a better understanding of how nonregulated establishments of peri-urban gar-

dens increase the risk of transmission, such research would be an important contributor to

SDG 11 aimed to “make cities and human settlements inclusive, safe, resilient, and

sustainable.”

Policy implications. The recurring theme of observations of a relationship between

human waste disposal and the presence of active infection has immediate policy implications

and can be a useful starting point for a risk assessment in peri-urban and urban areas for the

health of surrounding residents. With two-thirds of the world population expected to be liv-

ing in megacities by 2050, and many of those megacities being characterized by unorganized

and nonregulated settlements and a lack of municipal oversight and infrastructure provision,

protocols for the provision of healthcare interventions targeting NTDs, including schistoso-

miasis, will be needed. This does, however, call for improved coordination with the WASH

as well as the urban development sector and the need for heightened awareness of the

problem.

Such healthcare interventions will have to pay particular attention to the heterogeneity of

the urban population in terms of socioeconomic status with respective living conditions, acces-

sibility of communities, and the challenges related to engaging with diverse groups of people,

to name but a few [19]. In addition, assessments into whether healthcare facilities can detect

infection adequately and respond to the health needs of the urban poor in particular may help
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efforts to optimize the delivery of MDA and supplement schistosomiasis mapping efforts,

which, in the specific context of the urban environment, are prone to becoming outdated or

being at a spatial resolution that does not adequately capture the focality of schistosomiasis.

Furthermore, the many studies reporting on intermediate host snail species shedding cer-

cariae suggest the need to incorporate snail control in addition to preventive chemotherapy in

order to address the health risks for urban populations. All the while, environmental conse-

quences of such snail control need to be carefully assessed and considered, in particular in

peri-urban and urban farm settings.

Strengths and weaknesses of the present review

The present literature review intended to provide an overview of the research and survey activ-

ities carried out so far until early 2020 in terms of peri-urban and urban schistosomiasis. By

including papers for which only the abstract was available, this review can give a more all-

encompassing overview than would otherwise have been possible. The same applies to the

time frame applied in the search, going back several decades to better understand changes over

time.

At the same time, the scope of the review could have been improved by identifying and

including additional studies by means of a snowballing search, i.e., including papers provided

as references in the studies identified by the online search. Some papers may also have been

missed out that do not mention urban, peri-urban, town(s), or city(ies) in the title, abstract, or

keywords but provide information on rural–urban differences in text. While the keywords

applied attempted to avoid this, this problem may not be entirely discarded. Similarly, while

spot checks for megacities were carried out within the search, more specific literature review

for megacities could be carried out in a second step. Furthermore, because publications in a

language other than English (for which not even the abstract was available in English) were

not included, the review is likely missing some studies. Finally, because papers were included

for which only abstracts were available, no assessment could be made with regard to the quality

of the methodology employed and the subsequent data published. Caution must therefore be

taken when drawing conclusions from the data presented.

Conclusions

The present systematic literature review has shown that schistosomiasis has been prevalent in

urban and peri-urban areas for some time. Urban schistosomiasis is therefore not a recent phe-

nomenon due to evolving and increasing urbanization or environmental degradation. The

review suggests that overall, there has been a decline in schistosomiasis in urban and peri-

urban areas over time, and the dynamic has been very different for every peri-urban and

urban setting studied. Despite this decline, the studies included in the review mentioned a

number of factors and determinants in their explanations for the continued presence of Schis-
tosoma infections and the risk for new schistosomiasis foci, including increased and unorga-

nized urbanization, a lack of adequate sanitary facilities, as well as a lack of awareness of

schistosomiasis in urban areas. This review identified a number of research and policy implica-

tions. There is a need for more systematic mapping of schistosomiasis in peri-urban and urban

settings as well as operational definitions of “urban” and “peri-urban.” These will help to better

draw comparisons of prevalence over time. Ensuing next steps include the need for health ser-

vices to be adequately prepared to diagnose and treat schistosomiasis, as well as for the WASH

and urban development sectors to work together to achieve SDG 3 (“health for all”) and SDG

11 (“sustainable cities and communities”).
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Key learning points

• Schistosomiasis in urban and peri-urban areas is not a recent phenomenon—preva-

lence and intensity levels have declined in areas studied.

• Increased and unorganized urbanization, a lack of adequate sanitary facilities, and a

lack of awareness of schistosomiasis in urban areas are important factors for new or

continued risk of schistosomiasis transmission.

• Operational definitions of “urban” and “peri-urban” are needed to better draw com-

parisons of prevalence over time.

• More systematic mapping of schistosomiasis in peri-urban and urban settings is

encouraged to support adequate provisions of health services and water, sanitation,

and hygiene (WASH) facilities.
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62. Gbalegba NGC, Silué KD, Ba O, Ba H, Tian-Bi NTY, Yapi GY, et al. Prevalence and seasonal transmis-

sion of Schistosoma haematobium infection among school-aged children in Kaedi town, southern Mau-

ritania. Parasit Vectors. 2017; 10(1):353. Epub 2017 Jul 28. https://doi.org/10.1186/s13071-017-2284-4

PMID: 28747222; PubMed Central PMCID: PMC5530530.

63. Sodeman WA Jr. A longitudinal study of schistosome vector snail populations in Liberia. Am J Trop Med

Hyg. 1979; 28(3):531–8. Epub 1979 May 1. https://doi.org/10.4269/ajtmh.1979.28.531 PMID: 572150.

64. Tomaz TP, Gentile R, Garcia JS, Teixeira BR, Faro MJ. A survey of freshwater and terrestrial snails in a

predominantly urban municipality of Rio de Janeiro State, Brazil, with emphasis on human parasites

vectors. Rev Inst Med Trop Sao Paulo. 2018; 60:e76. Epub 2018 Dec 6. https://doi.org/10.1590/S1678-

9946201860076 PMID: 30517246; PubMed Central PMCID: PMC6282505.

65. Oliveira DS, Santos VB, Melo AG, Lima AS, Carvalho CD, Allegretti SM, et al. Schistosomiasis mansoni

in urban Northeast Brazil: influence of rainfall regime on the population dynamics of Biomphalaria sp.

Rev Soc Bras Med Trop. 2013; 46(5):654–7. Epub 2013 Nov 26. https://doi.org/10.1590/0037-8682-

1486-2013 PMID: 24270258.

66. Rao M, Liu MZ, Sheng XJ, Chen FM, Guo YC, Liu ZB, et al. Effect of cultivation for snail control on

schistosomiasis in Changsha urban section of Xiangjiang River. Zhongguo Xue Xi Chong Bing Fang Zhi

Za Zhi. 2011; 23(6):668–73. Epub 2012 Mar 3. PMID: 22379824.

67. Odhiambo GO, Musuva RM, Atuncha VO, Mutete ET, Odiere MR, Onyango RO, et al. Low levels of

awareness despite high prevalence of schistosomiasis among communities in Nyalenda informal settle-

ment, Kisumu city, western Kenya. PLoS Negl Trop Dis. 2014; 8(4):e2784. Epub 2014 Apr 5. https://doi.

org/10.1371/journal.pntd.0002784 PMID: 24699502; PubMed Central PMCID: PMC3974654.

68. Odhiambo GO, Musuva RM, Odiere MR, Mwinzi PN. Experiences and perspectives of community

health workers from implementing treatment for schistosomiasis using the community directed interven-

tion strategy in an informal settlement in Kisumu City, western Kenya. BMC Public Health. 2016;

16:986. Epub 2016 Sep 17. https://doi.org/10.1186/s12889-016-3662-0 PMID: 27634152; PubMed

Central PMCID: PMC5025566.

PLOS NEGLECTED TROPICAL DISEASES Schistosomiasis in urban and peri-urban settings

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008995 February 25, 2021 18 / 19

http://www.ncbi.nlm.nih.gov/pubmed/7882413
https://doi.org/10.1186/1476-072X-11-51
http://www.ncbi.nlm.nih.gov/pubmed/23164247
https://doi.org/10.1371/journal.pntd.0004469
http://www.ncbi.nlm.nih.gov/pubmed/26938060
http://www.ncbi.nlm.nih.gov/pubmed/1169833
https://doi.org/10.1590/s0036-46652000000400006
http://www.ncbi.nlm.nih.gov/pubmed/10968884
http://www.ncbi.nlm.nih.gov/pubmed/25345144
https://doi.org/10.1371/journal.pntd.0003521
https://doi.org/10.1371/journal.pntd.0003521
http://www.ncbi.nlm.nih.gov/pubmed/25775457
https://doi.org/10.1590/0037-8682-0099-2013
https://doi.org/10.1590/0037-8682-0099-2013
http://www.ncbi.nlm.nih.gov/pubmed/23970308
http://www.ncbi.nlm.nih.gov/pubmed/11346976
https://doi.org/10.1186/1756-3305-4-226
http://www.ncbi.nlm.nih.gov/pubmed/22152486
https://doi.org/10.1186/s13071-017-2284-4
http://www.ncbi.nlm.nih.gov/pubmed/28747222
https://doi.org/10.4269/ajtmh.1979.28.531
http://www.ncbi.nlm.nih.gov/pubmed/572150
https://doi.org/10.1590/S1678-9946201860076
https://doi.org/10.1590/S1678-9946201860076
http://www.ncbi.nlm.nih.gov/pubmed/30517246
https://doi.org/10.1590/0037-8682-1486-2013
https://doi.org/10.1590/0037-8682-1486-2013
http://www.ncbi.nlm.nih.gov/pubmed/24270258
http://www.ncbi.nlm.nih.gov/pubmed/22379824
https://doi.org/10.1371/journal.pntd.0002784
https://doi.org/10.1371/journal.pntd.0002784
http://www.ncbi.nlm.nih.gov/pubmed/24699502
https://doi.org/10.1186/s12889-016-3662-0
http://www.ncbi.nlm.nih.gov/pubmed/27634152
https://doi.org/10.1371/journal.pntd.0008995


69. Silva PC, Leal TV, Domingues AL. Treatment and education reduce the severity of schistosomiasis

periportal fibrosis. Rev Soc Bras Med Trop. 2013; 46(4):472–7. Epub 2013 Aug 29. https://doi.org/10.

1590/0037-8682-0110-2013 PMID: 23982100.

PLOS NEGLECTED TROPICAL DISEASES Schistosomiasis in urban and peri-urban settings

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008995 February 25, 2021 19 / 19

https://doi.org/10.1590/0037-8682-0110-2013
https://doi.org/10.1590/0037-8682-0110-2013
http://www.ncbi.nlm.nih.gov/pubmed/23982100
https://doi.org/10.1371/journal.pntd.0008995

