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Abstract: Global efforts to identify groups at high risk for schistosomiasis have mainly concentrated on identifying their
geographical distribution. Investigations on the socioeconomic characteristics of high-risk groups are relatively scarce.
This study aimed to explore the associations between schistosomiasis among students and their parents’ occupations. A
nationwide cross-sectional survey was conducted targeting 105,167 students in 1,772 primary schools across Sudan in
2017. From these students, 100,726 urine and 96,634 stool samples were collected to test for Schistosoma haematobium
and S. mansoni infection. A multi-level mixed effect analysis was used with age and sex as fixed factors, and school as a
random factor. The odd ratios (ORs) of practicing open defecation among farmers’ children were almost 5 times higher
than their counterparts whose parents were government officials (OR=4.97, 95% confidence intervals (Cls): 4.57-5.42,
P<0.001). The ORs of contacting water bodies for watering livestock among farmers’ children were more than 4 times
higher than those of children whose parents were government officials (OR=4.59, 95% Cls: 4.02-5.24, P<0.001). This
study shows that schistosomiasis represents a disease of poverty and that farmers’ children constituted a high-risk

group.
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The neglected tropical diseases (NTDs) are recognized as
diseases of poverty since they are concentrated among margin-
alized people in hard-to-reach areas in low-income countries
[1-4]. Schistosomiasis is a public health concern in 51 endem-
ic countries [5]. Of the 237 million people who required pre-
ventive chemotherapy in 2019, fewer than 50% were treated
[5]. In Africa, more than 112 million and 54 million individu-
als were reported to have urogenital and intestinal schistoso-
miasis, respectively [6,7].

The World Health Organization (WHO) aims to achieve at
least 75% coverage of preventive chemotherapy in every coun-
try where schistosomiasis is endemic [8,9] The coverage of
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preventive chemotherapy against key NTDs has been suggest-
ed as a litmus test for assessing progress towards universal
health coverage, the ultimate target of Sustainable Develop-
ment Goal 3, because the characteristics of these diseases rep-
resent the symptoms of poverty |10,11]. According to the re-
cent reports, fewer than 50% of the people at risk of schistoso-
miasis received preventive chemotherapy in sub-Saharan Afti-
ca. The global health strategy against schistosomiasis high-
lights an integrated approach embracing water and sanitation
improvements [1,9]. The global health community has em-
phasized the importance of identifying groups at high risk for
infection transmission [3,9,12].

Considerable achievements have been made in reducing the
prevalence of schistosomiasis in Sudan over the past few de-
cades [13,14]. The nationwide prevalence dropped below 6%
in 2017 [13]. These substantial gains were achieved through
the concerted efforts of the Federal Ministry of Health, Sudan
(FMOH) and development partners, including WHO, the
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United Nations Children’s Fund, the Schistosomiasis Control
Initiative, and the Korea International Cooperation Agency
(KOICA) [13]. FMOH is now developing a new strategy to
transition from control towards elimination of schistosomiasis
[15]. Understanding the characteristics of high-risk groups is
critical for eliminating the disease by reducing and maintain-
ing the prevalence of heavy infections below 1% [9]. In this re-
gard, KOICA supported a nationwide mapping project to
identify high-risk groups in terms of geographical distribution,
the results of which have been published elsewhere [13].
However, it is necessary to understand other characteristics of
high-risk groups.

This study explored the associations between schistosomia-
sis among students and their parents’ occupations. Under-
standing children’s schistosomiasis prevalence, as well as their
risk factors and risk behaviors according to their parents’ occu-
pation, is critical to help FMOH to make informed decisions
for formulating a more tailored intervention strategy.

This is an additional study following a nationwide geo-
graphical analysis based on a publicly available dataset [16].
This study was also conducted on the basis of a request made
by FMOH to provide clear information on the schistosomiasis
distribution among children according to their parents’ occu-

Table 1. Prevalence of schistosomiases and co-infections

pation while the authors participated in the NTD elimination
and network strengthening project.

Ethical approval was obtained from both FMOH ethical
committee (FMOH/DGP/RD/TC/2016; January 15, 2017) and
the Korea Association of Health Promotion (130,750-20,164-
HR-020; May 16, 2016). Informed consent was obtained in
written form. The basic characteristics of the students who par-
ticipated in the survey are presented in Table 1. A nationwide
cross-sectional survey was conducted targeting 105,167 stu-
dents in 1,771 primary schools across 183 districts of 18 states
in Sudan. The study protocol was published prior to the first
nationwide large-scale survey conducted throughout Sudan
[17]. Sampling was done using the probability-proportional-
to-size method. Laboratory specialists and data collectors were
temporarily hired and trained by the project team from the ex-
isting workforce of hospitals, the State Ministry of Health, or
private institutions. The Kato-Katz and centrifugation methods
were used to examine urogenital and intestinal schistosomia-
sis, respectively.

In total, 105,167 students were interviewed to identify their
demographic characteristics, water and sanitation at the house-
hold and school level, and behavior relating to regular contact
with water bodies such as rivers, irrigation canals, and ponds.

Schistosomiasis (%)

Co-infection (%) Co-infection (%) of

State No. of examined (S. mansoni or (S. mansoni and schistosomiasis and
S. haematobium) S. haematobium) soil-transmitted helminthiasis
Al Jazirah 6,358 2.8 0.0 0.0
Al Qadarif 6,059 6.2 0.2 0.0
Blue Nile 3,950 2.6 0.2 0.1
Central Darfur 4,441 3.4 0.0 0.0
East Darfur 4,709 17.0 0.2 0.1
Kassala 6,466 2.6 0.0 0.0
Khartoum 3,596 5.6 0.1 0.0
North Darfur 6,799 14 0.0 0.0
North Kordofan 3,731 2.6 0.0 0.0
Northern 3,859 0.4 0.0 0.0
Red Sea 3,728 14 0.0 0.1
River Nile 3,342 0.1 0.0 0.0
Sennar 14,712 156.1 0.0 0.0
South Darfur 9,477 5.0 0.0 0.0
South Kordofan 3,068 1.1 0.1 0.1
West Darfur 4,378 1.6 0.1 0.1
West Kordofan 10,685 3.9 0.0 0.0
White Nile 7,563 5.1l 0.0 0.0
Total 106,916 5.5 0.0 0.0

The total number of examined is larger than the total number of interviewed students. Data collectors collected some additional specimen from those

who were not interviewed.



From these respondents, 100,726 urine and 96,634 stool sam-
ples were collected to test for Schistosoma haematobium and 8.
mansoni infection. The sex ratio of children ranged from 1.0 in
the White Nile, Al Qadarif, and Northern States to 1.5 in Khar-
toum and North Kordofan States. The mean age of the 105,167
participants was 10.9 years ( £2.3 years).

This study first investigated associations between water and
sanitation status at students’ households and their parents’ oc-
cupation (categorized into farmers, teachers, government offi-
cials, small-scale businessmen and traders, and others). We ex-
cluded others and non-responders. The associations between
students’ risk behaviors and their parents’ occupation were in-
vestigated. We also evaluated the extent of associations be-
tween students’ schistosomiasis infection and their parents’
occupation. In a supplementary analysis, associations between
water and sanitation at the school level and parents’ occupa-
tions were explored with the expectation of deriving meaning-
ful insights for schistosomiasis-related government policies.
For the statistical analysis, a multi-level mixed effect analysis
was used with age and sex as fixed factors, and school as a ran-
dom factor. STATA 16 (StataCorp, College Station, Texas, USA)
was used for the analysis.

Data on the prevalence of S. haematobium and S. mansoni
have previously been published [13]. Basic characteristics of
the survey participants were described in Supplementary Table
S1. The geographic distribution of prevalence is not the topic
of this study. However, we analyzed schistosomiasis prevalence
regardless of the type (S. haematobium or S. mansoni), co-infec-
tion (S. haematobium and S. mansoni), and co-infection with
soil-transmitted helminthiasis (STH) to explain the underlying
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context of the study area, all of which have not been reported
in previous study (Table 1) [13]. Based on the analysis of the
nationwide data, co-infection (either schistosomiasis co-infec-
tion or co-infection of schistosomiasis and STH) was not a
public health concern (Table 1). This might be largely attribut-
able to the low prevalence of S. mansoni (0.06%) and STH
(0.1%) [13]. Accordingly, STH and co-infections were not con-
sidered in this study.

Water and sanitation status at household and school level
according to parents’ occupation is described in Table 2. Farm-
ers’ children had the worst status for all variables, including
the lowest proportions of those with improved water or sanita-
tion at the household level and the highest proportion of
those who practiced open defecation. Of note, the same held
true at the school level; a possible explanation for this is that
children of parents with certain occupations, particularly farm-
ers, are clustered and thus some schools may be mainly com-
posed of farmers’ children. The odds of practicing open defe-
cation among farmers’ children were almost 5 times higher
(odds ratio [OR]=4.97, 95% confidence intervals [CIs]: 4.57-
5.42, P<0.001) than their counterparts whose parents were
government officials. Farmers’ children had lower odds of hav-
ing improved sanitation in their households than their coun-
terparts (OR=0.28, 95% Cls: 0.26-0.29, P<0.001) (Table 2).

Table 3 shows children’s risk behaviors according to their
parents’ occupation. The proportion of respondents who had
regular contact with water bodies (at least 3 times per week)
was highest among the children of farmers for all indicators
under the category of water contact. For instance, their odds of
contacting water bodies for fetching water were more than 3

Table 2. Water and sanitation status of children’s households and school according to their parents’ occupation

Household level School level

Improved latring'

Open defecation Improved water? Improved latrine

Farmers (n=36,551) 6.80%
Odds ratio® 0.15
95% confidence interval 0.14-0.16
P-value <0.001
Odds ratio® 0.28
95% confidence interval 0.26-0.29
P-value <0.001
Teachers (n=2,408) 27.8% (670)

Government officials (n=9,653)
Small-scale businessmen/traders (n1=41,122)

34.0% (3,278)
18.2% (7,504)

25.10% 81.00% 38.80%
4.97 0.29 0.41
4.57-5.42 0.26-0.33 0.39-0.43
<0.001 <0.001 <0.001
2.03 0.53 0.61
1.96-2.10 0.50-0.55 0.60-0.63
<0.001 <0.001 <0.001
7.6% (184) 91.3% (2,199) 50.2% (1,209)
6.4% (613) 93.3% (9,011) 60.4% (5,831)

16.5% (6,772) 88.6% (36,176) 48.5% (19,961)

'Improved latrine was defined as a siphon, flush toilet, or a ventilated improved pit latrine.
2Improved water was defined as tap water, borehole, or a protected handpump.
SComparison between farmers and all other groups (age and sex were adjusted).
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Table 3. Water contact behaviors of children according to their parents’ occupation

Overall water Fetching

Washing

Watering

contact? water Y clothes livestock Swimming
Farmers (n=36,551) 51.00% 21.10% 18.70% 11.30% 10.60% 20.50%
QOdds ratio’ 2.1 3.17 2.00 1.96 4.59 1.28
95% confidence interval 2.02-2.22 2.93-3.44 1.86-2.15 1.79-2.14 4.02-5.24 1.20-1.36
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Teachers (n1=2,408) 31.90% 9.10% 10.40% 5.50% 3.40% 13.50%
Government officials (n=9,653) 32.00% 7.70% 10.10% 5.90% 2.50% 16.50%
Small-scale businessmen/traders (n=41,122) 33.40% 10.60% 10.90% 5.40% 3.10% 14.80%

'Age and sex were adjusted. Reference group was government officials.
Allow duplicates of each item.

OR=1.86"

OR=1.53"

OR=1.94*

Prevalence (%)

N w01 O N o ©

—_

o

Government Small-scale
officials businessmen &
traders

Teachers

Farmers

Parents’ occupation

Fig. 1. Schistosomiasis prevalence according to parents’ occu-
pation. Odds ratio (ORs) adjusted for age and sex were estimated
by setting teachers, government officials, small-scale business-
men, and traders as the reference group, respectively. *P<0.001.

times higher than those of children whose parents were gov-
ernment officials (OR=3.17, 95% Cls: 2.93-3.44, P<0.001).
Furthermore, their odds of contacting water bodies for water-
ing livestock were more than 4 times higher than those of chil-
dren whose parents were government officials (OR=4.59,
95% Cls: 4.02-5.24, P<0.001).

Fig. 1 shows the schistosomiasis prevalence of students ac-
cording to their parents’ occupation. The children of farmers
were more likely to be infected with schistosomes than any
other group. The odds of farmers’ children having schistoso-
miasis were 53% higher than those of children whose parents

were government officials (OR=1.53, 95% Cls: 1.39-1.69, P<
0.001). Considering the low coverage of improved water and
sanitation, farmers can be categorized as the poorest group an-
alyzed in this study based on the definition of poverty [11]. It
is worth noting that the poorest group encountered the worst
conditions even at the school level.

The findings in this study are consistent with the argument
that irrigation canals are a key factor contributing to the high
prevalence of schistosomiasis, particularly among farmers [18-
22]. Many farmers rely on irrigation canals in Sudan, and snails,
an intermediate host, reside in these canals [18-22]. This study
demonstrated that farmers’ children were at high risk. Global
efforts to identify groups at high risk for schistosomiasis have
mainly concentrated on identifying their geographical distri-
bution. Studies investigating the socioeconomic characteristics
of high-risk groups are relatively scarce. This study shows that
schistosomiasis is clearly a disease of poverty. The next step is
to formulate a more tailored strategy targeting high-risk groups.
This evidence can also be used to advocate for improving wa-
ter and sanitation facilities at large-scale sugar cane farms cov-
ering substantial areas of land across Sudan. Sugar cane farm-
ers are victims of schistosomiasis infection as a part of their
routine occupational activities [20].
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