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Abstract

Background

Schistosoma (S.) mansoniinfection is endemic in all regions around Lake Victoria and
affects all age groups to different degrees. In most endemic areas, less attention has been
paid to determining the prevalence of infection, sanitation status, and knowledge about
intestinal schistosomiasis (KIS) in fishermen. Therefore, the purpose of this study was to
establish the prevalence of S. mansoniinfection and associated factors among fishermen in
the Busega district.

Materials and methods

A cross-sectional study was conducted among fishermen in July, 2020 in five fishing villages
in the Busega district located along Lake Victoria. A total of 352 fishermen were interviewed
with regard to their sanitation status and level of KIS. A single stool sample from fishermen
was examined for S.mansoni eggs by using the Formalin-Ether Concentration technique.
The potential factors associated with S. mansoniinfection were explored using multivariable
logistic regression.

Results

The prevalence of S. mansoniinfection was high (65.0%) among fishermen and varied with
age, whereby fishermen aged <36 years had the highest prevalence. Fishermen had a low
level of KIS and the majority of them reported practicing open defecation during fishing
(81%). These fishermen with a low level of KIS and who reported defecating in open areas
during fishing had 2.8 times (95% CI: 1.0-7.2) and 2.1 times (95% CI: 1.1-3.9) higher odds
of being infected with S. mansonithan those with a high level of KIS and those who did not
report defecating in open areas during fishing, respectively.

Conclusion

S. mansoniinfection was high among fishermen in the Busega district. Furthermore, fisher-
men had a low level of KIS and were reported to have defecated in open areas during fish-
ing. Infection with S. mansoni was associated with age, a low level of KIS and open
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defecation behaviour during fishing. Therefore, mass drug administration (MDA) with prazi-
quantel, health education, and sanitation behaviour change interventions were needed.

Background

Schistosomiasis is an acute and chronic parasitic disease caused by blood flukes of the genus
Schistosoma [1]. Despite efforts to control transmission, more than 220 million people world-
wide are infected, with 85% living in Sub-Saharan Africa, where prevalence rates exceed 50%
of the local population [1].

Fishermen, irrigation workers, and women carrying out domestic activities are involved in
daily contact with infested freshwater and, therefore, are at greater risk of being infected with
Schistosoma larvae released by infected freshwater snails [1].

Mild infection can cause abdominal pain, diarrhea, gastrointestinal bleeding, and bloody
stools. In advanced cases, it can cause hepatomegaly, splenomegaly, ascites, haematemesis, and
varices, which can rapidly lead to death [2]. In fact, schistosomiasis disables more than killing.
Disabling complications in children include anaemia, growth stunting, cognitive impairment,
and decreased physical fitness [3].

With an estimated prevalence of schistosomiasis of 51.5%, Tanzania is the second country
in sub-Saharan Africa to have a high burden of the disease after Nigeria [4]. Poor sanitation,
lack of knowledge about schistosomiasis, and activities that involve high water contact like
fishing are known to increase the risk of schistosomiasis [4,5].

S. mansoni infection is prevalent in all regions around Lake Victoria and affects all age
groups to different degrees. The effort to control schistosomiasis is mainly relying on school-
based MDA, which excludes adults at risk like fishermen [6,7]. Currently, the magnitude of
infection, sanitation status, and KIS on fishermen remains unclear in most endemic areas
[8,9]. Therefore, this study was carried out to determine the magnitude of S.mansoni infection
and associated factors among fishermen living in the Busega district.

Materials and methods
Study design

A cross-sectional study was carried out to determine the current magnitude of S. mansoni
infection and associated factors among fishermen in July, 2020.

Study population

The study population was fishermen aged above 18 years (an age group not often targeted by
MDA) without a history of taking praziquantel within the last 3 months (the incubation period
of schistosomiasis), and who provided written informed consent.

Study area

The study was carried out in Ihale, Nyakaboja, Kalago, Nchilu, and Fogofogo villages in the
Busega district. The district was conveniently selected because it had a high prevalence of
79.2% among school-aged children [10]. The district is in the Simiyu region, located on the
shores of Lake Victoria between latitude 2° 10’ and 2° 50’ South and between longitude 33°
and 34° East.
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Fishing is a major source of income in the district, and there are ten registered fishing boat
landing sites in distinct villages such as [jitu, Thale, Milambi, Bulima, Nyakaboja, Mayega,
Kalemela, Kalago, Nchilu, and Fogofogo [11].

Sample size

The sample size formula for estimation of a single proportion:

Z2P(100 — P)
= T

Where, n = Minimum sample size, Z = Standard normal deviate for given confidence level
(CI) = 1.96 for a 95% CI, p = Expected proportion = 29.22% [8] and &€ = Margin of error (the
precision) = 5%. Calculated sample size was 318 fishermen. Assuming a 10% non-response,
the resulted sample size was 353 fishermen.

Sampling

Two stage-sampling procedures were used to select villages and individual fishermen. In the
first stage, five villages were selected by lottery from a list of ten villages. In the second stage,
eligible fishermen from each of five selected villages were selected by a simple random sam-
pling technique using the list of registered names of fishermen as a sampling frame.

The number of sample fishermen from each village was determined by a probability pro-
portional to size formula: n = P*N, where, P = proportion, N = total sample size. The numbers
of sample fishermen from each village were as follows: Thale = (144/1038)353 = 49, Kalago =
(106/1038)353 = 36, Nyakaboja = (92/1038)353 = 31, Nyamikoma ‘A’ = (543/1038)353 = 184,
Nyamikoma ‘B’ = (153/1038)353 = 52.

Data collection tools and methods

A structured interview schedule was used, adapted from a study conducted in Yemen [12].
The schedule was translated into Kiswahili to make it suitable for the targeted group. The
researcher and two trained research assistants collected data, who were accompanied by the
Beach Management Unit (BMU) chairperson of the respective landing site. An interview was
performed to obtain information on socio-demographic characteristics of fishermen, sanita-
tion behavior during fishing, and their KIS. Furthermore, fishermen were asked about the
ownership of latrines, and a direct observation method was used to confirm latrine availability
and type.

After the interview, all participants were required to provide only one stool sample in a
well- labeled sterile container. The collected samples were mixed with 10% formalin (1 part
stool to 3 parts preservative) to preserve the samples and kill fecal pathogens for safety. All col-
lected samples were placed in a box and transported to the NIMR Laboratory at Mwanza Cen-
tre, where they were processed and examined the following day.

Stool examination

An investigator examined collected stools with the assistance of two qualified and experienced
laboratory technicians. For each respondent, a single stool specimen was processed using the
FEC technique, and double slides were prepared for each sample to be examined under the
microscope for S. mansoni eggs.
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Data quality assurance

In the course of data gathering, the researcher was making a thorough spot-check of the
research assistants to ensure correctness and completeness of the interview schedule and
adherence to standard protocols of the checklist. Standard operating procedures (SOP) [13]
were followed during specimen collection, transportation, processing, examination, and result
recording under the supervision of the researcher. To verify the consistency of microscopic
results, 10% of the specimens were randomly selected each day and re-examined by a
researcher without prior knowledge of the results.

Data management and analysis

At the end of each day of data collection, the structured interview schedules were checked for
completeness and correctness. The data was then coded before being entered into the Statisti-
cal Package for the Social Sciences (SPSS for Windows, version 22.0) and cleaned for errors
caused by inconsistent entry. A copy of the data sheet was stored on a separate drive to save as
a backup. Then, the recorded data collection sheets were filled in and stored.

KIS was evaluated by five questions with a total of five [5] points. Knowledge scores were
categorized as low (<2 points), average (2-3 points) and high (>3 points) [9]. Data on socio-
demographic, infection status, latrine ownership, sanitation behaviour, and KIS were summa-
rized as frequencies and proportions then presented in tables and charts.

Pearson’s chi-square statistical tests were used to compare proportions between groups.
The unadjusted odds ratio (UOR) was estimated by bivariate logistic regression analysis to
identify factors associated with S. mansoni infection to be included in the multivariate logistic
regression. The biological plausible factors and all factors with a P-value < 0.2 in bivariate
analysis were included in the final model. Following that, the adjusted odds ratio (AOR) was
calculated using enter method of multivariable logistic regression analysis to determine factors
that were independently associated with S. mansoni infection. The associations were consid-
ered significant at P<0.05.

Ethical considerations

Ethical clearance to carry out the study was obtained before conducting the study from the
Institutional Review Board (IRB) of MUHAS (ethics clearance no. IRB#: MUHAS-REC-04-
2020-242). Permission to conduct the study in the villages was obtained from the Local author-
ities of Busega district. Villagers were informed about the study through a village meeting, and
written consent was obtained from eligible fishermen prior to recruitment into the study by
using a consent form written in Kiswahili.

Results
Socio-demographic characteristics of the study participants

Of the 353 eligible participants for the study, 352 fishermen from Ihale, Kalago, Nyakaboja,
Nyamikoma ’A’, and Nyamikoma ’B’ village participated in the study while the one refused to
participate. The median age was 35 years with the range of 18 to 74 years. Majority of the par-
ticipants were males (92.6%), aged <36 years (57.4%), married (59.4%), with primary educa-
tion (84.4%) and resided in Nyamikoma A’ village (Table 1).
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Table 1. Socio-demographic information of fishermen participated in the study.

CHARACTERISTIC CATEGORY N =352 %
Age (years) <36 202 57.4
37-47 88 25
48-58 46 13.1
>59 16 4.5
Gender Male 326 92.6
Female 26 7.4
Marital status Not married 63 17.9
Married 209 59.4
Separated/divorced/Widowed 51 14.5
Cohabiting 29 8.2
Education level Completed/Not completed primary 297 84.4
Secondary/University 55 15.6
Village Thale 49 13.9
Kalago 36 10.2
Nyakaboja 31 8.8
Nyamikoma A’ 184 52.3
Nyamikoma B’ 52 14.8

https://doi.org/10.1371/journal.pone.0276395.t001

Prevalence of S. mansoni infection stratified by socio-demographic
characteristics

Majority of respondents agreed to submit their stool samples 309 (87.5%) for examination.
The prevalence of S. mansoni infection was high 201(65.04%) and varied significantly by age
group (P <0.001), <36 years being the most affected age group (Table 2).

Table 2. Prevalence of S. mansoni infection in relation to demographic characteristics.

VARIABLE CATEGORY EXAMINED (N = 309) POSITIVE (%) P-VALUE*

Age (years) <36 177 133(75.1) 0.000
37-47 77 41(53.2)

48-58 40 18(45.0)
>59 15 9(60.0)

Gender Male 286 187(65.4) 0.662
Female 23 14(60.9)

Marital status Not married 54 42(77.8) 0.184
Married 183 113(61.7)
Separated/divorced/Widowed 43 28(65.1)

Cohabiting 29 18(62.1)

Education level Complete/Incomplete primary 259 167 (64.5) 0.633
Secondary/University 50 34(68.0)

Village Thale 42 27 (64.3) 0.768
Kalago 28 20 (71.4)

Nyakaboja 28 16(57.1)
Nyamikoma A’ 165 110(66.7)
Nyamikoma B’ 46 28 (60.9)

*P-value of Pearson Chi-square (x?) test.

https://doi.org/10.1371/journal.pone.0276395.t002
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Table 3. Knowledge on cause, transmission mode and clinical sign of schistosomiasis.

VARIABLE CATEGORY N =352 %
Cause of IS Worms 178 50.6
Mosquito 14 3.9
Snails 59 16.8
Do not know 101 28.7
Mode of transmission for IS Drinking untreated water 201 57.1
Eating contaminated food 8 2.3
Walking barefooted 7 2.0
Swimming/bathing/fishing in Lake 82 23.3
Do not know 54 15.3
The main sign of IS Blood in urine 93 26.4
Blood in stools 33 9.4
Painful urination 85 24.1
Stomach ache 81 23.0
Do not know 60 17.0
Preventive measure for IS Avoid fishing barefooted, swimming or bathing in the lake 75 21.3
Avoid walking across barefooted 26 7.4
Wash hands with water and soap 7 2.0
Avoid drinking untreated water 147 41.8
Wash fruits before eating 10 2.8
Do not know 87 24.7
Treatment of IS Traditional medicine 18 5.1
Hospital medicine 263 74.7
Do not know 71 20.2

IS = Intestinal schistosomiasis.

https://doi.org/10.1371/journal.pone.0276395.t003

Level of KIS among fishermen

The level of KIS among fishermen was low (mean knowledge score of 1.97 points). The major-
ity of the fishermen did not know or know incorrect cause (49.4%), mode of transmission
(74.7%), manifestation (90.6%) and preventive measure (71.3%) of intestinal schistosomiasis
(Table 3).

Ownership of sanitation facilities in household and sanitation practice
during fishing

Majority of fishermen had the locally designed pour flush latrines at their household and few
of respondents still are using pit latrines (15.9%). Furthermore, most of the fishermen (81%)
declared to defecate in open places during fishing either direct from their fishing boats or in

the plastic bag then disposes it in water or in bushes along the lake (Fig 1).

Factors associated with S. mansoni infections among fishermen

In bivariate regression analysis, factors such as age, marital status, level of KIS and sanitation
behavior were significantly associated with S. mansoni infection. In multivariate regression
analysis, factors that were remained to associate with S. mansoni infection were age, low level
of KIS and open defecation habit. Indeed, compare to those aged < 36 years, fishermen with
the age of 37-47 years and 48-58 years had 0.4 times (95% CI = 0.2-0.8) and 0.3 times (95%
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In the plastic bag
then dispose it in
water
2.8%

Home toilet or In the nearby
BMU toilet bush around the
19% lake shores
7.1%
Direct in the lake
water
71%

Fig 1. The place mostly used for defecation during fishing activities.

https://doi.org/10.1371/journal.pone.0276395.9001

CI = 0.2-0.6) less likely to be infected with S. mansoni respectively. On the other hand, fisher-
men with low level of KIS had 2.8 times (95% CI: 1.0-7.2) higher odds of being infected with S.
mansoni than those with high level of KIS. Equally, fishermen reported to defecate in open
areas during fishing had 2.1 times (95% CI: 1.1-3.9) higher odds of being infected with S. man-
soni than those did not reported to defecate in open areas during fishing (Table 4).

Discussion

The aim of the present study was to assess the prevalence of S. mansoni infection and associ-
ated factors among fishermen of the Busega district. We found that fishermen had a high prev-
alence (65.04%) of S. mansoni infection, a low level of KIS, and were reported to practice open
defecation during fishing. Furthermore, infection with S. mansoni among fishermen was asso-
ciated with a low level of KIS and open defecation behavior during fishing.

The prevalence observed among fishermen in the Busega district was higher than the preva-
lence of 51.8% observed among adults living in fishing villages in the Mwanza region [14]. The
variations in prevalence might be due to differences in study populations. Furthermore, the
prevalence of S. mansoni infection among fishermen in the Busega district was higher than
those 0f 29.2% and 15.9% reported among fishermen at Lake Hawassa in Ethiopia [8] and at
Alagoasa in Brazil [12] respectively. The difference in prevalence might be due to the variation
in climate, ecology, and sanitation practices of the fishermen.

The prevalence we observed in this study varied across the age groups and was higher in
those < 36 years old, similar to findings reported from other endemic areas of Tanzania [4].
This may be justified by the change in water contact behaviour among young adults [15].
Young people tend to change recreational swimming or playing in water bodies as they
become adults and start carrying out adult roles [16]. This result supports previous studies on
the need to include the adult population at risk in de-worming programs since they may serve
as a potential reservoir for re-infection of treated schoolchildren [17-19].
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Table 4. Logistic regression analysis of infection status and risk factors.

VARIABLE
Age (years)

Gender

Marital status

Education level

Village

Knowledge level

Sanitation behavior during fishing

*Significant factors with p-value < 0.05, AOR = Adjusted Odds Ratio, UOR = Unadjusted Odds Ratio.

CATEGORY UOR(95% CI) P-VALUE AOR(95% CI) P-VALUE
<36 1 1

37-47 0.4 (0.2-0.6) 0.001 0.4 (0.2-0.8) 0.006"
48-58 0.3 (0.1-0.6) <0.001 0.3 (0.1-0.6) 0.001*
>59 0.5 (0.2-1.5) 0.207 0.5 (0.2-1.5) 0.218
Male 1 1

Female 0.8 (0.3-2.0) 0.663 1.3 (0.5-3.5) 0.577
Not married 1 1

Married 0.5 (0.2-0.9) 0.032 0.8 (0.4-1.8) 0.616
Separated/divorced/Widowed 0.5 (0.2-1.3) 0.17 0.9 (0.3-2.3) 0.775
Cohabiting 0.5 (0.2-1.3) 0.131 0.8 (0.3-2.3) 0.668
Complete/Incomplete primary 1

Secondary/University 1.2 (0.6-2.2) 0.633

Thale 1

Kalago 1.4 (0.5-3.9) 0.534

Nyakaboja 0.7 (0.3-2.0) 0.548

Nyamikoma A’ 1.1 (0.55-2.3) 0.771

Nyamikoma ’B’ 0.9 (0.4-2.1) 0.741

High 1 1

Average 1.5 (0.6-3.6) 0.401 1.5 (0.6-3.8) 0.431
Low 2.8(1.1-7.1) 0.027 2.75(1.0-7.2) 0.041*
Not reported open defecation 1 1

Reported open defecation 2.2 (1.2-3.9) 0.009 2.1 (1.1-3.9) 0.026*

https://doi.org/10.1371/journal.pone.0276395.t1004

The level of KIS among fishermen was low, and an information gap exists among fishermen
because most of them still hold incorrect ideas about the main signs, mode of transmission,
and preventive method of intestinal schistosomiasis. The confusion about the signs and symp-
toms of intestinal schistosomiasis with that of urinary schistosomiasis was similar to a previous
study in Swaziland [20]. Furthermore, confusion between mode of transmission and preven-
tive method of schistosomiasis with that of soil-transmitted helminths (STH) seems to be com-
mon in many endemic communities of sub-Saharan Africa [5]. However, this misconception
about the mode of transmission was found to be less pronounced in some of the schoolchil-
dren [20,21]. As most of the interviewed fishermen were adults, they might not have received
health education about schistosomiasis when they were at school.

The majority of fishermen reported defecating in open places during fishing, either in the
bushes or directly from their fishing boats. Several studies have found that even a small num-
ber of infected people defecating in bodies of water can pose a significant risk of infection to
all community members who come into contact with that water later [15,19].

The present study also investigated important risk factors associated with S. mansoni infec-
tion among fishermen. Age, level of KIS and sanitation habits were factors significantly associ-
ated with S. mansoni infection among fishermen.

Age was reported to be poor predictor of infection in the previous community study of
Kenya [17]. Though in the present study, age was a significant predictor of infection among
fishermen, whereby age > 36 years old was associated with decreased infection as compared to
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age <36 years old, similar to the previous study in Brazil [22,23]. This might be due to leisure-
related activities in infected water sources among young fishermen as compared to older ones.

Surprisingly, no significant difference in infection was observed between male and female
fishermen. In addition, in this study, gender was not a significant predictor for infection with
S. mansoni, similar to the previous study in Kenya [17]. However, in a previous study from
Tanzania, males were more exposed and infected than females during fishing [4].

Furthermore, the present study showed that the sanitation behaviour of fishermen was a
significant predictor of infection, whereby fishermen who reported practicing open defecation
either in bushes or in lakes had increased infection compared to those who did not report
open defecation practice during fishing. The findings were consistent with previous results in
Uganda [24] and Kenya [17]. The majority of fishermen reported defecating openly during
fishing and evidence of faecal materials disposed in bushes along the lake were observed dur-
ing data collection. The practice of open defecation in bushes might be responsible for the
observed prevalence of infection among fishermen living in these areas. Therefore, decreasing
community-wide open defecation practices can lower the prevalence of S. mansoni infection
in the fishing community [25].

In this study, fishermen with a low level of KIS were at higher odds of being infected with S.
mansoni than those with a high level of KIS. Therefore, provision of health education to this
community can reduce the prevalence of infection [25]. Our findings are consistent with those
reported in Nigeria [26]. However, in Cameroon, people with a high level of KIS were found to
be at higher odds of being infected by S. mansoni than those without [27]. This might be due
to the fact that health education provided to the people did not allow them to change their
behaviour to prevent re-infection.

Limitations

The present study was subject to some limitations. Stool samples collected only on a single day
to examine S. mansoni may have underestimated the prevalence of infection in the study popu-
lation as parasite egg output fluctuates day to day. Therefore, future population studies may
enhance this by collecting stool samples for at least two consecutive days. Consequently, about
12.5% of fishermen failed to provide stool samples hence the prevalence of infection may have
been underestimated.

Furthermore, defecation behaviour during fishing was self-reported, which may have
underestimated the actual proportion of individuals practicing open defecation in the study
area.

Conclusion

In conclusion, the prevalence of S. mansoni infection among fishermen in the Busega district
was high. The prevalence of infection varied with the age of the fishermen whereby young fish-
ermen (aged <36 years) had the highest prevalence. Fishermen had a low level of KIS and
practiced open defecation during fishing. Infection with S.mansoni was associated with a low
level of KIS and open defecation behaviour during fishing.

The results of this study support the call for the inclusion of fishermen in the population
targeted by the MDA program with praziquantel. This is important since infected fishermen
may serve as potential reservoirs of S. mansoni infection and might be responsible for re-infec-
tion of treated school-aged children as well as transmission of S. mansoni to other community
groups. Also, health education should be provided in the fishing community as a supplement
to MDA programs to address misconceptions about the mode of transmission, symptoms, and
prevention of intestinal schistosomiasis.
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