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Abstract

Background

Schistosomiasis is a parasitic disease which is spread through skin contact with water con-
taining Schistosoma cercariae. Drug treatment has been the main control method, but it
does not prevent reinfection. The use of soap can be a complementary measure to reduce
transmission. Therefore, this study investigates the quantitative effect of different soaps on
the mortality of Schistosoma mansoni cercariae.

Methodology

Four soaps including two powder soaps (Kleesoft and Omo) and two bar soaps (B29 and
Rungu) which are used in a schistosomiasis-endemic Tanzanian village were studied. S.
mansoni cercariae were exposed to powder soaps of 0 (control), 10, 50, 75, 100 and 1000
mg/L and to bar soaps of 0 (control), 100, 500 and 1000 mg/L. The highest concentration of
1000 mg/L was selected based on the laboratory-estimated average soap concentration
during handwashing. Cercariae were observed under a microscope after 0, 5, 15, 30, 45
and 60 minutes of exposure to determine their survival.

Conclusions

All four soaps can kill S. mansoni cercariae and this lethal effect was related to soap concen-
tration and exposure time. At the highest concentration of 1000 mg/L, all cercariae were
dead at 5 minutes post-exposure with two powder soaps and Rungu, while 100% cercarial
death was achieved between 5 minutes to 15 minutes for B29. Aimost all cercariae survived
after being exposed to 10 mg/L powder soaps and 100 mg/L bar soaps for 60 minutes. Pow-
der soaps were more lethal than bar soaps. Considering the widely varying concentrations
of soap during real-world hygiene activities and the necessity for a very high soap concen-
tration to eliminate all cercariae in a short 5-minute exposure, providing the efficacy of soap
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design, data collection and analysis, decision to in preventing schistosomiasis becomes challenging. Future studies should investigate
Publish, or preparation of the manuscript. whether soap can influence alternative mechanisms such as making cercariae unable to
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Author summary

Schistosomiasis is a major public health problem in low-resource countries where there is
insufficient access to safe water, sanitation and hygiene (WASH). Preventive chemother-
apy with praziquantel has been the main control method, but it cannot protect against
reinfection. With the increasing awareness of the importance of a multi-faceted control
strategy, WASH has been recommended as one of the core strategic interventions for
schistosomiasis control. The use of soap, one hygiene practice, might play a role in preven-
tion by reducing the penetration of cercariae into human skin during water contact,
thereby lowering the infection risk at transmission sites. However, to the best of our
knowledge, there are no detailed guidelines on how to use soap to prevent schistosomiasis
in endemic areas. Therefore, this study aimed to explore the efficacy of four commercial
Tanzanian soaps against Schistosoma mansoni cercariae to understand soap lethality. The
results provide scientific evidence of soap protection against schistosome cercariae and
suggest that future studies should investigate other potential mechanisms by which soap
may provide protection against cercariae (e.g. damaging them sufficiently to hinder pene-
tration into the skin or protecting skin against cercarial penetration).

Introduction

Schistosomiasis is a neglected tropical disease (NTD) caused by parasitic worms of the genus
Schistosoma. This disease is endemic in 78 countries, primarily in regions lacking safe access to
water, sanitation and hygiene (WASH) services [1]. According to the estimation by the Global
Burden of Disease 2019, schistosomiasis caused 1.6 million disability-adjusted life years
(DALYs), ranking the third largest contributor to the DALYs caused by NTDs after dengue
and intestinal nematode infections [2].

Schistosoma infection occurs via skin contact with water contaminated with schistosome
cercariae, the larval stage of schistosomes. Cercariae emerge from the freshwater snails which
act as intermediate hosts. After locating the human host, cercariae penetrate human skin,
develop into adult worms and mate to produce eggs which are released from infected individu-
als into water via feces or urine, depending on Schistosoma species. Eggs hatch into free-living
miracidia which infect the intermediate hosts (snails), and the transmission cycle of the schis-
tosome parasite continues.

The most widely used intervention to interrupt transmission of schistosomiasis is mass
drug administration with praziquantel [3]; however, reinfection is likely if skin contact with
water containing cercariae continues. Instead of one single intervention, a more comprehen-
sive approach emphasising the importance of WASH interventions has been promoted to
achieve schistosomiasis elimination as a public health problem [3-5]. Some studies have
explored the possibility of improving water infrastructure using effective water treatment
methods, such as chlorine and UV disinfection, to provide safe and cercaria-free water at
household and community levels [6-10]. Hygiene, a component of WASH, has also been rec-
ommended by the World Health Organization (WHO) as one of the core strategic
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interventions for schistosomiasis control, and individual hygiene education (e.g. safe sanita-
tion access, personal hygiene) is proposed [1]. However, the use of soap during water contact,
one important part of good hygiene, is not specifically mentioned.

Soap is a common hygiene product that people may use during daily washing activities,
such as laundry, bathing, dishwashing, and handwashing. These water-contact activities are
associated with the risk of schistosomiasis infection and have been shown to vary with age and
gender [11-13]. For laundry, generally only hands and feet are exposed to water, while the
whole body is exposed to water during bathing. Soap comes in three main physical forms:
powder, bar, or liquid soap. Soap is chemically defined as the alkali salt of fatty acids and made
by the saponification reaction of a base and with animal or vegetable fats [14,15]. As the perfor-
mance of soap can be hindered in saltwater or hard water (i.e. containing high concentration
of calcium and magnesium ions), and insoluble salts may remain on the washed surface (e.g.
clothes or skin), synthetic surfactants which avoid these drawbacks have been introduced into
soap manufacture [14,16]. The commercial soap and detergent now are a mixture of surfac-
tants, builders, blenches, enzymes, perfumes, among other ingredients [14,16].

If effective against schistosome cercariae, using soap could be a control measure against
schistosomiasis since transmission to humans occurs when cercariae successfully penetrate
human skin during water contact. Hence, it is worth understanding the protective effect that
soap provides under different conditions.

The use of soap can help prevent many infectious diseases [17-20], but there is limited
knowledge about its effect against schistosome cercariae. A systematic review has demon-
strated that soap has the potential to reduce the Schistosoma infection risk, with one protective
mechanism being that soap kills schistosome cercariae [21]. This lethal effect was associated
with both the concentration of soap and the exposure time [21-27]. However, many studies
recorded only the time required to reach 100% mortality [23-25], resulting in prolonged expo-
sure durations of up to 12 hours, which may not reflect real life scenarios. Therefore, it is
important to test shorter exposure times based on the durations of different water contact
activities involving soap (e.g. laundry, bathing) in endemic areas to understand soap’s protec-
tive effects. Additionally, two studies reported low number of cercariae (e.g. only 10 cercariae
per sample) [26,28], making the results less informative.

To improve the understanding of the effect of soap on cercarial mortality, this research
study was carried out to investigate the lethal effect of different soaps on S. mansoni cercariae
under laboratory conditions. This study used S. mansoni cercariae, which are one of the main
Schistosoma species infecting humans [29,30]. Experiments involving soap were conducted
using powder and bar soaps used in a schistosomiasis-endemic village of Tanzania to quantita-
tively determine the cercaria death based on the motility and morphology at different soap
concentrations and different exposure times from a few minutes up to 1 hour.

Methods
Ethics statement

In Tanzania, this study was approved by the Tanzania Medical Research Coordination Com-
mittee (MRCC) of the National Institute for Medical Research (NIMR), and the ethics
approval certificate number is NIMR/HQ/R.8a/Vol. IX/2610.

Egg source

Eggs of Schistosoma mansoni (NMRI) were provided by Schistosomiasis Resource Center
(SRC) of the National Institute of Allergy and Infectious Diseases (NIAID), Rockville, USA,
and collected from livers of Swiss Webster female mice (seven weeks post infection). SRC has
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full Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)
accreditation (Site 000779), operating under the National Institutes of Health’s Office of Labo-
ratory Animal Welfare (OLAW) with the assurance ID D16-00046. Eggs were shipped to the
Natural History Museum, London, UK in RPMI / 1X Pen / Strep / 2.0% FBS.

Snail infection

Snail infections were performed at the Natural History Museum (London, UK) with S. man-
soni. Eggs were hatched into miracidia in artificial spring water [31] which was also used for
snail maintenance at the Natural History Museum. Biomphalaria glabrata snails were infected
with 10 miracidia individually in plastic cups containing 25 mL of artificial spring water and
left overnight. Snails were transferred to the Roger Perry Laboratory at Imperial College Lon-
don (London, UK) and kept in Volvic bottled water at 27°C. Cercarial production started 25-
30 days post-infection. Snails were kept in the dark for at least 24 hours before all experiments
to achieve a good shedding of cercariae.

Cercarial preparation and enumeration

The preparation and enumeration of cercariae were performed using a similar procedure of
previous research [7,8,32]. Three to nine infected snails were randomly selected and rinsed in
bottled water. Then, these snails were transferred to a beaker containing 3-9 mL of bottled
water (pH 7, 27°C). The beaker containing snails was placed under bright light for 1-1.5 hour
to obtain cercariae. The snails were removed and the cercaria solution was filtered through a
200 um polyester mesh to remove snail feces. To quantify the number of cercariae in the water,
three 100 uL aliquots were taken by pipette and 20 pL of Lugol solution (Sigma Aldrich) was
added to kill and stain cercariae for counting. After calculating the average concentration
based on the three aliquots, the volume of cercarial solution required to achieve 100 cercariae
per sample was determined. Fresh cercariae were prepared daily and all experiments were
completed within a maximum of six hours of the cercariae which have been shed from snails.

Soap use information

In 2021, a survey was carried out with ten village members (five community members, one vil-
lage chairman, two subvillage leaders and two shop vendors selling soap) about the soaps used
and the usage purposes for each soap type in Mwankalima village in Tanzania. Mwakalima vil-
lage was chosen since this village is schistosomiasis-endemic and NIMR is conducting ongoing
research. Our village survey demonstrated that powder soap and bar soap are used by local
people. Therefore, two powder soaps (Kleesoft and Omo) and two bar soaps (B29 and Rungu)
which are used by local people living in this village were obtained. The information of these
four soaps is summarised in Table 1. The bar soap Rungu is an anti-bacterial soap which has

Table 1. The information of four soaps tested in this study.

Soap Soap
name type

Soap components Main usage purposes

Kleesoft | Powder | Surfactants, sodium tripolyphosphate, sodium sulfate, sodium carbonate, sodium silicate, optical brighteners | Laundry, kitchen dishwashing
(CBS), proteolytic enzymes, perfumes

Omo Surfactants, builders, silicates, anti-redeposition agents, enzymes, perfume, optical brighteners
B29 Bar No ingredient information available Laundry, bathing, kitchen
Rungu Active ingredient: irgasan DP300 dishwashing

https://doi.org/10.1371/journal.pntd.0012372.t1001
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the active ingredient, irgasan DP 300. This ingredient is also named as triclosan which is a
common anti-bacterial chemical used in hygiene products [33].

Soap exposure procedure

An experiment was conducted to understand the average soap concentration when washing
hands, and detailed methods are presented in S1 File. It was estimated that the average soap
concentration during handwashing was 1075+223 mg/L, which was determined as the highest
concentration tested in this study. The lowest concentrations were selected as 10 mg/L for
powder soap and 100 mg/L for bar soap since the preliminary result showed that > 99% of cer-
cariae survived after exposed to these concentrations for 60 minutes. The following concentra-
tions of powder and bar soaps were tested: (1) for powder soap: 0 (control), 10, 50, 75, 100 and
1000 mg/L; (2) for bar soap: 0 (control), 100, 500, 1000 mg/L. Different concentrations were
tested for two soap types to show the varied soap lethality.

For every experiment, a fresh soap stock solution of 2000 mg/L was prepared by dissolving
0.1 g soap in 50 mL Volvic bottled water using a hotplate stirrer and the solution was allowed
to cool down. For the sample preparation, a similar procedure in a previous study on chlorina-
tion of cercariae was used [8]. Approximately 100 cercariae suspended in bottled water were
added to a 10 mL beaker with the desired concentration of soap to make up a total volume of 2
mL. All samples were prepared using Volvic bottled water which is a brand of mineral water
and has been used as the water source in previous cercaria-related studies [7,8]. This bottled
water contains mineral components such as calcium, magnesium, sodium, sulfates and chlo-
rides which commonly exist in real water bodies [34-38] and which are also included in the
recipe of artificial spring water suitable for freshwater snails [31]. The concentrations of cal-
cium and magnesium are 12 and 8 mg/L respectively [38], hence the water hardness (CaCO5;)
in Volvic was 62.9 mg/L, within the range of water hardness that has been reported in African
rivers and lakes [36,37].

Enumeration of cercariae post-exposure

Based on the village survey conducted in Tanzania, laundry has the maximum water contact
duration of up to 1 hour; therefore, 60 minutes was selected as the longest exposure time in
this study. For all concentrations of two powder soaps, 100 mg/L bar soaps and control sam-
ples (0 mg/L), a beaker containing the desired soap concentration was examined after 0, 5, 15,
30, 45 and 60 minutes of exposure under a stereomicroscope to observe cercariae. For 500 mg/L
and 1000 mg/L bar soaps, different beakers containing the desired soap concentrations were
prepared for each exposure time because the cercaria-soap solution was required to be diluted
for easier observation of dead cercariae (details of the dilution are described later in the section).
For 1000 mg/L powder and bar soaps, exposure times longer than the duration when all cercar-
iae died were not tested.

Both motility and morphology of cercariae were studied when determining whether the
cercariae were alive or dead. Similar to the criteria developed by a previous study [7], a cercaria
was determined as dead if it showed all four characteristics: 1) a cessation of motility, 2)
everted suckers, 3) a fully relaxed tail, 4) a slightly sharp edge of the head-tail-junction on the
head side. Photos showing the characteristics of dead and living cercariae can be found in S2
File. To avoid double counting, only heads were counted if heads and tails were separated.

As discussed in a previous study, cercariae fall to the bottom when they lose motility; there-
fore, only cercariae on the bottom were studied to obtain the number of dead cercariae [7].
For experiments on all concentrations of two powder soaps, 100 mg/L bar soaps and control
samples (0 mg/L), the same method was used. Only the cercariae on the bottom of the beaker
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Table 2. Summary of experimental conditions, the number of replicates per experimental condition and the number of samples.

Soap type | Soap name | Soap concentration (mg/L) | Exposure time (minutes) # experimental conditions | # replicates per condition | # samples

Powder Kleesoft 10, 50, 75, 100 0, 5, 15, 30, 45, 60 4*6 =24 4 96
1000 0,5 1*2=2 8
Omo 10, 50, 75, 100 0, 5, 15, 30, 45, 60 4*6 =24 4 96
1000 0,5 1*2=2 8
Bar B29 100, 500 0, 5, 15, 30, 45, 60 2*%6 =12 4 48
1000 0,5,15 1*3=3 12
Rungu 100, 500 0, 5, 15, 30, 45, 60 2%6 =12 4 48
1000 0,5 1*2=2 8
Control 0 0, 5, 15, 30, 45, 60 1*6=6 24 144

https://doi.org/10.1371/journal.pntd.0012372.t1002

were examined and the ones which met the criteria described above were considered as dead
and counted. For experiments on bar soaps of 500 mg/L and 1000 mg/L, the cercaria-soap
solution was diluted for easier observation of dead cercariae due to the solution cloudiness and
floc formation. For example, samples of 500 mg/L were diluted to 100 mg/L by adding Volvic
water into the 10 mL beaker to stop the reaction since almost all cercariae survived at 60 min-
utes post-exposure to this concentration. Then, the diluted solution was transferred to a 50 mL
beaker. Beakers were rinsed with Volvic water to ensure that all cercariae were collected. As
some cercariae were observed to be dead on the surface of the diluted solution in the prelimi-
nary test, dead cercariae in all layers of both beakers were studied for the diluted samples. For
samples of bar soaps at 1000 mg/L, whether there were any cercariae alive was determined
instead of counting dead cercariae because of the difficulty of counting cercariae in cloudy
soap solutions.

At the end of exposure, Lugol solution was added to fix and stain cercariae, and the solution
were examined to obtain the total number of cercariae.

All experimental conditions and replicates were summarised in Table 2. Different experi-
mental conditions were tested in a randomised order. For each experimental condition, four
independent replicates were conducted, which mean that these replicates were tested on differ-
ent days using freshly prepared soap solutions every time.

Statistical analysis

The number of cercariae per sample ranged from 76 to 131. The percentage of dead cercariae
was calculated using the following equation to account for natural cercaria death based on con-
trol samples. Although cercariae rarely died in control samples, with cercaria mortalities in
control samples below 2% at all time points evaluated (0 to 60 min), this correction was still
applied to the observed percentage of cercariae death in soap samples.:

Percentage of dead cercariae (%)

_ (Number of dead cercariae in the soap sample ~ Number of dead cercariae in the control sample 100
~ \Total number of cercariae in the soap sample  Total number of cercariae in the control sample

The calculated percentage of dead cercariae can be below 0 when the same number of cercar-
iae died in both the soap and control samples while the total number of cercariae in the soap
sample was slightly higher than that of the control sample, which results in a higher percentage
of dead cercariae in the control sample. In this case, the mortality rate was adjusted to 0.
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Since all cercariae were observed to be dead when exposed to 100 mg/L powder soap for 60
minutes, the number of dead cercariae counted at 60 minutes post-exposure was used as the
total number of cercariae in the sample to obtain the percentage of dead cercariae at each
exposure time.

Statistical analysis was conducted using SPSS software (Version 29, IBM). The percentages
of dead cercariae under different experimental conditions were compared using the Mann-
Whitney U test. This non-parametric test was used because of the small sample size. The
results were considered significant at p-value < 0.05.

When comparing the results with previous studies, 1 ppm is converted to 1 mg/L assuming
that the liquid density is 1 g/mL.

Results
Powder soap

The effect of two powder soaps was investigated: Kleesoft and Omo. The average percentage of
dead cercariae at each experimental condition is presented in Fig 1. For these two soaps at
1000 mg/L, cercariae were observed to immediately move more slowly once in contact with
soap and sink to the bottom of the beaker within 1 minute, though they were not completely
dead as they did not meet all four criteria for death. All cercariae were found dead at 5 minutes
post-exposure at this highest concentration. At 10 mg/L of both powder soaps, all cercariae
were alive and almost all of them swam actively near the solution surface rather than laying on
the bottom of the beaker.

As shown in Fig 1, at concentrations of 50, 75 and 100 mg/L, the percentage of dead cercar-
iae increased with exposure time at the same concentration. The mortality curves at 50 mg/L
for both powder soaps illustrate a slower increase before 15 minutes in comparison with the
noticeable rise after this exposure time, suggesting the importance of exposure time at the low
concentration and the possible temporary resistance against low concentration of soap. This
slower increase in cercaria mortality is also shown between 45- and 60-minute post-exposure
to 100 mg/L both powder soaps, which might be because all cercariae died just before 60 min-
utes. The high standard deviation of the data shown in Fig 1 indicates a high variability in the
efficacy of soap against cercariae. These data were derived from four independent replicates
and each replicate was conducted with a different batch of cercariae.

For both soaps at 100 mg/L, all cercariae died at 60 minutes post-exposure. At lower con-
centration of 50 mg/L, the percentage of dead cercariae gradually increased with the increase
in exposure time, and finally reached around 26% for two soaps. Omo appears to more lethal
at 75 mg/L than Kleesoft, indicated by a higher mortality rate of 70% at 60 minutes post-expo-
sure compared to 59% for Kleesoft.

Bar soap

The results of the two bar soaps, B29 and Rungu are shown in Fig 2. At 1000 mg/L of Rungu,
cercariae gradually sank to the bottom of the beaker and started twitching before eventually
dying within 5 minutes. However, 100% cercaria mortality was only achieved in samples of
1000 mg/L B29 at 15 minutes post-exposure, implying the lower lethality of B29 at this concen-
tration. At 100 mg/L, the lowest concentration tested, almost all cercariae survived at 60 min-
utes post-exposure; however, it was clearly observed that some cercariae started to sink to the
beaker bottom and twitch during 5-15 minutes of exposure and then lost the ability to swim
upward actively to the surface, which indicates that they were damaged though still alive.

At the middle concentration of 500 mg/L, cercariae began to die substantially after 15 min-
utes of exposure and eventually reached 57% and 91% mortality at 60 minutes post-exposure

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012372  July 29, 2024 7/16


https://doi.org/10.1371/journal.pntd.0012372

PLOS NEGLECTED TROPICAL DISEASES

The lethal effect of soap on Schistosoma mansonicercariae in water

>

100
X
©
= B0
@
o
8
S 60
@
()
©
O 40
()
[@))
ol
[y
g 20
[))
o

0
B
__100
X
()
2 B0
(4v]
=
3
5 60
4y}
(0]
©
O 40
(O]
(@))]
o
@
g 20
()
o

0

* A
-
-
-
o
4
d
d
},
’ "
. JPid
’ -
. -
’ .,/
/ 2
”
-
/ ’,'
L d
'f
/ '/’
iR I e
/ P N L
ST e
/ P ()

0 10 20 30 40 50 60

. s ’
e
. , '
A
y ',,‘.
’ -
2 y 2l
’ Pitad
¢”
7 -
4
£ P ¢
/ ”4
/ ’/”
&, 1 . P
L Y et
e <o
;- — |

20 30 40 50 60
Exposure time (minutes)

210 mg/l
~-©-50 mg/l
-@-75 mg/l
-A-100 mg/l’
*-1000 mg/I®

210 mgl/l
~©-50 mgl/l
-@-75 mgl/l
-A-100 mg/l1
*-1000 mg/I?

Fig 1. The percentage of dead S. mansoni cercariae at different concentrations and exposure times of two powder soaps: (A) Kleesoft and
(B) Omo. Each data point represents the average of four replicates with the error bar indicating +1 standard deviation. ' indicates that all

cercariae died at 60 minutes post-exposure and the number of dead cercariae counted at 60 minutes was used as the total number of the sample
to obtain the mortality percentage at each exposure time.> The long dashed grey line was used to connect data points of 0 and 5 minutes at 1000
mg/L and was extended to 60 minutes, as all cercariae were dead at 5 minutes of exposure.

https://doi.org/10.1371/journal.pntd.0012372.9001

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012372  July 29, 2024

8/16


https://doi.org/10.1371/journal.pntd.0012372.g001
https://doi.org/10.1371/journal.pntd.0012372

PLOS NEGLECTED TROPICAL DISEASES

The lethal effect of soap on Schistosoma mansonicercariae in water

>

100

B (o] (o]
o o o

Percentage of dead cercariae (%)
N
o

vs)

100

A~ (o2} (0]
o o o

Percentage of dead cercariae (%)
N
[

Exposure time (minutes)

7
&k & — S ——&— A

0 10 20 30 40 50 60
Exposure time (minutes)

-4-100 mg/l
~— 500 mg/l
+-1000 mg/!l'

—-4-100 mg/
- 500 mg/l
*-1000 mg/!'

Fig 2. The percentage of dead S. mansoni cercariae at different concentrations and exposure times of two bar soaps: (A) B29 and (B)

Rungu. Each data point represents the average of four replicates with the error bar indicating +1 standard deviation. ' The long dash grey line
was used to connect data points of 0 and 5 minutes or 15 minutes at 1000 mg/L and was extended to 60 minutes, as all cercariae were dead at 5
or 15 minutes of exposure.

https://doi.org/10.1371/journal.pntd.0012372.g002

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012372  July 29, 2024

9/16


https://doi.org/10.1371/journal.pntd.0012372.g002
https://doi.org/10.1371/journal.pntd.0012372

PLOS NEGLECTED TROPICAL DISEASES The lethal effect of soap on Schistosoma mansonicercariae in water

to B29 and Rungu, respectively. Similar to powder soap, exposure duration is an important
factor of soap lethality since there was a higher proportion of dead cercariae at longer exposure
times for both bar soaps. This is also demonstrated in the minimal increases of cercaria mortal-
ity observed before 15-minute exposure of 500 mg/1 bar soaps, where the average percentages
of cercariae alive were 99.5% for B29 and 98.9% for Rungu.

Comparison of lethality

For the two powder soaps, there was no significant difference in cercaria mortality across all
combinations of soap concentrations and exposure times (the statistical results of each Mann-
Whitney U test can be found in S3 File). This suggests that the two powder soaps tested have
similar lethality.

It seems that the anti-bacterial soap, Rungu, was more lethal than B29 since the percentages
of dead cercariae were significantly higher than that of B29 at 30 minutes and 45 minutes post-
exposure of 500 mg/L (at 30 minutes, Mann-Whitney U test, p = 0.029; at 45 minutes, Mann-
Whitney U test, p = 0.029), though there was no significant difference at 15 minutes and 60
minutes (at 15 minutes, Mann-Whitney U test, p = 0.714; at 60 minutes, Mann-Whitney U
test, p = 0.057).

In general, powder soap was more lethal than bar soap. At 100 mg/L, > 99.7% of cercariae
survived at 60 minutes post-exposure to two bar soaps while all cercariae died at the same
exposure condition of powder soaps. However, this difference was smaller at the highest con-
centration 1000 mg/L since both powder soaps and the bar soap Rungu killed all cercariae
within 5 minutes. Also, when comparing 75 mg/L powder soaps with 500 mg/L bar soaps,
these two concentrations demonstrated non-significant lethal effects on cercariae at 60 min-
utes (Mann-Whitney U test, p = 0.442), implying that a lower concentration of powder soap
was required to reach the similar lethality of bar soap.

Discussion

The results demonstrate that all four soaps are able to kill S. mansoni cercariae, and this lethal

effect of soap on cercariae is strongly related to soap concentration and exposure time. For the
same soap, a longer time is needed to kill the same percentage of cercariae when soap concen-
tration is lower, which confirms the finding of a previous systematic review [21].

Our results also show that powder soap has higher lethality towards cercariae compared to
bar soap, which was also reported in a previous study which compared five commercial pow-
der soaps with one local bar soap in Nigeria [25]. Previous research on the anti-bacterial activ-
ity also found that powder detergent (Surf excel) was more effective at inhibiting the growth of
five bacterial strains than bar soap (Lifebuoy Green), which might be because some chemicals
in the powder detergent can improve the anti-bacterial effect [39]. Therefore, the difference in
the lethality of soap ingredients may be responsible for the different lethal effects of the two
soap types.

The active anti-bacterial component of Rungu is irgasan DP 300, also known as triclosan,
which has been widely used in hygiene products such as hand soaps, shower gels, dishwashing
soaps and toothpastes [33,40]. One study has shown that repeated handwashing with the bar
soaps containing this chemical demonstrated a significant protection against natural skin bac-
teria in comparison with unmedicated bar soap [41]. Our results show that this anti-bacterial
bar soap Rungu was only statistically more lethal than the other bar soap at 30 minutes and 45
minutes post-exposure to 500 mg/L soap, suggesting there is likely limited extra protection
provided by anti-bacterial soap.
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Two previous studies investigated the lethality of the powder soap Omo, both of which
reported an exposure time of 2 minutes to kill all cercariae at 100 ppm [24,25]. However,
our results demonstrate that it took 60 minutes to reach 100% cercarial mortality at this
concentration, 30 times longer than previously reported. The previous studies also found
that a concentration of 10 mg/L was able to kill all cercariae after approximately 60 minutes,
whereas we found that almost all cercariae swam actively at 60 minutes post-exposure at
this concentration. Due to the unclear protocols of determining cercarial death in those two
studies, a less strict protocol might have been used, leading to the higher lethality of Omo in
their results.

A few other studies have also determined the adverse effect of local soaps including endod
berries and one local soap in Nigeria [25-28]. Endod (Phytolacca dodecandra) berries are a tra-
ditional local soap widely used in Ethiopia that can be used to wash clothes [42]. One study
demonstrated that all S. haematobium cercariae died at 100 ppm after 60 minutes of exposure,
which is similar to our powder soap results [27].

The water used in the experiments is Volvic bottled water. This bottled water contains min-
eral components such as calcium, magnesium, sodium and potassium and has the pH of 7 [38]
which fall into the ranges of those water parameters in African water bodies [34-37]. However,
it should be noted that water chemistry may also influence soap lethality. For example, one
study has found that the lethal effect of soap on S. mansoni cercariae increased with the
increase in water hardness [24], though it is unclear how the researchers controlled the level of
water hardness. Considering the wide ranges of water parameters reported in natural water
bodies, Volvic was selected and used as a convenient standard in our research. Increasing
water temperature may affect the lethality of soap by accelerating the chemical reaction
between soap and cercariae, similar to the chlorine disinfection of cercariae [8], and by
enhancing the solubility of soap in water [43]. Future studies can investigate the soap lethality
under different water parameters and use natural water samples to compare with the results
found in the laboratory.

Soap inactivates microbes by dissolving their lipid membranes and causing the release of
their intracellular contents [44]. Schistosome cercariae are covered by a single unit membrane
which is made of lipid and an immunogenic glycocalyx which may contain lipid [45]. Soap
molecules normally have one hydrophilic head which bonds with water and a hydrophobic tail
which bonds with oil and fat. It is possible that soap kills schistosome cercariae in the same
way as inactivating other microbes, i.e. it is possible that those molecules destroy cercariae by
bonding with the lipid membrane and glycocalyx of cercariae and then releasing the intracellu-
lar contents. The ruptured membrane and glycocalyx of cercariae when exposed to other
chemicals such as chlorine and hinokitiol [46,47] were reported, though this possible damage
caused by soap was not observed under a microscope.

As discussed in a review on the efficacy of soap against cercariae, field studies on interven-
tions with soap use demonstrated conflicting results, which suggests the importance of labora-
tory results obtained from well-controlled experiments [21]. Based on the lethal effect
explored in this experimental study, all soaps killed cercariae within 15 minutes, suggesting the
potential impact of improving soap use as a long-term complementary intervention. However,
soap is unlikely to provide full protection even if it is used in all water-contact activities.

Unilever recommends dissolving one cup of Omo hand washing powder (one cup ~ 114 g)
in 20 L bucket of water [48], producing a powder soap concentration of 5700 mg/L. Similarly,
The Centre for Disease Control and Prevention (CDC) recommends 5000 mg/L when prepar-
ing soapy water for cleaning surfaces or objects [49]. Since all cercariae died after 5-minute
exposure of 1000 mg/L powder soap in our experiments, the powder soap solution should be
cercaria-free and safe to use at 5 minutes after preparation.
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As previously mentioned in the methodology, the average bar soap concentration per hand
wash was estimated to be approximately 1000 mg/L (details in S1 File). The highest soap concen-
tration is achieved the moment soap is applied on hands and rubbed before rinsing, and the con-
centration gradually decreases during rinsing before finally reaching zero in the end. Therefore,
the actual soap concentration during handwashing can be either much higher than or much
lower than the average soap concentration estimated here, leading to the varied protection at each
time point during exposure. The varied protection during exposure applies to other water-contact
activities including laundry, bathing and dishwashing as all these activities involve the rinsing pro-
cess which lowers the soap concentration. Since soap at a high concentration of 1000 mg/L is not
able to kill cercariae instantly and soap concentration changes with rinsing, soap is not likely to
provide sufficient protection under the mechanism of killing cercariae. Nevertheless, it is possible
that even low concentrations of soap could render cercariae unable to penetrate skin.

The species tested is S. mansoni, one of the three main species of schistosomes that infect
humans [29,30]. However, it remains unknown whether there is species variability in soap,
and therefore S. haematobium and S. japonicum should be considered in future studies. Apart
from the four soaps tested in this study, there are also other soaps used by local people living in
the endemic village. Future research can investigate more soaps especially other soap types
such as local soap (e.g. Endod berries in Ethiopia) or liquid soap in endemic regions to study
the lethality of different soaps that people use. Additionally, all the experiments in this study
were carried out in the laboratory, and it remains unclear whether these laboratory results will
align with the field results. Therefore, field research is needed using natural water samples and
cercariae released from “wild” snails in disease-endemic areas. If soap use is promoted to pre-
vent schistosomiasis infection in the future, it is important to conduct studies on evaluating
the environmental impact of soap at the concentrations proposed and the availability and
affordability of soap in endemic regions.

It is worth noting that the adverse endpoint of cercariae assessed in this study is mortality
which was determined by cercaria motility and morphology. Our results showed that some
cercariae were clearly damaged when exposed to 100 mg/L bar soap since they started to fall
down to the bottom of the beaker since 5 minutes of exposure, twitch and lose the ability to
swim back to the surface water, though they were still alive. Therefore, it is important to test
whether these damaged but alive cercariae still pose a risk to people during water contact. As
summarised in our systematic review, there are two groups of soap protective mechanisms: (1)
the adverse effect of soap on different endpoints of cercariae such as mortality and infectivity,
(2) soap protects the skin by preventing cercariae from penetrating the skin, developing into
adult worms and producing eggs [21]. From a public health standpoint, soap does not neces-
sarily kill cercariae and may still be protective if any potential mechanism above is effective.
For example, it is possible that soap protects individuals at lower concentrations and shorter
exposure times by making cercariae lose the ability to penetrate skin and develop into adult
worms. One study has found that there was a reduction of about 85% worm burden when
mouse tails were exposed to cercariae treated with a low concentration of 10 ppm powder soap
Omo for 30 minutes [25]. To further explore the possible protection of soap, future studies
should investigate other potential protective mechanisms of soap. However, based on mea-
surement of the direct lethality of soap against cercariae alone, this study demonstrated that
soap is unlikely to be fully protective under normal usage conditions.

Conclusions

Our study has determined the quantitative lethal effect of four soaps on S. mansoni cercariae.
The results suggest that these soaps can kill cercariae, and this effect was related to soap
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concentration and exposure time. Among the two soap types tested in this study, powder soap
was more lethal than bar soap, which might be due to the difference in soap ingredients.

Even at a very high concentration of 1000 mg/L, soap did not kill all cercariae instantly.
Since the soap concentration during washing activities is highly dynamic, it is likely that soap
protection is variable and incomplete. As the adverse endpoint of cercariae determined in this
study was death, our results represent the minimum soap protection that people can obtain at
each controlled exposure concentration and time. Therefore, it is necessary to investigate
whether cercariae are still able to penetrate skin when exposed to low concentrations of soap
or soap can protect skin against the penetration of cercariae, which may provide further confi-
dence in the use of soap as a protective measure.
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