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15  Abstract
16  Barombi Kotto, Cameroon serves as a reference location for assessing intervention strategies
17  against Schistosoma haematobium. As part of a pilot study, the whole community was treated
18  with praziquantel, inclusive of pre-school-aged children (PSAC) and their mothers. One year
19 later egg-patent infections were reassessed and water contact patterns of 12 pairs of PSAC
20  andtheir mother were measured with global position system (GPS) dataloggers. A substantial
21  reduction in general infection prevalence, from 44.8% to 11.7 %, was observed but certain
22  PSAC and mothers continued to have egg-patent infections. Analysis of GPS data
23 demonstrated similar water contact levels between child and mother groups, although
24  certain individuals were numerical outliers. This study shows the potential of GPS dataloggers
25  to clarify the at-risk status of PSAC and mothers.
26
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Introduction

Urogenital schistosomiasis is an important waterborne disease, caused by infection with the
blood fluke Schistosoma haematobium, and common in many parts of sub-Saharan Africa (1).
In Cameroon, for example, there is a national control programme active in the distribution of
praziquantel (PZQ) to school-aged children (SAC) (2, 3). However, in the move towards local
interruption of schistosome transmission, the programme is developing new tactics of control
(4) and has benefited from recent bilateral support from China in snail control and
environmental surveillance (5), as well as from UK to expand access of interventions (6).

Overlooked for too long, expanding access of PZQ to pre-school-aged children (PSAC)
and their mothers is attracting increasing attention (7, 8). It has been shown elsewhere that
these groups can be patently infected (9-12) and alongside SAC, may contribute towards
schistosome transmission but their water contact(s) is rarely measured and hence the role of
PSAC in sustaining local transmission remains speculative (13, 14). As a pilot investigation of
expanded access to praziquantel treatment, in June 2016 Campbell et al. undertook a detailed
cross-sectional epidemiological and malacological survey at Barombi Kotto, Cameroon (15).
Barombi Kotto is well-known crater lake and is of significant international interest as a
longstanding focus of urogenital schistosomiasis (16-18). Before treating all community
members with PZQ, Campbell et al. noted that a quarter of PSAC had egg-patent infections.
Furthermore, adult women had raised signs and symptoms of female genital schistosomiasis
(FGS), the latter is of growing international concern (13, 19). Environmental water contact is
very common across the community, for example, bathing, washing and other domestic
chores are typically performed on the immediate shoreline of the island while potable water
is collected in plastic containers from a local stream which is only accessible by canoe (15).
The level of environmental water contact, however, on the immediate lake shoreline of both
PSAC and their mothers remained to be determined and compared.

To shed fresh light on the at-risk status of PSAC and their mothers, using wearable
global position system (GPS) dataloggers, we attempted to measure and compare the water
contact patterns of PSAC and their mothers (20, 21). Furthermore, we hoped to pinpoint
water contact sites, measuring putative immersion times, on the Barombi Kotto crater lake

shoreline as baseline information for future interventions.
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Methods & Materials

Study location and parasitological examination

This parasitological resurvey and GPS study was conducted in June 2017 in the community on
the central island of Barombi Kotto crater lake, where some 375 people are permanent
residents. Study protocols were approved by the Liverpool School of Tropical Medicine
Research Ethics Committee and the Cameroon National Ethical Committee of Research for
Human Health. Participation involved obtaining written informed consent from mothers and
their PSAC before deployment of the GPS datalogger. A total of 179 individuals (20 PSAC, 55
SAC and 104 adults) underwent a parasitological reinspection where each provided a 10ml
urine sample which was filtered and stained with Lugol’s iodine to visualise S. haematobium
eggs by microscopy as described previously (15). All participants found infected with

schistosomiasis were offered and observed to take praziquantel treatment (40 mg/kg)

Water exposure assessment

A subset of 12 mothers and PSAC pairs were randomly selected, then 6 pairs were assigned
into two groups to wear the GPS dataloggers (i-gotU-120, Mobile Action, UK; dimension 44.5
x 28.5 x 13 mm, weight 20 g) over a 48-hour period on two occasions. The dataloggers were
worn on the arm or wrist using a custom made elastic strap (20). The dataloggers were
configured to record GPS location and velocity at 1 minute intervals during waking hours
(05:00-21:00). Analysis of GPS data was conducted in QGIS (22) and filtered per the velocity
filtering method (23). A zone was developed around the lakeshore of the island, 10m into the
lake and 5m into the shore, a conservative assessment of the positional accuracy of the i-
gotU-120 dataloggers based on previous observations (24). A water contact event was
defined as a GPS location recording within a defined lakeshore geospatial buffer zone around
the island circumference: a conservative assessment of the positional accuracy of the i-gotU
dataloggers (24). As the GPS loggers recorded location at 1 minute intervals, each water
contact event is analogous to 1 minute spent in the geospatial buffer zone and could be tallied

and compared between individuals and groups.
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Statistical analysis

Statistical analysis was performed using the R statistical software (25). Prevalence of
schistosomiasis was calculated with 95% binomial confidence intervals (95% Cls) with
correction for samples of n < 30. The track logs of each GPS unit were plotted and overlaid

against a base map of Barombi Kotto shoreline to identify travel patterns on and off the island.

Results and Discussion

<please insert table 1 here>

The characteristics of the study population and infection status is shown in Table 1. In June
2017, the overall prevalence of egg-patent infection was 11.7 % (95% Cl 7.0 - 17.0) with only
1 infection of heavy intensity encountered albeit in a PSAC. The epidemiological survey
undertaken by Campbell et al. one year previously observed a much higher egg-patent
prevalence of 40.1% (24.6% in PSAC, 51.3% in SAC and 44.9% in adults). The overall reduction
across all demographic groups, see Table 1, is most likely due to the community-wide PZQ

treatment.

<please insert Figure 1 here>

Twelve PSAC and mother pairs were randomly selected and assigned into two groups
of 6 pairs, to wear the GPS dataloggers on two locations. In total, there were 3 individuals
with egg-patent infections (2 mothers and 1 PSAC) and their intensities of egg-patent
infections against the sampled population is shown in Figure 1A. The water contact levels of
the 12 mother and child pairs for the 48 hour period is shown in Figure 1B. This documents a
high level of water contact events (reaching up to 166 water contact events in 24 hours) in
both mothers and PSAC on the Barombi Kotto shoreline. As data points were recorded at 1
minute intervals, the number of water contact events can be interpreted as the time spent in
water contact which would likely positively correlate with actual bodily immersion or skin
contact with lake shore water.

The average number of water contact events in 24 hours were 27.4 [95% Cls: -1.3,

56.1] for mothers and 14.1 [95% Cls: 8.5 ,19.7] for PSAC, with no significant difference
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between the two groups, Figure 1B. These findings have important implications in that water
contact levels of PSAC should not to be overlooked and follow similar levels to that observed
in Uganda (20). In Uganda PSAC were observed to spend on average half an hour on the
shoreline of Lake Albert and were clearly shown to be an at-risk vulnerable group not only to
first infection but also re-infection (10), as evidenced here in Barombi Kotto. Our study shows
the potential of GPS data logging technology to clarify their at-risk status which should assist
in better infection surveillance and control of urogenital schistosomiasis in general as well as
for regular access to treatment with the soon to be deployed paediatric PZQ formulation (12).

Upon more detailed inspection of individual water contact patterns, whilst our GPS
sample of two infected mothers (“M1”, “M2”) and one infected PSAC (“X4”) was too small to
determine a precise relationship between water exposure and infection status, two of these
individuals were clear numerical outliers in terms of their water contact(s) (4.6, 166.1, and
31.8 for “M1”, “M2” and “X4”, respectively). The latter two lying far outside the confidence
intervals for PSAC and mother averages. This demonstrates the importance of individual
variation in exposure and likely environmental contamination, Figure 1B. Indeed, it is very
plausible that the water contact behaviours of “M2” and “X4” could classify them as ‘raised-
spreaders’ who should be specifically targeted for increased frequency of treatment(s)
alongside behavioural change interventions. It remains to be seen if these individuals play
more pivotal roles than others in facilitating and sustaining local transmission of
schistosomes.

Another interesting facet revealed by the GPS dataloggers is the similar geospatial
pattern of water contact between the two groups which illustrate that PSAC frequently
accompany their mothers to the same locations, Figure C. This is also consistent with other
studies using questionnaires (13, 21). Furthermore, observed water contacts were largely co-
clustered on the South-West lakeshore of the island, notably an area where activities of the
3 infected cases were concentrated. Micro-spatial heterogeneity of schistosome transmission
has been described elsewhere (26, 27) and is further evidenced here, Figure 1D. In the future
context of interruption of schistosome transmission (14, 27), as a cost-effective measure, it
would be sensible to apply focal molluscicides at this location rather than elsewhere, to have
highest impact upon removal of infected snail hosts.

Our findings document that GPS dataloggers are an accepted method of measuring

water exposure in PSAC and their mothers and directly compare environmental risk of
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schistosomiasis exposure. We suggest that in future the water contact levels of these two
demographic groups should further investigated. The wearable GPS technology is also of
value to identify putative transmission foci for spatial targeting of interventions.
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Figure Legend

Figure 1. A. The S. haematobium egg count frequency for the 21 individuals found positive
at the time of community resurvey; B. Plot of water contact events over 24 hour period for
mothers (n=12) and PSAC (n=12), the black lines denote average with 95% Cls others for
mothers [27.4 (-1.3, 56.1)] and PSAC [14.1 (8.6, 19.7)] since our sample size was < 30 instead
of using the formula of 1.96*Standard error, 2.201*standard error (11 degrees of freedom)
was used. No significant difference was found between water contact events for mother
and children groups (P = 0.34, paired t-test) evidencing similar water contact levels; C. GPS
co-ordinates of individuals over a 48-hour period stratified by S. haematobium infection
status and age with different colours representing individuals: (i) not infected PSAC (n=11);
(ii) infected PSAC (n=1); (iii) uninfected mothers (n=10); and (iv) infected mothers (n=2). The
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284  S. haematobium infected mothers (M1 and M2) and child (X4) from the GPS study are
285 identified in plots A and B.
286
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