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collected snail (n = 52) was observed to shed S. mansoni
cercariae.
Ova-patent S. mansoni infections, including both

medium and heavy intensity infections, were observed
(see Table 1). Ova patent urogenital schistosomiasis was
detected in all schools, ranging from 1.7 to 60.0%, inclu-
sive of heavy intensity infections, except at Koche, St Mar-
tins and Makumba schools. Across our sample, 75 (14.4%)
children were considered ‘free’ from schistosomiasis; if
urine CCA-dipstick ‘trace’ was considered infected or
‘trace’ was considered not infected, then 109 (36.5%) or 56
(10.7%) children were judged co-infected with intestinal
and urogenital schistosomiasis, respectively.

Risk factors associated with schistosomiasis-associated
morbidity
Significant increases of schistosomiasis at Mchoka and
Samama were observed (see Fig. 3) even though MDA
treatment coverage (81.9%), as reported by interview,
was good. Relative risk of infection prevalence of S.
mansoni significantly increased at Samama (RR = 1.7,
95% CI: 1.4–2.2) and Mchoka (RR = 2.7, 95% CI: 1.7–
4.3) schools, indicative of substantive re-infection con-
current with increasing environmental transmission for
both types of schistosomiasis.
Analysis of risk factors associated with schistosomiasis-

associated morbidity (see Table 2) showed that ‘positive’
urine CCA-dipstick results and ova-patent S. mansoni
were significantly associated with FOB, alongside ova-
patent S. haematobium with microhaematuria. Neither

age nor gender were associated with these morbidity indi-
cators although a marginal protective effect of MDA, on
both FOB and microhaematuria, was observed.

Discussion
Our integrated surveillance approach was unified by three
linked cross-sectional surveys, see Fig. 1, and a conjoined
malacological inspection. Collectively this builds a more
thorough assessment of the changing epidemiology of in-
testinal and urogenital schistosomiasis on the Lake Malawi
shoreline (see Fig. 2 and Table 1). Of note, is that the
prevalence of both forms of schistosomiasis is increasing
(see Fig. 3), indicative perhaps that the force of infection
[13] for each parasite is rising, with intestinal schistosom-
iasis being of newest public health concern here.
Our study detected a mean prevalence of intestinal schis-

tosomiasis by ‘positive’ urine CCA-dipstick results of 31.5%
(95% CI: 27.5–35.5). Notably, significant increases in infec-
tion prevalence since May 2018 were observed at Samama
(RR = 1.7, 95% CI: 1.4–2.2) and Mchoka (RR = 2.7, 95% CI:
1.7–4.3) schools. The disease was also confirmed at MOET
(18.3%) and Koche (35.0%) schools with a broader geo-
graphical footprint apparent across the 8 rapid mapping
schools, with prevalence ranging from 10.0 to 56.7%, and
several extant populations of B. pfeifferi were confirmed on
the eastern and western lake shoreline. Concurrently mean
prevalence of urogenital schistosomiasis was 24.0% (95%
CI: 20.3–27.7) with 109 (36.5%) or 56 (10.7%) children co-
infected with intestinal schistosomiasis, as contingent upon

Fig. 3 The year-on-year increase of prevalence of urogenital (by urine filtration) and intestinal (by ‘trace/positive’ urine CCA-dipsticks)
schistosomiasis despite annual MDA across the two schools Mchoka and Samama as sampled in 2018 and 2019. Error bars indicate 95%
confidence intervals (CI). RR: relative risk
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interpretation of urine-CCA dipstick ‘trace’ as infection-
positive or negative, respectively.
The unexpected occurrence of intestinal schistosomia-

sis elsewhere in Malawi, alongside the more well-known
urogenital schistosomiasis, has been encountered before;
the surveys conducted by Poole et al. in Chikhwawa dur-
ing June 2012 noted that 24.9 and 9.1% of mothers and
their pre-school-aged children were positive by urine
CCA-dipsticks with ova-patent S. mansoni infections
confirmed [14]. While Biomphalaria was not detected in
their search for local snails [14], the occurrence of B.
pfeifferi, as shown here in Fig. 2, adds weight to their
postulate of intermittent transmission of S. mansoni in
Chikhwawa. They suggested that the occasional influx of
upstream populations of B. pfeifferi in the Shire River, as
being swept downstream during seasonal flooding, might
then colonize temporary pools in the Lower Shire River
flood plain, to spark sporadic transmission in Chikh-
wawa [14]. By contrast, an enduring presence of B. pfeif-
feri along Lake Malawi and Upper Shire River, gives rise
to more sustained opportunities in local transmission of
S. mansoni in Mangochi District.
In regard of this lake shoreline setting, we have shown

1) increases in the prevalence of intestinal schistosomia-
sis at Mchoka and Samama schools, 2) occurrence of

intestinal schistosomiasis at MOET and Koche schools
and 3) endemic intestinal schistosomiasis occurring
along a 80 km section of Lake Malawi and Shire River
shoreline, noting additional populations of B. pfeifferi on
the lake’s eastern shoreline (see Fig. 2). Of particular note
is the strong association of S. mansoni infection, as de-
tected by urine CCA-dipsticks, with FOB in 16.2% of ex-
amined children, see Table 2, indicative of overt intestinal
pathology [15]. Combined with the observations of ova-
patent infections of moderate- and heavy-intensities at
Koche and Ndembo, as well as, ova-patent infections at a
further five schools, this is pervasive evidence of more sus-
tained local transmission of intestinal schistosomiasis.
Whilst the debate on how to interpret ‘trace’ reactions

of urine-CCA dipsticks continues, a ‘positive’ reaction is
considered solid evidence of active intestinal schistosom-
iasis [12]. With no association detected between uro-
genital schistosomiasis and urine-CCA in our study, we
conclude that urine-CCA tests are highly specific for S.
mansoni detection, with ‘trace’ results indicating light
sub-clinical infections, with sub-patent egg outputs.
Therefore, 31.5% (95% CI: 27.5–35.5) of our sampled
children were suffering from intestinal schistosomiasis
but if a ‘trace’ reaction was considered diseased then a
total of 82.5% (95% CI: 79.2–85.8) were infected or, at

Table 2 Risk factors analyses for morbidity associated with urogenital and intestinal schistosomiasis upon detection of
microhematuria and faecal occult blood, respectively

Prevalence (%) [95% CI] Microhematuria Faecal occult blood (FOB)

31.5 [27.5–35.5] 16.2 [11.0–21.4]

Sample size n = 520 n = 191α

Unadjusted odds ratio
(95% CI) [P-value]

Adjusted odds ratio
(95% CI) [P-value]

Unadjusted odds ratio
(95% CI) [P-value]

Adjusted odds ratio
(95% CI) [P-value]

Urine-CCA testβ Negative 1 1 1 1

Positive 2.0 (1.4–3.0)
[< 0.01]

1.2 (0.6–2.6)
[0.61]

12.9 (4.3–38.7)
[< 0.01]

9.2 (3.0–28.6)
[< 0.01]

Ova-patent intestinal
schistosomiasis (Kato-Katz)

Negative 1 1 1 1

Positive 2.2 (1.0–4.7)
[0.06]

3.0 (1.0–8.6)
[0.04]

11.4 (3.9–33.3)
[< 0.01]

6.7 (2.0–22.6)
[< 0.01]

Ova-patent urogenital
schistosomiasis (urine filtration)

Negative 1 1 1 1

Positive 42.1 (23.2–76.5)
[< 0.01]

47.9 (22.6–101.5)
[< 0.01]

1.6 (0.7–3.8)
[0.25]

1.5 (0.5–4.9)
[0.49]

Praziquantel treatment in last 12
months

No 1 1 1 1

Yes 0.7 (0.5–1.1)
[0.16]

0.7 (0.3–1.8)
[0.45]

0.5 (0.2–1.3)
[0.16]

0.8 (0.3–2.3)
[0.65]

Gender Male 1 1 1 1

Female 1.0 (0.7–1.4)
[0.85]

0.9 (0.5–1.8)
[0.82]

1.1 (0.5–2.3)
[1.00]

1.0 (0.4–2.4)
[0.97]

Age (years) 6–10 1 1 1 1

11–15 0.9 (0.6–1.4)
[0.71]

1.2 (0.6–2.3)
[0.63]

1.1 (0.507–2.4)
[0.81]

0.9 (0.3–2.3)
[0.78]

α all total of 200 FOB tests were available being used at Samama, Mchoka and MOET schools;
β a trace result was considered here as not infected, only + ve urine CCA-dipstick scorings were considered infected; our conservative approach was based upon
correlates of urine CCA-dipsticks and duplicate Kato-Katz comparisons, with ova-patent prevalence of S. mansoni being ≥ 20%, see Bärenbold et al. [12]

Kayuni et al. Infectious Diseases of Poverty           (2020) 9:121 Page 7 of 10



the very least, at-risk. Of particular note in this light is
intestinal schistosomiasis at Ndembo and St Augustine
II schools, see Fig. 2, where the prevalence of ‘positive’
urine-CCA dipsticks was > 50% and ova-patent S.

mansoni infections were encountered, being of light and
moderate infection intensities, Table 1; moreover, mod-
erate and heavy ova-patent S. mansoni infections were
detected at Koche school where the prevalence of

Fig. 4 a Composite satellite map, modified from GoogleEarth imagery, that illustrates the changing shoreline of the lake in 2005, 2012, 2013 and
2016. The featured area is the bay indicated by the black arrow labelled ‘A’ in Fig. 1. The green circle ‘M12’ denotes the sampling location where
numerus Biomphalaria have been found during all malacological inspections from November 2017 to December 2019. The changing shoreline is
most likely resultant from lowering lake levels, see b, as well as, upon influx of sediments from the seasonal river in the bottom part of this
image. b. Annual changes in the lake surface levels during 1992–2019 period (see https://ipad.fas.usda.gov/cropexplorer/global_reservoir/gr_
regional_chart.aspx?regionid = eafrica&reservoir_name = Malawi), as detected by remote altimetry, denoting two particularly low-level periods, in
1996–1998 and 2017–2019, which may help explain the changing shoreline shown in a as the lake recedes in depth. m MSL: meters above Mean
Sea Level
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