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A B S T R A C T   

Schistosomes infect over 200 million people worldwide, but few studies have characterized the effects of 
Schistosoma mansoni infection and effective treatment on the lower gastrointestinal mucosa. In this prospective 
cohort study, we compared the clinical findings on sigmoidoscopy and laboratory measures in Tanzanian adults 
with and without S. mansoni infection at baseline and 6 months after praziquantel treatment. Grading of the 
endoscopic findings was done using the Mayo Scoring System for Assessment of Ulcerative Colitis Activity. 
Schistosome infection was confirmed by stool microscopy and serum circulating anodic antigen (CAA). Baseline 
comparisons were performed in Stata using Fisher’s exact and Wilcoxon rank-sum tests, and pre- and post- 
treatment comparisons using Wilcoxon matched-pairs signed-rank and McNemar’s tests. 

We investigated the clinical characteristics of 48 individuals: 32 with and 16 without S. mansoni infection. 
Infected individuals had greater severity of sigmoid and rectal mucosal abnormalities and higher Mayo scores 
and serum eosinophils (all p < 0.05) than uninfected individuals at initial evaluation. At 6 months, 28 in
dividuals completed repeat blood tests and sigmoidoscopy. Of these, 14 cleared their baseline infection (n = 7) or 
experienced a greater than 7-fold decrease in serum CAA (n = 7). Follow-up sigmoidoscopies revealed some 
improvements in sigmoid and rectal mucosal findings, although Mayo scores were not significantly lower. Both 
the median erythrocyte sedimentation rates (32.5→12.5 mm/hr) and percent of eosinophils (7.1→3.1%) 
decreased in this group from baseline to follow-up. 

S. mansoni infection was associated with mild-to-moderate lower gastrointestinal mucosal abnormalities that 
were grossly visible during sigmoidoscopy, and these improved partially 6 months after effective treatment with 
praziquantel. Additional studies, of longer duration and focused on both clinical and mucosal immunologic ef
fects of S. mansoni, could provide additional insight.   
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1. Introduction 

Schistosoma mansoni and other Schistosoma species are water-borne 
helminths endemic to many tropical and subtropical parts of the world 
that infect over 200 million people (WHO Schistosomiasis (Bilharzia) 
[Internet], 2022). Schistosome infection disproportionately affects the 
poor, particularly those with limited access to clean water. In many 
fishing communities near Lake Victoria in Tanzania, the prevalence of 
S. mansoni infection among adults commonly exceeds 50%, based on our 
prior experience (Downs et al., 2017; Mazigo et al., 2014). S. mansoni 
worms lay eggs in the host venules that migrate preferentially through 
host gastrointestinal tissue, causing immune dysregulation with granu
lomatous inflammation that can lead to significant morbidity and mor
tality. Intestinal and hepatosplenic manifestations of S. mansoni 
infection include abdominal pain, diarrhea, hepatosplenomegaly, portal 
hypertension, and variceal bleeding (Yasawy et al., 1989; Mohamed 
et al., 1990; World Health Organization, 2020; Schwartz and Fallon, 
2018). Quantification of S. mansoni egg distribution in the gastrointes
tinal tract in 400 consecutive autopsies showed that tissue density of 
eggs was highest in the colon (847 eggs per gram of tissue), followed by 
the small intestine (461 per gram), and liver (150 per gram) (Kamel 
et al., 1977). Within the colonic tissue, eggs were most concentrated 
distally in the rectum and decreased as more proximal sections of the 
colon were examined (Cheever, 1968). Praziquantel, an anthelmintic 
agent, is the treatment of choice and is commonly used in mass drug 
administration programs in endemic countries (WHO/Department of 
control of neglected tropical diseases, 2006). 

Few studies have directly investigated the clinical effects of 
S. mansoni infection on the lower gastrointestinal mucosa before and 
after praziquantel treatment. A cohort study of 216 patients undergoing 
gastrointestinal endoscopies in Riyadh, Saudi Arabia, demonstrated that 
endoscopic colonic biopsy is more sensitive than stool microscopy at 
detecting S. mansoni ova and also documented frequencies of several 
characteristic colonic mucosal abnormalities in patients with intestinal 
S. mansoni infection (Yasawy et al., 1989). This group further reported 
histopathological findings from colonic mucosal biopsies in the same 
cohort, noting that the most common finding was S. mansoni ova sur
rounded by no or mild inflammatory cell infiltrates—a finding that 
correlated with normal or mildly inflamed endoscopic appearances in 
most patients (Mohamed et al., 1990). Of 98 patients who had abnormal 
mucosal appearances at initial evaluation and received praziquantel, 
only 28 (29%) had follow-up sigmoidoscopies 3–6 months later, and all 
of these revealed normal findings (Mohamed et al., 1990). Two case 
reports have also suggested that praziquantel treatment may promote 
mucosal healing (Ngatchu et al., 2010; Sharaiha et al., 2010). Notably, 
both the larger study and the case reports were hospital-based and 
evaluated patients seeking endoscopies. Neither included uninfected 
participants, had a community-based sampling strategy, or utilized a 
systematic grading scale to evaluate and monitor the gastrointestinal 
mucosa post-treatment. 

These studies are complemented by several other studies that have 
utilized non-invasive measures, such as ultrasonography and surrogate 
markers of bowel inflammation, including fecal occult blood, fecal cal
protectin and plasma endotoxin, to characterize the morbidity of in
testinal S. mansoni infection (Kanzaria et al., 2005; Betson et al., 2010; 
Bustinduy et al., 2013; Tamarozzi et al., 2018; Klemperer et al., 2020). 
Several studies have found fecal occult and fecal calprotectin markers to 
correlate with intestinal morbidity (Kanzaria et al., 2005; Betson et al., 
2010; Bustinduy et al., 2013), while studies of ultrasonography and 
plasma endotoxin levels have reported no correlation (Tamarozzi et al., 
2018; Klemperer et al., 2020). 

Our goal was to conduct a prospective cohort study to determine the 
association of S. mansoni infection with rectal and sigmoid mucosal 
abnormalities and to quantify the mucosal effects of praziquantel 
treatment using an established systematic grading scale, the Mayo 
Scoring System for Assessment of Ulcerative Colitis Activity. We 

additionally compared erythrocyte sedimentation rate (ESR) and he
matologic, renal, and liver function tests between infected and unin
fected individuals at baseline, as well as changes in infected individuals 
before and after praziquantel treatment. We hypothesized that prior to 
treatment, S. mansoni-infected individuals would have significantly 
more, and distinct, rectal and sigmoid mucosal abnormalities as 
compared to uninfected individuals. We also postulated that higher- 
intensity schistosome infections would be associated with worse 
mucosal disease and that after treatment, mucosal abnormalities would 
only partially improve as parasite eggs lodged in tissue and previous 
consequences of the granulomatous immune response to parasite eggs 
would not be completely eliminated. 

2. Methods 

2.1. Study design 

We conducted a prospective cohort study from June 2019 to 
February 2020 to document the effects of S. mansoni infection and its 
treatment on the lower gastrointestinal tract mucosa. This study was 
conducted in the fishing village of Kayenze near Mwanza, Tanzania, 
where S. mansoni infection is hyperendemic. This clinical study was part 
of a larger study investigating gastrointestinal mucosal immune effects 
of schistosome infections. Participants were healthy community mem
bers, defined as those who had no known or self-reported diagnoses of 
chronic schistosomiasis or other chronic diseases, who presented for 
screening for schistosomiasis at a community center during our visits to 
the village. 

In order to study adults with confirmed active S. mansoni intestinal 
infection, we determined S. mansoni infection status using both serum 
circulating anodic antigen (CAA) and urine and stool microscopy results. 
We enrolled an S. mansoni-infected group that was positive for both CAA 
and stool ova indicative of S. mansoni egg morphology, and a 
schistosome-uninfected group that had a negative CAA and negative 
stool and urine microscopy for all schistosome eggs. We aimed to enroll 
those with and without S. mansoni infection in a 2:1 ratio to over-sample 
those with infection and allow visualization of a range of pathologies 
while still maintaining a comparison group. All enrolled participants 
were followed for 6 months. Participants with S. mansoni infection were 
treated with praziquantel at a dose of 40 mg per kilogram (mg/kg), in 
accordance with the World Health Organization (WHO) guidelines 
(WHO/Department of control of neglected tropical diseases, 2006), after 
undergoing baseline laboratory measures and sigmoidoscopy. 

Baseline sigmoidoscopy evaluations included photographic docu
mentation of clinical findings and collection of biopsies for future 
studies. Participants provided peripheral blood for baseline laboratory 
measures that included a complete blood count (CBC), creatinine, 
aspartate/alanine aminotransferase (AST, ALT), and ESR quantification. 
At 2- and 4-month follow-up visits, the serum CAA, stool, and urine tests 
were repeated. Any person who was either CAA- or S. mansoni egg- 
positive at any follow-up visit received an additional dose of prazi
quantel 40 mg/kg. All baseline tests, including sigmoidoscopy, were 
repeated at the 6-month follow-up visit. 

2.2. Inclusion criteria 

The study’s inclusion criteria included adults aged 18–45 years who 
were able to give informed consent and demonstrate understanding of 
the study; had a reliable phone of their own or of a contact to schedule 
follow-up visits; and had plans to reside in the study village for at least 6 
months. S. mansoni-infected participants had at least one S. mansoni egg 
seen during stool microscopy and a serum schistosome CAA ≥30 pg/mL, 
as well as negative stool and urine microscopy for S. haematobium. Un
infected participants were required to have a CAA < 30 pg/mL and no 
schistosome ova seen in the urine or stool. The age range of 18–45 years 
was chosen due to modeling studies that suggest stable levels of anti- 
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schistosome immunity in this age group (Mitchell et al., 2008). 

2.3. Exclusion criteria 

The study’s exclusion criteria included those with HIV infection (due 
to the effects of HIV infection on immune cell populations in the GI tract) 
or those who refused voluntary HIV counseling and testing (Hatano 
et al., 2013; Shaw et al., 2011); S. haematobium or other helminth 
infection detected during stool and urine microscopy; history of in
flammatory bowel disease or other known bowel pathology due to the 
need to compare normal tissue that differs only by the presence or 
absence of S. mansoni infection; pregnancy due to the need for 
sigmoidoscopy; and acute diarrheal illness, defined as an increase in the 
frequency of stools that was different from the participant’s normal 
bowel habits, in the past month. We excluded those who had CAA ≥30 
pg/mL but had no S. mansoni eggs seen in stool, as well as those who had 
S. mansoni eggs seen in stool but had CAA <30 pg/mL . This was done to 
ensure that those enrolled had active S. mansoni infection. This strategy 
was chosen to allow for accurate comparison of sigmoidoscopy findings 
between S. mansoni-infected versus uninfected individuals. 

2.4. Study procedures 

Potential study participants met individually with a study nurse to 
provide written informed consent for screening. After consent was ob
tained, participants provided urine and stool for microscopy and pe
ripheral blood for HIV testing and CAA quantification. The study nurse 
performed voluntary HIV counseling and testing in accordance with 
Tanzanian national guidelines. Any individual who tested positive for 
HIV on an initial point-of-care test (SD Bioline, Standard Diagnostics, 
Inc., Korea) underwent a confirmatory test using a second point-of-care 
test (Uni-gold, Trinity Biotech, Wicklow, Ireland). Individuals who were 
found to be HIV-infected were referred to the nearest HIV Care and 
Treatment center for free longitudinal care, and excluded from the 
study. 

Participants were given a follow-up card with a date to return for 
results of schistosome testing 2 weeks after they were screened. At the 
follow-up visit, all participants received their results in a private setting. 
Those not eligible for cohort participation were counseled, given any 
indicated treatment for HIV or helminths other than S. mansoni, and 
thanked for their participation. Those who met study inclusion criteria 
were invited to enroll in the cohort portion of the study. In those willing 
to participate in the cohort, a second written informed consent was 
obtained for 2-, 4-, and 6-month follow-ups, additional collections of 
blood, urine, and stool, and flexible sigmoidoscopies. Six-month follow- 
up for repeat sigmoidoscopies was chosen as this was the time by which 
improvement had been noted in the prior hospital-based study of 
S. mansoni, though follow-up visits were limited (Mohamed et al., 1990). 
Participants also underwent a private interview with the study nurse 
regarding their medical and demographic history, including the pres
ence of gastrointestinal symptoms. 

Participants were scheduled for flexible sigmoidoscopies and 
instructed to eat a liquid meal the evening before sigmoidoscopy. Same- 
day lower bowel preparations were performed on the morning of the 
sigmoidoscopy. Bowel preparations were done with sodium phosphate 
enemas at baseline and with normal saline enemas to minimize any 
potential morphologic distal rectal changes caused by bowel preparation 
at follow-up (Meisel et al., 1977). Blood was collected on the day of 
sigmoidoscopy for routine laboratory tests. The flexible sigmoidoscopy 
included inspection and digital photographic documentation with at 
least 10 pictures taken of the rectum and sigmoid colon. Any 
abnormal-appearing tissue suspicious for cancer was biopsied in both 
infected and uninfected individuals and sent for histopathology at 
Bugando Medical center (BMC) in Mwanza. If cancer, inflammatory 
bowel disease, or other pathology not related to intestinal schistosome 
infection was found on histopathology, a referral to BMC was made for 

further work-up and management. 
After each sigmoidoscopy, the study gastroenterologist (GM), who 

was blinded to the infection status of the study participants, completed a 
standardized form to document and grade the findings with the goal of 
determining whether a systematic grading scale would be beneficial in 
diagnosing and characterizing schistosome infection and treatment. This 
form was based on the Mayo Scoring System for Assessment of Ulcera
tive Colitis (Mayo score), which scores overall severity on a scale 
ranging from 0 (no disease) to 12 (most severe) based on 4 components: 
the number of stools, frequency of blood seen in stools, findings during 
endoscopy, and the physician’s rating of disease severity (Travis et al., 
2013). Each component is scored 0–3 points. Endoscopic findings that 
are considered “normal” include a branching pattern of vasculature. 
“Mild” disease is characterized by erythema, decreased vascular pattern, 
and mild friability. “Moderate” disease includes marked erythema, 
erosions, friability, and lack of vascular pattern. Spontaneous bleeding 
and ulcerations are seen in “severe” disease (Schroeder et al., 1987; 
Rutgeerts et al., 2005). The physician’s assessment of overall disease 
severity synthesizes endoscopic findings plus 3 other criteria: the pa
tient’s daily recollection of abdominal discomfort and overall sense of 
well-being, and the patient’s performance status (Rutgeerts et al., 2005). 

Participants with S. mansoni infection were given praziquantel 40 
mg/kg and instructed to take it two days after the sigmoidoscopy, as 
some participants felt nauseated after the procedure. No adverse re
actions to praziquantel were reported. 

2.5. Field and laboratory testing procedures 

From a single stool sample, 5 slides were prepared and examined 
microscopically by a trained parasitologist from the National Institute 
for Medical Research (NIMR) laboratory in Mwanza using the Kato-Katz 
method. The slides were scanned in the field for hookworm eggs and re- 
examined the following day to count schistosome eggs. Five slides from 
a single sample have been shown to have a sensitivity comparable to 
obtaining stool samples on 3 separate days (Berhe et al., 2004). 

Ten milliliters of urine were filtered, and the filter was placed on a 
glass slide for microscopic evaluation for S. haematobium eggs in the field 
by a trained parasitologist. 

Serum CAA was quantified using up-converting phosphor technology 
with the SCAA20 dry lateral flow assay at the NIMR lab in Mwanza, as 
previously described (Corstjens et al., 2008; Downs et al., 2012; Corst
jens et al., 2014). CAA values ≥30 pg/mL were considered positive. CAA 
values above the limit of quantification were entered as 99,999 pg/mL. 
Clinical laboratory assays were performed at Manji’s Healthcare in 
Mwanza. Complete blood counts were performed using an automatic 
hematology analyzer (BC-5000, Mindray; Shenzhen, China). Creatinine, 
AST, and ALT were quantified using the cobas® c 111 analyzer (Roche 
Diagnostics; Indianapolis, IN). Peripheral blood for ESR was collected 
into sodium citrate and the sedimentation rate determined using an ESR 
fast stand (Kangjian, China). The laboratory performs calibrations with 
every new lot of reagents and performs internal quality assessments 
monthly. 

2.6. Ethics 

Written informed consent was obtained in a private setting in Kis
wahili, the national language of Tanzania, by a trained study nurse. 
Before obtaining written consent, the nurse administered a verbal 
assessment quiz to verify participant understanding. A score of 90% or 
higher was used to document appropriate understanding of the study. 
All treatment for schistosome and other helminth infections was pro
vided free of charge. 

Permission for the conduct of this study was obtained from the joint 
research ethics committee of Bugando Medical center/the Catholic 
University for Health and Allied Sciences in Mwanza, Tanzania (CREC/ 
273/2018), from the National Institute for Medical Research in Dar es 
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Salaam (NIMR/HQ/R.8a/Vol.IX/2750) and from the Weill Cornell 
Medical College Institutional Review Board in New York (1108011873). 

2.7. Data management and analysis 

Study data were collected and managed using REDCap (Research 
Electronic Data Capture) software hosted at Weill Cornell (Harris et al., 
2009; Harris et al., 2019). REDCap is a secure, web-based software 
platform designed to support data capture for research studies, 
providing (1) an interface for validated data capture; (2) audit trails for 
tracking data manipulation and export; (3) automated export proced
ures to common statistical packages; and (4) procedures for data inte
gration and interoperability with external sources. 

Analysis was performed in Stata IC/Version 15 (College Station, 
Texas). We used Fisher’s exact tests to determine differences in pro
portions and Wilcoxon rank-sum tests to compare median values. Pre- 
and post-treatment data was compared using Wilcoxon matched-pairs 
signed-rank and McNemar’s tests. We used Firth multivariable logistic 
regression analysis to identify the factors independently associated with 
schistosome infection due to the presence of several factors that were 
significant and the small sample size (Firth, 1993). 

From previous experience, we anticipated approximately 10% loss to 
follow-up and estimated that 10% of people would have persistent, 
recurrent, or incident S. mansoni infections during the six-month follow- 
up period, and we anticipated that these individuals would not be 
included in the primary analysis (Mishra et al., 2019). Comparisons 
between those who followed up versus who did not follow up were 
performed. Given that we were working in a highly endemic village for 
schistosome infection among people who were frequently exposed to 
contaminated water, we further defined a priori that any person who 
experienced a >7-fold decrease in schistosome infection intensity, as 
quantified by CAA, would be classified as “effectively treated,” together 
with those whose infections were completely cleared. A >7-fold 
decrease was chosen after a scatterplot of CAA fold-changes indicated a 
clear divide between those with marked versus minor fold-changes. To 
understand the effects of this categorization, in separate sensitivity an
alyses we also examined those who completely cleared infections and 
those who had any fold-change decreases at all. 

Based on prior pilot sigmoidoscopies performed by our team in 
preparation for this study, we predicted that those with S. mansoni 
infection would have a Mayo Score of 4 and that this would decrease to a 
score of 2 after treatment. Assuming an intra-person correlation of 0.4 
and a standard deviation of 2, and allowing for 10% lost to follow-up 
plus 10% with infection at the end of the study, we calculated that we 
would need to enroll 16 people to have 80% power to detect this dif
ference in Mayo scores at study completion, allowing for the possibility 
of examining men and women separately. We further calculated that 
studying 32 infected people plus 16 uninfected people in a 2:1 ratio, 
analyzed separately by sex, would provide >80% power to detect a 
difference in Mayo score of 4 versus 1 at baseline. 

3. Results 

Between June and August 2019, 150 adults aged 18–45 years were 
screened for schistosome and HIV infections. Out of the initial 150 in
dividuals screened, we excluded 54 people based on our exclusion 
criteria: 38 had discordant schistosome egg and serum CAA results; 11 
were HIV-infected; 4 had hookworm infection detected on stool micro
scopy; and 1 was pregnant. No person had S. haematobium ova seen in 
urine. Twenty-four individuals who were initially screened did not re
turn for their results. We sought to enroll individuals in a 2:1 ratio 
(S. mansoni: uninfected) and balanced by sex. As the study neared its 
target enrollment, 24 individuals were additionally not enrolled when a 
particular category of sex + infection status was already filled. We 
therefore enrolled a total of 48 individuals who provided written 
informed consent and completed all baseline study procedures for 

cohort study participation. At enrollment, 32 individuals (16 women 
and 16 men) were infected with S. mansoni and 16 individuals (10 
women and 6 men) were uninfected (Fig. 1). 

3.1. Baseline demographic and clinical findings 

There were no significant differences in baseline characteristics be
tween S. mansoni-infected and uninfected individuals (Table 1). Infected 
individuals were more likely to be employed as a farmer or fisherman 
when compared to uninfected individuals, though this did not reach 
statistical significance. Only one-fourth of all individuals reported 
receiving prior treatment for schistosome infection. Few differences in 
clinical findings were observed between the two groups, with 
S. mansoni-infected individuals having a significantly lower body mass 
index (BMI) (21.7 versus 24.3 kg/m2, p = 0.019) and higher serum 
eosinophils (7.1% versus 3.1%, p = 0.003) than those who were 
S. mansoni-uninfected. BMI and eosinophils did not remain significantly 
different on multivariate regression analysis that included age and sex 
(p = 0.11 and 0.10, respectively). Additionally, no significant differ
ences in baseline blood pressure, white blood cell count, hemoglobin, 
platelets, creatinine, AST, ALT, or ESR were observed. 

3.2. Baseline gastrointestinal and sigmoidoscopy findings 

There were no significant differences in frequencies of reported 
gastrointestinal symptoms including abdominal pain, constipation, 
increased stool frequency, or blood in the stool (Table 2). At baseline, 
S. mansoni infection was associated with greater severity of rectal and 
sigmoid mucosal abnormalities on endoscopy (p < 0.001 for both), 
higher severity of overall disease by physician rating (p < 0.001), and 
higher Mayo scores (p < 0.01). Specifically, infected individuals had 
significantly higher frequencies of patchy or mild erythema in the sig
moid and rectum (p < 0.05 and p < 0.01, respectively) and altered 
vascular pattern (p < 0.01) in the sigmoid as compared to uninfected 
individuals. No markers of severe disease, such as spontaneous bleeding 
or ulcerations, were observed in any person. Only one person with 
S. mansoni infection had entirely normal mucosa, compared to 43.8% of 
those without infection. 

Comparison of mucosal abnormalities by gastrointestinal site on 
sigmoidoscopy was significantly different throughout between infected 
and uninfected individuals (Table 2). Notably, rectal mucosal abnor
malities were always greater than or equivalent in severity to sigmoid 
abnormalities. Only one person with S. mansoni infection had normal 
sigmoid and rectal mucosa, versus nearly half of uninfected individuals. 

Representative endoscopic findings obtained from our study partic
ipants that illustrate the Mayo score of endoscopic severity of disease are 
shown (Fig. 2). Findings included a range from normal mucosa to mild 
and moderate disease with specific abnormal characteristics indicated 
by white and green arrows in the figure. In addition, one patient had a 
polyp that was biopsied and sent for analysis to rule out malignancy; the 
biopsy showed S. mansoni eggs and no malignant changes. 

3.3. Infection status at 6-month follow-up 

Of the original 48 individuals, 28 returned for a 6-month follow-up 
sigmoidoscopy, of whom 19 were women and 9 were men. The schis
tosome infection status of these individuals at follow-up is summarized 
in Table 3. Notably, 7 individuals had completely cleared their infection, 
and 7 were still infected but had achieved a greater than 7-fold decrease 
in CAA (median decrease of − 85.3-fold [IQR − 29.6 to − 296.1-fold]). 
These 14 individuals (12 women and 2 men) were classified as having 
had their infection effectively treated. 

Five individuals had decreases in serum CAA from baseline, but the 
decrease was not at least 7-fold and these individuals were classified as 
persistently infected after inspection of distribution of fold-changes and 
before any statistical analyses. Additionally, 6 did not have baseline 
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infection and remained uninfected at follow-up, and 3 did not have 
baseline infection but had become infected at 6 months. 

Representative pre-post gastrointestinal mucosal findings in three 
individuals are shown in Fig. 3. These individuals demonstrated exam
ples of mucosal changes that occurred in those with improvement, 
worsening, or no change in the severity of mucosal abnormalities. 

3.4. Follow-up findings in individuals with effective treatment of infection 

The 14 people who were effectively treated, which included those 
who cleared infection or had a >7-fold decrease in CAA, experienced 
small but significant decreases in several laboratory measures from 
baseline to follow-up (Table 4), though notably these decreases in lab
oratory measures were mostly changes within normal limits. While the 
overall sigmoid mucosal findings were significantly improved (p =
0.0086), the overall endoscopy findings, physician’s rating of disease 
severity, and Mayo score did not significantly change in these in
dividuals at 6 months. At follow-up, 6 of these individuals had no change 
or worsening of their Mayo scores and 8 had improvement. Among the 8 
individuals, 6 had a baseline Mayo score of greater than or equal to 3 
that decreased subsequently to 2 or less at 6 months. 

3.5. Individuals lost to follow-up 

A separate analysis was done comparing those who returned for 
follow-up sigmoidoscopy (n = 28) versus those who were lost to follow- 
up (n = 20) at 6 months. These two groups did not have significant 

differences in baseline demographics or clinical findings. Notably, there 
were no significant differences in S. mansoni egg excretion, serum CAA, 
or baseline Mayo score. The only significant difference was that those 
who did not attend their 6-month visit less frequently had altered 
vascular pattern in the rectum (45% versus 78.6%; p = 0.031) on 
baseline sigmoidoscopy when compared to individuals who later 
attended their follow-up visit. 

3.6. Sensitivity analyses 

Finally, we performed two sensitivity analyses to investigate the 
robustness of our findings when including only those individuals who 
completed cleared their baseline schistosome infections (n = 7) and 
when including all individuals whose serum CAA decreased at all (n =
19). The 7 people who completely cleared infection had significant de
creases in the Mayo score (4→2; p = 0.034), which was not observed 
when the additional 7 who had ≥ 7-fold decreases in CAA but still had 
CAA values ≥30 mg/dL were included (Table 4). The 7 who completely 
cleared infection also experienced significant changes (mostly decreases 
within normal limits) in white blood cell count, creatinine, and ESR, as 
was observed in the 14 who were effectively treated for infection. Dif
ferences in eosinophils, ALT, and overall severity of sigmoid mucosal 
findings still trended in the same directions as those shown in Table 4 
but were no longer significant. In addition, those who completely 
cleared their infection were noted to have a significant decrease in their 
systolic blood pressure (110.7→100.3 mm Hg; p = 0.018). 

In the second sensitivity analysis, we investigated pre- and post- 

Fig. 1. Cohort formation and study procedures.  
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treatment differences in the 19 people who had any improvement in 
baseline CAA. This group’s median Mayo score decreased from a score of 
2.5 to 2 (p = 0.059) at follow-up. Notably, these individuals had a sig
nificant improvement in the overall severity of rectal mucosal findings at 
6 months. When compared to those who were effectively treated for 
infection, these individuals also had significant changes (mostly de
creases within normal limits) in white blood cell count, creatinine, ALT, 
ESR, and overall severity of sigmoid mucosal findings. A significant in
crease in hemoglobin was also seen. Changes in CAA throughout the 
study period are illustrated in Supplemental Fig. 1. 

4. Discussion 

We provide, to the best of our knowledge, the first prospective report 
in which the mucosal effects of S. mansoni infection in the sigmoid colon 
and rectum were systematically quantified before and after anti- 
schistosome praziquantel treatment. In this community-based sample 
of adults, nearly all of those with S. mansoni (97%) had visible mucosal 
abnormalities in sigmoid and rectal mucosal tissue. We also demon
strated that some of these mucosal abnormalities, particularly those 

Table 1 
Baseline demographic and clinical findings in schistosome-infected and unin
fected adults.  

Patient characteristic S. mansoni-infected 
(n = 32) 

S. mansoni-uninfected 
(n = 16)  

Number (%) or 
Median [IQR] 

Number (%) or 
Median [IQR] 

Age (years) 33.5 [29.5–37.5] 34 [23.5–42.5] 
Female gender 16 (50%) 10 (63%) 
Marital status   

Single 1 (3.1%) 3 (18.7%) 
Married 24 (75%) 11 (68.8%) 
Divorced 4 (12.5%) 2 (12.5%) 
Other 3 (9.4%) 0 

Work   
Farmer 6 (18.7%) 2 (12.5%) 
Fisherman 10 (31.2%) 2 (12.5%) 
Small shopkeeper 2 (6.3%) 2 (12.5%) 
Self-employed 4 (12.5%) 5 (31.3%) 
Student 1 (3.1%) 2 (12.5%) 
Unemployed 3 (9.4%) 0 
Other 6 (18.8%) 3 (18.7%) 

Years attended school   
0–5 11 (34.4%) 4 (25%) 
6–10 18 (56.2%) 8 (50%) 
>10 2 (6.3%) 3 (18.7%) 
Did not answer 1 (3.1%) 1 (6.3%) 

Reports ever receiving prior 
treatment for schistosomiasis 

9 (28.1%) 3 (18.8%) 

Days per year with diarrhea 1.5 [1–2] 1.5 [1–3] 
Active tobacco use 4 (12.5%) 0 
Active alcohol use 7 (21.8%) 5 (31.3%) 
BMI (kg/m2) 21.7 [19.7–23.7]* 24.3 [22.5–29]* 
Systolic blood pressure (mmHg) 115 [110–123.7] 114.3 [101.8–123.7] 
Diastolic blood pressure (mmHg) 71.7 [68–78] 74.5 [65.3–84.5] 
White blood cell count (103/uL) 4.3 [3.7–5.4] 4.9 [4.5–5.3] 

Eosinophils (%) 7.1 [4.4–13.2]** 3.1 [1–5.9]** 
Absolute eosinophil count 
(103/uL) 

0.3 [0.2–0.7]** 0.2 [0–0.3]** 

Hemoglobin (g/dL) 13.8 [13.1–14.7] 13.2 [12.4–15.5] 
Platelets (103/uL) 169.5 [142–200] 195 [143.5–224] 
Creatinine (umol/L) 62.6 [54.2–77.2] 63.3 [50.3–77.5] 
AST (U/L) 32.6 [24.9–49] 31.0 [26.5–39] 
ALT (U/L) 32.7 [27.5–59.8] 32.4 [22.4–48.6] 
ESR (mm/hr) 30 [20–40] 25 [15–35] 
CAA (pg/mL)‡ 11,246 

[1492–99,999] 
0 [0–12] 

S. mansoni stool eggs (eggs/ 
gram)‡

52.8 [19.2–184.8] 0 [0–0]  

* p-value < 0.05 
** p-value < 0.01 
‡ Included in study definition and p-value not calculated 

Table 2 
Baseline gastrointestinal symptoms and sigmoidoscopy findings of schistosome- 
infected and uninfected adults.  

Patient characteristic S. mansoni-infected 
(n = 32) 

S. mansoni- 
uninfected (n = 16)  

Number (%) or 
Median [IQR] 

Number (%) or 
Median [IQR] 

Abdominal pain in past week   
No 11 (34.4%) 8 (50%) 
Somewhat 14 (43.8%) 6 (37.5%) 
Very much 7 (21.8%) 2 (12.5%) 

Constipation in past week   
No 24 (75%) 13 (81.2%) 
Somewhat 5 (15.6%) 2 (12.5%) 
Very much 2 (6.3%) 1 (6.3%) 
Did not answer 1 (3.1%) 0 

Increased frequency of stool in past 
week   
Normal 28 (87.5%) 13 (81.2%) 
1–2 times more than usual 3 (9.4%) 2 (12.5%) 
3–4 times more than usual 1 (3.1%) 1 (6.3%) 

Blood in stool in past week   
No 24 (75%) 14 (87.5%) 
Somewhat (<50% of the time) 5 (15.6%) 0 
Very much (>50% of the time) 2 (6.3%) 2 (12.5%) 
Did not answer 1 (3.1%) 0 

Overall endoscopy findings***   
Normal (0) 1 (3.1%) 7 (43.8%) 
Mild disease (1) 25 (78.1%) 9 (56.2%) 
Moderate disease (2) 6 (18.8%) 0 
Severe disease (3) 0 0 

Physician’s Overall Rating of Disease 
Severity***   
Normal (0) 1 (3.1%) 7 (43.8%) 
Mild (1) 25 (78.1%) 9 (56.2%) 
Moderate (2) 5 (15.6%) 0 
Severe (3) 1 (3.1%) 0 

Mayo score** 2 [2–4] 2 [0–2] 
Sigmoid colon mucosal features   
Mild disease   

Patchy or mild erythema* 8 (25%) 0 
Altered vascular pattern** 18 (56.2%) 2 (12.5%) 
Mild friability 5 (15.6%) 1 (6.3%) 

Moderate disease   
Marked erythema 1 (3.1%) 0 
Absent vascular markings 2 (6.3%) 0 
Moderate friability 2 (6.3%) 0 
Erosions 1 (3.1%) 0 

Overall sigmoid mucosal findings*** 1 [0–1] 0 [0–0] 
(0=Normal, 1=Mild, 2=Moderate, 
3=Severe)   

Rectum mucosal features   
Mild   

Patchy or mild erythema** 19 (59.4%) 2 (12.5%) 
Altered vascular pattern 24 (75%) 7 (43.8%) 
Mild friability 10 (31.2%) 1 (6.3%) 

Moderate   
Marked erythema 5 (15.6%) 0 
Absent vascular markings 3 (9.4%) 0 
Moderate friability 6 (18.8%) 0 
Erosions 2 (6.3%) 0 

Overall rectal mucosal findings*** 1 [1–1] 1 [0–1] 
(0=Normal, 1=Mild, 2=Moderate, 
3=Severe)   

Comparison of gastrointestinal 
sites***   
Mucosal abnormalities greater in 
rectum than sigmoid 

11 (34.4%) 7 (43.8%) 

Mucosal abnormalities equivalent 
between rectum and sigmoid 

20 (62.5%) 2 (12.5%) 

Normal mucosa at rectum and 
sigmoid 

1 (3.1%) 7 (43.8%)#  

* p-value < 0.05 
** p-value < 0.01 
*** p-value < 0.001 
# Includes two women and three men who had normal rectal and sigmoid 

mucosa aside from abnormal findings isolated to the distal rectum 
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localized to the sigmoid, improved after effective treatment with pra
ziquantel. Simultaneously, we report that even effective treatment with 
praziquantel did not completely eliminate macroscopic mucosal pa
thology, at least as observed in an endemic area and at 6 months. These 
clinical descriptions of S. mansoni-associated gastrointestinal mucosal 
disease and comparisons with uninfected individuals provide novel in
formation that extends the data that was previously available from the 
few studies on this topic (Yasawy et al., 1989; Mohamed et al., 1990). 

Notably, the visible mucosal lesions in the sigmoid and rectum of this 
community-based sample were observed in people who reported not to 
have current gastrointestinal symptoms. Our findings expand on those of 
the Riyadh study, which examined patients who were undergoing 

sigmoidoscopies for clinical reasons, of whom all were symptomatic and 
only 11% of whom were excreting S. mansoni ova in the stool (Mohamed 
et al., 1990). Among our participants who all had confirmed active egg 
excretion, we observed that the gross mucosal lesions in the sigmoid and 
rectum were only partially reversed six months after anti-schistosome 
treatment. Interestingly, we also found that mucosal disease was most 
severe in the rectum, which correlates with prior autopsy studies 
showing that schistosome eggs are most concentrated in the rectum 
(Cheever, 1968). These mucosal pathologies observed among people 
who were not seeking medical care highlight the significant inflamma
tion caused by S. mansoni in the gastrointestinal tract. Given the known 
broad effects of gastrointestinal immune cell populations both locally 

Fig. 2. Representative endoscopic findings 
illustrating the mayo score of endoscopic 
severity of disease. 
Representative photos of sigmoidoscopic find
ings observed (same magnification): 
(A) Normal mucosa with intact vascular 
pattern. 
(B) Mild disease with an altered, star-like 
vascular pattern (white arrows). 
(C) Mild disease with patchy areas of erythema 
and mild friability (white arrows). 
(D) Moderate disease with mucosal edema 
obscuring all vascular markings (green arrows), 
with some erythema and friability (white 
arrow).   

Table 3 
Schistosome infection status at 6-month follow-up as compared to baseline infection (n = 28).   

Cleared infection Infected but had >7- 
fold decrease in CAA 

Infected and did not have at 
least 7-fold decrease in CAA 

Uninfected at baseline 
and stayed uninfected 

Uninfected at baseline and 
became infected at month 6 

No. of individuals 7 7 5 6 3 
Female 7 (100%) 5 (71.4%) 2 (40%) 2 (33.3%) 3 (100%) 
Median [IQR] CAA fold change from 

baseline to month 6 
− 641 [− 23.7 to 
− 5190] 

− 85.3 [− 29.6 to 
− 296.1] 

− 3.2 [− 2.9 to   − 6.8] n/a +62 [+58 to +80] 

Median [IQR] difference in eggs per 
gram of stool between baseline and 
month 6 

− 52.8 [− 24 to 
− 81.6] 
*All eggs cleared 
at 6 months 

− 21.6 [− 4.8 to − 72] 
*All but 2 cleared eggs 
at 6 months 

− 33.6 [− 9.6 to − 52.8] 
*All eggs cleared at 6 
months 

n/a 0* 

Median [IQR] 6-month Mayo score 2 [0–2] 2 [2–4] 2 [2–3] 2 [0–2] 2 [0–2] 
Median [IQR] difference in Mayo score 

between baseline and month 6 
- 2 [− 1 to − 3] 0 [+2 to − 0] − 0.5 [+1 to     − 1.5] 0 [0 to − 2] 0 [0 to +2]  

* All newly infected people were diagnosed by CAA only 
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and systemically (Kobayashi et al., 2019; Spahn and Kucharzik, 2004), 
the visible mucosal inflammation that we observed may contribute to a 
growing understanding of how even subclinical S. mansoni infection can 
alter host immunity to other pathogens (Reese et al., 2014; Bullington 
et al., 2021; McLaughlin et al., 2021). 

Our use of the Mayo score provided objective quantification of 
mucosal pathology and was innovative in facilitating comparison of 
disease before and after treatment. Notably, the Mayo Score was 
developed for ulcerative colitis, and our participants’ median score was 
only 2 out of 12 possible, suggesting that the score is weighted towards 
capturing severer pathology than is typical for S. mansoni infection in 
community-based studies of adults. Further, mucosal disease did not 
correlate with intensity of infection and Mayo scores only decreased 
significantly post-treatment in participants whose schistosome 

infections were completely eradicated. We suggest that this scoring 
might be useful, possibly with modifications, for research purposes for 
schistosome infection. 

Our results are concordant with one recent study, which utilized non- 
invasive ultrasonography to assess the morbidity of intestinal schisto
some infection and found that intestinal ultrasound may not be a sen
sitive tool for detecting minor intestinal effects of S. mansoni (Tamarozzi 
et al., 2018). Other studies have found that the fecal markers occult 
blood and calprotectin were associated with morbidity related to in
testinal schistosome infection (Kanzaria et al., 2005; Betson et al., 2010; 
Bustinduy et al., 2013). Despite differences in gastrointestinal mucosal 
abnormalities that were observed among infected versus uninfected 
individuals, our study did not demonstrate any differences in serum 
hemoglobin or participant report of blood in the stool between the 2 

Fig. 3. Select Pre-post treatment images of 
gastrointestinal mucosal changes after 6 months 
of follow-up. 
Improvement of mucosal changes: Pre- 
treatment image (A) showing star-like vascular 
pattern with mild erythema and post-treatment 
image (B) showing resolution of abnormalities 
and new normal mucosa in the same individual. 
Worsening of mucosal changes: Pre-treatment 
image (C) showing patchy areas of erythema 
and friability and post-treatment image (D) 
showing worsening and more extensive ery
thema and friability in the same individual. 
Stable mucosal findings: Pre-treatment image 
(E) showing decreased and star-like vascular 
pattern and post-treatment image (F) showing 
stable abnormalities in the same individual.   
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groups. Future studies investigating the effects of intestinal manifesta
tions of S. mansoni may consider comparing findings between serum 
hemoglobin and fecal occult blood to further investigate morbidity, such 
as symptomatic anemia, that may be related to intestinal 
schistosomiasis. 

Improvements in hematologic, kidney, and liver function tests have 
been reported in previous studies after treatment of schistosomiasis and 
surgical reversal of its chronic complications in humans and mice 
(Lopes Filho G de and Haddad, 1998; Leite et al., 2015; Luo et al., 2017; 
Liang et al., 2011; Andrews et al., 1980; Domingues and Coutinho, 1990; 
Wambayi et al., 1993; Milesi et al., 2019). We similarly documented 

minor but significant decreases in eosinophils, ESR, and other laboratory 
measures, though we note that such decreases represented mostly 
changes within the normal limits of those tests. 

Our study has several limitations. First, the higher than expected loss 
to follow-up limited our ability to fully detect post-treatment changes. 
High mobility in fishing communities due to occupation-related activ
ities (Food and Agriculture Organization of the United Nations, 2008; 
Kwena et al., 2020) may have partly accounted for the high loss to 
follow-up, together with the challenges of participants agreeing to two 
sigmoidoscopies within 6 months. Second, Kayenze is a highly endemic 
S. mansoni region and not every individual cleared his or her baseline 
infection. This may be due to high rates of re-infections in fishing vil
lages (Downs et al., 2017; Mazigo et al., 2014) and repeated occupa
tional, domestic, and recreational exposures to bodies of water that 
harbor the parasite. It is also possible that lack of directly observed 
treatment on the day of the sigmoidoscopy led to some participants not 
taking praziquantel two days later as instructed. We suspect that most 
people successfully took praziquantel based on very high levels of CAA 
seen in month 0 that decreased to lower levels in subsequent months 
(Supplemental Fig. 1). It should be noted that for those who were 
infected at baseline, it is very difficult to distinguish between 
re-infection versus persistent infection in a highly endemic region. 
Third, our follow-up period was only 6 months, and a longer duration of 
follow-up may have allowed us to determine the more long-term effects 
of treatment for S. mansoni on the resolution of abnormalities in the 
lower gastrointestinal mucosa. Comparing our mucosal findings with 
histopathological diagnoses could have provided additional useful 
information. 

Our study was also not powered to compare differences between men 
and women, which may be important as previous studies have shown 
that sex may play a substantial role in the immune response and clinical 
pathology due to schistosome infection. For instance, one previous study 
reported that female mice whose ear pinnae were injected with schis
tosome homogenates developed increased tissue swelling and erythema 
compared to male mice, underscoring sex differences in the inflamma
tory response to schistosomes (Boissier et al., 2003). In another study, 
men were reported to excrete more schistosome eggs for a given worm 
burden when compared to women (Colombe et al., 2018); egg deposi
tion in host tissue is an important driver to the pathogenesis of schis
tosome infection. Multiple other studies have demonstrated significant 
clinical and immunologic differences between males and females with 
schistosome infection (Luo et al., 2017; Liang et al., 2011; Andrews 
et al., 1980; Domingues and Coutinho, 1990; Wambayi et al., 1993; 
Milesi et al., 2019; Food and Agriculture Organization of the United 
Nations, 2008; Kwena et al., 2020; Boissier et al., 2003; Colombe et al., 
2018; Downs et al., 2011; Dupnik et al., 2019; Booth et al., 2004; 
Mohamed-Ali et al., 1999; Berhe et al., 2007; Garba et al., 2010; 
Nakazawa et al., 1997) and determining potential differential mucosal 
findings between men and women is an important future direction. 

Overall, we believe that these novel data demonstrate how 
S. mansoni infection manifests clinically and provide endoscopic evi
dence that some of these abnormal manifestations may improve after 
praziquantel treatment. Improvements in gastrointestinal tissue 
mucosae were predominantly localized to the sigmoid. Additional 
studies, of longer duration and focused on both clinical and mucosal 
immunologic effects of S. mansoni, could provide additional insight. 
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Table 4 
Changes in baseline clinical measurements after 6 months of follow-up in in
dividuals who were effectively treated for S. mansoni infection.  

Characteristic Baseline (Month 0) (n 
= 14) 

Follow-up (Month 6) 
(n = 14)  

Number (%) or 
Median [IQR] 

Number (%) or Median 
[IQR] 

White blood cell count (103/uL) 
* 

4.7 [3.6–5.5] 3.6 [3.2–4.7] 

Eosinophils (%)* 5.7 [3.1–10.3] 3.5 [1.7–6.3] 
Absolute eosinophil count 
(103/uL)* 

0.3 [0.1–0.6] 0.1 [0.1–0.3] 

Hemoglobin (g/dL) 13.7 [13.1–14.1] 13.1 [12.6–14.1] 
Platelets (cells/μL) 179 [142–230] 180.5 [139–213] 
Creatinine (μmol/L)** 55.3 [49.3–71.5] 51 [44.5–61] 
AST (U/L) 30.1 [23.8–33.7] 28.6 [25.5–31.7] 
ALT (U/L)* 30.7 [29.4–44.1] 26.9 [20–33.3] 
ESR (mm/hr)** 32.5 [20–40] 12.5 [10–30] 
Systolic blood pressure (mmHg) 110.7 [102.3–118] 111.8 [98.3–122.7] 
Diastolic blood pressure 

(mmHg) 
76.7 [71.7–78] 72.7 [71.3–82] 

Overall endoscopy findings   
Normal (0) 0 2 (14.3%) 
Semi-normal (0.5) 0 1 (7.1%) 
Mild disease (1) 12 (85.7%) 10 (71.4%) 
Moderate disease (2) 2 (14.3%) 1 (7.1%) 

Physician’s Overall Rating of 
Disease Severity   
Normal (0) 0 2 (14.3%) 
Mild (1) 12 (85.7%) 11 (78.6%) 
Moderate (2) 2 (14.3%) 1 (7.1%) 
Severe (3) 0 0 

Mayo Score (0–12 score) 2 [2–4] 2 [2–2] 
Sigmoid colon mucosal features   
Mild disease   

Patchy or mild erythema 2 (14.3%) 0 
Altered vascular pattern 9 (64.3%) 2 (14.3%) 
Mild friability 2 (14.3%) 0 

Moderate disease   
Marked erythema 0 0 
Absent vascular markings 0 0 
Moderate friability 1 (7.1%) 0 
Erosions 0 0 

Overall sigmoid mucosal 
findings** 

1 [0–1] 0 [0–0] 

(0=Normal, 1=Mild, 
2=Moderate, 3=Severe)   

Rectum mucosal features   
Mild   

Patchy or mild erythema 9 (64.3%) 6 (42.9%) 
Altered vascular pattern 13 (92.9%) 11 (78.6%) 
Mild friability 3 (21.4%) 3 (21.4%) 

Moderate   
Marked erythema 0 1 (7.1%) 
Absent vascular markings 1 (7.1%) 1 (7.1%) 
Moderate friability 2 (14.3%) 1 (7.1%) 
Erosions 0 0 

Overall rectal mucosal findings 1 [1–1] 1 [1–1] 
(0=Normal, 1=Mild, 

2=Moderate, 3=Severe)    

* p-value < 0.05 
** p-value < 0.01 

***p-value < 0.001 
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