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Background

Schistosomiasis is a parasitic disease that affects the health of hundreds of millions of
people worldwide. Affordable diagnostic methods are necessary for developing countries
to monitor schistosomiasis rates and treat infected individuals, particularly in,
Madagascar, a country with the world’s fifth highest rate of schistosomiasis.

Methods

We established the prevalence rate of schistosomiasis among the local population served
by a clinic in rural northwestern Madagascar. Additionally, we compared different
low-cost methods for schistosomiasis detection, including empirical diagnostic methods
in use before this study. 500 patients were recruited in this study, of whom 380 received
three tests—urine microscopy, point-of-care circulating cathodic antigen (POC-CCA)
testing, and urinalysis to screen for Schistosoma haematobium and Schistosoma mansoni.

Results

By combining these modalities, we recorded a schistosomiasis prevalence rate of 64.47%,
which was significantly higher than the 4.84% of patients who were diagnosed and treated

through previous empirical methods.

Conclusions

Our results indicate that screening tests are a necessary component of schistosomiasis
control programs. The clinic continued to use urinalysis strip testing and urine
microscopy to detect schistosomiasis after this study and decided to discontinue the use
of POC-CCA S. mansoni urine testing because of cost. Increased awareness of
schistosomiasis resulting from this screening program led to the installation of multiple
infrastructure projects in local communities to improve access to potable water,
demonstrating community benefits of schistosomiasis screening that extend beyond the

identification of infected individuals.

Worldwide, more than 700 million people live in areas
endemic to schistosomiasis, a parasitic disease caused by
flatworms of the genus Schistosoma.l»2 Most of the human
infections are caused by Schistosoma haematobium, Schisto-
soma mansoni, and Schistosoma japonicum. Symptoms de-
pend on the infecting species. S. haematobium resides in the
venous plexus surrounding the bladder; the other 2 species
reside in the mesenteric plexus. Eggs are produced by adult
female flatworms, which can propagate in blood vessels
leading to nearby organs. Short-term complications of
schistosomiasis include hematuria, hematochezia, diar-
rhea, and abdominal pain, although many cases may ini-
tially be asymptomatic. Long-term sequelae of schistoso-
miasis are the most worrisome and include

hepatosplenomegaly, portal hypertension, hepatic fibrosis,
bladder cancer, genital lesions, and renal failure. More than
250 million people are believed to be affected by this illness,
the complications of which could contribute to as many as
200,000 deaths each year.2:3

Schistosomiasis is spread when infected persons pass
Schistosoma spp eggs in urine or feces and this waste enters
sources of freshwater used for bathing, cleaning, or recre-
ation. The parasite matures in snail hosts before subse-
quent release of microscopic swimming parasitic forms
(cercariae) that are capable of penetrating intact skin. This
life cycle can be disrupted if water sources are isolated from
either snails or human and animal waste.

Infections are commonly diagnosed through identifica-
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tion of eggs in centrifuged urine (S. haematobium) or stool
(S. mansoni and S. japonicum) with light microscopy. Al-
ternatively, antibodies to the Schistosoma parasite can be
detected with commercially available assays. Infected per-
sons can be treated with the antiparasitic drug praziquan-
tel, which may be administered at the WHO recommen-
dation of as a single dose (40 mg/kg).* Unfortunately,
reinfection is common with ongoing exposure to contami-
nated water sources. However, repeated treatment (eg, an-
nual mass drug administration to a susceptible population)
greatly lowers the accumulated burden of disease, which
tends to accrue after a lifetime of recurring exposure to cer-
cariae.’

Numerous countries have implemented programs to re-
duce the rate of schistosomiasis.® Before discovery of prazi-
quantel, early efforts used molluscicides to control the snail
population. More recent programs have shifted to treat-
ment of infected individuals, to education, and to provision
of potable water sources. S. mansoni prevalence in Brazil de-
creased from 23% to 6% through community-wide, annual
mass drug administration and water sanitation. Another
program, in Morocco, decreased the prevalence of S. haema-
tobium from 6.2% to 0.0% (no reported cases) through ed-
ucation and annual screening. Of note, Japan successfully
eliminated S japonicum before the advent of praziquantel by
lining water sources with concrete and deploying a school-
based treatment and education program.®

Madagascar is an East African island nation of 24 million
people, 52.1% of whom are estimated to be infected with
schistosomiasis. This represents the fifth-highest rate in
the world.® Political turmoil, including a 2009 coup d’état,
has hampered efforts to control schistosomiasis rates. Only
11% of the population has access to improved sanitation,’
and 44% practices open defecation.8 In addition, education
and understanding of schistosomiasis among the popula-
tion remain poor, with many persons believing it is a sexu-
ally transmitted infection.? Access to health care for much
of the rural Malagasy population is limited to government-
run basic health care centers, many of which lack physi-
cians, microscopes, and laboratory testing for schistosomi-
asis. Discovering and implementing effective, sustainable,
low-cost methods of schistosomiasis control and preven-
tion are imperative to the health of the Malagasy popu-
lation and those living in developing countries across the
globe.

In the present study, we implemented a screening and
treatment regimen for patients with schistosomiasis in
rural northwestern Madagascar, a region endemic to S.
mansoni and S. haematobium.10 Previously, the main clinic
in the region diagnosed and treated schistosomiasis using
empirical methods. Due to the lack of formal laboratory re-
sources and training, empirical diagnosis was based largely
on the presenting symptom of gross hematuria. Prior to
this study, a review of previous health records from 600 pa-
tients indicated a preexisting diagnosis and treatment rate
of 4.84% for schistosomiasis. The objective of this study was
to establish the prevalence rate of schistosomiasis among
the local population served by the clinic and to compare dif-
ferent methods for schistosomiasis detection, including the
empirical diagnostic methods used by the clinic before this
study.

METHODS
PATIENTS AND STUDY CHARACTERISTICS

This study was conducted at Mada Clinics, a rural nonprofit
care facility located approximately 100 km from the nearest
hospital in Antsiranana. At the time of the study, the clinic
consisted of a 2-room adobe building that lacked electricity
or running water and provided care for an estimated popu-
lation of 15,000 villagers.

Between June 14 and July 15, 2019, all patients present-
ing for routine care were asked to provide a urine sample for
schistosomiasis screening with microscopy, urinalysis strip,
and urine antigen test. Participants were asked their village
of residence, age, and sex for epidemiologic data collection.
Participants were assigned a number for use in data records
and samples to protect confidentiality. This study was ap-
proved by the Mayo Clinic Institutional Review Board in
Rochester, Minnesota, and the Malagasy Ministry of Health
in Antsiranana. Verbal consent was acquired from patients
before study admission, including parental consent for mi-
nors. All patients were provided verbal education explain-
ing schistosomiasis and its transmission route, to ensure
informed consent.

SAMPLE COLLECTION, PREPARATION, AND MICROSCOPY

To establish a standard diagnosis of S. haematobium, urine
centrifugation followed by microscopy was used as de-
scribed previously.!! In brief, fresh urine samples were col-
lected and centrifuged for 10 minutes with use of Eisco Labs
Hand Crank Centrifuge, 4 Tube Capacity (Eisco Scientific
LLC). The supernatant was decanted, and the remaining
pellet was resuspended and placed on a 25.4x76.2x1.0-mm
glass slide. Alternatively, gravity sedimentation was used
for 41 urine samples for comparison with centrifugation.
Gravity samples were poured into 50-mL tubes and left to
settle for 24 hours. Subsequently, a pipette was inserted to
the bottommost point of the tube, sediment withdrawn, and
2 drops of urine sediment placed on a glass slide. To re-
duce interobserver variability, a single trained microscopist
scanned slides prepared with either method for S. haemato-
bium eggs, using a compound light microscope at 400x mag-
nification.

URINE ANTIGEN TESTING AND URINALYSIS

A commercial immunochromatographic lateral flow point-
of-care (POC) test was used to test the urine for the pres-
ence of Schistosoma spp circulating cathodic antigen (CCA)
(Schisto POC-CCA; Rapid Medical Diagnostics). The POC-
CCA test is capable of detecting antigens of S. mansoni and
S. haematobium, although the sensitivity is greater for the
former species.12 This assay is primarily intended to detect
S. mansoni, but data were also collected for patients with
confirmed S. haematobium infection to provide additional
information about the utility of this test to detect either
species. The test was performed in accordance with man-
ufacturer instructions. Briefly, 2 drops of urine were ex-
tracted from urine samples before centrifugation, placed on
the test cassette, and allowed to develop for 20 minutes.
To assess for hematuria, a urinalysis reagent strip (Mission;
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ACON Laboratories, Inc) was quickly submerged in the
urine sample and allowed to develop for 1 minute in ac-
cordance with the kit instructions. Results were recorded
for both tests. The sensitivity of S. haematobium detection
through urinalysis was determined by comparing results
against the findings of urine microscopy, the established
gold standard.!! Sensitivity values were calculated as previ-
ously described.!3

DIAGNOSIS AND TREATMENT

All samples with visible eggs on microscopy were consid-
ered positive on the basis of the high specificity of mi-
croscopy for S. haematobium detection.!4 All samples with
positive POC-CCA test results were considered positive for
schistosomiasis (caused by either S. haematobium or S. man-
soni) on the basis of the previously reported high specificity
of this test.!2 Results of the POC-CCA test were reported as
positive or negative, according to manufacturer instruction,
after interpretation by a single, standardized observer. To
observe a significant difference of at least 5% in schistoso-
miasis prevalence between groups with a power of 80%, we
determined that a minimum sample size of 180 was neces-
sary. For this study, the presence of blood on the urinalysis
test strip was considered empirical evidence of schistosomi-
asis for all male patients without an otherwise likely clin-
ical explanation (i.e. benign prostatic hyperplasia) and all
female patients younger than 8 years or older than 60 years
who did not have an otherwise likely clinical explanation.

Female patients between age 8 and 60 years were asked
the date of their last menstrual cycle.l* If more than 1
month had passed, they were provided a pregnancy test.
If pregnancy test results were negative, the patients were
treated if they had a positive result on microscopy or POC-
CCA antigen test strip. If results of microscopy and urine
antigen testing were negative, patients who had positive re-
sults with urinalysis strip test were not treated because of
the potential for false-positive results from any amount of
menstrual bleeding in women of reproductive age. These
patients were asked, however, to return for repeat testing.
Children younger than 2 years and pregnant female patients
were not treated because of a lack of praziquantel safety
data in this population, but their contact information was
recorded for follow-up.!5 All other patients testing positive
were treated with a single oral dose of praziquantel (40 mg/
kg) and asked to return in 8 weeks for repeat testing.

RESULTS
STUDY PARTICIPANTS

In total, 500 patients were consented to participate in this
study and provided a urine sample. Participant age ranged
from 6 months to 80 years (female sex, n=283; male sex,
n=217). Of the 500 urine samples, 414 were observed with
microscopy, 498 tested with urinalysis strip, and 494 tested
with the POC-CCA assay, with 380 samples being analyzed
by all three methods. Eighty-six patients were unable to
provide sufficient urine (>10 mL) for microscopic observa-
tion.
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Figure 1. Positive results of schistosomiasis testing
with microscopy, POC-CCA, and urinalysis.
Significance testing to examine the relation between schistosomiasis detection
method and positive schistosomiasis screening result was performed with x 2

tests of independence (P<0.05 defined as statistical significance). POC-CCA indi-
cates point-of-care circulating cathodic antigen.

COMPARISON OF SCREENING METHODS FOR
SCHISTOSOMIASIS

Before the present study, empirical diagnosis based on pa-
tient report of gross hematuria yielded a diagnosis rate of
4.84% (Figure 1). With use of centrifuge microscopy during
this study, a larger proportion of patients received the di-
agnosis of schistosomiasis (P<0.01). To additionally identify
patients infected with S. mansoni for whom eggs were not
detectable with urine microscopy, we performed additional
testing using the POC-CCA test for detection of antigens of
S. haematobium and S. mansoni, resulting in a further in-
crease in diagnosis rate (P<0.01). Because of the low sensi-
tivity of urine microscopy for detection of S. haematobium,
additional urinalysis strip testing was added to identify po-
tentially infected patients who may be missed with mi-
croscopy observation. The addition of urinalysis strip test-
ing increased the presumptive schistosomiasis diagnosis
rate; yet, this increase was not statistically significant.

ASSESSMENT OF URINE TESTING METHODS FOR
DETECTION OF S. HAEMATOBIUM INFECTION

Samples from 380 study participants were tested with all
3 main methods, including the standard visualization of
eggs with urine centrifuge microscopy. From these tests,
180 patients were confirmed positive for S. haematobium in-
fection through visualization of eggs with urine centrifuge
microscopy. This result enabled the assessment of the sen-
sitivity of S. haematobium detection for urinalysis strip test-
ing by comparison with these true positives. Urinalysis test-
ing yielded a sensitivity of 77.65%. Additionally, 67.03% of
the positive urine microscopy samples also tested positive
with the POC-CCA test.

COST OF SCREENING FOR SCHISTOSOMIASIS

The total cost to perform centrifuge microscopy, including
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Table 1. Costs of screening methods for schistosomiasis

Cost, US$
Labor Total to Total to Total to
time screen screen screen
required,? Disposable 100 1,000 10,000
Test min Labor materials Investment patients patients patients
Centrifuge 10 0.047 0.02 380 386.70 447 1,050
microscopy
Gravity 7.5 0.031 0.02 300 305.10 351 810
microscopy
POC-CCA 1.5 0.006 2.00 0 200.60 2,006 20,060
Schistosoma
mansoni urine
test
Urinalysis 1 0.004 0.14 0 14.40 144 1,440

Abbreviation: POC-CCA, point-of-care circulating cathodic antigen.

a Labor time included time to centrifuge samples, place urine in a tube, pipette samples, observe the microscope, submerge tests in urine, and read results. It also included time to

clean reusable materials, done in accordance with Malagasy standards: 1) initial cleaning with hot boiled water, 2) cleaning with bleach, 3) cleaning with soap and water, and 4) a sec-
ond round with hot boiled water. Labor costs were evaluated on the basis of the hourly wage of the nurse practitioner at Mada Clinics, who earned US$0.25 per hour or US$2.00 per

day.

parts, labor, and time to sterilize reusable equipment, was
US$0.07 per test, with an additional US$380 upfront invest-
ment in equipment (Table 1). The cost to perform grav-
ity microscopy, including parts, labor, and time to sterilize
reusable equipment, was US$0.05 per test, with an addi-
tional US$300 upfront investment in equipment. In contrast
to microscopy, POC-CCA S. mansoni urine testing and uri-
nalysis strip testing required no investment in equipment.
Per test, a POC-CCA urine test cost US$2.00 and a urinalysis
strip test cost US$0.14.

CENTRIFUGATION VERSUS GRAVITY SEDIMENTATION
FOR MICROSCOPY SAMPLE PREPARATION

Centrifugation is the accepted standard of sample process-
ing for detection of S. haematobium infection with urine
microscopy. Gravity sedimentation is a lower-cost alterna-
tive that may be easier to implement in a low-resource set-
ting. x 2 analysis was performed to examine the relation
between these detection methods and positive schistosomi-
asis screening results. No difference was observed between
these sample preparation methods (P=0.49).

PREVALENCE TRENDS AND GEOGRAPHIC DISTRIBUTION

To understand the demographic characteristics of schisto-
somiasis in the region, we recorded the village of residence
and age of all participants. Age categories were those used
on Malagasy Ministry of Health forms. The greatest propor-
tion of patients testing positive for schistosomiasis was ob-
served in the 10-to-24-year age category (72.79%); the low-
est percentage was observed in the age category of 50 years
and older (33.82%) (Figure 2). x 2 analysis was performed
to examine the relation between age category and positive
schistosomiasis test result. Patients in the age category of
25 to 49 years were less likely than patients in the age cat-
egory of 10 to 24 years to test positive for schistosomiasis
(P=0.005). Patients in the age category of 50 years and older
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Figure 2. Age distribution of patients testing

positive for schistosomiasis.
Positive infection was defined as visible eggs on microscopy, positive point-of-
care circulating cathodic antigen test result, or positive urinalysis test results of
all male persons without an otherwise likely clinical explanation and all female
persons younger than 8 years or older than 60 years without a likely clinical ex-
planation. Significance testing to examine the relationship between age category
and positive schistosomiasis screening result was performed with x 2 tests of in-
dependence (P<0.05 defined as statistical significance).

were less likely than patients age 25 to 49 years to test pos-
itive for schistosomiasis (P<0.001). The rate of schistosomi-
asis was reported for each of 6 villages where the majority
(88.2%) of participants resided (Figure 3).

DISCUSSION

Before this study, empirical diagnosis based on gross hema-
turia was the sole means to assess for schistosomiasis at
Mada Clinics. Using several easily performed laboratory
methods, we demonstrated that empirical diagnosis vastly
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underestimated the true prevalence of the disease. By com-
paring empirical diagnosis, gold-standard urine mi-
croscopy, POC-CCA testing, and urinalysis strip testing, we
estimated the prevalence rate of schistosomiasis at 64.47%
in the region served by Mada Clinics. This result is compa-
rable with the 2010 countrywide estimation of schistosomi-
asis prevalence in Madagascar—52.21%—and is higher than
the 4.84% rate of diagnosis and treatment based on empir-
ical methods previously used by Mada Clinics.® This study
showed the importance of using screening methods and di-
agnostic tests to detect and treat schistosomiasis in rural
Madagascar.

Urine microscopy is the most specific test for S. haema-
tobium detection and thus was used as an established gold-
standard in this study. However, microscopy lacks high sen-
sitivity because S. haematobium eggs may not pass each
time an infected person urinates. Repeat testing on alter-
nate days is recommended to increase overall testing sen-
sitivity. However, the population in this study could not
remain at the clinic, away from their work or family, for
multiple days. To identify presumptively infected individu-
als missed in initial screening with urine microscopy, uri-
nalysis strip testing was used to detect microhematuria, a
potential product of the inflammation caused by S. haema-
tobium.

Using urine microscopy as evidence of schistosomiasis,
we found a 77.65% sensitivity of urinalysis strip testing for
S. haematobium in the population, greater than the esti-
mated sensitivity of 1 screen with urine microscopy (31%)
seen previously.16 In addition, meta-analysis has shown
that specificity of urinalysis strip testing for S. haematobium
approaches 97% in selected populations.!7 Urinalysis test-
ing is quick, requires little training or labor, and is cheaper
than microscopy to implement when fewer than approxi-
mately 7,000 patients are screened.

S. mansoni is also present in rural northwestern Mada-
gascar, its eggs passed primarily in stool. Neither urine mi-
croscopy nor urinalysis identifies patients infected with S.
mansoni. Yet, antigens from this parasite can still enter
urine and be detected with the POC-CCA test. Although de-
finitive testing for S. mansoni has previously been achieved
through the analysis of stool samples using the Kato-Katz
smear, this study focused on urine-based assays due to the
resource and practice limitations of the community. Addi-
tionally, the POC-CCA assay may cross-react with S. haema-
tobium antigens, allowing for detection of both Schistosoma
species through one test.12 A disadvantage of the cross-re-
activity is that it does not allow for the differentiation of
S. mansoni and S. haematobium infections in populations
where both species are endemic. However, the treatment is
the same for both infections.>

Urinalysis strip testing is initially the cheapest assay,
thanks to the lack of necessary equipment. Yet, as the num-
ber of patients screened increases, both gravity and cen-
trifuge microscopy become cheaper methods. Owing to the
remarkable change in diagnosis rates brought by mi-
croscopy (4.84% vs 47.11%), the staff at Mada Clinics has
decided to hire and train a local employee in microscopy. A
strategy to decrease the resources for microscopy is the use
of gravity sedimentation in place of centrifugation, which
we showed to produce comparable results while it avoided
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Figure 3. Geographic distribution of schistosomiasis

infection.
Positive infection was defined as visible eggs on microscopy, positive point-of-
care circulating cathodic antigen test result, or positive urinalysis test results in
all male persons without an otherwise likely clinical explanation and all female
persons younger than 8 years and older than 60 years without an otherwise likely
clinical explanation. Maventibao is the village where Mada Clinics is located.
Ambondromifehy is the next closest village to the clinic, and Mahatsara and
Tanambao are approximately 7 km from the clinic. Andranonakoho and Ambod-
ipo are the farthest 2 villages from the clinic in this dataset.

the cost and labor of a manual centrifuge. Nonetheless, cen-
trifugation could deliver results within 20 minutes, while
gravity filtration required 24 hours. The wait time required
for gravity filtration was impractical for the patient popu-
lation treated by Mada Clinics, some of whom traveled 40
km on foot. For this reason, Mada Clinics discontinued the
use of gravity sedimentation following this study. This ge-
ographic limitation also precluded the assessment of speci-
ficity, which has previously been achieved by screening neg-
ative patients separate times to establish a true negative
diagnosis.

Despite the high sensitivity and high specificity (estab-
lished false positive rate of < 5%) of the POC-CCA test, as
well as ease of use, Mada Clinics discontinued its use be-
cause of excessive cost.12 Although Kato-Katz thick smear
would be a less costly alternative to screen for S. mansoni, it
requires additional investment into sample collection, pro-
cessing, and analysis infrastructure.!8 In the current ab-
sence of a permanent microscopist, the staff at Mada Clinics
has decided to use urinalysis strip testing to screen most
patients for schistosomiasis. This decision was made by
carefully balancing costs against the monthly budget of the
clinic and the time constraints of employees.

When we analyzed patient demographic characteristics,
we observed a significant decrease in schistosomiasis rate
as the category age increased. Previous studies have indi-
cated that an age-related increase in immunity to schis-
tosomiasis may exist in populations who live in endemic
areas.1? In addition, it has been hypothesized that older
individuals interact with infected water sources less fre-
quently and that accumulated scar tissue may prevent eggs
from entering the urinary tract.20 However, the study pop-
ulation tended to use the same water sources for bathing,
washing clothes, and washing kitchen utensils regardless of
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age, suggestive that increased immunity may have a domi-
nant role.

Considerable heterogeneity was observed in the rate of
schistosomiasis by village of residence. The reasons for this
heterogeneity warrant further investigation, particularly in
high-prevalence villages, including Andrononakoho and
Ambodipo. We noted that no village in this study had public
latrines and all villages practiced open defecation, which
presents an opportunity for future sanitation efforts to
lower the observed rates.

CONCLUSIONS

In summary, we implemented an affordable schistosomiasis
screening program that showed improved ability to detect
infection compared with empirical methods previously in
place. Our assessment of schistosomiasis screening tools
provides a model that could be implemented in low-income
countries for the diagnosis and surveillance of schistosomi-
asis on a national scale. Importantly, all screening methods
used in this study can be performed in the field in a nonin-
vasive manner with urine samples and without need for re-
frigeration.

To our knowledge, this is the first study of schistoso-
miasis prevalence in this region of Madagascar, the results
of which stirred local communities to install multiple in-
frastructure projects aimed at improving access to potable
water. Thus, we demonstrated benefits of schistosomiasis
screening that extend beyond the treatment of infected in-
dividuals and can inform future public health efforts.
Greater than one-half of the Madagascar population may be
infected with schistosomiasis, underscoring the importance
of effective low-cost methods for schistosomiasis detection,
treatment, and prevention.
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