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Abstract

Schistosomiasis is a major cause of pulmonary arterial hypertension (PAH)

worldwide, but the prevalence and risk factors for schistosomiasis‐associated
PAH (SchPAH) development are not well understood. Schistosomiasis‐
associated hepatosplenic disease (SchHSD) is thought to be a major risk

factor for PAH development. Herein, we describe our plans for prospectively

screening SchHSD subjects for clinical evidence of PAH at two major

academic medical centers and national referral hospitals in Addis Ababa,

Ethiopia and Lusaka, Zambia. The screening study will primarily be

conducted by echocardiography, in addition to clinical assessments. Plasma

samples will be drawn and banked for subsequent analysis based on

preclinical animal model rationale. If successful, this study will demonstrate

feasibility of conducting prospective cohort studies of SchPAH screening in

schistosomiasis‐endemic regions of Africa, and provide initial data on clinic‐
based disease prevalence and potential mechanistic biomarkers underlying

disease pathogenesis.
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INTRODUCTION

Schistosomiasis‐associated pulmonary arterial hyper-
tension (SchPAH), a neglected tropical disease, is a
fatal complication of schistosomiasis—a disease that
results from chronic and recurrent infection with the
helminthic parasite Schistosoma. As defined by the
World Health Organization (WHO), PAH represents
Group 1 among five classifications of pulmonary
hypertension (PH), with SchPAH being one of the
major etiologies of PAH. One challenge in diagnosing
SchPAH is distinguishing it from these related mani-
festations. By current criteria diagnosis of forms of PH
requires invasive right heart catheterization (RHC),1

which is only performed when there is a high suspicion
of disease presence and therefore is not suitable for
serial assessments, such as screening. A consequence
of RHC‐dependent diagnosis for patients is that PAH
diagnoses occur after the disease is well established,
thus precluding early interventions. A consequence for
public health planning is the difficulty in accurately
estimating SchPAH prevalence, especially in sub‐
Saharan Africa where Schistosoma species are endemic
and the majority of cases occur. Despite beneficial use
of preventative chemotherapy and mass drug adminis-
tration, schistosomiasis is believed to affect about 200
million individuals worldwide2–8 and to be under-
diagnosed.9,10 In turn, SchPAH is thought to affect 0.5% to
5% of those with a history of schistosomiasis.11,12 Better
understanding the epidemiologic distribution of
SchPAH prevalence would support targeted screening
efforts aimed at early detection and treatment of this
disease. As a step toward population‐based estimates of
SchPAH prevalence, we seek to conduct a prospective
cohort study to screen for evidence of existing or
developing SchPAH at two clinical sites in sub‐
Saharan Africa where schistosomiasis is endemic.

Pathogenic mechanisms by which those with schis-
tosomiasis can develop SchPAH are not well under-
stood.13 Infection with Schistosoma mansoni, the species
most clearly associated with SchPAH, also causes severe
pre‐portal liver fibrosis in ~10%, termed schistosomiasis‐
associated hepato‐splenic disease (SchHSD), which can
be diagnosed and staged by abdominal ultrasound (US).14

SchHSD causes portal hypertension but not cirrhosis and
is thought to be a precursor to development of SchPAH
in many individuals. The portal hypertension opens peri‐
hepatic shunts, with embolization of eggs in the systemic

vena cava and in precapillary pulmonary vessels where
they elicit a strong Type 2 inflammatory reaction and
pathologic TGF‐β signaling,15 the latter likely represent-
ing a pathway to PAH that is shared across etiologies
(Figure 1). This putative pathway supports the hypothe-
sis that patients with SchHSD are at elevated risk for
SchPAH, with expected prevalence of 8%–25%,16 making
them suitable targets for SchPAH screening in clinical
settings. In addition, it suggests that selected biomarkers
of inflammation can help to identify patients with
pulmonary vascular pathology who are developing PAH.

Expertise and equipment to conduct RHC are sparsely
available in the developing world. Instead, screening for
PAH relies primarily on echocardiographic (echo) evi-
dence,17,18 which requires skillful conduct and interpreta-
tion but cannot reliably assess left heart filling pressures to
distinguish PAH from other pulmonary hypertension (PH)
diseases. We use the terms PH and PAH where appropriate
to reflect the absence and presence, respectively, of formal
measurement of pulmonary vascular resistance and left
heart filling pressures. Because of the important need for
noninvasive screening for PAH, many studies have
evaluated the accuracy of echocardiography relative to
RHC in diagnosing PAH. These include a systematic
review of 32 studies of asymptomatic individuals at risk of
PAH,19 studies comparing the accuracy of specific echo
quantities {TRVmax, IVC, PAPmean, RVSP} with specific
RHC quantities {PAPmean, PAPsystolic} at varying
thresholds,20,21 and a review of 55 studies discussing
improvements in accuracy through speckle tracking
echocardiograms (STE).22 We use the term RVSP as an
echo‐based estimate of RHC‐measured PAPsystolic.
Additionally, two small studies compared 2D‐STE
versus RHC findings in 34 advanced PAH patients23

and in 36 individuals (27 with mild PH, 9 healthy).24

Ikeda et al.23 reported that peak systolic strain (PSS) of
the right ventricular (RV) free wall can detect RV
dysfunction in PH patients with mild to severe disease,
and that RV PSS also is associated with prognosis.25

Park et al.24 showed that two STE parameters—global
longitudinal strain of RV (RVLSglobal) and global
longitudinal strain of RV free wall (RVLSFW)—
strongly correlate with RHC parameters {PAPmean,
CI, PVR}, as well as with 6MWD and B‐type natriuretic
polypeptide (BNP) concentration. Furthermore, during
follow‐up RVLSglobal changes in parallel with changes
in PAPmean and PVR, and reflects changes in treat-
ment.26 These studies support the promise of
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echocardiography to provide evidence of existing or
developing PAH.

Considerable research has focused on predicting
clinical worsening and mortality following RHC‐based
PAH diagnosis,27–29 whereas few studies have been
conducted to predict existing or developing PAH. REVEAL
Lite 2 (R‐Lite) is an example of a post‐diagnostic prognostic
score that was developed in RHC‐diagnosed PAH cases to
facilitate implementation in clinical settings. R‐Lite is based
on six noninvasive and modifiable variables from two
domains30: blood levels {NT‐proBNP, eGFR (calculated
from creatinine, age, sex, race)} and functional metrics
{6MWD, WHO functional class (FC), heart rate (HR),
systolic blood pressure (SBP)}. We expect that the 14‐point
R‐Lite score has a wide pre‐diagnostic distributional range,
which would support its use in risk‐stratification for
SchPAH development.

Ultimately, we seek to develop a clinically useful
prediction model of SchPAH risk based on clinical data

from multiple domains, including biomarkers of disease
pathogenesis, echocardiographic features, and functional
measures. We hypothesize that using a multidomain
model to predict individuals' disease risk would be more
accurate than using a single echo‐based measure to
define SchPAH disease presence (e.g., tricuspid regurgi-
tation peak velocity (TRV) > 2.8 m/s,31 or right ventricu-
lar systolic pressure (RVSP) = 4 × TRV2 + RAP, with
right atrial pressure (RAP) estimated from the inferior
vena cava (IVC) diameter and the IVC collapsibility
index32).

To obtain preliminary data in support of these goals,
we propose to conduct a pilot prospective cohort study to
screen for SchPAH development among patients with
SchHSD at two academic medical centers that serve as
national referral centers for schistosomal disease
in Addis Ababa, Ethiopia and Lusaka, Zambia, in
partnership with a Data Coordinating Center in San
Francisco, USA.

FIGURE 1 Preclinical model of schistosomiasis‐PH, and mechanism of schistosomiasis‐PH pathogenesis as indicated by preclinical
studies. (a) The Schistosoma‐PH mouse model uses intraperitoneal egg sensitization/intravenous egg challenge, followed by right heart
catheterization and tissue analysis. (b) Live Schistosoma eggs in the lungs release glycoproteins such as omega‐1, which is taken up by host
dendritic and other antigen presenting cells (APCs). The APCs present the antigen to CD4 T cells, which become activated to a Th2
phenotype secreting proteins IL‐4 and IL‐13. This causes recruitment of Ly6c+ (classical) monocytes, which express the protein
thrombospondin‐1 (TSP‐1) in a HIF2α‐dependent manner. TSP‐1 activates TGF‐β (likely the isoform TGF‐β1), resulting in pulmonary
vascular disease
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STUDY SETTINGS AND CLINICAL/
RESEARCH EXPERTISE

Schistosomiasis is a tropical parasitic infection endemic
to over 70 countries.33 Of those, more than 80% are in
sub‐Saharan Africa,34 with other regions of the world
affected including Brazil, the Middle East, and Southeast
Asia. S. mansoni and S. haematobium account for 90% of
the worldwide disease burden, with S. mansoni causing
hepatosplenic schistosomiasis and S. haematobium caus-
ing urofgenital schistosomiasis.35

Ethiopia and Zambia are among the sub‐Saharan
countries with high schistosomiasis prevalence.36 Ethio-
pia is classified by the World Bank as a low‐income
country, and Zambia as a lower‐middle income country.
In Ethiopia, approximately 5M have schistosomiasis
(4.3% prevalence) out of a population of 115M, with
almost all cases due to S. mansoni, as S. haematobium is
relatively rare in Ethiopia and only found in a few
specific locations.37,38 Zambia also has significant schis-
tosomiasis, with a country‐wide prevalence estimate of
36% (6.5M) out of a population of 18M.39,40 However,
both S. haematobium and S. mansoni are present in
Zambia, and S. haematobium is more prevalent.
Although not systematically studied, there is likely a
substantial number of individuals in Zambia who are co‐
infected with these parasite species, depending on the
specific geographic location studied. For example, a
cross‐sectional study of 111 school children 7–15 years
old from the Chongwe and Siavonga Districts in central
Zambia identified using urine PCR assays 77% of
students infected with S. mansoni, 75% with S. haema-
tobium, and 62% with both.41

One clinical site in the capital city of each country
will participate in this study: Tikur Anbessa (“Black
Lion”) Specialized Hospital (abbreviated TASH) is
operated by Addis Ababa University College of Health
Sciences, and University Teaching Hospital‐Adult &
Emergency (abbreviated UTH‐A&E) in Lusaka, Zambia.
Both hospitals are the largest academic medical centers
in their respective countries. Drs Ahmed and Sinkala,
study co‐PIs, will oversee protocol adherence and ensure
data integrity at their respective sites. The study's Data
Coordinating Center (DCC), staffed by biostatistical and
pulmonary scientists, will be located at the University of
California, San Francisco, USA.

Clinical site: Tikur Anbessa Specialized
Hospital (TASH), Addis Ababa, Ethiopia

TASH is the largest referral hospital in Ethiopia, with an
800‐bed capacity and patients coming from throughout

the country for care. TASH also is the largest teaching
hospital for both clinical and preclinical training. It
provides specialized clinical services not available in
other public or private institutions in Ethiopia. The
hospital is located in the capital city, Addis Ababa, which
has five million inhabitants.

Dr. Ahmed, co‐PI of this study, is the Chief of the
Pulmonary Division at TASH, the only division providing
pulmonary fellowship training in the country. The TASH
pulmonary clinic is staffed by the pulmonary division
three times per week, with three fellows, one attending
and eight residents. As a growing service, the pulmonary
function test clinic provides only spirometry tests.

The TASH Hepatology and Gastroenterology Clinic,
part of the Division of Gastroenterology, holds clinic
three times per week, staffed by dedicated fellows,
internal medicine residents and attendings. Cases related
to both gastroenterology and hepatology are referred for
evaluation in these clinics. Schistosomiasis‐hepatosplenic
disease (SchHSD) is among the most common causes of
portal hypertension presenting in these clinics, with an
average of 200 annual cases before COVID‐19.

The TASH echocardiography service is attached to
the Cardiology clinic, and patients from both cardiac and
other speciality clinics are referred for this service. The
TASH catheterization laboratory is located on the same
floor as the Cardiac Intensive Care Unit, with a well‐
equipped catheterization and recovery room.

Clinical site: University Teaching Hospital,
Adult & Emergency (UTH‐A&E), Lusaka,
Zambia

UTH‐A&E is a teaching and referral hospital under the
auspices of the University of Zambia, School of Medicine
(UNZA‐SOM), the oldest university in Zambia. UTH‐
A&E is located in Lusaka, a city of 3.4 M inhabitants, and
has a capacity of 800 beds. UTH‐A&E and UNZA‐SOM
house the Tropical Gastroenterology and Nutritional
Group (TROPGAN), founded in 1999, which is also
constituted as a nongovernmental organization and not‐
for‐profit company. Its primary focus is on translational
science related to intestinal and liver disease and
nutritional issues. TROPGAN has completed 20 research
studies over the past 15 years.

Within TROPGAN is a Gastrointestinal/Hepatology
procedure unit and a dedicated hepatology speciality
clinic, overseen by Dr. Edford Sinkala (co‐PI of this
study) who is accompanied by three fellows. TROPGAN
also has a dedicated laboratory, located on the same floor
as the procedure area. The majority of cases seen in this
clinic have schistosomiasis‐related portal hypertension,
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with about 5–10 each week pre‐COVID (although more
recently ~1 per week due to a reduction in outpatient
care during the COVID pandemic). Routinely performed
procedures at the clinic include diagnostic and therapeu-
tic upper and lower endoscopy, liver biopsy, and
aspiration.

The UTH‐A&E Hemodynamic Unit, located in the
Radiology Department, has one catheterization room and
a 2‐bed recovery room. There is one stationary echo-
cardiography machine in the radiology department and
two others in the Internal Medicine Department. The
pulmonary disease service is equipped with pulmonary
function tests and bronchoscopy facilities, and has a well‐
established clinic that runs 3 times per week.

Data coordinating center: University of
California, San Francisco (UCSF), San
Francisco, USA

A DCC located at UCSF will serve to coordinate and assist in
the performance of the study. Dr. Brian Graham, co‐PI on
this study, has experience in the basic/translational patho-
physiology of schistosomiasis‐PH based on animal model
studies (Figure 1), and will oversee the clinical and
biomarker data collection and laboratory analyses. Prof.
Joan Hilton, co‐PI on this study, has expertise in biostatistics
and study design, developed the study protocol, and will
oversee study conduct and data analysis. The four co‐
principal investigators are collaborating on all phases of the
study, from protocol specifications through data interpreta-
tion and reporting.

DESIGN OF PROSPECTIVE
OBSERVATIONAL COHORT STUDY

To characterize the spectrum of pulmonary vascular disease
in a longitudinal cohort of adult subjects at risk of SchPAH,
this prospective observational study will accrue participants
for 12 months and conduct follow‐up visits targeting their
1‐year anniversaries. Inclusion and exclusion criteria are
designed to enrich the study sample for SchPAH by focusing
on SchHSD patients in endemic areas who are free of other
liver disease diagnoses and have no evidence of PAH
etiologies other than SchPAH. Aside from blood sampling,
the study will use noninvasive data collection methods,
including echocardiography and clinical assessments. Data
collected at study visits will be recorded by clinical personnel
in a HIPAA‐compliant REDcap database, accessible via
mobile phones or desktop computers, and transmitted
securely to the Data Coordinating Center at University of
California, San Francisco.

Study protocol

We propose to identify, recruit, consent and study
subjects with SchHSD who are being seen at the referral
centers described above. Our study protocol defines the
methods we will use to standardize data collection
procedures across clinicians throughout the study, such
as choice and calibration of equipment used to diagnose
SchHSD and SchPAH, trainings, periodic analyses of data
collected to examine inter‐clinician variability and data
completeness, specimen handling and lab QA/QC, and
so forth, consent procedures, and the time required per
patient to collect the data.

The study encounter, expected to last 2–3 h, will
include the following steps. As needed, steps following
consent could be scheduled at a later visit, as soon as
possible.

(a) Screening and consent. Adult patients who have
been diagnosed with SchHSD and are being seen in the
referral centers described above will be approached for
participation in this study by a member of the study team
at the conclusion of a routine clinical visit. The inclusion
and exclusion criteria (see below) will be reviewed to
confirm eligibility, including prior abdominal ultrasound
results to confirm the subject has evidence of SchHSD by
standard criteria. If interested in participating, potential
subjects will undergo consent by a member of the
study team.

(b) Documentation of history and data collection. The
study team developed a REDCap database which will be
populated by study personnel at clinical sites and
uploaded to servers at the Data Coordinating Center at
UCSF for statistical review and analyses. A summary of
the study data collected on each enrolled subject is in
Table 1. Individuals who consent to participate will be
interviewed for demographic, environmental, and medi-
cal history in the appropriate language by study
personnel (Amheric in Ethiopia; Bemba or Nyanja in
Zambia). The questions will identify schistosomiasis
exposure and other potential causes of PH including
family history of PH or personal history of anorexigen
use, autoimmune disease, thromboembolic disease,
congenital heart disease, COPD or other chronic lung
diseases. We will also ask about personal history of
hematuria, which is associated with infection by
S. haematobium.

(c) Medical records will be reviewed. Recent laboratory
data will be documented, including complete blood count
and basic metabolic panel ordered at the preceding visit.
Prior abdominal ultrasound results will be reviewed to
confirm the subject has evidence of SchHSD by standard
criteria. Current medication usage will be recorded,
including any medications taken for PH.

PULMONARY CIRCULATION | 5 of 12



(d) Echocardiography profile of study participants.
Individuals who consent to participate and are fully
eligible will undergo an echo exam focused on the right
side of the heart to diagnose PAH. Data that will be
recorded include the tricuspid regurgitant jet velocity
(TRV), IVC diameter and collapsibility index, RV size,
RA size, LV size, LA size, estimated LV ejection fraction,
and the presence and severity of stenosis or regurgitation
of any of the valves. RVSP will be estimated. Patients
with apparent congenital or structural heart disease or
LV dysfunction on echo will be excluded from further
study. Videos of key views with cardiac gating will be
saved for later batch analysis to determine RVLSglobal and
RVLSFW.

(e) Biospecimen collection. Blood will be drawn from a
peripheral vein into one 4ml ETDA‐containing tube
(lavender top) and processed within 2 h. The sample will
be centrifuged at 2000g for 10min at room temperature,
the plasma aliquoted into 500 μl volumes in separate
tubes, and the tubes banked frozen at −80°C until
analysis.

(f) 6‐min walk test (6MWT). After the blood draw,
subjects will undergo a 6MWT. We will perform
before and after measurements of HR, SpO2, BP, and
Borg dyspnea score, in addition to recording distance
walked (6MWD), per American Thoracic Society
guidelines.42

Inclusion and exclusion criteria

We will define eligible participants with SchHSD by the
following criteria (summarized in Table 2).

TABLE 1 Planned recorded participant characteristics and
study endpoints.

History

• HSD and PAH diagnosis dates; Clinic location; Clinician

• Home contacts, age, sex, primary language, education,
occupation, home cooking fuel, tobacco/khat/alcohol use,
source of drinking water, nutritional deficiency

• Comorbidities: sickle cell, malaria, anemia, viral hepatitis,
CVD, COPD, diabetes, mitral valve regurgitation, esophageal/
gastric varices, prior endoscopic studies

• Schistosoma: exposures by location and age {<5; >5 years}

• Prescribed therapies: PAH, schistosomiasis, other; drug name,
adherence

Endpoint assessments

• Clinical: WHO FC, 6MWD, HR, BP, SpO2, Borg score, height,
weight

• Echocardiography metrics:
∘
evidence of HSD: fibrosis
∘
evidence of PAH: PE, RAP (based on IVC), RA size, RV size,
RVSP, RV strain, TAPSE, TRV

• Blood biomarkers: TSP‐1, TGF‐β, NT‐proBNP, creatinine (to
calculate eGFR)

• Risk score: REVEAL‐Lite 2 {WHO FC, 6MWD, HR, SBP, NT‐
proBNP, eGFR}

Abbreviations: 6MWD, 6‐min walking distance; BNP, B‐type natriuretic
peptide; BP, blood pressure; COPD, chronic obstructive pulmonary disease;
CVD, cardiovascular disease; HR, heart rate; HSD, hepatosplenic disease;
IVC, inferior vena cava; PE, pericardial effusion, RA, right atrium; RAP,
right atrial pressure; RV, right ventricle; RVSP, right ventricular systolic
pressure; TAPSE, tricuspid annular plane systolic excursion; TRV, tricuspid
regurgitant velocity.

TABLE 2 Summary of inclusion and
exclusion criteria.

1 Age at least 18 years old.

2 At least one of the following features consistent with schistosomiasis:

(a) Prolonged exposure to an endemic region for schistosomiasis, and activities
consistent with Schistosoma infection;

(b) History of previous treatment for schistosomiasis; or
(c) History or presence of Schistosoma eggs on stool examination (Kato‐Katz

testing) or on rectal biopsy.

3 Liver ultrasound with left lobe enlargement and/or periportal fibrosis.

4 No evidence of cirrhosis or other liver disease by history, or viral hepatitis.

5 Negative HIV test.

6 After echo screening,patients found to have significant structural heart disease such
as congenital heart abnormalities or decreased left ventricle function will be
excluded from further analysis.

7 Other exclusion criteria: pregnancy or prisoner.
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1. Age at least 18 years old. The rationale is that:
(1) SchPAH is thought to develop after longstanding
schistosomiasis disease and is rarely diagnosed below the
age of 18 years; (2) SchHSD is also rarely seen in patients
younger than 18 years of age; and (3) other pediatric PAH
etiologies are often different than adult PAH etiologies.

2. History of schistosomiasis or reasonable exposure. At
least one of the following features consistent with schistoso-
miasis: (a) exposure to an endemic region for schistosomia-
sis, and activities consistent with Schistosoma infection;
(b) history of previous treatment for schistosomiasis; or
(c) history of or presence of Schistosoma eggs on stool
examination (Kato‐Katz testing) or on rectal biopsy. The
rationale is that subjects should have a history of substantial
and likely schistosomiasis exposure.

3. Ultrasound evidence of SchHSD. Liver ultrasound
consistent with SchHSD, based on published guidelines on
ultrasound screening criteria for schistosomal liver disease,14

which is most commonly seen as either dense periportal
fibrosis or enlargement of the left lobe of the liver. The
rationale is that SchHSD is commonly diagnosed by
ultrasound using standardized criteria, and while periportal
fibrosis on liver biopsy is the gold standard for SchHSD
diagnosis, this invasive test is impractical to conduct and
relatively contraindicated in these individuals.

4. No other known causes of liver disease. No evidence of
cirrhosis by ultrasound examination, or other liver disease by
history such as viral hepatitis. The rationale is that we want
to exclude other causes of portopulmonary hypertension
which may potentially confound PAH pathogenesis.

5. Negative HIV test. All patients being seen at these
clinics are screened for HIV, which is relatively
uncommon in these populations. The rationale is that
HIV can also contribute to PAH, and is excluded as a
potentially confounding factor.

6. No significant congenital or left heart disease. After
the subjects have consented and the echo study has been
performed, patients found to have significant structural
heart disease such as congenital heart abnormalities or
decreased left ventricle function will be excluded from
subsequent analysis. The rationale is there may be
confounding of PH pathogenesis from congenital heart
disease or left heart disease.

7. No other standard reasons for exclusion, such as
inability to consent, current pregnancy, or a prisoner.

Research procedures added to routine
clinical care

No medications or other interventions will be adminis-
tered as part of this study. The patient and their
physician will receive the results of the echocardiography

and 6‐minute walk tests. The physician may refer the
patient to a pulmonologist as appropriate for further
management if there is a concern for PAH.

Site biomarker processing and banking

The plasma will be processed at each site, with aliquoting
and banking in −80°C freezers at each site until analysis.
The freezers are located in the hospitals, and power
outages are very rare. Due to restrictions of transport of
specimens outside of each countries, the local teams will
conduct assays using commercially available ELISA kits
at each site for four proteins: creatinine (for eGFR, in
R‐Lite), NT‐proBNP, TSP‐1, and total TGF‐β. When the
clinical samples are assayed, we will use a standard curve
and internal controls to maximize the accuracy of
the results. Each site already has the equipment in place
needed to perform these assays. The results from each
assay will be uploaded to the same REDCap database,
linked to each study subject.

Data coordinating center procedures

The DCC at UCSF has been hosting biweekly teleconfer-
ences as the study team has developed the protocol,
survey instruments, and almost all of the regulatory
paperwork. The DCC is currently assisting the clinical
sites with regulatory paperwork requirements, and is
maintaining the secure REDCap database which is
shared by both sites. As the data collection begins, the
DCC will review the data completeness and perform
basic quality checks, and track screening and recruit-
ment numbers by site. Before running the biospecimen
assays, the DCC will review the laboratory assay
protocols with the local teams by teleconference, and
plan on conducting practice runs before processing any
clinical samples. Analysis of the results will be performed
using the statistical approaches outlined below.

Timeline

At the present time, we have completed the study
protocol. We anticipate starting recruitment shortly, and
will recruit subjects for 24 months duration. At 12 month
anniversaries, we will schedule a follow‐up visit on each
participant, collecting plasma samples and echo and
functional assessments. SchHSD subjects are typically
seen in clinical follow up, although some patients who
are stable may be discharged from care at these speciality
clinics. If patients are diagnosed with PH, they may be
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started on medication at the discretion of their clinical
team, and treatment medications and clinical changes
over time will be documented.

Statistical methods

Sample size

We project that over two‐year accrual period beginning
in late 2021, pools of 50 and 25 unique SchHSD patients
per year will be available for recruitment at TASH and
UTH‐A&E, respectively, of whom 80% will consent to
participate in this study. We propose to screen all
SchHSD participants available at each site. Anticipating
60 SchHSD participants per year, we expect to identify at
least 6 subjects with SchPH based on the echo‐based
screening measure, RVSP > 35mmHg, discussed above.
These data will be used for planning a future larger
longitudinal cohort study. We will collect data over a
2‐year study period from which we will estimate, for
future studies, (i) the accrual rate, and how long it would
take to enroll a range of target sample sizes, and (ii) the
retention rate, and (iii) correlation among longitudinal
outcomes, and corresponding precision of target sample
sizes.

Preliminary summaries

All study data (Table 1) will be summarized using
descriptive statistics suitable for continuous or categori-
cal values. These summaries will estimate consent and
1‐year retention rates, and will profile (i) subject
candidates, and (ii) study enrollees. Among candidates
we will characterize reasons for ineligibility: proportions
of all who consent to participate who lack evidence of
schistosomiasis exposure, or are excluded due to hepatic
findings or alternative forms of PH. Among enrollees we
will characterize baseline demographic characteristics,
environmental risk factors, co‐morbidities, and metrics
from our three endpoint domains {echo, biomarkers,
functional metrics}.

Primary endpoint: Prevalence of echo‐
diagnosed SchPAH (RVSP≥ 35mmHg)

Based on the literature reviewed above, we anticipate
that the prevalence of SchPAH in a cohort of SchHSD
subjects will be at least 10% overall. We also expect that it
will vary among subgroups, such as by country (Ethiopia
or Zambia), sex, and R‐Lite scores. The prevalence

estimate will depend on the at‐risk SchHSD participants
who meet eligibility criteria, and certainty about the
estimate (e.g., 95% confidence interval [CI]) will depend
on how many people we study, as well as variation in the
estimate by subgroup characteristics. Using generalized
estimating equations (GEE) with robust standard errors,
we will estimate the proportion (95% CI) of screened
patients with echo‐diagnosed SchPAH, adjusted for the
key risk factors listed above.

Secondary endpoints: Alternative
measures of developing SchPAH

As the focus of our study is on screening, we are as
interested in evidence of developing or progressing
SchPAH as in disease presence. Thus, we also will use
GEE models to estimate risk of this disease on an ordinal
or continuous scale of RVSP values, not just the
dichotomized scale. Furthermore, we will evaluate
R‐Lite and alternative echo metrics discussed in the
literature (Table 1) as measures of SchPAH preclinical
disease. We will evaluate the associations between
continuous endpoints (e.g., RVSP and R‐Lite or concen-
trations of biomarkers), using spline to allow nonlinear
associations, as functions of key covariates. Within
covariate levels, mean (95% CI) summaries of each
endpoint will be illustrated via forest plots.

ACKNOWLEDGED LIMITATIONS
OF THIS STUDY

Use of echocardiography and not RHC

Insofar as RHC is the gold standard in PAH diagnosis,
and required to exclude left heart disease by measuring
left sided filling pressures, we acknowledge that post‐
capillary PH may be included among our cases. For
example, in a series of patients with schistosomiasis
hepatosplenic disease in Brazil, 7.7% had PH by the
former PAPsystolic threshold (≥25mmHg), with 4.6%
having pre‐capillary PAH.43

RHC is not widely available in locations where
schistosomiasis is prevalent. At our two clinical sites,
catheterization facilities exist but presently are only
rarely used for RHC; the current standard of care in
these settings is diagnosis of PH by echocardiography.
In the future we are interested in developing the RHC
capabilities but, practically speaking, alternative non-
invasive and less expensive approaches need to be
developed to screen for SchPAH in schistosomiasis‐
endemic settings.
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Inability to distinguish causal from
incidental SchPAH

A limitation in this field is the difficulty of establishing
causality of prior schistosomiasis disease and liver
complications, and the subsequent development of
PAH. For example, it is possible that a patient may have
been infected with schistosomiasis, and developed
SchHSD, but then also developed IPAH. We anticipate
that we will detect a relatively high prevalence of PH in
these at‐risk populations, much higher than would be
anticipated from other PAH etiologies. Biomarker studies
as we are proposing herein may identify subgroups or
help clarify the precise disease definition, including
clarifying pathogenic mechanisms linking exposure with
subsequent disease.

Confounding of liver and lung disease

We hypothesize that the pre‐portal fibrosis in SchHSD is
a critical pathogenic trigger for the resultant pulmonary
vascular disease found in SchPAH, but the two can also
exist independently. We are not rigorously screening for
other co‐existing liver and lung diseases. Furthermore,
PAH progression can independently lead to liver
dysfunction.44

S. haematobiumand S. mansoni
co‐infection

Although unlikely in Ethiopia, it is possible in Zambia
that subjects with SchHSD (due to S. mansoni infection)
also may have been infected with S. haematobium, and
although not as well described S. haematobium also can
cause PAH. We do not plan to systematically screen for
complications of S. haematobium, but if there is a clinical
history of hematuria we will document it, screen for
active S. haematobium infection by urine study, and
recommend evaluation for pelvic vein disease by ultra-
sound. If we find the prevalence of SchPH to be higher in
Zambia than in Ethiopia, or higher in those with a
history of hematuria, we will modify our study to more
systematically screen for S. haematobium involvement.

Active or recurrent schistosoma infection

Most of the patients who are referred to these speciality
clinics have been previously treated for schistosomiasis,
and it is rare to identify actively infected cases. It is
possible that active or recurrent infection may increase

the risk of SchPAH pathogenesis. The most common
screening method is a stool study, called Kato‐Katz,
which has low sensitivity and specificity. Generally,
SchHSD patients on initial presentation are empirically
treated with the anthelmintic praziquantel, which is
typically effective after 1 dose, and associated with a low
risk of side effects. We do not plan to test for active
infection. The plasma samples that we are banking can
be used for future assays to screen for seroprevalence (as
in Farrag 45) or for circulating parasite proteins or mRNA
to screen for active infection.

Confounding from other environmental
stimuli that can contribute to PH

High altitude (>2500m) can cause PH,46 and Addis
Ababa is located at 2350 m: we are planning to document
location of residence and correlate with altitude. Some
Ethiopians use khat, a mild stimulant,47 which could
plausibly contribute to PH risk as other stimulants are
likely causative of PH48: we will assess and quantify khat
usage.

Problems with subject recruitment due to
COVID‐19

As was noted above, outpatient volumes are down
considerably compared to pre‐pandemic levels, for
example at ~20% in Zambia. We are optimistic outpatient
volumes will increase as diseases other than COVID‐19
continue unabated, but future increases in COVID‐19
case numbers may further suppress SchHSD outpatient
visits. If recruitment lags, we anticipate recruiting
inpatients with SchHSD who are admitted with intestinal
bleeding complications, suspecting that these patients
may have a more severe form of disease which is more
likely to be complicated by PAH. We also will evaluate
adding on additional sites, and have identified candidate
sites in each location.

CONCLUSIONS AND FUTURE
DIRECTIONS

We are excited to conduct this study, which started
enrolling in November 2021. We anticipate that this
multisite, multicountry study will clarify the prevalence
of SchPAH in at‐risk patients in African clinics. We hope
that, by focusing on SchHSD subjects to enrich the
patient population that we are screening for SchPH, will
identify many who have evidence of PH based on
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echocardiography criteria. We will also perform bio-
marker analysis to confirm that TSP‐1/TGF‐β signaling
underlies SchPAH pathogenesis, as has been suggested
by our preclinical studies.

In the future, we are interested in expanding to
additional sites, potentially including more remote
clinics in endemic areas, and other countries such as
additional countries in sub‐Saharan Africa and Brazil.

There are several limitations of our approach, which
are related to the limited resources available in these
clinical settings. Initial studies such as this one will
establish feasibility and could lead to improved standard
of care. Moving forward, we are interested in following
patients over time, to determine the prognosis and
natural history of SchPAH. Lastly, vasodilator therapy
has been suggested to benefit those with SchPAH based
on retrospective studies and small prospective cohorts,
and ideally should be evaluated more systematically.
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