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Abstract: Background: Schistosoma-associated pulmonary arterial hypertension (Sch-PAH),
a complication of hepatosplenic schistosomiasis, is still underdiagnosed and undertreated.
Sch-PAH is the third-most common cause of pulmonary arterial hypertension (PAH) in
Brazil, and it is estimated that there are around 60,000 afflicted individuals. However,
there is a lack of data on these patients, especially in endemic areas. Therefore, this study
aimed to describe baseline demographic data, hemodynamic severity of disease, and func-
tional impairment of Sch-PAH patients at diagnosis. Methods: For this systematic review,
five databases (Embase, PubMed, SciELO, LILACS, and Cochrane) were searched to identify
candidate publications reporting clinical, hemodynamic, and functional data at diagnosis
of Sch-PAH patients referred to a PAH reference center in Brazil. Studies were excluded if
they enrolled patients under the age of 18, the diagnosis was not confirmed by right heart
catheterization (RHC), consisted of case reports, or did not report original data. Risk of bias
was assessed using the Newcastle–Ottawa Scale and an adapted version for cross-sectional
studies. Single-arm meta-analysis with a random-effect model was performed for each
variable. Results: From 459 studies identified through systematic database searching,
five studies were selected for this meta-analysis. The majority of the included patients were
women (67%), New York Heart Association (NYHA) functional class III/IV (57%), mean
age 49 years (95% confidence interval [95% CI], 46–52), 6 min walk distance 392 m (95% CI,
291–493), mean pulmonary arterial pressure (mPAP) 59 mmHg (95% CI, 56–61), pulmonary
vascular resistance (PVR) 12 WU (95% CI, 11–13) and cardiac index (CI) 2.57 L/min/m2

(95% CI, 2.25–2.88). Conclusions: In summary, Sch-PAH has clinical characteristics similar
to other forms of PAH, including connective tissue disease and idiopathic PAH. Additional
studies or a unified registry would be essential for a better understanding of this relevant
disease in Brazil.
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1. Introduction
Schistosomiasis is a neglected tropical parasitic disease caused by infections with

Schistosoma sp. worms. Despite its clinical importance, schistosomiasis continues to be a
public health problem, especially in the developing world. An estimated 240 million people
are infected and another 800 million are at risk of infection [1]. In 2020, schistosomiasis
was endemic in 78 countries. More than 90% of people requiring preventive treatment
with praziquantel live in Africa. Also, most deaths and disease-related disabilities occur in
Africa [1].

In Brazil, the introduction of schistosomiasis occurred through the slave trade originat-
ing from the west coast of Africa. The disease initially spread in the Brazilian northeast and
then to other areas, including Minas Gerais, due to population migration [2]. Currently, the
disease is endemic mainly in northeastern and southeastern states. The greatest prevalence
of schistosomiasis infection is in rural and economically disadvantaged areas where sys-
tematic testing and reporting is the lowest [3]. Thus, the 6 million estimated prevalence in
Brazil may be an underestimate.

S. mansoni, transmitted by Biomphalaria snails, the only Schistosoma species that occurs
endemically in Brazil, is particularly responsible for Schistosoma-associated pulmonary
arterial hypertension (Sch-PAH). Although it is possible to develop the disease without evi-
dence of portal hypertension [4], Sch-PAH is thought to be a complication that affects 5% to
10% of severe cases of hepatosplenic schistosomiasis, depending on the specific diagnostic
modality and criteria [5]. Disease presentation includes symptoms of progressive right
heart failure due to pulmonary hypertension, history of environmental exposure, infection
or prior treatment for schistosomiasis, and evidence of hepatosplenic abnormalities mainly
with periportal fibrosis [5,6].

Considering around 6 million people in Brazil are infected by S. mansoni, approxi-
mately 10%, or 600,000, may have hepatosplenic schistosomiasis [3,5], and thus there is
likely to be at least 60,000 people with Sch-PAH in Brazil. Nevertheless, information is
scarce regarding this population, especially in endemic areas. Formal diagnosis requires
right heart catheterization (RHC), which is not widely available in resource-limited rural
settings where the disease is most endemic. Additionally, awareness about this compli-
cation among general practitioners may be poor [7]. Thus, this systematic review of the
literature and meta-analysis aims to better describe clinical, functional, and hemodynamic
characteristics of Sch-PAH patients at the time of initial presentation and diagnosis.

2. Materials and Methods
2.1. Search Strategy and Selection Criteria

This systematic review and meta-analysis were undertaken in accordance with Meta-
Analysis of Observational Studies in Epidemiology (MOOSE) guidelines and the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement [8,9],
Supplementary Materials, Tables S3 and S4. A systematic search of the literature was carried
out on 28 October 2024 to identify candidate publications reporting clinical, hemodynamic,
and functional data at diagnosis of Sch-PAH patients referred to a PAH reference center
in Brazil. This survey included studies published from 1 January 2000 to 1 October 2024.
All relevant studies were identified by cross-referencing the medical subject heading terms
detailed in Supplementary Materials (Table S1) and were retrieved from the following
databases: PubMed, Excerpta Medica Database (Embase), Latin American and Caribbean
Health Sciences Literature (LILACS), Scientific Electronic Library Online (SciELO), and
Cochrane Library. Articles in English, Spanish, or Portuguese were considered.

Exclusion criteria were studies that enrolled patients under 18 years of age, PAH
diagnosis based only on echocardiography and not confirmed by RHC (according to the
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hemodynamic definition at the time of the study i.e., mean pulmonary artery pressure
(mPAP) > 25 mmHg and pulmonary artery wedge pressure (PAWP) ≤ 15 mmHg) [10], case
reports, and studies that did not report original data (e.g., review articles) (Table S2). For
publications that constituted re-analyses of overlapping patient populations, we chose the
publication that was deemed to provide the most pertinent information for each variable
based on sample size.

The quality of included studies was assessed using the Newcastle–Ottawa Scale (NOS)
for cohort studies [11] and an NOS version adapted for cross-sectional studies [12]. There were
no unsatisfactory studies to be excluded. The study protocol was not previously published.

2.2. Data Extraction

On full-text review, matched articles selected by two authors (C.M.C.L. and A.L.S.F.)
were included for data extraction, while mismatched articles were resolved by consensus.
One of the authors (A.L.S.F.) retrieved the data from all included studies, and a different
author (C.M.C.L.) checked the extraction. Data extracted included study characteristics,
patients’ demographics (age and gender), New York Heart Association functional class
(NYHA-FC), 6 min walk distance (6MWD), hemodynamics (mPAP, PAWP, pulmonary
vascular resistance (PVR), right atrial pressure (RAP), cardiac output (CO), cardiac index
(CI) and mixed venous oxygen saturation (SvO2)) and laboratory data (brain natriuretic
peptide (BNP) or N-terminal prohormone of brain natriuretic peptide (NT-proBNP)) from
all included studies. There were two sets of overlapping samples selected due to comple-
mentary data (patients from the same time period at the same Brazilian reference center).
One article in one of these sets presented only data categorized into two independent
cohorts of patients (before 2010 and after 2010), the earlier one being overlapped. These
cohorts were treated as independent studies to minimize bias [13]. For each variable,
the authors analyzed the sets of overlapping samples to select the data with the greater
sample size.

2.3. Data Synthesis

We used R Software version 4.4.2 (RStudio Software version 2024.09.1+394 with “meta”
and “metafor” packages, Posit PBC, Vienna, Austria) to perform a single-arm meta-analysis
with a random-effect model, in order to accommodate expected high between-study
variances. Heterogeneity was assessed visually with forest plots and is presented with
both I2 and τ2. Numerical data are presented as means and 95% confidence intervals
(95% CIs), and qualitative data as proportions and 95% CIs. NYHA-FC was organized in
two categories (FC I/II vs. FC III/IV), due to similar grouping among some of the studies.

3. Results
The search strategy yielded 459 potentially relevant publications (Figure 1). After titles

were de-duplicated and abstracts screened, 39 records were retrieved for full-text review.
The observed agreement between reviewers for eligibility of articles on the initial screening
was 100%. Thirty-four publications were excluded for prespecified reasons (Figure 1,
Table S2). Overall, five studies were eligible for final inclusion, and their quality was judged
by both reviewers completing the NOS checklist (Table 1).
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Figure 1. Flowchart of the search strategy and selection of the trials. Embase: Excerpta Medica Da-
tabase; SciELO (Scientific Electronic Library Online); LILACS: Latin American and Caribbean 
Health Sciences Literature; RHC: right heart catheterization; Sch-PAH: Schistosoma-associated pul-
monary arterial hypertension. 

Table 1. Included studies characteristics and risk of bias according to the Newcastle–Ottawa Scale. 
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Dos Santos 
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Good quality 

Japyassú et al. 
(2012) [15] 
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Described demographic and hemodynamic 

data and correlated to NYHA-FC and 6MWD 
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Valois et al. (2014) 
[16] 
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Fernandes et al. 
(2018) [13] 
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102 2010–2018 Compared survival between treated and 
untreated Sch-PAH patients and presented 
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Figure 1. Flowchart of the search strategy and selection of the trials. Embase: Excerpta Medica
Database; SciELO (Scientific Electronic Library Online); LILACS: Latin American and Caribbean
Health Sciences Literature; RHC: right heart catheterization; Sch-PAH: Schistosoma-associated pul-
monary arterial hypertension.

Table 1. Included studies characteristics and risk of bias according to the Newcastle–Ottawa Scale.

First
Author/Year Study Design Number of

Sch-PAH Study Period Study Characteristics Risk of Bias *

Dos Santos
Fernandes et al.

(2010) [14]

Retrospective
cohort 54 2004–2008

Compared Sch-PAH to iPAH
survival, demographic,

functional, treatment and
hemodynamic data

Good quality

Japyassú et al.
(2012) [15] Cross-sectional 84 2005–2009

Described demographic and
hemodynamic data and

correlated to NYHA-FC and
6MWD of Sch-PAH patients

Satisfactory

Valois et al.
(2014) [16] Cross-sectional 8 2007–2010

Compared Sch-PAH to iPAH
using demographic, clinical and
hemodynamic data and CPET

variables

Very good
quality
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Table 1. Cont.

First
Author/Year Study Design Number of

Sch-PAH Study Period Study Characteristics Risk of Bias *

Fernandes et al.
(2018) [13]

Retrospective
cohort 102 2010–2018

Compared survival between treated
and untreated Sch-PAH patients
and presented demographic and
hemodynamic data, NYHA-FC,

6MWD, BNP

Fair quality

Mendes et al.
(2020) [17] Cross-sectional 56 2001–2009

Compared Sch-PAH to
non-Sch-PAH using demographic,

clinical, hemodynamic and
echocardiographic data,

NT-proBNP

Very good
quality

Sch-PAH: schistosoma-associated pulmonary arterial hypertension; iPAH: idiopathic pulmonary arterial hy-
pertension; NYHA-FC: New York Heart Association functional class; 6MWD: 6 min walk distance; CPET:
cardiopulmonary exercise test; BNP: brain natriuretic peptide; NT-proBNP: N-terminal prohormone of brain
natriuretic peptide. * Risk of bias by Newcastle–Ottawa Scale (NOS) quality assessment and NOS adapted version
for cross-sectional studies [11,12].

The number of Sch-PAH patients in each study ranged from 92 to 198 individuals.
BNP, NT-proBNP, and SvO2 appeared in only one sample and therefore were not analyzed.
The mean age was 49 years (95% CI, 46–52), and 67% of patients were female (95% CI,
60–73%). The mean 6MWD was 392 m (95% CI, 291–493). The majority of the included
patients were in NYHA-FC III/IV (57%, 95% CI, 49–64) (Figure 2).
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Hemodynamic data of Sch-PAH patients at the time of diagnosis are shown in Figure 3.
Mean mPAP was 59 mmHg (95% CI, 56–61), PAWP was 12 mmHg (95% CI, 11–14), PVR
was 12 WU (95% CI, 11–13), RAP was 11 mmHg (95% CI, 10–12) and CI was 2.57 L/min/m2

(95% CI, 2.25–2.88).
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Figure 3. Baseline hemodynamic severity of disease of Sch-PAH patients. a.2010: after 2010; mPAP:
mean pulmonary artery pressure; PAWP: pulmonary artery wedge pressure; PVR: pulmonary vascu-
lar resistance; RAP: right atrial pressure; CI: cardiac index; CO: cardiac output [13–17].

4. Discussion
This meta-analysis assessed Sch-PAH characteristics in Brazilian patients. According

to the results, Sch-PAH typically affects middle-aged females (2:1). Although presenting
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with a 6MWD within the intermediate-risk stratification according to current pulmonary
hypertension guidelines [18], the fact that over half were NYHA-FC III/IV suggests the
majority were highly symptomatic at diagnosis. These observations are similar to character-
istics of other PAH etiologies; for example, the REVEAL registry found among idiopathic
PAH (iPAH) patients a 4:1 ratio of female to male subjects, a mean 6MWD of 374 m, and
55% in NYHA-FC III/IV [19]. In this meta-analysis, baseline hemodynamic assessment
revealed high PVR and RAP values, but CI within the low-risk stratification according to
current recommendations. The REVEAL iPAH group had a mean mPAP of 52.1 mmHg
and a CI of 2.2 L/min/m2 [19].

Despite its high worldwide prevalence, Sch-PAH is relatively understudied. In a series
from one PAH reference center in Sao Paulo, Brazil, Sch-PAH was the third-most prevalent
PAH subgroup [20]. However, Sch-PAH has not been significantly studied in other Latin
American countries or registries worldwide [21].

Several series, which were included in our analysis here, that directly compared
the hemodynamics between Sch-PAH and iPAH found that Sch-PAH patients generally
have a more favorable hemodynamic profile, with lower PVR and higher CO than iPAH
patients [14,20,22]. A previous systematic review of the literature also demonstrated a
better hemodynamic profile and survival of Sch-PAH patients in comparison to iPAH
patients from 11 clinical registries [23]. However, these findings may be confounded by
sample overlap, since most of the included studies were derived from a single center in
a non-endemic area (Sao Paulo), whereas in our meta-analysis, sample overlapping was
avoided by study design.

In contrast, recent data from an endemic area of Brazil (Pernambuco) suggested that
Sch-PAH actually has a comparable hemodynamic profile and survival to other PAH
etiologies [17,24]. Furthermore, pulmonary artery enlargement has been observed to be
more pronounced in Sch-PAH patients [22,25]. These data may be related to prolonged and
continuous exposure to the parasite in individuals residing in endemic areas, with possible
recurrent reinfection and/or increased susceptibility to infection by S. mansoni [26], whereas
there may be referral bias in those presenting to a reference center in a non-endemic setting.

One of the limitations of any meta-analysis is that the level of evidence generated by
the meta-analysis depends on the quality of the selected studies. In this meta-analysis, all
the selected publications were observational studies. Another limitation is the possibility
of selection bias, since the manuscripts reviewed were mostly from Brazilian PAH refer-
ence centers located in non-endemic areas for schistosomiasis. Sensitivity tests were not
conducted because of the limited number of selected articles.

In summary, Sch-PAH has clinical characteristics similar to other forms of PAH, in-
cluding iPAH. Therefore, we recommend that patients undergoing PH investigation should
be evaluated for epidemiological and ultrasonographic data suggestive of schistosomiasis
etiology. Also, asymptomatic individuals with hepatosplenic disease should be regularly
monitored for cardiopulmonary symptoms and receive echocardiographic screening, espe-
cially in endemic areas. Since most of the data found on Sch-PAH patients in the medical
literature come from a few reference centers in Brazil, some located in non-endemic areas,
a unified Brazilian registry would help us understand the natural history of Sch-PAH and
enable rigorous comparison to other PAH etiologies. This could additionally improve
public health programs in identifying at-risk people who could potentially benefit from
early diagnosis and specific therapy.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/idr17020022/s1. Table S1: Medical Subject Headings used on each
database; Table S2: Studies excluded from the review. Table S3: PRISMA 2020 Checklist; Table S4:
PRISMA 2020 for Abstracts Checklist. References [27–55] are cited in Supplementary Materials.

https://www.mdpi.com/article/10.3390/idr17020022/s1
https://www.mdpi.com/article/10.3390/idr17020022/s1
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PVR pulmonary vascular resistance
CI cardiac index
RHC right heart catheterization
MOOSE Meta-Analysis of Observational Studies in Epidemiology
PRISMA Preferred Reporting Items for Systematic reviews and Meta-Analyses
EMBASE Excerpta Medica Database
LILACS Latin American and Caribbean Health Sciences Literature
SciELO Scientific Electronic Library Online
CPET cardiopulmonary exercise test
PAWP pulmonary artery wedge pressure
NOS Newcastle–Ottawa Scale
6MWD 6 min walk distance
RAP right atrial pressure
CO cardiac output
SvO2 mixed venous oxygen saturation
BNP brain natriuretic peptide
NT-proBNP N-terminal prohormone of brain natriuretic peptide
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a.2010 after 2010
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MeSH Medical Subject Headings



Infect. Dis. Rep. 2025, 17, 22 9 of 11

References
1. World Health Organization. Ending the Neglect to Attain the Sustainable Development Goals: A Road Map for Neglected Tropical Diseases

2021–2030; World Health Organization: Geneva, Switzerland, 2020.
2. BRASIL, Ministério da Saúde, Secretaria de Vigilância em Saúde, Departamento de Vigilância Epidemiológica. Vigilância da

Esquistossomose Mansoni: Diretrizes Técnicas, 4th ed.; Ministério da Saúde, Secretaria de Vigilância em Saúde, Departamento de
Vigilância das Doenças Transmissíveis, Ministério da Saúde: Brasília, Brazil, 2014; 144p.

3. Katz, N. Inquérito Nacional de Prevalência da Esquistossomose Mansoni e Geo-Helmintoses; CPqRR: Belo Horizonte, Brazil, 2018; 76p,
ISBN 978-85-99016-33-6.

4. Papamatheakis, D.G.; Mocumbi, A.O.; Kim, N.H.; Mandel, J. Schistosomiasis-associated pulmonary hypertension. Pulm. Circ.
2014, 4, 596–611. [CrossRef] [PubMed]

5. Sibomana, J.P.; Campeche, A.; Carvalho-Filho, R.J.; Correa, R.A.; Duani, H.; Guimaraes, V.P.; Hilton, J.F.; Kassa, B.; Kumar, R.; Lee,
M.H.; et al. Schistosomiasis Pulmonary Arterial Hypertension. Front. Immunol. 2020, 11, 608883. [CrossRef] [PubMed]

6. Ferrari, T.C.A.; Albricker, A.C.L.; Gonçalves, I.M.; Freire, C.M.V. Schistosome-Associated Pulmonary Arterial Hypertension: A
Review Emphasizing Pathogenesis. Front. Cardiovasc. Med. 2021, 8, 724254. [CrossRef] [PubMed]

7. Lopes, A.A.; Bandeira, A.P.; Flores, P.C.; Santana, M.V. Pulmonary hypertension in Latin America: Pulmonary vascular disease:
The global perspective. Chest 2010, 137 (Suppl. S6), 78S–84S. [CrossRef]

8. Stroup, D.F.; Berlin, J.A.; Morton, S.C.; Olkin, I.; Williamson, G.D.; Rennie, D.; Moher, D.; Becker, B.J.; Sipe, T.A.; Thacker, S.B.
Meta-analysis of Observational Studies in Epidemiology: A Proposal for Reporting. JAMA 2000, 283, 2008–2012. [CrossRef]

9. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef]

10. McLaughlin, V.V.; Archer, S.L.; Badesch, D.B.; Barst, R.J.; Farber, H.W.; Lindner, J.R.; Mathier, M.A.; McGoon, M.D.; Park, M.H.;
Rosenson, R.S.; et al. ACCF/AHA 2009 expert consensus document on pulmonary hypertension a report of the American
College of Cardiology Foundation Task Force on Expert Consensus Documents and the American Heart Association developed in
collaboration with the American College of Chest Physicians; American Thoracic Society, Inc.; and the Pulmonary Hypertension
Association. J. Am. Coll. Cardiol. 2009, 53, 1573–1619.

11. Wells, G.A.; Shea, B.; O’Connel, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle–Ottawa Scale (NOS) for Assessing
the Quality of Non Randomized Studies in Meta-Analysis. 2000. Available online: https://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp (accessed on 30 December 2024).

12. Herzog, R.; Alvarez-Pasquin, M.J.; Diaz, C.; Del Barrio, J.L.; Estrada, J.M.; Gil, A. Are healthcare workers’ intentions to vaccinate
related to their knowledge, beliefs and attitudes? A systematic review. BMC Public Health 2013, 13, 154. [CrossRef]

13. Fernandes, C.J.C.; Piloto, B.; Castro, M.; Oleas, F.G.; Alves, J.L.; Prada, L.F.L.; Jardim, C.; Souza, R. Survival of patients with
schistosomiasis-associated pulmonary arterial hypertension in the modern management era. Eur. Respir. J. 2018, 51, 1800307.
[CrossRef]

14. Fernandes, C.J.C.d.S.; Jardim, C.V.P.; Hovnanian, A.; Hoette, S.; Dias, B.A.; Souza, S.; Humbert, M.; Souza, R. Survival in
schistosomiasis-associated pulmonary arterial hypertension. J. Am. Coll. Cardiol. 2010, 56, 715–720. [CrossRef]

15. Japyassú, F.A.; Mendes, A.A.; Bandeira, Â.P.; Oliveira, F.R.; Sobral Filho, D. Hemodynamic profile of severity at pulmonary
vasoreactivity test in schistosomiasis patients. Arq. Bras. Cardiol. 2012, 99, 789–796. [CrossRef] [PubMed]

16. Valois, F.M.; Nery, L.E.; Ramos, R.P.; Ferreira, E.V.M.; Silva, C.C.; Neder, J.A.; Ota-Arakaki, J.S. Contrasting cardiopulmonary
responses to incremental exercise in patients with schistosomiasis-associated and idiopathic pulmonary arterial hypertension
with similar resting hemodynamic impairment. PLoS ONE 2014, 9, e87699. [CrossRef]

17. Mendes, A.A.; Roncal, C.G.P.; de Oliveira, F.R.A.; de Albuquerque, E.S.; Góes, G.H.B.; Piscoya, I.C.d.V.; Filho, D.C.S. Demographic
and clinical characteristics of pulmonary arterial hypertension caused by schistosomiasis are indistinguishable from other
etiologies. Rev. Soc. Bras. Med. Trop. 2020, 53, e20190418. [CrossRef] [PubMed]

18. Galie, N.; Humbert, M.; Vachiéry, J.-L.; Gibbs, S.; Lang, I.M.; Torbicki, A.; Simonneau, G.; Peacock, A.; Noordegraaf, A.V.; Beghetti,
M.; et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. Eur. Heart J. 2022, 43, 3618–3731.
[CrossRef]

19. Badesch, D.B.; Raskob, G.E.; Elliott, C.G.; Krichman, A.M.; Farber, H.W.; Frost, A.E.; Barst, R.J.; Benza, R.L.; Liou, T.G.; Turner, M.;
et al. Pulmonary arterial hypertension: Baseline characteristics from the REVEAL Registry. Chest 2010, 137, 376–387. [CrossRef]

20. Alves, J.L.; Gavilanes, F.; Jardim, C.; Fernandes, C.J.C.d.S.; Morinaga, L.T.K.; Dias, B.; Hoette, S.; Humbert, M.; Souza, R.
Pulmonary Arterial Hypertension in the Southern Hemisphere. Chest 2015, 147, 495–501. [CrossRef]

21. Valverde, A.B.; Soares, J.M.; Viana, K.P.; Gomes, B.; Soares, C.; Souza, R. Pulmonary arterial hypertension in Latin America:
Epidemiological data from local studies. BMC Pulm. Med. 2018, 18, 106. [CrossRef]

https://doi.org/10.1086/678507
https://www.ncbi.nlm.nih.gov/pubmed/25610596
https://doi.org/10.3389/fimmu.2020.608883
https://www.ncbi.nlm.nih.gov/pubmed/33362796
https://doi.org/10.3389/fcvm.2021.724254
https://www.ncbi.nlm.nih.gov/pubmed/34676250
https://doi.org/10.1378/chest.09-2960
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1136/bmj.n71
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1186/1471-2458-13-154
https://doi.org/10.1183/13993003.00307-2018
https://doi.org/10.1016/j.jacc.2010.03.065
https://doi.org/10.1590/S0066-782X2012005000071
https://www.ncbi.nlm.nih.gov/pubmed/22836358
https://doi.org/10.1371/journal.pone.0087699
https://doi.org/10.1590/0037-8682-0418-2019
https://www.ncbi.nlm.nih.gov/pubmed/32049203
https://doi.org/10.1093/eurheartj/ehac237
https://doi.org/10.1378/chest.09-1140
https://doi.org/10.1378/chest.14-1036
https://doi.org/10.1186/s12890-018-0667-8


Infect. Dis. Rep. 2025, 17, 22 10 of 11

22. Hoette, S.; Figueiredo, C.; Dias, B.; Alves, J.L., Jr.; Gavilanes, F.; Prada, L.F.; Jasinowodolinski, D.; Morinaga, L.T.K.; Jardim, C.;
Fernandes, C.J.C.; et al. Pulmonary artery enlargement in schistosomiasis associated pulmonary arterial hypertension. BMC
Pulm. Med. 2015, 15, 118. [CrossRef]

23. Knafl, D.; Gerges, C.; King, C.H.; Humbert, M.; Bustinduy, A.L. Schistosomiasis-associated pulmonary arterial hypertension: A
systematic review. Eur. Respir. Rev. 2020, 29, 190089. [CrossRef]

24. Roncal, C.G.P.; Mendes, A.A.; Muniz, M.T.; de Oliveira, S.A.; Neto, L.M.D.V.; Piscoya, N.A.d.V.; Góes, G.H.; Filho, D.C.S.;
Gomberg-Maitland, M. Schistosomiasis-associated pulmonary arterial hypertension: Survival in endemic area in Brazil. Int. J.
Cardiol. Heart Vasc. 2019, 25, 100373. [CrossRef]

25. Rahaghi, F.N.; Hilton, J.F.; Corrêa, R.A.; Loureiro, C.; Ota-Arakaki, J.S.; Verrastro, C.G.; Lee, M.H.; Mickael, C.; Nardelli, P.;
Systrom, D.A.; et al. Arterial vascular volume changes with haemodynamics in schistosomiasis-associated pulmonary arterial
hypertension. Eur. Respir. J. 2021, 57, 2003914. [CrossRef] [PubMed]

26. Botoni, F.A.; Marinho, C.C.; Carvalho, V.T.; Mickael, C.S.; Graham, B.B. A retrospective study of schistosomiasis-associated
pulmonary hypertension from an endemic area in Brazil. Int. J. Cardiol. Heart Vasc. 2019, 24, 100387. [CrossRef] [PubMed]

27. Alves, J.L.; Souza, R.; Gavilanes, F.; Jardim, C.; Fernandes, C.; Morinaga, L.; Hoette, S. Survival in a Brazilian cohort of incident
PAH patients. Am. J. Respir. Crit. Care Med. 2014, 189, A4704.

28. Armstrong, A.C.; Bandeira, Â.M.; Correia, L.C.; Melo, H.C.; Silveira, C.A.; Albuquerque, E.; Moraes, J.C., Jr.; Silva, A.M.; Lima,
J.A.; Sobral Filho, D.C. Pulmonary artery pressure, gender, menopause, and pregnancy in schistosomiasis-associated pulmonary
hypertension. Arq. Bras. Cardiol. 2013, 101, 154–159. [CrossRef]

29. Botoni, F.A.; Lambertucci, J.R.; Santos, R.A.S.; Müller, J.; Talvani, A.; Wallukat, G. Functional autoantibodies against G protein-
coupled receptors in hepatic and pulmonary hypertensions in human schistosomiasis. Front. Immunol. 2024, 15, 1404384.
[CrossRef]

30. Da Silva Goncalves Bos, D.; Morinaga, L.T.K.; Hirata, R.T.; Kimura, A.R.D.; Rodrigues, A.C.T.; De Andrade, J.L.; De Souza,
R.; Carvalho, C.R.F. Physical activity levels in schistosomiasis associatedpulmonary arterial hypertension. Eur. Respir. J. 2019,
54, PA4754. [CrossRef]

31. Corrêa, R.d.A.; de Oliveira, F.B.; Barbosa, M.M.; Barbosa, J.A.A.; Carvalho, T.S.; Barreto, M.C.; Campos, F.T.A.F.; Nunes, M.C.P.
Left Ventricular Function in Patients with Pulmonary Arterial Hypertension: The Role of Two-Dimensional Speckle Tracking
Strain. Echocardiography 2016, 33, 1326–1334. [CrossRef] [PubMed]

32. De Cleva, R.; Herman, P.; Pugliese, V.; Zilberstein, B.; Saad, W.A.; Rodrigues, J.J.G.; Laudanna, A.A. Prevalence of pulmonary
hypertension in patients with hepatosplenic Mansonic schistosomiasis--prospective study. Hepatogastroenterology 2003, 50,
2028–2030.

33. De Cleva, R.; Herman, P.; Carneiro D’Albuquerque, L.A.; Pugliese, V.; Santarem, O.L.; Saad, W.A. Pre- and postoperative systemic
hemodynamic evaluation in patients subjected to esophagogastric devascularization plus splenectomy and distal splenorenal
shunt: A comparative study in schistomomal portal hypertension. World J. Gastroenterol. 2007, 13, 5471–5475. [CrossRef]

34. Degani Costa, L.; Hasegawa, C.; Ferreira, E.V.M.; Ramos, R.P.; Izbicki, M.; Santoro, I.; Messina, C.; Oliveira, R.; Arakaki, J.S.O.
Impact of the underlying etiology of PAH on lung function tests. Am. J. Respir. Crit. Care Med. 2013, 187, A4706.

35. Fernandes, C.J.C.d.S. Sobrevida Em Hipertensão Pulmonar Associada À Esquistossomose Mansônica. Ph.D. Thesis, Universidade
de São Paulo, São Paulo, Brazil, 2010.

36. Fernandes, C.J.; Jardim, C.; Dias, B.A.; Hovnanian, A.; Hoette, S.; Morinaga, L.K.; Suesada, M.; Breda, A.P.; Souza, S.; Souza, R.
The role of target-therapies in schistosomiasis-associated pulmonary arterial hypertension. Am. J. Respir. Crit. Care Med. 2011,
183, A5918.

37. Fernandes, C.J.C.S.; Dias, B.A.; Jardim, C.V.P.; Hovnanian, A.; Hoette, S.; Morinaga, L.K.; Souza, S.; Suesada, M.; Breda, A.P.;
Souza, R. The role of target therapies in schistosomiasis-associated pulmonary arterial hypertension. Chest 2012, 141, 923–928.
[CrossRef]

38. Fernandes, C.J.; Hoette, S.; Alves, J.; Salibe-Filho, W.; Jardim, C.; Souza, R. Selexipag for the Treatment of Schistosomiasis-
associated Pulmonary Arterial Hypertension-The SELSCH Study. Am. J. Respir. Crit. Care Med. 2024, 209, A7372.

39. Fernandes, C.; Hoette, S.; Alves, J.; Salibe-Filho, W.; Jardim, C.; Souza, R. Prevalence of pulmonary hypertension in patients with
schistosomal liver fibrosis. Ann. Trop. Med. Parasitol. 2009, 103, 129–143. [CrossRef]

40. Ferreira, R.D.C.D.S.; Brainer, A.M.; Oliveira, M.; Bandeira, A.P.; Domingues, A.L.C. Computed tomography in schistosomiasis
pulmonary hypertension. Am. J. Respir. Crit. Care Med. 2013, 187, A1970.

41. Ferreira, R.d.C.d.S.; Montenegro, S.M.L.; Domingues, A.L.C.; Bandeira, A.P.; Silveira, C.A.d.M.; Leite, L.A.C.; Pereira, C.d.A.;
Fernandes, I.M.; Mertens, A.B.; Almeida, M.O. TGF beta and IL13 in Schistosomiasis mansoni associated pulmonary arterial
hypertension; a descriptive study with comparative groups. BMC Infect. Dis. 2014, 14, 282. [CrossRef]

42. Lapa, M.S.; Ferreira, E.V.M.; Jardim, C.; Martins, B.d.C.d.S.; Arakaki, J.S.O.; Souza, R. Características clínicas dos pacientes com
hipertensão pulmonar em dois centros de referência em São Paulo. Rev. Assoc. Med. Bras. 2006, 52, 139–143. [CrossRef] [PubMed]

https://doi.org/10.1186/s12890-015-0115-y
https://doi.org/10.1183/16000617.0089-2019
https://doi.org/10.1016/j.ijcha.2019.100373
https://doi.org/10.1183/13993003.03914-2020
https://www.ncbi.nlm.nih.gov/pubmed/33446601
https://doi.org/10.1016/j.ijcha.2019.100387
https://www.ncbi.nlm.nih.gov/pubmed/31334331
https://doi.org/10.5935/abc.20130130
https://doi.org/10.3389/fimmu.2024.1404384
https://doi.org/10.1183/13993003.congress-2019.PA4754
https://doi.org/10.1111/echo.13267
https://www.ncbi.nlm.nih.gov/pubmed/27460782
https://doi.org/10.3748/wjg.v13.i41.5471
https://doi.org/10.1378/chest.11-0483
https://doi.org/10.1179/136485909x398168
https://doi.org/10.1186/1471-2334-14-282
https://doi.org/10.1590/S0104-42302006000300012
https://www.ncbi.nlm.nih.gov/pubmed/16847518


Infect. Dis. Rep. 2025, 17, 22 11 of 11

43. Lapa, M.; Dias, B.; Jardim, C.; Fernandes, C.J.; Dourado, P.M.; Figueiredo, M.; Farias, A.; Tsutsui, J.; Terra-Filho, M.; Humbert, M.;
et al. Cardiopulmonary manifestations of hepatosplenic schistosomiasis. Circulation 2009, 119, 1518–1523. [CrossRef]

44. Lapa, M.S. Avaliação Do Comprometimento Da Função Do Endotélio Em Pacientes Com Hipertensão Arterial Pulmonar
Idiopática E Em Esquistossomóticos. Ph.D. Thesis, Universidade de São Paulo, São Paulo, Brazil, 2009.

45. Lapa, M.; Acencio, M.; Farias, A.; Fernandes, C.; Jardim, C.; Souza, R.; Terra-Filho, M. Endothelial dysfunction in patients with
idiopathic pulmonary arterial hypertension and schistosomiasis: The role of e-selectin. Am. J. Respir. Crit. Care Med. 2010,
181, A4874.

46. Lapa, M.; Acencio, M.M.P.; Farias, A.Q.; Teixeira, L.R.; Fernandes, C.J.C.; Jardim, C.P.; Terra-Filho, M. Selectins and platelet-
derived growth factor (PDGF) in schistosomiasis-associated pulmonary hypertension. Lung 2014, 192, 981–986. [CrossRef]

47. Leonidas Alves, J., Jr.; Gavilanes, F.; Jardim, C.; Fernandes, C.; Kato, L.; Hoette, S.; Dias, B.; Hovnanian, A.; Souza, R. Incident
pulmonary arterial hypertension in a Brazilian reference center: Results of a four-year registry. Eur. Respir. J. 2013, 42 (Suppl. S57),
2013.

48. Machado, C.; Brito, Í.; Souza, D.; Correia, L.C. Frequência etiológica da hipertensão pulmonar em ambulatório de referência na
Bahia. Arq. Bras. Cardiol. 2009, 93, 679–686. [CrossRef] [PubMed]

49. Morinaga, L.; Albuquerque, A.; Jardim, C.; Fernandes, C.; Breda, A.P.; Hoette, S.; Souza, R. Chronotropic response during exercise
in schistosomiasis associated PAH as compared to idiopathic PAH. Eur. Respir. J. 2013, 42.

50. Piloto, B.M.; Castro, M.A.; Gavilanes, F.; Alves, J.L.; Prada, L.F.L.; Morinaga, L.T.K.; Hoette, S.; Jardim, C.; Fernandes, C.J.C.d.S.;
Souza, R. Effect of targeted therapies on survival of schistosomiasis associated pulmonary arterial hypertension. Eur. Respir. J.
2017, 50, PA3524. [CrossRef]

51. Rahaghi, F.; Estepar, R.S.J.; Hilton, J.; Correa, R.; Loureiro, C.; Arakaki, J.; Verrastro, C.; Lima, R.; Lee, M.; Mickael, C.; et al. CT
Vascular Findings in Schistosomiasis and Portopulmonary Hypertension: A Comparison. Am. J. Respir. Crit. Care Med. 2022,
205, A3048. [CrossRef]

52. Rahaghi, F.N.; Estepar, R.; Hilton, J.F.; Corrêa, R.; Loureiro, C.; Ota, A.J.; Verrastro, C.G.; Lima, R.L.B.; Lee, M.H.; Nardelli, P.;
et al. CT Vascular Findings in PAH Associated with Schistosomiasis, Portopulmonary Hypertension and Group 1 Pulmonary
Hypertension: A Comparison. Am. J. Respir. Crit. Care Med. 2023, 207, A1970. [CrossRef]

53. Roncal, C.P.; Mendes, A.A.; Muniz, M.T.; Oliveira, S.A.; Neto, L.M.V.; Filho, D.C.S.; Gomberg-Maitland, M. Shistosomiasis-
associated pulmonary arterial hypertension survival in endemic area in Brazil. J. Am. Coll. Cardiol. 2014, 63, A1494. [CrossRef]

54. Santos PCCd Alves, C.H.M.; Vitório, P.K.; Rodrigues, M.M. Perfil clínico-hemodinâmico de pacientes com hipertensão arterial
pulmonar e hipertensão pulmonar tromboembólica crônica de um hospital terciário de São Paulo. Rev. Med. 2022, 101, e184119.
(In English) [CrossRef]

55. Valois, F.; Ramos, R.; Ferreira, E.; Arakaki, J.; Neder, J.A.; Nery, L.E. Contrasting cardiopulmonary responses to incremen-
tal exercise in patients with schistosomiasis associated and idiopathic pulmonary arterial hypertension with similar resting
hemodynamic impairment. Eur. Respir. J. 2011, 38 (Suppl. S55), 2307. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1161/CIRCULATIONAHA.108.803221
https://doi.org/10.1007/s00408-014-9643-0
https://doi.org/10.1590/S0066-782X2009001200019
https://www.ncbi.nlm.nih.gov/pubmed/20379644
https://doi.org/10.1183/1393003.congress-2017.PA3524
https://doi.org/10.1164/ajrccm-conference.2022.205.1_MeetingAbstracts.A3048
https://doi.org/10.1164/ajrccm-conference.2023.A58
https://doi.org/10.1016/S0735-1097(14)61495-9
https://doi.org/10.11606/issn.1679-9836.v101i6e-184119
https://doi.org/10.1371/journal.pone.0087699

	Introduction 
	Materials and Methods 
	Search Strategy and Selection Criteria 
	Data Extraction 
	Data Synthesis 

	Results 
	Discussion 
	References



