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Abstract

Pulmonary hypertension (PH) has been increasingly
reported in association with several viral infections,
including human immunodeficiency virus (HIV), severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), herpesviruses, respiratory syncytial virus (RSV),
cytomegalovirus (CMV), and hepatitis C virus (HCV).
However, the mechanisms linking viral infection to
pulmonary vascular disease remain incompletely
understood. This study was conducted as a systematic
review with mechanistic synthesis in accordance with
PRISMA 2020 guidelines. A structured search of
PubMed, PubMed Central (PMC), the Cochrane Library,
and MDPI was performed for studies published between
January 2011 and February 2024. Evidence from
observational human studies, animal models, case
reports, and mechanistic and narrative reviews was
synthesized qualitatively. Study quality was assessed
using design-specific appraisal tools. Across diverse
viral pathogens, pulmonary hypertension is frequently
reported as a recurrent vascular phenotype
characterized by immune dysregulation, endothelial
injury, thrombo-inflammation, and pulmonary vascular
remodeling. However, human evidence is predominantly

observational and frequently based on
echocardiographic assessment, limiting causal
inference. Integrating clinical and experimental

findings, this review proposes a stepwise
pathophysiological framework linking viral infection to
pulmonary hypertension. While the strongest clinical
evidence exists for HIV-associated pulmonary
hypertension, evidence for other viral infections
remains more limited or indirect. These findings suggest
a biologically plausible association between viral
infection and pulmonary vascular disease while
highlighting the need for prospective studies
incorporating invasive hemodynamic assessment and
longitudinal follow-up. Key methodological limitations
include single-reviewer screening and the
predominance of observational human studies relying
on echocardiographic assessment and heterogeneous
diagnostic approaches.

Keywords: Pulmonary hypertension, viral infections,
COVID-19, HIV, endothelial dysfunction, immune
dysregulation, pulmonary vascular remodeling

Introduction

Pulmonary hypertension (PH) is a hemodynamic and
clinical condition characterized by elevated pulmonary
arterial pressure arising from diverse etiologies and
pathophysiologic mechanisms. Within this spectrum,
pulmonary arterial hypertension (PAH) is a form of pre-
capillary pulmonary hypertension defined by a mean
pulmonary artery pressure (mPAP) >20 mmHg at rest,
pulmonary arterial wedge pressure <15 mmHg, and
pulmonary vascular resistance >2 Wood units,
confirmed by right heart catheterization within an
appropriate clinical context. Although hemodynamic
thresholds are essential for diagnosis, final classification
requires integration of clinical presentation with findings
from comprehensive investigations [1]. This condition
represents a serious global health concern, with
prevalence estimates suggesting involvement of
approximately 1% of the global population, rising to
nearly 10% among individuals older than 65 years,
particularly in aging societies [2].

Elevation in mPAP arises from diverse etiologies and
pathogenic mechanisms. Consequently, pulmonary
hypertension has been classified by the World Health
Organization (WHO) into five distinct clinical groups
based on underlying cause and pathophysiology
outlined in Table 1 [3,4].

Table 1. Pulmonary Hypertension Classifications.

PH Category
Group
Group Pulmonary Arterial
1 Hypertension (PAH)

Subtypes / Conditions

Idiopathic PAH

Heritable PAH

Drug- and toxin-induced PAH
PAH associated with
connective tissue di

PAH associated with portal
hypertension

PAH associated with congenital

heart di
PAH associated with HIV
infection
PAH associated with

schistosomiasis
PAH with long-term response
to calcium channel blockers
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PAH with overt features of
venous/capillary involvement
(PVOD/PCH phenotype)
Persistent pulmonary
hypertension of the newborn
PH due to heart failure with
preserved LVEF

Group Pulmonary
2 Hypertension due to
Left Heart Di

PH due to heart failure with
reduced LVEF

Valvular heart disease
Congenital or acquired
cardiovascular conditions
leading to post-capillary PH

Group Pulmonary Obstructive lung disease
3 Hypertension due to

Lung Diseases and/or

Hypoxia

Restrictive lung disease

Lung diseases with mixed
restrictive/obstructive pattern
Hypoxia without lung disease

Developmental lung disorders

Group Pulmonary Chronic thromboembolic
4 Hypertension due to | pulmonary hypertension
Pulmonary Artery (CTEPH)

Obstructions

Other pulmonary artery
obstructions

Group Pulmonary

5 Hypertension with
Unclear and/or
Multifactorial
Mechanisms

Hematological disorders

Systemic and metabolic
disorders

Other conditions

Complex congenital heart

diseases

Among these, Group 1 PAH is characterized by
progressive pulmonary vascular remodeling and may
develop additional pathological features superimposed
on primary disease process, further worsening disease
severity and progression [5-8].

Pulmonary arterial hypertension affects individuals of all
ages and both sexes and is associated with increased
pulmonary vascular resistance, ultimately leading to
right ventricular failure and premature death. The
natural history of untreated PAH is poor, with a reported
median survival of approximately 2.8 years from
diagnosis and a three-year survival rate of 48%. Despite
advances in targeted therapies, long-term outcomes
remain suboptimal, with only 58-75% of patients
surviving beyond three years [9].

The biological mechanisms linking viral infections to the
development of pulmonary vascular disease remain
incompletely understood; however, several hypotheses
have been proposed. Viral infections may promote
pulmonary vascular disease through converging
mechanisms including immune dysregulation,
endothelial injury, chronic inflammation, and thrombo-
inflammatory processes. Experimental data further
support roles for viral proteins and sustained immune
activation in pulmonary vascular remodeling.

Additional contributing factors, particularly in chronic
viral infections, may include behavioral and treatment-
related issues such as poor medication adherence [10].
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Furthermore, individuals with pre-existing lung injury or
altered pulmonary vascular structure or function appear
to be more susceptible to viral infections, potentially
amplifying disease progression [11].

Human immunodeficiency virus (HIV) infection
represents one of the most well-established viral
associations with pulmonary hypertension, including
HIV-associated PAH. Although the precise mechanisms
remain incompletely defined, three HIV-derived
proteins—Nef, Tat, and gp120—have been implicated in
pulmonary vascular changes characteristic of PAH [12].

Experimental studies have demonstrated the
development of complex pulmonary vascular lesions in
rhesus monkeys infected with simian immunodeficiency
virus containing the nef gene, supporting a direct
pathogenic role for viral factors [10]. Clinically, HIV-
associated PAH occurs in approximately 1 in 200
infected individuals, representing a 100 to 500-fold
increase compared with the general population [9].

More recently, coronavirus disease 2019 (COVID-19)
has emerged as a potential contributor to pulmonary
hypertension. COVID-19-induced hypoxemia and
systemic inflammation may provoke pulmonary
vasoconstriction and vascular dysfunction, thereby
increasing the risk of pulmonary hypertension [9].
SARS-CoV-2 infection has been shown to cause
widespread endothelial inflammation, resulting in
reduced production of vasodilatory mediators such as
nitric oxide and prostacyclin. This endothelial
dysfunction, combined with a COVID-19-associated
hypercoagulable state, promotes microvascular and
macrovascular embolization as well as in situ
thrombosis within the pulmonary circulation [13].

Although vaccination has played a critical role in
controlling the COVID-19 pandemic, increasing
evidence suggests that long-term cardiovascular and
pulmonary sequelae persist beyond two years after the
initial outbreak [13-14]. Group 1 PAH remains a
heterogeneous condition, often idiopathic, with
numerous recognized secondary causes. Viral infections
exhibit diverse systemic manifestations and have been
increasingly linked to the development of pulmonary
hypertension in both clinical and experimental settings.

Accordinly, this review therefore focuses on viral
infections associated with the development of
pulmonary hypertension, with particular emphasis on
underlying mechanisms and clinical implications. The
viral pathogens included in this review were selected
based on either documented clinical associations with
pulmonary hypertension or biologically plausible
mechanisms of pulmonary vascular injury supported by
human, animal, or translational evidence.
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Materials and Methods

Topic: Pulmonary hypertension

Research Question: What is the clinical and
mechanistic evidence linking viral infections to the
development of pulmonary hypertension?

PH definition: Pulmonary hypertension was defined
according to ESC/ERS guidelines as a mean pulmonary
artery pressure =20 mmHg at rest measured by right
heart catheterization [1]. Studies relying on
echocardiographic estimates (esPAP/PASP >35 mmHg)
or evidence of right ventricular pressure overload
consistent with pulmonary hypertension were also
included, reflecting the limited availability of invasive
hemodynamic data, particularly in acute, chronic, and
post-infectious clinical settings.

Study Design and Selection

This study was conducted as a systematic review with
mechanistic synthesis to evaluate the association
between viral infections and pulmonary hypertension
and to integrate underlying biological mechanisms. The
review followed PRISMA 2020 guidelines [15]; however,
given the inclusion of heterogeneous evidence
(observational studies, animal models, case reports,
and mechanistic literature), a quantitative meta-
analysis was not performed. Instead, findings were
synthesized using a structured, qualitative, and
interpretative approach.

Study screening, selection, data extraction, and quality

appraisal were conducted by a single reviewer using
predefined criteria and standardized frameworks; the
study was not registered in the International
Prospective Register of  Systematic Reviews
(PROSPERO) prior to study initiation. While internal
consistency checks were performed, this approach may
increase the risk of selection and reporting bias and is
acknowledged as a limitation.

A PRISMA 2020 flow diagram summarizing the study
selection process is presented in Figure 1 and Table
2. Following removal of duplicates, records were
screened by title and abstract based on predefined
eligibility criteria. All studies that proceeded to full-text
assessment met predefined inclusion criteria following
prior screening; therefore, no additional exclusions
occurred at the full-text stage. This reflects strict
application of eligibility criteria during the screening
phase rather than absence of exclusion criteria.
Targeted searches for non-viral conditions (e.g.,
tuberculosis, infective endocarditis) were conducted
exclusively to identify and exclude studies during
screening and were not considered eligible exposures
for inclusion.

e
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Figure 1. PRISMA flow diagram

Table 2. Study screening and Inclusion process.

IDENTIFICATION
Records identified through databases n = 964
Duplicates removed n = 300
SCREENING
Records screened n = 664
Records excluded n =620
ELIGIBILITY
Reports assessed for eligibility n =44
Reports excluded, with reasons n=20
INCLUDED
Studies included in qualitative synthesis n =44

Eligibility criteria:

Inclusion criteria:

1. Studies published in the English language
2. Studies focusing on acute or chronic viral
infections with established or hypothesized

pulmonary  vascular involvement were
included, including HIV, SARS-CoV-2,
herpesviruses  (EBV, CMV), respiratory

syncytial virus (RSV), and hepatitis C virus
(HCV), and their association with pulmonary
hypertension. Animal models were
intentionally included to explore potential
mechanistic pathways. Human and animal
evidence was synthesized separately.

3. Studies including participants of all sexes and
age groups.

4. Studies addressing pulmonary hypertension as
an outcome or clinical phenotype.
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5. Studies published from January 2011 onward,
with the final search conducted in February
2024.

6. Only peer-reviewed publications were eligible
for inclusion.

7. Eligible evidence sources included
observational studies, case reports and case
series, animal studies, and review articles that
provided mechanistic or contextual relevance.
Narrative and mechanistic review articles were
included as part of the eligible evidence base
to support contextual interpretation and
mechanistic integration. However, they were
not considered primary sources for clinical
outcome conclusions.

Exclusion criteria:

1. Grey literature and conference abstracts were
excluded to prioritize peer-reviewed evidence
and ensure methodological consistency.
Conference abstracts were not screened.

This exclusion may increase the risk of publication bias
and is acknowledged as a limitation.

2. Studies in which pulmonary hypertension was
attributed primarily to non-viral infectious
etiologies, including bacterial (e.q.,
tuberculosis, infective endocarditis), fungal, or
parasitic infections, were excluded following
initial screening.

Databases:

The literature search was conducted using PubMed,
PubMed Central (PMC), the Cochrane Library, and MDPI
(supplementary publisher search portal). No clinical trial
registries or other study registers were searched;
therefore, records identified from registers were 0 in
the PRISMA flow diagram.

Search Strategy and Information Sources

A comprehensive literature search was conducted in
PubMed, PubMed Central (PMC), the Cochrane Library,
and MDPI from January 2011 to February 2024. The
search strategy combined controlled vocabulary
(Medical Subject Headings [MeSH]) and free-text
keywords related to pulmonary hypertension and viral
infections. Boolean operators (AND/OR) were applied to
refine the search strategy. Search filters were applied to
limit results to articles published in the English language
between January 2011 and February 2024. No filters
based on study design, population characteristics, or
publication status were applied. Manual backward
citation screening of reference lists from included
articles and relevant reviews was also performed to
identify additional eligible studies.

Published: March 24th, 2026.
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PubMed served as the primary bibliographic database.
PubMed Central (PMC) was used primarily to facilitate
access to full-text articles and to identify potentially
relevant publications not readily retrievable through
standard PubMed indexing at the time of the search.
MDPI was included as a publisher-specific source to
capture relevant open-access publications. Major
bibliographic databases such as Embase, Scopus, and
Web of Science were not included due to access
limitations; therefore, incomplete database coverage
and the potential for selection or publication bias are
acknowledged as limitations.

The full reproducible search strategy, including exact
search strings, MeSH terms, Boolean logic, and
database-specific queries, is summarized in Table 3.
Study selection followed predefined eligibility criteria,
and eligibility decisions were cross-checked against pre-
defined criteria for internal consistency. Given the
systematic-mechanistic nature of the synthesis, formal
inter-rater reliability statistics were not calculated.

Study Selection and Characteristics

A total of 964 records were identified using the
predefined search strategy. After removal of duplicates,
records were screened by title and abstract for
relevance, followed by full-text assessment of
potentially eligible studies. Search terms related to
selected non-viral infectious conditions (e.g.,
tuberculosis and infective endocarditis) were included
during the initial broad screening phase solely to
identify and exclude studies in which pulmonary
hypertension was primarily attributable to non-viral
infectious etiologies, thereby minimizing
misclassification and strengthening the specificity of
viral-associated pulmonary hypertension included in the
final synthesis. Following application of the eligibility
criteria and quality appraisal, 44 studies were retained
for data extraction and qualitative synthesis.

Of the 44 included studies, 12 were observational
studies, 5 were animal studies, 9 were case reports or
case series, and 9 were narrative or mechanistic review
articles. These studies collectively formed the evidence
base of the review and were integrated using a
structured qualitative and mechanistic synthesis
approach. Narrative and mechanistic review articles
were included within the 44 studies to support
contextual interpretation and mechanistic integration.
However, primary clinical conclusions were based
predominantly on observational and hemodynamic
evidence. The included studies collectively evaluated
viral pathogens including human immunodeficiency
virus (HIV), severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), herpesviruses (Epstein-
Barr virus and cytomegalovirus), respiratory syncytial
virus (RSV), and hepatitis C virus (HCV). These studies
provided complementary clinical, experimental, and
mechanistic perspectives on viral-associated pulmonary
vascular disease.
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Table 2. Search Strategy.

Search terms / query Database Records
identified
(n)

Viral Infections AND pulmonary PubMed 244

hypertension

(( "Hypertension, PubMed(MesH) 69

Pulmonary/complications"[Mesh]

OR "Hypertension,

Pulmonary/diagnosis"[Mesh] OR
"Hypertension,
Pulmonary/mortality"[Mesh] OR
"Hypertension,
Pulmonary/pathology"[Mesh]  OR
"Hypertension,
Pulmonary/physiopathology"[Mesh]
OR "Hypertension,
Pulmonary/prevention and
control"[Mesh] OR "Hypertension,
Pulmonary/surgery"[Mesh] OR
"Hypertension,
Pulmonary/therapy"[Mesh] )) AND (
"Virus
Diseases/classification"[Mesh] OR
"Virus
Diseases/complications"[Mesh] OR
"Virus Diseases/diagnosis"[Mesh]
OR "Virus
Diseases/microbiology"[Mesh] OR
"Virus  Diseases/mortality"[Mesh]

OR "Virus
Diseases/pathology"[Mesh] OR
"Virus

Diseases/physiopathology"[Mesh]
OR "Virus Diseases/surgery"[Mesh]
OR "Virus Diseases/therapy"[Mesh]
)

(Pulmonary Hypertension [MeSH
Major Topic]) AND (Viral Infections
[MeSH Major Topic])

PubMed(advanced) 118

Pulmonary hypertension AND viral Cochrane Library 68

infections

Pulmonary hypertension AND viral MDPI 20
infections

Hepatitis AND Pulmonary PubMed 99
Hypertension

TB AND Pulmonary hypertension PubMed 110

(screening exclusion search)

Infective endocarditis AND PubMed 95
Pulmonary hypertension (screening

exclusion search)

Cytomegalovirus AND Pulmonary | PubMed 16
hypertension

Epstein-Barr virus AND Pulmonary | PubMed 11
hypertension

RSV AND Pulmonary hypertension PubMed 17
Influenza AND Pulmonary PubMed 82
hypertension

Herpes AND Pulmonary PubMed 15

hypertension

Study Quality Assessment and Risk of Bias

Quality assessment of the included studies was performed
using standardized, design-specific appraisal tools.
Animal studies were evaluated using the ARRIVE 2.0
core reporting guidelines and the SYRCLE risk-of-bias
tool to assess reporting quality and internal validity.
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Observational studies were appraised using the
Newcastle-Ottawa Scale (NOS). Case reports and case
series were assessed using the Joanna Briggs Institute
(JBI) Critical Appraisal Checklists, while narrative and
mechanistic reviews were evaluated using the SANRA
tool. Quality assessment was conducted by a single
reviewer using standardized tools, with results cross-
checked for internal consistency.

Overall, animal studies demonstrated moderate
reporting quality, with consistent reporting of
objectives, experimental procedures, and outcome
measures, but frequent limitations related to
randomization, allocation concealment, and blinding.
Observational studies were predominantly of moderate
to high methodological quality based on NOS scores,
while case reports and case series generally
demonstrated high reporting quality. Narrative reviews
achieved moderate to high SANRA scores and were used
exclusively for contextual and hypothesis-generating
purposes rather than as sources of primary evidence.
Overall, the certainty of evidence was considered low to
moderate for observational human studies and
moderate for mechanistic conclusions supported by
convergent animal data.

Identified methodological limitations were considered
when interpreting clinical associations and mechanistic
conclusions, and findings were synthesized qualitatively
rather than quantitatively. Meta-analysis was not
performed due to substantial heterogeneity in study
design, viral pathogens, outcome measures, diagnostic
criteria for pulmonary hypertension, and reliance on
echocardiographic  versus invasive hemodynamic
assessment.

Results

Most human studies relied on echocardiographic
definitions of pulmonary hypertension, with variable
diagnostic criteria and limited invasive hemodynamic
confirmation; these limitations should be considered
when interpreting the findings.

Quality appraisal

Quality appraisal results are summarized in Tables 4—
8. Reporting quality of animal studies assessed using
the ARRIVE 2.0 core items is presented in Table 4,
while risk-of-bias assessment using the SYRCLE domain
tool is shown in Table 5. Methodological quality of
observational studies assessed using the Newcastle-
Ottawa Scale is detailed in Table 6. Critical appraisal of
case reports and case series using the Joanna Briggs
Institute (JBI) checklists is presented in Table 7, while
quality assessment of narrative and mechanistic
reviews using the SANRA tool is summarized in Table
8.
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derived from observational studies using
echocardiographic estimates of pulmonary pressure,
which may overestimate or variably define pulmonary
hypertension compared with invasive hemodynamic
assessment.

Pulmonary  fibrosis represents one potential
intermediate pathway linking viral lung injury to the
development of pulmonary hypertension. Fibrotic
remodeling is driven by  epithelial-fibroblast
dysregulation, persistent inflammatory signaling,
oxidative stress, chemokine-mediated leukocyte
recruitment, epigenetic alterations, and macrophage-
derived profibrotic mediators such as transforming
growth factor-p and platelet-derived growth factor. Viral
infections may promote these processes through
sustained interferon signaling, which has been
implicated in pulmonary vascular remodeling and
subsequent pulmonary hypertension [16].

These mechanisms converge to support a multifactorial
model of viral-associated pulmonary vascular injury in
which viral infections may act as multi-system vascular
stressors capable of initiating or amplifying pulmonary
vascular injury through intersecting inflammatory,
endothelial, and thrombotic pathways.

Clinical Evidence From Observational Studies
COVID-19-Associated Pulmonary Hypertension

Observational cohorts consistently demonstrate
that pulmonary hypertension, predominantly defined by
echocardiography, is a frequent finding in hospitalized
and critically ill COVID-19 patients, with important
prognostic implications. In hospitalized non-ICU
patients, echocardiographic PH (esPAP >35 mmHg) was
present in 12%, while right ventricular dysfunction
(RVD) was observed in 14.5% [17]. Echocardiographic
pulmonary hypertension—but not isolated right
ventricular dysfunction—was strongly associated with
adverse outcomes, including in-hospital death or ICU
admission (41.7% vs 8.5%, p < 0.001). Importantly,
patients with PH demonstrated more severe pulmonary
involvement and inflammatory burden, which may
suggest that pulmonary vascular load, rather than
ventricular dysfunction alone, is an important
determinant of outcome [17].

In critically ill ICU cohorts, the burden of pulmonary
vascular involvement was substantially higher. Acute
pulmonary hypertension (aPH), defined
echocardiographically, was detected in 39% of
mechanically ventilated patients and was associated
with a nearly sevenfold increase in 21-day mortality
(46% vs 7%, p < 0.001), independent of left ventricular
dysfunction or thromboembolic markers [18].
Biomarkers of myocardial injury were significantly
higher in the aPH group, whereas D-dimer levels did not
differ, suggesting mechanisms beyond overt
thromboembolism [18].

Long-term follow-up of ICU survivors demonstrated
that aPH during acute infection carried sustained
prognostic significance, with 24-month mortality of

Published: March 24th, 2026.
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61.5% in aPH patients versus 12.8% in non-aPH
patients [13]. These findings suggest that acute
pulmonary vascular stress during COVID-19 may be
associated with persistent clinical consequences.

Post-acute studies further demonstrate persistence of
pulmonary vascular abnormalities following COVID-19
infection. In previously healthy individuals evaluated 2-
3 months after recovery, elevated pulmonary artery
pressures and right ventricular enlargement persisted,
correlating with the severity of acute lung injury and CT-
documented pulmonary involvement [19]. In
a symptom-referred post-COVID cohort younger than
55 years, pulmonary hypertension (esPAP >35 mmHg)
was identified in 44% of patients and borderline
pulmonary hypertension in 56%, with gradual
improvement over six months; however, initial esPAP
and the extent of CT-defined lung injury independently

predicted residual pulmonary pressure
elevation (adjusted R2 = 0.722) [20].
Pulmonary embolism represents an additional

contributor to post-COVID pulmonary hypertension. In
COVID-19 patients with acute pulmonary embolism,
persistent echocardiographic pulmonary hypertension
at 3 months was significantly more frequent in those
with comorbidities, with a relative risk of 4.17 (95% CI
2.45-7.07) for persistent pulmonary hypertension and
1.44 (95% CI 1.15-1.80) for mortality associated with
persistent pulmonary hypertension [14]. These findings
raise concern for progression toward chronic
thromboembolic pulmonary hypertension in susceptible
individuals.

HIV-Associated Pulmonary Hypertension

HIV represents one of the most frequently reported viral
infections associated with pulmonary hypertension.
Pulmonary arterial hypertension (confirmed by invasive
hemodynamic assessment) may develop in a subset of
individuals with human immunodeficiency virus despite
effective  antiretroviral  therapy, indicating a
pathogenesis driven by chronic immune dysregulation
rather than direct viral infection of pulmonary
endothelial cells. HIV-associated pulmonary vascular
injury is mediated by persistent cytokine signaling, viral
protein-induced endothelial dysfunction, and a shift
toward apoptosis-resistant, hyperproliferative
pulmonary vascular phenotypes. Contributing
mechanisms include CD4* T-cell depletion, Thl-to-Th2
immune polarization with increased IL-4, IL-6, and IL-
13, oxidative stress, genetic susceptibility, and hepatitis
C virus co-infection, collectively promoting pulmonary
vascular remodeling and, in a subset of patients, HIV-
associated pulmonary arterial hypertension [21].

Cross-sectional echocardiographic studies
demonstrate PH prevalence of approximately
12% among people living with HIV, with higher rates in
those with advanced immunosuppression. In a cohort of
100 HIV patients, pulmonary hypertension was present
in 12%, and cardiac abnormalities were significantly
more common among those with lower CD4* T-cell
counts [22].

Journal for International Medical Graduates. 2026.




JIMGS

Volume 11 (05)
Accepted: March 24th, 2026.

Journal for International Medical Graduates

Large-scale longitudinal data from the Veterans Aging
Cohort Study further confirm these associations. Among
13,028 veterans with baseline PASP <35 mmHg,
individuals with HIV demonstrated a higher incidence of
pulmonary hypertension (28.6 vs 23.4 per 1,000
person-years, p = 0.0004) and an adjusted hazard ratio
of 1.18 (95% CI 1.05-1.34) [10]. Risk increased
markedly with CD4 T-cell counts <200 cells/uL (HR
1.94) and HIV viral loads =500 copies/mL (HR 1.88)
[10].

Importantly, invasive hemodynamic studies further
corroborate these findings. Among 62 HIV-infected
individuals undergoing right heart catheterization, 52%
met criteria for pulmonary hypertension, with lower
CD4* T-cell counts and a 12-fold higher odds of
detectable viral load among those with pulmonary
hypertension [12]. Despite elevated pulmonary
pressures, right ventricular-pulmonary artery coupling
remained preserved, suggesting an early, compensated
hemodynamic phenotype [12].

HIV/hepatitis C virus coinfection further modifies
pulmonary hypertension risk. In 6,023 veterans,
HIV/hepatitis C virus coinfection was associated with
higher pulmonary artery systolic pressure, whereas HIV
or hepatitis C virus infection alone was not [23]. Lower
CD4* T-cell counts, but not viral load or antiretroviral
regimen, were consistently linked to elevated PASP,
emphasizing the role of immune dysregulation rather
than direct viral burden [23].
Herpesvirus-Associated Vascular
Disease

Pulmonary

Herpesviruses have been implicated in pulmonary
vascular remodeling, particularly in chronic lung
disease. In idiopathic pulmonary fibrosis, herpesvirus-
positive patients demonstrated higher mean pulmonary
artery pressures (p = 0.01), worse 6-minute walk
distance (p = 0.002), and greater intimal arterial
thickening (p = 0.002-0.004) compared with virus-
negative patients. Viral presence remained
independently associated with worse hemodynamics
after adjustment [24].

In idiopathic pulmonary arterial hypertension, Epstein-
Barr virus DNA was detected in 44% of patients, while
all controls were negative. Epstein-Barr virus viral load
correlated with WHO functional class and PD-1
expression on CD4* T cells, linking viral persistence to
immune exhaustion and disease severity [25].

Mechanistic Evidence from Animal Models

Animal models provide important mechanistic support
for the clinical associations observed in human studies.

RSV Models

Neonatal mice infected with RSV and reinfected in early
adulthood developed pulmonary hypertension-like
vascular changes in the absence of hypoxemia,
confirmed by RVSP elevation (29.6 £ 6.7 vs 15.9 £ 1.5
mmHg, p < 0.01), and increased RV/LV+S ratio.

Published: March 24th, 2026.
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Pulmonary arteries showed increased medial thickness
and muscularization, alongside Th2-biased
inflammation with elevated IL-4 and IL-13 [26].

ST2-deficient mice were protected from RSV-induced
PH, with normal RVSP, preserved PAAT/ET ratios,
reduced vascular remodeling, and increased eNOS
expression [27]. These findings identify IL-13-
arginase-NOS uncoupling as a potential key pathway in
virus-mediated pulmonary vascular disease.

SIV Models of HIV-Associated PAH

In rhesus macaques, SIV infection induced pulmonary
hypertension with hemodynamic features consistent
with pulmonary arterial hypertension in approximately
52% of animals within 6-12 months, independent of
viral load or CD4* T-cell count [28]. PAH was associated
with right ventricular fibrosis, increased PET-CT glucose
uptake, and pulmonary arterial collagen deposition
[29].

Immune profiling demonstrated skewing toward
proinflammatory monocytes and macrophages, reduced
IL-10-producing cells, and impaired inflammatory
resolution in PAH-positive animals [29]. Pharmacologic
intervention in animal models further supports a
possible mechanistic link. Prophylactic atorvastatin
prevented PAH in 85.7% of SIV-infected macaques,
reducing mPAP, inflammatory cytokines (TGF-B, TNF-a),
and vascular fibrosis without affecting viral replication
or CD4 counts [30].

Case Reports and Case Series

Rare but informative clinical reports illustrate severe
manifestations of virus-associated pulmonary vascular
disease, including pulmonary hypertension. Chronic
active EBV infection has been linked to severe PAH with
plexogenic arteriopathy, leading to right heart failure
despite viral suppression. Elevated IL-6 levels of 4.6
pg/mL vs normal 1.69 * 0.76 were observed,
supporting cytokine-mediated vascular injury [31,32].
Pediatric CAEBV cases demonstrated reversible
pulmonary hypertension with combined
immunosuppression and PAH-targeted therapy, with
reductions in sPAP from 54 to 40 mmHg and marked
NT-proBNP improvement [33].

HCV-associated cases highlight interferon-triggered
PAH, with dramatic hemodynamic improvement
following IFN withdrawal and combination vasodilator
therapy (mPAP 63 to 31 mmHg; PVR 11.8 to 2.6 WU)
[34]. Other reports describe PH in HCV with nephrotic
syndrome and polymyositis, improving with PAH-
specific treatment [35].

Congenital CMV infection was associated with refractory
neonatal PPH, often requiring ECMO, with divergent
outcomes despite antiviral therapy [36]. COVID-19 case
reports describe severe PAH disproportionate to lung
restriction, persistent PH after pulmonary embolism,
and post-discharge PH with gradual spontaneous
recovery paralleling right ventricular function
[37,38,39].
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The strength of evidence varies across viral pathogens.
The most consistent clinical and mechanistic evidence
exists for HIV-associated pulmonary hypertension,
supported by both observational studies and invasive
hemodynamic data. In contrast, evidence for other viral
infections is largely observational or experimental and
should be interpreted with caution. Viral infections may
therefore be best conceptualized as multi-system
vascular stressors capable of initiating or amplifying
pulmonary vascular injury in susceptible individuals.

Systematic Reviews and Mechanistic Syntheses

Narrative and mechanistic reviews provide integrative
conceptual frameworks that help contextualize the
clinical and experimental findings. HIV-associated PAH
incidence has been reported asup to 2,500-fold
higher than in uninfected populations, with poorer
survival [40]. Viral proteins, not direct endothelial
infection, are implicated in driving vascular remodeling.
COVID-19 autopsy studies demonstrate pulmonary
arterial wall thickness more than twice that observed in
H1N1 influenza, supporting direct vascular involvement
[9]. Endothelial injury, ACE2 dysregulation, endothelin
signaling, and microthrombosis are repeatedly
implicated [11,41-43]. Persistent prothrombotic
endothelial activation, with elevated tissue factor, PAR-
1, vWF, factor VIII, and microparticles, may sustain
pulmonary hypertension after acute infection [44].
Importantly, the predominance of observational data
and reliance on echocardiographic assessment rather
than invasive hemodynamic confirmation limits both
diagnostic precision and causal inference. This
distinction is critical when interpreting reported
associations, particularly in differentiating pulmonary
hypertension from confirmed pulmonary arterial
hypertension.

Synthesis and Limitations

Across diverse viral pathogens, pulmonary hypertension
emerges as a recurrent vascular phenotype
characterized by immune dysregulation, endothelial
injury, inflammation, thrombosis, and maladaptive
pulmonary vascular remodeling. However, the evidence
base remains predominantly observational and largely
dependent on echocardiographic assessment rather
than right heart -catheterization. Heterogeneous
diagnostic criteria further limit diagnostic precision,
comparability, and causal inference. The single-reviewer
workflow represents an additional potential source of
bias.

Residual confounding from comorbid lung disease,
cardiovascular disease, autoimmune conditions,
antiretroviral therapy, and post-thromboembolic states
could not be fully accounted for in the included
observational studies and may have influenced reported
associations. Although PubMed, PubMed Central (PMC),
and the Cochrane Library were used to ensure broad
biomedical coverage, PMC overlaps substantially with
PubMed and MDPI represents a publisher rather than a
primary bibliographic database. Major databases such
as Embase, Scopus, and Web of Science were not
included due to access limitations and resource
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constraints, which may have limited database coverage
and increased the risk of selection and publication bias.
Overall, observational studies demonstrated moderate-
to-high methodological quality, while animal studies
exhibited variable risk of bias, primarily related to lack
of randomization and blinding. These methodological
limitations were explicitly considered when interpreting
both clinical associations and mechanistic conclusions.
Overall, the certainty of evidence was considered low to
moderate for human observational studies and
moderate for mechanistic conclusions supported by
convergent animal data. Methodological heterogeneity
across included studies necessitated qualitative rather
than quantitative synthesis. Formal GRADE assessment
was not applied due to heterogeneity in study design,
outcomes, and diagnostic approaches; however, overall
certainty of evidence was qualitatively assessed based
on study quality, consistency of findings, and biological
plausibility.

Despite these limitations, integrated findings from
observational studies, animal models, and mechanistic
investigations are consistent with a possible association
between viral infection and pulmonary vascular disease.
Accordingly, this review synthesizes the available
evidence into a conceptual framework in Table 12,
illustrating potential pathways linking viral infection to
pulmonary hypertension.

Table 12. Conceptual framework linking viral infection
to pulmonary hypertension
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Conclusion

This study integrates clinical and experimental evidence
to examine the relationship between viral infections and
pulmonary hypertension. Viral infections may contribute
to pulmonary vascular disease through multifactorial
mechanisms; however, the current evidence base
remains largely observational.

The strength of evidence varies across viral pathogens,
with the most consistent clinical association observed in
HIV, while evidence for other viruses remains more
limited or indirect. Future studies incorporating
standardized diagnostic criteria, invasive hemodynamic
assessment, and longitudinal follow-up are required to
strengthen causal inference and clarify disease
progression.
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