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Abstract
This case report depicts two patients with morbid obesity who presented to the ED with signs and symptoms
of community-acquired pneumonia and were treated accordingly. Despite empiric antibiotic therapy, their
symptoms did not subside, prompting further evaluation, which revealed pulmonary blastomycosis. Both
patients were also found to have severe vitamin D deficiency. Treatment with amphotericin B followed by
itraconazole, along with aggressive vitamin D supplementation, led to clinical improvement and resolution
of lung lesions in both cases. Although blastomycosis is not rare in immunocompetent individuals, its severe
forms are usually associated with underlying immunosuppression or significantly high inoculum.
Blastomycosis presents a diagnostic challenge due to its nonspecific symptoms and radiographic findings.
This case series underscores the importance of considering blastomycosis in the differential diagnosis of
persistent pneumonia in obese individuals, particularly in endemic areas. It also suggests that vitamin D
deficiency may play a role in disease susceptibility and severity. This report contributes to existing medical
literature by emphasizing the potential link between obesity, vitamin D deficiency, and the risk of
blastomycosis, highlighting the need for further research into this association.
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Introduction
Blastomycosis, an uncommon fungal infection in non-endemic areas, is primarily acquired through the
inhalation of conidia of one of the two thermally dimorphic fungi: Blastomyces dermatitidis or the more
recently described Blastomyces gilchristii [1]. The newly emerged Blastomyces helicus has been found to cause
illness in the western United States but remains poorly understood [2]. These fungi are endemic in the soils
of the Ohio and Mississippi River Valleys, the St. Lawrence River basins, the Great Lakes region, and the
southeastern United States [3]. In 2019, the Centers for Disease Control and Prevention (CDC) received 240
case reports of blastomycosis from five states where reporting new cases is mandated (Arkansas, Louisiana,
Michigan, Minnesota, and Wisconsin). The collective incidence of blastomycosis in these states stood at 0.8
cases per 100,000 population, with Minnesota and Wisconsin accounting for 75% of all reported cases [4].

Clinical presentation of blastomycosis is very heterogenous and can vary from asymptomatic infection to
acute respiratory distress syndrome [5,6] with multiorgan involvement [7]. Pulmonary infection is the
predominant form of blastomycosis, with spores entering the body through inhalation. Acute pulmonary
blastomycosis may resemble bacterial community-acquired pneumonia (CAP), presenting as fever, chills,
cough, dyspnea, chest pain, and malaise [8]. Chest imaging is nonspecific and typically reveals consolidation
as the most common presentation [9]. Due to the nonspecific nature of symptoms and a low index of
suspicion, diagnosis is frequently delayed [7]. Blastomyces has the potential to disseminate, impacting
multiple organs in 25-40% of symptomatic cases. Extrapulmonary involvement most commonly affects the
skin, bones, and central nervous system [7], though bizarre manifestations, such as primary tracheal tumors,
have also been documented [10].

Obesity is a growing concern in the United States, with the CDC reporting that 42.4% of the adult population
is obese [11]. Obesity is a known risk factor for cardiovascular diseases, diabetes, certain cancers, metabolic
dysfunction-associated steatotic liver disease (MASLD), chronic kidney disease, sleep apnea, and depression
[12]. Obesity also increases susceptibility to both CAP [13] and healthcare-associated pneumonia [14,15].
Despite its traditional association with protracted low-grade inflammation, recent research has highlighted
obesity's significant detrimental impact on immunity [16]. Furthermore, obesity is strongly associated with
vitamin D deficiency, with obese individuals having a 35% higher prevalence of deficiency compared to those
with a normal weight and 33% of obese adults being deficient in vitamin D [17]. Given that vitamin D plays a
crucial role in modulating both adaptive and innate immune responses [18], its deficiency in obese
individuals further compromises immune function [19].
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Case Presentation
Case 1
A 38-year-old White man from Wisconsin presented to the ED with complaints of fever, worsening shortness
of breath, productive cough, and left-sided chest pain that had progressively worsened over the preceding
two weeks. Two days after the onset of symptoms (12 days before the current admission), he was prescribed
amoxicillin/clavulanic acid tablets (875 mg/125 mg) twice daily and doxycycline capsules (100 mg) twice
daily for presumed CAP. Despite adhering to the prescribed medication regimen for one week, his health
continued to deteriorate. Apart from class III obesity, the patient had no other chronic medical conditions
and was not using any medications or over-the-counter supplements. He reported a negative history of
smoking, tobacco chewing, alcohol consumption, or illicit drug use. He was in a monogamous heterosexual
relationship and denied any risk for sexually transmitted infections. He worked at a factory producing air
filters and denied exposure to soil dust or pet contact. Physical examination revealed a morbidly obese man

with a BMI of 45 kg/m2. On presentation, he was hypoxic with an oxygen saturation of 86% on room air,
necessitating 4 L/min of nasal cannula flow to maintain oxygen saturation above 92%. He exhibited mild-to-
moderate distress due to tachypnea of 30 breaths per minute but had normal blood pressure and heart rate.
His temperature was 38.1 °C. Auscultation revealed regular heart sounds with distant heart sounds and
significant rhonchi in the left lower lobe. There was no lower extremity edema, rashes, or joint swelling.
Upon admission, the patient received IV levofloxacin 750 mg daily (obesity dosing), and a comprehensive
workup was initiated.

CT of the chest with IV contrast revealed consolidation in the left lower lobe without mediastinal
lymphadenopathy, as seen in Figure 1. Comprehensive workup for CAP that failed appropriate outpatient
treatment is illustrated in Table 1. Given the absence of typical risk factors for fungal pneumonia in this
patient, a vitamin D level was obtained, revealing severe deficiency at 3 ng/mL (normal values above 40
ng/mL).

FIGURE 1: Chest CT of Case 1
(A) Left lower lobe airspace opacification on initial presentation marked by a green arrow. (B) Worsening left lower
lobe opacification five days after initial presentation marked by a green arrow. (C) Resolution four months after the
initial presentation

CT: computed tomography

Test
Blood
specimen

Urine
specimen

Sputum specimen
Respiratory nasopharyngeal
swab

Cultures Negative Negative Negative -

Gram stain - - Negative -

Procalcitonin Normal - - -

1,3-β-D-glucan (BDG) Negative - - -

Galactomannan Negative - - -

Fungal smear - -
Positive for Blastomyces
dermatitidis/gilchristii

-

Fungal culture - - Positive for Blastomyces dermatitidis -

Histoplasma antibodies Negative - - -

Histoplasma antigen Negative Negative - -

Histoplasma PCR - - Negative -
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Aspergillus antigen Negative - - -

Blastomyces antibodies Negative - - -

Blastomyces antigen Positive Positive - -

Blastomyces PCR - - Positive -

Coccidioides antibodies Negative - - -

Pneumocystis jirovecii PCR - - Negative -

Legionella pneumophila
antigen

- Negative - -

Streptococcus pneumoniae
antigen

- Negative - -

Quantiferon TB-gold Negative - - -

Mycoplasma pneumoniae
antibodies

IgM and IgG
negative

- - -

Chlamydia pneumoniae
antibodies

IgM negative - - -

Chlamydia trachomatis
antibodies

IgM and IgG
negative

- - -

Chlamydia psittaci antibodies
IgM and IgG
negative

- - -

HIV-1/-2 antigen Negative - - -

Adenovirus - - - Negative

Coronavirus 229E - - - Negative

Coronavirus HKU1 - - - Negative

Coronavirus NL63 - - - Negative

Coronavirus OC43 - - - Negative

SARS coronavirus-2 - - - Negative

Human metapneumovirus - - - Negative

Human rhinovirus/enterovirus - - - Negative

Influenza A virus - - - Negative

Influenza B virus - - - Negative

Parainfluenza virus 1 - - - Negative

Parainfluenza virus 2 - - - Negative

Parainfluenza virus 3 - - - Negative

Parainfluenza virus 4 - - - Negative

Respiratory syncytial virus - - - Negative

Bordetella parapertussis - - - Negative

Bordetella pertussis - - - Negative

Chlamydia pneumoniae - - - Negative

Mycoplasma pneumoniae - - - Negative

Borrelia burgdorferi Negative - - -

Anaplasma phagocytophilum Negative - - -

Borrelia miyamotoi, PCR, B Negative - - -
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Ehrlichia chaffeensis Negative - - -

Ehrlichia ewingii/canis Negative - - -

Ehrlichia muris eauclairensis Negative - - -

Babesia divergens/MO-1 Negative - - -

Babesia duncani Negative - - -

TABLE 1: Illustration of extensive workup done as a diagnostic protocol for Case 1
PCR: polymerase chain reaction, HIV: human immunodeficiency virus, SARS: severe acute respiratory syndrome

After testing demonstrated infection with Blastomyces spp. amphotericin B was started. The patient received
5 mg/kg IV amphotericin B daily for 10 days, which he tolerated well aside from experiencing mild infusion-
related chills and shivering, with no other reported side effects. Furthermore, the patient received aggressive
vitamin D supplementation, consisting of 50,000 international units (IU) weekly for eight weeks, followed by
5,000 IU daily thereafter. Clinically, he demonstrated improvement and was subsequently transitioned to
oral itraconazole at a dose of 200 mg twice daily. Before initiating itraconazole, an electrocardiogram was
obtained, revealing a normal QT segment. One week later, itraconazole levels were assessed and found to be
within therapeutic range at 1.5 mcg/mL (goal above 1 mcg/mL), and thus the patient was continued on the
same regimen.

Itraconazole levels, along with a complete blood count and comprehensive metabolic panel, were monitored
at intervals of one to two weeks, and after six months of treatment, complete resolution of CT lesions was
observed, and the patient returned to his baseline health status.

Case 2
A 42-year-old White man from Wisconsin presented to the ED in early February with persistent cough,
shortness of breath, chest pain, and intermittent fevers since mid-December. His medical history included
obesity (BMI 40.39 kg/m²), gout (not currently treated), bilateral carpal tunnel release, and hernia repair. He
was not on any regular medications and had no significant smoking or alcohol history. He worked as a
restaurant cook and had no recent travel or known tuberculosis exposure but had a previously healthy pet
dog. Initially, he experienced fever, nasal congestion, and cough, which resolved after two weeks of
symptomatic treatment. However, he returned to the ED in mid-January with sudden right-sided pleuritic
chest pain and a productive cough. He was diagnosed with right upper lobe pneumonia and prescribed a
five-day course of amoxicillin/clavulanic acid tablets (875/125 mg) two times per day and doxycycline (100
mg) two times per day for five days. His symptoms briefly improved but recurred post-antibiotics, prompting
another ED visit where his symptoms were attributed to a viral illness or recently treated pneumonia.

A week later, he returned to the ED with coughing spells, bilateral chest pain, and intermittent fevers. A
chest X-ray showed an increased right mid-lung infiltrate. He was admitted and treated with IV levofloxacin
(750 mg daily) for one day, ceftriaxone (1 g every 24 hours), and doxycycline (100 mg every 12 hours) for two
days, improving before discharge on cefdinir (300 mg) two times per day and doxycycline (100 mg) two times
per day. However, in mid-February, he returned with a worsening cough, shortness of breath, sweating, and
chest pain.

The physical exam showed tachycardia and tachypnea but normal oxygen saturation. Blood work indicated
worsening leukocytosis (20.8 x 10⁹/L compared to 17.1 x 109/L one week prior) and CRP (203.4 mg/L
compared to 175.0 mg/L), D-dimer (3616 ng/mL compared to 556 ng/mL), and elevated procalcitonin (0.30
ng/mL). A CT chest angiogram revealed multifocal pneumonia, severe right upper lobe pneumonia, possible
pneumatoceles, bilateral pulmonary nodules, and lymphadenopathy, as seen in Figure 2. He was started on
piperacillin-tazobactam (3.375 g IV every six hours) and vancomycin (1,500 mg IV every 12 hours) and then
switched to cefepime, vancomycin, metronidazole, and azithromycin due to concerns of a fungal infection.

 

2024 Gligorevic et al. Cureus 16(9): e70366. DOI 10.7759/cureus.70366 4 of 11

javascript:void(0)


FIGURE 2: Chest CT of Case 2
Dominant right upper lobe consolidation, as well as infectious-appearing nodules in both the left upper and lower
lobes marked by green arrows

CT: computed tomography

The antibiotics were changed on the second day to IV ampicillin-sulbactam (3 g every four hours, dose
adjusted for patient’s weight and severity of illness) for the presumed associated lung abscess. Initial tests
were inconclusive, but Blastomyces antigen tests returned positive, and fungal sputum culture grew
filamentous fungi (extensive workup is presented in Table 2). On the third day, he was diagnosed with
pulmonary blastomycosis and started on IV amphotericin B (5 mg/kg every 24 hours) and oral itraconazole
(200 mg three times per day for two days loading dose followed by 200 mg twice per day, with target
itraconazole above 1 mcg/mL). Continued treatment included IV ampicillin-sulbactam for presumed
bacterial lung abscess. His symptoms improved after four days, and a repeat CT after two weeks showed
reduced consolidations.

Test
Blood
specimen

Urine
specimen

Sputum specimen
Respiratory nasopharyngeal
swab

Cultures Negative Negative Negative -

Gram stain - - Negative -

Procalcitonin Normal - - -

1,3-β-D-glucan (BDG) Negative - - -

Galactomannan Negative - - -

Fungal smear - -
Positive for Blastomyces
dermatitidis/gilchristii

-

Fungal culture - - Positive for Blastomyces dermatitidis -

Histoplasma antibodies Negative - - -
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Histoplasma antigen Negative Negative - -

Histoplasma PCR - - Negative -

Aspergillus antigen Negative - - -

Blastomyces antibodies Negative - - -

Blastomyces antigen Positive Negative - -

Blastomyces PCR - - Positive -

Coccidioides antibodies Negative - - -

Pneumocystis jirovecii PCR - - Negative -

Legionella pneumophila
antigen

- Negative - -

Streptococcus pneumoniae
antigen

- Negative - -

Quantiferon TB-gold Negative - - -

Mycoplasma pneumoniae
antibodies

IgM and IgG
negative

- - -

Chlamydia pneumoniae
antibodies

IgM negative - - -

Chlamydia trachomatis
antibodies

IgM and IgG
negative

- - -

Chlamydia psittaci antibodies
IgM and IgG
negative

- - -

HIV-1/-2 antigen Negative - - -

Adenovirus - - - Negative

Coronavirus 229E - - - Negative

Coronavirus HKU1 - - - Negative

Coronavirus NL63 - - - Negative

Coronavirus OC43 - - - Negative

SARS coronavirus-2 - - - Negative

Human metapneumovirus - - - Negative

Human rhinovirus/enterovirus - - - Negative

Influenza A virus - - - Negative

Influenza B virus - - - Negative

Parainfluenza virus 1 - - - Negative

Parainfluenza virus 2 - - - Negative

Parainfluenza virus 3 - - - Negative

Parainfluenza virus 4 - - - Negative

Respiratory syncytial virus - - - Negative

Bordetella parapertussis - - - Negative

Bordetella pertussis - - - Negative

Chlamydia pneumoniae - - - Negative

Mycoplasma pneumoniae - - - Negative

Borrelia burgdorferi Negative - - -
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Anaplasma phagocytophilum Negative - - -

Borrelia miyamotoi, PCR, B Negative - - -

Ehrlichia chaffeensis Negative - - -

Ehrlichia ewingii/canis Negative - - -

Ehrlichia muris eauclairensis Negative - - -

Babesia divergens/MO-1 Negative - - -

Babesia duncani Negative - - -

TABLE 2: Illustration of extensive workup done as a diagnostic protocol for Case 2
PCR: polymerase chain reaction, HIV: human immunodeficiency virus, SARS: severe acute respiratory syndrome

He completed 15 days of IV amphotericin B and 14 days of IV ampicillin-sulbactam, continuing itraconazole
post-discharge. At a three-month follow-up, he reported fatigue but otherwise tolerated treatment well, with
therapeutic itraconazole levels. He was prescribed an additional three months of itraconazole to complete a
total of six months of treatment. Notably, he was found to have a significant vitamin D deficiency (12
ng/mL, reference range 20-80 ng/mL) and was started on vitamin D3 supplementation (4,000 units by mouth
daily for seven days followed by 2,000 units daily).

Discussion
When inhaled, Blastomyces conidia induce granulomatous lung inflammation, which is usually cleared by the
immune system before transitioning into yeast. However, in some cases, conidia evade defenses and develop
into yeast, causing infections that can potentially spread from the lungs to the skin, bone, and the central
nervous system [7]. Solid organ or bone marrow transplantation recipients, patients receiving tumor
necrosis factor (TNF) inhibitors, and those with malignancy or AIDS are at higher risk of severe disease [7].

Well-established independent risk factors for severe disease include neutrophilia and lymphopenia at
presentation. Both factors, along with advancing age, are identified as independent risk factors for increased
mortality [3]. Lymphopenia upon presentation serves as a prognostic marker, reflecting the importance of
cell-mediated immunity against the fungus. However, none of our two patients were lymphopenic.
Conflicting evidence persists regarding the relationship between comorbidities, pharmacological
immunosuppression, and the risk of severe disease and mortality. While certain studies identify pulmonary
multilobar disease, obesity, diabetes mellitus, and immunosuppression as significant independent risk
factors for severe blastomycosis and increased mortality [20-22], others do not find this association [3].
Additionally, contrasting evidence exists concerning the association between sex and mortality. While some
studies indicate significantly higher mortality rates in men [23], others show that the female gender is
independently associated with increased mortality in individuals requiring mechanical ventilation [24].
Genetic predisposition may significantly influence vulnerability to blastomycosis, as a study has identified
interleukin-6 as a potential susceptibility locus [25]. While certain populations, such as the Hmong
community, have been identified as having a higher risk of developing blastomycosis due to specific genetic
factors [25], it's important to recognize that genetic susceptibility is not limited to any one ethnic group. The
most significant recorded outbreak of blastomycosis occurred in Wisconsin, where 55 individuals contracted
the disease over a two-year period, with 40% of the affected population being of Hmong descent [26]. In our
report, both patients diagnosed with blastomycosis were White, underscoring that individuals outside of
high-risk populations can also be vulnerable. This suggests that other genetic or environmental factors may
play a role, and further research is needed to understand the complex interplay between genetics and fungal
infection susceptibility across diverse populations.

Obesity poses a significant risk for both community-acquired [13] and healthcare-associated pneumonia
[14,15]. Obesity can lead to impaired immune responses, heightened risk of aspiration, reduced lung
volumes, and altered ventilation patterns, potentially making individuals more susceptible to lower
respiratory tract infections [27]. Furthermore, obesity correlates with chronic diseases like diabetes, heart
failure, stroke, gastroesophageal reflux disease, asthma, certain cancers, and MASLD, which also increase the
risk of pneumonia [28]. The relationship between obesity and pneumonia is complex, with uncertainties
about whether obesity itself or its associated comorbidities predominantly contribute to increased risk.
Notably, the "obesity paradox" suggests a protective effect of obesity on pneumonia outcomes [29], as
observed in a retrospective study indicating lower mortality rates among obese patients (4% vs. 10%
mortality) [30]. However, the mechanisms behind this phenomenon remain unclear and warrant further
research.

Obesity, characterized by protracted low-grade inflammation, induces immunosuppression [31]. This
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condition hampers innate immune responses, affecting monocytes, macrophages, dendritic cells, and
natural killer cells, while also impairing cell-mediated immunity [16]. Consequently, susceptibility to fungal
infections increases [32]. While leptin, an adipocyte-derived hormone/cytokine that primarily regulates food
intake and basal metabolism, is crucial for glucose uptake in effector T cells, chronic systemic leptin
secretion in obesity can disrupt CD4+ T cell differentiation and lead to poor T cell responses. Elevated leptin
signaling promotes pro-inflammatory T cell subsets, such as Th1 and Th17, contributing to an inflammatory
adipose tissue microenvironment [33]. However, it has been shown that IL-17 derived from Th17 cells
enhances blastomycosis immunity by recruiting neutrophils. Therefore, more research is needed to
understand the complex relationship between hyperleptinemia in obesity and immunity to fungal infections
[34]. Furthermore, adipose tissue-derived proinflammatory cytokines and adipocyte-induced T cell
activation contribute to T cell population reduction, leading to immunosuppression [35,36]. Additionally,
obesity is strongly linked to more severe illness and higher mortality rates in COVID-19 patients [37]. This
illustrates further that it is a risk factor not only for bacterial and fungal pneumonia but also for viral
pneumonia.

Obesity is frequently linked to vitamin D deficiency [38]. Four main mechanisms are proposed to explain this
association: (1) decreased sun exposure, (2) negative feedback from increased 1,25-dihydroxyvitamin D
levels in obese individuals reduces 25-hydroxyvitamin D levels, sequestration of vitamin D within adipose
tissue, and (4) volumetric dilution [39]. However, the evidence favors sequestration in adipose tissue and
volumetric dilution as the primary mechanisms [40,41] for the low vitamin D status commonly observed in
overweight and obese individuals.

Diagnosing blastomycosis can be challenging due to nonspecific symptoms and radiographic findings, often
necessitating a thorough patient history for accurate diagnosis. Radiographic findings vary and may
resemble other pulmonary diseases, emphasizing the importance of clinical suspicion and diagnostic testing
[9]. Diagnostic methods encompass microscopic examination, culture-based diagnostics, and non-culture
diagnostics such as antibody testing, enzyme immunoassays, and antigen assays [7]. It is important to
recognize that while the β-D-glucan test is widely utilized for diagnosing invasive fungal infections such as
those caused by Candida and Aspergillus species [42], it is not commonly used in the evaluation of
blastomycosis. This is due to the test's low sensitivity in detecting blastomycosis, attributed to the low levels
of 1,3-β-D-glucan in the cell wall of Blastomyces [43]. Additionally, elevated triglyceride and bilirubin levels
have been demonstrated to interfere with the β-D-glucan assay, potentially leading to an increased rate of
false-negative results. As a result, individuals with high triglyceride levels, such as those who are obese or
those with hemolyzed samples, may experience reduced test sensitivity. This can complicate the accurate
diagnosis of fungal infections in these populations [42]. This likely explains the negative results observed in
both of our patients. Antifungal therapy, particularly with itraconazole as first-line treatment, is
recommended for all diagnosed cases, with amphotericin B reserved for severe cases [44,45].

Vitamin D serves as a crucial factor in numerous physiological processes, including the modulation of the
immune system function by regulating both the innate and adaptive immune response, impacting the
production of crucial endogenous antimicrobial peptides, and modulating the inflammatory cascade [46].
Vitamin D plays a crucial role in stimulating the production of cathelicidin, an antimicrobial peptide that
directly kills pathogens or binds to their endotoxin, altering their membrane permeability [47]. Additionally,
vitamin D regulates the inflammatory cascade by modulating the nuclear factor kappa B pathway [48].
Within the innate immune system, various cell types, such as respiratory epithelial cells, macrophages,
monocytes, and dendritic cells, express both the enzyme CYP27B1, necessary for converting inactive 25-
hydroxyvitamin D to active 1,25-dihydroxyvitamin D, and the vitamin D receptor (VDR) [49]. Vitamin D
activates the T cell VDR, inhibiting Th1-mediated responses and promoting Th2 cell differentiation, along
with regulatory T cell development [50]. Given the potent inflammatory effects of TNF and interferon-
gamma and the pro-inflammatory profile of Th1 cytokines, optimizing vitamin D status may help regulate
inflammation in infected individuals. In contrast, vitamin D deficiency can lead to a dysregulated and more
pro-inflammatory state. A study by de Haan et al. [51] showed that vitamin D deficiency (<50 nmol/L) is
associated with increased rates of infections, sepsis, 30-day mortality, and in-hospital mortality in critically
ill adult patients. Additionally, a link between vitamin D deficiency and the development of blastomycosis
has been observed in mammals, specifically dogs, as studies in humans are lacking. A 2021 study
demonstrated that dogs with blastomycosis had significantly lower serum 25-hydroxyvitamin D levels at the
time of diagnosis compared to healthy controls. Furthermore, baseline serum 25-hydroxyvitamin D levels
were significantly lower in dogs that did not survive to hospital discharge, to 30 days post-diagnosis, or to
the end-of-study follow-up, compared to those that did, confirming its role in the outcome of blastomycosis
[52].

Conclusions
Clinicians should maintain a heightened awareness of the potential for fungal infections, particularly in
obese individuals from endemic areas who do not show improvement with standard treatment for CAP.
These patients may present without classic risk factors for fungal infections yet still harbor conditions like
vitamin D deficiency, which could compromise their immune response. Therefore, it is recommended to
assess vitamin D levels in such individuals, as it may offer valuable insight into their susceptibility to
infections.
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Moreover, the link between vitamin D deficiency and blastomycosis risk remains an area that warrants
further investigation. While current knowledge suggests a possible connection, there is a need for well-
designed prospective studies to thoroughly examine this relationship in human populations. Clarifying this
association could lead to better preventive and therapeutic strategies for at-risk individuals.
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