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Exertional Heat Stroke: A Case Report and 
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Abstract  

Mucormycosis is an uncommon but life-threatening 

fungal infection typically seen in immunocompromi-

sed hosts. It has rarely been reported following exer-

tional heat stroke (EHS). We describe a fatal case of 

rhino-orbital-cerebral and pulmonary mucormycosis 

in a 59-year-old man recovering from EHS. Despite 

initial stabilization, he developed necrotic facial lesi-

ons and respiratory failure. Mucor spp were isolated 

from tissue and bronchoalveolar lavage (BAL) cultu-

res. He died on day 14 despite liposomal amphoteri-

cin B therapy. This rare case of mucormycosis fol-

lowing EHS highlights the potential role of heat-

induced immune dysfunction in predisposing patients 

to opportunistic fungal infections. Clinicians should 

maintain a high index of suspicion for mucormycosis 

in EHS patients with unexplained fever or tissue nec-

rosis. 

Keywords: Exertional Heat Stroke (EHS), Multi-Organ 

Failure, Mucormycosis. 

 

 

 Öz  

Mukormikoz, bağışıklık sistemi baskılanmış 

konaklarda tipik olarak görülen ve nadiren yaşamı 

tehdit eden bir mantar enfeksiyonudur. Egzersizle 

oluşan sıcak çarpması (ESÇ) sonrası nadiren 

bildirilmiştir. Elli dokuz yaşındaki, ESÇ’den kurtulan 

bir erkekte gelişen ölümcül rinomikso-orbital-serebral 

ve pulmoner mukormikoz olgusu anlatılmaktadır. 

Başlangıçta stabilizasyon sağlandıktan sonra, hastada 

nekrotik yüz lezyonları ve solunum yetmezliği gelişti. 

Doku ve BAL kültürleri ile Mucor spp. teyit edildi. 

Lipozomal amfoterisin B tedavisine rağmen hasta 14. 

günde öldü. ESÇ sonrası gelişen bu nadir bildirilen 

mukormikoz olgusu, ısı kaynaklı bağışıklık 

baskılanması hasarının fırsatçı mantar 

enfeksiyonlarına eğilim yaratma potansiyelini 

vurgulamaktadır. Klinisyenler, açıklanamayan ateş 

veya doku nekrozu olan ESÇ hastalarında 

mukormikoz için yüksek şüphe duymalıdırlar. 

Anahtar Kelimeler: Egzersizle oluşan sıcak çarpması 

(ESÇ), çoklu organ yetmezliği, mukormikoz. 
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Exertional heat stroke (EHS) is a medical emergency 

characterized by central nervous system (CNS) dysfunc-

tion and multi-organ failure following exposure to high 

ambient temperatures during physical exertion (1,2). It 

induces a systemic inflammatory response and can cause 

significant immune dysregulation, thereby increasing 

susceptibility to infections. Mucormycosis is an aggressive 

angioinvasive fungal infection caused by organisms of the 

order Mucorales. Although it is typically seen in patients 

with diabetes or immunocompromised individuals (3,4), 

only a few cases of EHS-associated mucormycosis have 

been documented to date. We report a case of fatal rhi-

no-orbital-cerebral and pulmonary mucormycosis com-

plicating the recovery phase of EHS. 

CASE  

A 59-year-old male agricultural worker engaged in heavy 

physical labor, with no significant medical history (includ-

ing diabetes mellitus, hypertension, or immunosuppres-

sive conditions), was found unconscious after working in 

a high-temperature environment. On admission to the 

emergency department (day 0), he was comatose (Glas-

gow Coma Scale score of 3 [GCS 3]) with a core tem-

perature >42°C, tachypnea, and tachycardia. Initial 

laboratory tests revealed metabolic acidosis, acute kidney 

injury, elevated creatine kinase (623 U/L), elevated trans-

aminases (AST 154 U/L), coagulopathy (PT 21.3 s, plate-

lets 91 × 10⁹/L), and an HbA1c level of 5.4%. Initial 

chest radiography showed bilateral pulmonary infiltrates 

(Figure 1). A diagnosis of EHS with multiple organ dys-

function syndrome (MODS; respiratory, hepatic, renal, 

and hematologic involvement) and aspiration pneumonia 

was made. 

 
Figure 1: Chest radiographs demonstrating bilateral pulmonary infiltrates: 

admission radiograph (A) and radiograph on hospital day 7 (B). 

He was intubated, cooled, and received supportive care, 

including vasopressors, renal replacement therapy, and 

multiple transfusions of fresh frozen plasma and platelets 

for worsening disseminated intravascular coagulation 

(DIC). His neurologic status gradually improved, and he 

was extubated on day 7.  

However, from day 8 onward, he developed intermittent 

high-grade fevers (maximum temperature, 39.4°C). Phys-

ical examination revealed well-demarcated black necrotic 

eschars involving the nasal bridge, upper lip, hard palate, 

and oral mucosa (Figure 2).  

  
  

Figure 2: Clinical photograph 

showing necrotic eschar on the 

nasal bridge and upper lip 

 

An urgent otorhinolaryngology consultation was obtained. 

Bronchoalveolar lavage (BAL) was performed. Bronchos-

copy showed necrotic material and blackish secretions in 

the airways. The BAL fluid appeared dark and sedimented, 

suggestive of hemorrhagic and inflammatory material 

(Figure 3). A biopsy of the necrotic facial lesion was per-

formed, and direct microscopic analysis of the BAL fluid 

with potassium hydroxide (KOH) wet mount was conduct-

ed. Microscopy of nasal scrapings and BAL fluid revealed 

broad, ribbon-like, pauciseptate hyphae consistent with 

mucormycetes. 

Figure 3: Bronchoalveolar lavage 

(BAL) fluid specimen showing a 

hemorrhagic appearance. 

 

Culture confirmed Mucor species (Rhizopus oryzae, as 

shown in Figure 4). Given that surgical debridement rep-

resents the definitive therapy for mucormycosis, urgent 

multidisciplinary consultation was undertaken. Objective 

contraindications were identified: refractory hemodynamic 

instability despite maximal vasopressor support, a SOFA 

score of 14, and severe thrombocytopenia (platelets 18 

× 10⁹/L). After careful deliberation among the family, 

anesthesiologists, and surgeons regarding the prohibitive 

operative risks versus the limited anticipated survival ben-

efit, the decision was made to forgo surgical intervention 

and pursue medical management alone.  
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Fatal Disseminated Mucormycosis Following Exertional Heat Stroke: A Case Report and Diagnostic Challenge | Wei 

 

78        www.respircase.com 

 

   

Figure 4: Microscopy and culture demonstrating features of Mucorales: 

nasal tissue showing broad, pauciseptate hyphae (KOH wet mount, 40X) 

(A); BAL fluid showing hyphae (cotton blue stain, 40X) (B); and 

Sabouraud dextrose agar culture after 5 days showing fluffy colonies of 

Rhizopus oryzae (C). 

Despite the immediate initiation of intravenous liposomal 

amphotericin B (5 mg/kg/day, gradually titrated upward) 

and thymopolypeptides (10 mg IM once daily), the infec-

tion progressed rapidly. Follow-up imaging suggested 

rhinocerebral involvement and worsening pulmonary 

disease. He developed recurrent septic shock with wors-

ening MODS. His condition deteriorated irreversibly, and 

he succumbed to the infection on day 14 after his family 

elected compassionate care because of the poor progno-

sis (Table 1). 

DISCUSSION 

This report describes a rare but devastating case of dis-

seminated mucormycosis complicating recovery from EHS. 

A prior case report described gastric mucormycosis after 

heat stroke that was successfully treated with timely endo-

scopic diagnosis and surgical debridement (5). By con-

trast, our patient developed rapid rhino-orbital-cerebral 

and pulmonary dissemination, with limited opportunity for 

localized surgical control, underscoring how the site of 

infection and timing of diagnosis may affect outcome 

(Table 2). 

Severe EHS may create a milieu of immune dysfunction 

that could lower host resistance to opportunistic fungi. 

EHS is known to produce hyperthermia-mediated tissue 

injury, systemic inflammation, and endothelial damage, 

followed by a compensatory anti-inflammatory phase that 

some investigators have termed “immunoparalysis,” 

characterized by lymphopenia and reduced cellular im-

mune function. Concurrent disruption of endothelial and 

mucosal barriers might theoretically facilitate angioinva-

sion by Mucorales organisms. 

In our patient, we observed persistent lymphopenia (abso-

lute lymphocyte count [ALC] consistently <0.6 × 10⁹/L) 

and elevated IL-10 levels, which are surrogate markers 

that have been associated with immune dysregulation in 

other critical illness contexts. However, it is crucial to 

emphasize that these findings represent correlations ra-

ther than definitive evidence of causation. The temporal 

sequence, with lesions appearing on day 8, is consistent 

with a post-EHS opportunistic infection, but we cannot 

Table 1: Clinical Timeline, Laboratory Data, and Immunological Markers 

(Corticosteroids were not administered during the treatment course) 

Day Key clinical events/interventions 
Key labs/immune markers 

(value, day) 
Imaging / pathology Antimicrobials / other interventions Remarks 

0 

Collapse after ~5 h work  

core temp >42°C; 

intubation & cooling initiated 

CK 623 U/L; Cr 312 μmol/L  

PCT >100 ng/mL  

ALC 0.5,HbA1c 5.4% 

CXR: diffuse infiltrates Intubation, vasopressor (NE), CRRT started Initial Dx: EHS + MODS 

1 – 
IL-6 1842 pg/mL;  

IL-10 456 pg/mL 
– FFP/PLT for DIC   

3 – ALC 0.4; PCT 86 ng/mL – –   

7 Extubated ALC 0.6 – —   

8 
New fever; facial pain; black eschar 

on nasal bridge/upper lip/hard palate 
ALC 0.5→0.3next days CT chest: cavitation Surgical consult requested 

First suspicion of invasive fungal 

infection 

9 
Bronchoscopy: necrotic debris & black 

secretions; BAL obtained; nasal biopsy 

KOH wet mount: broad 

aseptate hyphae (Mucorales) 

Histopath: angioinva-

sion (pending) 

Liposomal Amphotericin B started (5 

mg/kg/day) 

Bronchoscope had no photo 

function (no endoscopic images) 

10 Rapid deterioration; refractory shock 

IL-10 215 pg/mL 

IL-6 812 pg/mL 

ALC 0.3 

Culture later grew 

Mucor sp. 

Ongoing amphotericin B; surgical debride-

ment considered but not feasible 
CNS involvement suspected 

14 Death SOFA up to 16 — Support withdrawn per family wishes   

Abbreviations: SOFA (Sequential Organ Failure Assessment), IL-10 (Interleukin-10), KOH (Potassium Hydroxide,), ALC (Absolute Lymphocyte Count), 

PCT (Procalcitonin), CNS (Central Nervous System), CK (Creatine Kinase), IL-6 (Interleukin-6), Cr (Creatinine) 

A 

B C 
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exclude the possibility that other unmeasured factors, 

such as occult environmental exposure, subtle genetic 

predisposition, or the synergistic effects of multi-organ 

dysfunction itself, may have contributed. The available 

immune markers are, at best, suggestive and cannot 

prove that immunoparalysis directly caused this infection. 

EHS induces hyperthermia-driven tissue injury, over-

whelming systemic inflammation, and endothelial dam-

age. The subsequent compensatory anti-inflammatory 

response may culminate in immunoparalysis, character-

ized by lymphopenia, impaired antigen presentation, and 

reduced cellular immune function. Concurrent disruption 

of endothelial and mucosal barriers may facilitate angio-

invasion by Mucorales (6-8). The angioinvasive properties 

of Mucorales species play a crucial role, as these organ-

isms secrete proteases and elastases that directly damage 

the vascular endothelium, initiating thrombosis and tissue 

necrosis (9).  

In our patient, persistent lymphopenia (absolute lympho-

cyte count consistently <0.6 × 10⁹/L), markedly elevated 

anti-inflammatory cytokine IL-10 levels (peak, 456 

pg/mL), and dynamic IL-6/IL-10 profiles were consistent 

with profound post-EHS immune dysregulation. Although 

monocyte HLA-DR expression and functional T-cell assays 

were not available (see Limitations), the clinical course 

and available immune markers strongly suggest clinically 

significant immunosuppression that likely predisposed the 

patient to invasive mucormycosis. 

Recognition of immunoparalysis after critical illness has 

led to increasing interest in immune-restorative strategies. 

Reported approaches include cytokine-based therapies 

(e.g., interferon-γ to enhance macrophage and monocyte 

function), colony-stimulating factors (granulocyte-

macrophage colony-stimulating factor [GM-CSF] and 

granulocyte colony-stimulating factor [G-CSF]) to support 

myeloid recovery, interleukin-7 to restore lymphocyte 

counts and function, and immune checkpoint modulation 

in selected settings. Thymic peptides, such as thymosin 

alpha-1 and related formulations, have also been used 

as immunomodulatory adjuncts in sepsis and some inva-

sive infections (10), although high-quality evidence spe-

cifically for mucormycosis remains limited. 

In this case, we administered thymopolypeptides (10 mg 

intramuscularly once daily) as an immune-supportive 

intervention based on clinical judgment and local availa-

bility, recognizing the low level and indirect nature of the 

supporting evidence. At present, no immune-restorative 

therapy has been conclusively shown to improve out-

comes in disseminated mucormycosis, and such interven-

tions should be individualized and, when possible, inves-

tigated within research protocols. 

Early recognition of invasive fungal infection and prompt 

combined medical-surgical management are central to 

improving outcomes in mucormycosis. Liposomal ampho-

tericin B remains the first-line antifungal agent, with 

posaconazole or isavuconazole typically reserved as sal-

vage or step-down therapy. However, in disseminated 

disease with extensive angioinvasion, antifungal therapy 

alone is often insufficient when surgical debridement is 

not feasible. In our patient, severe hemodynamic instabil-

ity and extensive disseminated involvement precluded 

aggressive surgical intervention, which likely contributed 

to the poor outcome. 

 

 

(Gastric mucormycosis presenting as fever of unknown origin in an immunocompetent host after heatstroke, References(5)) 

Table 2:  Comparative analysis of reported cases of mucormycosis following exertional heat stroke (EHS) 

Reference Age/Sex Type of Heat Stroke Underlying Conditions Site of Mucormycosis 
Time to Diagnosis 

(Days post-EHS) 

Key Diagnostic 

Modalities 
Antifungal Therapy Surgical Intervention Outcome 

Key Features & 

Immunological Markers 

Current case 
59-year-old 

male 

EHS (agricultural 

work, >5h, core 

temp >42°C) 

No significant history; 

HbA1c 5.4%; no 

diabetes or 

immunosuppression 

Disseminated: rhino-

orbital-cerebral + 

pulmonary 

Day 8 (lesion onset) 

→ Day 9 (confirmed) 

Facial biopsy, BAL 

(KOH/culture), CT 

chest 

Liposomal 

amphotericin B (5 

mg/kg/day) + 

Thymopolypeptides 

(10 mg IM daily) 

Not feasible (SOFA 

14, refractory shock, 

platelets 

18×10⁹/L) 

Death (Day 

14) 

Persistent lymphopenia 

(ALC <0.6×10⁹/L), 

elevated IL-10 (peak 456 

pg/mL), inverted IL-6/IL-

10 ratio; no traditional 

risk factors 

Marco et al., 

2023 

53-year-old 

male 

EHS (warehouse 

work, axillary temp 

41°C) 

Well-controlled 

schizophrenia 

(quetiapine); no 

immunosuppression 

Gastric (localized) 

Day 12 (fever onset) 

→ Day ~19 

(endoscopic biopsy) 

Gastroscopy with 

biopsy, CT abdomen, 

Culture (Rhizopus 

microsporus) 

Liposomal 

amphotericin B (10 

mg/kg/day) + 

Isavuconazole → 

Posaconazole 

(maintenance) 

Laparoscopic radical 

gastrectomy 

(converted to open 

due to contained 

perforation) 

Survived (disch

arged after 2 

months) 

Transient hyperglycemia 

from steroids/glucose; 

mucosal barrier disruption 

from intestinal ischemia; 

prompt diagnosis enabled 

surgery 

Literature 

summary 

(n=2 

reported cases) 
Both exertional 

No traditional 

immunosuppression 

Variable (gastric vs. 

disseminated) 
8-19 days 

Endoscopic/tissue 

biopsy cornerstone 

Amphotericin B-

based regimen 

standard 

Surgery feasible in 

localized disease 

Mortality 50% 

(1/2) 

Immunoparalysis 

hypothesized but not 

directly measured in either 

case; resource limitations 

prevented HLA-DR testing 
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Limitations 

This report has several limitations. First, bronchoscopic 

photographic documentation was unavailable. The fiber-

optic bronchoscope used (Olympus BF-XT40) is a legacy 

model lacking integrated digital image capture. Further-

more, the external display monitor malfunctioned and 

could not be repaired because replacement components 

for this discontinued system are no longer commercially 

available. Instead, we provide gross BAL fluid images and 

microbiologic/pathologic findings (Figures 3 and 4), and 

include a photograph of the bronchoscope as Supple-

mentary Figure illustrate this technical constraint. Second, 

comprehensive immune functional testing was incomplete. 

Monocyte HLA-DR expression and detailed T-cell func-

tional assays were not performed because of local re-

source limitations and patient financial constraints. Con-

sequently, we relied on serial lymphocyte counts and 

cytokine profiles as surrogate indicators of immune status, 

and we have clearly stated which assays were not availa-

ble. Third, this is a single case report, and a causal rela-

tionship between EHS and mucormycosis cannot be de-

finitively established. Nonetheless, the temporal associa-

tion, biological plausibility, and supporting literature sug-

gest that post-EHS immune dysregulation may have con-

tributed to the development of disseminated mucormyco-

sis, warranting heightened clinical awareness and further 

study. 

 

 

Supplementary Figure: The fiberoptic bronchoscope employed (Olympus 

BF XT40) is a legacy model lacking integrated digital image capture. 

Furthermore, the external display monitor malfunctioned and could not 

be repaired, as replacement components for this discontinued system 

are no longer commercially available. 

 

CONCLUSION 

This case illustrates that survivors of exertional heat stroke 

(EHS) may develop profound immune dysregulation that 

predisposes them to opportunistic angioinvasive fungal 

infections such as mucormycosis, even in the absence of 

traditional risk factors. Clinicians should maintain a high 

index of suspicion for invasive fungal disease in EHS pa-

tients who develop new tissue necrosis, persistent fever, or 

otherwise unexplained clinical deterioration, and should 

promptly perform tissue sampling and targeted fungal 

diagnostics. Careful assessment of immune status and, 

when appropriate, multidisciplinary discussion regarding 

the feasibility of surgical debridement and the potential 

role of adjunctive immune-restorative strategies are es-

sential in managing these complex cases. 
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