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Background: Mixed infections of Mucor and Aspergillus are very rare clinically and have a poor prognosis, primarily occurring in
immunocompromised patients. Direct microscopic examination for early rapid diagnosis is of great significance in improving patient
prognosis.

Case Presentation: This report describes a 61-year-old male patient with a history of chronic obstructive pulmonary disease and
rheumatoid arthritis who had been receiving long-term treatment with prednisone. The patient was admitted to the hospital due to
aggravated fever, cough and shortness of breath. The initial diagnosis was pulmonary aspergillosis, and antifungal treatments such as
voriconazole, caspofungin and posaconazole were administered successively. However, the patient’s symptoms continued to worsen,
with persistently high inflammatory markers. Chest X-ray indicated progression of pulmonary lesions, and ulceration of the nasal
mucosa developed. The clinical diagnosis of a mixed infection of Mucor and Aspergillus was ultimately confirmed through direct
microscopic examination of nasal ulceration mucosal secretions and bronchoalveolar lavage fluid smears. Despite timely treatment
with amphotericin B, the patient died due to the severity of the condition and multiple organ failure.

Conclusion: For patients with pulmonary aspergillosis undergoing immunosuppressive therapy who fail to respond to standard anti-
aspergillosis treatment, the possibility of concurrent mucor infection should be highly suspected. Emphasize the advantages of direct
microscopic examination in rapidly identifying pathogen infections, optimizing treatment strategies, and improving prognosis.
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Introduction
Mucormycosis is a potentially fatal infection caused by fungi of the order Mucorales, commonly affecting the lungs,
sinuses, brain, skin, and gastrointestinal tract, and its clinical manifestations are complex and varied, lacking specificity.'
It is invasive and vascularly invasive, leading to high morbidity and mortality rates.** It is noteworthy that mixed infections
of Mucor and Aspergillus are extremely rare, as both share similar risk factors and clinical characteristics, making their
diagnosis challenging.*> Mixed infection of Mucor and Aspergillus indicates severe immunosuppression and high mortality
rates, making early identification and intervention critical. Microbial culture and histopathology are generally regarded as
the “gold standard” for diagnosing fungal infections. However, the urgency of Mucor infection, the long culture time and
the low detection rate pose challenges for clinical diagnosis. Direct microscopic examination can bypass the time lag of
fungal culture and provide immediate morphological clues, which is of great significance for promptly initiating appropriate
antibacterial treatment.

This case describes a patient with chronic obstructive pulmonary disease (COPD) and rheumatoid arthritis(RA) who
had been treated with prednisone for a long time. The patient was clinically diagnosed with a mixed infection of Mucor
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and Aspergillus based on direct microscopic examination of nasal ulceration secretions and bronchoalveolar lavage fluid
smears. Based on literature review, this study aims to enhance clinical attention to this mixed infection and emphasize the
crucial role of rapid etiological diagnostic techniques in optimizing treatment plans and improving patient prognosis.

Case Presentation

A 61-year-old man, presented with fever, cough, and shortness of breath for two weeks, with symptoms worsening over
the past week. He was admitted to our Respiratory Intensive Care Unit (RICU) on December 20, 2024. The patient has
smoked for nearly 50 years and has a history of COPD, interstitial pneumonia, and RA. Long-term medications include
tripterygium glycosides 20mg twice daily and prednisone tablets 10mg once daily. The patient has no history of diabetes
in the past. Two weeks ago, the patient developed fever and cough with wheezing after exposure to cold, with symptoms
progressively worsening. Laboratory tests at another hospital indicated positive G and GM tests, and Aspergillus had
been cultured in sputum. Chest CT shows emphysema and infection in both lungs. At another hospital, the patient was
diagnosed with pulmonary aspergillosis and received antifungal therapy with fluconazole (December 14 to 16) and
amphotericin B (December 16 to 20), along with adjunctive treatment including nasal high-flow oxygen therapy and
bronchodilators. The patient continued to exhibit cough, sputum production, and wheezing, with persistently elevated
inflammatory markers and no clinical improvement in the pulmonary infection. Consequently, the patient was transferred
to our hospital’s RICU on December 20.

On presentation, the patient’s temperature was 37.7°C, pulse rate 84 beats per minute, respiratory rate 21 breaths
per minute, and blood pressure 109/75 mmHg. The patient was conscious. The patient had clear breath sounds bilaterally,
with bilateral basal Velcro rales that were more pronounced on the right. Arterial blood gas analysis indicated Type
I respiratory failure. Random blood glucose was 7.29 mmol/L. A chest CT scan performed on December 20, 2024
(Figure 1) revealed imaging features of COPD and interstitial pneumonia in both lungs.

After admission, the patient was intubated and placed on mechanical ventilation for poor oxygenation. Treatment was
started with voriconazole 0.2 g every 12 hours, along with methylprednisolone for RA. On the second day of admission,
next-generation sequencing technology (NGS) of the patient’s blood indicated Aspergillus. A chest X-ray on the
third day revealed patchy areas of increased density in both lung fields, with blurred margins, suggestive of pneumonia
(Figure 2a). Bronchoscopy revealed copious grayish-white viscous sputum. Bronchoalveolar lavage fluid (BALF) was
collected for NGS. On the fourth day of admission, BALF NGS detected Aspergillus. Based on voriconazole blood
concentration results, the dosage of voriconazole was adjusted to 0.1g orally every 12 hours. On the fifth day of
admission, the patient’s inflammatory markers decreased compared with before, but the G test and GM test of the BALF
were high (Table 1). Considering worsening fungal infection, caspofungin 70mg everyday was added for antifungal
therapy. On the 11th day of admission, bronchoscopy revealed moderate amounts of grayish-white viscous sputum in
both lower lungs. Chest X-ray revealed patchy areas of increased density in both lung fields, which have slightly

Figure | Chest CT on December 20, 2024. (a) Multiple round, thin-walled, translucent lesions in the upper lobes of both lungs; (b) Multiple patchy, cord-like, nodular and
grid-like increased density shadows occur in the lower lobes of both lungs. (c) Multiple round, thin-walled, translucent lesions in the upper lobes of both lungs (red arrow),
Multiple patchy, cord-like, nodular and grid-like increased density shadows occur in the lower lobes of both lungs (blue arrow).

2 https: Infection and Drug Resistance 2026:19



Ning et al

Figure 2 Chest X-ray (a) December 23, 2024: Both lung fields show patchy areas of increased density with blurred margins, suggestive of pneumonia. (b) December 31,
2024: Both lung fields show patchy areas of increased density, which have slightly decreased compared to previous findings, suggesting a slight improvement in the
inflammation of both upper lungs. (c) January 4, 2025: Both lung fields show patchy, fluffy, and linear dense shadows with blurred margins, suggesting progression of bilateral
pulmonary inflammation.

decreased compared to previous findings, suggesting a slight improvement in the inflammation of both upper lungs
(Figure 2b). The voriconazole dosage was adjusted to 0.2 g every 12 hours. On the 14th day of admission, the patient’s
CRP levels increased. Bronchoscopy revealed moderate amounts of grayish-white, stringy, viscous sputum in both lower
lungs. The antifungal therapy was adjusted to posaconazole 0.3 g once daily. On the 15th day of admission, bedside chest
X-ray indicated patchy, fluffy and cord-like dense shadows in both lung fields, with blurred edges, suggesting that the
bilateral pneumonia has progressed compared to before (Figure 2c). On the 16th day of admission, the patient’s breathing
was unstable, the oxygenation index was extremely poor, the pulse oximetry level was still low in pure oxygen
conditions, and the pulmonary infection was severe. On the 17th day of admission, the patient’s pulse oximetry and
oxygenation index gradually declined. It is considered that the patient is in the terminal stage, with severe pulmonary
infection and inability to maintain ventilation function. The patient’s nasal mucosa was ulcerated and bleeding, with
some scabs formed but poor healing (Figure 3). Other fungal infections were considered. Nasal secretion fungal culture,
fungal smear and other examinations were completed, and amphotericin B 5mg bid for nebulization was added. At 17:00
on the 17th day of admission, the nasal secretions and BALF of the patient showed right-angled branched, few septate,
broad, and ribbon-like mucor filaments (Figure 4). That night, the patient’s oxygen saturation and blood pressure could
not be maintained, and he subsequently died. The cause of death was considered respiratory failure. The entire treatment
process of the patient is shown in Figure 5.

Table | Laboratory Test Results of the Patient During Hospitalization

Days DO DI D3 D4 D5 D9 DI0 | DI4 | DI5 | DI7
WBC (10°1L) 11.28 16.46 | 11.29 10.06 | 852

CRP (mg/L) 71.82 62.1 | 46.13 | 27.42 76.76

PCT (ng/mL) 0.499 0.164

BDG-blood 150.82 7333
BDG-BALF >1000 >1000
GM-blood 3.171 0.783 | 0.723

GM-BALF 5.319 4.827
Oxygenation Index 93 154 110 84 434 65 40.1
Voriconazole Blood Drug Concentration (ug/mL) 6.93 2.6

Posaconazole Blood Drug Concentration (ug/mL) 1.21

Abbreviations: WBC, White Blood Cells; CRP, C-Reactive Protein; PCT, Procalcitonin; BDG, B-D-Glucan (Reference Range: 0-100); GM, Galactomannan
(Reference Range: <0.5 Negative, >0.5 Positive); BALF, Bronchoalveolar Lavage Fluid; Oxygenation Index (Reference Range: 400-500).
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Figure 3 The patient’s nasal mucosa is ulcerated and bleeding, with some areas scabbing over.

Figure 4 The smears of nasal secretions (a) and bronchoalveolar lavage fluid (b and c) show right-angled branches, few septate, wide, and band-like mucor filaments (fungus
fluorescent staining, 400xmagnification).

Systematic Review

This study searched the PubMed database for relevant literature from January 2015 to January 2025 using the search
terms “Aspergillosis”, “zygomycosis”, “mucormycosis”, “Rhizopus” and “Cunninghamella”. Articles that did not
provide detailed explanations for each case were excluded. A total of 72 patients’ data were extracted, including this
case. Clinical data including age, gender, underlying conditions, detection method for Mucor, antifungal treatment, and
disease outcomes were systematically categorized and analyzed (Table 2). A detailed summary of the relevant cases can
be found in Table S1.°°° Among these patients, the majority were male (44/70, 62.9%), with ages ranging from 17
months to 79 years and a median age of 53.5 years. The most frequently reported risk factors were diabetes (38/72,
52.8%), corticosteroid use (38/72, 52.8%), COVID-19 (30/72, 41.7%), use of immunosuppressant or chemotherapy (18/
72, 25%), and hematologic malignancies (11/72, 15.3%). Other risk factors included organ transplantation (5/72, 6.9%),
connective tissue disease (3/72, 4.2%), COPD (3/72, 4.2%), malignancies of other systems (3/72, 4.2%), and trauma (2/
72, 2.8%). The primary detection methods for Mucor species in 72 cases were direct microscopy, culture, and
histopathology, with respective utilization rates of 33.3% (24/72), 45.8% (33/72), and 69.4% (50/72). Nineteen patients
received only drug therapy, with 7 (36.8%) surviving, 10 (52.6%) dying, and 2 cases not mentioned. Forty-six patients
underwent combined drug therapy and surgery, with 32 (69.6%) surviving, 12 (26.0%) dying, and 2 cases not mentioned.
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Apart from our patient, we have not found any reports that take positive direct microscopic examination as the sole

biological evidence for mucormycosis.

Discussion

Invasive pulmonary aspergillosis and mucormycosis share partially overlapping risk factors, including prolonged or high-
dose corticosteroid use, underlying immunosuppression (such as hematologic malignancies, solid organ or hematopoietic
stem cell transplantation, immunosuppressive therapy, or chemotherapy), and neutropenia.'***>¢* It is particularly
important to note that diabetes (especially when blood glucose control is poor or concurrent ketoacidosis) is the most
common risk factor for mucormycosis.'* In the context of the global COVID-19 pandemic, the incidence of invasive

Table 2 Summary of 72 Cases of Mixed Infection of Aspergillosis and

Mucormycosis

Cases | Percentage
Gender
Male 44/70 62.9%
Female 26/70 37.1%
Age
Adult 66/72 91.7%
Children 6/72 8.3%
Underlying Conditions/Risk Factors
Diabetes/Diabetic Ketoacidosis 38/72 52.8%
Use of corticosteroids 38/72 52.8%
COVID-19 30/72 41.7%
Use of immunosuppressants or chemotherapy 18/72 25.0%
Hematologic Malignancies 11/72 15.3%
Organ Transplant 5/72 6.9%
Connective Tissue Disease 3/72 4.2%
(Continued)
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Table 2 (Continued).

Cases | Percentage

COPD 3/72 4.2%
Malignant neoplasms of other systems 3/72 4.2%
Trauma 2/72 2.8%
Hypothyroidism 1172 1.4%
AIDS 1172 1.4%
Hemorrhagic Fever with Renal Syndrome 1172 1.4%
Hemophagocytic Lymphohistiocytosis 1172 1.4%
Tuberculosis 1172 1.4%
Liver Cirrhosis 1172 1.4%
None 5/72 6.9%
Infection Site
Nose/Sinuses 38/72 52.8%
Lung 33/72 45.8%
Brain 28/72 38.9%
Eye/Orbital 21/72 29.2%
The oral cavity and surrounding structures 9172 12.5%
Stomach/intestine 7172 9.7%
Kidney 3/72 4.2%
Skin and mucous membranes 1172 1.4%
Pancreas 1172 1.4%
Bladder 2/72 2.8%
Heart 1172 1.4%
Detection Methods for Mucor
Direct microscopic examination 24/72 33.3%
Culture 33/72 45.8%
Pathology 50/72 69.4%
PCR 7172 9.7%
NGS 4/72 5.6%
Autopsy 6/72 8.3%
Gene sequencing 1172 1.4%
Treatment
Only receive drug treatment 19/65 29.2%
Combined surgical treatment 46/65 70.8%
Outcome
Survival 39/66 59.1%
Death 27/66 40.9%

Abbreviations: COVID-19, Novel Coronavirus Infection; COPD, Chronic Obstructive
Pulmonary Disease; AIDS, Acquired Immune Deficiency Syndrome.

fungal infections has increased, including rare cases of mixed infections caused by Aspergillus and Mucor.®' COVID-19
infection makes patients prone to secondary or opportunistic fungal infections. However, this patient had no history of
diabetes and was not infected with COVID-19. The primary risk factor for him is long-term use of glucocorticoids. Long-
term use of glucocorticoids is not only a therapeutic need for COPD, but also due to the fact that the control of
rheumatoid arthritis requires continuous immunosuppression. This leads to the patient’s immune defense being extremely
fragile, making him an ideal host for Aspergillus and Mucor infections.

It is known that Mucor infection is associated with a high mortality rate. Early diagnosis and treatment are crucial for
preventing adverse outcomes. In the early stage of infection of this patient, the diagnosis of pulmonary aspergillosis was
very clear. Voriconazole and caspofungin were used successively. These two drugs are first-line drugs for treating

Aspergillus, but their activity against Mucor is limited.*>®> Therefore, it is important to distinguish between invasive
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mucormycosis and aspergillosis, and the standard treatment regimen for mucormycosis is liposomal amphotericin B or
isavuconazole.®*%> Although posaconazole exhibits some activity against Mucor and is commonly used for preventive
and salvage treatment, it was ineffective in this case. This may be related to the infection having progressed to an
advanced stage or the fungal strain itself having certain drug resistance.®®’ In addition, the application of voriconazole
in the early stage of the aspergillosis treatment cycle has the potential to enhance the virulence of Mucor.®® This patient’s
body temperature fluctuated greatly and the infection was not controlled after treatment with voriconazole and caspo-
fungin. In the later stage, the patient’s nasal mucosa ulcerates, and the healing and scabbing process is slow. At this point,
we highly suspect that the patient has a combined mucor infection. Previous literature has indicated that the increase in
the number of mucor infection cases in clinical practice may be related to the clinical application of anti-aspergillus
drugs.55°

Mucormycosis and Aspergillosis share similar clinical features, and it is difficult to distinguish them from each other
through clinical and imaging signs.”®’' Moreover, the chest CT of this patient did not show typical signs of Aspergillosis
or Mucormycosis. We need to rely on some detection methods for a definite diagnosis. In recent years, next-generation
sequencing technology (NGS) has been increasingly widely applied in the clinical field and has demonstrated irreplace-
able potential value in the identification and diagnosis of fungal infections.”* Compared with traditional culture methods,
NGS not only has higher sensitivity and specificity, but also can significantly shorten the diagnostic cycle and achieve
earlier diagnosis.”"""* In this case, our patient received two NGS tests, both of which indicated Aspergillus infection, but
Mucor infection was not found. It is considered that this might be related to the characteristics of the cell wall of Mucor
itself and the load of Mucor pathogen. On the one hand, the cell wall of Mucor is relatively tough, which may affect the
efficiency of nucleic acid extraction.”* If the nucleic acid extraction is insufficient, it will lead to a weak signal during
sequencing, and thus Mucor will not be detected. On the other hand, it might be that in the early stage of Mucor
infection, the pathogen load is relatively low. If the pathogen load is lower than the detection value, then NGS will not
detect Mucor. As the disease progresses and the pathogen load increases, the detection rate may rise. Furthermore,
aspergillus bloodstream infection is very rare,’>’® but in this case, Aspergillus was detected by blood NGS. The literature
indicates that blood NGS has unique advantages in the early diagnosis of invasive fungal diseases.”””’”® Therefore, it is
crucial to determine whether the detected nucleic acid signals are the transient bacterial shedding from lung lesions or
a true bloodstream infection. In patients with pulmonary aspergillosis, fungal hyphae can invade the pulmonary blood
vessels, causing the release of fungal DNA, galactomannan and B-D-glucan into the bloodstream. These substances can
be detected through NGS, GM test and G test, but they do not necessarily indicate a true blood infection.”” In this case,
after 10 days of effective antifungal treatment, the blood GM value and G test results significantly decreased. At the time
of admission, there was no imaging evidence of extrapulmonary dissemination. Therefore, we tend to believe that the
initial positive result of blood NGS is more likely to be caused by shedding from fungal infection of the lungs.”

Traditional detection methods mainly rely on direct microscopic examination, microbial culture and histopathology
when diagnosing Aspergillus and Mucor infections. Microbial culture and histopathology are generally regarded as the
“gold standard” for diagnosing fungal infections.”® Through cultivation, fungi can be precisely identified to the genus or
even species level, which is of great significance for subsequent in vitro drug sensitivity tests and guiding targeted
treatment. However, its obvious drawback is that the culture period is relatively long, lasting for several weeks or even
a month, which leads to poor diagnostic timeliness. Moreover, when detecting Mucor, the detective rate is relatively low,
and its culture sensitivity is only 20% to 50%.*"* In this case, we performed cultures on multiple biological specimens
including blood, sputum, and BALF. None of the reported results indicated fungal infections of Mucor and Aspergillus.
Direct microscopy examination is a valuable diagnostic tool due to its low cost and ability to provide rapid early
diagnosis. Aspergillus and Mucor exhibit morphological differences: Aspergillus hyphae are slender, septate, and branch
at approximately 45°. Mucor hyphae are wider, non-septate or sparsely septate, and branch at nearly 90°.>*" In this case,
when the patient presented with poor healing of nasal mucosal ulcers and inadequate control of infection despite anti-
Aspergillus therapy, we strongly suspected Mucor infection. We collected secretions from the nasal ulcer and BALF for
fungal smear microscopy. The same-day results revealed Mucor hyphae with right-angled branching, few septa, wide
cross-sections, and ribbon-like appearance, aiding in the diagnosis of mucormycosis. Although microbial culture is
regarded as the gold standard for diagnosing mucormycosis, in our case, the patient had risk factors for Mucor infection
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and corresponding clinical symptoms. Direct microscopic examination of nasal and pulmonary specimens yielding
positive results provides strong evidence for Mucor infection.””®! Direct microscopic examination yields positive results,
aiding physicians in making rapid diagnoses and initiating prompt treatment.®* Therefore, any positive test result for
Mucor should be considered clinically relevant, particularly in the presence of predisposing factors. While focusing on
microbial culture and NGS, we should not overlook the direct smear microscopy—a convenient and rapid diagnostic
method that may help confirm or rule out infection.

The rapid differentiation between mucor and aspergillus is not merely a technical detail in diagnosis, it is of great
significance for optimizing treatment and improving prognosis. This highlights the advantage of direct microscopic
examination in assisting diagnosis and treatment. In situation of co-infection, the presence of Aspergillus in the culture
often leads clinicians to use voriconazole based on their experience, but this is ineffective against concurrent Mucor
infection. Delay in identifying Mucor infection may lead to the rapid progression of vascular invasion and tissue necrosis.
Direct microscopic examination bypasses the time lag of fungal culture and provides immediate morphological clues.
This enables clinicians to recognize the presence of mixed infections and prompts them to immediately commence
combined antifungal treatment targeting both pathogens. Therefore, in this situation, direct microscopic examination has
become a crucial decision-making tool, directly influencing the treatment outcome of the patients.

This case demonstrates that direct microscopic examination can serve as a powerful tool for rapid diagnosis of mixed
infections caused by mucor and aspergillus. However, the sensitivity and specificity of this method need to be further
investigated in a larger group of similar patients to confirm their validity.

Conclusion

We report a case of a patient with underlying chronic obstructive pulmonary disease and rheumatoid arthritis. The patient
was initially diagnosed with pulmonary aspergillosis and received standard anti-aspergillosis treatment, but the ther-
apeutic effect was not satisfactory. Eventually, Mucor infection was detected through direct microscopic examination, but
the patient died due to the severity of the condition and multiple organ failure. In this case, we emphasize the advantages
of direct smear microscopy in identifying pathogen infections, optimizing treatment strategies, and improving prognosis.
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