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Abstract: Mucormycosis (MCR) is a rare but aggressive fungal disease. Rhino-orbito-cerebral mucormycosis is the most common
clinical form of MCR infection, and sinonasal inoculation is the primary site of infection. The morbidity and mortality rates associated
with MCR remain high. In this case report, we describe the successful use of amphotericin B in a 40-year-old male with hemorrhagic
fever with renal syndrome (HFRS) complicated by rhinomucormycosis. This case report provides evidence for the successful
treatment of HFRS.
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Introduction

Mucormycosis (MCR) is a rare but aggressive fungal disease, and rhino-orbito-cerebral mucormycosis (ROCM), the
most common clinical form of MCR infection, is typically the primary site of infection." ROCM typically begins in the
nasal mucosa and spreads into the paranasal sinuses and spaces in the neck, orbits, and intracranial structures.’
A compromised immune system and diabetes are the most important risk factors for MCR infection.” Since the
coronavirus disease 2019 (COVID-19) outbreak, MCR coinfections have been observed in patients with COVID-19.*
Hemorrhagic fever with renal syndrome (HFRS) is an important infectious disease that endangers human health and is
caused by the hemorrhagic fever virus (hantavirus), a natural epidemic disease with rodents as the main vector of
infection. Fever, bleeding, congestion, hypotensive shock, and acute kidney injury (AKI) are the main clinical manifesta-
tions of HFRS, which may affect the immune system itself, resulting in vulnerability to mucormycosis. The morbidity
and mortality rates of MCR remain high,” and establishing an early diagnosis and administering first-line treatment with
amphotericin B can improve the clinical outcome.® We report the successful use of amphotericin B in a 40-year-old male
patient with HFRS and rhinomucormycosis. This case study provides evidence for the successful treatment of HFRS.

Case Presentation

A 40-year-old male who was 178-cm tall and 100-kg in weight was admitted to a local hospital in November 2013 year
with fever (39 °C), diarrhea, an oxygen saturation of 60%, and the gradual onset of dyspnea, confusion, and shock.
Physical examination revealed bleeding spots on the chest and abdomen and florid spots on the lower limbs. Laboratory
tests revealed a platelet count (PLT) of 26 x 10°/L, a blood urea nitrogen (BUN) level of 13.9 mmol/L, a creatinine
(CRE) level of 330 pmol/L, a urine protein level of 3+, and positivity for the HFRS anti-IgM antibody. The patient had
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a history of hypertension (usual blood pressure 160/100 mmHg) and fatty liver. The patient was diagnosed with HFRS
and treated with ventilator-assisted ventilation, fluid replacement, and norepinephrine to increase the blood pressure. He
was admitted to the Department of Intensive Care at The First Affiliated Hospital of Xi’an Jiaotong University with
HFRS, septic shock, decompensated metabolic acidosis, AKI, and multiple organ failure. The laboratory test results after
admission into the ICU are listed in Table 1. Because of AKI and anuria, continuous renal replacement therapy (CRRT)
was administered, and ventilator-assisted ventilation, sedation and analgesia, fluid replacement, norepinephrine to
increase the blood pressure, and plasma and platelet transfusions were administered.

On day 1 of admission, the left nasal cavity was filled with an expanded sponge because of coagulation disorders
complicated by left nasal cavity bleeding. On the second day after the nasal filling, the left nasal alar became purple and
swollen (Figure 1). Massive nasal necrotic lesions rapidly occurred the next day. Microbial cultures from the lesion
samples revealed the growth of mucormycetes (Figure 2). The strain was identified as Rhizopus oryzae complex by mass

Table | Laboratory Test Indicators at Admission into the ICU

Variable Value Reference/Normal | Elevated/
Range Normal/Low

Blood cell count

Red cell count 477 4.5-5.74 x10'4L Normal
Haemoglobin 168 110-150 g/L Elevated
White cell count 23.05 3.5-9.5x10%/L Elevated
Neutrophil 87.4 40-75% Elevated
Platelets 28 125-350% 10°/L Low

Infection and inflammatory markers

Procalcitonin 3.26 <0.5 ng/mL Elevated
HFRS anti-IgM antibody Positivity Negative -
HFRS anti-IgG antibody Positivity Negative -
Bronchoalveolar lavage fluid GM 1.29 <1.0 Elevated
Serum GM 4.99 <0.5 Elevated
|.3-beta-D-glucan <10 <60 pg/mL Normal

Liver function

Albumin 20.86 35-55 g/lL Low

ALT 3250.02 0—-40U/L Elevated
AST 8921.60 0—-40U/L Elevated
TBIL 35.16 6-20.5umol/L Elevated
DBIL 22.18 0—6umol/L Elevated

Kidney function

BUN 15.73 2.9-7.Immol/L Elevated
CRE 330.02 53-97umol/L Elevated
Cystatin 2.39 0.20-1.50mg/L Elevated
(Continued)
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Table | (Continued).

Variable Value Reference/Normal | Elevated/
Range Normal/Low

Coagulation profile

APTT 99.8 28.0-43.5 seconds Elevated
TT 83.5 14.0-21.0 seconds Elevated
PT 253 11.0-14.0 seconds Elevated
D-dimer 13.30 0-0.50 mg/L Elevated
FIB 1.28 2.004.00 g/L Low

Arterial blood gas (mechanical ventilation; PEEP, 12 cmH,O; FiO,, 60%)

PH 7.284 7.35-7.45 Low
PCO, 16.8 35-45mmHg Low
PaO, 107 83—-108mmHg Normal
HCO; 77 21-27 mmol/L Low
BE -17.3 —3 to +3mmol/L Low
Lactate 12.8 0.5-1.6 mmol/L Elevated
Urinalysis
Protein 3+ Negative Elevated
Cast (low fold) 20.24 o/LP Elevated
Faeces test Normal - Normal
Bronchoalveolar lavage fluid culture Aspergillus -
fumigatus
Microbial cultures from the nasal necrotic lesions samples Rhizopus oryzae
complex

Abbreviations: GM, Galactomannan; ALT, alanine transaminase; AST, aspartate transaminase; TBIL, total bilirubin; DBIL, direct bilirubin; BUN, blood urea nitrogen; CRE,
creatinine; APTT, Activated partial thromboplastin time; TT, thrombin time; PT, prothrombin time; FIB, fibrinogen; PEEP, positive end expiratory pressure; FiO,, fraction of
inspiration O; PH, pondus hydrogenii; PCO,_ partial pressure of carbon dioxide; PaO,, arterial partial pressure of oxygen; HCO;, bicarbonate; BE, base excess.

spectrometry (Figure 3). Bronchofiberoptic bronchoalveolar lavage fluid culture confirmed Aspergillus growth, poly-
merase chain reaction (PCR) strains identified Aspergillus fumigatus. Bronchoalveolar lavage fluid galactomannan (GM)
1.29 (GM < 1.0 negative), and serum GM 4.99 (GM < 0.5 negative). The patient was diagnosed with rhinomucormycosis
and pulmonary aspergillosis, and systemic caspofungin and voriconazole were administered. The therapeutic dose was
adjusted according to organ function and drug characteristics of the patients. Caspofungin: loading dose: 70 mg/d, qd;
post-35 mg/d, ivgtt; voriconazole: loading dose: 400 mg/12 h, ivgtt, bid, post-100 mg/12 h, ivgtt. Because the patient had
developed multiple organ failure, such as liver and kidney failure, intravenous amphotericin B treatment was not
possible. To avoid further impairment of the liver function, we developed a local treatment regimen for nasal
mucormycosis. The nasal cavity was rinsed with 10 mL saline, kept dry for 1 h, then filled with a sterile dressing
containing 2.5 mg/mL amphotericin B for 4 h, and finally filled with a sterile dressing containing 5% sodium bicarbonate
for 1 h. These procedures were administered every 6 h. After 12 days, the left nasal scab fell off, and a large tissue defect
remained (Figure 4). Computed tomography revealed no orbitocerebral involvement during the treatment.
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Figure | The left nasal alar revealed purple and swollen.

Figure 2 (A) Sabouraud dextrose agar: Villous colonies after 48 hours. (B) Light microscopex200: large sporangia, rhizoids, hold capsule upright vertical.

After the treatment, the patient ‘s condition gradually stabilized, bronchoalveolar lavage fluid culture revealed no
fungal growth, and lung imaging findings gradually returned to normal. Urine output and renal function recovered after
weaning from the ventilator (day 11), discontinuation of caspofungin (day 13), and discontinuation of voriconazole (day
14). The patient recovered on day 28 and was discharged. During 2 years of follow-up, the patient exhibited no further
signs of rhinomucormycosis.

Discussion

Mucormycosis is an opportunistic fungal infection caused by Rhizopus, Lichtheimia, and Mucor.” Fungal spores are
mainly inhaled through the respiratory tract, causing lung infection, or direct skin inoculation, causing infection.®
Mucormycosis invades the human body, causing infections that progress rapidly and spread to the systemic system,
and can involve the central nervous system, orbit, paranasal sinuses, skin, lungs, gastrointestinal tract, and kidneys.]’z’9
Patient susceptibility is an important cause of mucor infection.” Several factors are associated with susceptibility to
mucormycosis. Diabetes mellitus, malignancy, organ transplantation, corticosteroids, and immunosuppressive therapy are
considered risk factors for MCR.*'%!" The incidence of MCR is lower in women than men, presumably because of the

protective effect of estrogen on the development of paracoccidioidomycosis.® Since the COVID-19 epidemic in 2020,
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Figure 3 Mass spectrum of Rhizopus oryzae complex, 99.9% confidence.
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Figure 4 After 12 days of treatments, the left nasal scab fell off and a large tissue defect remained.

there have been increasing numbers of reports on the incidence of MCR in patients with COVID-19 or in patients in
rehabilitation.'? Opportunistic fungal infections, such as MCR, can be promoted by low oxygen levels, high iron levels,
an acidic internal environment, a stress-induced hyperglycemic state, and reduced phagocyte function in patients with
COVID-19." In recent decades, the incidence of MCR has increased worldwide, and its mortality remains high.°®
Herein, we reported the case of a male patient with HFRS who presented with AKI and septic shock with stress
hyperglycemia, severe hypoxia, and decompensated metabolic acidosis. These are high-risk factors for MCR infection.
HFRS is characterized by AKI as the main manifestation of hantavirus infection.'* Viral infections are associated with
opportunistic fungal infections, particularly Mucor and Aspergillus infections.'? Therefore, when the patient experienced
nasal bleeding, nasal packing and left alar necrosis developed and rapidly progressed. We identified this strain as
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a Rhizopus oryzae complex using microbial culture and mass spectrometry. Bronchoalveolar lavage fluid culture
confirmed Aspergillus growth, and polymerase chain reaction (PCR) identified the strains as A. fumigatus. The patient
was diagnosed with nasal mucormycosis and pulmonary aspergillosis. Voriconazole is the drug-of-choice for treating
pulmonary aspergillosis,'> however, studies have demonstrated that the combination of voriconazole and caspofungin has
a synergistic effect and is more effective than voriconazole alone.'® The patient in this case was considered to have septic
shock and was critically ill; therefore, voriconazole combined with caspofungin was administered. Dose adjustment and
optimization were performed according to organ function and drug characteristics, and the pulmonary aspergillosis was
controlled after treatment. Therefore, the combination of voriconazole and caspofungin can be considered for the
treatment of pulmonary aspergillosis in critically ill patients.

Liposomal amphotericin B (LAmB) is the most effective antifungal agent for the treatment of mucormycosis.” In
addition, posaconazole and isavuconazole are recommended in refractory cases and in patients who are intolerant to prior
antifungal agents.” However, LAmB has more-toxic side effects, especially hepatotoxicity, and our patient had already
developed liver failure; therefore, intravenous systemic use of LAmB was not possible. Considering the high mortality
rate of MCR, we consulted the relevant data and developed a local treatment plan (case presentation) for MCR taking
into consideration the patient ‘s condition. Topical treatment regimens are based on the following two considerations:
changing the local growth environment of Mucor, and in contrast, administering local treatment with LAmB. In this
patient, the left alar lesion did not spread further and was gradually controlled. Therefore, surgical debridement was not
performed. Large tissue defects remained after the scab was detached. Surgical debridement is necessary if early
treatment does not control disease progression or if necrotic tissue after disease control requires surgical debridement.'
Eventually, we successfully treated the MCR in this patient. The success of treatment also benefits from the improvement
of the general condition, which is the result of comprehensive treatment.

Conclusion

Mucormycosis is a rare, fulminant, and aggressive disease. Its management is challenging, especially in the developing
world. Early high-dose intravenous antifungal therapy is critical, and aggressive surgical debridement is necessary. HFRS
increases the difficulty of treatment. This case provides a reference for the treatment of patients with severe MCR.
Because this is a successful experience in a single case, whether it can be further promoted requires evidence from
additional clinical case studies.
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