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Abstract
BACKGROUND
In recent years, the rate of immunosuppressed patients has increased rapidly. Invasive fungal infections usually occur in these patients, especially those who have had hematological malignances and received chemotherapy. Fusariosis is a rare pathogenic fungus, it can lead to severely invasive Fusarium infections. Along with the increased rate of immune compromised patients, the incidence of invasive Fusarium infections has also increased from the past few years. Early diagnosis and therapy are important to prevent further development to a more aggressive or disseminated infection.

CASE SUMMARY
We report a case of a 19-year-old male acute B-lymphocytic leukemia patient with fungal infection in the skin, eyeball, and knee joint during the course of chemotherapy. We performed skin biopsy, microbial cultivation, and molecular biological identification, and the pathogenic fungus was finally confirmed to be Fusarium solani. The patient was treated with oral 200 mg voriconazole twice daily intravenous administration of 100 mg liposomal amphotericin B once daily, and surgical debridement. Granulocyte colony-stimulating factor was administered to expedite neutrophil recovery. The disseminated Fusarium solani infection eventually resolved, and there was no recurrence at the 3 mo follow-up.

CONCLUSION
Our case illustrates the early detection and successful intervention of a systemic invasive Fusarium infection. These are important to prevent progression to a more aggressive infection. Disseminate Fusarium infection requires the systemic use of antifungal agents and immunotherapy. Localized infection likely benefits from surgical debridement and the use of topical antifungal agents.
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Core Tip: Fusarium as a rare pathogenic fungus can lead to severely invasive fusariosis and is associated with high morbidity and with up to 70% mortality. The clinical manifestations of invasive Fusarium infection are varied; early diagnosis and proper therapies are essential. In such infections, the identification of fungal etiology is very important. Histopathological examination, microbial cultivation, antifungal susceptibility testing, and molecular biological identification are helpful for the diagnosis and treatment of this disease. In this case, the diagnosis was clear and the patient was successfully treated with positive efforts.

INTRODUCTION
Fusariosis is the second common mold infection after aspergillosis[1]. Fusarium species are important plant pathogens causing a broad spectrum of infections, including superficial infections (keratitis and onychomycosis) and invasive or disseminated infections[2]. Agents of any type of fusariosis are mainly found in the following three species complexes: Fusarium solani (F. solani) complex (FSSC), Fusarium oxysporum complex, and Fusarium fujikuroi. Members of the FSSC cause the majority fusariosis cases of humans and are responsible for approximately two-thirds of all cases of fusariosis[1]. Disseminated Fusarium infection is a rare and serious fungal infection in immunocompromised patients, and clinical manifestations vary considerably[3]. The early diagnosis and treatment are quite difficult, and the mortality rate is estimated to be between 50% and 70% in adult patients. The remarkable intrinsic resistance of Fusarium species to most antifungal agents makes treatment more difficult. However, the optimal treatment for disseminated fusariosis has not been established[4]. Here, we describe the case of a 19-year-old male acute B-lymphocytic leukemia patient who had multiple skin lesions, endophthalmitis, and septic arthritis caused by F. solani infection during the course of chemotherapy.

CASE PRESENTATION
Chief complaints
A 19-year-old male presented to the Department of Dermatology of our hospital complaining of multiple skin lesions of the right neck, right calf, and left scrotum, which showed ulcerated painful nodules with a necrotic center.

History of present illness
A 19-year-old male presented with swelling of the parotid gland and superficial lymphadenopathy for 2 wk and was admitted to our hospital. Through comprehensive examination, a diagnosis of acute B-lymphocytic leukemia was made. He was treated with BMF95 chemotherapy regimen (vindesine, daunorubicin, L-aspartase, and prednisone) according to the National Comprehensive Cancer Network guidelines and achieved complete remission. The major adverse event of the treatment was myelosuppression. He received regular injections of granulocyte colony-stimulating factor (G-CSF) to increase the neutrophil count.
Five months later, he presented with unremitting fever during the fifth course of treatment. The highest body temperature was 41 ℃. The result of blood culture was Klebsiella pneumoniae. His chest computed tomography (CT) scan was negative. He received moxifloxacin, vancomycin, and teicoplanin to treat septicemia. After treatment, he still had intermittent fever. Considering the high possibility of fungal infection in this patient, he started prophylactic anti-fungal therapy with caspofungin. Twenty-five days later, he developed multiple skin lesions, including ulcerated painful nodules with a necrotic center of the right neck, right calf, and left scrotum (Figure 1). Blood culture and glactomannan (GM) test of serum samples were negative. At the same time, he underwent surgical resection of infected skin tissues. Additionally, the lesions on his neck and scrotum underwent pathological examination and microbial culture, and the results supported Fusarium spp. infection (Figures 2 and 3). Then, he was treated with oral voriconazole (200 mg) twice daily and intravenous administration of AmB (amphotericin B) liposome (100 mg) once daily. His fever promptly disappeared on the 2nd day of treatment. During the therapy, he received regular injections of G-CSF. Upon re-examination of the complete blood count, his absolute neutrophil count recovered to 0.9 × 109/L. On the 6th day of antifungal treatment, he developed left eyeball pain and conjunctival hemorrhage with blurred vision. A plain CT scan of the orbit showed that the lateral wall was slightly thicker and the lacrimal gland was slightly swollen. Fusarium was cultured from the vitreous drainage fluid of the left eyeball, and AmB local eye drops were added to the treatment. However, the pain in the left eyeball worsened, and he experienced gradual blindness. Vitrectomy of the left eye was performed on the 15th day of anti-fungal treatment. At the same time, the skin lesion gradually subsided. On the 18th day of anti-fungal treatment, he developed pain in the right knee joint, and ultrasound showed knee joint effusion. We performed joint puncture and the surgeon extracted 70 mL of yellow turbid liquid, and the fungus cultured was Fusarium. The articular cavity was continuously washed with saline (1000 mL) and amphotericin B liposome (10 mg), and after treatment, the arthritis resolved. Moreover, his final neutrophil count recovered to 1.7 × 109/L. He had no recurrence after 3 mo of follow-up.

History of past illness
The patient was diagnosed as acute B-lymphocytic leukemia 5 mo ago.

Personal and family history
Patient denied family history of hereditary diseases.

Physical examination
Physical examination showed that there were multiple skin lesions in the right neck, right calf, and left scrotum, including ulcerated painful nodules with a necrotic center (Figure 1). 

Laboratory examinations
[bookmark: OLE_LINK119][bookmark: OLE_LINK120]Complete blood count showed a hemoglobin level of 6.4 g/dL, white blood cell count of 0.21 × 109/L (neutrophil: 0.02 × 109/L), and platelet count of 82 × 109/L. The result of blood culture was Klebsiella pneumoniae. Serum GM test was negative. 
Biopsy of the neck skin lesion and microscopic examination for fungus showed the presence of fungal elements and confirmed Fusarium sp. infection (Figures 2 and 3). Fungal susceptibility assays showed an AmB minimum inhibitory concentration of 4 µg/mL and resistance to terbinafine, micafungin, posaconazole, and voriconazole. Thereafter, polymerase chain reaction followed by sequencing of the internal transcribed spacer region confirmed that the fungus belonged to the FSSC. 
Vitreous drainage fluid of the left eyeball cultured Fusarium sp. Right knee joint liquid also cultured Fusarium sp. Blood culture and GM test of serum samples were negative. 

Imaging examinations
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]Chest CT scan was negative. Plain CT scan of the orbit showed that the lateral wall was slightly thicker, and the lacrimal gland was slightly swollen.

FINAL DIAGNOSIS
Disseminated F. solani infection.

TREATMENT
The patient was given systemic use of antifungal agents, oral voriconazole (200 mg) twice daily, intravenous administration of AmB liposome (100 mg) once daily, and regular injections of G-CSF to increase the neutrophil count. After surgical removal of skin and left eyeball lesions, local antifungal therapy was given. Extracted joint effusion was performed, and the articular cavity was continuously washed with saline (1000 mL) and AmB liposome (10 mg).

OUTCOME AND FOLLOW-UP
The skin lesions resolved, with pigmentation and crust (Figure 4). He had no recurrence after 3 mo of follow-up.

DISCUSSION
The most common risk factors of disseminated Fusarium infection in acute lymphocytic leukemia are prolonged neutropenia (absolute neutrophil count ≤ 0.5 × 109/L) due to intensification of cytotoxic chemotherapy and the wide spread use of corticosteroids and other immunosuppressive agents[5]. Clinical manifestations of invasive Fusarium infection vary considerably and often involve skin as well as lung or sinus lesions[6]. The most frequent pattern of disseminated disease is a combination of cutaneous lesions and positive blood cultures with or without involvement at other sites (the sinuses, lung, joint, and others)[7]. In many patients, skin lesions may be the first sign of a disseminated infection and are commonly seen in the early stages of the disease. It has been reported that 70% of patients often present with characteristic skin lesions involving multiple nodular and painful lesions, frequently with a necrotic center[8]. Pulmonary nodules have been reported in 80% of patients with respiratory symptoms, and nodules greater than 1 cm should raise the suspicion of invasive fungal infection[9]. Although some patients received broad-spectrum antifungal prophylaxis and underwent the most active antifungal agent treatment against this fungus, their clinical condition remained serious[10]. The worst disseminated fungal infections can trigger multiple organ failure and lead to patient death.
An early and definitive diagnosis requires isolation of Fusarium sp. from infected sites (the skin, sinuses, lungs, blood, and others) by direct microscopic examination or microorganism culture. There is a relatively high frequency of positive blood cultures (about 80%) for Fusarium sp.[11]. In this patient, the blood culture and GM test of serum samples were negative, probably because of the continuous prophylaxis anti-fungal treatment. Lung involvement is common in invasive fusariosis. The clinical presentation is nonspecific and includes dry cough and shortness of breath[12]. Chest CT is the imaging method in patients with pulmonary Fusarium infection[3]. The most common findings are nodules or masses but are nonspecific. Etiological diagnosis is critical, and until reliable non-invasive diagnostic approaches become available, invasive procedures, such as bronchoscopy with broncho-alveolar lavage and lung nodule biopsy, will continue to be necessary[1]. Skin biopsy of a nodule is necessary in patients with multiple skin lesions, and histopathological findings include branching septate hyaline hyphae with sporulation. Microorganism culture identification is important because Fusarium can product hyaline, crescent or banana-shaped, multicellular macroconidia[13]. However, different species may present the same structure, or the outcome may be negative. Given these difficulties, new approaches have been pursued[4]. Polymerase chain reaction and ribosomal RNA internal transcribed spacer sequencing can identify the species of Fusarium. These technologies hasten the identification of fungi and are more accurate[14]. Multilocus sequence typing is currently viewed as a promising new approach to diagnose fusariosis. Matrix-assisted desorption/ionization time of flight mass spectrometry is a promising new tool for rapid identification and classification of culture microorganisms based on their protein spectra[15].
Therapy for invasive fusariosis is a challenge, mainly because Fusarium shows high minimum inhibitory concentrations to antifungal agents[16]. Additionally, owing to the lack of clinical trials, there is no proven effective treatment regimen. In reported cases, the treatment of these diseases often depended on a combination of antifungals. In some cases, treatment should include surgical debridement. Voriconazole, AmB, and various combinations have been reported with varying success. Data on combination therapy for fusariosis, such as caspofungin plus AmB, voriconazole plus AmB, and voriconazole plus terbinafine, have been reported[17]. For immunocompromised patients, treatment should include voriconazole or AmB as initial therapy and posaconazole as salvage therapy. Localized infection, such as keratitis, is usually treated with topical antifungal treatment, and natamycin is the drug of choice. Skin lesions may be the source for disseminated and life-threatening Fusarium infections. Fungal growth might occur in compartments where insufficient antifungal drug concentrations are achieved, such as the joint and eyeball[5]. Local debridement should be performed, and topical antifungal agents should be used. Reversal of immunosuppression, especially the restoration of the neutrophil count, is essential for a successful therapeutic outcome[15]. 
Among acute lymphocytic leukemia patients, invasive fungal infections are very common. Candida and Aspergillus are the most common invasive fungal infection pathogens[5]. Fusarium, Zygomycetes sp., Alternaria sp., and Exserohilum sp. are less prevalent. The most frequent site of infection is the respiratory tract, including pulmonary, sinusal, or nasopharyngeal infections[18]. Fusarium infection has its own characteristics. Empiric antifungal treatment is usually AmB due to its broad spectrum coverage, then switched to other antifungals based on susceptibility results. 

CONCLUSION
Our case illustrates the early detection and successful intervention of an invasive F. solani infection. Identifying the risk factors of invasive Fusarium infection and actively looking for the pathogen can help early diagnosis and treatment, which are important to prevent progression to a more aggressive or disseminated infection. In general, disseminated Fusarium infection requires the use of systemic agents and immunotherapy. Localized infection likely benefits from surgical debridement and the use of topical antifungal agents.
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Figure 1 Images of the nodules. A: Left scrotum; B: Right neck; C: Right lower leg. Painful nodules are seen.
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Figure 2 Staining images. A: Hematoxylin and eosin staining; B: Methenamine sliver staining; C: Periodic acid–Schiff staining. Fusarium hyphae and spores are seen in the right neck lesion (magnification × 400).
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Figure 3 Microscopic examination of fungus. A: Ordinary microscope; B: Fluorescence microscopy.
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Figure 4 Images of the lesions after treatment. A: Left scrotum; B: Right neck; C: Right lower leg. The skin lesions have gradually subsided.
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