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Abstract: This is the first report describing co-infection of Scedosporium apiospermum and Lichtheimia corymbifera caused by biogas
inhalation in two people without underlying medical conditions. Two patients fell into the same pig manure pit at the same time while rescuing
another patient (this person died in a few hours) and inhaled biogas. Both patients were diagnosed with pulmonary fungal disease and developed
acute liver failure around Day 52. Their results were negative for the 1,3-B-p-glucan test and weakly positive for the galactomannan test. They
were treated with amphotericin B and/or posaconazole without surgery. The patient in case 2 required amphotericin B deoxycholate aerosol
inhalation to complete the treatment. Both patients recovered completely. For patients with mucormycosis confined to the lungs who cannot
tolerate intravenous drip amphotericin B, increasing the dose of nebulised administration maybe a salvage regimen.
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Plain Language Summary
® This is the first report to describe co-infection of Scedosporium apiospermum and Lichtheimia corymbifera induced by biogas
inhalation in people without underlying medical conditions.
® Both patients showed negative results in the 1,3-B-D-glucan test and weakly positive results in the galactomannan test; this may
be a characteristic of a co-infection of Lichtheimia. spp and Scedosporium apiospermum in the lungs.
® For patients with mucormycosis confined to the lungs who cannot tolerate intravenous drip amphotericin B, increasing the dose

of nebulised administration maybe a salvage regimen.

Introduction

Every individual inhales a few hundred fungal spores on average per day; however, some immunocompetent patients
develop invasive mycosis due to the inhalation of fungal spores.! Pulmonary mucormycosis is a rare but fatal
opportunistic pulmonary fungal infection caused by order of the Mucorales that include the Rhizopus species, Mucor,
Lichtheimia, Cunninghamella, Rhizomucor, Apophysomyces, and Saksenaea. It often occurs secondary to underlying
conditions such as diabetes, haematological malignancies, and solid organ transplantation.>* Scedosporium apiosper-
mum infection mostly occurs in immunodeficient patients, such as cases of haematological tumours, acquired immuno-
deficiency syndrome, organ transplantation, and high-dose glucocorticoids or immunosuppressants administration. It is
challenging for physicians to diagnose the co-infection of Scedosporium apiospermum and Lichtheimia corymbifera and
select the appropriate antifungal agents. We report two uncommon cases of pulmonary mucormycosis pneumonia
presenting with biogas-induced co-infection of Scedosporium apiospermum in immunocompetent critically ill patients.
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Case Presentation

Case |

The patient was a 56-year-old man with no previous underlying disease working on a pig farm. Both patients described in
this case report fell into the same pig manure pit while rescuing another patient, who died in a few hours. Case 1 inhaled
biogas and developed nausea and vomiting about half an hour later and gradually fell into a coma. The patient was
immediately taken to a local hospital, where blood gas analysis indicated severe respiratory failure, necessitating
tracheotomy and mechanical ventilation. On Day 3 after the accident, the patient was transferred to the ICU of our
hospital (Figure 1). On admission, the patient showed the following findings: normal body temperature; white blood cell
count, 12.88x10%/L; neutrophil count, 12.10x10%/L; procalcitonin, 100.53 ng/mL; C-reactive protein, 220 mg/L; 1,3-p-
D-glucan test (G-test), 37 pg/mL (reference range < 75 pg/mL). The patient’s computerised tomography (CT) scans
showed severe pneumonia. On Day 10, the patient showed haemoptysis, and a culture of the patient’s bronchoalveolar
lavage fluid indicated the presence of Scedosporium apiospermum identified with matrix-assisted laser desorption
ionization time of flight mass spectrometry (MALDI-TOF) and we are unable to perform fungal susceptibility testing
(Figure 2); the G-test was 69.89 pg/mL, and the galactomannan (GM) test showed weakly positive (+-) findings. The
patient was diagnosed pulmonary fungal disease and we subsequently started voriconazole therapy (400 mg every 12
hours for the first day, then 200 mg every 12 hours). On Day 14, a CT scan showed multiple cavities. On Day 42, the
patient developed haemoptysis again, and his body temperature was 38.5°C. On Day 50, bronchoalveolar lavage fluid
(BALF) culture identified with MALDI-TOF showed Lichtheimia corymbifera, which belongs to order Mucorales;
therefore, we switched to amphotericin B liposome (L-AMB). The pulmonary lesions were distinctly disappeared after
voriconazole treatment on Day 51 (Figure 3). On Day 54, the patient developed acute liver failure. The abdominal
ultrasonography showed a small amount of fluid around the liver. We initiated symptomatic treatment and continued
antifungal therapy, and the patient’s liver function improved quickly. On Day 56, a sputum smear showed broad fungal
hyphae with no septum and few septa, indicating mucormycosis. We continued treatment with L-AMB. After discharge
on Day 72, the medication regimen was switched to oral posaconazole tablets. On Day 230, a CT scan showed that the
patient recovered completely and discontinued drug treatments.

Case 2

Identical to the medical history of Case 1, the patient was a 34-year-old man with no underlying diseases or injuries working on
a pig farm. The patient lost consciousness due to the inhalation of biogas. The patient underwent a tracheotomy and mechanical
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Figure | Timeline of case I.

Note: ‘?, Lichtheimia corymbiferady,Scedosporium apiospermum.

Abbreviations: Vor, voriconazole; IVD, intravenous drip; PO, oral; L-AMB, amphotericin B liposome; PosT, posaconazole tablets; ALF, acute liver failure; AKI, acute renal
injury; Pum, pump; BAE, bronchial artery embolisation; G, 1,3-B-D-glucan test; GM, galactomannan test. qd, once per day; ql2h, every |2 hours.
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Figure 2 Characterisation of the two fungi.
Abbreviation: BALF, bronchoalveolar lavage fluid.

Case 1

Figure 3 Lung CT scans obtained of case I.

ventilation on the day of the accident and was transferred to the ICU of our hospital on Day 3 (Figure 4). At admission, the
patient’s findings were as follows: body temperature, normal; white blood cell count, 13.69x10°/L; neutrophil count, 12.41x10°%/
L; procalcitonin, >200 ng/mL; C-reactive protein, 325.43 mg/L. On day 7, the G-test was 70.23 pg/mL, and the GM-test showed
weakly positive findings. Since both cases showed the same medical history and Case 1 had shown a positive BALF culture for
Scedosporium apiospermum on Day 10, we also treated patient 2 with voriconazole on Day 10. This patient showed massive
haemoptysis from Day 20 and underwent bronchial artery embolisation several times; the CT scan on Day 23 showed cavity
lesions in the right upper lobe, right middle lobe and left upper lobe in the lungs (Figure 5). On Day 33, mucormycosis was
suspected, so posaconazole suspension (200 mg, every 6 hours) was administered for treatment. On Day 36, the BALF culture
showed Lichtheimia corymbifera (Figure 2), so pulmonary mucormycosis was diagnosed and D-AMB therapy was initiated.
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Figure 4 Timeline of case 2.

Note: *?, Lichtheimia corymbifera §,Scedosporium apiospermum.

Abbreviations: Vor, voriconazole; IVD, intravenous drip; PO, oral; D-AMB, amphotericin B deoxycholate; PosS, posaconazole suspension; ALF, acute liver failure; AKI,
acute renal injury; Pum, pump; BAE, bronchial artery embolisation; Al, aerosol inhalation; G, 1,3-B-p-glucan test; GM, galactomannan test. qd, once per day; q4h, every 4
hours; géh, every 6 hours; ql2h, every 12 hours.

Case 2

Figure 5 Lung CT scans obtained of case 2.

Posaconazole was discontinued due to budgetary reasons on Day 42; however, a gastrointestinal bleeding event occurred on the
same day. After an acute liver failure occurred on Day 52, all medications were suspended and artificial extracorporeal liver
support was initiated. The abdominal CT showed multiple cysts in the liver, the same as before. On Day 54, microscopic findings
and MALDI-TOF of the BALF culture showed Scedosporium apiospermum, and CT scans showed early absorption of the
lesion. On Day 54, the patient experienced massive haemoptysis again, and an intravenous drip combined with aerosol inhalation
of D-AMB was resumed, and the patient’s liver function subsequently improved. Lichtheimia spp. hyphae were found several
times in the patient’s sputum smears during the treatment, and the lung CT scans showed an improvement on Day 99 (Figure 5).
After discharge on D104, D-AMB nebulisation with intravenous drip treatment was continued. On Day 217, the patient’s CT
scans improved, but Lichtheimia spp. hyphae still could be found in the sputum smear. On Day 251, the patient experienced acute
renal failure (serum creatinine 353 umol/L). Intravenous D-AMB was discontinued, while nebulised inhalation therapy was
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continued at a dose of 10 mg, 6 times per day. On Day 316, the patient’s chest CT showed no obvious lesions, so D-AMB was
stopped after one month, and the patient recovered fully.

Discussion

On searching PubMed, Web of Science, and Embase databases, we believe that this is the first report describing co-
infection with Scedosporium apiospermum and Lichtheimia corymbifera induced by biogas inhalation in a person
without underlying medical conditions.

Lichtheimia spp. enters susceptible hosts primarily by inhalation, broken skin, or the ingestion of contaminated food. These
routes lead to rhino-orbito-cerebral, lung, gastrointestinal, or skin infections, but the hosts are usually immunosuppressed,
diabetic, or malignant.> Scedosporium apiospermum infection is more common in patients with immunodeficiency, such as
patients with haematological malignancies or AIDS and those receiving solid organ transplantation and/or large-dose
glucocorticoid and immunosuppressant treatments, and is relatively rare in immunocompetent patients.”'? Scedosporium
apiospermum is the most common fungus causing invasive infections after drowning and can cause a clinical syndrome of
lung and central nervous system infections in immunocompetent hosts.'® In Case 1, the pulmonary lesions were distinctly
absorbed after voriconazole treatment (Figure 3); therefore, the diagnosis of Scedosporium apiospermum pulmonary infection
in this patient was clear. The patient’s condition worsened again and CT scan showed new lesions after a BALF culture
revealed the presence of Lichtheimia corymbifera, and improved after treatment with amphotericin B. AMB is naturally
resistant for Scedosporium apiospermum and effective for mucor. Therefore, we believe that this patient was co-infected with
Scedosporium apiospermum and Lichtheimia corymbifera. Scedosporium apiospermum was not detected in Case 2 in the
carly stage of treatment. However, because the two patients had the same medical history, we presumed that this patient also
had Scedosporium apiospermum lung infection. The patient was administered with voriconazole and posaconazole, but his
symptoms did not improve. Although Scedosporium apiospermum was detected from the patient’s BALF culture in D68,
while Scedosporium apiospermum was naturally resistant to amphotericin B,'* he had improved significantly under ampho-
tericin B treatment, so we considered this a case of Scedosporium apiospermum colonization. There was one report that
described a co-existing mucormycosis and Scedosporium apiospermum infection on the face of a car accident victim, but the
patient had taken high doses of glucocorticoids before the fungus was detected.'

In the first two weeks of admission, the two patients were diagnosed with Escherichia coli bloodstream infection and
pneumonia, and were intubated and treated with multiple antibiotics that were consistent with the risk factors of the
fungal infections. However, both patients had a history of exposure to biogas, and the same fungi were found in the
BALF culture of both patients, which was difficult to explain with ventilator-associated pneumonia. In addition,
ventilator-associated pneumonia caused by Scedosporium spp. or mucor was very rare in our hospital. Therefore, we
believe that the fungal infection of the patients was related to the inhalation of biogas.

Humans inhale a few hundred fungal spores on average.' However, the vast majority of immunocompetent patients are
rarely infected with fungi. Invasive pulmonary mycosis is usually seen in patients with underlying conditions and risk
factors such as inherited immunodeficiency, severe prolonged neutropenia, steroid dependency, use of immunosuppressive
medications, transplant patients, and AIDS.* Human defense against the inhaled spores begins with the mucous layer and
the ciliary action located in the respiratory tract. Macrophages normally react upon recognizing fungi key cell wall
components such as beta-D-glucan, secreting inflammatory mediators that ultimately attract neutrophils to initiate cellular
immunity. Many kinds of fungi like Aspergillus produce toxic metabolites (aflatoxins, mycotoxins 3-nitropropionic acid,
and ochratoxin A) which inhibit the action of macrophage and neutrophil phagocytosis and lead to infection.'"'® For both
patients, we assume that the patients inhaled large amounts of mold. The large amount of toxins produced by the mold
inhibits the phagocytosis of macrophages and neutrophils, which ultimately leads to infection in patients.

The clinical manifestations of Lichtheimia spp. and Scedosporium apiospermum lung infections are nonspecific.
Common symptoms include cough, shortness of breath, blood in the sputum, and even massive haemoptysis.”'” Both
patients in this case series developed haemoptysis, and Case 2 underwent repeated bronchial artery embolisation (Figure 4).
Mucormycosis usually shows negative results in G- and GM-tests,'® while Scedosporium apiospermum may show positive
and negative results in the G- and GM-tests, respectively.'” The diagnosis of both illnesses relies on histopathological and
culture findings. Here, the two cases were diagnosed using BALF culture combined with imaging and clinical symptoms of
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the patient, but they both showed negative results for the G-test and weakly positive results for the GM-test; this may be
a characteristic of co-infection of Lichtheimia. spp and Scedosporium apiospermum in the lungs.

Both patients developed acute liver failure around Day 52 and we ruled out drug-induced liver failure. Imaging
studies of the two patients did not indicate significant liver lesions; however, our patients did not undergo biopsies. The
liver function of two patients improved after symptomatic treatment and amphotericin B treatment. Case 2 had
gastrointestinal bleeding on Day 42, and both patients had constipation, similar to the clinical presentation of gastro-
intestinal mucormycosis previously reported.?’ However, liver failure secondary to mucormycosis has not been reported
previously. The levels of procalcitonin and C-reactive protein for both patients were very high; therefore, we speculate
that liver failure could have been an inflammatory response caused by a serious infection.

Surgical excision or debridement is the primary treatment option for mucormycosis.* In these two cases, the extensive
lung lesions and rapid disease progression before Day 70 led the surgeon and anaesthesiologist to rule out surgery since the
potentially high fungal load of the lung lesions posed a high risk of fungemia. Although the patients’ condition stabilised
and the lesions shrank after Day 70, the patients’ family members refused to provide consent for surgery.

The guidelines recommend against the use of D-AMB for mucormycosis due to the adverse effects of D-AMB and
the long course of treatment required for mucormycosis.* However, D-AMB remains the main treatment option for
mucormycosis in Asia and low or middle-income countries due to the high cost of L-AMB and posaconazole. Molds
have enhanced tropism to invade blood vessels and cause extensive tissue necrosis in a microenvironment of low-pH and
low-oxygen levels, which does not favour drug penetration.”! Because aerosol inhalation of amphotericin B (AMB) can
significantly increase the concentration of alveolar epithelial cell lining fluid,* intravenous drip combined with aerosol
inhalation of amphotericin B is used to treat critical pulmonary mucormycosis in our hospital. The guidelines recommend
25 mg/day aerosol inhalation of AMB for the prophylaxis of pulmonary mycosis in solid organ transplant patients and
against the use aerosol inhalation of amphotericin B to treat fungal lung infection.>> The second patient developed acute
renal injury at Day 251 and was forced to discontinue intravenous drip D-AMB. At that time, Lichtheimia spp. hyphae
still could be found in the patient’s sputum smear, necessitating continuation of antifungal treatment. He could not afford
other effective antifungal drugs for financial reasons. Therefore, we increased the aerosolised dose of D-AMB to 10 mg
six times a day, and the patient did not experience obvious adverse reactions. On Day 316, the patient’s chest CT did not
show obvious lesions, and D-AMB was stopped after one month.

Conclusion

In conclusion, this is first report describing a co-infection of Scedosporium apiospermum and Lichtheimia corymbi-
fera caused by biogas inhalation in people without underlying medical conditions. Even in immunocompetent
patients, transient inhalation of biogas carries a risk of mold infection. In patients with serious infection, liver
function should be closely monitored to prevent liver failure. For patients with mucormycosis confined to the lungs
who cannot tolerate intravenous drip amphotericin B, increasing the dose of nebulised administration maybe
a salvage regimen.

Abbreviations

CT, computerised tomography; MALDI-TOF, matrix-assisted laser desorption ionization time of flight mass spectro-
metry; D-AMB, amphotericin B deoxycholate; G-test, 1,3-B-p-glucan test; GM, galactomannan; L-AMB, amphotericin
B liposome.
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