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Purpose: Increased clinical manifestations combined with increased lung imaging findings during antifungal therapy are often
misjudged as failure of antifungal therapy, and should be vigilant against immune reconstitution inflammatory syndrome.

Case: We describes a case of invasive pulmonary Aspergillus infection after Influenza A Virus (IAV). After active antifungal therapy,
the patient’s clinical symptoms continued to worsen, imaging lesions continued to progress, laboratory indicators improved, and
immune reconstitution inflammatory syndrome was considered.

Conclusion: The clinical characteristics and treatment process of this case were summarized, and related literature search was carried
out, in order to provide a new perspective for the treatment failure of fungal infection in the future, and to avoid the random change of
antifungal drugs, which may lead to the increase of drug resistance.
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Introduction

Fungal diseases claim the lives of over 1.5 million individuals annually and cumulatively impact more than 1 billion
people.’ It is estimated that approximately 250,000 people worldwide develop invasive aspergillosis each year, mainly in
people with chronic obstructive pulmonary disease, admission to intensive care units, lung cancer or hematologic
malignancies with relatively low immune function.' The growth of Aspergillus in the lungs results in tissue destruction,
invasion of blood vessels, and sepsis accompanied by hemoptysis. At present, the case fatality rate of invasive pulmonary
aspergillosis is as high as 30% to 80%.” Although early and accurate diagnosis can advance antifungal therapy, the
therapeutic effect is not always satisfactory, so that clinical diagnosis and treatment enter a bottleneck. This article
describes a case of invasive pulmonary aspergillus infection after influenza A virus (IAV) infection. After adequate
antifungal therapy, the patient’s clinical symptoms continued to worsen, imaging lesions continued to progress, and
laboratory indicators improved. Clinical diagnosis and treatment were often misjudged as the failure of antifungal
treatment, which led to the random replacement of antifungal drugs, and should be vigilant against immune reconstitution
inflammatory syndrome (IRIS). IRIS refers to the excessive and intense immune response against various antigens in the
process of recovery from immunosuppression, and the deterioration of clinical symptoms and imaging changes, which
usually occur in Human immunodeficiency virus (HIV), tuberculosis.*® This case provides a new perspective for the

diagnosis and treatment of clinical fungal infection.
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Case Presentation

Patients were male, 68 years, due to the “continuous cough, fever” 10 days on April 2, 2023 to the hospital. On
March 24, 2023, the patient developed cough and yellow phlegm due to cold, accompanied by fever and chills, which
were not continuous and irregular, and the temperature was up to 38.9°C. The anti-infection treatment in the hospital was
not effective, but he still had cough and fever. He had smoked 20 cigarettes per day for more than 40 years. He had no
previous underlying diseases such as diabetes and had not used immunosuppressants.

On admission, Physical examination on admission revealed the patient had clear consciousness, thick breathing sound
in both lungs, wet rales could be heard, slight wheezing in the right lung, no abnormal heart, and no edema in both lower
limbs. A complete chest CT scan showed double pneumonia (Figure 1).

The laboratory tests after admission showed the Leukocytes were 21.66x10°/L, Neutrophils was 18.57x10%/L,
C-reactive protein was 104.84mg/l, Interleukin-6 was 171.09pg/mL, IgG antibody detection value of Aspergillus was
65.055 AU/mL (< 80AU/mL was negative). The anti-infective treatment of cefoperazone sulbactam (3.0g intravenous
g8h) + minocyclic (100mg oral q12h, double the first dose) was given first. Improved Influenza A Virus (IAV) nucleic
acid test positive (Ct value 27.24), blood GM test: Aspergillus galactomannan determination 2.3171 (cut off: <0.499).
Bronchoscopy + alveolar lavage (Figure 2): viscous secretions and mucosal congestion are visible on both bronchus.
Bronchoscopic alveolar lavage fluid (BALF) -Metagenomics next generation sequencing (mNGS) results return:
Aspergillus fumigatus (sequence number 303, relative abundance 53%). BALF-GM test: Determination of Aspergillus
galactomannan 4.5391 (cut off: <0.499). BALF- Culture of bacteria and fungi: Aspergillus fumigatus and Aspergillus
flavus.

On April 4, 2023, the treatment regimen was adjusted to voriconazole (0.2g q12h, double the dose on the first day) +
Peramivir. The patient still had persistent fever with no decrease in peak value. On April 6, 2023, chest CT showed that
the lesion was worse than before (Figure 3). On April 11, 2023, the reexamination of blood GM test 0.395 (negative)
showed that leukocyte, neutrophil, CRP and procalcitonin all decreased, and chest CT showed that the inflammation
continued to progress more than before (Figure 4). Considering the poor efficacy of voriconazole and drug resistance, the
antifungal treatment was replaced with amphotericin B cholesterol sulfate complex (200mg/ day pump).

After active treatment, the patient still had fever, cough and asthma, which continued to worsen, and the inflammation
index (leukocyte, neutrophil, CRP) decreased in reexamination. Blood gas analysis showed PO, 61mmHg (oxygen
concentration 37%), and lymphocyte subgroup test showed T lymphocytes 71.72% (reference range 61-85%).

Figure | Chest CT showed that the double lung lesions were found distributed along the air bundle, with some of them forming spots on April 2, 2023.
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Figure 2 Bronchoscopy showed that more white sputum retention and mucous hyperemia in the main and left and right bronchus on April 4, 2023.

Figure 3 Chest CT showed that both lung lesions were more severe than before, and some lesions were fused into slices on April 6, 2023.

B lymphocyte 20.67% (reference range 8.01-15.47%), improved chest CT showed continued progression of double
pneumonia with ground glass exudation on April 17, 2023 (Figure 5). Considering the presence of immune reconstruc-
tive inflammatory syndrome during the treatment of fungal infection, methylprednisolone 30mg bid (0.5mg/kg) was
added on April 17, 2023, and the patient’s symptoms of dyspnea and cough were alleviated. The chest CT examination
on April 26, 2023 showed (Figure 6): The absorption of the ground glass shadow in both lungs improved, and she was
discharged on April 27, 2023. After discharge, she continued to take oral hormones and gradually reduced the amount.
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Figure 4 Chest CT showed that the lesions of double lung disease were more advanced on April |1, 2023.

Figure 5 Chest CT showed that the lesion continued to progress, and the original solid lesion was slightly reduced, accompanied by ground glass shadow exudation on
April 17, 2023.

Discussion

Influenza is closely related to Aspergillus infection, the most common fungus being Aspergillus fumigatus (17.8%).” In
recent years, the incidence of influenza-associated pneumomycosis (IAPA) has been as high as 20% in influenza patients.
The incidence of invasive pulmonary aspergillus (IPA) in patients admitted to intensive care units (ICU) with severe
influenza was 19.2% in a retrospective cohort study. Influenza (aOR 5.19; 95% CI 2.63-10.26; p<0.0001) is a risk factor
for IPA and is associated with a high mortality rate (51% 90-day mortality, p=0.0001).® The 2018 European Guidelines
for the Diagnosis and Management of Aspergillus disease clearly listed influenza patients as a high-risk group for
Aspergillus infection.” It has also been reported that HIV patients can develop invasive aspergillosis and chronic
pulmonary aspergillosis secondary, especially in those with severely compromised immune function and who do not
respond to conventional treatment should still consider invasive aspergillosis infection. In HIV patients with tuberculosis,
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Figure 6 Chest CT showed, that both lung glass shadow absorption improved on April 26, 2023.

attention should be paid to the occurrence of chronic pulmonary aspergillosis.'® Clinical attention should be paid to
immunocompromised people, and early fungal screening should be called for, and early diagnosis and treatment should
be suggested to improve the prognosis of patients.

In this case, it was clear that the patient was infected with IAV at the early stage when he was admitted to the hospital. In
combination with imaging, Aspergillus infection was highly suspected, and etiological detection was actively improved.
Finally, Aspergillus infection was clinically diagnosed by mNGS and sputum culture. Only by providing sufficient etiological
basis, strengthening the communication and cooperation between clinical and microbiological room, and improving the
diagnostic level of microbiological room, can we provide guidance and support for subsequent treatment.

Although the patient was clearly diagnosed as a secondary aspergillus infection of [AV, after adequate antifungal
treatment, the patient still had persistent fever accompanied by worsening clinical symptoms, and chest CT indicated that
the inflammation continued to progress. Clinical diagnosis and treatment were often misjudged as the failure of
antifungal treatment, which led to the random replacement of antifungal drugs, and then the occurrence of antifungal
drug resistance. In the treatment of this patient, despite adjustment of antifungal drugs, the effect was still not well, but
the inflammatory indicators decreased, and no obvious immune function depletion was observed in the lymphocyte
subgroup. Considering the presence of immune reestablishment inflammatory syndrome (IRIS), the patient’s condition
gradually improved after subsequent hormone therapy, further confirming the diagnosis.

IRIS refers to the clinical phenomenon of excessive and intense immune response in response to various antigens,
including disease-causing microorganisms, drugs and unknown autoantigens, in the process of recovery from immuno-
suppression, which destroys normal tissues and leads to deterioration of clinical symptoms and aggravation of imaging
changes.'! Tt is commonly seen in the inflammatory reaction of AIDS patients after receiving antiretroviral therapy
(ART) or in the process of immune function recovery in immunocompromised patients, and it can also be seen in
tuberculosis patients.* © However, fungal infections are rarely reported, mainly in cryptococcus.'?

Delliere et al diagnosed IRIS as a new or worsening clinical or radiographic manifestation consistent with the inflamma-
tory process; Symptoms that cannot be explained by emerging infection and negative culture results and/or decreased levels of
fungal antigens (G test, GM test, etc).'* Miceli et al defined IPA-IRIS as “an infectious/inflammatory lung disease with
worsening clinical and lung imaging findings, temporary association with neutrophil recovery, and microbiological evidence.

(50% decrease in serum GM titer measured twice over 4 days)”'* In this case, the etiological diagnosis was clear, and the blood
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GM titer decreased by more than 50% twice 4 days apart. On the basis of the original antifungal treatment, combined with
hormones, the clinical symptoms and imaging absorption of the patient were improved.

At present, there is still a lack of treatment guidelines for non-HIV-IRIS. The pathology of IRIS is related to a variety
of innate and adaptive immune factors, including CD4 T cells, CD8T cells, macrophages, pro-inflammatory cytokines
and chemokines, and the most commonly used drugs are corticosteroids for anti-inflammatory activity.>'” It can reduce
the clinical symptoms, shorten the length of hospital stay, and reduce the need for surgery in TB related IRIS patients.'®
The specific dosage and course of treatment still need to be further discussed. In addition, the process of Aspergillus
infection is involved by a variety of cytokines and chemokines, including IFN-y, CCR4, CCR17 and so on. Invasive
aspergillosis involves Thl and Thl7 cells activating various immune cells through IFN-y, IL-1, IL-6, and IL-17, and
stimulating the production of other immune molecules that help clear fungal pathogens, such as antimicrobial peptides
and reactive oxygen species.'’ TNF-a inhibitors, anti-IL-6 antibodies, and statins can also be used as anti-inflammatory
treatment options.'® ** Aerosol Pam2ODN immunomodulatory therapy significantly improved disease severity and
mortality in IAPA mice and alleviated suppressed immune responses due to fungal infection, the study reported.?' It
has been reported in the literature that corticosteroid treatment can significantly reduce the anti-Aspergillus IgG
antibodies in patients and increase the susceptibility to aspergillus.”* Receiving glucocorticoids increases the risk of
aspergillus infection in COVID-19 patients.”® Our case suggested that although the patient had secondary aspergillus
after IAV and complicated with IRIS after treatment failure, the treatment with methylprednisolone (0.5mg/kg) was
sufficient to improve the prognosis of the patient.

Conclusion

Early molecular identification of the microbial pathogen including Aspergillus and drug sensitivity and resistance pattern
could assist in selecting the drug of choice for better treatment. In addition, increased clinical manifestations combined
with increased lung imaging findings during antifungal therapy are often misjudged as failure of antifungal therapy, and
should be vigilant against IRIS combined with the patient’s condition.
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