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Bicêtre, France, 11 Center for Immunology of Viral, Auto-immune, Hematological and Bacterial diseases (IDMIT/IMVA-HB),
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Invasive fungal diseases (IFD) still cause substantial morbidity and mortality, and new
therapeutic approaches are urgently needed. Recent data suggest a benefit of checkpoint
inhibitors (ICI).We report thecaseof adiabetic patientwith refractory IFD followingaSARSCoV-2
infection treated by ICI and interferon-gamma associated with antifungal treatment.
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CASE REPORT

A 56 years-old diabetic patient was admitted in February 2021 in
ICU for a severe COVID-19 which required immediate mechanical
ventilation. The patient received 10 days dexamethasone associated
with two doses of tocilizumab according to the local standard of care
protocol. One week after ICU admission, COVID-associated
pulmonary aspergillosis was diagnosed based on the growth of
Aspergillus flavus in broncho-alveolar fluid (BAL) culture, positive
galactomannan both in BAL (index: 5.9) and in serum (index: 1.9)
and new pulmonary infiltrates (Figure 1A). Voriconazole was
started. A month later, abnormal neurological examination after
sedation interruption led to the discovery of two brain abscesses
associated with ethmoidal sinusitis (Figure 1B). ENT surgery was
performed revealing bilateral extensive necrosis of sinonasal
mucosa, maxillary and ethmoidal bone. Pathological tissues were
respectively removed and drilled until reaching healthy
Frontiers in Immunology | www.frontiersin.org 2
hemorrhagic tissue. A transethmoidal roof procedure allowed for
the drainage of the most anterior abscess. Rhizopus & Mucor PCR
was positive in blood as well as in most of per-operative sinus and
cerebral samples (Figure 1C). Pathology showed aseptate, broad-
angled hyphae in the skull bones. Liposomal amphotericin B (L-
AmB) was added and voriconazole was switched for isavuconazole
when the diagnosis of cerebral mucormycosis was confirmed.
Unfortunately, additional debridement was not feasible due to the
vicinity of cerebral vessels and brain parenchyma. After ten days of
dual antifungal therapy, the patient’s condition worsened as the size
of the non-drained abscess increased. Of note, the neutrophils level
varied between 4.5 and 12 G/L.

At this step we analyzed by flow cytometry circulating T cells.
The total T cell count was normal (1624/mm3) but the CD4/CD8
ratio was below 1 (CD4 = 557/mm3). Major lymphocyte subsets
were further characterized by their expression of activation/
differentiation markers and immune checkpoint molecules.
A

B

D

C

FIGURE 1 | Clinical, radiological and microbiological evolution under treatment. (A) Timeline. The cross indicates the death of the patient. (B) Evolution of cerebral
MRI under treatment. Frontal abscess: 35x15 mm at diagnosis, 32,9 mm immediately after surgical drainage (not shown) 30 x 13 mm after 10 days of antifungal
therapy with L-Amb, 24 x 42 mm after two weeks of adjuvant immunotherapy, 14 x 9 mm one week after the stop of adjuvant immunotherapy (not shown) and 9 x
7.2 one month after the stop of adjuvant immunotherapy. lenticulo-capsular abscess: 28 x 14 mm at diagnosis 28 x 17 mm after 10 days of antifungal therapy with
L-Amb 24 x 14 mm after two weeks of adjuvant immunotherapy, 17 x 11.5 mm one week after the stop of adjuvant immunotherapy (not shown) and 9.5x7 mm one
month after the stop of adjuvant immunotherapy. One morth after the stop of adjuvant immunotherapy, the two initial abscesses had reduced in size. However,
shown in the bottom right MRI image, several new cerebral abscesses had appeared. (C) Evolution of seric GM and Mucorales PCR under treatment. The yellow
color underlines the time under immunotherapy. (D) Evolution of PD-1, HLA-DR and Ki67 expression on circulating LT CD4+ and LT CD8+ under treatment.
Expression of PD-1,HLA-DR and Ki67 were measured before treatment with nivolumab and 2 and 3 weeks after immunotherapy initiation. After nivolumab injection,
PD-1 expression is less, detected as T cells are covered by the anti-PD1 antibody. Cells covered with nivolumab were identified using an anti-IgG4 detection
approach. Ki67 has been identified a maker of cellular proliferation and T-cell reinvigoration upon checkpoint blockade (1) As shown in the right graft, the increase in
Ki67 expression was most prominent in the IgG4+ versus PD-1+ CD8 and CD4 T celle, i.e., in T cell covered with nivolumab.
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The CD8+ T cell count was increased (CD8 = 938/mm3), and
60% of CD8+ T cells co-expressed CD38 and HLA-DR, that are
late activation markers. CD4+ T cell expressed also high levels of
HLA-DR (33%). Furthermore both CD8+ and CD4+ T cells
expressed high levels of programmed cell death-1 (PD-1, 56%
and 70%), an immune checkpoint molecule that has been
associated with T-cell exhaustion (2). We also measured
Aspergillosis and SARS-CoV-2 specific memory T cells using
IFN-g ELISpot assay (3, 4). We detected SARS-CoV-2 but no
Aspergillus specific T cells in peripheral blood.

Because of the poor prognosis and high percentage of PD-1-
expressing circulating CD4 and CD8 T-cells, immunoadjuvant
therapy with IFN-g and nivolumab was started. The patient
received 100 mg of interferon-g SC 3 times a week during a
month and 2 IV injections of nivolumab 240 mg (3 mg/kg) four
weeks apart. After two weeks of this treatment, the percentage of
circulating CD4+ and CD8+ T cells expressing PD-1 substantially
decreased, percentage that remained steadily low afterward
(Figure 1D). After 3 weeks of immunoadjuvant therapy, an
increase in CD4 T cells activation (as shown by the rise of CD4 T
cells percentage expressing HLADR) and CD8 T cells proliferative
capacity (as indicated by the 4-fold increase of Ki67 expression)
were observed (Figure1D). Still, noAspergillus specificTcells could
be detected using IFN-g ELISpot assay. Under combined
immunoadjuvant and dual antifungal therapy, the cerebral
abscesses decreased in size and serum galactomannan and
Mucorales PCR turned negative (Figures 1B, C).

Unfortunately, after one month the patient developed septic
shock following ventilation acquired pneumoniawith oliguric renal
failure and hepatic cytolysis. L-AmB and IFN g were stopped and
the patient remained under isavuconazole only. Despite several
antibiotics and a good monitoring of isavuconazole residual
concentration (between 3.1 and 4.2 mg/L) the patient’s condition
deteriorated. The size and number of cerebral abscesses increased
and the Mucorales PCR was found positive in the CSF. After
multidisciplinary concertation, palliative care was started, and the
patient died 17 weeks after his initial hospitalization.
DISCUSSION

Rescue therapies are needed for patients not responding to
conventional antifungal treatment of severe IFD. Recent
advances suggested that immunotherapy might improve the
leukocyte immune responses in infectious diseases, notably
IFD (5). As several studies have suggested that IFD are
associated with an impaired Th1 host immune response,
adjunction of recombinant IFNg has been proposed as a
treatment option in patients with poor prognosis IFD (6, 7).
Indeed, IFNg promotes polarization of naïve CD4+ T cells to Th1
cells and exerts positive effects on fungicidal activities of
neutrophils in vitro. In an open-label case series, it has been
shown to partially restore immune function of patients with IFD
by enhancing leukocytes activation and promoting their capacity
to produce proinflammatory cytokines involved in anti-fungal
defense (IL-1, TNFa, IL-17, IL-22) (8).
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More recently, it has been shown that,when T cells are exposed
topersistent antigens and/or inflammatory signals due to inefficient
control of persisting infections, a deterioration of their functions is
observed. This state is called “exhaustion” (9). T cell exhaustion has
been described in oncology and during chronic infections such as
HIV, HCV, and HBV, Mycobacterium tuberculosis (10), JC virus
infection (11), but also inmore acute infections such asmalaria (12)
and IFD (13). Exhausted T cells are functionally characterized by a
loss of IL-2 production, reduced proliferative capacity, reduced
cytotoxic capacity, and impaired production of pro-inflammatory
cytokines (14). This impaired functional state has been associated
with the sustained expression of immune checkpoint molecules,
such as PD-1 and cytotoxic T lymphocyte antigen 4 (CTLA-4). It
has been shown that modulating these pathways can reverse this
dysfunctional state in the context of cancer and infectious diseases
(15, 16). Immune checkpoint inhibitors have become major
weapons in oncology and standard of care for some metastatic
cancers. In infectious diseases, data are much more limited. In
animalmodels ofHBVandSIV infectionsaswell as inHIV-infected
patients, immune checkpoint blockade resulted in expansion of
virus-specific CD4+ and CD8+ T cells with improved functional
quality (17, 18). Moreover, some patients with progressive
multifocal leukoencephalopathy have been successfully treated
with anti-PD-1 therapy (11). In animal models of several IFI,
such as aspergillosis, cryptococcosis and histoplasmosis, repetitive
administration of anti-PD-1 monoclonal antibodies significantly
improved fungal clearance and survival of lethally infected animals
(19–21). Therefore, by reversing T cell exhaustion, immune
checkpoint blockade represents a therapeutic perspective for cure
of deadly IFI.

Two case-reports had previously reported the efficacy of anti-
PD-1 therapy combined with IFN-g in the treatment of
mucormycosis (22, 23). In both reports, as in our case, the
patients did not respond to conventional antifungal treatment,
peripheral T cell showed typical features of exhaustion with
increased population of PD-1 expressing T cells and the patient
completelyorpartially responded to immunotherapywithanti-PD-
1 and IFN-g. It is interesting to note that the underlying immune
status of the 3 patient was different. Indeed, the first case report
concerned a previously healthy 30-year-old woman with extensive
abdominal injuries following a terrorist bombing who developed
peritoneal invasivemucormycosis.The secondcase-report involved
a highly immunocompromised 51-year-old woman with relapsed
acute myeloid leukemia (AML) after hematopoietic stem cell
transplant (HSCT) who was diagnosed with a sinus
mucormycosis and aspergillosis co-infection (Lichtheimia ramosa
and Aspergillus fumigatus). In our case, the patient can be
considered immunocompromised in the context of uncontrolled
diabetesmellitus, severeCOVIDinfection treatedbycorticosteroids
and tocilizumab, and sepsis-related immunoparalysis.

Although the patients did not survive in 2 out of the 3 case
reports, the initial clinical response obtained with anti-PD-1
associated with IFN-g, add-on dual antifungal therapy and
surgical management, regardless of the patient immune status,
might be seen as encouraging. In our case, due to intercurrent
nosocomial infections and multi-organs failure, the treatment had
June 2022 | Volume 13 | Article 900522
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to be stopped. Timing is probably of utmost importance in these
situations, and it is possible that if this treatment had been initiated
sooner, the outcome would have been better. Combination
immunotherapy might be considered as salvage treatment of life-
threatening IFI unresponsive to conventional therapy. Further
studies will be needed to determine its optimal timing and role in
the current therapeutic arsenal. Moreover, as PD-1 blockade and
IFN therapy reverse T cell exhaustion and enhance leukocytes
activation and their capacity to produce proinflammatory
cytokines, such an immunotherapy might have more important
therapeutic benefits in patients that otherwise do not display
quantitative innate immune deficiency such as severe neutropenia.

The use of immune checkpoint inhibitors may however entail
severe, notably autoimmune off-the target adverse effects. In a
phase Ib randomized study, evaluating 31 adults with sepsis and
at least one organ dysfunction, anti-PD-1 (nivolumab)
administration was associated with immune-mediated adverse
events in 16% of the patients, but did not result in any cytokine
storm (24). As patients with IFD are usually particularly fragile
and under a lot of concomitant medications, the use of immune
checkpoint inhibitor must be carefully balanced and monitored.
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