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CASE REPORT

Immune Adjuvant Therapy With Interleukin-7 
in a Lymphopenic Patient With Aplastic Anemia 
and Mucormycosis
BACKGROUND: We report the case of a patient with aplastic anemia and pan-
cytopenia on immune-suppressive therapy who developed invasive pulmonary in-
fection with mucormycosis and was treated with immune adjuvant therapy.

CASE SUMMARY: Given the patient’s profound lymphopenia and progressive 
invasive mucor despite dual antifungal drug therapy, interleukin (IL)-7, a cytokine 
that induces lymphocyte activation and proliferation, was instituted and resulted in 
normalization of absolute lymphocyte counts and was temporally associated with 
clearance of fungal pathogens and resolution of clinical symptoms.

CONCLUSION: Patients with life-threatening fungal infections are frequently 
immune suppressed and immune adjuvant therapies should be considered in 
patients who are not responding to antifungal drugs and source control. Well-
designed, double-blind, placebo-controlled trials are needed to advance the field. 
Although a number of immune adjuvants may be beneficial in fungal sepsis, IL-7 is 
a particularly attractive immune adjuvant because of its broad immunologic effects 
on key immunologic pathways that mediate enhanced antifungal immune system 
activity.
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CASE REPORT

Invasive fungal infections are an increasing cause of morbidity and mortality 
(1, 2). Candidemia is now the third to fourth most common nosocomial blood-
stream infection causing more than 28,000 infections per year with an attrib-
utable mortality ranging from 25% to 57% (3). Fungal infections are also of 
particular concern because of the resistance that these pathogens are devel-
oping to current antimicrobial therapies. Mucormycosis is an opportunistic 
fungal infection of the mucormycetes family (previously zygomycetes). Some 
of the most frequently identified Mucorales include Rhizopus species, Mucor 
species, and Rhizomucor species. These infections typically occur in immuno-
compromised individuals and have a high mortality rate that is at least partially 
attributed to the rapid growth rate and ability of the mold to invade blood ves-
sels. During the COVID-19 pandemic, invasive mucormycosis was particularly 
problematic in patients with diabetes and individuals treated with high doses 
of corticosteroids (4).

Drugs that augment host immunity are increasingly being used in patients 
with life-threatening fungal infections that have been refractory to standard 
therapies (5–10). In some cases, the initiation of therapies that boost the immune 
system (immune adjuvant therapies) has restored indices of immune function 
and resulted in clearance of the infections (9, 10). These immune adjuvant 
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therapies include granulocyte macrophage colo-
ny-stimulating factor (GM-CSF), interferon gamma 
(IFN-γ), checkpoint inhibitors (antiprogrammed cell 
death 1 [anti-PD-1]), and interleukin (IL)-7 (7–10). 
IL-7 is a lymphocyte growth factor that is essential for 
the formation and survival of CD4 and CD8 T cells 
(11). IL-7 not only causes lymphocyte proliferation but 
also causes lymphocyte activation leading to increased 
IFN-γ, a cytokine that plays a key role in fungal infec-
tions (8). Herein, we describe the use of IL-7 in a se-
verely lymphopenic patient with aplastic anemia and 
invasive pulmonary mucormycosis.

PATIENT CASE

A 53-year-old man with a medical history of squa-
mous cell carcinoma of the left oral cavity and 
COVID-19 infection requiring mechanical venti-
lation was admitted for evaluation and therapy of 
pancytopenia. Workup was consistent with aplastic 
anemia vs. hypoplastic myelodysplastic syndrome, 
and therapy with antithymocyte globulin, cyclospo-
rine, and eltrombopag (a platelet growth factor) was 
initiated. The patient did well with this therapy for 
approximately 2 months until developing fever, dry 

cough, and tachypnea requiring hospital admission. 
Extensive workup for the etiology of his pulmo-
nary infection was negative for COVID-19, influ-
enza, respiratory syncytial virus, cytomegalovirus, 
and other viral and bacterial pathogens. Aspergillus 
galactomannan antigen was initially elevated but re-
peat testing 5 days later was negative. Invasive pul-
monary mucormycosis was diagnosed based upon an 
induced sputum culture positive for Mucor species 
and a chest CT demonstrating necrotizing regions 
radiographically consistent with invasive fungal in-
fection. The patient’s mucormycosis was treated 
with liposomal amphotericin B and posaconazole. 
Therapy with granulocyte infusions, Granulocyte-
Colony Stimulating Factor (G-CSF), and GM-CSF 
was also initiated because of low absolute neutrophil 
and monocyte counts. Despite these therapies, the 
patient’s clinical course worsened with acute hyper-
capnic, hypoxemic respiratory distress, fevers, and 
progressive changes on chest radiographs. He was 
transferred to the ICU and initiated on noninvasive 
positive pressure ventilation.

Because of the patient’s worsening clinical course 
and persistently low lymphocyte counts, IL-7 was 
instituted on a compassionate basis after obtain-
ing informed consent from the patient for treatment 
with IL-7 and publication of case details and images. 
A test dose of IL-7 (3 µg/kg ideal body weight, intra-
muscularly) (kindly provided by Dr. Michel Morre, 
RevImmune) was administered and was well-toler-
ated (Fig. 1). Forty-eight hours later, the dosage was 
increased to 10 µg/kg and continued weekly for three 
additional doses. Following the initiation of IL-7 
therapy, there was a temporal association with an in-
crease in the patient’s absolute lymphocyte count. Over 
the subsequent 48 hours, he continued on intermittent 
noninvasive positive pressure ventilation support al-
ternating with supplemental oxygen of 10–13 L/min 
to maintain Spo2 greater than 92%. Approximately 48 
hours following his first IL-7 injection, his oxygen re-
quirement objectively began to decrease to 7–9 L/min 
to maintain Spo2 greater than 92%, and the patient was 
able to spend longer periods off noninvasive positive 
pressure ventilation support. By 4 days following IL-7, 
his oxygen requirement had objectively decreased to 
4–6 L/min to maintain Spo2 greater than 92%. Within 
12 days from the first IL-7 injection, his respiratory 
status had improved to the point he was able to transfer 

 
KEY POINTS

Question: New immune adjuvant therapies that 
boost patients’ immune systems are being in-
creasingly used in patients with serious infections 
who are failing conventional therapy. Do patients 
with refractory invasive fungal infections who are 
immunosuppressed benefit from the addition of 
immune adjuvant drug therapies?

Findings: Interleukin (IL)-7, a cytokine that induces 
lymphocyte activation and proliferation, was used 
in a patient with aplastic anemia and lymphopenia 
who developed mucormycosis. There was a tem-
poral association of IL-7 therapy with restoration 
of the patient’s lymphocyte counts to normal and 
with clearing of the fungal infection.

Meaning: This case report adds to the grow-
ing number of cases in which immune adjuvant 
therapies were associated with an apparent im-
provement in the clinical course of patients with 
life-threatening invasive fungal infections.
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out of the ICU to the floor and his course continued to 
improve.

The patient’s hospital course was further compli-
cated by the development of acalculous cholecys-
titis and Enterococcus faecium bacteremia which was 

treated with biliary duct sphincterotomy, biliary stent 
placement, and antibiotics. As is typically observed 
during the onset of sepsis, the patient’s absolute lym-
phocyte count decreased transiently during his acute 
septic episode and bacteremia (Fig.  1) (12). The 

Figure 1. Top, Absolute lymphocyte counts over time: This timeframe of the absolute lymphocyte counts before, during, and after 
IL-7 administration shows a transient increase followed by an expected decrease in response to acute acalculous cholecystitis with 
bacteremia, after which the lymphocyte count continued to trend upward until returning to a near normal level approximately 60 d 
following injection. The peak value between days 48 and 56 likely reflects the impact of IL-7 given the absence of other associated 
factors, including administration of G-CSF, GM-CSF, and granulocyte infusions during that period. Bottom, Absolute granulocyte counts 
over time: This timeframe of the absolute granulocyte counts before, during, and after IL-7 therapy. Note the large increase in the 
absolute granulocyte count with the onset of cholecystitis and bacteremia. G-CSF = granulocyte-colony stimulating factor,  
GM-CSF = granulocyte macrophage colony-stimulating factor, IL = interleukin.
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patient subsequently recovered and was discharged 
to a nursing home approximately ten weeks after 
admission.

DISCUSSION

This is the first reported case of the therapeutic use 
of IL-7 in a patient with severe lymphopenia because 
of aplastic anemia and a life-threatening refractory 
infection that was nonresponsive to standard med-
ical therapies. Patients’ ability to successfully eradi-
cate invading pathogens depends on a coordinated 
response between the different cellular components 
of the innate and adaptive immune systems. Patients 
with aplastic anemia have defects in the production 
of granulocytes, monocytes, and lymphocytes and, 
therefore, have severely impaired host immunity. The 
patient’s decreased granulocytes and monocytes were 
successfully treated with cytokine growth factors, in-
cluding G-CSF, GM-CSF, and granulocyte infusions. 
Although these therapies were effective in restoring ab-
solute granulocyte and monocyte counts, the patient’s 
absolute lymphocyte counts remained critically low 
and his infection continued to progress. Lymphocytes 
play a key role in containing and eliminating patho-
gens and decreased absolute lymphocytes have been 
shown to closely correlate with mortality in patients 
with Candidemia (13, 14). Consequently, therapy with 
IL-7, a lymphocyte growth factor, was instituted to in-
crease the absolute lymphocyte counts and to improve 
lymphocyte functional capabilities. IL-7 leads to a sig-
nificant increase in the patient’s absolute lymphocyte 
counts and subsequent successful elimination of the 
invasive fungal infection.

There is a growing recognition that therapies that 
boost the patients’ immune system can be beneficial 
in infectious diseases (5, 6, 8) (Table 1). Patients with 
invasive fungal infections or patients who have multi-
drug-resistant bacterial infections are good candidates 
for immune adjuvant therapies because they are highly 
likely to be immune suppressed and infections with 
these pathogens carry a high mortality despite treat-
ment with antibiotic drug therapies. In this regard, 
many patients with disseminated fungal infections 
die despite antimicrobial drug therapies that may have 
good in vitro inhibitory and/or killing activity against 
the particular fungal pathogen. These facts underscore 
the need for new therapeutic approaches that harness 

the host’s intrinsic immune system as an additional 
means to manage these challenging infections.

Several immune adjuvants have been reported to 
be effective in patients with life-threatening inva-
sive fungal infections. There are two reported cases 
of concomitant therapy with anti-PD-1 and IFN-γ in 
patients with refractory mucormycosis despite max-
imal therapy, including surgical debridement and sys-
temic antifungal therapy (9, 15). Initiation of immune 
adjuvant therapy with anti-PD-1 (Nivolumab) and 
IFN-γ was associated with rapid clinical improvement, 
enhanced immune phenotypic markers, and eradica-
tion of mucormycosis. Currently, there is an ongoing 
clinical trial of IFN-γ in patients with invasive candi-
diasis (NCT05235711). Recombinant human GM-CSF 
has also been employed in adult and pediatric patients 
with refractory fungal infections with a reported re-
sponse rate of approximately 80% (7).

Another immuno-adjuvant that is likely to be highly 
efficacious in life-threatening fungal infections is IL-7. 
Two independent groups have reported that IL-7 ame-
liorates fungal sepsis-induced immune suppression 
and improves survival in well-controlled animal mod-
els of fungal sepsis (18, 19). IL-7 has been called the 
“maestro of the immune system” because of its effects 
on an array of immune cells that play critical roles 
in fungal pathogen elimination (20). IL-7 activates 
CD4 and CD8 T cells to produce IFN-γ that stimu-
lates monocytes/macrophages to phagocytose and kill 
fungal pathogens. Neutrophils also play an essential 
role in eliminating fungal organisms. IL-7 induces the 
formation and stimulation of Th17 lymphocytes to 
produce IL-17, a cytokine that causes neutrophil mo-
bilization and enhances neutrophil migration to sites 
of fungal infection (21). IL-7 also activates a recently 
described subset of T cells termed “mucosal-associated 
invariant T cells” that line the gastrointestinal and res-
piratory tracts and serve to prevent invasion by fungal 
pathogens (22).

A recent remarkable case report detailing the ef-
ficacy of IL-7 in an immunocompetent patient who 
was dying of intractable fungal infection provides 
compelling support for the use of IL-7 immuno-
therapy in patients who are not responding to con-
ventional therapy (10). In that case, a previously 
healthy 21-year-old trauma victim patient sus-
tained catastrophic degloving injuries of his but-
tocks and perineum following a motorcycle accident. 
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Approximately 1 week after injury, the patient devel-
oped invasive muscle and soft-tissue infection with 
Trichosporon asahii and Saksenaea species. Blood 
and tissue cultures remained positive for approxi-
mately 1 month despite aggressive surgical debride-
ment and triple antifungal drug therapy. Because of 
the patient’s continuing deterioration and persistent 
low absolute lymphocyte counts, IL-7 was started 
on a compassionate-use basis. Blood and tissue cul-
tures became negative within 5 days of the initiation 
of treatment with IL-7, and there was a concomitant 
rapid improvement in the patient’s clinical course. 
Immunohistochemical staining of biopsies of the 
infected wound margin showed a marked increase 
in the number of CD3+ lymphocytes after beginning 
IL-7 immune therapy consistent with an effect of IL-7 
to expand the lymphocyte compartment and increase 
trafficking of lymphocytes to areas of inflammation 
and/or infection.

Limitations

Although there was a temporal association of the 
patient’s clinical course improving with the initiation 
of IL-7, the patient was also treated with a number 
of other immune-modulating therapeutic agents, 
including GM-CSF, G-CSF, and granulocyte infu-
sions. It is likely that all of these therapies played an 
important role in the patient’s ability to survive his 
infection. It is also possible that the patient’s adap-
tive immune system recovered from some of the 
immune-suppressive therapies used to treat his un-
derlying disease.

In conclusion, patients with life-threatening 
fungal infections are frequently immune sup-
pressed, and immune adjuvant therapies should 
be considered in patients who are not responding 
to antifungal drugs and source control. A number 
of immune adjuvants have been reported to be 
effective in case reports, but a well-designed, dou-
ble-blind, placebo-controlled trial is needed to ad-
vance the field. Although a number of immune 
adjuvants may be beneficial in fungal sepsis, IL-7 is 
a particularly attractive immune adjuvant because 
of its effects on key immunologic pathways which 
mediate enhanced antifungal immune system ac-
tivity and because it can be particularly impactful in 
patients with lymphopenia.
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