
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



ll
Case Report
Interferon gamma immunotherapy in five
critically ill COVID-19 patients with impaired
cellular immunity: A case series
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Five immunocompromised,

critically ill COVID-19 patients

were treated with IFN-g

IFN-g treatment was followed by

viral clearance and clinical

improvement

The patients did not develop

signs of hyperinflammation
van Laarhoven et al. report five COVID-19 patients with impaired cellular immunity

and persistently high SARS-CoV-2 loads, treated with last-resort interferon gamma

immunotherapy, which was followed by viral clearance in five and clinical recovery

in four patients. No signs of hyperinflammation were observed.
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Interferon gamma immunotherapy in five
critically ill COVID-19 patients with impaired
cellular immunity: A case series

Arjan van Laarhoven,1,7,9,* Lisa Kurver,1,7 Gijs J. Overheul,2 Emma J. Kooistra,3 Wilson F. Abdo,3

Reinout van Crevel,1 Raphaël Duivenvoorden,4 Matthijs Kox,3 Jaap ten Oever,1 Jeroen Schouten,3

Frank L. van de Veerdonk,1 Hans van der Hoeven,3 Janette Rahamat-Langendoen,5 Ronald P. van Rij,2

Peter Pickkers,3,8 and Mihai G. Netea1,6,8
Context and significance

In patients with impaired immune

systems, severe acute respiratory

syndrome coronavirus 2 (SARS-

CoV-2), the virus causing

coronavirus disease 2019 (COVID-

19), can persist for a long time.

This contributes to a long disease

course and poor outcome. Thus

far, no therapy is available to help

clear the virus. Interferon gamma

is a protein that activates cells of

the immune system. We applied

interferon gamma to five COVID-

19 patients with impaired immune

systems. These patients were

critically ill and did not clear the

virus themselves. Interferon

gamma therapy was followed by

clearance of SARS-CoV-2 in five

and clinical recovery in four

patients. This report shows that

interferon gamma should be

considered as a study candidate
SUMMARY

Background: Prolonged severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) shedding has been described in immunocompromised
coronavirus disease 2019 (COVID-19) patients, resulting in protracted
disease and poor outcome. Specific therapy to improve viral clearance
and outcome for this group of patients is currently unavailable.
Methods: Five critically ill COVID-19 patients with severe defects in
cellular immune responses, high SARS-CoV-2 viral RNA loads, and no
respiratory improvement were treated with interferon gamma, 100 mg
subcutaneously, thrice weekly. Bronchial secretion was collected every
48 h for routine diagnostic SARS-CoV-2 RT-PCR and viral culture.
Findings: Interferon gamma administration was followed by a rapid
decline in SARS-CoV-2 load and a positive-to-negative viral culture con-
version. Four patients recovered, and no signs of hyperinflammation
were observed.
Conclusions: Interferon gamma may be considered as adjuvant immu-
notherapy in a subset of immunocompromised COVID-19 patients.
Funding: A.v.L. and R.v.C. are supported by National Institutes of
Health (R01AI145781). G.J.O. and R.P.v.R. are supported by a VICI grant
(016.VICI.170.090) from the Dutch Research Council (NWO). W.F.A. is
supported by a clinical fellowship grant (9071561) of Netherlands Orga-
nization for Health Research and Development. M.G.N. is supported by
an ERC advanced grant (833247) and a Spinoza grant of the Netherlands
Organization for Scientific Research.
for immunocompromised COVID-

19 patients who are not able to

clear the virus themselves.

INTRODUCTION

Exuberant immunopathology plays an important role in COVID-19 mortality,1 and

indeed, immunosuppressive therapy has demonstrated to improve outcome.2 How-

ever, in patients with pre-existent immunodeficiencies, replication-competent

SARS-CoV-2 may be shed well after 21 days after disease onset.3,4 Convalescent

plasma or remdesivir is used in immunocompromised patients, but has not been

shown to promote viral clearance. Our patients had conditions reducing their inter-

feron response, which is likely important for viral clearance.4 In addition, interferon-

mediated immunity is known to be impaired by COVID-19 itself.5,6 Clinical data

however failed to demonstrate positive effects of systemic interferon beta-1a in

COVID-19 patients,7 while interferon gamma has been thus far avoided due to its

potential proinflammatory effects. However, in patients with severe cellular immune
Med 2, 1163–1170, October 8, 2021 ª 2021 Elsevier Inc. 1163
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defects, therapeutic stimulation of the antiviral host defense may benefit SARS-CoV-

2 clearance.
RESULTS

Five immunocompromised COVID-19 patients were treated with adjuvant interferon

gamma, 100 mg subcutaneously, thrice weekly. The patients were monitored for

SARS-CoV-2 viral load, culture conversion (patients 1–3), and signs of

hyperinflammation.
Patient 1

A 50-year-old woman with a history of splenectomy and common variable immuno-

deficiency (Table 1) was admitted to the intensive care unit (ICU). Mechanical venti-

lation was initiated on day 22 after COVID-19 symptom onset. She had developed

an invasive pulmonary Aspergillus nidulans infection and Pseudomonas aeruginosa

pneumonia. Because of an absent SARS-CoV-2 antibody response, convalescent

plasma was administered (Figure 1) without clinical response. Five days after

admission, she was transferred to our center because of acute kidney injury and se-

vere acute respiratory distress syndrome. She developed a fulminant herpes sim-

plex stomatitis, with temporary response to acyclovir. Even though lymphocyte

counts were only moderately decreased (Table S1), the Aspergillus and herpes vi-

rus complications pointed to an impaired T helper 1 (Th1)/interferon gamma

response, in addition to her common variable immunodeficiency-related humoral

defects. SARS-CoV-2 viral load in bronchial secretion remained high after adminis-

tration of a third dose of convalescent plasma at day 44. Interferon gamma was

initiated on day 47, after which SARS-CoV-2 viral loads decreased. Virus culture

was negative at all time points tested, including a sample taken before the initia-

tion of interferon gamma treatment. Although her respiratory status improved,

she remained in need of mechanical ventilation as a result of severe ICU-acquired

weakness. She died on day 87 after she persisted in her wish to stop supportive

treatment.
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Patient 2

A 32-year-old woman using tacrolimus, mycophenolate mofetil, and prednisone

because of a renal transplantation 9months earlier, developed COVID-19 symptoms

9 days after alemtuzumab treatment of graft rejection. She was admitted with respi-

ratory distress, transient renal insufficiency, and diarrhea another 8 days later. Myco-

phenolate mofetil was stopped that day and tacrolimus at day 21 after symptom

onset. She was treated with remdesivir and convalescent plasma because of an ab-

sent SARS-CoV-2 antibody response. Mechanical ventilation was initiated when

high-flow nasal oxygen therapy failed at day 20. She was treated for a suspected bac-

terial pulmonary superinfection at day 42 and remained severely lymphopenic, with

high SARS-CoV-2 loads and no signs of clinical improvement. Interferon gamma and

a second course of remdesivir were started at day 53. Viral loads subsequently

declined and viral culture became negative. Although treated for bacteriemia with

extended spectrum beta-lactamase Klebsiella pneumoniae at day 57 and day 90,

she recovered with preserved renal function (eGFR CKD-EPI > 90 mL/min/1.73 m2)

and started weaning from mechanical ventilation through a tracheostomy tube

and was discharged at day 107. After discharge, the creatinine steadily increased,

for which a kidney biopsy was performed on day 211, showing signs of an anti-

body-mediated rejection. It cannot be excluded that this is related to the discontin-

uation of the mycophenolate mofetil and tacrolimus and the treatment with inter-

feron gamma during the hospital admission for COVID-19.
1164 Med 2, 1163–1170, October 8, 2021
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Table 1. Patient characteristics

Characteristic Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Sex female female female female female

Age at admission (years) 50 32 45 55 21

BMI (kg/m2) 19 27 18 23 19

Comorbidity

Cardiovascular disease aortic prosthesis (18 years
prior) after aortitis

no no yes no

Diabetes mellitus no no No no no

Systemic hypertension no no no no no

Pulmonary disease bronchiectasis no no bronchiectasis no

Other common variable
immunodeficiency based
on a NFKB1-mutation;
splenectomy (25 years
prior); primary sclerosing
cholangitis; recurrent
sinopulmonary infections

renal transplant (9 months
before admission)

renal transplant (1 month
before admission)

common variable
immunodeficiency;
splenomegaly; immune
thrombocytopenic
purpura; auto-immune
hemolytic anemia;
recurrent pulmonary
infections

renal transplant (15 years
before admission); Mayer
Rokitansky Mullerian duct
anomalies (MDA) type 1
GJA5 mutation

Immunosuppressive
medication

none alemtuzumab at the time of
transplantation and 9 days
prior to COVID-19 onset;
maintenance
immunosuppression with
tacrolimus mycophenolate
mofetil, and prednisone

rituximab,
immunoadsorption,
intravenous immune
globulin, and basiliximab
at the time of
transplantation;
maintenance
immunosuppression with
tacrolimus, mycophenolate
mofetil, and prednisone

none alemtuzumab 17 months
before admission;
maintenance
immunosuppression with
mycophenolate mofetil
and prednisone

Time from COVID-19
symptom onset (days)

to first hospital
admission

22 8 7 6 9

to mechanical ventilation 22 20 38 8 23

COVID-19
immunomodulatory
treatment

Dexamethasone yes no no yes yes

Prednisone no yes yes yes yes

Tocilizumab no no no yes yes

Outcome deceased following
patient-requested policy
limitations

tracheostomy; extubated;
discharged

extubated; discharged weaning through
tracheostomy; transferred
to other hospital;
extubated

extubated; discharged

BMI, body mass index.
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Patient 3

A 45-year-old woman was admitted 7 days after COVID-19 symptom onset. One

month earlier, a blood-group-incompatible renal transplantation had been per-

formed, for which she had received rituximab, immunoadsorption, intravenous im-

mune globulin, and basiliximab. She used tacrolimus, mycophenolate mofetil, and

prednisone as maintenance therapy, and immune suppression was adjusted during

admission. She developed end-stage renal failure with thrombotic microangiopathy

and tubular damage, but no signs of rejection on biopsy. Because of negative SARS-

CoV-2 serology, she received convalescent plasma at day 12. High-flow nasal oxy-

gen therapy could be stopped at day 20, and she was discharged at her own request

despite persistent requirement for oxygen therapy. At day 25, she was re-admitted

and at day 30, a suspected bacterial pneumonia was treated. On day 38, renal

replacement therapy and mechanical ventilation were initiated, a second dose of

convalescent plasma was administered, and remdesivir was started without clinical

improvement. At day 42, the persistent lymphopenia, high SARS-CoV-2 load, and

lack of clinical improvement prompted us to start interferon gamma, after which

the viral load swiftly declined and respiratory function improved. Virus culture was

negative before initiation of interferon gamma treatment and remained negative

at other time points tested. She was extubated at day 53 and discharged at day

71. Circulating cytokines did not show signs of hyperinflammation in patients 1–3

(Figure S1).
Patient 4

A 55-year-old woman with common variable immunodeficiency was admitted 6 days

after COVID-19 symptom onset and 17 days after receiving her first mRNA COVID-

19 vaccination. Mechanical ventilation was started 8 days after COVID-19 symptom

onset. She received tocilizumab and hyperimmune anti-COVID-19 intravenous

immunoglobulin (C-IVIG) at day 8 and day 9, respectively. She developed portal hy-

pertension and was treated with high-dose steroids for pulmonary fibrosis and with

acyclovir for herpes simplex virus pneumonia. Because of persistent high SARS-CoV-

2 loads, interferon gamma was initiated at day 23 after which the viral load declined.

She received a second and third dose of C-IVIG at, respectively, day 30 and day 54,

after symptom onset. Her respiratory function improved, and she started weaning

through tracheostomy at day 41. Still weaning, she was transferred to another hos-

pital on day 57.
Patient 5

A 21-year-old woman using mycophenolate mofetil and prednisone because of a

renal transplantation 15 years earlier, and who received alemtuzumab treatment

for graft rejection 17 months prior, developed COVID-19 symptoms 4 months after

asymptomatic COVID-19 and 7 days after receiving her second mRNA COVID-19

vaccination. She was admitted with renal insufficiency, metabolic acidosis, and diar-

rhea 9 days after symptom onset, and she was discharged 2 days later. At 18 days
Figure 1. Clinical course and SARS-CoV-2 viral loads

SARS-CoV-2 RNA was measured in bronchial secretions by routine PCR against the E gene,

expressed as Ct-value. Interferon gamma was administered as 100 mg subcutaneously, thrice

weekly. Convalescent plasma and C-IVIG were provided by the Dutch national blood supply

Sanquin and were administered intravenously in doses of approximately 200 mL (plasma) and 50–

100 mL (C-IVIG). Remdesivir was administered intravenously with a 200 mg loading dose, followed

by daily doses of 100 mg for four days. Tocilizumab was administered intravenously in a dose of

400 mg. Filled circles indicate time points at which virus culture was performed. Blue circles

represent samples that were virus culture positive; black circles are samples that were virus culture

negative.
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after symptom onset, she was readmitted because of renal insufficiency, metabolic

dysregulation, and diarrhea. Computed tomography (CT)-thorax showed signs of a

pneumomediastinum, and she received low-flow oxygen therapy. Prednisone was

switched for dexamethasone. Mycophenolate mofetil was stopped at 20 days after

symptom onset, and tocilizumab was administered once. Mechanical ventilation was

initiated when high-flow nasal oxygen therapy failed at day 23. Because of clinical

deterioration and persistent high SARS-CoV-2 load, interferon gamma was started

at day 23 and C-IVIG was administered at day 25. Viral loads declined and her res-

piratory function improved. She was extubated at day 34 and discharged at day

42. Her renal transplant status remained poor.
DISCUSSION

We report five critically ill immunocompromised COVID-19 patients, with persistent

failure of respiratory improvement accompanied by sustained high SARS-CoV-2 viral

loads for a prolonged period of time, despite repeated convalescent plasma or C-

IVIG administration and remdesivir as adjuvant therapy. The persistent high SARS-

CoV-2 viral loads and infectious complications suggested severe immune dysfunc-

tion in these patients. Last-resort adjuvant treatment with interferon gamma was

well tolerated, followed by a rapid decline in SARS-CoV-2 viral loads, and four pa-

tients have subsequently recovered.

Immunotherapeutic trials in COVID-19 have shown benefit of inhibition of exagger-

ated inflammation.2 However, no therapy is established to augment viral clearance,

including convalescent plasma therapy that was safely used in small series of immu-

nocompromised patients. Monoclonal neutralizing antibodies may have a role in

seronegative hospitalized patients,8 but an effect on mortality in severe COVID-19

patients later in the course of disease has not yet been shown. Remdesivir has not

demonstrated a clinical antiviral effect; thereafter, it is doubtful whether its adminis-

tration in two of our patients contributed to viral clearance. In critically ill COVID-19

cases, type I interferon pathways are impaired,6 and although these mediators are

likely important for viral clearance,4 subcutaneous interferon beta-1a was not asso-

ciated with survival benefit.7 Because of the lack of effectivity of adjuvant type I in-

terferons, and because type I interferons can have suppressive effects on Th func-

tion,9 we deemed administration of type I interferons undesirable in our patients,

as Th1 immunity was already impaired in our patients as illustrated by their Asper-

gillus and herpes simplex virus infections.

Type II interferons are less well studied in COVID-19. Although circulating concen-

trations are not altered in COVID-19 patients, the interferon gamma production

upon ex vivo stimulation is reduced,5,10 as is the interferon-gamma-responsive

gene signature in critically ill COVID-19 patients.6 Interferon gamma immuno-

therapy has been applied previously in patients with pulmonary tuberculosis11 and

pulmonary aspergillosis,12 but no published data were available for use in COVID-

19. We considered application of adjuvant interferon gamma therapy a logical

choice of last-resort therapy because of its potent immunostimulatory effects

including on tissue macrophages that are likely important for COVID-19 immunity.1

In our patients, interferon gamma administration was indeed followed by viral clear-

ance and clinical improvement in four of five patients. A theoretical adverse effect of

interferon gamma administration could be the development of hyperinflammation in

the spectrum of a macrophage activation syndrome or hemophagocytic lymphohis-

tiocytosis in which pathophysiology interferon gamma is causally involved.13 Favor-

ably though, follow-up samples showed stable concentrations of plasma C-reactive
1168 Med 2, 1163–1170, October 8, 2021
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protein, serum ferritin (Table S1), as well as monocyte-derived proinflammatory cy-

tokines involved in hyperinflammation such as interleukin-1b (IL-1b), IL-6, and IL-18.

Only the lymphocyte-stimulating IL-12 showed an increase during interferon gamma

treatment in patients 1–3, which might have contributed to viral clearance (Fig-

ure S1). No early or cell-mediated anti-allograft immunity was observed in the pa-

tients with a functioning renal allograft, but it cannot be excluded that the interferon

gamma administration played a role in the antibody-mediated rejection that was

later identified in patient 2. A series of seven renal transplant patients with invasive

fungal infections treated with adjuvant interferon gamma showed that among the

four patients with stable graft function before interferon gamma initiation, the graft

function remained stable.12 Future studies on interferon gamma immunotherapy in

COVID-19 could include patients with impaired cellular immunity caused by either

immunosuppressive medication, primary immunodeficiencies, or malignancies.

For patients with auto-immune or auto-inflammatory disorders, extra caution is war-

ranted to monitor for signs of hyperinflammation.

We thus propose interferon gamma immunotherapy as a study candidate for adju-

vant therapy in severely immunocompromised COVID-19 patients with persistent

high SARS-CoV-2 loads and lack of clinical improvement.
Limitations of the study

Inherent to a case series, limitations of the study include the small sample size of five

patients with the specific phenotype of high SARS-CoV-2 viral loads and impaired

cellular immunity. Moreover, because interferon gamma was used off-label as a

last-resort therapy instead of in a randomized setting, we cannot attribute the viral

clearance with certainty to interferon gamma immunotherapy. Lastly, functional

immunological data were not available for these patients.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Bronchial secretion from COVID-19
patients

This paper N/A

Critical commercial assays

Olink Explore 1536 platform Olink Proteomics,
Uppsala, Sweden

N/A

Experimental models: Cell lines

Vero clone E6 cells ATCC CRL-1586

Oligonucleotides

SARS-CoV-2 E gene forward primer
(E_Sarbeco_F): 50-ACAGGTACGTTA
ATAGTTAATAGCGT-30

Wölfel et al.14 N/A

SARS-CoV-2 E gene
reverse primer (E_Sarbeco_R): 50-
ATATTGCAGCAGTACGCACACA-30

Wölfel et al.14 N/A

Software and algorithms

GraphPad Prism 8.0.2 GraphPad N/A

Other

Immukine (Interferon Gamma) Clinigen Healthcare Ltd N/A
RESOURCE AVAILABILITY

Lead contact

Further information and requests should be directed to and will be fulfilled by the

lead contact, Arjan van Laarhoven (Arjan.vanLaarhoven@radboudumc.nl).

Materials availability

This study did not generate new unique reagents.

Data and code availability

This study did not generate any unique datasets or code.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Experimental model and subject details

Five female patients (age range 21-55), with impaired cellular immunity and severe

COVID-19, have been described. Additional interventions and therapies provided

to the patients have been discussed.

Ethics approval

Off-label interferon gamma immunotherapy was initiated by the responsible ICU-

physician after multidisciplinary consultation, with consent from the patients’ rela-

tives. Institutional ethic approval was therefore not sought.

Consent for publication

Written informed consent was obtained from the patients or relatives for publication

of this case series and any accompanying images. A copy of the written consent is

available for review by the Editor of this journal.

METHOD DETAILS

Patients were admitted to the ICU department and received additional treatment

before and during interferon gamma therapy as discussed. Interferon gamma
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(Immukine, Clinigen Healthcare Ltd) was administered as 100 mg subcutaneously,

thrice weekly. During interferon gamma immunotherapy, bronchial secretion was

collected every 48 hours for routine diagnostic SARS-CoV-2 RT-PCR using commer-

cially available systems targeting the E gene, and in patient 1-3 for inoculation of

Vero E6 cells using methods adapted from Wölfel et al.14 Bronchial secretion was

diluted and mixed 1:1 in viral transport medium, of which 100 ml was used to infect

Vero E6 cells, which were seeded in 24 well plates at a density of 2.5x105 cells/well.

After 1 hour, the inoculumwas replaced with 1 mL of Dulbecco’s Modified EagleMe-

dium (DMEM, GIBCO) containing 2% fetal bovine serum (Sigma), 100 mg/ml genta-

mycin (GIBCO), 2.5 mg/ml amphotericin-B (GIBCO), 100 mg/ml streptomycin and

100 U/ml penicillin (GIBCO) and culture medium was collected directly and at 48

hours and at 96 hours post infection for RNA isolation and RT-qPCR using primers

targeting the E gene,14 as described previously.15 A positive viral culture was

defined as increased levels of SARS-CoV-2 over time. Patients were monitored clin-

ically for signs of hyperinflammation and inflammatory parameters were measured

every 48 h. Circulating cytokines were measured in serum samples of patient 1-3 us-

ing the Olink Explore 1536 platform a multiplex proximity extension assay technique

(Olink Proteomics, Uppsala, Sweden) and cytokines involved in hyperinflammation

and T cell function were analyzed.
QUANTIFICATION AND STATISTICAL ANALYSIS

No statistical analyses were undertaken. GraphPad Prism version 8.0.2. was used for

graphical analysis of data.
e2 Med 2, 1163–1170.e1–e2, October 8, 2021
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