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Background: CD14+monocytes present antigens to adaptive immune cells viamonocytic
human leukocyte antigen receptor (mHLA-DR), which is described as an immunological
synapse.Reduced levels ofmHLA-DRcandisplay an acquired immunedefect,which isoften
found in sepsis and predisposes for secondary infections and fatal outcomes. Monocytic
HLA-DR expression is reliably induced by interferon- g (IFNg) therapy.

Case Report: We report a case of multidrug-resistant superinfected COVID-19 acute
respiratory distress syndrome (ARDS) on extracorporeal membrane oxygenation (ECMO)
support. The resistance profiles of the detected Klebsiella pneumoniae, Pseudomonas
aeruginosa, Acinetobacter baumannii and Citrobacter freundii isolates were equipped
with resistance to all four antibiotic classes including carbapenems (4MRGN) and
Cefiderocol in the case of K. pneumoniae. A causal therapeutic antibiotic strategy was
not available. Therefore, we measured the immune status of the patient aiming to identify a
potential acquired immune deficiency. Monocyte HLA-DR expression identified by FACS
analysis revealed an expression level of 34% positive monocytes and suggested severe
immunosuppression. We indicated IFNg therapy, which resulted in a rapid increase in
mHLA-DR expression (96%), rapid resolution of invasive bloodstream infection, and
discharge from the hospital on day 70.

Discussion: Superinfection is a dangerous complication of COVID-19 pneumonia, and
sepsis-induced immunosuppression is a risk factor for it. Immunosuppression is
expressed by a disturbed antigen presentation of monocytes to cells of the adaptive
org November 2021 | Volume 12 | Article 7538491
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immune system. The case presented here is remarkable as no validated antibiotic regimen
existed against the detected bacterial pathogens causing bloodstream infection and
severe pneumonia in a patient suffering from COVID-19 ARDS. Possible restoration of the
patient’s own immunity by IFNg was a plausible option to boost the patient’s immune
system, eliminate the identified 4MRGNs, and allow for lung recovery. This led to the
conclusion that immune status monitoring is useful in complicated COVID-19-ARDS and
that concomitant IFNg therapy may support antibiotic strategies.

Conclusion: After a compromised immune system has been detected by suppressed
mHLA-DR levels, the immune system can be safely reactivated by IFNg.
Keywords: immune response, mHLA-DR, infection, bacterial, complications, septicemia, MDR, interferon
INTRODUCTION

Acute lung injury induced by severe acute respiratory syndrome
coronavirus type 2 (SARS-CoV-2) is often complicated by the
occurrence of secondary infections (1). Despite adequate
antimicrobial treatment, bacterial clearance has been shown to
be impaired by induced acquired immunosuppression syndrome
(AIS) in acute inflammation, including in coronavirus disease
(COVID-19) (2). This AIS is characterized by an alteration in
antigen presentation for lymphocytes, which can be readily
assessed by human leukocyte antigen receptor (HLA-DR)
expression (3). A sharp decrease in monocyte human leukocyte
antigen receptor (mHLA-DR) expression was observed in
COVID-19 intensive care patients (4, 5), which was associated
with changes in interferon gene expression by SARS-CoV-2 (6,
7). Secondary bacterial infections in critically ill COVID-19
patients increase morbidity and mortality (8). We report a
COVID-19 patient suffering from pulmonary superinfection
with multiple multidrug-resistant (MDR) pathogens who was
treated with interferon-g (IFNg), resulting in a rapid increase in
mHLA-DR expression and a transient improvement in
clinical condition.
org 2
MEDICAL HISTORY

A 40-year-old patient without specific risk factors or pre-existing
comorbidities required ICU treatment for respiratory failure
related to SARS-CoV-2 infection. Despite initial treatment with
remdesivir and tocilizumab, the patient developed severe ARDS
requiring invasive ventilation on day 9 after admission. After
continued clinical deterioration, veno-venous extracorporeal
membrane oxygenation (ECMO) was implanted on day 11
before the patient was transferred to our ARDS/ECMO center.
CLINICAL COURSE

After admission to our ICU, different ventilatory modes, prone
position, neuromuscular blockade and nitric oxide were applied to
improve gas exchange. A high ECMO gas flow and output was
required (with maximum of 6.5 L/min blood flow, 9L gas flow and
1.33µg/kg/min noradrenaline on the fifth week after admission).We
performed continuous renal replacement therapy (CRRT) due to
acute kidney injury (AKI) starting at week 3 and lasting 24 days. The
longitudinal clinical course (see Figure 1) andmain immune system
FIGURE 1 | Patients clinical course from admission to our university medical center intensive care unit (ICU). Dexamethasone therapy is shown in yellow; Interferon-
y-therapy is shown in red and antibiotics are shown in blue.
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parameters (see Table 1) are shown. The diagnosis of severe sepsis
was confirmed by the detection of multiple bacterial species: four
different multidrug-resistant 4MRGN species were detected in
blood cultures (Klebsiella pneumoniae) and in tracheal fluids
(Pseudomonas aeruginosa, Acinetobacter baumanii, Enterococcus
faecalis) (see Figure 1 and Table 2).
DIAGNOSTICS

Chest radiographs and computed tomography scans revealed
severe persistent ARDS with extensive pulmonary infiltrates
(See Figure 2). The host response was assessed using standard
laboratory controls such as c-reactive protein (CRP) and
procalcitonin (PCT). The number of CD14+ monocytes and
their HLA-DR expression (33.7%) (measured by flow-
cytometry; FACS; measured on a Navios® System, Beckmann
Coulter, Brea, CA, USA) (see Table 1) was consistent with the
diagnosis of a severe immunosuppression syndrome associated
with COVID-19.
Frontiers in Immunology | www.frontiersin.org 3
INTERVENTION

The observed severe AIS and limited options for antimicrobial
therapy made IFNg a viable option for restoring immune system
function. A subcutaneous injection of 100 mcg IFNg was
administered daily for three days at week 4 and was
accompanied by clinical and flow cytometric monitoring. Prior
written informed consent was obtained from the patient’s
legal representative.
OUTCOME/RESULTS

No direct adverse effects of IFNg treatment were observed. CD14+
HLA-DR+ status showed a sharp increase in mHLA-DR after
IFNg administration (see Table 1). mHLA-DR increased to a
maximum of 96.5% after the initial IFNg treatment, followed by a
slight decrease to 82.9% at the end of the ICU stay.

As shown by the SOFA score, the patient’s clinical condition
gradually improved (see Table 1), allowing vasopressor infusion
TABLE 2 | Bacterial infections of the patient with antibiogram.

P. aeruginosa K. pneumoniae K. pneumoniae K. pneumoniae A. baumannii C. freundii
PFGE Type 1 PFGE Type 2 PFGE Type 3

4 MRGN 4 MRGN 4 MRGN 4 MRGN 4 MRGN 4 MRGN
TS NO TH RE BS TS TH RE CL BS TS TH TS TH NO TS TS TH RE

Penicillins R R R R R R
Cephalosporins R R R R R R
Carbapenems R R R R R R
Fluoroquinolones R R R R R R
Amikacin R R R R I R
Cefiderocol – R S R – –

Colistin S S S S S S
Azithromycin* R R S R R S
Cotrimoxazole R R R R R R
Fosfomycin R R R R R R
Gentamicin R R R R R R
Tetracycline* R S S S R S
Tigecycline R S S S R S
Tobramycin R R R R R R
November 2
021 | Volume 12 | Art
PFGE, pulsed-field gel electrophoresis; TS, Tracheal secretion; NO, Nose; TH, Throat; RE, Rectal; BS, Blood Stream; CL, Central Line Catheter. *no breakpoints available, only
epidemiological cut off values.
TABLE 1 | Clinical findings and laboratory markers of the patient after ICU admission in our ARDS center.

Week 1 2 3 4* 5 6 7 8 9 10 11
Days 0-7 7-14 14-21 21-28 28-35 35-42 42-49 49-56 56-63 63-70

Laboratory findings
HLA (CD3+) % 22.8 36.0 41.1 49.5 43.1
M-HLA (CD14+) % 33.7 96.5 84.3 96.9 82.5
Monocytes % 8,4
Leukocytes 103/µl 18.9 19.2 11.5 11.9 13.6 18.3 23.1 10.6 19.7 11.2 7.2
CRP mg/L 3.0 44.6 296.4 267.0 63.4 7.9
PCT µg/L 0.2 0.1 0.5 7.3 3.1 56.0 5.3 0.8 0.2 0.1 0.1
Clinical findings
SOFA 5 7 7 11 12 11 10 10 6 5 5
Norepinephrine µg/kg/min 0.11 0.12 0.67 0.15 0.15 0.12 0.48
Horowitz 166 200 250 123 110 330 330 330 353 400 420
icle 753
*Time of IFNg administration.
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to be discontinued on day 41 and ECMO therapy to be stopped
on day 49. Ventilator weaning was completed on day 68, and the
patient was transferred to the medical ward on day 70
after admission.
DISCUSSION

This case reports a 40-year-old healthy man who suffered from
severe COVID-19 ARDS that required extensive intensive
medical care. The resistance profiles of the detected invasive
bacterial species Klebsiella pneumoniae (three different pulsed-
field gel electrophoresis (PFGE) types), Pseudomonas aeruginosa,
Acinetobacter baumannii, and Citrobacter freundii left very
limited antimicrobial options, warranting an investigation of
the potential for immunomodulation by IFNg. The observed
AIS with low expression of HLA-DR in circulating monocytes
prompted us to apply IFNg therapy as in previously described
cases (9–11). This resulted in a significant increase in mHLA-DR
levels. In addition, there was a slight increase in lymphocytes
(CD3+ cells). However, HLA expression in lymphocytes has
been shown to be increased as a marker of cell activation in
COVID-19 even without prior external administration of IFNg
(12). Nevertheless, it can be assumed that the administration of
IFNg had an additional effect.

In septic patients, we have previously shown that IFNg
treatment altered the number of NK cells in the blood (10).
Although not measured in our case, a possible influence of IFNg
on the number and function of NK cells and on the resolution of
infection is conceivable (13).

There is also evidence that interferon may have an antiviral
effect. For this reason, it cannot be excluded that the viral load
was also reduced by IFNg. Indeed, one in-vitro study showed
significantly reduced viral replication in SARS-CoV. An
additional antiviral effect in-vivo in SARS-CoV-2 is therefore
possible (14).
Frontiers in Immunology | www.frontiersin.org 4
Immune stimulation by IFNg in our case was similar to that
reported previously in another infectious context and appears
to be efficient in severe COVID-19 (9–11). AIS has been
described in COVID-19 patients in the ICU, but few data on
immunostimulation have been reported to date. Overall, the level
of expression of mHLA-DR appears to be a reliable marker for the
diagnosis of sepsis-induced immunosuppression (4). Because AIS is
not always present in severe COVID-19, the syndrome must be
diagnosed by repeated monitoring of the immune system
to determine whether immunostimulation should be performed,
thus allowing individualized treatment. The usage of
immunosuppressant drugs such as dexamethasone or tocilizumab
may increase the rates of AIS encountered in COVID-19 patients.
Monitoring the immune status of COVID-19 patients is important
and should be a standard of care, as alternative treatment options
such as IFNg therapy are available.

Several case series have shown that administration of IFNg results
in a significant increase in mHLA-DR expression, improves the
ability to eliminate invasive bacterial pathogens, and in most cases
results in rapid clinical improvement (9–11). These previous reports
wereconvincingenoughtomotivate randomizedclinical trials,which
have not yet been reported. The present case is remarkable because it
is a desperate casewith six highly resistant bacterial isolates from four
differentmicrobial species invery severeCOVID-19. Immunesystem
supportwasparticularly important in thispatient for the regressionof
his severe infection and for the elimination of the bacteria. Antibiotic
therapy options were limited. For example, the bacterial strains were
resistant to sulfamethoxazole/trimethoprime and only colistin was
available as a last choice. However, it should be noted that colistin is
largelyfiltered by continuous renal replacement therapy (CRRT) and
only an inhaled formulation of this drug was available (15). It is
possible that colistin contributed to the patient’s recovery, however, it
does not explain the increased mHLA-DR levels and the rapid
clinical improvement.

MDR bacterial strains, particularly Pseudomonas aeruginosa
and Klebsiella pneumoniae, have been shown to be associated
FIGURE 2 | Chest X-ray of the patient immediately before interferon administration at week 4 (A) and after administration and clinical improvement at week 6 (B).
November 2021 | Volume 12 | Article 753849
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with unrestricted antibiotic treatment (16), with 18% of German
ICUs using prophylactic antibiotics for COVID-19 patients (17).
The misuse of antibiotics is one of the main causes of the increase
in infections with multidrug-resistant pathogens (18). In the
future, an increasing number of patients suffering from
infections with MDR pathogens can be expected. The
possibilities of immunomodulation seem to be a viable
treatment alternative for severe cases and warrant further
investigation (18).

The choice of IFNgwas based on previous experience and on the
absence of reported severe side effects. In addition, this drug has
limited immune targets on innate immune cells, which may
partially result from a deficit in IFNg secretion by lymphocytes
(10). The pharmacokinetics appear to be particularly appropriate for
patients in the intensive care unit, as the effect is measurable within
the first or second day after initiation of treatment and disappears
rapidly after discontinuation (10). The authors hope that further
research into how IFNg supports the immune system will lead to a
better understanding of the mechanisms involved, allowing for
improved individualized therapies for critically ill patients.
LIMITATIONS

This is a case report of one patient and little can be said about the
general response and overall safety of IFNg therapy.
Nevertheless, there are case reports concerning patients
suffering from COVID-19 confirming our successful treatment.
To improve the quality of this report, we have edited and
presented the report according to the CARE criteria (see
Equator Network) (19).
CONCLUSION

A compromised immune system can be detected by measuring
mHLA-DR expression. With the administration of IFNg,
mHLA-DR expression on monocytes was restored without
severe side effects. This is particularly important regarding the
fact that antibiotic therapy is not possible under certain
circumstances. Supporting the body’s own defenses thus
represents an additional or, if necessary, alternative option for
eliminating infectious agents. However, we would like to point
out that further studies on this therapy are needed.
Frontiers in Immunology | www.frontiersin.org 5
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