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Abstract

Background: The clinical presentation of severe acute respiratory syndrome coronavirus-2 infection is highly variable
from asymptomatic infection to fulminant disease. The reasons for the variation are only starting to unravel, with risk
factors including age and certain comorbidities as well as genetic defects causing immunological perturbations in the
interferon pathways.

Case presentation: We report the case of an otherwise healthy Caucasian man, who at ages 60 and 64 years suf-
fered from severe HIN1 influenza virus infection and severe acute respiratory syndrome coronavirus-2 infections,
respectively. In both cases, there were acute kidney impairment and the need for intensive care unit admission as
well as mechanical ventilation. Fortunately, after both infections there was full clinical recovery. The severity of the
infections indicates an underlying impairment in the ability to control these kinds of infections. Challenge of patient
peripheral blood mononuclear cells showed impaired type | and lll antiviral interferon responses and reduced inter-
feron-stimulated gene expression. However, despite investigation of patient samples by whole exome sequencing
and enzyme-linked immunosorbent assay, no known disease-causing genetic variants related to interferon pathways
were found, nor were interferon autoantibodies demonstrated. Thus, any underlying immunological cause of this
unusual susceptibility to severe viral infections remains unresolved.

Conclusion: The patient experienced very similar severe clinical pictures triggered by HIN1 and severe acute respira-
tory syndrome coronavirus-2 infections, indicating an underlying inability to contain these infections. We were unable
to show that the patient had any of the currently known types of immune incompetence but identified genetic
changes possibly contributing to the severe course of both infections. Further analyses to delineate contribution fac-
tors are needed.
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Introduction
The clinical course of coronavirus disease 2019 (COVID-
19) is highly variable. The reasons behind this are only
, , now starting to be elucidated. Several clinical risk fac-
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2]. Furthermore, it has recently been shown that genetic
defects in the toll-like receptor (TLR)-3 and -7 depend-
ent type I interferon (IFN) pathway as well as IFN
autoantibodies are highly enriched among patients with
life-threatening COVID-19 [3-5]. Here, we report an
otherwise healthy man who, with an interval of 4 years,
suffered first fulminant HIN1 and later severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infections, with full recovery after both, indicating an
underlying weakness in the defense against these types
of viral infections. Severe COVID-19 among individuals
with prior fulminant viral infection(s) has, to our knowl-
edge, not previously been reported.

Case description

A 64-year-old Caucasian man was admitted to a hospi-
tal in Copenhagen, Denmark with hematuria on 7 March
2020. Within one day of admission, he became febrile
with respiratory symptoms interpreted as nosocomial
pneumonia. Four days later, the patient was discharged
with moxifloxacin scheduled for a follow-up transure-
thral prostatectomy. The patient was, however, readmit-
ted with worsening respiratory symptoms on 13 March.
Only then was he tested for SARS-CoV-2 by polymerase
chain reaction (PCR) and tested positive. At admission,
the patient had elevated inflammation markers: C-reac-
tive protein of 231 mg/L (<10 mg/L), slight neutro-
philic leukocytosis of 8,7/10,3 x 10°/L (3.5-8.8 x 10°/L),
and elevated lactate dehydrogenase of 526 U/L (105—
205 U/L). Procalcitonin was not measured at admis-
sion but was elevated at 2.31 (<50 pg/L) 4 days later.
X-ray on 14 March showed bilateral infiltrates (Fig. 1).
Due to respiratory deterioration, the patient was soon
after transferred to the intensive care unit (ICU) with a
sequential organ failure assessment (SOFA) score of 4
and an O, requirement of 15 L. He rapidly deteriorated
with hypoxic respiratory failure and needed mechanical
ventilation (Drager V500, PS). One day later, extracor-
poreal membrane oxygenation (ECMO) was initiated
and maintained for 6 days; during ECMO treatment the
patient was heparinized. Subsequently, the patient was
again placed on mechanical ventilation (highest p pla-
teau 14 cm H,0O, PS) for 3 days. After extubation, the O,
requirement steadily decreased, and no oxygen treatment
was needed for the last 3 days of hospitalization. Neither
steroids nor tocilizumab were given, as these treatments
were not implemented as part of COVID-19 treatment at
the time. Total duration of stay at the ICU and hospital
was 12 and 24 days, respectively. During the COVID-
19 infection, the patient developed kidney impairment
with a maximum creatinine of 302 (reference 60-105)
umol/L. Within the following months, the patient recov-
ered completely and was able to resume work full-time.

Page 2 of 8

Fig. 1 Chest X-ray obtained 1 day after readmission and diagnosis of
SARS CoV-2 infection

Five months post-COVID-19, the lung diffusion capacity
for carbon monoxide (D ) was mildly impaired (64% of
predicted), while ventilation capacity was normal (forced
expiratory volume in the first second 120% predicted,
forced vital capacity 112% predicted, and total lung
capacity 90% predicted) and respiratory muscle strength
was normal (maximum expiratory and inspiratory pres-
sure 72% and 100% predicted, respectively).

Interestingly, 4 years prior, the patient had experi-
enced a very similar clinical and radiological picture
(Table 2, Fig. 2a) due to an HIN1 infection requir-
ing 5 weeks of hospital admission including ICU stay,
mechanical ventilation, and dialysis. The patient had in
the intervening period been without significant health
problems except for known prostate hypertrophy and
palpitations and marginally increased blood pres-
sure treated with beta blockers. A CT scan had been
performed at a follow-up post-HIN1 outpatient visit
(Table 1). The findings included ground-glass opacities
(GGO), reticulations, and traction bronchiectasis with
an upper region dominance (Fig. 2A). No further scans
were available prior to the patient being diagnosed with
COVID-19. A CT scan 1 month after onset of COVID-
19 revealed a large extent of GGO in both upper and
lower regions. There was volume loss and bronchiecta-
sis, all suggesting ongoing infection and inflammation
with a component of organizing pneumonia (Fig. 2B).
Five months after onset of COVID-19 symptoms, there
was marked improvement, almost to the level of post-
HINI infection (Fig. 2C).
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Fig.2 A CT scan at the end of the HIN1 infection with ground-glass opacities, reticulations, and traction bronchiectasis with upper region
dominance. B CT scan 1 month after onset of COVID-19 infection showing a large extent of ground-glass opacities in both upper and lower regions,
with a sparring of the subpleural regions. There is volume loss and bronchiectasis, all suggesting ongoing infection and inflammation with a
component of organizing pneumonia. C CT scan 5 months after COVID-19 onset with almost normalization to the level of post-H1N1 infection

Severe infection with HIN1 and SARS-CoV-2 have
both been associated with genetic variants impairing the
signaling pathways inducing type I IEN [3, 4]. We there-
fore investigated the patient’s ability to mount an innate
immune response upon viral infection. PBMCs from P1

and healthy controls were infected with SARS-CoV-2 at
a multiplicity of infection (MOI) of 0.5 for 24 hours, and
the induction of IFNs and proinflammatory cytokines
was measured in the supernatants. PBMCs from P1 dem-
onstrated significantly impaired production of both type
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Table 1 Timeline
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Date of admission Duration of admission, Diagnosis SARS CoV-2 PCR positive X-ray/CT scans
days

26 December 2015 36 HIN1

27 March 2016 Follow-up post-H1N1 CT-scans
(Fig. 2A)

7 March 2020 4 Hematuria, febrilia Not done

13 March 2020 24 COVID-19 - CT-scans
(Fig. 2B)

14 March 2020 COVID-19 X-ray (Fig. 1)

12 August 2020 Follow-up post-COVID-19 CT-scans
(Fig. 20)

I and III IFNs (Fig. 3A-C), whereas the production of
IFNy was significantly increased compared with healthy
controls (Fig. 3D). Patient PBMCs also exhibited signifi-
cantly decreased CXCL10 levels in response to infection
(Fig. 3E). Finally, of the three proinflammatory cytokines
measured, only tumor necrosis factor alpha (TNFa) was
significantly increased, as both interleukin 6 (IL-6) and
IL-1P were expressed at levels comparable to the controls
(Fig. 3F-H).

Despite the deficient type I and III IFN responses,
genetic testing by whole exome sequencing for the
recently reported disease-causing genetic mutations
within the IFN signaling pathway [3, 4] was negative (see
below). Additional rare gene variants with a high predic-
tion for deleteriousness/disease-causing potential are
presented in Table 2.

Finally, presence of IFN autoantibodies has been dem-
onstrated in plasma from up to 10% of cases with severe
COVID-19 [4], thereby functionally impairing IFN activi-
ties, in the absence of disease-causing genetic variants.
However, investigation for autoantibodies against IFNa
or IFNw in patient plasma by ELISA did not reveal the
presence of such autoantibodies (data not shown).

Discussion

We report the case of a man who, at ages 60 and 64 years,
suffered severe HIN1 and SARS-CoV-2 infections,
respectively, in both cases with acute kidney injury and
requirement for mechanical ventilation. Both prior to the
HINI infection and pre- and post-COVID-19, the patient
was without respiratory complaints and, if any, only mar-
ginal, renal impairment. Lung function test 5 months
post-COVID-19 was with slightly reduced D - at 64% of
expected, while FEV1 and FVC were at 120% and 112%
of predicted, respectively. Among the post-COVID-19
lung function test impairments most often reported is
reduced D g [6, 7], in line with the findings in the cur-
rent case. The radiological findings were also in line with
those reported in the literature [8, 9].

The reason why this otherwise healthy man was so
severely affected by these viral infections is currently
undetermined. Infection of patient PBMCs with SARS-
CoV-2 in vitro demonstrated significantly impaired type
I and III IEN as well as CXCL10 responses, which may
have resulted in impaired ability to clear the infection.
Unfortunately, we were not able to couple the impaired
responses with genetic variants in any of the IFN path-
way susceptibility genes previously reported, includ-
ing IRF3, IRF7, IRF9, TLR3, TRIF, TRAF3, UNC93,
TBK1, IFNAR1, STAT1, and STAT2 [3]. We did, how-
ever, identify variants in other genes that could poten-
tially be of relevance (Table 2), although these were not
functionally validated, therefore leaving a potential link
to the disease presentation uncertain.

Most likely, further inborn errors of immunity and/
or acquired traits will be identified as explanations for
the highly variable clinical course among individuals
infected with SARS CoV-2.

The contribution to COVID-19 case severity
impacted by various immunodeficiencies is largely
unresolved. It has been debated whether certain immu-
nodeficiencies might paradoxically protect against
severe disease [10]. A British study found an overall
negative effect of immunodeficiencies, with second-
ary immunodeficiencies resulting in worse clinical
courses relative to primary immunodeficiencies [11].
Other studies have also found certain immunodeficien-
cies predisposing to more severe disease [12]. Further
unraveling of the interplay between the various types of
immune incompetence and clinical course of COVID-
19 will most likely further our understanding of both
the pathogenesis of SARS CoV-2 and the functioning of
the various components of our immune system.

It is reassuring that even patients suffering from full-
blown infections (in casu to HIN1 and SARS CoV-2)
can fully recover. However, the requirement for ICU
treatment for these individuals, for which access is lim-
ited or lacking in many countries highly affected by the
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using Mann-Whitney test. *p < 0.05, **p < 0.01, ns nonsignificant
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Fig. 3 Cytokine responses in patient PBMCs upon SARS-CoV-2 infection. A-H Patient (P1) and control PBMCs (C1-5) were left untreated (UT) or
infected with SARS-CoV-2 at a MOI of 0.5 for 24 hours. Induction of IFNs and proinflammatory cytokines was measured in supernatants by U-PLEX
Meso Scale Technology. The experiment was performed once, but all stimulations were done in triplicate. Statistical differences were calculated

current COVID-19 pandemic [13, 14], is worrisome.
Hopefully, potent vaccines [15, 16] and treatments will
soon be widely available, minimizing the need for ICU
treatment.

Patient perspective

The patient reported satisfaction with the treatment
received during admission for COVID-19 and during
follow-up.

Conclusion

We report a case where a patient experienced very simi-
lar severe clinical pictures triggered by HIN1 and SARS-
CoV-2 infections, indicating an underlying inability to
contain these infections. We were unable to show that the
patient had any of the currently known types of immune
incompetence but identified genetic changes possibly
contributing to the severe course of both infections.
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Materials and methods

PBMC purification

PBMCs were purified from heparinized blood by Ficoll
density centrifugation. Isolated PBMCs were stored in
liquid nitrogen until further use. PBMCs were cultured
in Roswell Park Memorial Institute (RPMI) medium
with 10% heat-inactivated fetal bovine serum and 1%
penicillin—streptomycin.

DNA isolation

DNA was isolated from ethylenediaminetetraacetic
acid (EDTA)-blood using the QIAamp DNA Blood
Mini Kit (Qiagen, 51104).

Whole exome sequencing analysis
Whole exome sequencing was performed as previously
described [17]. Variants were kept only if minor allele
frequency < 0.1%, CADD > 15. Loci associated with
severe COVID-19 described by Zhang et al. [3] were
included in the variant filtering.

SARS-CoV-2 infection

Patient and control PBMCs were seeded in 96-well
plates (500,000 per well), rested overnight, and subse-
quently infected with SARS-CoV-2, strain FR-4286, at
an MOI of 0.5 for 24 hours. Supernatants were har-
vested, inactivated with 0.4% Triton-X-100 at a ratio of
1:1 for 30 minutes, and stored at — 80 °C until further
use.

Meso Scale

Cytokine expression was measured in supernatants from
SARS-CoV-2-infected PBMCs by U-PLEX Meso Scale
assays detecting IFNa2a, IFNP, IFNy, IFNA1, TNFaq,
IL-1pB, L-6, and CXCL10 (K15067L-2, MSD) according to
the manufacturer’s instructions.

IFN autoantibodies

IEN autoantibodies were measured in plasma as previ-
ously described [4]. Briefly, ELISA plates were coated
with 1 pg/mL IFNa (130-093-874, Miltenyi Biotec) or
IFNo (BMS304, Invitrogen) overnight at 4 °C followed
by blocking in 5% skimmed milk. Plasma samples were
diluted 50x in high-performance ELISA (HPE) buffer
(M1940, Sanquin) before incubation on the plates. Bound
autoantibodies were detected with horseradish peroxi-
dase (HRP)-conjugated goat anti-human IgG IgA IgM
(GAHu/Ig(Fc/PO, Nordic-MUbio) and HRP substrate
SureBlue KPL (5120-0077, SeraCare).
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Statistics

Experiments were performed once due to limited patient
material, but all stimulations were done in triplicate. Sta-
tistics were calculated using Mann—Whitney test.
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