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Summary

OBJECTIVES: Patients with severe COVID-19 may be at
risk of longer term sequelae. Long-term clinical, immuno-
logical, pulmonary and radiological outcomes of patients
treated with anti-inflammatory drugs are lacking.

METHODS: In this single-centre prospective cohort study,
we assessed 90-day clinical, immunological, pulmonary
and radiological outcomes of hospitalised patients with se-
vere COVID-19 treated with tocilizumab from March 2020
to May 2020. Criteria for tocilizumab administration were
oxygen saturation <93%, respiratory rate >30/min, C-re-
active protein levels >75 mg/l, extensive area of ground-
glass opacities or progression on computed tomography
(CT). Descriptive analyses were performed using StataIC
16.

RESULTS: Between March 2020 and May 2020, 50 (27%)
of 186 hospitalised patients had severe COVID-19 and
were treated with tocilizumab. Of these, 52% were hos-
pitalised on the intensive care unit (ICU) and 12% died.
Eleven (22%) patients developed at least one microbiolog-
ically confirmed super-infection, of which 91% occurred on
ICU. Median duration of hospitalisation was 15 days (in-
terquartile range [IQR] 10–24) with 24 days (IQR 14–32)
in ICU patients and 10 days (IQR 7–15) in non-ICU pa-

tients. At day 90, 41 of 44 survivors (93%) were out-
patients. No long-term adverse events or late-onset in-
fections were identified after acute hospital care. High
SARS-CoV-2 antibody titres were found in all but one pa-
tient, who was pretreated with rituximab. Pulmonary func-
tion tests showed no obstructive patterns, but restrictive
patterns in two (5.7%) and impaired diffusion capacities for
carbon monoxide in 11 (31%) of 35 patients, which pre-
dominated in prior ICU patients. Twenty-one of 35 (60%)
CT-scans at day 90 showed residual abnormalities, with
similar distributions between prior ICU and non-ICU pa-
tients.

CONCLUSIONS: In this cohort of severe COVID-19 pa-
tients, no tocilizumab-related long-term adverse events or
late-onset infections were identified. Although chest CT
abnormalities were highly prevalent at day 90, the majority
of patients showed normal lung function.

Trial registration: ClinicalTrials.gov NCT04351503

Introduction

Dysregulated inflammatory response during severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) infec-
tion was recognised as major cause of disease severity and
death in patients with COVID-19 [1]. Anti-inflammato-
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ry drugs appear to be effective. Dexamethasone was as-
sociated with a reduced mortality among patients receiv-
ing either invasive mechanical ventilation or oxygen alone
[2]. However, previous data with corticosteroid treatment
for severe acute respiratory syndrome 1 (SARS-1), Mid-
dle Eastern respiratory syndrome (MERS) and influenza
infections showed increased risk of delayed viral clearance
and long-term complications in survivors [3]. Tocilizum-
ab, an interleukin (IL)-6 receptor antagonist, was suggest-
ed to improve 28-day outcome in patients with severe
COVID-19 in nonrandomised trials [4–7]. Early ran-
domised trials were controversial with respect to mortality
but showed a significant decrease of mechanical ventila-
tion incidence and/or intensive care unit (ICU) admission
in patients with severe COVID-19 [8–10]. Only recently,
the addition of tocilizumab in patients pretreated with dex-
amethasone and admitted to the ICU before organ dysfunc-
tion demonstrated increased survival [11, 12].

Short-term benefits of anti-inflammatory treatment may
be outweighed by an increased risk of late-onset compli-
cations; however long-term follow-up data of COVID-19
patients treated with anti-inflammatory drugs are lacking.
Moreover, data on the development of pulmonary fibrosis,
which was previously suggested for other coronavirus in-
fections such as SARS-1, particularly in ICU patients as
a substantial long-term consequence of COVID-19 related
pneumonia are lacking [13].

In this study, we assessed the 90-day clinical, immunolog-
ical, pulmonary and radiological outcome of patients with
severe COVID-19 treated with tocilizumab.

Methods

Study design and participants
This was a prospective single-centre cohort study of clini-
cal, immunological, pulmonary and radiological data rou-
tinely collected at day 90 after treatment with tocilizumab.
The results are reported according STROBE (Strengthen-
ing the Reporting of Observational Studies in Epidemi-
ology). The study was approved by the Ethikkommission
Nordwest- und Zentralschweiz, Switzerland (Project-ID
2020-00769) and registered at ClinicalTrials.gov
(NCT04351503).

All patients with SARS-CoV-2 infection confirmed by re-
verse transcriptase polymerase-chin reaction (RT-PCR)
testing admitted to the University Hospital Basel, Switzer-
land, from 16 March to 3 May 2020 and treated with
tocilizumab according to the internal therapy protocol were
enrolled [14, 15]. Patients who did not meet the criteria
for tocilizumab were discharged or referred to other in-
stitutions within 48 hours, and patients who died within
12 hours after admission or refused general informed con-
sent were excluded. We could not include a suitable control
group because of the limited number of patients and the
large differences in prognostic factors as well as clinical
course, and disease severity of patients who had not re-
ceived tocilizumab (see supplementary table S1 in the ap-
pendix). Therefore, we omitted a propensity score-matched
analysis.

Definitions and treatment
The disease severity was defined according to the World
Health Organization (WHO) ordinal scale [16]. All hos-
pitalised patients received for the treatment of COVID-19
lopinavir/ritonavir for 5–7 days concomitant with hydrox-
ychloroquine for 3 days if no contraindications were pre-
sent. Mechanically ventilated patients were enrolled into
the Expanded Access Program Remdesivir®

(NCT04323761). One or two doses of tocilizumab at 8 mg/
kg bodyweight were administered if criteria of hyperin-
flammation were met: oxygen saturation <93% on room
air, respiratory rate >30 /min, C-reactive protein serum
levels >75 mg/l, progression of typical radiological find-
ings within 24–48 hours or ≥4 lobes involved on computed
tomography (CT) [4]. Contraindications for tocilizumab
treatment were elevated liver enzymes (>5-fold) or ongo-
ing bacterial infection.

The primary outcome was the 90-day safety of tocilizumab
in patients with severe COVID-19. Unfavourable outcome
was defined as occurrence of adverse events (alanine
aminotransferase >150U/l, thrombocytopenia <50,000 G/
l, neutropenia <0.5 G/l) and infections up to day 90 after
treatment. Secondary outcomes were pulmonary, radiolog-
ical and immunological status, assessed at day 90.

Our hypothesis was that tocilizumab is safe and no long-
term adverse events or increased number of infections
would occur in patients treated with tocilizumab. The ef-
ficacy of the tocilizumab treatment could not be assessed
owing to the lack of a control group.

All patients were followed up for 90 days for WHO ordinal
scale of clinical improvement, adverse events and infec-
tious complications. Patients discharged from hospital
were followed up on day 30 and 90 in the out-patient clin-
ic. On day 90, patients seen in the outpatient clinic were
additionally tested for inflammatory and immunological
markers in serum and had a CT scan. Pulmonary function
tests were considered abnormal if they were <80% of the
predicted values, FEV1/FVC (forced expiratory volume in
1 second / forced vital capacity) was considered abnor-
mal if <70% [17]. SARS-CoV-2-specific serum IgG titres
were determined using two enzyme-linked immunosorbent
assays (ELISAs) against the S1-domain of the 155-spike
protein (Euroimmun) and the nucleocapsid (N) antigen
(Elecsys, Roche) [14]. A vesicular stomatitis virus-based
pseudo-neutralisation assay was performed as previously
published [18].

Data collection
Clinical, laboratory and radiological data were systemat-
ically collected and entered in the study database during
hospitalisation and on day 90. At day 90, all patients were
scheduled for a medical check-up followed by prespecified
laboratory testing, a CT scan and pulmonary function tests.
For patients who were either in rehabilitation or living at
distance, telephone interviews with the patient or the treat-
ing physician were performed.

Statistical analysis
Chi-square, Fisher exact, and the Wilcoxon rank sum test
were applied, as appropriate. Analyses were performed us-
ing StataIC 16. All statistical tests were two-tailed and con-
sidered to be significant if p <0.05.
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Results

From 26 February to 3 May 2020, 221 patients were hospi-
talised with COVID-19 at the University Hospital of Basel,
a tertiary teaching hospital (fig. 1). Of these, 50 patients
(23%) were eligible for treatment with tocilizumab. Twen-
ty-two of 50 patients (44%) patients received one and 28
(56%) two doses of tocilizumab a median of 2 days (IQR
1–4) after hospital admission and 10.5 days (IQR 7–13) af-
ter symptom onset.

Patients had a median age of 60 years (IQR 50–70) and
42 (84%) were male. Median body mass index (BMI) was
29 kg/m2 (IQR 25.2–31.8) and 32 patients (64%) had at
least one comorbidity. At admission, 38 patients (76%)
required supplemental oxygen (WHO ordinal scale score
≥4) and all patients showed ground-glass opacities on CT
scan (table 1). In total, 46 (92%) patients received antiviral
treatment with lopinavir/ritonavir and 7 (14%) with remde-
sivir. Overall, 24 patients (48%) remained on the medical
ward during hospitalisation. Twenty-six patients (52%)
were admitted to ICU, 19 (73%) at admission and 7 a
median of 3.7 days (IQR 2–4) after admission. Baseline
characteristics regarding age, gender, comorbidities and
BMI did not differ between ICU and non-ICU patients.
Of 26 ICU patients, 24 (92%) were classified as critical
COVID-19 requiring mechanical ventilation and 14 (54%)
developed severe acute respiratory distress syndrome
(ARDS). Two patients received additional steroid treat-
ment. Thromboembolic events were diagnosed in nine pa-
tients (18%), of whom eight were on ICU. Median duration
of hospitalisation was 15 days (IQR 10–24), with 24 days
(IQR 14–32) in ICU patients and 10 days (IQR 7–15) in
non-ICU patients (p <0.001).

Figure 1: Profile of SARS-CoV-2 patients’ enrolment and follow-up
visits.Of the 221 patients hospitalised with COVID-19 in the initial
phase of the pandemic at our hospital, 50 were treated with
tocilizumab. * Patients admitted to the intensive care unit (ICU) at
any time point during hospitalisation. § Nine patients admitted to
the intensive care unit (ICU) did not receive tocilizumab because
of elevated liver enzymes (1/9), ongoing acute infection (3/9), ICU
admission due to other reasons than COVID-19 (3/9), not yet es-
tablished as COVID-19 treatment (1/9) or patient’s will (1/9). Clini-
cal outcome based on the WHO ordinal scale was recorded on
day 90 (n = 44) for all surviving patients treated with tocilizumab.
Clinical, immunological and pulmonary outcomes on day 90 were
evaluated in 35 of 44 surviving patients, respectively.

C-reactive protein serum levels increased significantly
from hospital admission (98.2 mg/l, IQR 40.1–150.3) to
time of tocilizumab administration (136.6 mg/l, IQR
107.0-204.9; p <0.001). At tocilizumab administration,
median IL-6 serum levels were 97.6 ng/l (IQR 70.4–144.8)
and absolute lymphocyte counts 0.7 G/l (IQR 0.5–1.0).
IL-6 serum levels were significantly higher in ICU than
in non-ICU patients at tocilizumab administration (p =
0.017), whereas C-reactive protein and absolute lympho-
cyte counts were similar in the two groups. All inflam-
matory markers normalised in all patients by day 30. Ab-
solute lymphocyte counts were >1 G/l and absolute CD4
T-cell counts >500 cells/µl in all patients on day 30. SARS-
CoV-2 load in a nasopharyngeal swab was measured in
42 patients, with a median of 107,000 copies/ml (IQR
17,800–3,080,775) at tocilizumab administration, and de-
creased on day 7 in ICU and non-ICU patients to a median
of 2300 copies/ml (IQR 1000–22,150) (fig. 2).

At day 90, 44 (88%) of the 50 patients receiving tocilizum-
ab were alive. Thirty-five patients (70%) were seen in the
outpatient clinic and nine (18%) were contacted by phone.
Twenty-seven patients (54%) reported no limitation of ac-
tivities and 14 (28%) some limitation of general activ-
ities. Three patients were still hospitalised and required
supplemental oxygen. Six patients (12%) were deceased,
five during acute hospitalisation and one 40 days after dis-
charge due to an underlying haematological disease. The
WHO ordinal scale score differed significantly between
prior non-ICU and ICU patients on day 90 (p = 0.005)
(table 2).

Regarding the primary outcome, transient alanine amino-
transferase levels >150U/l were recorded in 12 patients
(24%) and severe thrombocytopenia <50,000 G/l in 2 pa-
tients (4%) with similar distributions among ICU and non-
ICU patients during acute hospital care. By day 90, blood
cell counts and liver enzymes were in the normal range in
all patients. No gastrointestinal perforation was recorded.

Regarding secondary outcomes, 11 (22%) patients had at
least one microbiologically confirmed super-infection dur-
ing acute hospital care, of which 10 (91%) were diagnosed
in ICU patients. By day 90, no further microbiologically
confirmed infection or use of antibiotics were reported.

Pulmonary function tests showed no obstructive patterns,
but a restrictive pattern in 2 (5.7%) and impaired diffusion
capacity for carbon monoxide (DLCO) in 11 (31%) of
35 patients. The DLCO was lower in prior ICU patients
than non-ICU patients (p = 0.049). One prior ICU patient
showed a reduced DLCO as well as total lung capacity
(TLC).

CT scans showed residual abnormalities in 21 of 35 pa-
tients (60%), 7 of whom also had signs of fibrosis (fig. 3),
with similar distributions between ICU and non-ICU pa-
tients and no correlation to pulmonary function tests. No
pulmonary embolism or further thromboembolic events
occurred after acute hospital care.

Specific antibodies to the SARS-CoV-2 nucleocapsid and
recombinant S1 antigens were positive in all but one pa-
tient. This patient was treated with rituximab prior to
SARS-CoV-2 infection. Virus-neutralising antibodies
showed high neutralising capacity (≥1:40 pseudotype virus
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Table 1: Baseline characteristics and underlying comorbidities of patients treated with tocilizumab.

All (n = 50)

Demographics

Gender

– Male 42 (84)

– Female 8 (16)

Ethnicity

– Caucasian 37 (74)

– Asian 9 (18)

– African 3 (6)

– Hispanic 1 (2)

Age, years 60 (50–70)

Comorbidities

Hypertension 32 (64)

Diabetes 11 (22)

Chronic lung disease 6 (12)

– Chronic obstructive pulmonary disease 2 (4)

– Bronchial asthma 4 (8)

Ischaemic heart disease 10 (20)

Chronic kidney disease 6 (12)

Autoimmune disease 2 (4)

HIV infection 2 (4)

Body-mass index (kg/m2) 29·4 (25·2–31·8)

Former or current smoking 18 (36)

Clinical presentation and disease severity

Days from onset of symptoms to hospital admission 8 (5–10)

– Fever 37 (76)

– Shortness of breath 39 (78)

– Cough 41 (82)

– Diarrhoea 13 (26)

– Confusion 3 (6)

WHO ordinal scale score at hospital admission

3. Hospitalised, no oxygen therapy 12 (24)

4. Hospitalised, oxygen by mask or nasal prongs 22 (44)

5. Hospitalised, non-invasive ventilation or high-flow oxygen 10 (20)

6–7. Hospitalised, mechanical ventilation ± additional organ support 6 (12)

Laboratory diagnostics

Lymphocytes (109/l) 0.7 (0.5–1.1)

Neutrophils (109/l) 4.9 (3.5–7.2)

C-reactive protein (mg/l) 91.6 (34.9–150.3)

Serum creatinine (µmol/l) 85.0 (67.2–104.5)

Estimated glomerular filtration rate (ml/min) 83.0 (62.8–98.2)

D-dimer (mg/l) 0.8 (0.5–1.2)

Ferritin (µg/l) 1083.5 (544.5–2319.8)

Lactate dehydrogenase (U/l) 361.5 (269.2–478.2)

Interleukin-6 (ng/l) 97.7 (76.5–194.5)

Treatment for COVID-19

Lopinavir/ritonavir 46 (92)

Hydroxychloroquine 37 (74)

Remdesivir 7 (14)

Convalescent plasma 7 (14)

Steroids 2 (4)

Imaging

Abnormal CT scan 50 (100)

– Ground glass opacities 49 (100)

– Reticular interstitial pattern 36 (73)

– Crazy paving appearance 27 (55)

– Air space consolidation 31 (65)

– Bronchial wall thickening 16 (33)

– Bilateral involvement 43 (88)

– Five lobes involvement 36 (73)

– Peripheral distribution 38 (78)

CT = computed tomography; HIV = human immunodeficiency virus, Data are n (%) or median (interquartile range).
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neutralisation dose 50% (PVND50); median 1:480
PVND50 (IQR 300–1280) in all but this one patient.

Discussion

In this prospective cohort study, more than 90% of sur-
vivors treated with tocilizumab for severe and critical
COVID-19 were outpatients and more than half reported
no limitation of activities 90 days after diagnosis. No pa-
tient developed tocilizumab-related adverse events or in-
fectious complications within 90 days from tocilizumab
administration. Despite tocilizumab treatment, rapid viral
clearance at day 7 and normal lymphocyte counts and
subset profiles at day 30 were recorded. High SARS-
CoV-2-specific antibody titres as well as virus-neutralising
serum antibodies were detected in all but one patient at day
90. Importantly, two thirds of patients had a complete re-

covery of their pulmonary function, although 60% of pa-
tients still showed some abnormalities on chest CT scans.

We observed high numbers of in-hospital bacterial infec-
tions and one pulmonary fungal infection, which were all
except for one restricted to ICU patients. Although large
observational cohort studies have reported high rates of
super-infections in SARS-CoV-2-infected patients treated
with tocilizumab, randomised controlled trials and a recent
meta-analysis could not substantiate these findings [5, 6,
9]. This suggests that in-hospital infections may not be re-
lated to the use of tocilizumab, but are rather the conse-
quence of the illness severity and ICU admission.

Despite the potentially increased risk of serious bacterial
infections under treatment with tocilizumab in patients
with chronic inflammatory disorders [19], we could not
identify any late-onset or opportunistic infection after dis-
charge from acute hospital care. In parallel, quantitative

Figure 2: The course of laboratory markers over time from treatment initiation in intensive care unit (ICU) and non-ICU patients.The course of
(A) interleukin (IL)-6, (B) C-reactive protein, (C) absolute lymphocyte counts, (D) severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) load in nasopharyngeal swabs. Dotted lines represent the individual courses of inflammatory markers and absolute lymphocytes over
30 days and SARS-CoV-2 loads in nasopharyngeal swabs over 14 days from treatment initiation in ICU (red line, n = 26) vs non-ICU (blue
line, n = 24) patients. Black solid lines represent the reference values.
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cellular immune responses appeared normal by day 90.
High levels of SARS-CoV-2 N protein and S1 domain of
the spike protein antibodies including high titres of pro-
tective virus-neutralising serum antibodies were detectable
by day 90. Robust and rapid humoral response under
tocilizumab has been previously reported after vaccination
in patients with rheumatoid arthritis and in a comparative
unmatched analysis from 138 patients with COVID-19 in-
cluding 76 patients treated with tocilizumab [20, 21]. One
reason for higher odds of infections in patients with
rheumatic diseases may be attributable to the underlying
disease, additional combinatory immune suppressive treat-
ments and long-term exposure to IL-6 receptor antagonists.
Further investigations are required to evaluate the risk of
opportunistic and serious infections in patients receiving
tocilizumab or other anti-inflammatory drugs in the con-
text of COVID-19.

Two recent studies have assessed pulmonary sequelae in
surviving ICU patients with ARDS secondary to
COVID-19. Both studies found around 80% of patients
with a DLCO <80%, 30–50% of patients with TLC <80%
and CT scan abnormalities in 70–90% of patients, with fi-
brotic patterns in up to 90% [22, 23]. Patients with more
severe findings on chest CT had worse pulmonary func-
tion. In contrast, only a third of the patients in our cohort
showed impaired pulmonary function tests at day 90 in

spite of a high percentage of ARDS and a high percentage
of CT abnormalities. Similarly to our findings, a recent
study including patients with moderate COVID-19 disease
observed radiological abnormalities in 71% of patients
without correlation to the pulmonary function at day 90
[24]. Further studies are needed to elucidate the role and
timing of pulmonary function tests and CT scans to assess
pulmonary outcome after COVID-19.

The limitations of this study include its single-centre de-
sign, the relatively small number of patients and the ab-
sence of a control group or randomisation to assess the
clinical effectiveness of tocilizumab. A strength of this
study is the comprehensive longitudinal long-term in-
depth analysis assessing more than 75% of all severe to
critically ill COVID-19 patients treated in our centre dur-
ing the first COVID-19 wave.

In conclusion, we did not observe any specific signals in-
dicating tocilizumab-related adverse events, delayed in-
fections after discharge from acute hospital care or im-
paired immune response by day 90 in patients with severe
and critical COVID-19 treated with tocilizumab. However,
given the single-centre design and relatively small sample
size our findings may not be generalizable. This data sup-
ports the need of longitudinal studies to evaluate the risk-

Table 2: 90-day adverse and infectious events clinical, immunological, pulmonary and radiological outcome of patients treated with tocilizumab.

All
n (%)

Non-ICU
n (%)

ICU
n (%)

p-value

WHO ordinal scale of clinical improvement 50 (100) 24 (48) 26 (52)

1. Non-hospitalised, no limitation of activities 27 (54) 19 (79) 8 (31) 0.005

2. Non-hospitalised, limitation of activities 14 (28) 3 (13) 11 (42)

3. Hospitalised, no oxygen therapy 0 0 0

4. Hospitalised, oxygen by mask or nasal prongs 1 (2) 0 1 (4)

5. Hospitalised, non-invasive ventilation or high-flow oxygen 2 (4) 0 2 (8)

6–7. Hospitalised, intubation and mechanical ventilation ± addi-
tional organ support

0 0 0

8. Death 6 (12) 2 (8) 4 (15)

Infectious complications

Any microbiologically confirmed infection* 11 (22) 1 (4) 10 (38) 0.005

Pneumonia† 10 (20) 0 (0) 10 (38)

Bloodstream infection 3 (6) 0 (0) 3 (12)

Urinary tract infection 4 (8) 1 (4) 3 (12)

Pulmonary invasive fungal disease 1 (2) 0 (0) 1 (4)

Pulmonary function test‡§ 35 (100) 18 (51) 17 (49)

Diffusion capacity for carbon monoxide, median % of predicted
values

88 (75–100) 93 (87–100) 80 (67–92) 0.049

Total lung capacity, median % of predicted values 91 (88–100) 97 (88–102) 91 (85–93) 0.079

FEV1/FVC, median % of predicted values 79 (76–86) 78 (74– 81) 81 (79–87) 0.109

Chest CT scan‡¶ 35 (100) 18 (51) 17 (49)

No abnormalities 14 (40) 7 (39) 7 (41) 0.890

Residual abnormalities 21 (60) 11 (61) 10 (59)

– Lung perfusion abnormalities 11 (52) 6 (55) 5 (50)

– Signs of fibrosis 7 (33) 3 (27) 4 (40)

Embolism 0 0 0

SARS-CoV-2 specific immune response‡ 35 (100) 18 (51) 17 (49)

IgG (recombinant nucleocapsid antigen), ≥1 (COI) 34 (97) 18 (100) 16 (94) 0.999

IgG (recombinant S1 antigen), ≥1.5 (COI) 34 (97) 18 (100) 16 (94) 0.999

Neutralisation assay, ≥40 (COI) PVND50 34 (97) 18 (100) 16 (94) 0.999

Ig = immunoglobulin; COI = cut-off index; PVND50 = pseudotype virus neutralisation dose 50%; FEV = forced expiratory volume; FVC = forced vital capacity Data are n (%) or
median (interquartile range) if indicated. * Four patients had more than one infection during hospitalisation. † Identified pathogens were Klebsiella species n = 4, Escherichia coli
n = 3, Pseudomonas aeruginosa n = 2, Serratia marcescens n = 1 ‡ Day-90 clinical, laboratory, pulmonary and radiological assessment was performed in 35 of 44 survivors.
Missing patients were in rehabilitation (n = 3), left the country (n = 4) or refused assessment (n = 1). § Pulmonary function test assessed by body plethysmography and diffusion
capacity of carbon monoxide (DLCO) ¶ All patients with CT abnormalities showed residual abnormalities and some had additional findings as specified.
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Figure 3: Evolution patterns of chest CT findings from admission to day 90.Axial CT images (A, B, D, E, G, H) and DECT overlay maps (C, F,
I) presenting three evolution patterns of lung involvement from admission to day 90 observed in COVID-19 patients after treatment with
tocilizumab.(A) Axial CT image is depicting a 62-old male patient with bilateral GGO and consolidations 3 days after onset of symptoms with
complete resolution at day 90 (B) and no microcirculation abnormalities (C).(D) Axial CT image of a 78-old male patient 4 days after symptom
onset showing bilateral GGO and reticulations (E) which seem to be associated with microcirculation abnormalities on DECT (F) at day 90.
49-old male patient receiving ECMO presenting profound bilateral mosaic pattern with GGO (G) 3 days after onset of symptoms showing focal
fibrosis characterized by course reticulations and traction bronchiectasis (H) which correlates with focal perfusion defects on DECT (I) at day
90.GGO = ground glass opacity; DECT = dual energy computed tomography

benefit of anti-inflammatory agents on short and long-term
outcomes in patients with SARS-COV-2.
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Appendix Supplementary table

Table S1: Demographic characteristics and underlying comorbidities of all COVID-19 patients who met the inclusion criteria.

All
(n = 186)

Tocilizumab
(n = 50)

No tocilizumab
(n = 136)

Demographics

Gender, male 115 (62) 42 (85) 73 (54)

Age, years 62 (48–74) 60 (50–70) 64 (47–75)

Comorbidities

Comorbidity count

– 0 63 (34) 19 (38) 44 (33)

– 1 39 (21) 14 (28) 25 (18)

– ≥2 84 (45) 17 (34) 67 (49)

Chronic lung disease 9 (5) 2 (4) 7 (5)

Diabetes 39 (21) 9 (18) 30 (22)

Hypertension 85 (46) 25 (50) 60 (44)

Cardiovascular disease 34 (18) 13 (26) 21 (16)

Cerebrovascular disease 20 (11) 1 (2) 19 (14)

Malignancy 19 (10) 2 (4) 17 (13)

Chronic kidney disease 27 (15) 6 (12) 21 (15)

Immunodeficiency 28 (16) 4 (8) 24 (19)

Body mass index (kg/m2) 27·0 (24·0–31·0) 29·0 (25·2–31·8) 27·0 (23·0–30·0)

Clinical presentation and disease severity

Duration from onset of symptoms to hospitalisation
(days)

7 (3–10) 8 (5–10) 7 (3–10)

Haemoptysis 7 (4) 1 (2) 6 (4)

Unconsciousness 7 (4) 6 (12) 1 (1)

Dyspnoea 80 (43) 32 (64) 48 (35)

WHO ordinal scale score (n = 184)

3. Hospitalised, not requiring supplemental oxygen 106 (58) 21 (42) 85 (63)

4–5. Hospitalised, requiring any supplemental oxygen 66 (36) 21 (42) 45 (34)

6–7. Hospitalised, receiving IMV or ECMO 12 (7) 8 (16) 4 (3)

Laboratory testing and imaging

Lymphocytes (109/l) 1.0 (0.7–1.4) 0.7 (0.5–1.1) 1.0 (0.8–1.4)

Neutrophils (109/l) 4.4 (2.8–6.5) 4.9 (3.5–7.2) 4.3 (2.7–5.7)

C-reactive protein (mg/l) 40.5 (13.9–86.1) 91.6 (34.9–150.3) 31.8 (8.2–60.4)

Creatinine (µmol/l) 81.0 (67.0–104.0) 85.0 (67.2–104.5) 78.0 (63.5–103.5)

Estimated glomerular filtration rate (ml/min) 82.0 (62.0–99.0) 83.0 (62.8–98.2) 82.0 (62.0–99.0)

D-dimer (mg/l) 0.7 (0.4–1.7) 0.8 (0.5–1.2) 0.7 (0.4–1.8)

Ferritin (µg/l) 727.0 (308.5–1299.2) 1083.5 (544.5–2319.8) 476.5 (248.5–1166.2)

Lactate dehydrogenase (U/l) 286.0 (222.5–395.0) 361.5 (269.2–478.2) 264.0 (209.0–351.0)

Total bilirubin (µmol/l) 7.6 (5.3–10.1) 8.7 (6.4–12.4) 7.0 (4.9–9.6)

Abnormal pulmonary imaging 147 (79) 49 (98) 98 (72)

Treatment for COVID-19

LPV/r 113 (61) 46 (92) 67 (49)

Hydroxychloroquine 123 (66) 37 (74) 86 (63)

Remdesivir 8 (4) 7 (14) 1 (1)

Convalescent plasma 13 (7) 7 (14) 6 (4)

Outcome

ICU admission 35 (19) 26 (52) 9* (7)

Duration on ICU, days 11 (5–22) 11 (6–17) 12 (3, 22)

Deceased 15 (8) 5 (10) 10 (7)

Deceased on ICU 7 (4) 3 (6) 4 (3)

Days from admission to death 6 (4–10) 4 (4–6) 7 (4–12)

ECMO = extracorporeal membrane oxygenation; IMV = invasive mechanical ventilation; ICU = intensive care unit; LPV/r = lopinavir/ritonavir Data are n (%) or median (interquartile
range) * Nine (25·7%) of 35 patients who were admitted on ICU did not receive tocilizumab because of elevated liver enzymes (1/9), ongoing acute infection (3/9), ICU admission
due to reasons other than COVID-19 (3/9), not yet established as COVID-19 treatment (1/9) or patient’s will (1/9)

Original article Swiss Med Wkly. 2021;151:w20550

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 9 of 9


