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A B S T R A C T

Objective: This study aimed to describe the effectiveness and optimum use of tocilizumab (TCZ)
treatment by the support of clinical, laboratory and radiologic observations.
Methods: All patients were followed up in the hospital with daily interleukin-6 (IL-6), C-reactive protein
(CRP), ferritin, D-dimer, full blood count, and procalcitonin. Thoracic computed tomography (CT) was
performed on admission, when oxygen support was necessary, and seven days after TCZ started. Disease
course of the patients was grouped as severe or critical, according to their clinical, laboratory and
radiologic evaluations.
Results: Forty-three patients were included: 70% were male; the median age was 64 years (minimum–

maximum: 27–94); and six (14%) patients died. The median duration of oxygen support before the onset
of TCZ was shorter among the severe patient group than the critical patient group (1 vs. 4 days, p < 0.001).
Three cases of 21 (14%) who received TCZ in the ward were transferred to ICU, and none of them died. The
levels of IL-6, CRP, ferritin, D-dimer, and procalcitonin were significantly lower in the severe cases group
than the critical cases group (p = 0.025, p = 0.002, p = 0.008, p = 0.002, and p = 0.001, respectively).
Radiological improvement was observed in severe cases on the seventh day of TCZ. Secondary bacterial
infection was detected in 41% of critical cases, but none of the severe ones.
Conclusion: Earlier use of TCZ in COVID-19 infection was beneficial for survival, length of hospitalization
and duration of oxygen support. The recommendation for administration of TCZ was based on an increase
in requirement of oxygen support, progression in thoracic CT, and elevation of inflammation markers,
including IL-6, CRP, ferritin, and D-dimer, and decrease in % lymphocytes.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is a novel coronavirus, which is the cause of pneumonia that was
first seen in Wuhan, China, in December 2019 (Wang et al., 2020a).
SARS-CoV-2 pneumonia has been reported in many countries
around the world, and the World Health Organization (WHO)
declared the outbreak as a pandemic on 11 March 2020. Patients
diagnosed with COVID-19 may have a wide range of symptoms
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from mild to severe. Fever, cough and shortness of breath are the
most common symptoms that have been reported (Ciotti et al.,
2020). Advanced age, underlying comorbidities such as hyperten-
sion, diabetes, cardiovascular disease, and cerebrovascular disease
are the risk factors that have been reported for developing into
severe to critical cases (Wang et al., 2020b; Huang et al., 2020).
Acute respiratory distress syndrome (ARDS) may develop in some
patients, who are more likely to have poor outcomes (Ruan et al.,
2020). Cytokine storm causes ARDS and multiple organ failure,
which occurs as a result of the macrophage activating syndrome
(MAS) both in sepsis and COVID-19 (Chousterman et al., 2017; Ye
et al., 2020). It has been reported that the serum levels of the
cytokines, including interleukin-6 (IL-6), are higher in critical
ciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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patients with COVID-19 (Chen et al., 2020; Henderson et al., 2020).
Hence, suppressing the cytokine storm seems to be an effective
way to decrease fatality (Liu et al., 2020).

Tocilizumab (TCZ) is an anti-IL-6 receptor monoclonal antibody
that inhibits signal transduction and is used for the treatment of
rheumatoid arthritis (Nishimoto et al., 2000; Tanaka et al., 2014).
TCZ also has a significant effect on the treatment of infection-
induced cytokine storm, and it might be effective in the treatment
of critical patients with COVID-19 (Luo et al., 2020; Di Giambe-
nedetto et al., 2020). However, correct use and timing of TCZ in the
treatment course is necessary.

This study aimed to detail the benefit and appropriate timing
for TCZ treatment in severe to critical cases with COVID-19
pneumonia. It describes the secondary bacterial infections that
could be associated with TCZ.

Methods

Patients and study design

In this retrospective study, the patients who were infected with
SARS-CoV-2 and received TCZ from 10 March to 14 April 2020 at
the American Hospital and Koc University Hospital in Istanbul,
Turkey, were included. All patients were followed up for at least
14 days at the hospital after TCZ treatment. A COVID-19 team –

including infectious disease, internal medicine, chest medicine,
and intensive care unit physicians – managed all the cases with
weekly meetings and daily on-call and/or bedside consultations.

Definitions

The WHO case definition was used in diagnosing COVID-19,
including probable and confirmed cases (WHO, 2020). Confirma-
tion was defined as a positive laboratory result of COVID-19
infection, whereas a probable case was defined as inconclusive or a
suspect case for whom testing could not be confirmed for any
reason.

Blood oxygen levels <93% were accepted as decreased oxygen
saturation. If necessary, oxygen support was given by nasal
cannula, a venturi mask, and non-invasive respiratory support or
invasive mechanical ventilation.
Figure 1. Flow diagram for the man
Patients were categorized as severe or critical based on the
severity of infection (Anon, 2020). The features of the severe cases
were respiratory distress (�30 breaths/minute) or oxygen satura-
tion �93% or arterial partial oxygen pressure (PaO2)/fraction of
inspired oxygen (FiO2) �300 mmHg. The features of the critical
cases were respiratory failure requiring mechanical ventilation or
shock or organ failure requiring ICU.

Primary outcomes were duration of oxygen requirement, being
transferred to ICU and fatality. Secondary outcomes were the
duration of oxygen support after using TCZ and length of
hospitalization.

Treatment algorithm and follow-up

All suspected or confirmed adult cases with COVID-19 received
hydroxychloroquine (or plus azithromycin) on admission, accord-
ing to the national protocol of Ministry of Health (Figure 1). By 01
April 2020, since it became available, favipiravir started to be used
as an alternative in cases of progression in radiological imaging or
requiring oxygen support. TCZ was started when cytokine storm
was suspected, by evaluating: radiological progression, require-
ment of oxygen support, C-reactive protein (CRP), IL-6, procalci-
tonin, lactate dehydrogenase (LDH), ferritin, D-dimer level,
leucocyte, lymphocyte and platelet counts. The initial dose of
TCZ was 8 mg/kg, based on Chinese guidelines (Anon, 2020). If the
first dose was ineffective, one more dose was given at least 12 h
later. Informed consent was obtained from the cases if unavailable
from their relatives. The cases were followed up in terms of adverse
events with biosafety monitoring document.

Laboratory studies

Nasopharyngeal and oropharyngeal samples were tested for
SARS-CoV-2 by real-time polymerase chain reaction in the
laboratory of Koç University Hospital in Istanbul. Mediated
amplification and detection of B-βCoV (target E gene) specific
RNA and SARS CoV-2 (target S gene), QIAamp1 Viral RNA Mini Kit
(Qiagen, Hilden, Germany) for nucleic acid extraction and then the
RealStar1 SARS-CoV-2 RT-PCR Kit 1.0 (Altona Diagnostics, Ham-
burg, Germany) on Rotor-Gene1 Q5/6 plex Platform (Qiagen,
Hilden, Germany) were used. IL-6, CRP, procalcitonin, aspartate
agement among patient groups.
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transaminase (AST), alanine transaminase (ALT), ferritin, D-dimer,
LDH, leucocytes, neutrophil, lymphocyte, and platelet counts were
used daily in follow-up. Thoracic computed tomography (CT) was
used before the initiation of TCZ.

Statistical analysis

Categorical variables were compared by using Chi-square test.
For continuous variables, the non-parametric Kruskal-Wallis test
was used because of the small sample size. STATA 15v was used
for statistical analysis and statistical significance was set as p-value
< 0.05. The Institutional Review Board of Koc ̧ University approved
the study with the reference number 2020.143.IRB1.033.

Results

Forty-three patients were included: 70% were male; the median
age was 64 years (minimum–maximum: 27–94); 63% were >60
years (Table 1). Fever (91%) and cough (60%) were the most
common symptoms. All fatal cases were male and aged >60 years;
the median age of fatal cases was older than those who survived
(75 vs. 61 years, p = 0.016, Table 1). Hypertension and diabetes
mellitus were the most commonly detected comorbid diseases,
and the comorbidities were similar between two groups (Table 1).

The median duration of oxygen support before the onset of
TCZ was 3.5 days in fatal cases and 2 days in those who survived
(p = 0.12). The duration from the onset of symptoms to the start of
TCZ was similar among fatal and survived cases. None of the severe
cases and three critical cases died (p = 0.01, Table 1).

The laboratory results of the patients on the day of TCZ
administration among fatal and non-fatal cases are summarized in
Table 1. IL-6 level was 337 pg/mL in fatal cases, while it was 126 pg/
mL in those who survived (p = 0.04). Ferritin, CRP and D-dimer
Table 1
The Univariate Analysis for the fatality of COVID-19 patients.

Total N = 43 (%) 

Median age 64 (27–94) 

> 60 years 27 (62.8) 

Male gender 31 (72) 

Comorbidities
Hypertension 19 (44) 

Diabetes mellitus 13 (30) 

Obesity 5 (11.6) 

Chronic obstructive pulmonary disease 3 (7) 

Coronary artery disease 8 (19) 

Laboratory (on the day of TCZ)
CRP (mg/L) 188 (1–380) 

Ferritin (ng/mL) 1197 (250–52,765
D-Dimer (mg/L) 993 (360–100,00
IL-6 (pg/mL) 133 (18–50,000) 

ALT (U/L) 61 (14–1578) 

AST (U/L) 60 (24–2045) 

LDH (U/L)) 373 (197–5770) 

Procalcitonin (ng/mL) 0.23 (0.04–100) 

Leucocyte (K/mL) 7.0 (1.7–19.1) 

Lymphocyte (%) 12.5 (3–47) 

Platelet (K/mL) 242 (62–582) 

Clinical
Oxygen support duration before tocilizumab (days) 2 (0–13) 

Duration from onset of symptoms to tocilizumab (days) 10 (5–26) 

Severe case 21 (48.8) 

Intensive care unit admission 25 (58) 

Secondary bacterial infection 9 (21) 

Pneumonia 6 (14) 

Bacteremia 5 (12) 

Abbreviations: CRPC-reactive protein; IL-6interleukin-6; ASTaspartate transaminase; A
were found to be higher among the fatal cases than those who
survived, with no statistical significance (Table 1).

The severe and critical cases were compared (Table 2). The groups
were similar in terms of age and comorbid diseases, while male
gender was higher among critical cases (91% to 52%,
p = 0.005). Favipiravir use among the severe and critical cases
was similar (p = 0.23, Table 2). The median duration of oxygen
support before the onset of TCZ was shorter among the severe cases
than critical cases (1 vs. 4 days, p < 0.001). The median length of
stay, duration of oxygen support and the total duration of
hospitalization after administration of TCZ was shorter among
the severe cases than critical cases (p < 0.001, p = 0.028 and
p = 0.001, respectively, Table 2). Three severe cases of 21 (14%) were
transferred to the ICU, and none of them died. In laboratory analysis,
IL-6 was 115 in severe cases and 168 in critical cases
(p = 0.025). CRP, ferritin, D-dimer, and procalcitonin were signifi-
cantly lower in severe cases (p = 0.0029, p = 0.008,
p = 0.002, and p = 0.001, respectively). The lymphocyte percentage
was 13.5% in severe cases and 11% in critical ones (p = 0.007).
Radiological imaging with CT was also examined before the onset of
TCZ in most of the cases, and radiological improvement was also
observed on the seventh day of TCZ in severe cases (Figure 3).

After the use of TCZ, the earliest change in laboratory tests was
observed in % lymphocytes, which increased within the first day.
The CRP sharply declined one day after TCZ. Two days after TCZ,
IL-6 declined sharply, but ferritin and D-Dimer slightly declined
(Table 3, Figure 2).

During ICU stay, secondary bacterial infections were detected in
nine patients (41%). In five cases (22%), bloodstream infections of
Gram-negative, Gram-positive bacteria and Candida spp. were
detected. Among six (27.3%) cases with pneumonia, Corynebacte-
rium striatum and Corynebacterium jeikeum were isolated in four
cases (67%).
Fatal N = 6 (%) SurvivedN = 37 (%) p

75 (64–82) 61 (27–94) 0.016
6 (100) 18 (56.8) 0.04
6 (100) 25 (67.6) 0.1

3 (50) 16 (43) 0.75
2 (33) 11 (29.7) 0.85
– 5 (13.5) 0.33
– 3 (8) 0.47
2 (33) 6 (16) 0.31

214 (109–318) 182 (1–380) 0.34
) 1884 (713–10,143) 844 (250–52,765) 0.1
0) 2645 (790–56,200) 953 (360–100,000) 0.13

337 (93–50,000) 126 (18–3011) 0.04
64 (38–84) 78 (14–1578) 0.97
101 (62–180) 66 24–2045) 0.18
381 (366–783) 367 (197–5770) 0.35
0.43 (0.07–72.8) 0.22 (0.04–100) 0.34
6.75 (4.2–11.4) 7.0 (1.7–19.1) 0.96
9 (3–26) 13 (3–47) 0.25
183 (114–227) 254 (62–582) 0.026

3.5 (2–6) 2 (0–13) 0.12
9 (7–13) 10 (5–26) 0.41
0 21 (56) 0.01
6 (100) 19 (51.4) 0.02
4 (67) 5 (13.5) 0.03
2 (33) 4 (11) 0.14
2 (33) 3 (8) 0.074

LTalanine transaminase; LDHlactate dehydrogenase.



Table 2
Comparison of the patients who were given tocilizumab based on the severity of cases.

Tocilizumab in severe cases N = 21 (%) Tocilizumab in critical cases N = 22 (%) p

Mean age 61 (sd: 15) 66 (sd: 11) 0.198
Male gender 11 (52) 20 (91) 0.005
Confirmed COVID-19 17 (81) 18 (82) 0.9
Hypertension 9 (43) 10 (45) 0.864
Diabetes mellitus 7 (33) 6 (27) 0.665
Obesity 3 (14) 2 (9) 0.595
Chronic obstructive pulmonary disease 2 (10) 1 (5) 0.522
Coronary artery disease 6 (29) 2 (9) 0.101

Laboratory (on the day of TCZ) (median, min–max)
CRP (mg/L) 88 (1–299) 233 (25–380) 0.0029
Ferritin (ng/mL) 575 (273–1991) 1884 (250–52,765) 0.008
D-Dimer (mg/L) 870 (360–2300) 1710 (620–100,000) 0.002
IL-6 (pg/mL) 115 (18–942) 168 (27–50,000) 0.025
ALT (U/L) 78 (14–428) 58 (17–1578) 0.796
AST (U/L) 58 (27–129) 64 (24–2045) 0.354
LDH (U/L)) 358 (205–544) 381 (197–5770) 0.183
Procalcitonin (ng/mL) 0.15 (0.04–0.44) 0.38 (0.07–100) 0.001
Leucocyte (K/mL) 6.38 (2.25–9.6) 7.98 (1.74–19.1) 0.96
Lymphocyte (%) 13.5 (7–47) 11 (3–26) 0.007
Platelet (K/mL) 242 (62–582) 227 (97–473) 0.52

Clinical support
Oxygen support duration before tocilizumab (days) 1 (0–7) 4 (1–13) <0.001
Duration from onset of symptoms to tocilizumab (days) 9.5 (5–18) 10 (5–26) 0.76
Favipiravir 15 (71) 19 (86) 0.23
Hydroxychloroquine 18 (86) 20 (91) 0.6
Azithromycin 14 (67) 11 (50) 0.27
Lopinavir/Ritonavir 0 7 (32) 0.005

Outcomes
Duration of oxygen support after tocilizumab 5 (0–16) 12 (6–30) <0.001
Length of stay after tocilizumab (days) 7.5 (2–21) 12 (4–30) 0.028
Length of stay 12.5 (6–32) 20 (8–43) 0.009
Secondary bacterial infection – 9 (41) 0.001
Pneumonia – 6 (27.3) 0.01
Corynebacterium spp. – 4
Bacteremia – 5 (22.7) 0.02
Fatal 0 (0) 6 (27) 0.01

Abbreviations: CRP, C-reactive protein; IL-6, interleukin-6; AST, aspartate transaminase; ALT, alanine transaminase; LDH, lactate dehydrogenase.
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Discussion

Clinical presentation of COVID-19 varies from mild symptoms to
ARDS and death. This study analyzed TCZ treatment in 43 severe and
critical patients with COVID-19 pneumonia. Earlier use of TCZ had
significantlybetteroutcomeswithlowICUadmissions, lowerduration
of oxygen requirement and no fatality. The adaptive immune response
plays a crucial role in this wide range of outcomes (Fung et al., 2020). A
large amountof cytokine release explains the pathogenesis of dyspnea
and ARDS in COVID-19 after the virus binds to alveolar epithelial cells.
As a result of over-inflammation, vascular permeability increases and
this leads to the alveoli filling with a massive amount of fluid (Zhang
et al., 2020). IL-6 plays a significant role in cytokine storm (Hunter and
Jones, 2015). TCZ is an anti-inflammatory drug that has thepotential to
decrease MAS-induced cytokine storm, and was shown to be
beneficial in COVID-19 in some case series (Luo et al., 2020; Xu
et al., 2020; Sciascia et al., 2020) and a recent systematic review
(Alzghari and Acuna, 2020). The current study observed that IL-6 was
higher in fatal than survived cases. In the early days of the COVID-19
pandemic, because of the off-label use and insufficient data on efficacy
and safety of TCZ, it could not be used in the early stages of the disease;
however, it was commonly used in ICU, where the cases could be
intubated. Later on, access to the drug became easier, then it was
started earlier on the ward. After this no fatal cases and very low levels
of ICU admissions were observed (Table 2).

The critical decision for TCZ use was the onset of cytokine
storm. After cytokine storm had started, oxygen saturation
decreased within hours to days by the increase in lung involve-
ment. Inflammation parameters such as % lymphocytes, IL-6, CRP,
ferritin, and D-dimer were compared before and after administra-
tion of TCZ. Among severe cases, the % lymphocytes increased in
one day, CRP declined after one day, IL-6 sharply declined after two
days, and ferritin and D-Dimer slightly declined after two days
(Fig. 2). However, among the critical cases, IL-6 levels did not
decline and % lymphocytes did not increase (Fig. 2).

Among nine of 22 (41%) patients who were admitted to the ICU,
secondary bacterial infections were detected. Secondary bacterial
infections could not be solely related to TCZ use. However,
secondary bacterial and fungal infections, including tuberculosis,
should be kept in mind. Patients whose QuantiFERON test is
positive should be evaluated for isoniazid prophylaxis (Cantini
et al., 2017).

One limitation of this study is that it was an observational pre-
post study. During the study period, TCZ started being used earlier
in the later phase compared with the early phase. However, patient
distribution in severe and critical groups (Table 1) enabled
comparison of starting TCZ in severe or critical patient groups.
In clinical practice the patients were grouped according to clinical,
radiological and laboratory criteria, and the categorization was in
parallel with Chinese guidelines, although this was not yet
validated. There is no doubt about the need of randomized clinical
studies for definite conclusions. Adverse events related to TCZ,
including secondary infections, should be detailed in further
studies.



Figure 3. A 59-year-old woman with Covid-19. Same level of mid-axial (A, C and E) and mid-coronal (B, D and F) chest CT scans on admission (A–B), on the day of tocilizumab
given because of requirement of oxygen support and progressive lung imaging (C–D) and 7 days after onset of tocilizumab (E–F), retrospectively.
A–B: Focal peripheral ground-glass opacities. The left upper lobe lesions were accompanied by consolidation with bronchiectasis.

Figure 2. Laboratory parameters 3 days before and after tocilizumab among severe and critical cases.
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In conclusion, earlier use of TCZ in COVID-19 infection was
beneficial for survival, length of hospitalization and duration of
oxygen support. This recommendation for the administration of
TCZ was based on the increase in requirement of oxygen support,
progression of thoracic CT, and elevation of inflammation markers
including IL-6, CRP, ferritin, D-dimer, and decrease in % lympho-
cytes. Secondary bacterial infections should be borne in mind after
TCZ use.
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