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Abstract 

Cytokine storm seems to be one of the main culprits for developing a severe form of COVID-19, IL-6 being one of its basic 

components. Therefore, currently, tocilizumab is widely studied as a powerful treatment in patients with severe forms of 

COVID-19. Our aim was to determine whether it could potentiate a favourable outcome in such patients. We conducted a 

retrospective observational study including all consecutive admitted patients with confirmed SARS-CoV-2 infection that 

received treatment with tocilizumab in the period between 01.05-23.08.2020 in “Matei Balș” National Institute for Infectious 

Diseases and Neurology Department of the Colentina Clinical Hospital in Bucharest, Romania. 22 patients were enrolled 

with a severe form of COVID-19, predominantly women, with an average age of of 61.72 ± 14.5 years. The fatality rate was 

31.81%. It was observed that following tocilizumab administration, patients presented improvement in the majority of the 

studied parameters, statistically significant in the case of fibrinogen, C reactive protein and blood oxygen level (p < 0.05). 

Tocilizumab might be regarded as a valuable drug in the management of severe SARS-CoV-2 infection. 

 

Rezumat 

Furtuna de citokine pare a fi una dintre principalele cauze pentru dezvoltarea unei forme severe de COVID-19, IL-6 fiind una 

dintre componentele sale de bază. Prin urmare, în prezent, tocilizumab este studiat pe scară largă ca un tratament la pacienții 

cu forme severe de COVID-19. Scopul studiului a fost de a determina dacă ar putea potența un rezultat favorabil la astfel de 

pacienți. S-a realizat un studiu observațional retrospectiv care a inclus toți pacienții internați cu infecție confirmată de SARS-

CoV-2 care au primit tratament cu tocilizumab în perioada 01.05-23.08.2020 în cadrul Institutului Național pentru Boli 

Infecțioase „Matei Balș” și al Departamentului de Neurologie al Spitalului Clinic Colentina din București, România. 22 de 

pacienți au fost înrolați cu o formă severă de COVID-19, predominant femei, cu o vârstă medie de 61,72 ± 14,5 ani. Rata 

mortalității a fost de 31,81%. S-a observat că, după administrarea tocilizumab, pacienții au prezentat îmbunătățiri în 

majoritatea parametrilor studiați, semnificativ statistic în cazul fibrinogenului, al concentrației proteinei C reactive și a l 

nivelului de oxigen din sânge (p < 0,05). Tocilizumab ar putea fi considerat un medicament valoros în gestionarea infecției 

severe cu SARS-CoV-2. 
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Introduction 

The emergence of the “2019 novel coronavirus” or 

“2019-nCoV”, later renamed by the World Health 

Organization as Severe Acute Respiratory Syndrome 

Coronavirus 2 (SARS-CoV-2), the etiologic agent 

of “Coronavirus Disease 2019” (COVID-19), has 

profoundly changed our lives [29]. In only 8 months 

since its emergence in the Hubei province of China, 

SARS-CoV-2 managed to spread all over the world 

infected over 24 million people and killed more than 

830.000 subjects [30]. As reported by the clinical 

data from Wuhan, China, around 17.7 - 32.0% of the 

patients required admission to Intensive Care Unit 

(ICU) and approximately 9.5 - 12.0 days after the 

first symptoms, some developed multi-organ failure. 

Therefore, the mortality in patients with severe to 

critical COVID-19 disease can be as high as 49.0 - 

61.5% [27, 29]. 

Regardless of its name, SARS-CoV-2 infection should 

be considered a multisystem disease. This is mostly 

related to the fact that the virus enters the cells by 

binding with its S1 C-terminal domain of the spike 

protein to the angiotensin-converting enzyme 2 receptor 

[30], which is widely spread through the human body – 

lung, stomach, small intestine, colon, skin, lymph nodes, 

thymus, spleen, liver, kidney, brain, endothelial cells 
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and arterial smooth cells [4, 11]. Moreover, it was 

noticed that “cytokine storm” seems to cause the most 

severe forms of the disease [18]. Studies imply that 

SARS-CoV-2 infected patients admitted to ICU had 

increased serum levels of cytokines such as IL-1 

(Interleukin-1), IL-6 (Interleukin-6), IL-7 (Interleukin-7), 

IL-10 (Interleukin-10), granulocyte-colony stimulating 

factor, interferon-γ – inducible protein, macrophage 

inflammatory protein 1α, monocyte chemoattractant 

protein and tumour necrosis factor-α, which seem 

to be responsible for the cytokine storm [14]. 

According to a meta-analysis that included 9 studies, 

patients with severe COVID-19 exhibit higher serum 

levels of IL-6 in comparison to those that developed 

milder forms. Furthermore, on meta-regression it was 

established that high IL-6 levels are associated with 

increased fatality. Consequently, IL-6 should be included 

in a scoring system among other inflammatory bio-

markers, in order to readily identify patients that might 

develop a severe form of COVID-19 [3]. According 

to a study that compared the mean serum IL-6 level 

among survivors and non-survivors, a cut-off value 

of > 80 pg/mL should be associated with increased 

mortality risk [8]. 

Tocilizumab is a recombinant humanized anti-inter-

leukin 6 receptor antibody of the IgG1 subclass [19], 

that demonstrated efficacy in the management of some 

autoimmune and inflammatory disorders such as 

rheumatoid arthritis, systemic juvenile idiopathic 

arthritis, giant cell arteritis, Castleman’s disease, 

Crohn’s disease [13], cytokine release syndrome and 

neuromyelitis optica [2, 14, 21]. The precautions that 

need to be taken prior to tocilizumab administration 

are exclusion of latent tuberculosis (although data 

from an extended number of clinical trials established 

that the risk for latent TB reactivation is very low) 

[6], screening for hepatitis B reactivation (although 

in short-term use, tocilizumab can cause acute liver 

failure) [24]; after receiving tocilizumab, patients 

should be monitored for neutropenia, thrombocytopenia 

as well as elevated liver enzymes and serum lipids [33]. 

Hereby we present the results of a retrospective 

observational study regarding the effect of tocilizumab 

on the outcome of patients, hypothesizing that it could 

positively influence it. 

 

Materials and Methods 

Subjects 

In this retrospective observational study were included 

all patients with confirmed infection with SARS-

CoV-2 that received treatment with tocilizumab, 

apart from standard therapy in the period between 

01.05.2020 and 23.08.2020, consecutively admitted to 

“Matei Balș” National Institute for Infectious Diseases 

or to Neurology Department of the Colentina Clinical 

Hospital in Bucharest, Romania. Informed consent 

was obtained from the patients or from a legal 

representative over the telephone, due to biosafety 

reasons. The patients were managed according to the 

internal and the national treatment guidelines corre-

sponding to the aforementioned period, which were 

timely, updated (www.cnscbt.ro). The study was 

performed in compliance with the World Medical 

Association Declaration of Helsinki from 1975. 

The recommendation to administer tocilizumab was 

issued by the infectious disease specialist, in accordance 

with the patients’ condition, in accordance to the 

national and international treatment guidelines for 

COVID-19 (4 - 8 mg/kg bw, 1 to 3 doses, at least 8 

to 12 hours apart). Severe forms were considered in 

patients with evidence of bilateral interstitial pneumonia, 

low SaO2 (blood oxygen level) requiring supplemental 

oxygen delivery +/- presence of dyspnoea, progressive 

inflammatory syndrome as well as increased D-dimer 

concentrations. 

The standard treatment included non-invasive mechanical 

ventilation: nasal cannula, facial mask or high-flow 

ventilation according to patients’ respiratory requirements, 

low-molecular-weight heparin in prophylactic or even 

therapeutic dosage, dexamethasone and a combination 

of at least two antibiotics (ceftriaxone, linezolid, 

meropenem, amoxicillin/clavulanic acid, colistin, 

vancomycin, azithromycin, doxycycline) depending 

on the patient’s clinical and paraclinical parameters. 

Some patients also received hydroxychloroquine, 

azithromycin or umifenovir. 

Data analysis 

Data was collected from the patients’ medical records 

after discharge. It was analysed using Microsoft Excel 

Data analysis and a p value < 0.05 was considered 

as statistically significant. The primary outcome was 

patients’ evolution, namely the survival rate. We 

performed Descriptive analysis and t-test for two-

samples assuming equal variances. Initial hypothesis 

was that the duration of symptoms could be negatively 

correlated with the outcome. We analysed the influence 

of tocilizumab’s administration on patients clinical and 

paraclinical evolution. We followed the corresponding 

values of leucocytes, lymphocytes, neutrophils, C 

reactive protein (CRP), fibrinogen, procalcitonin, 

ferritin, IL-6, D-dimers, aspartate transaminase (AST), 

alanine transaminase (ALT), creatinine and SaO2 – 

measured with a finger pulse oximeter. Blood was 

drawn using venipuncture in clot activator vacutainer 

tubes for serum separation, then it was processed in a 

COBAS 8000 Analyzer or in a VITROS 5.1 FS for 

biochemistry and in a SYSMEX XN 3000 Analyzer or 

in a DxH 900 High Volume Lab Hematology Analyzer 

for complete blood count. The extraction of SARS-

CoV-2 was performed using an automatic extractor 

and certified and validated CE-IVD Real Time PCR 

(polymerase chain reaction) Kits with the CFX 96 

Analyzer (GRAL Medical Molecular Biology Laboratory, 

Bucharest, Romania), respecting the workflow and 

all necessary conditions with BSL-2 safety level. 
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For lacking data, we used the mean values for that 

parameter. 

We also performed a synthetization of the available 

articles on Pubmed using the “tocilizumab and Covid-

19” as searching elements and included the available 

published or preprint versions of the studies performed 

since the start of the pandemic.  

 

 

 

Results and Discussion 

22 patients with severe COVID-19 were included, 

with a slightly higher preponderance for women – 12 

(54.54%) and an average age of 61.72 ± 14.5 (range: 

30 - 88) years. There was a single patient without 

comorbidities and 5 out of the other 21 did not follow 

any treatment at home. The type of encountered 

concomitant pathologies along with their proportion 

is presented in Table I. 

Table I 

Patients comorbidities 

Comorbidity Number of patients (%) 

Hypertension 16 (72.72%) 

Cardiovascular disease 11 (50%) 

Obesity 9 (40.9%) 

Diabetes mellitus 7 (31.81%) 

Dyslipidaemia 5 (22.72%) 

Oncological pathology 

(colon cancer, basocelular carcinoma, prostate adenocarcinoma) 
5 (22.72%) 

Neurological disease 

(Parkinson disease, myasthenia gravis, chronic diabetic polyneuropathy) 
4 (18.18%) 

Inflammatory disease 

Previous smokers 
3 (13.63%) 

Chronic kidney disease 2 (9.09%) 

Thrombophilia 

Polinodular goiter 

Hypersensibility reaction 

Active smoking 

1 (4.05%) 

 

With reference to patients’ symptomatology on hospital 

admission, the percentages are presented in Figure 1. 

Regarding concomitant neurological symptoms, it is 

important to mention that 5 patients (22.72%) had 

motor deficit, which was later confirmed to be due to 

ischemic stroke, 2 patients presented confusion and 

one patient - an episode of loss of consciousness. 

 

 
Figure 1. 

Patients’ symptomatology on admission 

 

Out of the 22 patients enrolled, 7 died during their 

hospital stay (31.81%). Speaking about the subjects’ 

biological tests on admission, we have to mention 

that the majority had lymphopenia, inflammatory 

syndrome and elevated D-dimers. The average values 

of these paraclinical parameters are presented in 

Table II. 
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Table II 

Biological parameters at admission 

Parameter Patients with favourable evolution (15) (% - mean value) Deceased patients (7) (% - mean value) 

Leukocytosis 

Lymphopenia 

Neutrophilia 

0 

80% (1037.5 x 1000/mL) 

26.66% (8465 x 1000/mL) 

57.14% (16885 x 1000/mL) 

100% (914.28 x 1000/mL) 

57.14% (15220 x 1000/mL) 

Ferritin ↑ 46.66% (831.46 ng/mL) 85.71% (1202.14 ng/mL) 

Fibrinogen ↑ 53.33% (644.12 mg/dL) 71.42% (538.6 mg/dL) 

CRP↑ 93.33% (49.95 mg/L) 85.71% (111.32mg/L) 

D-dimers ↑ 18.18% (1247.5 ng/mL) 85.71% (8095 ng/mL) 

AST↑ 

ALT↑ 

60% (57.88 UI/mL) 

33.33% (83.82 UI/L) 

28.57% (44.8 UI/mL) 

0 

Creatinine (mean) 1.17 mg/dL 1.11 mg/dL 

SaO2 ↓ 60% (84.5%)  71.42% (85%) 
CRP = C reactive protein; AST = aspartate transaminase; ALT = alanine transaminase; SaO2 – blood oxygen level 

 

It has to be outlined that the values for IL-6 were 

not included in the final analysis, as it was tested in 

less than half of the patients before and after 

tocilizumab’s administration, we could only mention 

that it was significantly elevated in 64.28% of the 

tested patients with a mean value of 155.48 ± 244.53 

pg/mL and following treatment it dropped to an 

average of 112.015 ± 257.29 pg/mL. Regarding pro-

calcitonin, it was tested in only 68.18% initially with 

a mean value of 21.05 ± 9.01 ng/mL and following 

treatment with a mean value of 23.64 ± 11.61 ng/mL. 

It is also important to mention that all patients required 

supplemental oxygen delivery from the very start as 

follows: 3 subjects received oxygen through nasal 

canula (4 L/min), 11 patients through facial mask (8 - 

16 L/min) and 8 required high-flow delivery (18 - 30 

L/min), out of which 2 patients were later mechanically 

ventilated for up to 8 days. 

As regards pulmonary imaging, there were identified 

signs of severe bilateral interstitial pneumonia (involving 

> 50% of pulmonary parenchyma) in 10 patients 

(45.45%), moderate in 6 subjects (27.27%) (involving 

between 25 - 50%) and mild also in 6 patients (27.27%) 

(involving < 25% of pulmonary parenchyma). 

The mean duration of hospital stay was 18.54 ± 9.79 

(range: 3 - 40) days, less for the deceased patients, on 

average 11.14 ± 13.03 days (except one patient – 40 

days), comparative to those who had a favourable 

evolution – 21.46 ± 6.51 days. 

In regard to the patients’ evolution following treatment, 

it is important to outline that there was an improvement 

in all studied parameters, the most important ones 

being observed in the case of fibrinogen, CRP as well 

and in blood oxygen levels that were statistically 

significant (p < 0.05), for the patients that had a 

favourable outcome (data presented in Table III). 

Table III 

Changes in biological parameters 

Parameter Patients with favourable outcome Deceased patients 

Fibrinogen ↓ 1.86 x initial mean value (IMV) (p < 0.001)  ↓ 1.43 x IMV (p < 0.03) 

CRP ↓ 4.66 x IMV (p < 0.02) ↓ 1.55 x IMV (p < 0.23) 

Ferritin ↑ 1.26 x IMV (p < 0.29) ↓ 1.09 x IMV (p < 0.38) 

SaO2 ↓ 1.07 x IMV (p < 0.005) ↓ 1.07 x IMV (p < 0.16) 

D-dimers ↓ 1.34 x IMV (p < 0.25) ↓ 1.49 x IMV (p < 0.27) 

Lymphocytes ↑ 1.46 x IMV (p < 0.18) ↓ 1.06 x IMV (p < 0.4) 

Leucocytes ↑ 1.3 x IMV (p < 0.14) ↓ 1.07 x IMV (p < 0.4) 
CRP = C reactive protein; SaO2 – blood oxygen level 

 

The extent of time from the appearance of initial 

symptoms until treatment initiation did not positively 

influence the outcome, being even larger for patients 

with a favourable evolution with a mean number of 

days of 9.46 ± 3.66 versus the deceased ones – 6 ± 1.29 

(p < 0.02). In regard to the total administered dose 

of tocilizumab, the average values were almost the 

same – 1949.33 ± 483.66 mg for patients with a 

favourable outcome and 1985.71 ± 758.13 mg for 

the other ones. Factors that had a more significant 

influence on the outcome were age, patients with a 

poor evolution being significantly older 73.85 ± 8.97 

years, in comparison to those with a favourable 

outcome – 56.06 ± 13.02 years (p < 0.002) and 

comorbidity: all patients with a poor outcome were 

hypertensive, 57% of them were obese and had 

cardiovascular pathology versus 33.33% of those with 

a positive evolution. It is also important to highlight 

that all presented with severe bilateral pneumonia, low 

blood oxygen levels, moderate to severe lymphopenia, 

significant systemic inflammation and a higher 

concentration of D-dimers since admission. 

Concerning the adverse events related to tocilizumab 

therapy, a significant increase in the values of the 

ALT (p < 0.02) as well as AST (p < 0.007) was 
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observed, apparently not correlated with the total 

administered dose (r = 0.04, p < 0.59). 

The obtained results of this retrospective observational 

analysis point to a positive influence of tocilizumab 

on the outcome of patients with severe COVID-19, 

the fatality rate being 31.81%. It is necessary to remark 

that the potential factors influencing the outcome 

were older age, a greater incidence of comorbidity 

along with a worse clinical status and a more severe 

inflammatory syndrome at onset. Our results indicate 

that tocilizumab therapy could significantly reduce 

inflammatory markers such as CRP and fibrinogen 

as well as improve SaO2, reducing the need of 

supplemental oxygen delivery (p < 0.05). The majority 

of patients presented bacterial co-infection and super-

infection, evaluated using procalcitonin levels and 

cultures at admission and following tocilizumab usage 

that demanded antibiotic treatment which could also 

influence the outcome. 

The hypothesis that an earlier administration of 

tocilizumab could prevent a negative outcome was 

not supported by our results (p < 0.02), a potential 

explanation being the small number of included patients, 

reduced homogeneity among subjects and lack of a 

control group. Among other biases that could have 

influenced the results could be mentioned the fact 

that the patients were from two different institutions, 

and even if the management was based on the same 

protocol, the characteristics of the patients, namely 

age, comorbidities, presentation – were different. 

With reference to the potential adverse events, namely 

elevation of liver enzymes, it cannot be excluded 

that it could be also related to the administration of 

other concomitant drugs such as combination antibiotic 

therapy, hydroxychloroquine and dexamethasone. 

Our results were in line with the observations made 

by other studies conducted in this period, presented 

in Table IV, except for 2 studies according to which 

there seems to be no positive influence on the patients’ 

outcome [5, 9]. 

We await the results of larger randomized-control 

trials in order to fully perceive the efficiency and 

safety of tocilizumab in COVID-19 patients, that would 

also respond to the question regarding the proper 

moment of administration, since an early delivery of 

tocilizumab might impair the thymocyte differentiation 

into cytotoxic T cells as well as IgM and IgG production 

by B cells which is promoted by IL-6 and thus could 

encourage viral replication [28]. On the other hand, 

a late tocilizumab administration might be totally 

ineffective [22]. 

Table IV 

Effectiveness of tocilizumab in patients with COVID-19 

Article Type of study Number of 

patients 

Other treatments Outcome 

[26] 

Effective treatment of 

severe COVID-19 

patients with tocilizumab  

Observational 

retrospective 

study (China) 

21 Lack of data Improvement of respiratory function, 

normalization of lymphocyte count, 

reduction in CRP values and lung 

opacities in 90.5% 

[15] 

J Med Virol., 2020 Jul; 

92(7): 814-818. 

Retrospective 

observational 

study (China) 

15 Methylprednisolone 4 out 7 patients aggravated or died 

regardless of a decrease in CRP values; 

[1] 

J Med Virol., 2020 May 

5  

Retrospective 

study (Qatar) 

25 Lopinavir/ritonavir, 

ribavirin and/or interferon 

alpha 2-a, hydroxy-

chloroquine, azithromycin 

Amelioration of the respiratory function, 

reduction of the level of inflammatory 

markers, radiological improvement 

[7] 

Eur J Intern Med., 2020 

Jun; 76: 31–35 

Preliminary 

results of a non-

randomized 

prospective 

study (Italy) 

25 Hydroxychloroquine, 

lopinavir/ritonavir 

% of patients treated with tocilizumab who 

completely recovered and had a more 

positive clinical course, was higher compared 

to those who underwent only standard 

therapy (92% to 42.1% respectively) 

[25] 

Autoimmun Rev., 2020 

Jul; 19(7): 102568 

Prospective 

multicentre 

study (Italy) 

100 Lopinavir/ritonavir or 

remdesivir, antibiotics 

(azithromycin, ceftriaxone 

or piperacillin/tazobactam), 

hydroxychloroquine and 

dexamethasone 

A rapid sustained response at 24 - 72 h 

following drug administration in around 

70% of the patients and at 10 days, a 

substantial clearance of pulmonary lesions 

on chest X-ray 

[9] 

Microorganisms, 2020 

May 9; 8(5): 695 

Preliminary 

results from the 

SMAtteo 

COvid19 

REgistry 

(SMACORE) 

(Italy) 

21 Hydroxychloroquine, 

azithromycin, low 

weight heparin – 

prophylactic dose 

Tocilizumab administration did not reduce 

ICU admission or mortality rate 
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Article Type of study Number of 

patients 

Other treatments Outcome 

[5] 

Eur J Intern Med., 2020 

Jun; 76: 43–49 

Single-centre 

retrospective 

cohort study 

(Italy) 

32 Hydroxychloroquine, 

lopinavir/ritonavir, 

No statistical difference regarding clinical 

amelioration and mortality at day 28 

 

[16] 

Effects of tocilizumab on 

Mortality in Hospitalized 

Patients with COVID-19: 

A Multi-center Cohort 

Study 

Multi-centre 

cohort study 

(Spain) 

260 Corticosteroids, 

hydroxychloroquine, 

azithromycin, 

lopinavir/ritonavir 

66% reduction of mortality risk in subjects 

with baseline CRP levels > 150 mg/L who 

received tocilizumab 

[17] 

Tocilizumab and steroid 

treatment in patients with 

COVID-19 pneumonia 

Observational 

single-centre 

study (Italy) 

130 Hydroxychloroquine, 

darunavir/ritonavir, +/-

methylprednisolone 

Patients with tocilizumab+/- methyl-

prednisolone had a higher failure-free 

survival 80.8% versus those without 64.1% 

and higher overall survival 85.9% vs. 71.9% 

[20] 

Tocilizumab for patients 

with COVID-19 

pneumonia. The 

TOCIVID-19 prospective 

phase 2 trial 

Multi-centre 

single-arm, 

hypothesis-

driven phase 2 

trial (Italy) 

180 Antiviral treatment, 

corticosteroids 

Reduced lethality rate at 30 days with no 

significant toxicity 

[24] 

Tocilizumab for treatment 

of mechanically 

ventilated patients with 

COVID-19 

Single-centre 

cohort study 

(USA) 

78 Hydroxychloroquine 

initially, later it was 

removed from protocol 

and remdesivir given+/- 

corticosteroids 

Treatment was associated with a decreased 

fatality likelihood, but an increased rate of 

superinfection 

[10] 

Lancet Rheumatol., 

2020; 2: e474-e484 

Retrospective 

observational 

cohort study 

(Italy) 

179 Hydroxychloroquine, 

azithromycin, 

lopinavir/ritonavir or 

darunavir-cobicistat 

Reduced risk of invasive mechanical 

ventilation or death 

 

Conclusions 

Given that there is no standard gold therapy for 

SARS-CoV-2 infection, tocilizumab might be regarded 

as a valuable drug for the patients with this new 

disease, positively influencing the outcome, especially 

by reducing the inflammatory syndrome and improving 

blood oxygen level. 
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