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1. INTRODUCTION

Since December, 2019, a novel coronavirus named Severe Acute 
Respiratory Syndrome-2 (SARS-CoV-2) causing Coronavirus 
Disease-2019 (COVID-19) has been spreading rapidly causing sig-
nificant morbidity and mortality worldwide. The clinical presenta-
tion of COVID-19 is highly variable, ranging from asymptomatic 
to severe pneumonia, Acute Respiratory Distress Syndrome (ARDS) 
that may progress rapidly to respiratory failure, and even requiring 

invasive Mechanical Ventilation (MV). To date, 66,252,020 cases 
and 1,524,768 deaths have been reported globally with a fatality rate 
around 3.0% [1]. Therefore, identifying risk factors for mortality and 
developing vaccines and novel therapeutics of severe COVID-19  
is extremely important now more than ever as the pandemic is still 
ongoing despite global efforts.

Patients admitted with severe COVID-19 infection in the 
Intensive Care Units (ICU) tend to have higher levels of inflam-
matory cytokines, including: Tumor Necrosis Factor a (TNF-a), 
Interleukins (IL) 2, 6, 7, and 10, Granulocyte-Colony Stimulating 
Factor (G-CSF), monocyte chemoattractant protein 1, macrophage 
inflammatory protein 1 alpha, and interferon-γ-inducible protein 
10; an aberrant host immune response suggesting a “cytokine storm”  
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A B S T R AC T
Aim: As Coronavirus Disease-2019 (COVID-19) pandemic continues to evolve, the search for safe and effective therapeutic 
interventions remain essential.
Methods: We conducted a retrospective cohort study on patients hospitalized with laboratory confirmed severe acute respiratory 
syndrome coronavirus-2 infection, comparing standard of care along with Convalescent Plasma with or without Tocilizumab 
(CP vs. CPT).
Results: A total of 110 patients were enrolled with an overall mean age of 50 ± 16 years. Patients on CPT were more likely to 
have had acute respiratory distress syndrome (77% vs. 42%; p < 0.001), sepsis (9.7% vs. 0; p = 0.036), chest X-ray abnormalities 
(71% vs. 44%; p = 0.004), intensive care unit admission (84% vs. 56%; p = 0.001) as well as being on mechanical ventilation (79% 
vs. 48%; p = 0.001). After CPT treatment, all measured inflammatory markers, except interleukine-6, showed an overall steady 
decline over time (all p-values <0.05) and the ventilatory parameters showed significant improvement of PaO2/FiO2 ratio from 
127 to 188 within 7 days (p < 0.001). Additionally, 52% (32/62) of the patients had favorable outcome, either as improvement of 
ventilatory parameters or extubation within 14 days of hospitalization. However, mortality rate in those on CPT was higher than 
those who received CP alone (24% vs. 8.3%; p = 0.041).
Conclusion: In patients with severe COVID-19 infection, using tocilizumab with convalescent plasma is associated with 
improvement in inflammatory and ventilatory parameters but no effect on mortality. These findings require validation from 
randomized clinical trials.

© 2020 The Authors. Published by Atlantis Press International B.V. 
This is an open access article distributed under the CC BY-NC 4.0 license (http://creativecommons.org/licenses/by-nc/4.0/).
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that causes increased alveolar exudate hindering the alveolar gas 
exchange [2,3] and contributes to the high mortality associated 
with severe COVID-19 infection [4].

In the absence of specific antiviral drugs against SARS-CoV-2, 
existing immune modulating therapies have been used to target 
this excessive inflammatory response [5,6]. A recombinant human-
ized monoclonal antibody of the IgG1 class, which is directed 
against both the soluble and membrane-bound forms of the IL-6 
receptor, tocilizumab, has been postulated as a potential blocking 
target to “calm” the cytokine storm in critically ill patients [7–9]. 
Tocilizumab has shown effectiveness and safety in several case 
reports and small retrospective studies in severe SARS-CoV-2  
[10–17], but to date no published randomized clinical trials. To solid-
ify the evidence on the effectiveness and safety of immunomodulat-
ing therapies, 110 patients diagnosed with severe COVID-19 from 
the Royal Hospital (RH) in Oman were recruited and allocated either 
to standard care and Convalescent Plasma (CP) or standard care and 
combination CP with Tocilizumab therapy (CPT). The aim of this 
study was to assess the role of tocilizumab in improving outcomes 
including mortality, in a cohort of patients with severe COVID-19 
pneumonia who received standard of care treatment and CP.

2. MATERIALS AND METHODS

2.1. Study Design and Participants

We conducted a retrospective observational cohort study at a ter-
tiary care hospital in Muscat, Oman, from April 17th to June 20th, 
2020, comparing two intervention groups: standard of care and CP 
versus standard of care and CPT. Both interventions were given 
to patients ≥13 years of age, with COVID-19 infection confirmed 
by the real time-polymerase-chain-reaction (RT-PCR). All the 
patients were hospitalized with confirmed or imminent respiratory 
failure and any one of the following conditions:

1.  ARDS defined as an acute-onset hypoxemia (the ratio of the 
partial pressure of arterial oxygen to the fraction of inspired 
oxygen [PaO2:FiO2] <300, with >50% bilateral pulmonary 
opacities on chest imaging within 24–48 h, that were not fully 
explained by congestive heart failure [18].

2.   Severe pneumonia in adults was defined as respiratory infec-
tion with fever and one of the following: respiratory rate of >30 
breaths/min, severe respiratory distress and SpO2 of <90% on 
room air [World Health Organization (WHO)/ 2019 – nCoV/
clinical/2020.5].

3.   Pneumonia in adults was defined as evidence of lower respi-
ratory tract infection, including difficulty in breathing, fast 
breathing >20 breaths/min, crackles on examination, or new 
infiltrates on chest X-ray.

4.   Critical respiratory condition requiring high-flow nasal cannula,  
or Non-invasive Ventilation (NIV), MV, or rapidly increasing 
oxygen requirement.

5.   Sepsis was defined as as life-threatening organ dysfunction 
caused by a dysregulated host response to infection.

6.   Septic shock in adults was defined as: persisting hypoten-
sion despite volume resuscitation, requiring vasopressors to  

maintain mean arterial pressure of ≥65 mmHg, and serum  
lactate level of >2 mmol/L.

7.   Multiple Organ Dysfunction Syndrome (MODS) was defined 
as the progressive, potentially reversible dysfunction of two or 
more organ systems following acute, life-threatening disruption 
of systemic homeostasis.

We collected the following data: demographics, baseline charac-
teristics, risk factors, Sequential Organ Failure Assessment (SOFA) 
score, respiratory parameters (fraction of inspired oxygen (FiO2), 
Positive End-Expiratory Pressure (PEEP), partial pressure of arte-
rial oxygen (PaO2), and (PaO2)/FiO2) pre-intervention on day 0, 
and on post-intervention days 3, 7 and 14. Similarly we collected 
laboratory parameters [Absolute Lymphocytic Count (ALC), 
C-Reactive Protein (CRP), Lactate Dehydrogenase (LDH), ferri-
tin, d-dimer, IL-6, pH and lactate] pre-intervention on day 0, and 
on post-intervention days 3, 7 and 14, together with radiological 
features and clinical outcomes including extubation, improvement 
without intubation and mortality rates.

Both intervention groups received the standard of care as per the 
National Guidelines [Ministry of Health, Oman. Human infection 
with novel corona virus (COVID-19)-Interim guidelines for hospi-
tals, primary care and private healthcare, 2020] and CP as per the 
RH protocol.

The study was approved by the RH Research and Ethics 
Committee (SRC#36/2020). We obtained a written informed con-
sent from the patient or (if intubated) through the health proxy. 
Data availability, after local health authority approval, can be pro-
vided upon request.

2.2. CP Protocol

The CP group was part of another clinical study conducted at the 
RH “Convalescent plasma in the treatment of COVID-19: An 
Open Label Controlled Clinical Trial”. The study included patients 
admitted with PCR confirmed COVID-19 pneumonia with one of 
the following high-risk criteria:

 • Critical respiratory condition or rapidly increasing oxygen 
requirement.

 • Signs of severe pneumonia with one of the following additional 
risk factors for complicated disease: age ≥ 60 years, immunodefi-
ciency, hypertension, diabetes mellitus, Coronary Heart Disease 
(CHD), Chronic Obstructive Pulmonary Disease (COPD), lym-
phocyte count <0.8 × 109/L, LDH > 250 U/L, d-dimer >1 µg/mL, 
serum ferritin > 300 µg/L.

The study exclusion criteria included: known IgA deficiency, hyper-
sensitivity reaction to blood or blood products, past history of severe 
transfusion reactions, patient’s rejection of plasma therapy, unavail-
ability of matching plasma and more than 14 days of illness. The 
patients received 200 mL of CP at enrollment (day 0). A second dose 
was given 24–48 h after the first dose in the following circumstances:

(a)  The patient continues to have severe pneumonia and is not 
showing significant improvement (i.e. persistently febrile, 
high oxygen requirement, difficulty in breathing).

(b) The patient is in a critical respiratory condition.
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2.3. Tocilizumab Protocol

We gave tocilizumab as per the ‘Royal Hospital Protocol for Use 
of IL-6 Inhibitor Tocilizumab in Severe COVID-19 with Suspected 
Hyperinflammation’. The clinician initiated tocilizumab after con-
sent from the patient or a health proxy and in consultation with 
Infectious Diseases Team as indicated below:

 • Hospitalized with confirmed critical respiratory condition or 
rapidly increasing oxygen requirements or severe COVID-19 
pneumonia as evidenced with chest X-ray or CT scan and more 
than of the following: blood oxygen saturation ≤93% and/or 
PaO2/FiO2 ratio <300 mmHg, and

 • Established presence of hyperinflammation as per serial monitor-
ing of serum ferritin, CRP, fibrinogen, d-dimer, LDH and IL-6

 • Ferritin > 300 µg/L (or surrogate) and doubling within 24 h

 • Ferritin > 600 µg/L at presentation and LDH >250 U/L

 • Elevated d-dimer (>1 µg/mL)

 • IL-6 > 80 pg/mL

We excluded the following conditions from the use of tocilizumab: 
coexistent infection other than COVID-19; history of severe aller-
gic reactions to monoclonal antibodies, long-term oral medication 
of anti-rejection drugs or immunoregulatory drugs, neutrophils 
<500 per μL or platelets <50 × 109; active diverticulitis, inflamma-
tory bowel disease, or another symptomatic gastrointestinal tract 
condition that might predispose patients to bowel perforation; 
severe hematological, renal, or liver function impairment [Alanine 
Aminotransferase (ALT)/aspartate Aminotransferase (AST) ratio 
>5 upper limit of normal]. Patients with active tuberculosis and 
other active infection were excluded.

A dose of 4–8 mg/kg of tocilizumab was administered followed by 
an additional dose after 12 h if no clinical response without exceed-
ing a total of 800 mg.

2.4. Outcomes

We measured the following primary outcomes: extubation rates, 
discharges from hospital and death rates.

2.5. Statistical Analysis

We used descriptive statistics to describe the data. For categorical 
variables, we reported the frequencies and percentages and ana-
lyzed the differences between groups using Pearson’s χ2 tests (or 
Fisher’s exact tests for expected cells of <5). For continuous vari-
ables, we used mean and standard deviation to summarize the data 
while performed analyses using Student’s t-test. Laboratory investi-
gations and ventilatory parameters of the CP cohort with and with-
out tocilizumab (CPT) over the course of the hospital admission, as 
presented in Table 1 as well as in Figures 1–3, were analysed using 
the repeated measures analysis of variance and the p-values for 
the differences over time were corrected using the Greenhouse–
Geisser correction factor. We considered p < 0.05 as statistically sig-
nificant. Statistical analyses were conducted using STATA version 
16.1 (STATA Corporation, College Station, TX, USA).

3. RESULTS

We enrolled a total of 110 COVID-19 patients that were treated, 
among other standard therapies, with CP, with an overall mean 
age of 50 ± 16 years and 85% (n = 93) were males. A total of 56%  
(n = 62) of the patients had tocilizumab added to their medi-
cal management. Fever (88%; n = 97), shortness of breath (85%;  
n = 93) and cough (72%; n = 79), were the three most prominent 
symptoms observed. Other signs and symptoms, as reported by the 
patients, are shown in Figure 4.

The three most prevalent comorbidities were hypertension (38%;  
n = 42), diabetes mellitus (31%; n = 34), and chronic heart disease  

Table 1 | Laboratory investigations and ventilatory parameters of the convalescent plasma cohort with and without tocilizumab

Investigation, mean ± SD
Day 0 Day 3 Day 7 Day 14 Overall p-value 

over time
Overall p-value 
between groupsCP vs. CPT CP vs. CPT CP vs. CPT CP vs. CPT

WBC count, ×109/L 8.0 vs. 10.2 8.3 vs. 10.4 9.5 vs. 12.3 10.9 vs. 13.6 <0.001 <0.001
ALC, ×109/L 1.0 vs. 1.3 0.9 vs. 1.2 1.5 vs. 1.2 1.8 vs. 1.9 <0.001 0.027
Hb, g/dL 12.4 vs. 12.8 12.0 vs. 11.7 12.0 vs. 11.3 10.7 vs. 10.4 <0.001 0.071
Platelets, ×109/L 264 vs. 299 374 vs. 344 440 vs. 340 427 vs. 297 <0.001 0.471
CRP, mg/dL 128 vs. 169 104 vs. 111 89 vs. 45 36 vs. 12 <0.001 0.532
Creatinine, mg/L 81 vs. 96 87 vs. 134 91 vs. 161 77 vs. 132 <0.001 0.009
ALT, U/L 65 vs. 95 79 vs. 98 106 vs. 152 56 vs. 94 0.003 0.034
AST, U/L 82 vs. 91 64 vs. 114 63 vs. 170 32 vs. 66 0.176 0.026
Total bilirubin, mmol/L 11 vs. 292 23 vs. 47 15 vs. 13 9 vs. 11 0.321 0.335
Ferritin, mg/L 1112 vs. 3090 1047 vs. 1531 892 vs. 1642 634 vs. 857 0.029 0.042
Corrected calcium, mmol/L 2.1 vs. 2.0 5.8 vs. 3.2 2.2 vs. 2.2 2.2 vs. 2.2 0.050 0.822
PO4, mg/dL 1.4 vs. 1.4 1.1 vs. 1.2 1.2 vs. 1.5 4.2 vs. 5.4 <0.001 0.102
PEEP, cm H2O 12 vs. 13 10 vs. 12 10 vs. 11 9 vs. 11 <0.001 0.019
FiO2, mmHg 63 vs. 73 47 vs. 56 46 vs. 49 43 vs. 56 <0.001 0.022
PaO2, mmHg 88 vs. 79 89 vs. 90 78 vs. 83 79 vs. 90 <0.001 0.499
pCO2, kPa 39 vs. 47 44 vs. 47 41 vs. 47 48 vs. 47 <0.001 0.027
SpO2, mmHg 96 vs. 93 97 vs. 91 94 vs. 95 97 vs. 81 <0.001 0.827

The analyses were performed using the repeated measures Analysis of Variance (ANOVA) and the p-values for the differences over time were corrected using the Greenhouse–Geisser 
correction factor.: WBC, white blood cell.
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Figure 1 | Interleukin 6 (IL-6) throughout admission in the convalescent 
plasma (CP) cohort with and without tocilizumab. Notes: The p-value 
denotes significant differences in IL-6 levels between those on CP alone 
versus those on CP and tocilizumab over the admission period.

Figure 2 | d-Dimer levels throughout admission in the convalescent 
plasma (CP) cohort with and without tocilizumab. Notes: The p-value 
denotes significant differences in d-dimer levels between those on CP 
alone versus those on CP and tocilizumab over the admission period.

Figure 3 | Lactate Dehydrogenase (LDH) levels throughout admission in 
the convalescent plasma (CP) cohort with and without tocilizumab.

(8.2%; n = 9). The overall median Sequential Organ Failure 
Assessment (SOFA) score was 2 (1–3) and 62% (n = 68) of the patients 
had ARDS. A further 10% (n = 11) and 5.5% (n = 5) of the patients had 
severe pneumonia and sepsis, respectively. Chest X-ray findings indi-
cated major abnormalities in 59% (n = 65) of the patients while 65%  
(n = 72) of the cohort required MV. Patients that received tocilizumab 
were more likely males (94% vs. 73%; p = 0.006), having ARDS (77% 
vs. 42%; p < 0.001), sepsis (9.7% vs. 0; p = 0.036), major abnormali-
ties in their chest X-ray (71% vs. 44%; p = 0.004), ICU care (84% vs. 
56%; p = 0.001) as well as on MV (79% vs. 48%; p = 0.001). Other 
demographic and clinical characteristics are presented in Table 2.

Table 1 outlines laboratory investigations and ventilatory parameters 
of the cohort. Those patients that received tocilizumab had higher 
white blood cell counts (p < 0.001), creatinine (p = 0.009), ALT (p = 
0.034), AST (p = 0.026) and ferritin (p = 0.042) levels. They also had 
higher ventilatory parameters: PEEP (p = 0.019), fraction of inspired 
oxygen (FiO2) (p = 0.022), and partial pressure of carbon dioxide 
(pCO2) (p = 0.027), when we compared them to those that did not 
receive tocilizumab. As shown in Figures 2–4, patients treated with 
tocilizumab had significantly higher baseline levels of the inflam-
matory markers [IL-6 (p < 0.001), d-dimer (p < 0.001) and LDH 
(p < 0.001), respectively], however, with the exception of IL-6, all 
the other inflammatory markers, including CRP, showed an overall 
steady significant decline over time (with all the p-values <0.05).

Table 3 shows medications and clinical outcomes of the cohort with 
and without tocilizumab. Patients on tocilizumab were also more likely 
to be receiving antibiotics; piperacillin-tazobactam (76% vs. 48%;  
p = 0.003) and meropenem (42% vs. 8.3%; p < 0.001). Furthermore, 
patients on tocilizumab had longer hospital stay and were less likely 
to be discharged home (34% vs. 56%; p = 0.019). However, we noted 
significant improvements in ventilatory parameters as PaO2/FiO2 
ratio increased from 127 to 188 within 7 days after CPT therapy  
(p < 0.001). The mortality rate in patients who received CPT was 
higher than those who received CP alone (24% vs. 8.3%; p = 0.041).

4. DISCUSSION

We have conducted a retrospective study of 110 patients with 
severe COVID-19 disease who received CP or CPT in addition 

Figure 4 | Signs and symptoms of the Convalescent Plasma (CP) cohort 
with and without tocilizumab.
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Table 2 | Demographic and clinical characteristics of the convalescent plasma cohort with and without tocilizumab

Characteristic, n (%) unless 
specified otherwise All (N = 110)

Tocilizumab
p-value

No (n = 48) Yes (n = 62)

Age, mean ± SD, years 50 ± 16 48 ± 14 51 ± 18 0.472
Male gender 93 (85%) 35 (73%) 58 (94%) 0.006
Smoking, past/present 4 (3.6%) 2 (4.2%) 2 (3.2%) 1.000
Hypertension 42 (38%) 19 (40%) 23 (37%) 0.790
Diabetes mellitus 34 (31%) 14 (29%) 20 (32%) 0.728
Chronic lung disease 2 (1.8%) 0 2 (3.2%) 0.504
Chronic heart disease 9 (8.2%) 4 (8.3%) 5 (8.1%) 1.000
Chronic neurological disease 4 (3.6%) 3 (6.3%) 1 (1.6%) 0.316
Chronic renal disease 3 (2.7%) 1 (2.1%) 2 (3.2%) 1.000
Asthma 5 (4.6%) 2 (4.2%) 3 (4.8%) 1.000
ARDS 68 (62%) 20 (42%) 48 (77%) <0.001
Pneumonia 46 (42%) 29 (60%) 17 (27%) 0.001
Severe pneumonia 11 (10%) 4 (8.3%) 7 (11%) 0.753
Sepsis 5 (5.5%) 0 6 (9.7%) 0.036
Septic shock 4 (3.6%) 1 (2.1%) 3 (4.8%) 0.631
Required oxygen therapy 110 (100%) 48 (100%) 62 (100%) 1.000
X-ray findings

Major X-ray abnormality 65 (59%) 21 (44%) 44 (71%) 0.004
Infiltrations/patchy shadowing 41 (37%) 25 (42%) 16 (26%) 0.005

ICU care 79 (72%) 27 (56%) 52 (84%) 0.001
Required mechanical ventilation 72 (65%) 23 (48%) 49 (79%) 0.001
SOFA score 2 (1–3) 2 (1.5–3) 2 (1–3) 0.860

SD, standard deviation.

Table 3 | Medications and clinical outcomes of the convalescent plasma cohort with and without tocilizumab

Characteristic, n (%) unless 
specified otherwise All (N = 110) (%)

Tocilizumab
p-value

No (n = 48) (%) Yes (n = 62) (%)

Antibiotic
Ceftriaxone 77 (70) 37 (77) 40 (65) 0.154
Piperacillin 70 (64) 23 (48) 47 (76) 0.003
Meropenem 30 (27) 4 (8.3) 26 (42) <0.001
Azithromycin 5 (4.6) 1 (2.1) 4 (6.5) 0.384
Antiviral
Lopinavir/Ritonavir 89 (81) 37 (77) 52 (84) 0.369
Antimalarial
Hydroxychloroquine 87 (79) 39 (81) 48 (77) 0.624
Intravenous steroids 63 (57) 23 (48) 40 (65) 0.081
Interferon
Interferon Beta 1B 7 (6.4) 5 (10) 2 (3.2) 0.125
Mechanical ventilation
Extubated 42 (38) 16 (33) 26 (42) 0.430
Improved but still intubated 8 (7.3) 2 (4.2) 6 (9.7) 0.462
Outcomes (N = 103)
Remains hospitalized 36 (33) 14 (29) 22 (35) 0.542
Discharged home 48 (44) 27 (56) 21 (34) 0.019
Death 19 (17) 4 (8.3) 15 (24) 0.041

Out of the 110 patients, seven patients were transferred to another health facility or discharged to institutional quarantine.

to the standard care treatment. All patients required supplemen-
tal oxygen and 65% (n = 72) were on MV. Both treatment groups 
had similar SOFA scores, but patients in the CPT group had sig-
nificantly more severe disease, particularly more frequently having 
ARDS and sepsis. Our study showed that male patients with major 
bilateral chest X-ray changes tend to be at a higher risk of devel-
oping ARDS, requiring mechanical ventilation and receiving CPT. 
Patients with pneumonia and patchy X-ray changes were less likely 
to develop cytokine storm and probably the combination treatment 
was not warranted.

In this study, ventilatory and laboratory parameters at baseline were 
generally very high particularly in the CPT group indicating more 
severe COVID-19 disease. In fact, during that time of the pandemic, 
our hospital was receiving mostly the severe and critical COVID-
19 infected patients. Concentrations of LDH and CRP in plasma 
were high, but showed progressive steady decline within 72 h after 
starting the treatment, and this decline was even more significant by 
day 14 in both groups. The downtrend of acute phase reactants cor-
relates with patients’ clinical improvement. In contrary, IL-6 levels 
increased after tocilizumab administration but decreased in patients 
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who received CP. This is because tocilizumab competitively blocks 
IL-6 receptors and leaves free IL-6 in plasma which remains in cir-
culation for some time [19]. There is no established cutoff value for 
IL-6 level to predict the likelihood of cytokine release syndrome 
[10,20]. Our cut off for starting tocilizumab was 80 pg/mL. Longer 
monitoring and larger sample sizes are required for better under-
standing of the prognostic role of IL-6 concentrations and other 
biomarkers in COVID-19 pneumonia treated with tocilizumab.

The overall favorable clinical outcome observed in this cohort could 
be attributed to several interventions including CP, tocilizumab or 
steroids. The COVID-19 disease has an initial phase of viral repli-
cation along with a second phase determined by the host inflam-
matory response. In addition to respiratory failure and circulatory 
shock, SARS-CoV-2 infection induces a dysregulated immune 
response, so-called cytokine storm, characterized by increased pro-
duction of many cytokines such as IL-6 and other inflammatory 
bio-markers that causes lung damage and fibrosis [2,3]. In this study, 
the combined CPT treatment group did not show the same out-
comes as reported in some other studies. This might be attributed 
to the timing of the intervention and the severity of illness in our 
cohort. Tocilizumab together with CP can be considered as one of 
the immunomodulatory interventions to be used at an early stage of 
the storm which might prevent such complications [21–24].

In our study, all patients received standard treatment accord-
ing to the (National Protocol for the Management of COVID-19 
Infection), including hydroxychloroquine, lopinavir/ritonavir and 
intravenous steroids as well as oxygen therapy. The results of CPT 
treatment in terms of inflammatory and ventilatory parameters 
were encouraging. With the exception of IL-6, the inflammatory 
markers of almost all patients showed a steady decline. The venti-
latory parameters improved as PaO2/FiO2 ratio increased signifi-
cantly from 127 to 188 within 7 days after the CPT therapy.

In this study, 52% of patients, in those on CPT, had favorable 
outcomes that included either clinical improvement of ventila-
tory parameters or extubation within 14 days of hospitalization. 
Tocilizumab was administered after a median average of 8 (6–10) 
days after COVID-19 symptom onset, after failure of standard care 
treatment, in critically ill patients with ARDS and mostly those on 
MV. The CP group had similar SOFA scores but a higher baseline 
PaO2/FiO2 values than did the CPT group. Thus, the magnitude of 
the beneficial effects associated with the use of tocilizumab could 
have been underestimated. Further studies are needed to evaluate 
the optimal timing of tocilizumab initiation on the basis of PaO2/
FiO2 values and severity of disease stage.

The crude fatality rate in our patients diagnosed with pneumonia 
and requiring oxygen therapy was 17%. The multicentre cohort 
study from China reported the fatality rate of 28–52% among hos-
pitalized patients [25]. Moreover, in a study from Italy conducted 
among 1591 patients admitted to ICU, the fatality rate was 26% 
[26]. Compared with the CP group (which included pneumo-
nia and severe pneumonia), the mortality rate in our CPT group 
was higher (24% vs. 8%; p = 0.041) as they were more likely to 
die from the severity of their illness. However, the mortality rate 
of CPT group is consistent with those of a smaller, retrospec-
tive, case-controlled tocilizumab studies [27,28]. Klopfenstein 
et al. [29], reported a death rate of 25% in patients who received  

tocilizumab [29]. A recent report on a randomized clinical trial 
comparing tocilizumab alone with placebo showed no improve-
ment in clinical status or patient mortality, although showed 
decrease in length of hospital stay by 1 week which could have a 
significant clinical impact in resource limited settings. Full results 
of the trial are not yet published but the key factors that could have 
influenced the outcomes are the timing of the immunomodulating 
treatment and the presence of hyper inflammatory response [30].

In this study, 57% of the patients in both groups received intrave-
nous corticosteroids. This could have resulted in the lower mortal-
ity rates that was observed. Some studies recommended using the 
combination of immunomodulatory drugs with anti-inflammatory 
drugs for the treatment of severe COVID-19 [16]. However, a major 
concern is the risk of infection, particularly in this critically ill vul-
nerable group with ARDS and severe pneumonia. An increased 
incidence of bacterial and fungal superinfections has been reported 
in some studies with an odds ratio of 3.96 (95% confidence interval: 
1.35–11.61: p = 0.003) [31]. Similar to other studies, we noticed a 
significantly higher rate of sepsis in the CPT than in the CP group, 
reflected on a high rate of broad-spectrum antibiotics use and may 
also explain the mortality rate in our cohort. A careful monitoring 
of infections is extremely important particularly if more than one 
dose of tocilizumab is given.

Our study has several limitations. First, the study was retrospective 
with a non-randomized control group, therefore unmeasured con-
founding factors cannot be ruled out. Second, the participants who 
received CPT had more severe illness with lower PaO2/FiO2 ratios 
than the CP group, therefore were at a higher baseline risk of com-
plications and death, though the overall outcomes were similar to 
other studies. Third, we had a relatively short follow-up duration. 
As a result, clinical outcomes of some patients who did improve 
but were still intubated and the outcomes of a number of patients 
that were still in ICU remains to be known. Fourth, the impact of 
confounding variables on the outcome in each intervention group, 
although both cohorts received similar interventions, concomitant 
use of other drugs may also have influenced the outcomes.

Despite the limitations, our findings have important clinical impli-
cations. Our sample size was larger, though no formal analysis was 
performed, than most published studies and we had lower mortal-
ity rates than previous reports [32]. Additionally, the key confound-
ing factors were collected daily in a standardized way on day  0,  
day 3, day 7 and day 14. It would also have been more appropriate to  
perform a multivariable Cox regression or logistic regression; how-
ever, the sample was smaller for such multivariable modelling.

5. CONCLUSION

Immunomodulatory drugs, have been proposed for managing 
severe COVID-19 infection. In this study, patients with very severe 
course of disease and who received tocilizumab showed steady 
reductions in LDH and d-dimer levels as well as improvement in 
PaO2/FiO2 ratio. The clinical benefit could have been even more 
pronounced if tocilizumab was given earlier. These findings require 
validation from ongoing randomized clinical trials of tocilizumab 
in COVID-19 patients.
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