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Abstract

Objective: To determine whether tocilizumab improved outcomes of patients hospitalised with severe coronavirus
disease-2019 cytokine storm syndrome.

Method: The case-control study was conducted at Al-Yarmouk Teaching Hospital, Baghdad, and Al Shatra General
Hospital, Thi Qar, Irag, from September 2020 to March 2021, and comprised patients with severe acquired
respiratory syndrome-corona virus-2 pneumonia who were not candidates for mechanical ventilation and received
a single-dose intravenous infusion of tocilizumab 8mg/kg in group A. The outcomes were compared with patients
in group B who received only standard care. Data was analysed using SPSS 26.

Results: Of the 60 patients, 30(50%) were in group A; 22(73.3%) males and 8(26.7%) females with mean age
56.63+10.92 years. There were 30(50%) patients in control group B; 24(80%) males and 6(20%) females with mean
age 54.8+6.18 (p>0.05). Group A showed significant changes compared to group B in the levels of interleukin-6,
serum ferritin, D-dimer, procalcitonin, lymphocytes count and oxygen saturation (p<0.05). Mortality rate was not
significantly different between the groups (p>0.05).

Conclusions: Majority of the acute phase inflammatory markers were reduced significantly by treatment with
tocilizumab.
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Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), or 2019 novel coronavirus (2019-nCoV),
coronavirus disease-2019 (COVID-19) is an enveloped
non-segmented positive-sense ribonucleic acid (RNA)
virus from the Coronaviridae-order Nidovirales family'2,

The clinical picture is characterised by heterogeneous
symptoms ranging from mild fatigue to life-threatening
pneumonia, systemic inflammatory reaction, acute
respiratory distress syndrome (ARDS) and multi-organ
failure (MOF)3.

Viral particles shedding from the respiratory mucosa
induce inflammatory reaction from other cells in the body
through a series of immunological reactions that induce
cytokine release, culminating in a cytokine storm. The
propensity of the immune reaction determines the
severity of the clinical syndromes*.
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Therefore, prompt diagnosis and management of
critically ill patients with SARS-CoV-2 pneumonia are vital
because the mortality is high, especially in older patients
with comorbidities#>5. SARS-CoV-2 pneumonia places
greater pressure on hospital critical care resources,
especially in hospitals that are not adequately staffed or
have limited resources>.

The exact mechanisms of severe lung injury and MOF are
yet to be elucidated. There is an interplay of non-resolving
immune hyper-inflammatory systemic response and
inflammatory marker surplus because of the ongoing viral
replication (cytokine storm) with ARDS6-8.

Differences in host immune-related responses in different
patients with variable symptomatic severities suggest the
possible role of host immune dysregulation?.

The current interaction created the base for the highly
targetting immunomodaulatory therapies using particular
cytokine antagonists to block pathways critical to host
immune responseso: 7.

Cytokines play a key role in coordinating antimicrobial
effector cells and providing regulatory signals that direct,
amplify and resolve the immune response. Cytokine
storm is a term encompassing several disorders of
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immune dysregulation characterised by constitutional
symptoms, systemic inflammation and multi-organ
dysfunction that can lead to MOF if inadequately treated.
Interferon-gamma (y), interleukin-1 (IL-1), IL-6, tumour
necrosis factor (TNF) and IL-18 contribute to the
immunopathogenic process of cytokine storm?.

IL-6 is a marker of T-cell activation?, and a major inducible
pro-inflammatory cytokine which affects different organ
systems through immunological and non-immunological
pathways’9. IL-6 is one of the most robust prognostic
markers in lung injury, end-organ damage, and
subsequent survival?.19,

Elevation of the immune markers that reflect hyper-
inflammation and tissue damage predicted worsening
outcomes in patients with severe infection with SARS-
CoV-211, However, it is still unknown whether the cytokine
storm is a primary event of the infection, or an
unpredicted secondary process’.

The SARS-CoV-2-associated cytokine storm differs from
other cytokine release syndromes due to other diseases.

From the diagnostic point of view, patients with SARS-
CoV-2-associated cytokine storm have more
lymphopenia?, frequent thromboembolic events'2 and
higher IL-6 and other inflammatory biomarkerss.

Theoretically, implementing agents to block the cytokine
signalling may deteriorate SARS-CoV-2 clearance,
increase the risk of secondary infections, and
consequently worsen the outcomes'3. However, IL-6
blockade also results in a rapid decline of serum IL-10, an
immunosuppressive cytokine secreted by macrophages,
which may alleviate concerns about prolonging viral
clearance.

Tocilizumab (TCZ) is a recombinant humanised
immunoglobulin antihuman IL-6 monoclonal antibody
approved for the treatment of many immune-mediated
rheumatological conditions', Castleman disease’s,
Crohn'’s disease!” and steroid-refractory chronic graft-
versus-host disease’s.

TCZ prevents binding of IL-6 to both cell-associated and
soluble IL-6 receptors with high affinity inhibiting the IL-6
signalling's, rendering it incapable of immune damage to
target cells and alleviating the inflammatory responses 19,
which is the mechanism that made TCZ of benefit in
severe or life-threatening chimeric antigen receptor T
cell-induced cytokine storm20,

Blocking the IL-6 may halt the disturbed oxygen diffusion
through the alveolar-capillary blood-gas exchange
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dysfunction. An additional benefit could be seen through
the lesser frequency of pulmonary fibrosis and organ
failure, which may be seen in critically ill patients2. Still,
there was no survival advantage using TCZ in severely ill

hospitalised patients with SARS-CoV-2 in many studies22-
24

The current study was planned to determine whether TCZ
improved outcomes of patients hospitalised with severe
COVID-19 cytokine storm syndrome.

Patients and Methods

The case-control study was conducted at Al-Yarmouk
Teaching Hospital, Baghdad, and Al Shatra General
Hospital, Thi Qar, Iraq, from September 2020 to March
2021, and comprised hospitalised patients with SARS-
CoV-2 pneumonia who were not candidates for
mechanical ventilation. After approval by ethics review
committee of the Iragi Board of Medical Specialisation,
the sample size was calculated using G*Power software 25
with 95% confidence interval (Cl) and 5% margin of error.

Those include were patients of either gender aged >18
years who had positive polymerase chain reaction (PCR)
test and positive radiological findings on computed
tomography (CT) imaging of the chest.

Those with a previously documented hepatic and renal
dysfunction, with a previously documented
thromboembolic diseases of any severity, patients with
any type of malignancies regardless of their treatment
status, patients with documented active or chronic
inflammatory conditions, patients who received any
immune modulation therapies in the preceding 6
months, patients on regular steroid doses in the
preceding 6 months, and pregnant women were
excluded.

After taking written informed consent, the patients
enrolled were divided into cases group A and control
group B. The sample was followed throughout the
respective admission period and their progress was
assessed.

As per the institutional practice, the patients in both
groups received standard of care (SOC), which included
antiviral treatment, if available, systemic glucocorticoids,
and supportive care.

In addition to SOC, group A patients received Intravenous
(IV) TCZ 8mg/kg body weight, to a maximum of
800mg/dose, once. Efficacy was evaluated before TCZ
administration and at discharge. Patients who were
candidates for discharge from hospitals had to be fever-
free for >3 days, with marked improvement in their
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respiratory functions, and SARS-CoV-2 PCR test negative
twice with a sampling interval of one day.

Laboratory assessment included inflammatory markers IL-
6, C-reactive protein (CRP), lactate dehydrogenase (LDH),
D-Dimer, procalcitonin, serum ferritin, complete blood
picture (CBC) parameters haemoglobin (Hb), white blood
cells (WBC), neutrophil, lymphocyte and platelet counts.
Neutrophil-to-lymphocyte ratio (NLR) was calculated by
dividing the neutrophil count by the lymphocyte count.
For patients who died, mortality was taken as the
outcome.

Venous blood samples 6-8mL in 2 test tubes were drawn
at baseline and at discharge from all the participants. Part
of the sample (2-3 mL) was taken in
ethylenediaminetetraacetic acid (EDTA) tube for CBC,
gently inverted 8-10 times at room temperature which
was tested later (Cell-Dyn-Ruby, Germany) within an hour.

The rest of the sample (4-5mL) was taken in a plain tube
for biochemical investigations (Beckman-Coulter-Unicell-
DXC-600-Synchron Clinical System, Beckman Coulter Inc.,
Brea, California, US, or Biolyzer-300, Analyticon
Biotechnologies AG, Lichtenfels, Germany).

Data was analysed using SPSS 26. Data was expressed
mean =+ standard deviation (SD), median * standard error
(SE), or frequencies and percentages, as appropriate.
Bivariate correlation analysis was used to compare the
relationships between the variables at admission and
discharge using Spearman's correlation coefficient, with
values >0.3 being the minimally accepted values.
Independent sample t-test was used to study the effect of
the change in the biochemical and the clinical parameters
in the study groups. The relationship between mortality
as a dependent outcome variable and the biochemical
and clinical changes during hospitalisation was assessed
using non-parametric Mann-Whitney-Wilcoxon test and
the independent sample t-test. Two-sided asymptotic
significance level of <0.05 was used. Spearman's
correlation coefficient (rho) significance levels can be
measured even if the data did not achieve normal
distribution. In subgroup analysis, the exact significance
was used which was equal to 2*(1-tailed significance).

Results

Of the 60 patients, 30(50%) were in group A; 22(73.3%)
males and 8(26.7%) females with mean age 56.63+10.92
years. There were 30(50%) patients in control group B;
24(80%) males and 6(20%) females with mean age
54.8+6.18 (p>0.05) (Table 1).

All the measured variables showed significantly moderate
to strong effect size, except CRP, which failed to show any
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Table-1: Baseline characteristics. n (%) or mean=SE.

Parameters Cases (n=30) Controls (n=30)
Gender (males) n (%) 22(73.3) 24 (80)
Age (years) 56.63+10.92 54.8+6.18
Body mass index (kg/m2) 24.58+3.39 27.08+4.13
Duration of hospitalization in days 10.77+4.87 10.43+3.76
Hypertension n (%) 5(16.7) 11(36.7)
Ischaemic Heart Disease n (%) 3(10) 4(13.3)
Interleukin-6 (pg/mL) 85.12+7.31 38+4.28
CRP (ug/mL) 148.5+8.48 140.15+9.1
LDH (U/L) 607+59.73 655.5+60.18
D-Dimer (ng/mL) 666:208.79 1176+412.85
Serum Ferritin (ng/mL) 721£70.12 649.1+38.83
Procalcitonin (ng/mL) 0.1x0.033 0.2+0.14
Haemoglobin (g/dL) 14.3+0.26 13.25£0.25
WBC (uL*103) 24.61+16.52 10.52+0.65
Neutrophils (uL*103) 5.9+0.71 10+0.68
Lymphocytes (uL*103) 0.7+0.1 0.5+0.08
Platelets (uL*103) 259+13.28 190.5+15.22
NLR 10.06£1.54 27.04+4.69
SP02 without 02 % 0.90+0.01 0.84+0.01
SP02 with 02 % 0.91£0.01 0.89+0.01
Received antiviral medication n (%) 13(43.3) 10(33.3)
Mortality n (%) 4(133) 5(16.7)

CRP: C-reactive protein, LDH: Lactate dehydrogenase, WBC: White blood cells, NLR: Neutrophil-to-
lymphocyte ratio, SP02: Partial pressure of oxygen.
Data is expressed as n(%) or mean =+ standard error (SE).

significance, while LDH showed the highest significance
correlation (Table 2).

Markedly significant changes were noted for IL-6, serum
ferritin, D-dimer, procalcitonin, lymphocyte count and
partial pressure of oxygen (SPO2), while changes in the
other variables were non-significant (Table 3).

Mortality was the outcome in 4(13.3) group A patients
and 5(16.7) group B patients. There was no significant
difference with any of the variables in intergroup or
intragroup analysis (Table 4).

Discussion

The current case-control study was age-matched with
noticeable male preponderance. Earlier reports during
the epidemic confirmed the relationship between older
age and poor outcomes in SARS-CoV-2 infection, but did
not identify separate effects of gender and obesity on
prognosis25.11.22.26, yet, some studies showed certain male
preponderance#11.27.28 Different results may be related to
the insufficient number of samples and mode of spread of
the disease.

In most patients, acute-phase reactant levels decreased
and the patients were getting to a stable condition as
reflected by a later gradual decreased of IL-6 or other
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Table-2: Bivariate Correlation of biomarkers at admission and at discharge.

Variables Cases Control  Spearman's (rho)

Correlation Coefficient

Sig.(2-tailed)

Interleukin-6

Admission 96.83 43.25 0.50 <0.001
Discharge 31.73 30.47

CRP

Admission 137.25 139.11 -0.16 0.224
Discharge 7834 103.96

Ferritin

Admission 809.87 674.84 0.63 <0.001
Discharge 579.54 640.14

LDH

Admission 726.47 696.37 0.79 <0.001
Discharge 5434 543.00

D-Dimer

Admission 1189.98 2035.59 0.57 <0.001
Discharge 1000.25 1259.84

Procalcitonin

Admission 0.16 0.53 0.48 <0.001
Discharge 0.18 0.23

WBC

Admission 24.61 10.52 0.58 <0.001
Discharge 10.18 12.58

Lymphocyte

Admission 0.88 0.58 0.48 <0.001
Discharge 1.24 0.58

Neutrophils

Admission 6.81 9.55 0.61 <0.001
Discharge 8.41 11.39

Platelets

Admission 236.7 207.87 0.47 <0.001
Discharge 274.63 2312

Haemoglobin

Admission 14.16 13.44 0.68 <0.001
Discharge 13.83 12.85

NLR

Admission 10.06 27.04 0.66 <0.001
Discharge 12.92 28.95

SPO, without 0,

Admission 0.88 0.83 0.45 <0.001
Discharge 0.91 0.89

SPO, with 0,

Admission 0.91 0.89 0.45 <0.001

CRP: C-reactive protein, LDH: Lactate dehydrogenase, NLR: Neutrophils-to-lymphocyte ratio, SP02:

Partial pressure of oxygen, WBC: White blood cells.

acute inflammatory markers after TCZ administration
compared to the control group, which was similar to
earlier results29-31.

IL-6 showed significant difference in the treatment group
in comparison to the SOC group, but this difference did
not show significant correlation with mortality.

Therapeutics targeting the patient immune response to
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Table-3: Non-parametric testing for the assessment of changes in the study
parameters between the study groups.

Variables Mann- Wilcoxon Z Asymp. Sig.
Whitney U w (2-tailed)
A Interleukin-6 85 550 -5.397- 0.001
ACRP 369 834 -1.198- 0.231
A Ferritin 242 707 -3.075- 0.002
ALDH 401 866 -717- 0.473
A D-Dimer 310 775 -2.070- 0.038
A Procalcitonin 174.5 639 -4.243- 0.001
AWBC 4445 909 -.081- 0.935
A Lymphocytes 273 738 -2.630- 0.009
A Neutrophils 449 914 -.015- 0.988
ANLR 439 904 -.163- 0.871
A Platelets 435.5 900.5 -214- 0.830
A SPO, without 0, 222 687 -3.39%- 0.001
A SPO, with 0, 188 653 -3.892- 0.001

CRP: C-reactive protein, LDH: Lactate dehydrogenase; NLR: Neutrophils-to-lymphocyte ratio, WBC:
White blood cells, SP02: Partial pressure of oxygen.

Table-4: Nonparametric testing related to mortality between the groups.

Variables Cases vs. Controls Cases only
Asymp. Sig. Exact Sig.
(2-tailed) [2*(1-tailed Sig.)]
A Interleukin-6 0.967 0.930
ACRP 0.605 0.461
A Ferritin 0.598 0.837
ALDH 0.182 0.659
A D-Dimer 0.541 0.461
A Procalcitonin 0.444 0.391
AWBC 0.291 0.391
A Lymphocytes 0.275 0.791
A Neutrophils 0.268 0.328
ANLR 0.061 1.000
A Platelets 0.286 0.123
A SPO, without 0, 0.518 0.157
ASPO, with 0, 0.328 0.702

CRP: C-reactive protein, LDH: Lactate dehydrogenase; NLR: Neutrophils-to-lymphocyte ratio, WBC:
White blood cells, SP02: Partial pressure of oxygen

viral infection was proposed as a potential strategy to
ameliorate inflammation and improve outcomes in
severe SARS-CoV-2 illness3.

A study showed that TCZ was significantly beneficial in
patients with IL-6 concentration around 10-90 times
above the normal range?9.

The pre-treatment levels of IL-6 were expected to increase
in severe cases of SARS-CoV-2, which could induce lung
epithelial cells to increase inflammatory responses,
leading to increased macrophage response and
ultimately pulmonary damage30.
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There would be temporary increase in the initial post-
treatment levels due to the IL-6R blockage by TCZ,
followed by gradual reduction in the levels. Stabilisation
and improvement in clinical outcomes were
demonstrated following the inhibition of inflammatory
activity by TCZ21.24,29,

The IL-6 levels may remain unchanged after TCZ
administration, which can be because TCZ competitively
blocks IL-6 receptors and leaves free IL-6 in plasma32, and
inhibits the receptor-mediated clearance of IL-6, leading
to its accumulation in serum2°.

Many studies considered IL-6 as independent, significant,
robust prognostic predictor of disease severity and death,
which should be considered in the management of
patients with SARS-CoV-2 infection to stratify prospective
clinical trials, guided resource allocation and informed
therapeutic options. It is possible that patients with
moderate disease and high IL-6 levels will benefit the
most from cytokine blockade by TCZ10. 33, 34, Higher
concentrations of IL-6 in serum are associated with higher
levels of SARS-CoV-2 viremia33,

CRP levels reduced during the course of the current study,
but the association between admission and discharge
CRP values did not show any significant association
during overall analysis or even in subgroup analysis. Its
change in mortality analysis was not significant, which
was in contrast to other studies, possibly due to the
markedly low sample size35-37.

Low lymphocyte counts, high concentration of CRP, LDH
and D-dimer were observed in the majority of SARS-CoV-
2 patients. These biomarkers were found to be
significantly correlated with disease severity and
subsequent mortality35: 36,

Researchers have proposed using CRP or other
inflammatory markers to select patients with hyper-
inflammatory state for TCZ treatment22 37, Respiratory
dysfunction is a more useful predictor of which patients
might benefit from IL-6 inhibition38.

D-dimer levels and platelet count were significantly
different between the TCZ and SOC groups in the current
study. Still, their effect on mortality could not be
ascertained in either group.

Thachil et al. showed that measuring D-dimers and
platelet count in all SARS-CoV-2 patients may help in
identifying patients who may need admission and close
monitoring 39. Tang et al. reported that non-survivors had
significantly higher D-dimer levels compared to the
survivors4%, Thrombocytopenia is often considered an
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indicator of sepsis mortality34. High levels of D-dimers
have been reported in several cohorts of patients with
SARS-CoV-2, and correlated with increased mortality4!.

Levels of LDH and procalcitonin were markedly high at
the pre-treatment stage, and underwent significant
reduction subsequently. The difference, however, did not
reach the significance level and did not affect mortality at
any level.

Many studies noted elevated LDH during the initial
phases of the illness26.27,37,42, and such levels were taken
as markers for mortality of patients with SARS-CoV-2
infection42 43,

The increase of the serum levels of cell death markers,
such as LDH and D-dimers, may be diagnostically
important in impending cytokine storm, which is
characterised by significant systemic tissue damage!l.
The elevated levels of these markers, especially early on,
could also indicate pulmonary immunothrombosis and
secondary pulmonary arterial hypertension due to
offending infection 32,

Studies showed conflicting results regarding prognostic
value of procalcitonin level in severe cases of
SARS-CoV-227.44,

The cellular inflammatory responses were augmented at
the initial stages during the study, and the difference
during therapy with TCZ took different correlations to the
outcome.

There is a complex mechanism for the neutrophils action
in patients with SARS-CoV-2. Viral invasion produces
different degree of changes in circulating cell counts, and
that is most likely due to a complex interplay among
cytokine-induced changes in production and
mobilisation of cells from the bone marrow, immune-
mediated destruction, and chemokine-induced
migration. It is customary to find some patients with
neutrophilia, and others with neutropenia, although they
had the same degree of severity of the illness?. 26,

Wang et al. showed that among the non-survivors, the
neutrophil count, blood urea, creatinine levels and D-
dimer continued to increase, and the level of lymphocyte
continued to decrease until death occurreds,

A study showed lower rates of serious infections in
patients who received TCZ, even with the decreased
neutrophil count and increased rates of neutropenia 23.27,
The mechanism of lymphopenia and neutropenia may be
due to the direct cellular effect by the viral invasion, or
indirect as a response to the excessive cytokine
release 26.27,
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After TCZ therapy, temporary neutropenia may be
encountered and resolved after discontinuation of the
TCZ. The mechanism of neutropenia is the margination
effect rather than myelo-suppression5: 20,

Severe viraemia may trigger a series of complex immune
dysregulatory responses, and results in changes in
immune components such as peripheral blood
leukocytes and lymphocytes, inhibiting their function4s.
The viral particles damage the cytoplasmic components
of the lymphocytes, and cause its destruction and
accelerate apoptosis, which may contribute to the
progression of the disease>: 46,

Previous studies showed lymphocytopenia in most
patients of different grades, with unclear relation
between the severity of lymphocytopenia and the
severity of SARS-CoV-2 infection.45.26,36,42,43,46 Some
studies suggested that lower lymphocyte count could be
associated with higher mortality in such patients42:43,

Additionally, high NLR has been recognised as a useful
prognostic haematological marker for the early screening
of SARS-CoV-2 severity3647, NLR was introduced as a
useful parameter for monitoring disease activity in
systemic inflammatory diseases48-50,

The ANLR was considered as a surrogate marker for
predicting bacterial infections in patients with
rheumatoid arthritis (RA) treated with TCZ5!, and a
parameter to monitor the clinical response to TCZ52.

Studies showed that blockade of IL-6 receptors by TCZ
administration produced an important effect on the
systematic inflammatory response expressed as
decreased values of CRP and NLR51.53,

Oxygen therapy during the study was governed by the
development of hypoxia. The current study showed
significant improvement in SPO2 in patients in both
groups. This difference did not reach the level at which an
effect on mortality could be seen. The overall mortality
was 15%.

High rate of in-hospital mortality was shown for severe
cases of SARS-CoV-2. There was a logical significant
association between mortality and hypoxia in many
studies, ranging 35-62% in critically ill patients.531.54. 55

Individualisation (not selectivity) of care was highly
applied for patients during the epidemic in terms of the
need for invasive ventilatory support in severe cases,
which may be specific for the first two weeks of the
iliness5:26, length of the hospitalisation and the criteria for
discharge?7.
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Despite the fact that the current study was conducted at
two centres, it had several limitations. The main limitation
was the TCZ availability, which limited the sample size.
False negative cases by PCR for SARS-CoV-2 were
excluded from the study. Many patients refused receiving
TCZ due to misinformation or fake news. Information
about possible timing and mode of transmission could
not be ensured, that is why the study could not gather
information about the incubation period. The causal
association between the clinical outcome and the
changes in different clinical and laboratory parameters
could not be ascertained owing to the observational
design of the study. Also, unmeasured residual
confounding could not be ruled out. The study was also
open label, so the staff involved knew which patients
were receiving TCZ. The generalizability of the results
must be considered in relation to different
epidemiological settings, especially regarding the TCZ
dose and use at the appropriate time point of the disease
course. Finally, the study lacked longitudinal data for
follow-up post-discharge. The fact that the majority of
acute-phase inflammatory markers were reduced
significantly during the course of treatment with TCZ
compared to SOC, but there was no difference in
mortality between the groups might have been because
of the small sample size and the short follow-up.
Randomised controlled clinical trials with larger sample
sizes are recommended to further investigate the effects
of TCZ in patients with severe COVID-19 and cytokine
storm syndrome.

Conclusion

Majority of the acute-phase inflammatory markers
reduced significantly during the course of treatment with
TCZ compared to the SOC group.

Disclaimer: None.
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Source of Funding: None.

References

1. Wormser GP, Aitken C. Clinical Virology, 3rd Edition Edited by D. D.
Richman, R. J. Whitley, and F. G. Hayden Washington, DC: ASM
Press, 2009. 1408 pp, lllustrated. $259.59 (hardcover). Clin Infect
Dis 2010;50:1692. doi: 10.1086/652862.

2. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China.
Lancet 2020;395:497-506. doi: 10.1016/5S0140-6736(20)30183-5

3. Zhu Z, Cai T, Fan L, Lou K, Hua X, Huang Z, et al. Clinical value of
immune-inflammatory parameters to assess the severity of
coronavirus disease 2019. Int J Infect Dis 2020;95:332-9. doi:
10.1016/}.ijid.2020.04.041

4. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al.
Epidemiological and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a descriptive

Vol. 74, No.10 (Suppl. 8), October 2024



The 16th scientific international conference

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

study. Lancet 2020;395:507-13. doi: 10.1016/50140-
6736(20)30211-7.

Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and
outcomes of critically ill patients with SARS-CoV-2 pneumonia in
Wuhan, China: a single-centered, retrospective, observational
study. Lancet Respir Med 2020;8:475-81. doi: 10.1016/52213-
2600(20)30079-5

Sinha P, Matthay MA, Calfee CS. Is a "Cytokine Storm" Relevant to
COVID-19? JAMA Intern Med 2020;180:1152-4. doi:
10.1001/jamainternmed.2020.3313

Fajgenbaum DC, June CH. Cytokine Storm. N Engl J Med
2020;383:2255-73. doi: 10.1056/NEJMra2026131

Lucas C, Wong P, Klein J, Castro TBR, Silva J, Sundaram M, et al.
Longitudinal analyses reveal immunological misfiring in severe
COVID-19. Nature 2020;584:463-9. doi: 10.1038/541586-020-2588-

Pons S, Fodil S, Azoulay E, Zafrani L. The vascular endothelium: the
cornerstone of organ dysfunction in severe SARS-CoV-2 infection.
Crit Care 2020;24:353. doi: 10.1186/513054-020-03062-7

Del Valle DM, Kim-Schulze S, Huang HH, Beckmann ND, Nirenberg
S, Wang B, et al. An inflammatory cytokine signature predicts
COVID-19 severity and survival. Nat Med 2020;26:1636-43. doi:
10.1038/541591-020-1051-9

Caricchio R, Gallucci M, Dass C, Zhang X, Gallucci S, Fleece D, et al.
Response to: 'Correspondence on 'Preliminary predictive criteria
for COVID-19 cytokine storm" by Tampe et al. Ann Rheum Dis
2023;82:e72. doi: 10.1136/annrheumdis-2020-219720

Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gommers
DAMPJ, Kant KM, et al. Incidence of thrombotic complications in
critically ill ICU patients with COVID-19. Thromb Res
2020;191:145-7. doi: 10.1016/j.thromres.2020.04.013

Lauder SN, Jones E, Smart K, Bloom A, Williams AS, Hindley JP, et
al. Interleukin-6 limits influenza-induced inflammation and
protects against fatal lung pathology. Eur J Immunol
2013;43:2613-25. doi: 10.1002/eji.201243018

Tanaka T, Narazaki M, Kishimoto T. Immunotherapeutic
implications of IL-6 blockade for cytokine storm. Immunotherapy
2016;8:959-70. doi: 10.2217/imt-2016-0020

Lee DW, Gardner R, Porter DL, Louis CU, Ahmed N, Jensen M, et al.
Current concepts in the diagnosis and management of cytokine
release syndrome. Blood 2014;124:188-95. doi: 10.1182/blood-
2014-05-552729

Nishimoto N, Kanakura Y, Aozasa K, Johkoh T, Nakamura M,
Nakano S, et al. Humanized anti-interleukin-6 receptor antibody
treatment of multicentric Castleman disease. Blood
2005;106:2627-32. doi: 10.1182/blood-2004-12-4602

Ito H, Takazoe M, Fukuda Y, Hibi T, Kusugami K, Andoh A, et al. A
pilot randomized trial of a human anti-interleukin-6 receptor
monoclonal antibody in active Crohn's disease. Gastroenterology
2004;126:989-96. doi: 10.1053/j.gastro.2004.01.012

Drobyski WR, Pasquini M, Kovatovic K, Palmer J, Douglas Rizzo J,
Saad A, et al. Tocilizumab for the treatment of steroid refractory
graft-versus-host disease. Biol Blood Marrow Transplant
2011;17:1862-8. doi: 10.1016/j.bbmt.2011.07.001

Xu Z, ShiL, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological
findings of COVID-19 associated with acute respiratory distress
syndrome. Lancet Respir Med 2020;8:420-2. doi: 10.1016/52213-
2600(20)30076-X

Le RQ, Li L, Yuan W, Shord SS, Nie L, Habtemariam BA, et al. FDA
Approval Summary: Tocilizumab for Treatment of Chimeric
Antigen Receptor T Cell-Induced Severe or Life-Threatening
Cytokine Release Syndrome. Oncologist 2018;23:943-7. doi:
10.1634/theoncologist.2018-0028

Xu X, Han M, Li T, Sun W, Wang D, Fu B, et al. Effective treatment
of severe COVID-19 patients with tocilizumab. Proc Natl Acad Sci

J Pak Med Assoc (Suppl. 8)

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

35.

37.

S-117

U S A 2020;117:10970-5. doi: 10.1073/pnas.2005615117

Stone JH, Frigault MJ, Serling-Boyd NJ, Fernandes AD, Harvey L,
Foulkes AS, et al. Efficacy of Tocilizumab in Patients Hospitalized
with Covid-19. N Engl J Med 2020;383:2333-44. doi:
10.1056/NEJM0a2028836

Hermine O, Mariette X, Tharaux PL, Resche-Rigon M, Porcher R,
Ravaud P. Effect of Tocilizumab vs Usual Care in Adults
Hospitalized With COVID-19 and Moderate or Severe Pneumonia:
A Randomized Clinical Trial. JAMA Intern Med 2021;181:32-40.
doi: 10.1001/jamainternmed.2020.6820.

Rosas 10, Brau N, Waters M, Go RC, Hunter BD, Bhagani S, et al.
Tocilizumab in Hospitalized Patients with Severe Covid-19
Pneumonia. N Engl J Med 2021;384:1503-16. doi:
10.1056/NEJM0a2028700

Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses
using G*Power 3.1: tests for correlation and regression analyses.
Behav Res Methods 2009;41:1149-60. doi: 10.3758/BRM.41.4.1149
Navarro G, Taroumian S, Barroso N, Duan L, Furst D. Tocilizumab in
rheumatoid arthritis: a meta-analysis of efficacy and selected
clinical conundrums. Semin Arthritis Rheum 2014;43:458-69. doi:
10.1016/j.semarthrit.2013.08.001

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical
Characteristics of 138 Hospitalized Patients With 2019 Novel
Coronavirus-Infected Pneumonia in Wuhan, China. JAMA
2020;323:1061-9. doi: 10.1001/jama.2020.1585

Wu J, Liu J, Zhao X, Liu C, Wang W, Wang D, et al. Clinical
Characteristics of Imported Cases of Coronavirus Disease 2019
(COVID-19) in Jiangsu Province: A Multicenter Descriptive Study.
Clin Infect Dis 2020;71:706-12. doi: 10.1093/cid/ciaa199
Henderson LA, Canna SW, Schulert GS, Volpi S, Lee PY, Kernan KF,
et al. On the Alert for Cytokine Storm: Immunopathology in
COVID-19.  Arthritis  Rheumatol 2020;72:1059-63. doi:
10.1002/art.41285

Luo P, Liu Y, Qiu L, Liu X, Liu D, Li J. Tocilizumab treatment in
COVID-19: A single center experience. J Med Virol 2020;92:814-8.
doi: 10.1002/jmv.25801

Somers EC, Eschenauer GA, Troost JP, Golob JL, Gandhi TN, Wang
L, et al. Tocilizumab for Treatment of Mechanically Ventilated
Patients With COVID-19. Clin Infect Dis 2021;73:e445-54. doi:
10.1093/cid/ciaa954

Gupta S, Wang W, Hayek SS, Chan L, Mathews KS, Melamed ML, et
al. Association Between Early Treatment With Tocilizumab and
Mortality Among Critically Il Patients With COVID-19. JAMA Intern
Med 2021;181:41-5. doi: 10.1001/jamainternmed.2020.6252
Guaraldi G, Meschiari M, Cozzi-Lepri A, Milic J, Tonelli R, Menozzi
M, et al. Tocilizumab in patients with severe COVID-19: a
retrospective cohort study. Lancet Rheumatol 2020;2:e474-8. doi:
10.1016/52665-9913(20)30173-9

Chen X, Zhao B, Qu Y, Chen Y, Xiong J, Feng Y, et al. Detectable
Serum Severe Acute Respiratory Syndrome Coronavirus 2 Viral
Load (RNAemia) Is Closely Correlated With Drastically Elevated
Interleukin 6 Level in Critically Ill Patients With Coronavirus
Disease 2019. Clin Infect Dis 2020;71:1937-42. doi:
10.1093/cid/ciaa449

Williamson DR, Albert M, Heels-Ansdell D, Arnold DM, Lauzier F,
Zarychanski R, et al. Thrombocytopenia in critically ill patients
receiving thromboprophylaxis: frequency, risk factors, and
outcomes. Chest 2013;144:1207-15. doi: 10.1378/chest.13-0121
Ahsan T, Rani B, Siddiqui R, D'Souza G, Memon R, Lutfi |, et al.
Clinical Variants, Characteristics, and Outcomes Among COVID-19
Patients: A Case Series Analysis at a Tertiary Care Hospital in
Karachi, Pakistan. Cureus 2021;13:e14761. doi:
10.7759/cureus.14761

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical and
immunological features of severe and moderate coronavirus

Open Access



S-118

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

disease 2019. J Clin
10.1172/JCIN137244
Salvarani C, Dolci G, Massari M, Merlo DF, Cavuto S, Savoldi L, et al.
Effect of Tocilizumab vs Standard Care on Clinical Worsening in
Patients Hospitalized With COVID-19 Pneumonia: A Randomized
Clinical Trial. JAMA Intern Med 2021;181:24-31. doi:
10.1001/jamainternmed.2020.6615

REMAP-CAP Investigators; Gordon AC, Mouncey PR, Al-Beidh F,
Rowan KM, Nichol AD, Arabi YM, et al. Interleukin-6 Receptor
Antagonists in Critically Ill Patients with Covid-19. N Engl J Med
2021;384:1491-502. doi: 10.1056/NEJM0a2100433

Thachil J, Tang N, Gando S, Falanga A, Cattaneo M, Levi M, et al.
ISTH interim guidance on recognition and management of
coagulopathy in COVID-19. J Thromb Haemost 2020;18:1023-6.
doi: 10.1111/jth.14810

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters
are associated with poor prognosis in patients with novel
coronavirus pneumonia. J Thromb Haemost 2020;18:844-7. doi:
10.1111/jth.14768

Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T,
Laenger F, et al. Pulmonary Vascular Endothelialitis, Thrombosis,
and Angiogenesis in Covid-19. N Engl J Med 2020;383:120-8. doi:
10.1056/NEJMo0a2015432

Liu X, Shi S, Xiao J, Wang H, Chen L, Li J, et al. Prediction of the
Severity of the Coronavirus Disease and Its Adverse Clinical
Outcomes. Jpn J Infect Dis 2020;73:404-10. doi:
10.7883/yoken.JJID.2020.194

Yan L, Zhang HT, Goncalves J, Xiao Y, Wang M, Guo Y. An
interpretable mortality prediction model for COVID-19 patients.
Nat Mach Intell 2020;2:283-8. Doi: 10.1038/542256-020-0180-7
Hu R, Han C, Pei S, Yin M, Chen X. Procalcitonin levels in COVID-19
patients. Int J Antimicrob Agents 2020;56:106051. doi:
10.1016/j.ijantimicag.2020.106051

Song F, Shi N, Shan F, Zhang Z, Shen J, Lu H, et al. Emerging 2019
Novel Coronavirus (2019-nCoV) Pneumonia. Radiology
2020;295:210-7. doi: 10.1148/radiol.2020200274.

Liu WJ, Zhao M, Liu K, Xu K, Wong G, Tan W, et al. T-cell immunity

Invest 2020;130:2620-9. doi:

48.

49.

50.

51.

52.

53.

54,

55.

The 16th scientific international conference

of SARS-CoV: Implications for vaccine development against MERS-
CoV. Antiviral Res 2017;137:82-9. doi:
10.1016/j.antiviral.2016.11.006

Ciccullo A, Borghetti A, Zileri Dal Verme L, Tosoni A, Lombardi F,
Garcovich M, et al. Neutrophil-to-lymphocyte ratio and clinical
outcome in COVID-19: a report from the Italian front line. Int J
Antimicrob Agents 2020;56:106017. doi:
10.1016/j.ijantimicag.2020.106017

Balta S, Demirkol S, Unlu M, Arslan Z, Celik T. Neutrophil to
lymphocyte ratio may be predict of mortality in all conditions. Br
J Cancer 2013;109:3125-6. doi: 10.1038/bjc.2013.598

Narvaez J, Magallares B, Diaz Torné C, Hernandez MV, Reina D,
Corominas H, et al. Predictive factors for induction of remission in
patients with active rheumatoid arthritis treated with tocilizumab
in clinical practice. Semin Arthritis Rheum 2016;45:386-90. doi:
10.1016/j.semarthrit.2015.07.001

Ghang B, Kwon O, Hong S, Lee CK, Yoo B, Kim YG. Neutrophil-to-
lymphocyte ratio is a reliable marker of treatment response in
rheumatoid arthritis patients during tocilizumab therapy. Mod
Rheumatol 2017;27:405-10. doi: 10.1080/14397595.2016.1214340
Nagai Y, Yokogawa N, Shimada K, Sugii S. Utility of the neutrophil-
to-lymphocyte ratio for predicting bacterial infection in patients
with rheumatoid arthritis receiving Tocilizumab. Rheumatol Int
2020;40:2039-46. doi: 10.1007/500296-020-04705-2

Zhou L, Xiao DM, Qin W, Xie BH, Wang TH, Huang H, et al. The
clinical value of hematological markers in rheumatoid arthritis
patients treated with tocilizumab. J Clin Lab Anal 2019;33:e22862.
doi: 10.1002/jcla.22862

Cascella M, Mauro |, De Blasio E, Crispo A, Del Gaudio A, Bimonte
S, et al. Rapid and Impressive Response to a Combined Treatment
with Single-Dose Tocilizumab and NIV in a Patient with COVID-19
Pneumonia/ARDS. Medicina (Kaunas) 2020;56:377. doi:
10.3390/medicina56080377

Mejia F, Medina C, Cornejo E, Morello E, Vasquez S, Alave J, et al.
Oxygen saturation as a predictor of mortality in hospitalized adult
patients with COVID-19 in a public hospital in Lima, Peru. PLoS
One 2020;15:€0244171. doi: 10.1371/journal.pone.0244171

Open Access

Vol. 74, No.10 (Suppl. 8), October 2024



