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ABSTRACT
Background: The current pandemic referred to as coronavirus disease 2019 (COVID-19), has identified the causative respiratory
pathogen as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). High viral load leads to cytokine storm (CS) and other
symptoms that leads to severity, mortality and infectivity of patients.
Methods: A review of databases PubMed and Google Scholar was conducted from May 25 to June 16, 2020. After exclusion of
systematic reviews, studies on other treatment strategies, meta-analysis and articles not related to COVID-19 treatment, 21 clinical
studies on COVID-19 infection of tocilizumab (TCZ) and convalescent plasma (CP) were identified and included.
Results: 13 TCZ studies demonstrated benefit in reducing interleukin-6 (IL-6) and C-reactive protein (CRP), thereby attenuate
CS in severe cases and 7 CP studies demonstrated benefit in decreasing viral load, IL-6 and CRP in critically ill patients. A combination
study of TCZ and CP were included which showed significant benefit of CP. A total of 151 patients were treated with TCZ and 55 were
treated with CP. A single study of both showed results similar to control group, but CP had a positive impact on infection.
Conclusion: TCZ can attenuate CS while CP can decrease viral load, acute respiratory distress syndrome (ARDS) and
inflammatory markers. CP has better benefits in comparison to TCZ and can be used in both early and severe stage of infection while
TCZ is more appropriate in the severe stage. Both drugs may be potential candidate in alleviating severity, mortality and infectivity
in COVID-19 infection.
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Items for Systematic Review and Meta-Analysis; SC: Subcutaneous; sHLH: Secondary Hemophagocytic Lymphohistiocytosis; SARSCov-2: Severe Acute Respiratory Syndrome Coronavirus-2; SOC: Standard of Care; sIL-6R: Soluble Interleukin-6 Receptor; TCZ:
Tocilizumab; TNF: Tumor Necrosis Factor

INTRODUCTION
COVID-19 is a major respiratory illness widespread around
the globe and was first reported in Wuhan, China, in December
2019. The etiological agent, SARS-CoV-2 is a single stranded
RNA virus of betacoronavirus family [1]. The viral load peaks
within 5 days after onset of symptoms and correlates to the
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various clinical manifestations observed [2]. A crucial event in
COVID-19 is the excessive release of pro-inflammatory cytokines
leading to an aggravated inflammatory response known as CS
[3]. Released cytokines include IL-1, IL-6, IL-2, IL-7, granulocyte
colony stimulating factor, interferon (IFN-γ) inducible proteins,
chemoattractant protein and tumor necrosis factor (TNF-α) [4].
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It is the major cause of ARDS and multiple organ failure leading
to disease aggravation [5]. IL-6 is suggested to play a key role in
cytokine storm [6]. IL-6 receptor has two forms, soluble (sIL6R) and membrane bound (mIL-6R). IL-6 binds to sIL-6R form a
complex, bind to gp130 on cell membrane to complete trans-signal
transduction and play a proinflammatory role [7]. TCZ, an IL-6
receptor blocker may be potential in attenuating CS [8].

CP is a passive immunization therapy to obtain instant, shortterm fortification against infectious agents by introducing a
pathogen specific antibody to patients. The mechanism involved is
that of antigen-antibody, where the specific antibody binds to the
specific antigen and block its interaction with cell receptor, which is
extremely applicable in the case of viral disease [9]. In the absence
of specific antiviral therapy, TCZ and CP can be considered for
treatment of severe patients that may provide symptomatic relief
and decrease the severity and mortality of infection.

METHODS

The systematic review was conducted according to the
Preferred Reporting Items for Systematic Review and MetaAnalyses (PRISMA) guidelines (flow diagram- Figure 1). There is
no protocol for this review. From May 25 2020 to June 16 2020,
a literature review conducted in databases PubMed and Google
Scholar with the term “treatment of COVID-19”.Search yielded
a total of 7433 articles and 6 duplicated articles were removed
followed by the exclusion of articles not related to the treatment
of COVID-19. The resulting amount of 354 articles assessed on the
basis of abstract for differentiating clinical in vitro, in vivo studies
and hypothesis literature on SARS-CoV-2 treatments. Letters to
editors, comments or pre-prints considered if it contains a clinical
study with relevant results. Out of 143 articles identified, 122
excluded as it does not correlate to TCZ or CP therapy. Remaining
21 articles were downloaded and reviewed in detail. The number
of participants, disease progression and descriptive summary of
outcomes obtained from the studies.

RESULTS

The systematic review identified 13 studies of TCZ that includes
5 retrospective, 5 case reports, 3 case series and 7 CP studies that
includes 3 prospective, 1 retrospective, 2 case reports and 1 case
series. An observational study which used both TCZ and CP were
included. A total of 151 patients were treated with TCZ and 55 were
treated with CP.

TCZ Therapy

A retrospective study of 21 severe COVID-19 patients received
TCZ, out of which 3 patients had a second dose due to fever. The
median levels of IL-6 in 18 patients were 153.44 ± 296.3 pg/mL
and remaining 3 patients had 6.95, 7.4 and 7.72% IL-6 cells in
peripheral blood. Fever was reduced on the first day after therapy.
Within next 5 days, 75% had lowered oxygen supplementation.
Although the values of IL-6 did not decrease significantly, 90% had
their lung opacities absorbed, 52.6% had lymphocytes normalized
and CRP decreased significantly in 84.2% [10].
In another retrospective study, 15 COVID-19 patients were
treated with TCZ. The CRP levels dropped from 126.9mg/L to
11.2 mg/L by the end of therapy. A single dose TCZ given to the
4 critically ill patients had 3 deaths. The IL-6 levels after the TCZ
therapy in 10 patients showed a short spike and then returned
to normal whereas in 4 critically ill patient with failed therapy,
increased IL-6 was found [11]. A retrospective analysis of 25 severe
COVID-19 patients treated with multiple doses of TCZ had their
C 2020 Open Access Journal of Biomedical Science

outcomes assessed in 14 days of therapy.

Post TCZ administration, the temperature normalized. By day
7, median CRP declined from 193mg/L to 7.9mg/L and significant
radiological improvement in 44% observed. By day 14, 68%
showed radiological improvement and 9 patients discharged. 92%
patients experienced at least one adverse event which included
anemia (64%), elevated alanine aminotransferase (44%) and
QT interval prolongation (20%). [12]. A retrospective trial on 65
severe COVID-19 patients had 32 in TCZ and 33 in control with
hyper inflammatory features and was treated with intravenous
(IV) TCZ (400mg). The primary end point was improvement in
the clinical status assessed over a period of 28 days. Death and
discharge were 16% and 63% in TCZ and 33% and 49% in the
control. The median time of discharge in TCZ was 13.5 and control
was 14 days. Clinical improvement achieved in 69% in TCZ and
61% in the control. Serious adverse events recorded 25% in
TCZ and 27% in control, which includes bacteremia (13% and
12%), pulmonary thrombosis (6% and 9%), increased serum
transaminase (15% and 18%) and transitory neutropenia (16%
in TCZ only) [13]. In another retrospective analysis treated with IV
TCZ (8mg/kg) matched using propensity score to patients treated
with standard of care (SOC) who were prospectively enrolled in the
SMAtteo COvid-19 Registry (SMACORE). 42 patients analysed after
propensity score matching. The effect of TCZ on mortality in 7 days
was not significant. Interaction between time and treatment were
significant for international normalized ratio (INR) and CRP [14].
A 63-year-old COVID-19 patient had fever, oxygen saturation at
93% and bilateral ground glass opacities on computer tomography
(CT). On day 4 the oxygen saturation was 89% with increased
levels of IL-6 and CRP. A single dose of intravenous TCZ, at 8mg/
kg was given. Oxygenation improved, IL-6 declined after reaching
its peak and CRP decreased significantly. Lymphocyte count
increased significantly. On day 13 chest CT confirmed significant
improvement. Mild liver impairment on day 10 and leucopenia on
day 16 noted, which was self-resolved [15]. In a case report of a
42-year-old cancer patient affected with COVID-19, had fever and
bilateral ground-glass opacities on CT. Antiviral therapy given and
on day 8, sudden dyspnea and drop in oxygen saturation occurred.
Oxygen supplementation with IV TCZ, 8 mg/kg, 8h apart provided.
Chest CT confirmed improvement and CRP decreased from 225
mg/L to 33 mg/L in 4 days. Patient fully recovered [16]. A case
report of 57-year-old male patient presented with chest tightness,
fever and progressed to shortness of breath with oxygen saturation
90% and CT with extension of ground glass opacities. Laboratory
test showed IL-6 and CRP increased. Patient given IV TCZ 400mg.
Initially IL-6 increased, CRP, white blood cells and neutrophils
reduced. Later the IL-6 reduced remarkably [17].
Another case report of a 25-year-old male had fever, oxygen
saturation at 90% with increased CRP, D-dimer and ferritin. IV TCZ
(8mg/Kg body weight) was administered. Initially CRP, ferritin,
D-dimer and IL-6 showed increase but within 5 days post therapy,
the following laboratory parameters returned to normal. Chest
X-ray showed complete resolution of abnormalities followed by
discharged [18]. A 70-year-old COVID-19 patient progressed to
leucocytopenia, lymphocytopenia and was administered with IV
TCZ 600 mg. Patient developed an itching generalized cutaneous
“toxic erythema-like rash” and severe eosinophilia. Later COVID-19
symptoms decreased, but eosinophil count increased and the skin
rash was persistant. A differential diagnosis, drug reaction with
eosinophilia and systemic symptoms syndrome (DRESS) was
considered, but the rapid onset and absence of organ involvement
was contrary to the disease [19].
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Figure 1: Prisma flowchart for data collection of TCZ and CP therapy.
In a series of cases 3 COVID-19 pneumonia patients, treated
with subcutaneous (SC) TCZ, resulted in IL-6 levels decreased
from 106.1pg/mL to 6.32 pg/mL in patient 1, 72.65pg/mL to 5.55
pg/mL in patient 2 and 64.3pg/mL to 40.5 pg/mL in patient 3.
All patients demonstrated improvement in radiological findings,
fever and oxygen demand [20]. Another case series of 3 COVID-19
patients with rapidly progressing respiratory insufficiency were
administered with multiple doses of TCZ. A reduction of CRP was
seen in patient 2 from 151 to 13 mg/L, patient 3 from 250 to 92
mg/L and normalized in patient 1. Also, clinical recovery with
improvement in CT and respiratory functions were observed in all
patients [21]. In a case study of 2 COVID-19 patients treated with
IV TCZ resulted in secondary hemophagocytic lymphohistiocytosis
(sHLH). Patient 1 developed (sHLH) despite the decrease in CRP
whereas patient 2 demonstrated continuous rise of inflammatory
markers and expired [22].

CP Therapy

C

The clinical study had 5 critically ill COVID-19 patients with
2020 Open Access Journal of Biomedical Science

ARDS treated by 2 consecutive transfusion of 200 to 250 mL CP.
In polymerase chain reaction, higher value of Ct is correlated with
lower viral load. Post transfusion, Ct increased from 22 to 35.9
which implies lowering of viral load. Body temperature normalized
in 4 patients within 3 days following improvement in oxygenation,
SARS-CoV-2 negative and ARDS resolved [23]. Another study had
10 severe COVID-19 patients treated with a single dose of 200 mL
of CP transfused into the patients. Post transfusion, all symptoms
improved within 1 to 3 days, inflammatory markers reduced and
absorption occurred in CT. 7 out of 10 patients had improved
lymphocyte count. By day 6, all patients had undetectable SARSCoV-2. A control group of 10 patients were compared. 3 discharged
and 7 improved in CP whereas 3 deaths, 6 stabilized and 1
improved in control [24]. A retrospective study of 21critically ill
COVID-19 patients had 6 treated with CP and 15 as control. The
median volume of plasma infused was 300 mL. Death occurred in 5
patients in CP group and 14 in control. Also, all 6 patients achieved
viral clearance after CP transfusion. The survival period was longer
in the treatment group compared to control [25]. The following
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clinical study enrolled 25 severe or life threatening COVID-19
patients. The primary endpoint is the safety of CP therapy and the
secondary endpoint was clinical improvement at day 14. At day 7,
post transfusion, 36% improved from baseline, 52% no change, 3
deteriorated and 28 % discharged. By day 14, 76% improved from
baseline and an additional 4 patients discharged. The values of CRP
decreased [26].
In a case report of a 100-year-old patient with slight patchy
and cord like dense enhancements on CT and high viral load was
treated with 2 doses of 200 mL CP followed by 100 mL, 4 days later.
Lymphocyte count increased, IL-6, CRP and viral load decreased with
improved clinical outcomes [27]. Another case report of a 50-yearold COVID-19 patient had leucopenia and lymphocytopenia. Oxygen
saturation declined and progressed to acute severe hypoxemic
respiratory failure. Further the Lymphocytes declined with
multiple ground glass opacities and high-density consolidations
on CT. Patient treated with 3 consecutive session of CP (6000
mL) followed by IVIG 20g. The oxygenation saturation of patient
improved along with clinical symptoms. After a fourth transfusion
followed by IVIG, patient made prompt recovery. All the symptoms
alleviated, CT showed improvement and patient discharged [28].
A case series had 4 COVID-19 patients treated with CP. 2
patients had decreasing oxygen saturation progressing to severe
condition and the other 2 had ARDS progressing to critical stage.
Administration of CP resulted in adsorption in CT with decreased
viral load and improved clinical symptoms in all patients [29].

Comparison of CP and TCZ

The observational study had 6 severe COVID-19 patients in
which 3 were treated with CP and 3 with TCZ. It was observed that
CRP and IL-6 levels were significantly reduced and the lymphocyte
and prothrombin time were improved in patients treated with CP.
The reduction of inflammatory markers had no significance in TCZ
treated patients [30].

DISCUSSION

Recent studies have established that CS or sHLH leads to ARDS
and multi-organ failure, thereby increase the severity and mortality
of COVID-19 infection [31]. Similarly, high viral load was identified
to be directly proportional to severity and mortality of infection.
The following review identified that TCZ therapy is beneficial
in symptomatic improvement of severe COVID-19 patients, [1013,15-22,30] except in a single study where TCZ administration
had similar results as that of the control. Similarly, CP studies
demonstrated a broad range of treatment benefits and achieved
clinical improvements [23,24,26-29]. Although CP had results
identical to control, it was able to attain viral clearance in all
patients with longer survival period [25].

TCZ demonstrated reduction of IL-6 [10,11,15,17,18,20] in most
studies. IL-6, a pro-inflammatory cytokine is found to be a decisive
part of CS, therefore the use of IL-6 receptor blocker TCZ, approved
by Food and Drug Administration (FDA) for CS, [32] is probably
the right choice in patients with elevated IL-6. In a particular study
where 4 critically ill patients had failed TCZ therapy demonstrated
a high rise in IL-6 and CRP [11] which further proves that IL-6
have a potential role in CS that leads to severity and mortality of
patients. In some of the studies the IL-6 had an initial rise before
decreasing [11,15,17,18] which may be attribute to the fact that
TCZ binds to the IL-6 receptors [33] thereby IL-6 levels rise due to
C 2020 Open Access Journal of Biomedical Science

unavailability of receptors for binding. The review elucidated that
TCZ therapy in COVID-19 reduced CRP [10-12,14-18,20-22] levels.
A significant reduction was identified in studies [10,14,15]. CRP is a
pentameric protein synthesized by the hepatocytes and their levels
are directly proportional to inflammatory responses. It is primarily
induced by IL-6 during the acute phase of inflammation [34] which
correlates to the studies analysed. Reduced IL-6 was associated
with decreased CRP.

Viral clearance was achieved by CP transfusion in multiple
studies [23,25,27,29] as the potential mechanism of CP in SARSCoV-2 is viral neutralization. Other possible mechanism such as
antibody-dependent cellular cytotoxicity and/or phagocytosis
are also involved [35]. Lack of delayed viral clearance may be
due to concomitant administration of glucocorticoids, [24]
which is established in the literature. [36]. The CP therapy also
led to reduced inflammatory markers, [24,30] decreased CRP
and [26,27,30]. IL-6. Since high viral load is correlated to CS and
therefore escalated severity and mortality in COVID-19 infection,
[37] the reduction of viral load can attenuate hyperinflammation,
thereby reduce respiratory problems inflammatory markers. Also,
the use of concomitant steroids may have played a role in reduction
of inflammatory markers [24,26] but the possibility of CP to reduce
inflammation [27] and resolve ARDS were also observed [23,29].
The D-dimer, ferritin [18] and INR [14] was reduced by TCZ
administration and a significant reduction of prothrombin time
was observed in CP therapy, (30) which points to the fact that both
therapy may prevent hypercoagulation. Study showed that patients
had inflammatory thrombosis which indicates that increased
pro-inflammatory cytokines and CRP leads to increased D-dimer,
ferritin and fibrinogen levels [38]. Similarly, high viral load leads to
increased inflammatory cytokines [39]. Therefore, the reduction of
viral load and prevention of CS can possibly eliminate occurrence
of hypercoagulation. Also, an improvement in lymphocytes were
noted in TCZ (10, 15) and CP (24, 27, 30) therapy which can be
attributed to clearance of pro-inflammatory cytokines and SARSCoV-2 [40].

Fever was reduced [10,20] along with radiological improvement
[10,12,15,18,21] and better oxygenation [10,15,18,20] in patients.
Improvements in oxygenation, [23,28] reduced fever [23] and
CT adsorption [24,29] were also observed post CP therapy.
The CP may also replenish other plasma constituents and exert
beneficial effects by substituting reduced components in patients
[40]. A study has pointed out fever, as the hallmark of CS which is
induced by IL-6 and TNF presence. CS also increases the capillary
permeability and results in the leakage of proteins leading to organ
damage and injury [41]. Lowered viral clearance may increase
hyperinflammation [42]. Thus, the resolution of fever, adsorption
in CT and better oxygenation is related to resolving or decreasing
cytokine storm or increasing viral clearance which were found in
all studies.

The TCZ dose-response curve flattens at higher exposure
resulting in smaller efficacy gains for incremental doses,[33]
therefore instead of single high dose, multiple doses should be
given which is implied in a study where single dose of TCZ did not
provide positive therapeutic outcomes in critically ill patients [11].
Despite TCZ therapy sHLH developed in 2 patients. One patient
had CRP reduction, other patient expired with rising inflammatory
markers [22] and lack of response in 4 critically ill patients might
correlate to the fact that administration of TCZ at early stage of
severe infection may be more beneficial in CS.
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CP is used to treat severe or life-threatening COVID-19
infection after submitting online form by doctors and obtaining a
verbal approval from FDA [43]. As a result, the CP therapy is used
only in the very late stage of infection, which can probably be a
disadvantage. Although CP can be used for treating infection at
varying level of severity of infection, its activity is most effective
when administered prophylactically or early after the onset of
symptoms, as the inoculum is small and easier to tackle.

Adverse reactions such as anemia, elevated transaminase level,
QT prolongation occurred in one study. Another study had adverse
reactions between TCZ and control which includes bacteremia
(13% and 12%), pulmonary thrombosis (6% and 9%), increased
serum transaminase (15% and 18%) and transitory neutropenia
(16% in TCZ only). Mild liver impairment and leucopenia observed,
which was self-resolved. A generalized, itching cutaneous “toxic
erythema-like rash” and severe eosinophilia was observed in
another. The following adverse effects can be attribute to TCZ
or concomitant drugs used or consequence of SARS-CoV-2
infection. Mild elevation of transaminase levels, neutropenia
and skin infections are TCZ associated adverse reactions. Also,
liver impairment occurs mainly when TCZ is administered with
concomitant hepatotoxic drug, [44,45] such as chloroquine.
Also, hypereosinophilia and erythroderma are documented to be
TCZ induced [46,47]. Meanwhile the QT interval prolongation is
associated with hydroxychloroquine and azithromycin treatment,
which is well documented in COVID-19 patients [48]. Pulmonary
thrombosis occurrence is a hallmark of COVID-19 [49] and
bacteremia may not be prevalent among COVID-19 patients but can
occur [50]. Also, the SC TCZ administration may be able to reduce
the dose but may increase skin infection at the injection site [45].
1 patient had morbilliform rash, 2 patient developed deep vein
thrombosis (DVT) and 1 patient developed a DVT and pulmonary
embolism, the following thrombotic complication is well associated
with COVID-19 infection. No adverse reactions were noted in any of
the patients treated with CP. Potential risk involved are transfusiontransmissible diseases, allergic transfusion reactions (serum
sickness, allergy to serum constituents), transfusion associated
circulatory overload, transfusion related acute injury, susceptibility
to subsequent infection and antibody dependent enhancement.

A comparison study of TCZ and CP, suggested that CP reduced
inflammatory markers significantly than TCZ in severe COVID-19.
(30) The main advantage of CP is that it can be easily available and
cost effective but acquiring necessary quantity is a problem [51].
Pertaining to the current circumstances of large group of people
with cure rate of 98.6%, [52] obtaining necessary quantity of CP
might be possible. TCZ have the higher chance of adverse events
occurrence but is easily available. The review identifies that CP can
decrease viral load, attenuate CS and improve clinical symptoms.
On the other hand, TCZ is specific in blocking IL-6 and CRP that
is involved in CS and thereby attain symptomatic improvement.
Therefore, TCZ can be used in later stage where elevation of IL-6
observed and CP can be used in both later and early stage where
latter administration has better benefits.
Limitations of the studies include retrospective design [12,13]
small cohort [13,14,23,26] and administration of concomitant
medications that made it difficult to properly attribute the
effectiveness to the specific drug [12,15,14,23]. The following
limitations can be attributed to the dire circumstances of the
pandemic and severity of the infections. Also, the amount of
literature available is low for both drugs which implies the necessity
of larger, more randomized controlled trials.
C
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CONCLUSION
TCZ attenuate CS and CP decrease viral load and both can
prevent hypercoagulation, improve lymphocyte count and other
clinical symptoms. Additionally, CP may also decrease inflammatory
markers including IL-6 and CRP by viral clearance and has a high
chance of decreasing CS. TCZ has a higher possibility of adverse
drug reaction occurrence and is more of an adjuvant drug. TCZ
may be used in the early phase of severe stage and CP may be used
in both early and late stage of COVID-19 infection. Thus, CP has a
better advantage over TCZ but both may be potential candidate in
COVID-19 infection in reducing severity, infectivity and mortality.
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