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Background:  The  effectiveness  of  the best  combination  between  different  antiviral  and  anti-inflammatory
drugs  stills  an  interest  in  the  treatment  of COVID19  infection.
Patients  and methods:  A prospective  randomized  cohort  study  comprised  108  adult  patients  with  con-
firmed  PCR  COVID  19 infection  with  systemic  hyper  inflammation  state,  divided  into  two  groups
according  to  the  treatment  regimen,  56 in  the  tocilizumab-  hydroxychloroquine  (TCZ-HCQ)  treatment,
and  52 in  the  tocilizumab-remdesivir  (TCZ-RMV)  treatment.  The  first  group  received  a  combination  of
I.V. TCZ  (400–800  mg every  24  h  for  only  two  doses)  and HCQ  (400 mg twice  in  the  first  day  then  200  mg
twice  for  5 days)  while  the  second  group  of  patients  received  I.V.  RMV  of 200  mg on  day  1  followed  by
100  mg  once  daily  infused  over  60  min  for 5 days  with  the  same  TCZ  regimen  used  in the first  group.  All
clinical  parameters  and  laboratory  investigations  were  assessed  before  and  after  treatment.
Results:  The  CRP  was significantly  decreased  while  PaO2/FiO2 (P/F)  ratio  post-treatment  was  significantly
improved  in  both  treatment  groups.  TCZ-HCQ  group showed  a significant  decrease  in the  ferritin,  LDH,  and
D. Dimer  levels.  The  median  days  of  hospitalization  with  interquartile  range  (IQR)  were 10  (6–16)  and  8
(5–12)  for  TCZ-HCQ  and  TCZ-RMV  groups,  respectively.  The  numbers  of mechanically  ventilated  patients
were  25  and  43  for  TCZ-HCQ  and  TCZ-RMV  groups,  respectively.  Therapeutic  failure  was about  26.8%  in
the TCZ-HCQ  group  and  30.8%  in  the  TCZ-RMV  group  but there  was  no  significant  difference  between  both
groups.  Some  complications  were  recognized  only  in  TCZ-RMV  following  treatment  including  secondary
bacterial  infections  (42.3%),  myocarditis  (15.4%),  and  finally  pulmonary  embolism  (7.7%).

Conclusion:  Efficacy  of both  TCZ-RMV  and  TCZ-HCQ  combinations  are  observed  in the  treatment  of  severe
COVID-19  patients;  however  the  increased  need  for  ICU  or mechanical  ventilation  in the  TCZ-RMV  arm
contributed  to  the  appearance  of cardiac  and  thrombotic  events.

The  study  was  registered  at the  Clinical  Trials  registry  (ClinicalTrials.gov;  NCT04779047).
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Introduction

Coronavirus disease 2019 (COVID-19) is considered a great issue
all over the world nowadays. The elevated mortality rate, in severe

acute respiratory syndrome coronavirus, is the core of the challenge
[1]. The capacities of intensive care units (ICU) worldwide are chal-
lenged to encounter this outbreak. There is no therapy proven to be
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ffective yet. Consequently, there is a great need for more research
n treatments that can reduce the mortality rate and the number
f critical cases [2].

Also, the rapid spread of COVID-19 infection created an urgent
eed for effective treatments against this type of viral pneumonia.
ntivirals and immunomodulators are the main therapeutic agents

hat have been proposed for treatment. They are all subjected to
any in-vitro, animal, and clinical trials. An improvement in pre-
linical results was demonstrated with these agents but till now no
ne of them was approved [3].

Hydroxychloroquine (HCQ) is one of the immunomodulatory
nd antimalarial drugs that demonstrated antiviral activity against
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severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [4].
The antiviral effect of HCQ is attributed to its ability to elevate
intracellular pH resulting in reduced phagolysosome fusion and
impairing glycosylation of the viral receptor. On the other hand, the
immune-modulating effect of HCQ is represented in inhibition of
signaling of the toll-like receptor and reducing the production of IL-
1 and IL-6 [5]. Also, previous studies suggested that HCQ may  have
an anti-thrombotic effect [6,7]. Additional Studies, regarding HCQ
associated clinical outcomes, are required. If the HCQ treatment
is proved to be effective, a great precedent could be achieved in
the management of COVID-19 especially in areas that have limited
resources for health care [7,8].

On other hand, it was found that hydroxychloroquine was  not
able to reduce the viral loads in the upper or lower respiratory tract
in hospitalized COVID 19 patients, despite its antiviral activity in
many in vitro systems [9].

Remdesivir (RMV), another antiviral drug, was used for the
treatment of Ebola fever and Marburg virus disease. It was  found
to be effective against many single-stranded RNA viruses. It acts by
therapeutically targeting RNA-dependent RNA polymerase, needed
for RNA virus self-renewal [10]. Some randomized clinical trials
suggested that RMV  could help in improving the recovery for many
hospitalized COVID-19 patients especially those who need supple-
mental oxygen therapy all over the world [11,12].

In many studies, the use of remdesivir in hospitalized COVID-19
patients has been demonstrated variability among health systems
due to the differences in the severity of patients’ cases and the pro-
tocols of treatment. In addition, it was found that it may  not be
associated with improvements in survival rates but was associated
with longer days on hospital beds [13–15].

Tocilizumab (TCZ) is a monoclonal antibody that is used in the
treatment of systemic juvenile idiopathic arthritis and rheuma-
toid arthritis. It acts as an antagonist for the IL-6 receptor [16].
The drug was tested in many clinical trials for severe SARS-CoV-
2 cases and was found to improve many laboratory parameters
including reduction of C-reactive protein (CRP), Interleukin (IL-6),
lactate dehydrogenase (LDH), ferritin, and Total Leukocyte Count
(TLC). Also, it reduces lung complications, duration of hospital-
ization, needs for ICU admission and mechanical ventilation, and
mortality rate [17–19].

The exaggerated immune response and inflammation in severe
COVID-19 patients motivate many clinical studies to use a combi-
nation of different drugs to be able to control viral infection [12].
The present study followed this recommendation in an attempt to
find the best combination of medicines for severe cases of COVID-19
infection.

Patients and methods

Study design

Between October 1, 2020, and March 10, 2021, one hundred
eight adult patients aged ≥18 years old with confirmed severe
COVID-19 infection were included in this prospective cohort study.
Study patients from the Hospital of Health Insurance, Beni-Suef,
and Hospital of Teachers, Cairo, Egypt; were enrolled in an off-label
treatment protocol approved by the Research Ethics Committee of
Faculty of Pharmacy, Beni-Suef University (REC-H-PhBSU-21011)
and was registered at the Clinical Trials registry (ClinicalTrials.gov;
NCT04779047). The current study was completed along with the
good clinical practices recommended by the Declaration of Helsinki
and its amendment.
Randomly, COVID 19 patients with cytokine storm were divided
into two groups. Simple randomization was made by allocating
patients using a table of random numbers. The first group of
patients (n = 56) received IV TCZ 400 mg–800 mg  every 24 h for
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nly two  doses and hydroxychloroquine 400 mg twice daily at day
 then 200 mg  twice daily for 5 days. While the second group of
atients (n = 52), received IV remdesivir of 200 mg  on day 1 fol-

owed by 100 mg  per day infused over 60 min  for 5 days with the
ame TCZ regimen used in the first group. The Egyptian Ministry of
ealth COVID-19 protocol was  followed in the management of the

tudied severe COVID-19 subjects. All study patients gave informed
ritten consent and knew that their involvement is voluntary and
as  informed that they can withdraw from the study at any time.

atients and study population

linical evaluations
Different demographic and clinical data were gathered as age,

ex, recent exposure history, medical signs and symptoms, different
omorbidities such as coronary artery disease, arterial hyperten-
ion, diabetes mellitus, chronic obstructive pulmonary disease,
nd cancer. Blood laboratory test results at the time of admis-
ion, were reviewed and abstracted by senior medical physicians
nd charted in a computerized database for subsequent verifica-
ion. The baseline of clinical status included body temperature,
eed for supplementary oxygen therapy, invasive or noninvasive
entilation, and also need for ICU admission. Chest computed tomo-
raphic (CT) scans were carried out for all studied subjects and the
atio of the lesion and its progression were recognized. Besides,
erum inflammatory markers as LDH, CRP, and ferritin. Since clin-
cal outcomes are poor predictors of avian influenza severity, as
tated by American Thoracic Society guidelines for community-
cquired pneumonia, evaluated cases were considered as severe or
on-severe COVID-19 because of its worldwide acceptance. Comor-
idities were categorized depending on the organ system, counting
he respiratory, cardiovascular, and endocrine systems. Our study’s
ndpoint was a composite measure that included the intensive-care
nit, invasive ventilation, or death.

nclusion criteria
Patients included in the study who  admitted to intensive care

nit with confirmed COVID-19 infection through polymerase chain
eaction (PCR); after one week of home isolation or after 7 days
f inpatient isolation with significant clinical manifestation of
ystematic hyper inflammation defined as rapid deterioration in
xygen saturation (SaO2) for less than 92% at ambient air or respira-
ory rate (RR) for more than 30, or PaO2/FiO2 ratio for less than 250;
r in radiological findings of CT chest according to CO-RADS classi-
cation defined as worsening of lung involvement as an increase in
he number and /or expansion of pulmonary areas of consolidation,
eed for increased FiO2 to maintain stable O2 saturation or wors-
ning O2 saturation of >3% with steady FiO2, as well as elevation
n inflammatory marker C-reactive protein (CRP, ≥100 mg/L) or
erritin (≥900 ng/mL) and lactate dehydrogenase (LDH, >220 U/L)
20,21].

xclusion criteria
Pregnant or lactating women, known hypersensitivity to all

rugs or any ingredients of the formulation, patients with other
evere primary diseases, Serious co-morbidities, history of a psy-
hiatric or neurological disorder, history of abuse (alcohol or drug),
aseline elevation of alanine aminotransferase (ALT) or aspartate
minotransferase (AST) levels >3-fold the upper limit of the normal
ange and other factors affecting the observation of curative effects,
uch as irregular medication and taking other herbal medicine
eparations within 14 days before the study, were all excluded.
riteria for hospital discharge
To be eligible, all of the following criteria were essential: a) a nor-

al  body temperature for at least three days; b) better respiratory
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Table  1
Baseline characteristics determined for the study population (no, %).

Item TCZ-HCQ (n = 56) TCZ-RMV (n = 52) P-value

Age, yr. 53(46−68) 61(52−70) 0.015
Gender, male (%) 45(80.4%) 32(61.5%) 0.03
Oxygen saturation% 85(69−89) 82(75−88) 0.4
Respiratory rate 29(23−31.8) 30(25−33) 0.15
Max  temperature, celsius 39(38−39) 38(37.5−39) 0.05
Serum creatinine 1.2(1.1−1.6) 1.4(1.2−2) 0.041
Comorbidities
Hypertension, no. (%) 37(66.1%) 29(55.8%) 0.27
Diabetes, no. (%) 26(46.4%) 25(48.1%) 0.86
Ischemic heart disease, no. (%) 16(28.6%) 7(13.5%) 0.06
Heart  failure, no. (%) 3(5.4%) 1(1.9%) 0.35
Atrial  fibrillation, no. (%) 5(8.9%) 1(1.9%) 0.11
Chronic kidney disease, no. (%) 2(3.6%) 3(5.8%) 0.59
Asthma, no. (%) 10(17.9%) 4(7.7%) 0.12
Chronic obstructive pulmonary disease, no. (%) 2(3.6%) 1(1.9%) 0.6
2  or more comorbidities, no. (%) 30(53.6%) 26(50%) 0.43
Respiratory support
Supplemental oxygen at entry, no. (%) 49(87.5%) 9(17.3%) <0.001
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Mechanical ventilation need, no. (%) 25(44.6%
ICU  admission, no. (%) 44(78.6%

Data are expressed as median IQR.

indicators; c) chest radiology indicating significant improvement
in respiratory acute exudative lesions, and d) two  consecutive neg-
ative PCR tests.

Patients follow up and clinical outcomes

The clinical improvement or recovery of the patients was  deter-
mined depending on many factors which included:

Primary outcomes
Include a) oxygenation improvement defined as hospitalization

not requiring low supplemental oxygen, or high flow oxygen or
noninvasive or invasive ventilation (FiO2 < 40%) b) duration of hos-
pitalization, and c) mortality rate.

Secondary outcomes
Include a) Analysis of all inflammatory markers linked to COVID-

19 infection such as ferritin, D-dimer, CRP, LDH on admission and
after completion of the treatment course, b) Analysis of total leuco-
cyte count (TLC) and absolute lymphocyte count % on admission and
after treatment completion, c) Different complications as a myocar-
dial infarction, secondary bacterial infection, and/or hypertension
were followed during the management period and d) Monitoring
level of liver enzymes.

Statistical analysis

Descriptive analysis was performed where quantitative vari-
ables were reported as median with interquartile range (IQR) and
categorical variables were described as numbers (percentage %). A
Mann–Whitney U test was applied to compare clinical parameters
between two treatment groups; (TCZ) plus (HCQ) group and TCZ
plus (RMV) group. A Chi-square test was performed to locate the
difference in categorical data (baseline patient characteristics and
study outcomes) between the two groups. Within the same treat-
ment group, a Wilcoxon Signed Ranks test was used to compare
the difference of the clinical parameters before (baseline values)
and after drug administration (post-treatment values). A Pairwise
Kendall rank correlation test was performed to estimate the corre-

lation between study findings (clinical parameters and outcomes)
and baseline patient characteristics. All tests were achieved using
SPSS v 22.0 (SPSS, Chicago, USA) and significance was  defined as p
< 0.05.

n
o
f
n
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43(82.7%) <0.001
50(96.2%) 0.007

esults

The baseline characteristics of patients were summarized in
able 1. One hundred and eight patients were included in the study
here 56 patients were treated with TCZ-HCQ and 52 patients were

reated with the TCZ-RMV group. The median age of the TCZ-HCQ
roup and TCZ-RMV group was  53 (46–68) and 61 (52–70), respec-
ively (p = 0.015). Most patients were male of 45(80.4%) in the
CZ-RMV group versus 32 (61.5%) in the TCZ-RMV group (p = 0.03).
aseline oxygen saturation was 85% (69–89) for the TCZ-HCQ group
nd 82% (75–88) for the TCZ-RMV group which showed an insignif-
cant difference. Also, both groups had similar baseline respiratory
ate and body temperature: 29 (23–31.8) versus 30 (25–33) and
9 ◦C (38–39) versus 38 ◦C (37.5–39) for the TCZ-HCQ group and
CZ-RMV group, respectively.

The main comorbidities identified in TCZ-HCQ and TCZ-RMV
roups in percentage were hypertension (66.1% versus 55.8%), dia-
etes (46.4% versus 48.1%), ischemic heart disease (28.6% versus
3.5%), and asthma (17.9% versus 7.7%), respectively. Patients
dmitted to ICU were 44 (78.6%) and 50 (96.2%) in TCZ-HCQ and
CZ-RMV groups, respectively (p = 0.007) where 44% of patients
n TCZ-HCQ required mechanical ventilation versus 82% in another
roup (p < 0.001).

Both groups showed insignificant differences in measurements
f baseline clinical parameters except for LDH  which was higher
n the TCZ-HCQ group (516 IU/L (351.8−710) for TCZ-HCQ group
ersus 397 IU/L (270−518) for TCZ-RMV group, p = 0.002). Base-
ine CRP was  significantly decreased when compared with endpoint

easurements in both groups (97 mg/dl (67.8–139.2) and 26
g/dl (13.7–79.3), p < 0.001 for TCZ-HCQ group versus 125 mg/dl

43.7–210.8) and 20.1 mg/dl (6.4–40.7), p < 0.001, respectively)
Fig. 1). On the other hand, the decline in LDH level and D. Dimer
evel was only significant in the TCZ-HCQ group where baseline
nd endpoint values were 516 IU/L (351.8–710) and 397 IU/L
270–518), (p = 0.001) for LDH, 0.48 �g/mL (0.34–0.88) and 0.23
g/mL (0.13–0.68) for D.Dimer level, p = 0.001, respectively. P/F

atio post-treatment was  significantly improved in both groups
s shown in Fig. 2. Only the TCZ-RMV group showed an increase
n serum ferritin level after receiving therapy but the difference

asn’t significant between baseline and endpoint values (673

g/mL (381–1408) and 1044 ng/mL (506–1563.5), respectively). On
ther hand, the TCZ-HCQ group showed a significant decrease in
erritin level post-treatment (540.5 ng/mL (377.5–1082) and 337
g/mL (280.3–626.8), p < 0.001, respectively) as shown in Fig. 3.
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Fig. 1. C-reactive protein (CRP) level (mg/dl) before and after receiving therapy
(data are expressed as mean ± SE. TCZ-HCQ; tocilizumab plus hydroxychloroquine
treatment group, TCZ-RMV; tocilizumab plus remdesivir treatment group.
(*)  significantly different when compared with baseline CRP level before receiving
TCZ-HCQ at p < 0.001.
(#) significantly different when compared with baseline CRP level before receiving
TCZ-RMV at p < 0.001.

Fig. 2. PaO2/FiO2 (P/F) ratio before and after receiving therapy (data are expressed
as mean ± SE. TCZ-HCQ; tocilizumab plus hydroxychloroquine treatment group,
TCZ-RMV; tocilizumab plus remdesivir treatment group.
(*) significantly different when compared with baseline P/F ratio before receiving
TCZ-HCQ at p < 0.001.
(#) significantly different when compared with baseline P/F ratio before receiving
TCZ-RMV at p < 0.001.

Fig. 3. Ferritin level (ng/mL) before and after receiving therapy (data are expressed
as  mean ± SE. TCZ-HCQ; tocilizumab plus hydroxychloroquine treatment group,
TCZ-RMV; tocilizumab plus remdesivir treatment group.
(*)  significantly different when compared with baseline ferritin level before receiv-
ing  TCZ-HCQ at p < 0.001.
($) significantly different when compared with endpoint ferritin level after receiving
TCZ-HCQ at p < 0.001.

Table 3
Clinical observational indices.

TCZ-HCQ TCZ-RMV P-value

Length of hospitalization (days) 10 (6−16) 8 (5−12) 0.06
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Table 2
General lab findings before (baseline) and after (endpoint) receiving therapy.

Clinical parameter Normal rangeBaseline TCZ-HCQ Baseline T

C-reactive protein level, mg/dl 0−8 97 (67.8−139.2) 125 (43.7−

Ferritin level, ng/mL

Male

540.5 (377.5−1082) 673 (381−12−300
Female
12−150

D-Dimer level, �g/mL 0−0.5 0.48 (0.34−0.88) 0.58 (0.28
PaO2/FiO2 (P/F) ratio >400 120.5 (99.6−218.8) 113.5 (91.
Lactate dehydrogenase level (LDH), IU/L120−250 516 (351.8−710) 397 (270−
TLC(×109/L) 1.1−3.2 10.1 (5.2−13.2) 7.6 (5.5−1
Absolute lymphocyte count% 18−45% 9 (6−15) 13 (9−17)
ALT(IU/L) 7−40 38 (24−57) 37 (24−52
AST(IU/L) 13−35 42 (26−63) 39.8 (27−

Data are expressed as median (IQR).

119
Death (n, %) 12 (21.4%) 15 (28.8%) 0.4
Patient discharge after improvememt (n, %) 44 (78.6%) 37 (71.2%) 0.4

Figs. 4 and 5 show the change in TLC and absolute lymphocyte
ount% in both treatment groups before and after receiving therapy.
iver enzymes (ALT and AST) are significantly increased in both
reatment groups after therapy (Table 2).

A weak correlation was found between the P/F ratio and
echanical ventilation need at entry (r = 0.321, p = 0.004) and

etween the P/F ratio and heart failure comorbidity (r = 0.322, p
 0.004) in the TCZ-HCQ group. While LDH level following TZC-
CQ therapy was  weakly correlated with baseline O2 saturation (r

 −0.343, p < 0.001) and heart failure (r = −0.319, p = 0.004).
Shifting to study outcomes (Table 3), the length of hospital

tay (LOS) was  approximately similar in both groups where the
edian days of hospitalization (IQR) were 10 (6–16) and 8 (5–12)

or TCZ-HCQ and TCZ-RMV groups, respectively. Therapeutic fail-

re was  identified with 15 patients (26.8%) in the TCZ-HCQ group
nd 16 patients (30.8%) in the TCZ-RMV group but the differ-
nce wasn’t significant between both groups. Of those patients
ho  experienced therapeutic failure, 12 patients (21.4%) and 15

CZ-RMV P-Value Endpoint TCZ-HCQ Endpoint TCZ-RMV P-value

210.8) 0.12 26 (13.7−79.3) 20.1 (6.4−40.7) 0.07

1408) 0.49 337 (280.3−626.8) 1044 (506−1563.5) <0.001

−1.2) 0.41 0.23 (0.13−0.68) 0.52 (0.32−2.5) <0.001
3−176.8) 0.08 295.5 (182.3−386) 280 (115−325.3) 0.25
518) 0.002 312 (251.8−465.5) 370 (279−637) 0.049
0.4) 0.15 7.7 (6.1−10.7) 10.7 (8.2−15.3) <0.001

 0.07 11.5(9−20) 8 (6−9) 0.002
) 0.85 75.5 (48.5−201.8) 68 (45.8−201.8) 082

60) 0.93 55.5 (32.3−88.3) 53 (31.3−87.3) 0.77
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Fig. 4. Total leucocyte count (×109/L) before and after receiving therapy (data are
expressed as mean ± SE. TCZ-HCQ; tocilizumab plus hydroxychloroquine treatment
group, TCZ-RMV; tocilizumab plus remdesivir treatment group.
(#)  significantly different when compared with baseline TLC before receiving TCZ-
RMV at p < 0.001.
($) significantly different when compared with endpoint TLC after receiving TCZ-
HCQ at p < 0.001.

Fig. 5. Absolute lymphocyte count before and after receiving therapy (data are
expressed as mean ± SE. TCZ-HCQ; tocilizumab plus hydroxychloroquine treatment
group, TCZ-RMV; tocilizumab plus remdesivir treatment group.
(*)  significantly different when compared with baseline lymphocyte count before
receiving TCZ-HCQ at p = 0.013.
(#) significantly different when compared with baseline lymphocyte count before
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receiving TCZ-RMV at p = 0.025.
($) significantly different when compared with endpoint lymphocyte count after
receiving TCZ-HCQ at p = 0.002.

patients (28.8%) regrettably died in the TCZ-HCQ group and TCZ-
RMV, respectively. Only weak correlations were identified in both
treatment groups between study outcomes and baseline patient
characteristics. The length of hospital stay (LOS) was weakly corre-
lated with diabetes comorbidity (r = −0.32, p = 0.005) and with ICU
admission (r = −0.335, p = 0.004) in the TCZ-HCQ group. Addition-
ally, therapeutic failure showed weak correlations with baseline
O2 saturation (r = 0.375, p = 0.002), hypertension comorbidity
(r = −0.418, p = 0.002) and heart failure (r = 0.393, p = 0.004)
in TCZ-HCQ group. On the other hand, therapeutic failure in the
TCZ-RMV group was weakly correlated with baseline O2 satura-

tion (r = 0.328, p = 0.005), initial supplemental oxygen therapy
(r=-0.305, p = 0.029), and mechanical ventilation need at entry (r
= 0.305, p = 0.029). Furthermore, Mortality in the TCZ-HCQ group
was weakly correlated with mechanical ventilation need at entry

t
i
T
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r = 0.406, p = 0.003) and heart failure comorbidity (r = 0.456, p
 0.001). Similarly, a weak correlation was  identified in the TCZ-
MV  group between death and baseline O2 saturation (r = 0.366,

 = 0.002). Some complications have emerged only in TCZ-RMV
ollowing treatment: secondary bacterial infections occurred in 22
atients (42.3%), myocarditis identified in 8 patients (15.4%) and
nally, pulmonary embolism occurred in 4 patients (7.7%).

iscussion

In this prospective, cohort study of cases with severe COVID-
9, patients were randomly allocated into two  treatment groups;
ither receiving TCZ-HCQ or TCZ-RMV. Both of them showed sig-
ificant clinical improvement in CRP level and P/F ratio after
ompletion of study doses with nearly similar LOS and mortal-
ty. It could be attributed to the significant therapeutic effects of
CZ which prove its superiority when combined with the standard
anagement of moderate to severe COVID-19 cases as repeatedly

eported in recent studies [18,22]. As a monoclonal antibody, it
argets the IL-6 pathways to calm the inflammatory storm and
ecrease mortality [23,24]. Moreover, both HCQ and RMV  were
roven to prevent the in-vitro SARS-CoV-2 growth owing to non-
pecific, antiviral activity [25].

On the other hand, the decline in LDH level, D-Dimer and fer-
itin level was  only significant in the TCZ-HCQ group. Even worse,
he TCZ-RMV group showed a non-significant increase in serum
erritin level after receiving therapy. The design of this study may
ontribute to the poor clinical outcomes of the TCZ-RMV group due
o significant differences in baseline clinical parameters between
he two groups including; higher age, serum creatinine, mechani-
al ventilation need, ICU admission, and lower oxygen saturation%
n the TCZ-RMV group. Also, there was an unequal distribution of
ender in both two  groups (including males more than females).
he COVID-19 infection more commonly affects older males with
omorbidities and can cause fatal respiratory disorders including
cute respiratory distress syndrome (ARDS) [26–28]. On the other
and, more favorable outcomes were expected to be achieved with

emales if compared to males [29]. Moreover, the higher need for
xygen therapy and mechanical ventilation results in increasing
dmission in the ICU and affects clinical outcomes despite receiving
herapy [27,30].

Although the number of COVID-19 patients studied for HCQ
n trials was  found to be significantly larger than the number of
OVID-19 patients studied for RMV; RMV has been reported as an
ctive agent against SARS-CoV-2 in vitro testing. Also, an adequate
linical safety profile for RMV  was reported in about 500 healthy
olunteers and patients infected with acute Ebola virus [31,32].
lso, a previous study has found that RMV  can decrease the risk
f progression and shorten the time needed for recovery in COVID-
9 patients who  are early diagnosed with increased risk of hyper

nflammation and the need for oxygen supplementation [33]. In
ur study’s findings, there was  no significant difference between
CZ-HCQ and TCZ-RMV in both therapeutic failure and mortality
ates which is indicating that both HCQ and RMV  could be consid-
red equally safe when used for treating severe COVID-19 patients.
he mortality rate in both groups was comparable to many pre-
ious studies [18,27], higher than some reported rates of 4.3–11%
26,30], and lower than others reporting mortality of 60.5% [34],
hich is attributed to different patient characteristics [18]. On the

ther hand, other previous studies did not agree with the clini-
al efficacy of TCZ, RMV, and HCQ in the treatment of COVID-19
atients [35–37].
Liver enzymes (ALT and AST) significantly increased in both
reatment groups after therapy. No superiority of RMV in liver
njury was  found, which disagrees with previous findings [38,39].
his could be explained on the basis that antivirals were proven



s
o
t

t
t
o
w
a
fi
s
m
O
t
b

C

e
s
i
f
r
e

C

o
H
p
S
F
R
w
C
t

C

A

R
t
n

R

R.M. Sarhan et al. 

to cause hepatocellular injury [39,40]. Also, there are limited and
contradictory data regarding the use of TCZ in COVID-19 treat-
ment in clinical practice. A previous study reported Liver injury and
hepatic interactions after TCZ administration in COVID-19 cases,
another study observed clinical improvement of respiratory symp-
toms without any adverse events with its use, while a previous
case series reported a resolution of liver function elevation, resulted
from previous treatment with different antivirals or as an inflam-
matory response; after 3 weeks of administration of TCZ [41–43].
Also, it was repeatedly reported that SARS-CoV-2 infection con-
tributes to aminotransferase elevation which necessitates close
monitoring of liver functions in COVID-19 patients especially those
with prior liver disease [39,44–46]. In addition, previous studies
found an exponential increase in aminotransferases with increased
disease severity of COVID-19 cases or increased need for inten-
sive care unit admission [47,48]. Consequently, the definite cause
of liver function elevation in all studied patients is difficult to be
determined, but it is advisable to make a follow-up for aminotrans-
ferases before, during, and after treatment in COVID-19 patients to
avoid liver injury.

However, some complications emerged only after treatment
with TCZ-RMV including secondary bacterial infections, myocardi-
tis, and pulmonary embolism. Although a previous study, in the
United States (US), reported superinfections upon treatment with
TCZ in mechanically ventilated patients with COVID 19 [49]; our
study demonstrated superinfection only in the TCZ-RMV group.
This difference can be attributed to the increased number of
mechanically ventilated patients in the TCZ-RMV group. A previous
study agreed with this finding, as it identified secondary infec-
tions in 13.5%–44% of mechanically ventilated ICU patients with
COVID-19 [50].

Several studies indicated that cardiac events and myocarditis
were common in hospitalized patients due to COVID-19 infection
and this was attributed to the elevation in cardiac enzymes as tro-
ponin and lactate dehydrogenase (LDH) [51,52]. On the other hand,
elevation in the level of troponin was observed in hospitalized
COVID-19 patients taking remdesivir. Besides, these adverse events
were more common for patients who were mechanically venti-
lated compared to those who were not [31]. Wang et al. showed
that the use of remdesivir therapy was related to hyponatremia
and hypokalemia which was the leading cause of discontinuing
remdesivir in some patients [53]. In addition, as in our study,
Rafaniello et al. showed that remdesivir was associated with a
two-fold increased risk in cardiac adverse reactions compared to
both hydroxychloroquine and azithromycin [54]. Again, the ele-
vated number of mechanically ventilated patients in the TCZ-RMV
group, compared to the TCZ-HCQ group, might contribute to the
detection of myocarditis either due to mechanical ventilation or the
use of RMV. Taking into consideration the level of LDH as a cardiac
enzyme, although the baseline of LDH was elevated in the TCZ-HCQ
group than the other group, the decline in LDH level was  only signif-
icant in the TCZ-HCQ. This can be attributed to the increased need
for mechanical ventilation in the TCZ-RMV group. Further studies
are required to examine the impact of both HCQ or RMV  regarding
the appearance of myocarditis taking into consideration the need
for mechanical ventilation of patients to clarify their safety.

Although all patients included in the study had cytokine storm,
pulmonary embolism was recognized only in the TCZ-RMV group.
According to a previous study, despite the reduction in the
inflammatory markers by using TCZ and following a proactive
anticoagulative way in treatment, in SARS-CoV-2 patients with
acute respiratory distress syndrome, thrombotic events were also

observed. This can raise concerns regarding the role played by
COVID-19 in the coagulative pathways [55]. This fact has been
reflected in our study in the arm that included a higher number of
mechanically ventilated patients with a higher need for ICU admis-
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ion. Consequently, it can be assumed that an increased need for ICU
r mechanical ventilation may  be followed by an increased risk of
hrombotic events.

A previous study has been found that the baseline characteris-
ics of patients, such as hypertension and older age, could affect
reatment outcomes especially increased mortality [56]. On the
ther hand, in the present study population, only weak correlations
ere identified in both treatment groups between study outcomes

nd baseline patient characteristics in agreement with previous
ndings, which demonstrated that coexisting conditions, days of
ymptoms, sex, and enrollment region before initiation of treat-
ent had no significant association with clinical improvement [31].
ne explanation of that is the fact that SARS-CoV-2 appears to have

ropism for diverse tissues including primarily the respiratory tract
ut also the heart, brain, liver, and kidney [48].

onclusion

TCZ-HCQ and TCZ-RMV combinations have reasonable clinical
fficacy in the treatment of severe COVID-19 patients with cytokine
torm with a low percent of clinical failure. The need for mechan-
cal ventilation and ICU should be taken into consideration in the
ollow-up of patients with cytokine storm, as it may constitute a
isk for COVID-19 complications as myocarditis, superinfections,
levated liver enzymes, and pulmonary embolism.
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