S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



International Immunopharmacology 93 (2021) 107407

Contents lists available at ScienceDirect

International Immunopharmacology

o %

ELSEVIER

journal homepage: www.elsevier.com/locate/intimp

Check for

Serum cytokine levels of COVID-19 patients after 7 days of treatment with &
Favipiravir or Kaletra

Esmaeil Mortaz ™", Ali Bassir ©, Neda Dalil Roofchayee b Neda K. Dezfuli °, Hamidreza Jamaati °,
Payam Tabarsi a{_ Afshin Moniri ?, Mitra Rezaei “, Payam Mehrian 4 Mohammad Varahram 9,
Majid Marjani® ", Sharon Mumby ¢, Ian M. Adcock '

2 Clinical Tuberculosis and Epidemiology Research Center, National Research Institute of Tuberculosis and Lung Diseases (NRITLD), Shahid Beheshti University of
Medical Sciences, Tehran, Iran

Y Department of Immunology, School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran

¢ Department of Chemical and Biomolecular Engineering, University of California, Los Angeles, CA, USA

d Chronic Respiratory Diseases Research Center, National Research Institute of Tuberculosis and Lung Diseases (NRITLD), Shahid Beheshti University of Medical Sciences,
Tehran, Iran

€ National Heart and Lung Institute, Imperial College London and the NIHR Imperial Biomedical Research Centre, London, UK

f priority Research Centre for Asthma and Respiratory Disease, Hunter Medical Research Institute, University of Newcastle, Newcastle, NSW, Australia

ARTICLE INFO ABSTRACT

Keywords: Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that causes coronavirus disease
COVID-19 2019 (COVID-19) has infected 86,4 M patients and resulted in 1,86 M deaths worldwide. Severe COVID-19
SARS-CoV-2

patients have elevated blood levels of interleukin-6 (IL-6), IL-1B, tumor necrosis factor (TNF)a, IL-8 and inter-
feron (IFN)y.

Objective: To investigate the effect of antiviral treatment serum cytokines in severe COVID-19 patients.
Methods: Blood was obtained from 29 patients (aged 32-79 yr) with laboratory-confirmed COVID-19 upon
admission and 7 days after antiviral (Favipiravir or Lopinavir/Ritonavir) treatment. Patients also received
standard supportive treatment in this retrospective observational study. Chest computed tomography (CT) scans
were evaluated to investigate lung manifestations of COVID-19. Serum was also obtained and cytokines levels
were evaluated. 19 age- and gender-matched healthy controls were studied.

Results: Anti-viral therapy significantly reduced CT scan scores and the elevated serum levels of C-reactive
protein (CRP) and lactate dehydrogenase (LDH). In contrast, serum levels of IL-6, IL-8 and IFNy were elevated at
baseline in COVID-19 subjects compared to healthy subjects with IL-6 (p = 0.006) and IL-8 (p = 0.011) levels
being further elevated after antiviral therapy. IL-1f (p = 0.01) and TNFa (p = 0.069) levels were also enhanced
after treatment but baseline levels were similar to those of healthy controls. These changes occurred irrespective
of whether patients were admitted to the intensive care unit.

Conclusion: Antiviral treatments did not suppress the inflammatory phase of COVID-19 after 7 days treatment
although CT, CRP and LDH suggest a decline in lung inflammation. There was limited evidence for a viral-
mediated cytokine storm in these COVID-19 subjects.

Cytokines storm
Flow cytometry

1. Introduction

In December 2019, an outbreak of severe acute respiratory syndrome
coronavirus 2 was first reported in Wuhan, Hubei Province, China [1].
This novel coronavirus was announced a pandemic by the World Health
Organization (WHO) on March 11th, 2020 This disease, named coro-
navirus disease 2019 (COVID-19) by the World Health Organization
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(WHO), manifests clinically with fever, cough, muscle pain, fatigue, loss
of taste and smell, diarrhea and pneumonia and results in death in
susceptible subjects [2]. Approximately 20-30% of affected people may
develop the severe form of disease and require further intervention in
intensive care [3]. A high viral load and an intensified host immune
response including both innate and acquired immunity contribute to
COVID-19 pathogenesis in severe cases leading to organ damage and
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failure [4,5].

The hyperactive host immunity in SARS-CoV-2 infection is charac-
terized by lymphopenia, cytokine release storm (CRS), intracellular
levels of nitric oxide (NO) in red blood cells and dysfunctional immune
responses to virus-specific antigens [6]. Several studies have indicated
that increased levels of serum proinflammatory cytokines were associ-
ated with pulmonary inflammation and lung and organ failure in
COVID-19 disease [7]. Various mechanisms appear to be effective in
reducing the number of lymphocytes in the disease, the most important
being increased levels of IL-6, TNF-a and other cytokines [8,9].

An effective immune response against viral infections occurs when
cytotoxic T cells are properly activated to clear the virus and virus-
infected cells and increasing the numbers of T cells and their function
is essential for the recovery of COVID-19 patients [8]. IL-6, TNF-a and
IL-1p have been implicated as key factors in the COVID-19 cytokine
storm [1,9] and in severe COVID-19 patients may lead to multi-organ
failure or acute respiratory distress syndrome (ARDS) [3]. As such,
many therapeutic strategies involve lowering cytokine levels [10,11].
We hypothesized that anti-viral agents would reduce the cytokine storm
and improve the clinical indices of patients with severe COVID-19.

2. Materials and methods
2.1. Study design

Confirmed COVID-19 patients (n = 29; aged 32-79) were enrolled
into the study following admission to the Masih Daneshvari Hospital of
Shahid Beheshti Medical University, Tehran between 10th April-9th
May 2020. Serum samples were collected from all COVID-19 patients
upon admission to Hospital and from 19 age- and gender-matched
healthy volunteers were served as controls. Subjects were not infected
with other pathogenic microorganisms such as hepatitis B (HBV), hep-
atitis C (HCV) and (human immunodeficiency virus) HIV. Demographic,
clinical, treatment history and laboratory data were extracted from
electronic medical records.

Severe COVID-19 disease was confirmed by the presence of at least
one of the following: respiratory rate >30/min; blood oxygen saturation
<93%; ratio of partial pressure of oxygen in arterial blood to the inspired
oxygen fraction (Pa02/Fi02) < 300; lung infiltrates present in >50% of
lung fields [12]. All patients provided written informed consent. This
study was approved by the institutional ethics board of Masih Danesh-
vari Hospital of Shahid Beheshti Medical University (R.SBMU.NRITLD.
REC.1399.123).

2.2. Laboratory examination of blood samples

15/29 COVID-19 patients were transferred to the intensive care unit
(ICU) because they required high-flow nasal cannula or higher-level
oxygen support measures to resolve their hypoxemia. Blood (3.5mls in
tubes without anticoagulants) was obtained at baseline and 7 days after
initiation of antiviral treatment. Serum samples were separated by
centrifugation at 2000 rpm /20 min. Blood cell counts, coagulation
profiles, serum biochemical tests (including kidney and liver function
tests including creatine kinase (CK), lactate dehydrogenase (LDH),
electrolytes, myocardial enzymes, ferritin and procalcitonin (PCT)
levels) were obtained.

Serum cytokines were measured using ELISA kits for IL-1p (R&D
Systems, Minneapolis, MN, USA), TNFa (R&D Systems), IL-8 (BD Bio-
sciences, CA, USA), IFNy (Thermo Fisher, Waltham, Massachusetts,
United States), IL-6 (R&D Systems) according to the following Manu-
factures’ instructions. Specificity and cross reactivity for IL-8 was >10
ng/mL with no cross-reactivity seen (>2pg/mL). IFN, IL-f, IL-6 (all at 50
ng/mL) exhibited no cross-reactivity.
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2.3. Treatment protocol

All patients were under supportive care consisting of intravenous
fluid and supplemental oxygen. As the recommendation of the Iranian
national guideline of COVID-19 management at the time of the study
[28], all patients received Favipiravir (600 mg three times a day) or
lopinavir/ritonavir (Kaletra, 400/100 mg bid) for seven days. Dexa-
methasone was prescribed for one subject who developed moderate to
severe ARDS.

All patients underwent a chest computed axial tomography (CT) scan
on admission and 7 days after treatment. All chest CT scans were eval-
uated in a blinded fashion by one of the authors (PM). For comparing
lung involvement in CT scans before and after treatment we used a semi-
quantitative scoring system taking into account the most prevalent
patterns of COVID-19 lung disease in CT scan (consolidation, ground
glass opacity and crazy paving pattern) was used [13-15]. According to
the anatomic structure in each patient right and left lungs were divided
into the 5 lobes: Ieft upper lope (LUL), left lower lobe (LLL), right upper
lobe (RVL), right middle lobe (RML) and right lower lobe (RLL) and each
lobe was assigned a score: Score 0, 0% involvement, score 1, <5%
involvement, score 2, 5% to <25% involvement, score 3, 25% to <50%
involvement, score 4, 50% to <75% involvement and score 5, 75% or
greater involvement. The total CT score was evaluated from all 5 lobes
and sum plotted for each patient before and after treatment.

2.4. Statistical analysis

Analysis was performed using SPSS version 16.0 (SPSS, Inc. Chicago,
USA) and GraphPad Prism software (version 6; 07 Graph Pad Software,
Inc.). Non-parametric Mann-Whitney U test (Median, 95% confidence
intervals (CI) was used for the variables without normal distribution.
Parametric t-student test (mean + SD) was used for the variables with
normal distribution. Statistical Software p-values < 0.05 were consid-
ered as significant.

3. Results

3.1. Demographic and clinical characteristics of patients with COVID-19
and healthy control

Demographic and clinical characteristics of the all participants are
shown in Table 1. The mean age of the COVID-19 patients was similar
(54.2 + 2.53 years) to that of the healthy control population (53.6 +
1.71 years). The groups were also matched for gender although COVID-
19 patients had a greater propensity for co-morbid conditions including
hypertension, diabetes and cardiovascular disease. The serum levels of
LDH, ESR, CRP, CPK and troponin in COVID-19 patients before antiviral
therapy on admission were 570.2 + 54.6, 42.6 + 5.2, 30.4 + 5.1, 154 +
29.6 and 0.02 + 0.0 respectively (mean + SD). The serum levels of LDH,
ESR, CRP, CPK and troponin in COVID-19 patients after antiviral ther-
apy were 382 + 192, 33.8 +23.7,19.8 £ 17.2, 107 £ 97 and 0.02 + 0.0,
respectively. The serum levels of LDH (p < 0.0001), ESR (p < 0.0001),
CRP (p < 0.0023) and CPK (p < 0.0153), but not troponin (p = 0.9),
were significantly reduced after antiviral therapy compared to before
treatment (Table 1).

CT scores improved with treatment (p < 0.05) irrespective of anti-
viral therapy used or whether patients were in ICU or not. Further de-
tails are provided in the on-line supplement.

3.2. Serum cytokine levels at baseline and after anti-viral therapy

Serum levels of IL-6 were elevated at baseline in COVID-19 subjects
[0.1 (0.1-27.5) pg/ml, p = 0.006] compared to healthy subjects [0.1
(0.1-1.46) pg/ml] with levels being further elevated after antiviral
therapy [10.44 (0.1-31.55) pg/ml, p < 0.0001] (Fig. 1A, Table 2).
Serum IL-6 levels were significantly elevated after anti-viral therapy
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Table 1
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Demographic data of the study population and biochemical characteristics of serum components on admission to hospital.

HC(n=19) Patients (BT) (n = 29) “p value Patients (AT) (n = 29) p value (BT vs AT)
Age, (yrs, mean =+ SD) (range) 53.6 + 1.705 (40-64) 54.45 + 2.536 (32-79) 0.8025 - -
Gender
Female (n, mean + SD) (age-range) 11 (52.55 + 2.44) (40-64) 12 (53.73 + 4.65) (32-79) 0.9295 - -
Male (n, mean + SD) (age-range) 8 (54.89 + 2.43) (40-63) 17 (54.94 + 3.21) (34-77) 0.9196 - -
Comorbidities
Hypertension 4 - -
Chronic kidney disease - - -
COPD 3 - -
Cardiovascular disease 6 - -
Diabetes 8 - -
Malignancy 1 - -
ARDS - - -
ESR (mm/h, mean + SD) 5.6 +3.12 (1-11) 42.55 + 5.15 (5-100) <0.0001**** 33.76 + 23.71 (4-89) <0.0001 ****
C-Reactive protein (mg/l, mean + SD) 10.6 + 3.8 (6.8-19) 30.41 + 5.08 (0-107) <0.0001 *#*** 19.79 + 17.16 (0-60) 0.0023**

Lactate Dehydrogenase (U/L, mean + SD) 307 + 49.37 (222-378)
Troponin (pg/ml, mean + SD) 0.02 + 0.0 (0.02-0.02)
CPK (U/L, mean + SD) -

570.2 + 54.58 (231-1535)
0.02 £ 0.0 (0.02-0.02) 0.9
154 + 29.63 (5-671) -

<0.0001 **#** 382 + 192.6 (134-870) <0.0001 ****
0.02 £ 0.0 (0.02-0.02) 0.9

107 + 96.77 (5-450) 0.0153*

Abbreviations: ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease; ESR, erythrocyte sedimentation rate, HC, Healthy control,

CPK, Creatine phosphokinase, BT, before treatment, AT, after treatment.

 p values indicate differences between healthy and COVID-19 patients. p < 0.05 was considered statistically significant.

compared with levels before therapy (p < 0.01) (Fig. 1A, Table 2).

The levels of serum IL-8 were also elevated at baseline in patients
[0.2 (0.015-6.4) pg/ml] compared to healthy controls [0.1 (0.1-0.1)
pg/ml, p = 0.011] and were further raised after 7 days of anti-viral
therapy [0.6 (0.052-27.42) pg/ml, p < 0.0001] (Fig. 1B, Table 2).
Serum IL-8 levels were significantly elevated after anti-viral therapy
compared with levels before therapy (p < 0.05) (Fig. 1B, Table 2).

Furthermore, serum levels of IFN-y were elevated at baseline in
COVID-19 subjects [4.62 (1.2-35.98) pg/ml] compared to healthy
subjects [0.1 (0.1-3.52) pg/ml, p < 0.001] with levels not being
enhanced after antiviral therapy [3.41 (2.31-40.58) pg/ml] (Fig. 1C,
Table 2).

In contrast, serum levels of IL-13 were not elevated at baseline in
COVID-19 subjects [0.1)0.1-5.15) pg/ml] compared to healthy subjects
[0.1 (0.1-0.19) pg/ml, p = 0.9]. However the levels of IL-1p were
elevated after 7 days of antiviral therapy in COVID-19 patients [0.3
(0.1-44.64) pg/ml, p = 0.0019) (Fig. 1D, Table 2).

Serum levels of TNF-a was similar at baseline in COVID-19 subjects
[0.1 (0.1-0.89) pg/ml] compared to healthy subjects [0.1 (0.1-0.1) pg/
ml, p = 0.9) but elevated after antiviral therapy [0.1 (0.1-25.36) pg/ml,
p = 0.0235) (Fig. 1E, Table 2).

3.3. Effect of ICU treatment on serum cytokine levels

Since some patients progressed to ICU whilst others did not, we
assessed whether there were differences at baseline and after therapy
according to ICU status. There was no significant difference in the
baseline serum IL-6 level before and after therapy in non-ICU patients
(Table 3). However, in ICU patients serum IL-6 levels were significantly
elevated between baseline [0.1 (0.1-32) pg/ml] and after treatment [17
(1-34) pg/ml, p < 0.05) (Table 3).

Similarly, there were no differences between serum IL-8 levels in ICU
patients and non-ICU patients at baseline and after anti-viral therapy
(Table 3). In addition, anti-viral therapy did not significantly affect
serum IL-8 levels in patients in ICU but there was a small but significant
increase in serum IL-8 levels in non-ICU subjects [0.1 (0.02-1.5) vs 0.45
(0.03-3.6) pg/ml, p < 0.05] (Table 3).

Serum IFNy concentrations did not differ at baseline between pa-
tients in ICU or not in ICU and anti-viral therapy had no effect on serum
levels of IFNy (Table 3). However, comparison of serum IFNy levels after
7 days of anti-viral therapy showed a significantly reduced level in non-
ICU subjects [2.9 (2.3-12.36) pg/ml] compared to those in ICU subjects
[3.89 (2.7-41) pg/ml, p = 0.003) ] (Table 3).

There were no significant differences at baseline between ICU and

non-ICU patients in the serum levels of IL-1p (Table 3). Anti-viral ther-
apy significantly enhanced serum IL-1p in patients in ICU [0.1 (0.1-45)
vs 0.1 (0.1-10.2) pg/ml, p = 0.0063] but not in non-ICU subjects [0.1
(0.1-18.13 vs 0.1 (0.1-0.1) pg/ml, p = 0.482] which resulted in levels
being greater in ICU patients compared to non-ICU patients after treat-
ment (p < 0.05) (Table 3).

Serum TNFa levels before therapy were similar between subjects in
ICU and those not in ICU (Table 3). Anti-viral therapy resulted in a small,
but significant increase in serum TNFa levels in ICU patients [0.1
(0.1-27.71) vs. 0.1 (0.1-1.67) pg/ml, p < 0.05] but not in non-ICU
subjects [0.1 (0.1-12.75) vs. 0.1 (0.1-0.1) pg/ml, p > 0.99] (Table 3).

3.4. Antiviral treatment on serum cytokine levels

We evaluated the effect of the two different anti-viral therapies on
serum cytokine levels. Cytokine levels varied considerably between in-
dividual patients but there were no significant differences in baseline
levels of any cytokine measured between ICU or non-ICU subjects on
Kaletra or Favipirivir treatment (Table 4A and Table 4B). In non-ICU
patients, Kaletra treatment resulted in a significant decrease in serum
IFN-y levels (2.59 (2.3-3.83) versus 7.46 (2.48-40.07) pg/ml, p =
0.007) with no effect on the levels of the other cytokines measured
(Table 4A and Table 4B). In contrast, Faviprivir had no significant effect
on any cytokine studied. Favipriavir also had no significant effect on
cytokine levels in patients treated within the ICU whereas Kaletra
significantly enhanced the expression of IL-1p (19.6 (0.1-44.27) versus
0.1 (0.1-0.1) pg/ml, p = 0.021) in COVID-19 patients in the ICU
(Table 4A and Table 4B).

Serum IL-8 levels were significantly lower in non-ICU patients
treated with Kaletra (0.3 (0.1-0.5) pg/ml) compared with those treated
with Favipiravir (0.7(0.03-3.6) pg/ml) (p = 0.0444) (Table 4B. Fig. 2B).
This difference was not observed in ICU patients. There were no sig-
nificant differences in post-treatment levels of IL-6 (Fig. 2A), IFN-y
(Fig. 2Q), IL-1p (Fig. 2D) or TNFa (Fig. 2E) between patients treated with
Kaletra or Favipirivir.

Serum IL-6 levels were higher in Favipiravir-treated patients in ICU
compared to non-ICU patients (p = 0.0044) whilst IFN-y levels were
higher in Kaltera-treated patients in the ICU compared to non-ICU pa-
tients (p = 0.007) (Table 4A and Table 4B, Fig. 2). No other effects of
anti-viral therapy was seen on serum cytokine expression.

4. Discussion

Antiviral therapy resulted in improvements in lung CT scores after 7
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Fig. 1. Serum levels of cytokines at baseline in healthy and COVID-19 patients and following 7 days of anti-viral therapy in COVID-19 subjects. Serum levels of IL-6
(A), IL-8 (B), IFN-y (C), IL-1p (D) and TNFa (E) were measured in healthy subjects (n = 19) and COVID-19 patients (n = 29) before and after antiviral therapy. Results
are presented as dot blots of individual values for each subject with the median (5-95% percentiles). *p < 0.05, **p < 0.01, ***p < 0.001 and **** p < 0.0001.

Table 2
Serum cytokine concentrations.

Cytokine (pg/ml) HC (n =18) BT (n = 29) AT (n = 29) p value HC vs. BT p value (HC vs. AT) p value (BT vs. AT)!
1L-6 0.1 (0.1-1.46) 0.1 (0.1-27.5) 10.44 (0.1-31.55) 0.0067** <0.0001 **** 0.0041**

IL-8 0.1 (0.1-0.1) 0.2 (0.015-6.4) 0.6 (0.052-27.42) 0.0114* <0.0001 **** 0.0228*

IFN-y 0.1 (0.1-3.52) 4.62 (1.2-35.98) 3.41 (2.31-40.58) <0.0001 **** <0.0001 **** 0.123

IL-1p 0.1 (0.1-0.1) 0.1 (0.1-5.15) 0.3 (0.1-44.6) 0.99 0.0104* 0.0019**

TNF-a 0.1 (0.1-0.1) 0.1 (0.1-0.888) 0.1 (0.1-25.36) 0.9 0.0691 0.0235*

* Values are presented as the median and 95% CI unless otherwise indicated.

 Comparisons between the groups were performed using a Mann-Whitney U test.

days irrespective of whether subjects were in ICU or not. In addition, the
raised blood levels of ESR, CRP, LDH and CPK seen in COVID-19 patients
compared to those in healthy control subjects were also reduced by anti-
viral therapy. In contrast, serum levels of IL-6, IL-8 and IFN-y were
elevated at baseline in COVID-19 subjects compared to healthy subjects
with IL-6 and IL-8 levels being further elevated after antiviral therapy.
IL-1p and TNFa levels were also enhanced after anti-viral treatment but
baseline levels were similar to those of healthy controls. Antiviral

therapy significantly raised IL-6, IL-1f and TNFa levels in ICU patients
and IL-8 levels in non-ICU patients.

Two major families of IFNs exist: type 1 IFNs include IFN-a, IFN-f,
and IFN-o, which are encoded by a family of more than 20 genes and
share the type 1 cellular receptor and type II IFN (IFN-y) which is
encoded by a single gene, has a separate cellular receptor, and is pro-
duced by T cells and NK cells. IFNy triggers its antiviral actions in vivo
by exerting cellular effects at multiple levels [16,17]. Severe COVID-19
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Table 3
Comparison of pre- and post-treatment cytokine levels according to ICU status.
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Cytokine (pg/ ICU p value non-ICU p value  p value BT (ICU-non- p value AT (ICU-non-
1 I I
mh BT AT BT AT 0 0
IL-6 0.1 (0.1-32) 17 (1-34) 0.0165* 0.1 (0.1-7.7) 1.68(0.1-29.1) 0.1459 0.4092 0.14
IL-8 0.3 (0.01-7.2) 1.56 (0.07-28) 0.19 0.1 (0.02-1.5) 0.45(0.03-3.6) 0.021* 0.0617 0.13
IFN-y 5.2(1.5-30.98) 3.89 (2.7-41) 0.4671 4.52 2.9(2.3-12.36) 0.1353 0.46 0.003***
(1.2-40.7)
IL-1p 0.1 (0.1-10.2) 0.1 (0.1-45) 0.0063** 0.1 (0.1-0.1) 0.1(0.1-18.13) 0.4815 >0.99 0.02*
TNF-a 0.1 (0.1-1.67) 0.1(0.1-27.71) 0.0421* 0.1 (0.1-0.1) 0.1(0.1-12.75) >0.99 >0.99 0.0738
Values are presented as the median (5-95% percentile).
fp value < 0.05 was determined by Mann-Whitney U test.
AT: After treatment.
BT: Before treatment.
Table 4A
Comparison of cytokine levels according to antiviral received.
Cytokine non-ICU p value non-ICU ICU p ICU p
(Pg/ml) Kaletra (Kal) Favipiravir (Fav) value Kaletra (Kal) value Favipiravir (Fav) value
BT(n=7) AT(m=7) BT(n=7) AT(=7) BT(n=7) AT(m=7) BTn=8) AT(n=8)
IL-6 1.94 15.7 0.0915 0.1 0.1 0.7308 0.1 19 0.0862 3.87 10.28 0.1497
(0.1-3.67) (0.1-29.1) (0.1-7.7) (0.1-16.0) (0.1-32) (0.1-34.0) (0.1-23) (0.1-24)
IL-8 0.1 0.3 0.0892 0.1 0.7 0.0769 0.3 0.7 0.8048 0.3 3.5 0.06
(0.02-0.3) (0.1-0.5) (0.02-1.5) (0.03-3.6) (0.01-7.2) (0.07-28.0) (0.1-3.19) (0.2-26.8)
IFN-y 7.46 2.59 0.007*** 3.01 3.11 0.6991 5.2 3.9 0.8741 4.4 3.7 0.2786
(2.48-40.1)  (2.3-3.83) (1.2-5.2) (2.7-12.36) (1.7-30.98)  (2.99-41.0) (1.5-29.6)  (2.7-8.9)
IL-1p 0.1 0.1 0.4615 0.1 0.1 >0.99 0.1 19.6 0.021* 0.1 0.1 0.4667
(0.1-0.1) (0.1-18.13) (0.1-0.1) (0.1-0.1) (0.1-0.1) (0.1-44.27) (0.1-10.2) (0.1-45)
TNF-o 0.1 0.1 >0.99 0.1 0.1 >0.99 0.1 0.1 0.1923 0.1 0.1 0.467
(0.1-0.1) (0.1-12.75) (0.1-0.1) (0.1-0.1) (0.1-0.1) (0.1-27.7) 0.1-1.67)  (0.1-23)
given the frequent neutrophilia observed in patients infected with SARS-
Table_ 48 . CoV-2, it is possible that IL-8 contributes to COVID-19 pathophysiology
Associated p values for group comparisons. [23]
Cytokine  p value (ICU vs non- p value (ICU vs non-ICU)  p value To our knowledge, this is the first report regarding the ineffective-
1cu) gili:trr;: ness of antiviral medication on modulating cytokine release in COVID-
AT) ’ 19 patients. Thwaites and colleagues analyzed 619 hospitalized and
Kaletra  Favipiravir  Kaletra Favipiravir  All patients 39 milder, non-hospitalized COVID-19 patients and reported higher
(BT) (BT) (AT) (AT) levels of angiopoietin-2, CXCL10, and GM-CSF in plasma [24]. In
1L-6 0.1026 0.0797 0.6818 0.0044%* 0.069 addition, they detected mediators of endothelial cell injury in the early
IL-8 0.1515  0.3164 0.6865 0.1796 0.0444* stages of disease and reported that inflammatory cytokines and markers
IFN-y 0.8759  0.0593 0.007***  0.2151 0.7773 of lung injury were higher in patients with a poor clinical outcome [24].
LL-1p >0.99 >0.99 0.4667 0.46 0.0722 Zhou and co-workers showed that treatment with IFNa2b, in presence or
TNF- >0.99 >0.99 0.1923 0.4667 0.4649

p < 0.05 was considered significant as determined by a Mann- Whitney U test.
BT: before treatment; AT: After treatment.

patients have a higher IL-6/IFNy ratio than in patients with moderate
disease, which could be related to an enhanced cytokine storm favoring
lung damage. In addition, a suppressed T-cell immunity exists in patients
with severe COVID-19 based on decreased T-cell numbers and abnormal
IFNy expression by T-lymphocytes [6,18,19]. Continuous high levels of
cytokines observed in COVID-19 patients may imply a key inflammatory
drive in response to infection in these subjects [20]. However, anti-IL-6
therapies have been tested in COVID-19 patients with limited success
[21].

Several cytokines in addition to IL-6 and IFNy are elevated during the
proposed cytokine storm in COVID-19 patients and these contribute to
tissue damage in the respiratory tract and in other organs. TNFa is
important in nearly all acute inflammatory reactions, acting as an
amplifier of inflammation. IL-1f is also a highly active pro-inflammatory
cytokine, and monotherapy blocking IL-1p activity is used to treat in-
flammatory diseases including rheumatoid arthritis and inherited auto-
inflammatory syndromes such as cryopyrin-associated syndromes [22].
IL-8 is a potent pro-inflammatory cytokine playing a key role in the
recruitment and activation of neutrophils during inflammation, and,

absence of umifenovir, a broad-spectrum antiviral, decreased elevated
blood levels of inflammatory mediators such as IL-6 and CRP [25]. We
show a reduction in serum CRP, LDH, ESR and CPK, but not IL-6, in our
study which may reflect a dose-dependent difference in local versus
systemic effects or reflect the differences in antivirals used in our study
and these others.

The lack of IFN-y induction seen in the current study with antiviral
treatment may due to the lymphopenia induction induced by COVID-19
virus but additional information regarding the impact upon blood total
blood lymphocyte counts are necessary to test this hypothesis. However,
the significant rise in serum IL-1p, IL-6, TNF-a and IL-8 levels observed
after 7 days of antiviral therapy treatment suggests an inability of the
anti-viral therapy to suppress systemic inflammation despite the
improvement in CT scores and other inflammatory markers associated
with COVID-19 infection. The use of corticosteroids such as dexameth-
asone is used as supportive treatment for COVID-19 patients and appears
to be highly effective [26,27]. The results from our study are not
confounded by co-treatment with dexamethasone since only one subject
was given this therapy.

Our current data suggests that antiviral therapy is able to improve
lung-associated clinical features of disease as determined by CT scans as
well as blood markers such as ESR, CRP, LDH and CPK irrespective of the
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Fig. 2. Serum levels of cytokines in patients treated with Favipiravir or Kaletra. Serum levels of IL-6 (A), IL-8 (B), IFN-y (C), IL-1p (D) and TNFa« (E) were measured in
non-ICU and ICU patients after 7 days of antiviral treatment. Results are presented as dot blots of individual values for each subject with the median (5-95%

percentiles) also indicated. *p < 0.05; ns, not significant.

severity of the disease. This effect was independent of an action on
systemic blood cytokines that are up-regulated by viral infection. These
data suggest that the systemic inflammatory drive seen in these patients
is either no longer driven by an ongoing infection or that other driver
mechanisms exist for the enhanced cytokine expression seen in these
patients. These may reflect the host response to the initial infection that
remains despite the potential absence of ongoing viral replication. A
limitation of our study was that we did not obtain PCR analysis for SAR-
CoV-2 presence in all patients after anti-viral therapy. Moreover, the
small sample size in this study is another limitation of the study and
larger studies should be conducted to confirm the results.

The local effect of therapy on the CT imaging and on serum CRP and
LDH measures of COVID-19 infection without reducing serum cytokine
levels supports the concept of a local virus-induced lung inflammation.
Furthermore, it suggests a systemic inflammatory response that is pro-
longed even though local lung inflammation is decreased. In this
retrospective single-centre observational study, antiviral therapy has a
significant local effect in the lung but appears unable to suppress the
systemic cytokine storm and control the down-stream inflammatory
cascade. Further studies are needed to confirm this data.

5. Ethics approval and consent to participate

The study was approved by the Ethics Committee of the Dr. Masih
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All authors have read the manuscript and consent to publication in
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Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.intimp.2021.107407.
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