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ARTICLE INFO ABSTRACT
Artic{e history: Coronavirus disease 2019 (COVID-19) often results in pneumonia and can lead to acute respiratory dis-
Received 18 January 2021 tress syndrome (ARDS). ARDS is one of the most significant causes of death in patients with COVID-19.

Received in revised form 25 April 2021

The development of a “cytokine storm” in patients with COVID-19 causes progression to ARDS. In this
Accepted 5 May 2021

scoping review, we investigated the effect of pro-inflammatory cytokines in inducing moderate and
severe ARDS outcomes. A comprehensive search was performed using PubMed and Google Scholar to

ﬁi{r"l"or:df: cal resoon implement a broad query that captured all the relevant studies published between December 2019 and
ARDSu ological response September 2020.We identified seven studies that evaluated the immune response in COVID-19 patients
COVID-19 with ARDS. The white blood cell counts (WBCs), CRP, and IL-6 were higher in the moderately presenting
cytokines ARDS patients, critically ill patients, and those with more severe ARDS. This study may contribute to
better patient management and outcomes if tailored immune marker interventions are implemented in

the near future.
© 2021 Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction 2020. We included studies that had the following criteria: patients

Coronavirus disease 2019 (COVID-19) has become one of the
most common causes of death within the last year, especially
among the elderly, immunocompromised patients, and patients
with preexisting conditions, including cardiovascular disease and
respiratory illnesses[1]. Further, there are a large number of COVID-
19 patients who have presented with acute respiratory distress
syndrome (ARDS) [2]. ARDS causes alveolar injury in the lung tissue
by forming hyaline membranes in the alveoli, which may lead to
widening in the interstitial tissue, edema, and fibroblast activation
[2]. COVID-19 causes the same pathological change consequences
of ARDS, which may eventually lead to lung fibrosis [2].

Viral pneumonia and its progression toward the development of
ARDS stands as one of the prominent causes of death [3,4]. A mal-
adaptive immune response to COVID-19 has been labeled “cytokine
storm” and is thought to present as a sudden, excessive production
of pro-inflammatory cytokines during the disease course [5,6]. The
several numbers of cytokines have been linked to development or
progression of ARDS, which in-turn is associated with further sys-
temic inflammation, multi-system tissue damage, multiple organ
failure, and death [5,6].

The most common proposed COVID-19 pathogenesis is that
the virus initiates the disease by entering the epithelial cells
through the Angiotensin-converting enzyme 2 (ACE2) receptors.
In response, immune cells recognize either the virus or its receptor
through a pathogen-recognition receptor (PRR) that leads to the
activation of cellular and humoral immunity [7,8]. Consequently,
induction of various immune cells, such as macrophages, CD4*, and
CD8* cells, leads to the production of cytokines (IFN-v, IL-6, IL-12,
and IL-1 B), which are predicted to be associated with the clinical
outcome of the disorder [9-11]. The SARS-CoV-2 virus enters the
cell through the Toll-like receptor-7 (TLR-7) in the endosomes, but
this activates mainly IL-6, IL-12, IL-8, and TNFa, which induce CD8
and CD4 activation [12]. Finally, there is a lack of knowledge exam-
ining the effect of pro-inflammatory cytokines in inducing severe
and moderate ARDS outcomes.

We know that immunological response in ARDS patients leads
to an early exudative stage, causing alveolar damage and destruc-
tion of the epithelium and endothelium cells. We do not know how
COVID-19 induces the immune response in critically ill patients
across ARDS stages. Therefore, this review aims to explore the role
of immune response in COVID-19 patients with ARDS.

Methods

This scoping review was performed based on Arksey and
O’Malley’s five-stage framework [13] and includes the follow-
ing stages: (1) specifying the research question, (2) identifying
the related studies, (3) selecting the relevant studies, (4) chart-
ing the data, and (5) summarizing and reporting the findings. The
research aim was to explore the immunological response in COVID-
19 patients with ARDS (Tables 1 and 2).

Eligibility criteria and search strategy

A comprehensive search was performed using PubMed and
Google Scholar. Broad queries were used to capture all the rel-
evant studies published between December 2019 and November

infected with ARDS who have been infected with COVID-19 and
have reported immune data (cells and markers) (see Fig. 1).

Study selection

Irrelevant studies were excluded after reviewing titles,
abstracts, and the full test. Animal studies, non-original studies
(reviews), and studies including children 14 years old and younger
were excluded.

Data extraction and synthesis

Data extraction and synthesis were performed by using Cov-
idence software. The EndNote reference file was imported first.
Then, title and abstract screening and a full-text review were inde-
pendently performed by two reviewers. Conflicts occurring during
this phase were resolved by a third reviewer. The last phase was
data extraction and synthesis of each of the eligible articles. We
extracted and summarized information from the full text, including
the primary bibliography, setting (country), study aims, research
questions, study design, sample size/populations, age group, gen-
der, ARDS stage, normal immune factor values, immune outcomes,
lab findings, and finally, clinical findings (mortality, morbidity,
length of stay, and mechanical ventilation). More information
regarding all the information relevant to the data screening and
extraction can be found in Table 1.

Results

This scoping review identified seven studies that evaluated the
immune response in COVID-19 patients with ARDS. The age groups
for the individuals who were included in the studies ranged from
15 to 83 years old. Of the seven studies analyzed, four studies were
retrospective and three were cross-sectional. The sample sizes of
the included studies ranged from 21 to 389 participants.

The included studies identified associations between elevated
white blood cell counts (WBCs), C-reactive protein (CRP), neu-
trophils, IL-6, and TNF« levels in patients with severe ARDS acuity.
Three studies indicated the WBC level was higher among those
who were critically ill or were diagnosed with moderate or severe
ARDS [14-16]. However, one study identified associations between
low WBCs in patients requiring MV compared to those requiring
noninvasive ventilation [17].

Three studies showed that elevated CRP levels in sever ARDS
patients [14-16]. Moreover, six studies found that IL-6 was higher
in moderate ARDS patients, critically ill patients, and those with
more severe ARDS [14,16-20]. It also showed that IL-6 was higher
among patients who were on MV compared to those who were on
noninvasive ventilation [20]. Moreover, some studies have indi-
cated a log fold noticeable increase in IL-2R with more severe
ARDS participants on admission in comparison normal individuals
[9,17,18].

Conversely, neutrophils counts were less in severe ARDS
Patients. Patients requiring noninvasive ventilation (NIV) have
higher levels of neutrophils than patients on invasive MV and those
with more critical cases of ARDS [18,20]. On the other hand, IL-4 and
IL-10 have been found to increase, from the time of hospital admis-
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Table 1

Overview of the demographic characteristic of the included studies.
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Author

Country

Study design

Sample size/population

Age group

Sex

Dreher, 2020

University hospital in Aachen,
Germany)

Cross-sectional

50 COVID-19 Patients

58-76 (median 65)

Female: 17 (34%)
Male: 33 (66%)

Chen, 2020 Tongji Medical College, Retrospective 21 confirmed COVID-19 cases 50-65 Female: 4 (19%)
Huazhong University of observational study Male: 17 (81%)
Science and Technology
Hou, 2020 Tongji Hospital, Wuhan, China. N/A 389 hospitalized patients with 61.3+13.8 Female: 189 (48.6%)
COVID-19 Male: 200 (51.4%)
Huang, 2020 Wuhan, China Cross-sectional 41 COVID-19 pts; 13 ICU vs. 28 41-58 Male: 30 (73%)
non-ICU Female: 11 (27%)
Liu, 2020 Wuhan Union Hospital, China. Retrospective All: 40 48.7 £13.9 Male: 15 (37.5%)
observational study Mild: 27 Female: 25 (62.5%)
Severe: 13
Wan, 2020 Chongqing University, Three Cross-sectional All: 123 15-82 Male: 15 (37.5%)
Gorges Hospital, China Mild: 102 Female: 25 (62.5%)
Severe: 21
Zheng, 2020 tertiary teaching hospital in Retrospective study Total: 34 patients. 51-83 (median 66) Male: 23 (67.6%)
Hangzhou (Zhejiang Province, Invasive mechanical ventilation Female: 11 (32.4%)
China) (IMV): 15.
Noninvasive ventilation (NIV): 19
Table 2

Overview of the lab findings of the included studies.

Author

Lab Findings

Dreher, 2020

Chen, 2020

Hou, 2020

Huang, 2020

Liu, 2020

Wan, 2020

Zheng, 2020

WBC
C-reactive protein (mg/L)
Interleukin-6 (pg/mL)

WBC

All patients (N = 50) 6.7 (4.9-9.6)

94 (28-173)
122 (68-333)

All patients (N = 21)

5.7 (4.6-8.3)

5.8 (4.1-7)
37 (15-113)
10 (0-60)

45 (3.9-5.5)

Non-ARDS patients (N = 26)

Moderate patients (N = 10)

ARDS patents (N = 24)

9.2 (6.3-11.6)
110 (7-264)
119 (47-338)

Severe patents (N=11)

8.3(6.2-10.4)

C-reactive protein (mg/L)
Interleukin-6 (pg/mL)

IL-1B

IL-2R

IL-6

IL-8

IL-10

TNF-a
Lymphocyte
Neutrophil

PCT
IL-2R/lymphocytes
CRP

Ferritin

All patients (n =41)

White blood cell count, x10° L1

Neutrophil count, x10° L~!
Lymphocyte count, x10° L-!

IL-6 (pg/mL)
IL-10 (pg/mL)
IL-2 (pg/mL)
IL-4 (pg/mL)
TNF-a (pg/mL)
IFN-vy (pg/mL)

CD4
CD8

B cell
NK cell
CD4/ CD8
IL-4
IL-6
IL-10
1IL-17
TNF-a
IFN-vy

WBC (4-10/nL)

C-reactive protein (0-8 mg/L)

Interleukin-6 (0-7 pg/L)
IL-10 (0.0-2.3 pg/mL)

Neutrophil count ((x10° L-1) 2.0-7.0)
Lymphocyte count ((x10° L-1) 0.8-4.0)

108.4(28-139.5)
26.6 (7.5-43.4)

0dd ratio for severe COVID-19

1.0379

0.9993

1.0000

0-9985

1.0163

1.0115

1.2623

1.0638

25333

1.0013

1.0085

1.0006

All patients (n = 41)
62 (4:1-10.5)

5.0 (3-3-8.9)

0-8 (0-6-1-1)

No ICU care (n = 28)
5.7 (3-1-7-6)
4.4(2.0-61)
1.0(0.7-1-1)

All Patients (n = 34).
8.9(5.3,14.3)

48 (27, 88)

47 (24, 81)

6.7 (4.4,9.0)
7.8(4.3,13.2)

0.6 (0.5,0.9)

22 (14.7-119.4)
15.3 (6.2-29.5)
OR (97-5% Cl = 2.5%)
0-9739 1-1062
0-9983 1.0004
0-9903 1-0097
0-9929 1-0041
0-9769 1.0573
09443 1.0834
07412 2:1499
0-9467 1-1953
0-7287 8-8067
1-0005 1-0021
1-0008 1-0163
1-0001 1-0010

No ICU care (n = 28)
5.7(3-1-76)
4.4(2.0-6-1)
1.0(0-7-1-1)

Mild Cases

25

3

1.8

1.7

2

2

Mild (mean [SD])
(451-3[23.0])
(288-6 [14-23])
(166 [11.98])
(147 [10-36])
(1-671 [0-059])
(1-69[0-070])
(13-41[1-84))
(2-464 [0-085])
(1-095 [0-0226])
(4-077 [1-588])
(5-132[0-841])
IMV (n=15)
6.2 (4.4,13.5)
50 (39, 52)

65 (38,202)
7.0(5.2,9.7)
5.7 (3.6,12.8)
0.5(0.4,0.8)

139.4 (86.9-165.1)
41.5(24.8-114.2)
P-value

0-2515

0-2078

0-9936

0-5934

04234

0-7450

0-3911

0-2986

0-1437

0-0020

0-0300

0-0206

ICU care (n=13)
11.3(5-8-12:1)
10.6 (5-0-11-8)
0-4(0-2-0-8)
Severe Cases

75

4

23

2

2

2

Severe (mean [SD])
(263-2[28-83])
(179 [23-87])
(125-3[13:49])
(119-6 [16:500])
(1-509 [0-170])
(1-83[0-185])
(37.77[7-801])
(4-59[0-378])
(116 [0-0571])
(2-948 [0-443])
(6-904 [1-247])
NIV (n =19)
9.3 (6.6, 16.0)
46 (27,103)
38(12,72)
5.5(3.1,8.8)
8.0(5.5,14.8)
0.6 (0.5,0.9)
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Fig. 1. PRISMA flow diagram of the selection process and the study search results.

From: Moher D, Liberati A, Tetzlaff ], Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement.

PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097.

sion to discharge, in severe ARDS patients compared to non-severe
ARDS patients [18-20].

Discussion

This review was conducted to explore the available literature
on immunological response to the COVID-19 infection during ARDS
severity. In a recent study, ARDS pathology has been investigated to
show that ARDS can occur in three different stages. The first stage,
also known as the acute phase, can be defined by the presence of
alveolar edema. Furthermore, there is evidence that at this stage
epithelial injury can occur that leads to the stripping of the alve-
olar epithelium. The subacute phase of ARDS is often associated
with epithelial repair through proliferation of alveolar epithelial
cells, while the chronic phase is distinguished by the attempts in
repair and the loss of neutrophil infiltration. Further, within the
chronic stage macrophages are present within the alveoli for ongo-
ing epithelial repair, however there is evidence to show onset of
fibrosis [21]. In our analysis, elevated WBCs, CRP, neutrophils, IL-6,
and TNFa were associated with ARDS. Through cross examination
of different studies conducted, this study can add valuable informa-
tion for future studies that want to further investigate the immune
response in COVID-19 patients with regard to the ARDS conditions.

Following infection of a host cell, sequential interactions with
immune cells that include B/T cells, macrophages, and antigen
presenting cells results in the release of cytokines which in turn
activates more WBCs. Such activation through a positive feedback
loop is accompanied by enhanced production of cytokines leading

to pro-inflammatory conditions that can possibly induce system-
atic inflammation [22].

Recently, emerging schools of thought have sought to
immunophenotype or endotype COVID-19 and its sequelae
[5,6,23-25]. IL-6 represents a primary, upregulated pro-
inflammatory cytokine in moderate and severe cases [9,14,17,18].
Our scoping review identified elevated IL-6 levels in cases with
increased severity of ARDs in contrast to cases that have not
progressed to ARDs, findings that are similar to other published
results [14,16,17]. Several clinical trials have targeted IL-6 in
COVID-19 using monoclonal antibody therapeutics including
Tocilizumab and sarilumab [26-29]. In a randomized controlled
trial across 12 public and private Indian hospitals, Tocilizumab
was administered to investigate whether this treatment would
have an effect of COVID-19 progression. Patients were assigned
to two groups that either received Tocilizumab with standard
care or standard care alone. Recruited patients were studied for
a 14-day period to determine if Tocilizumab had positive results
compared to standard care that included the administration of
corticosteroids and antiviral medication. Disease progression was
monitored in the primary endpoint (up to day 14) and showed that
administration of Tocilizumab with standard care did not have a
positive effect and progression in both groups was not statistically
significant. However, the study suggests that patients with severe
disease manifestations at hospitalization that are treated with
Tocilizumab could have a reduced disease progression that leads
to death [28]. Interestingly, a similar study that investigated the
efficacy of Tocilizumab treatment to monitor disease progression
to mechanical ventilation was assessed among patients that were
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defined as high-risk groups as well as minority groups. Two groups
were involved in the randomized trial that included Tocilizumab
treatment or placebo treatment with standard care. This study
differed from the previous study by the enrolment of patients
from different countries that allowed this study is investigate
Tocilizumab treatment globally. Following Tocilizumab treatment,
it was suggested that disease progression to mechanical venti-
lation is reduced in Tocilizumab group compared to the placebo
group [30]. Similarly, in a different study that included patients
from different countries but utilized a different IL-6 inhibitor (Sar-
ilumab), the randomized trail suggests that Sarilumab treatment
did not positively affect disease progression [31]. The efficacy of
IL-6 inhibitors as therapeutic treatment for COVID-19 is variable.
Indeed, in a study that recruited patients from various hospitals in
the Boston area randomly assigned patients to standard care and
either Tocilizumab or placebo treatment. Disease progression was
also monitored to assess the efficacy of this treatment to reduce
intubation. Unfortunately, this study suggests that IL-6 blockade
did not have an effect on the requirement for intubation. In addi-
tion, this study also suggests that Tolicizumab treatment did not
have positive effect on disease progression, nor the patient need
for supplemental oxygen [26]. As a result, the previous randomized
trial studies have clear discrepancies that can provide clear evi-
dence that Tolicizumab can be administered to COVID-19 patients
to improve patient outcome. This can be related to the limitations
within these studies that included different standard care protocols
of which patients had already been treated with corticosteroids
thus possibly masking positive effects of IL-6 blockade.

TNFa is a potent pro-inflammatory cytokine produced by
macrophages, monocytes, lymphocytes, neutrophils, and smooth
muscle, and classically, has played a critical role in cytokine
storm [15]. Our findings that elevated TNFa was associated with
ARDS severity in COVID-19 mirror findings by other investigators
[6,15-19,22,23]. However, the targeting of TNFa as a treatment to
alleviate the cytokine storm may not be beneficial. Despite the asso-
ciation of TNFa with ARDS, the treatment to neutralize TNFa could
prove deadly. Indeed, in a study that utilized the neutralization of
TNFa through a fusion protein (TNFR:Fc) suggested that this treat-
ment was associated an increased mortality rate. Further, the study
suggests that fusion protein treatment to neutralize TNFa could
actually elongate the inflammation response the fusion protein
could act as an intravascular carrier of TNFa [32]. Thus, although
our study and previous studies identifies TNFa is associated with
ARDS, treatment against would not prove beneficial for COVID-19
patients. This does not suggest that TNFa should be overlooked, but
rather investigated further.

Our study also identified IL-2 and IL-17 cytokines were elevated
in COVID-19 with ARDS in comparison to COVID-19 without ARDS
[9,15,18,22,23]. Following induction of an immune response and
through activation of CD4" T cells, IL-2 secretion by activated T cells
allows for expansion of effector T cells. Furthermore, IL-2 is also
involved in the maintenance of regulatory T cells through low con-
centrations of IL-2 [33]. IL-17, a cytokine that has been implicated
in innate immunity, plays an important role in the mobilization and
activation of neutrophils. As such, this cytokine is suggested to have
both positive and negative effects by either providing immunity to
pathogens or complicating inflammatory diseases such as rheuma-
toid arthritis [34]. Indeed, IL-17 production has been implicated to
affect downstream pro-inflammatory molecules, that include IL-
6, as well as promote production of neutrophil chemoattractants
[35], thus IL-17 can be implicated in facilitating the cytokine storm.
As mentioned previously with IL-6, cytokines can be targeted for
therapeutic treatment. Secukinumab has been used to target IL-
17A and has been used to treat moderate psoriasis [36]. Proving to
be effective against psoriasis, Secukinumab treatment in COVID-19
patients with ARDS can prove beneficial to stop downstream pro-
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duction of inflammatory cytokines as well as stop recruitment of
neutrophils.

IL-10 is an anti-inflammatory cytokine produced by many
immune cells, including lymphocytes and macrophages. One study
suggested that IL-10 plays a significant regulatory role in respi-
ratory infections [37]. This correlates with our findings [9,18,19],
except in noninvasive ventilation in a Zheng et al. study group [20].
Other studies reported that IL-10 increased with the disease pro-
gression [6,15,22,24] and have noted cellular changes in COVID-19
cases [6,22].

Some of our reviewed papers have reported an increase in WBCs
in severe in comparison to non-severe cases [14,17,18], whereas
Zheng et al. reported lower WBC levels in MV in comparison to NIV
[20]. Lymphopenia was shown to occur in the majority of COVID-19
cases [6,9,14,15,18,22]. This may be explained by T cell exhaus-
tion in which prolonged antigen stimulation results in the loss of
function in effector cells [20].

We acknowledge several limitations in our scoping review that
encompassed seven studies. First, our study was limited to using
only two databases (Google Scholar and PubMed). Second, we were
not able to capture all articles published because of the delay caused
by the indexing. Also, because our retrieval period was only through
November 2020, articles published or posted after this date, of
which there have been many, were not included. Further, our study
was limited to articles published in English only, which may have
resulted in publication bias.

In conclusion, this study adds to our understanding of the
immune responses that are associated with ARDS in COVID-19.
It is clear that there is considerable heterogeneity with individ-
ual biomarkers in ARDS as well as the severity of lung injury due
to SARS-CoV-2 infection. This study reinforces the importance of
the complex nature of dysregulated cytokine and inflammatory
mediator pathways in planning future studies targeting specific
molecular pathways. Also, this study assessed the nature of the
immune response in COVID-19 patients who have ARDS and iden-
tified specific cytokine targets that could be further researched to
prevent ARDS. Furthermore, this study includes a comprehensive
examination of the literature to assess the state of research and
identify research gaps related to the COVID-19 pandemic. Addition-
ally, this study findings corroborated with the previous drug clinic
trials that demonstrated that though cytokines associated with
ARDS can be therapeutically targeted, some treatments proved to
be not.

In conclusion, this study adds to our understanding the mecha-
nism in which the immune system responds to COVID-19 infection
and the process that leads to ARDS. It is clear that there is consid-
erable heterogeneity with individual biomarkers in ARDS as well
as the severity of lung injury. This study reinforces the importance
of the complex nature of dysregulated cytokine and inflammatory
mediator pathways in planning future studies targeting specific
molecular pathways. Additionally, this study adds to our existing
knowledge about biomarkers in COVID-19 by underpinning the
need to conduct randomized, placebo-controlled clinical trials to
truly test the relevance of biomarkers reported in observational and
retrospective studies. We highlight that the randomized clinical tri-
als in COVID-19 to date that selectively targeted biomarkers (and
biological pathways) of interest proved to be not effective. Finally,
this scoping review discuss the effectiveness of targeting multi-
ple the upregulated cytokines among different phases of COVID-19
Patients with ARDS, and further indicated IL-17 and IL-6 therapeu-
tic targets for COVID-19.
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