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Most patients with coronavirus disease 2019 (COVID-19) ex-
perience asymptomatic disease or mild symptoms, but some
have critical symptoms requiring intensive care. It is impor-
tant to determine how patients with asymptomatic or mild
COVID-19 react to severe acute respiratory syndrome corona-
virus 2 infection and suppress virus spread. Innate immunity
is important for evasion from the first virus attack, and it may
play an important role in the pathogenesis in these patients. We
measured serum cytokine levels in 95 patients with COVID-19
during the infection’s acute phase and report that significantly
higher interleukin 12 and 2 levels were induced in patients with
asymptomatic or mild disease than in those with moderate or
severe disease, indicating the key roles of these cytokines in the
pathogenesis of asymptomatic or mild COVID-19.
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The ongoing pandemic of coronavirus disease 2019 (COVID-
19) has had significant effects on many aspects of our daily lives,
including socioeconomic and political issues. According to the
World Health Organization COVID-19 dashboard, as of 25
October 2020, the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) had infected >42 million people world-
wide and resulted in >1.1 million deaths. The clinical spectrum
of COVID-19 ranges from an asymptomatic status to fatal
infections.

It has been shown that several components of the immune
response are dysregulated in patients with COVID-19 who have
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severe symptoms. Monocytes and macrophages were signifi-
cantly dysregulated in patients with severe disease (reviewed in
[1]). Dendritic cells and natural killer (NK) cells were depleted
in patients with COVID-19 compared with healthy controls [2],
and it has been determined that those cells are dysregulated in
the setting of SARS-CoV-2 infection.

The immune response features of asymptomatic and mild
COVID-19 are little known. It is important to determine how
patients with asymptomatic or mild COVID-19 react to SARS-
CoV-2 infection and suppress the spread of the virus. Because
innate immunity is important for the host’s evasion from the
first virus attack, it may play a role in the pathogenesis of asymp-
tomatic or mild COVID-19. We therefore focused on the acute
phase of SARS-CoV-2 infection to gain insights into differences
among the cytokines induced by the innate immune response
in patients with COVID-19 of differing severities, because dif-
ferent cytokines may affect the features of the disease.

MATERIALS AND METHODS

We investigated a total of 95 patients with COVID-19 (52 male
and 43 female; median age [range], 50 [15-98] years) of dif-
ferent disease severities (16 asymptomatic, 49 mild, 11 mod-
erate, and 19 severe) during the early phase of infection (ie,
<10 days after symptom onset or after an asymptomatic patient’s
notifiable contact with a positive case patient). Two of the 11
patients with moderate COVID-19 (18.2%) had mild disease
when their blood samples were collected, but both eventually
had moderate disease. Of the patients with severe COVID-19,
10 (52.6%) had mild and 3 (15.8%) had moderate disease when
their blood samples were collected, disease that eventually be-
came severe. The classification of disease severity was based on
interim guidance on the management of COVID-19 from the
World Health Organization [3].

COVID-19 diagnoses were based on polymerase chain re-
action detection of the SARS-CoV-2 genome in nasopharyn-
geal swab samples. Symptomatic COVID-19 cases in patients
without evidence of pneumonia or hypoxia were classified
as mild. Cases in patients with clinical signs of pneumonia
were classified as moderate (oxygen saturation as measured
by pulse oximetry, >90% with room air) or severe (respir-
ations >30/min, severe respiratory distress, or oxygen satura-
tion <90% with room air). All patients were treated at Hyogo
Prefectural Kakogawa Medical Center, Hyogo, Japan, from
July to September 2020 and were consecutively recruited
to this study. We included 20 healthy controls (13 male and
7 female; median age [range], 57 [27-64] years), who were
SARS-CoV-2 immunoglobulin G-negative medical staff
from the same facility [4].
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Serum samples were subjected to the measurements of cyto-
kines, chemokines, and growth factors with the Bio-Plex Pro
Human Cytokine Screening 48-plex panel (Bio-Rad), following
the manufacturer’s instructions, and results were read using the
Bio-Plex 200 system. Experiments were done twice independ-
ently, both showing similar results. This study was approved by
the ethical committee of Kobe University Graduate School of
Medicine (approval code B200200), and written informed con-
sent was obtained from all participants.

GraphPad Prism software (version 8.4.3) was used for sta-
tistical analysis and figures preparation. The Kolmogorov-
Smirnov test was used to test the normality of data distribution.
Nonnormally distributed data were analyzed using the Kruskal-
Wallis test, and normally distributed data using 1-way analysis
of variance. For all analyses, multiple comparisons test with
Dunn method was used to compare serum cytokine levels be-
tween 2 groups. Results were considered statistically significant
at P <.05.

RESULTS

Interleukin 12 and 2 Levels

Levels of cytokines, chemokines, and growth factors were
measured in the 115 blood samples from patients with
COVID-19 and healthy controls. The most important
finding was that interleukin 12 (IL-12) levels were signifi-
cantly higher in both the asymptomatic and mild disease
groups than in the moderate and severe groups (Figure 1A),
but these levels were comparable between the moderate and

severe disease groups and healthy controls. Similarly to the
IL-12 findings, serum levels of interleukin 2 (IL-2) were
significantly higher in patients with asymptomatic or mild
COVID-19 than in those with moderate or severe COVID-19
(Figure 1B).

Interleukin 18 and 6 Levels

Our evaluation of other cytokines in patients with COVID-19
of differing severity revealed that the following cytokines were
significantly higher in patients with COVID-19 than in healthy
controls but did not differ by severity group: interleukin 15,
2Ra, 1Ra, 7, 10, 13, 1a, and 16, interferon (IFN) y, monocyte
chemoattractant protein 1, platelet-derived growth factor BB,
and tumor necrosis factor a (Figure 2A and Supplementary
Figure 1).

We observed a different pattern in serum interleukin 18
(IL-18) levels. As shown in Figure 2B, these levels were sig-
nificantly higher in the patients with symptomatic COVID-19
than in asymptomatic patients and healthy controls. They also
increased in accordance with disease severity, although they
were comparable in the asymptomatic and mild disease groups.
Similarly, our present findings demonstrated that interleukin 6
(IL-6) levels increasing in accord with severity level of COVID-
19 in the acute phase.

DISCUSSION

Most patients with COVID-19 are asymptomatic or experi-
ence mild symptoms, but some experience critical symptoms
requiring intensive care. A dysregulated immune response is a
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Serum interleukin 12p70 (IL-12p70) (A) and interleukin 2 (IL-2) (B) levels in patients with asymptomatic or symptomatic (mild, moderate, or severe) coronavirus

disease 2019 and healthy controls. Box plots show medians (middle lines) with first and third quartiles (boxes), and whiskers show maximum and minimum values. TP<.005;

1P<.001.
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Figure 2. Serum interleukin levels induced in patients with asymptomatic or symptomatic (mild, moderate, of severe) coronavirus disease 2019 (COVID-19) and healthy
controls. A, Serum levels of interleukin 15 (IL-15) (/eft) and interleukin 2Ra (IL-2Ra) (right) were increased in patients with COVID-19, but they were not correlated with disease
severity. B, Serum levels of interleukin 18 (IL-18) (/eft) and interleukin 6 (IL-6) (right) were increased in patients with COVID-19 and were correlated with disease severity. Box
plots show medians (middle line) with first and third quartiles (boxes), and whiskers show maximum and minimum values. *P<.05; TP< .005; $P<.001.

feature of severe COVID-19, but the immune response features
of asymptomatic and mild COVID-19 are little known. In the
current study, we analyzed cytokines induced by the innate im-
mune response in patients with COVID-19 of differing severity,
as different cytokines may affect the features of the disease.

In our measurement of 48 cytokines, chemokines, and growth
factors, several interesting results were obtained. In early phase
of SARS-CoV-2 infection, IL-12 levels were observed to be sig-
nificantly higher in the asymptomatic and mild disease groups
than in the moderate and severe disease groups. Similarly, Xu
et al [5] reported that serum IL-12 levels were comparable be-
tween patients with mild (classified as moderate in our study)
and those with severe COVID-19 . However, they did not in-
clude asymptomatic patients or those without pneumonia
(whom we classified in the mild infection group).

IL-12 is secreted by dendritic cells and macrophages in re-
sponse to microbial stimuli—including virus infection—and
it acts on the IL-12 receptor, expressed mainly by activated T
and NK cells [6]. IL-12, together with IL-15, IL-18, and type
I IEN, enhances the cytotoxic activity of NK cells and induces
secretion of IFN-y. IFN-y secreted by NK cells activates macro-
phages to destroy phagocytosed microbes. IL-12 is also known
as a key inducer of T-helper 1 cell differentiation [7].

The current study is the first to show that during the acute
phase of SARS-CoV-2 infection, a significantly higher level
of IL-12 was induced in patients with asymptomatic or mild
COVID-19 than in both those with moderate or severe symp-
toms and healthy controls. Interestingly, several studies showed
that the numbers of peripheral NK cells were significantly lower
in patients with severe COVID-19 than in healthy individuals
[2, 8] or patients with mild COVID-19 [2]. Taken together,

it is possible that induction of IL-12 is required to maintain
NK cell numbers in the early phase of SARS-CoV-2 infection,
and that this induction may play a role in evasion from virus
spreading, as seen in asymptomatic patients and those with
mild symptoms.

Similarly, serum IL-2 levels were found to be significantly
higher in patients with asymptomatic and or mild COVID-19
than in those with moderate or severe symptoms. Long et al
[9] showed that IL-2 levels were significantly higher in sympto-
matic than in asymptomatic COVID-19. Although their result
seemed to differ from ours, this may reflect differences between
studies in the time of sample collection after disease onset or
notice of infection.

IL-2 is produced by CD4" and CD8" T cells, some B cells, and
dendritic cells; its major function is to promote the proliferation
of both CD4" and CD8" T cells [10]. Importantly, IL-2 is also
known as a growth factor for NK cells; it promotes the produc-
tion of NK-derived cytokines (tumor necrosis factor a, IFN-vy, and
granulocyte-macrophage colony-stimulating factor [GM-CSF])
and has a synergistic effect with IL-18 to enhance the cytotox-
icity and expansion of NK cells [10, 11]. Based on these findings
together, it seems reasonable that a higher induction of IL-2 was
observed in our asymptomatic and mild COVID-19 groups com-
pared with the moderate and severe COVID-19 groups in the
acute phase, and several studies have consistently observed higher
NK cell counts in patients with mild COVID-19 than in those with
severe disease [2, 8]. However, further study is required to under-
stand the correlation between the induction of IL-2 and NK cell
numbers in patients with COVID-19.

Younger persons infected with SARS-CoV-2 are more likely
to have asymptomatic or mild infection than older persons
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[12]. The demographic characteristics of patients in the dif-
ferent severity groups are shown in Supplementary Table 1.
Comparing median ages, patients with asymptomatic or mild
COVID-19 were also significantly younger than those with se-
vere disease (Supplementary Table 1 and Supplementary Figure
2A). However, we could not see any correlation between age of
the subjects and either serum IL-12 or IL-2 levels in this study
(Supplementary Figure 2B and 2C). This analysis would support
a possible protective role of early induction of IL-12 and IL-2 in
the severity of COVID-19.

The current investigation is the first to show that, during
the acute phase of infection, significantly higher levels of IL-12
and IL-2 were induced in patients with asymptomatic or mild
COVID-19 than in those who with moderate or severe symp-
toms, indicating the important roles of these 2 cytokines in the
protection from severe COVID-19. Regarding IL-18 levels, our
study showed that these were significantly higher in patients
with severe COVID-19 than in those with milder symptoms.
IL-18, known as an IFN-y-inducing factor, is involved in the
activation of NK cells, T-helper 1 and 2 cells, and macrophages.
Its precursor, which is cleaved by caspase 1 to become biolog-
ically active IL-18, is constitutively expressed in monocytes,
macrophages, dendritic cells, and endothelial cells [13].

IL-18 hasbeen shown to have a very important role in acute respi-
ratory distress syndrome (ARDS) [13], a feature of severe COVID-
19. In case of ARDS caused by avian influenza virus (H5N1 and
H7N9), PB1-F2 protein activates NLRP3 (NOD-, LRR- and pyrin
domain-containing protein 3) in a prolonged manner, which then
activates caspase 1, resulting in excess IL-18 production and a very
detrimental IFN-y-biased cytokine storm [13]. We observed high
expression of IL-18 in our patients with severe COVID-19, and this
finding together with the common occurrence of ARDS in patients
with severe COVID-19 seem correlated, through an underlying
mechanism that must be explored further.

Consistent with the other studies related to the cytokine
expressions in patients with COVID-19 [14], our present
findings demonstrated that IL-6 levels increased in accord
with the severity of COVID-19 in the acute phase. Meta-
analysis by Leisman et al [15] showed that serum IL-6 levels
were significantly lower in severe or critical COVID-19 than
in other critical diseases (sepsis, cytokine release syndrome,
and ARDS unrelated to COVID-19), suggesting that factors
other than cytokine storm—including endovasculitis, direct
viral injury and lymphodepletion, and virus-induced immu-
nosuppression—might be responsible for organ dysfunction
in COVID-19. It was recently reported that the endothelial
trans-signaling of IL-6 induces the production of plasmin-
ogen activator inhibitor 1 in vascular endothelial cells, fur-
ther explaining the endotheliopathy and coagulopathy that
commonly occur in patients with severe COVID-19 [16].
Recent studies and our present results indicate that the in-
duction of IL-6 may play a role in the severity of COVID-19.

Supplementary Data

Supplementary materials areavailable at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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