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A B S T R A C T   

We quantified the serum levels of 34 cytokines/chemokines in 30 patients with SARS-CoV-2 infection. Elevated 
levels of IP-10 and IL-7 were detected in the acute and convalescent stages of the infection and were highly 
associated with disease severity.   

1. Introduction 

The coronavirus disease 2019 (COVID-19), caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), has become a severe 
threat to the international community. Patients with COVID-19 are 
clinically characterized by fever, cough, fatigue, sputum production, 
lymphocytopenia, and radiographic evidence of pneumonia [1]. Death 
may result from sepsis, respiratory failure, and acute respiratory distress 
syndrome (ARDS) due to alveolar damage or multiple organ dysfunction 
caused by systemic inflammation [1] Cytokines/chemokines have long 
been thought to play an essential role in immunity and immunopa
thology during virus infections. Although increased serum levels of 
several inflammatory cytokines and chemokines were associated with 
disease severity and death of SARS-CoV-2 [1–5], the results of these 
studies were discrepancies. The pathogenesis of COVID-19 is poorly 
understood, and factors associated with severity remain elusive. 
Therefore, to further understand the immuno-pathogenesis of SARS- 
CoV-2, we studied the expression profile of cytokines/chemokines in 
the serum of patients with COVID-19. 

2. Methods 

2.1. Patients and clinical samples 

From January to February 2020, a total of 30 COVID-19 patients and 
individuals with asymptomatic infection of SARS-CoV-2 were identified 
at the Fifth Hospital of Shijiazhuang, Shijiazhuang City, Hebei Province, 
China. All COVID-19 patients and individuals with asymptomatic 
infection of SARS-CoV-2 were laboratory-confirmed by real-time 
reverse-transcription polymerase chain reaction (RT-PCR) using a 
SARS-CoV-2 nucleic acid detection kit (Cat No. DA0930-DA0932, DAAN 
GENE Ltd., Guangzhou, China). After the confirmation diagnose, 
COVID-19 patients and individual with asymptomatic infection of SARS- 
CoV-2 were recruited to participate the study. After obtaining informed 
consent, serum samples were collected from participants at the acute 
and convalescent stages of infection. We defined the definition of acute 
and convalescent stages based on the symptoms of the patients after 
infection. The acute stage always correlated with fever, cough, fatigue, 
expectoration, dyspnea, chills, and so on, and the convalescent stages 
correlated symptoms were significantly improved. Therefore, the acute 
stage was defined as within 2 weeks after symptom onset for 
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symptomatic patients and after first RT-PCR positive RNA detection of 
SARS-CoV-2 for asymptomatic infection, and the convalescent stage was 
defined between 2 and 4 weeks after symptom onset for symptomatic 
patients and after first RT-PCR positive RNA detection of SARS-CoV-2 
for asymptomatic infection. The disease severity were categorized 
depending on the severity of illness according to the Diagnosis and 
Treatment Plan for New Coronavirus Infected Pneumonia (Trial Seventh 
Edition) by the National Health and Health Commission of China [6]. 
Twenty-four serum samples from healthy adults with matched age and 
sex were used as normal control samples. The exclusion criteria for 
serum samples from healthy adults were as follows: individual who had 
an acute or chronic infectious disease, any clinically significant disorder 
(e.g. depressive disorder and anxiety disorder), any medication with 
known influence on immunological factors. The study was conducted 
following the Declaration of Helsinki, and the Ethical Committee of the 
Fifth Hospital of Shijiazhuang approved this study (2020008). 

2.2. Cytokine measurement 

The concentration of serum cytokines/chemokines (interferon alpha 
[IFN-α], IFN-γ, IL [interleukin]-1β, IL-1α, IL-1RA, IL-2, IL-4, IL-5, IL-6, 

IL-7, IL-8, IL-9, IL-10, IL-12 p70, IL-13, IL-15, IL-17A, IL-18, IL-21, IL- 
22, IL-23, IL-27, IL-31, tumor necrosis factor alpha [TNF-α], TNF-β, 
interferon gamma-induced protein 10 [IP-10], monocyte chemo
attractant protein 1 [MCP-1], macrophage inflammatory protein-1α 
[MIP-1α], MIP-1β, regulated on activation and normal T cell expressed 
and secreted [RANTES], stromal-cell-derived factor 1 Alpha [SDF1α], 
Eotaxin, granulocyte-macrophage colony stimulating factor [GM-CSF], 
growth-regulated oncogene alpha [GRO-α]) were quantified using 
Cytokine & Chemokine Convenience 34-Plex Human ProcartaPlex™ 
Assay (EPXR340-12167-901, Invitrogen), according to the manufac
turer’s protocol. 

2.3. Statistical analysis 

Comparison of clinical parameters among severe, moderate, and 
asymptomatic patients was calculated by non-parametric Mann-Whit
ney test (for continuous variables) or Pearson χ2 test on cross table (for 
categorical variables). For multiple groups, comparisons were made by 
two-way ANOVA or non-parametric Kruskal–Wallis test followed by 
multiple comparisons. P < 0.05 was considered to indicate a significant 
difference. 

Fig. 1. Serum cytokine and chemokine levels in patients with severe acute respiratory syndrome coronavirus 2 infection. A, Levels in the acute (n = 47) and 
convalescent (n = 64) serum samples. B, Levels in the acute (n = 8, 19, and 20 for severe, moderate, and asymptomatic) and convalescent (n = 24, 35, and 5 for 
severe, moderate, and asymptomatic) serum samples by disease severity. C, Levels in serum samples of severe, moderate, and asymptomatic patients by infection 
stage. IL, interleukin; IP, interferon gamma-induced protein; GRO, growth-regulated oncogene; MCP, monocyte chemoattractant protein; MIP, macrophage in
flammatory protein; RANTES, regulated on activation and normal T cell expressed and secreted. One-way analysis of variance (ANOVA) was used for statistical 
analysis. *P < 0.05; **P < 0.01; ***P < 0.001. 
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3. Results 

3.1. Study patients and serum samples 

Twenty-one patients (5 severe and 16 moderate) and 9 subjects with 
asymptomatic infection were enrolled (Supplemental Table1). Older age 
was associated with severe disease (Supplemental Table 1; P < 0.05). In 
addition, the decrease in lymphocytes was observed in patients with 
severe disease (Supplemental Table 2). More demographic and clinical 
information of patients is provided in Supplementary Table 2. In total, 
111 serum samples, including 47 serum samples of acute stage of 
infection and 64 serum samples of convalescent stage of infection, were 
collected (Supplemental Table1). 

3.2. Serum cytokines profiles in acute and convalescent 

Among 34 cytokines/chemokines tested, the levels of 23 cytokines/ 
chemokines were undetectable in the serum of patients and controls. 
Therefore, the remaining 11 cytokines/chemokines (IP-10, Eotaxin, 
RANTES, MCP-1, SDF-1α, MIP-1β, MIP-1α, Gro-α, IL-7, IL-8, and IL-18) 
were further analyzed. We first analyzed expression profiles of the 11 
cytokines/chemokines between acute and convalescent serum (Fig. 1A). 
The levels of IP-10 and Eotaxin were significantly higher in both acute 
(P = 0.0001 and 0.030, respectively) and convalescent (P = 0.008 and 
0.008, respectively) sera compared with control subjects. The level of IL- 
7 was significantly higher in the acute serum compared to the conva
lescent serum (P = 0.025) and control subjects (P = 0.002). In contrast, 
there were significantly decreased levels of GRO-α in the acute (P =
0.0317) and convalescent (P = 0.0143) sera and RANTES in the 
convalescent (P = 0.0036) sera compared with the control subjects. No 
significant differences were observed for the levels of the other six cy
tokines/chemokines between patients and control subjects (Supple
mental Fig. 1). 

3.3. Serum cytokines profiles between acute and convalescent of disease 
severity 

We further sub-analyzed the levels of these 11 cytokines/chemokines 
between the acute and convalescent phases of each group of patients 
(Fig. 1B). For severe patients, the levels of IP-10 and IL-7 were signifi
cantly higher in the acute and convalescent sera than control subjects. 
Besides, the level of IP-10 in the acute serum was substantially higher 
than the convalescent serum (P = 0.029). RANTES level in acute and 
convalescent sera was lower compared with controls (P = 0.038 and 
0.017, respectively). A higher level of Eotaxin was observed in the 
convalescent serum compared with controls (P = 0.02), but no differ
ence was found compared with the acute serum. For moderate patients, 
a significantly higher level of IP-10 was also detected in the acute serum 
compared with the convalescent serum and control subjects (P = 0.042 
and 0.004, respectively). We also found a higher level of MCP-1 in the 
acute serum and of Eotaxin in the convalescent serum compared with 
control subjects (P = 0.002 and 0.013, respectively). For patients with 
asymptomatic infection, IL-7 level in the acute serum was significantly 
higher than compared to the control subjects (P = 0.026), whereas pa
tients at the acute phase had lower levels of SDF-1α and MIP-1α 
compared with controls (P = 0.028 and 0.034, respectively). 

3.4. Serum cytokines profiles and disease severity in acute and 
convalescent 

Next, we evaluated the levels of these 11 cytokines/chemokines for 
disease severity in acute and convalescent sera. In the acute phase 
(Fig. 1C), severe patients had higher levels of IP-10 and IL-7 compared 
with moderate (P = 0.014 and 0.002, respectively) and asymptomatic 
(P < 0.0001 and = 0.021, respectively) patients as well as control sub
jects (P < 0.0001 and = 0.0002, respectively). We observed a higher 

level of MCP-1 in moderate patients compared with other groups. At the 
convalescent phase, severe patients had higher levels of IP-10 and IL-7 
compared with moderate (P = 0.0005 and 0.0003, respectively) and 
asymptomatic patients (P = 0.020 for IL-7) and controls (P < 0.0001 
and = 0.0005, respectively). 

3.5. Cytokine profiles in three individuals 

Because several of the 23 undetectable cytokines were detected in 
three patients, we tried to describe the dynamic levels of these cytokines 
in sequential serum samples from these three patients. As shown in 
Fig. 2, seven cytokines (IFN-γ, IL-2, IL-22, IL-1α, IL-1RA, IL-21, and IL- 
27) were elevated in the serum of patient A with severe illness. The 
level of IFN-γ gradually increased and peaked at 22 days post-illness 
onset and then began to decrease but remained at a high-level 29 days 
post-illness onset. The levels of IL-22 and IL-1α decreased over time, and 
the level of IL-1α was nearly undetectable 28 days post-illness onset. The 
levels of IL-1RA and IL-21 decreased over time, although an occasionally 
increased level was detected. The levels of IL-27 and IL-2 fluctuated over 
time, but the level of IL-27 elevated 19 days post-illness onset. Twelve 
cytokines (IFN-γ, IFN-α, IL-2, IL-6, IL-15, IL-17A, IL-22, IL-23, IL-27, IL- 
9, IL-31, and TNF-β) were elevated in the serum of patient B who had a 
moderate illness. The levels of 11 cytokines (IFN-γ, IFN-α, IL-2, IL-6, IL- 
15, IL-17A, IL-22, IL-23, IL-9, IL-31, and TNF-β) declined over time, 
although the levels of several of them had a slight increase on day 23 
post-illness onset. There were no visible changes for the level of IL-22 
before day 19 of illness, but a significant elevation was observed on 
day 23 post-illness onset. We also found a quick decline level for IL-6 
compared with other cytokines. In contrast, only three cytokines (IL- 
1α, IL-15, and IL-22) were elevated in serum within ten days after the 
first SARS-CoV-2 detection of patient C, who was asymptomatic. It 
seems that the levels of IL-1α and IL-22 had an increasing trend but a 
declining pattern for IL-15. 

4. Discussion 

In this study, we measured the cytokine/chemokine responses in 
serum of patients with SARS-CoV-2 infection. Our results revealed a 
minimal pro-inflammatory cytokine/chemokine response after infection 
of SARS-CoV-2 as there were no increase in levels of most pro- 
inflammatory cytokines/chemokines that have been implicated in im
mune reactions against viruses, such as IFN-γ, TNF-α, IL-1β, IL-6, and so 
on. 

Previous studies have shown that increased amounts of pro- 
inflammatory cytokines in serum (e.g., IL-1β, IL-6, IL-12, IFN-γ, IP-10, 
and MCP-1) were associated with disease severity in SARS patients 
[7–9]. MERS-CoV infection could also induce increased concentrations 
of pro-inflammatory cytokines/chemokines (IFN-γ, TNF-α, IL-6, IL-15, 
IL-17, IL-1RA, IP-10, and MCP-1) [10,11]. For the patients with SARS- 
CoV-2 infection, high amounts of IL-1β, IFN-γ, IP-10, and MCP-1 were 
observed, and high concentrations of GCSF, IP-10, MCP-1, MIP-1A, and 
TNF-α were associated with disease severity (i.e., higher levels in 
intensive care unit (ICU) patients) [1–5]. However, most pro- 
inflammatory cytokines/chemokines, such as IL-2, IL-6, IL-10, IFN-γ 
and TNF-α [3,12–14], were not detected in patients of our study. A 
similar result was also observed in another study where only minimal 
pro-inflammatory cytokines/chemokines were found in a COVID-19 
patient [15]. In the present study, although 11 (IP-10, Eotaxin, 
RANTES, MCP-1, SDF-1α, MIP-1β, MIP-1α, Gro-α, IL-7, IL-8, and IL-18) 
cytokines/chemokines were detected in patients, only 5 of them had a 
showed a significant elevated or decreased level compared with control 
subjects, including increased levels of IP-10, Eotaxin, and IL-7, and 
declined levels of RANTES and GRO-α. The Increased plasma levels of IL- 
7 and IP-10 were also observed in intensive care unit (ICU) patients 
compared with non-ICU patients [16]. Recent studies also reported that 
higher level of IL-7 was associated with the severity of COVID-19 
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[12,17,18]. In this study, severe patients showed a decreased of lym
phocytes and an elevated level of IL-7, indicating that IL-7 was associ
ated with lymphocytes returning to a reference level, appearing to 
reverse a pathologic hallmark of COVID-19. IP-10 has been reported as 
an excellent biomarker for the prediction of COVID-19 progression and 
can be related to the risk of death in COVID-19 patients [5,14,19,20]. 
Consistent with the previous study, we found that IP-10 was augmented 
markedly in the serum of patients at an early stage but remained at a 
high level during the convalescent stage in severe and moderate pa
tients. In addition, a similar profile of IL-7 was observed. IL-6 was 
recognized as the main cytokines related to the severity of COVID-19 
[12,21–23], but we did not detected IL-6 in both patients and control 
subjects in this study, the possible reason is the different methods of 
measurement of the cytokines. 

The limited number of patients recruited in this study, however, was 
an obstacle to reaching a conclusion. The second weakness of this study 
is the absence of viral load data. Consequently, we could not define the 
relationship between viral load and the magnitude of the cytokine/ 
chemokine response. Nevertheless, our study provides valuable infor
mation about the profiles of cytokines/chemokines during SARS-CoV-2 
infection at the early period of infection and shows that the production 
of IP-10 and IL-7 are the main effectors of the early innate immune 
response against SARS-CoV-2. The early elevation of IP-10 and IL-7 may 
be early markers of infection and disease severity that could be useful in 
estimating the clinical situation of patients with SARS-CoV-2 infection. 
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