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COVID-19 patients reveal various clinical manifestations; however, the specific mechanisms and factors 

contributing to rapid recovery remain unclear. We performed serum cytokine profiling using a bead-based 

immunoassay in six COVID-19 patients with mild symptoms who experienced rapid recovery. All patients 

had fever that resolved within 4 days. During the study, the interferon gamma-related protein 10 (IP-10) 

level rapidly increased initially, and then rapidly decreased in all six patients. Similarly, the interferon 

(IFN)-λ2/3 levels rapidly increased initially, and then decreased in five of the six patients. IP-10 and IFN-

λ2/3 may play a key role in the rapid recovery of mild COVID-19. 

 

INTRODUCTION 

Coronaviruses are positive-stranded RNA viruses that cause illnesses of varying severity, ranging from the 

common cold to fatal pneumonia. Two coronaviruses, severe acute respiratory syndrome coronavirus (SARS-

CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV), are known to cause severe pneumonia (7). 

COVID-19, caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), was identified as a novel 

coronavirus in December 2019. Since early 2020, COVID-19 has been a pandemic worldwide.  

The clinical manifestations of COVID-19 range from asymptomatic to critical symptoms. Wu et al. (22) 

reported that 81% of symptomatic patients with COVID-19 had a mild disease, 14% had a severe disease, and 5% 

had a critical disease. The defense mechanisms against acute viral infection consist of innate immune and adaptive 

immune responses, including the production of pathogen-specific antibodies. SARS-CoV-2-specific antibodies 

develop 10–15 days after the onset of symptoms (2,13). As some patients with a mild disease recover within a few 

days, innate immunity, including the production of inflammatory cytokines, seems to play a key role in the rapid 

recovery from COVID-19.  

Innate immunity against a virus involves blocking of infection by protecting cells from infection, rapidly 

recognizing and destroying any cells that are infected, and regulating the antiviral inflammatory response (15). 

The cytokine profile has been suggested to differentiate the clinical manifestations of patients with Hantavirus 

infection (10). Therefore, to investigate the rapid recovery mechanisms, we performed cytokine profiling in 6 

patients with COVID-19, whose fever resolved within 4 days as case series. 
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PATIENTS AND METHODS 

Peripheral blood samples were collected from patients who rapidly recovered from COVID-19 in Kobe 

University Hospital between August 2020 and November 2020. The diagnosis of COVID-19 was confirmed using 

a quantitative reverse transcription-polymerase chain reaction assay for SARS-CoV-2. Fever was defined as an 

axillary temperature higher than or equal to 37.5 ℃. Since the Japanese Ministry of Health, Labor and Welfare 

recommended to receive testing of COVID-19 who have cold symptoms or a fever of 37.5 ℃ or over for 4 days 

or more in April 2020, patients with fever resolution within 4 days were defined as rapid recovery (14). To 

determine disease severity, the National Institutes of Health COVID-19 Treatment Guidelines were used (6). The 

study was approved by the Kobe University Hospital Ethics Committee (No. B2056704) and was conducted in 

accordance with the Declaration of Helsinki. All patients provided written informed consent for the use of their 

blood samples in this study. 

 

Sample collection and processing 

Serum samples were obtained by centrifuging the blood samples for 10 min at 1000 × g at room temperature 

and were immediately transferred to a -80 ℃ freezer. Before analysis, SARS-CoV-2 inactivation in all serum 

samples was performed by ultraviolet light-C irradiation.  

 

Cytokine profiling 

The levels of the following human cytokines and enzymes associated with the antiviral response in serum 

samples were measured using LEGENDplex (BioLegend), a bead-based immunoassay with the same basic 

principles as a sandwich immunoassay: interleukin (IL)-1β, IL-6, IL-8, IL-10, IL-12p70, interferon (IFN)-α2, IFN-

β, IFN-λ1, IFN-λ2/3, IFN-γ, tumor necrosis factor (TNF)-α, interferon gamma-induced protein 10 (IP-10), and 

granulocyte macrophage colony-stimulating factor (GM-CSF). The capture bead with the antibody for a particular 

molecule conjugated on its surface was mixed with serum samples, and the mixture was incubated for 2 h. After 

washing, biotinylated detection antibodies were added, and samples were incubated for 1 h to allow the formation 

of bead–molecule–detection antibody sandwiches. Streptavidin–phycoerythrin was subsequently added, and the 

samples were incubated for 30 min. For each bead population, the phycoerythrin signal fluorescence intensity was 

quantified using a BD FACSCanto™ II cell analyzer. The concentration of a particular molecule was determined 

using a standard curve of known concentration with LEGENDplex data analysis software.  

 

RESULTS 

Patient characteristics  

Six patients were included in this study (Table). Clinical course of six patients is shown in Figure 1. All six 

patients had fever and fatigue for a few days, and were classified to have mild illness. The median age of the 

patients was 30.5 (range, 22–46) years, and four patients were women. Patient 2 had diffuse large B-cell lymphoma 

that was under observation after chemotherapy. All patients were of Asian ethnicity.  

 
Fluctuations in cytokine production 

As shown in Figure 2, the IP-10 level was apparently high in all six patients, and the IFN-λ2/3 levels were also 

high in five out of the six patients at fever resolution. Thereafter, the levels of these cytokines rapidly decreased. 

The GM-CSF level increased in one patient (Patient 3). There were no notable trends in the levels of other pro-

inflammatory cytokines (IL-1β, IL-6, IL-8, IL-10, IL-12p70, IFN-α2, IFN-β, IFN-λ1, IFN-γ, and TNF-α) during 

illness and recovery in these six patients. 
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Table. Patient characteristics 

 

 

 

 

 

 

Figure 1. 

Clinical course of the six COVID-19 patients. The black line represents body temperature. The black box shows the symptoms 

of COVID-19. Days indicate the day after symptom onset. 

 

DLBCL; diffuse large B-cell lymphoma, PDA; patent ductus arteriosus,  

N/A; not available  
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Figure 2. 

Alterations of serum levels of interleukin (IL)-1β, IL-6, IL-8, IL-10, IL-12p70, interferon (IFN)-α2, IFN-β, IFN-λ1, IFN-λ2/3 

(blue line), IFN-γ, tumor necrosis factor (TNF)-α, interferon gamma-induced protein 10 (IP-10) (red line), and granulocyte 

macrophage colony-stimulating factor (GM-CSF) in six COVID-19 patients. Days indicate the day after symptoms onset. 

 

 

DISCUSSION 

In our study, all six patients with COVID-19 showed a pattern of an initial rapid increase followed by a rapid 

decrease in the levels of IP-10 and IFN-λ2/3, whereas no apparent trend was observed in the production of pro-

inflammatory cytokines of the IL and TNF families. 

As all six patients recovered within 4 days after the onset of symptoms and neutralizing antibodies usually 

develop 10–15 days after symptom onset, our results suggest that pathogen-specific immune responses do not 

seem to play a key role in rapid recovery. 

IFN-λ2/3 are members of the IFN-λ family of human cells (5,12), which stimulate the expression of IFN-

stimulated genes and activate the antiviral defense response. IFN-λ could be induced in epithelial cells in mouse 

models and human primary nasal epithelial cells by several viruses, including respiratory viruses such as influenza 

virus, whereas type 1 IFNs were not strongly induced in these models (9,17). Furthermore, IFN-λ could prevent 

the spread of influenza virus from the upper airways to the lungs in a mouse model (11). Based on these reports 

and our findings, we suggest that IFN-λ2/3 may play a key role in rapid recovery. Whereas, because IFN-λ has 

been shown to cause excessive inflammation during bacterial infection (16), the rapid decrease in the IFN-λ2/3 

levels may be important for the mild clinical manifestations of patients with COVID-19. Rapidly increase and 

decrease of IFN-λ2/3 may be a marker for rapid recovery as seen in our cohort. On the other hand, it had been 

reported that IFN-λ3 and IP-10 rapidly increase and decrease in critical forms of COVID-19 (20). In terms of the 

relationship between cytokine level and severity of COVID-19, further study is required.  

Although the significance of cytokine levels in COVID-19 are still unclear, previous studies have shown that 

IL-1β, IL-8 and TNF-α significantly elevated in ICU patients compared to non-ICU patients (1,3,18). Th1 

cytokines, including IL-1β and TNF-α can be associated with the cytokine storm and organ damage. We observed 

non notable increase trends in these Th1 cytokines in our rapid recovery cases. Our findings may also indicate that 

elevated Th1 cytokine levels cause severe form of COVID-19. 

IP-10, also known as C-X-C motif chemokine 10 (CXCL10), is a pro-inflammatory cytokine secreted by 

immune cells. IP-10 has been associated with the defense mechanism against several infections (21) and has been 

highlighted as a potential biomarker of several viral infections (4,19). Yang et al. (23) reported an increase in the 

serum IP-10 and MCP-3 levels in patients with COVID-19. This is in line with our finding of a rapid increase, 

followed by a rapid decrease in the serum IP-10 level in patients with mild COVID-19 symptoms. These findings 

suggest that IP-10 is not only a key player but also a potential biomarker for patients with mild COVID-19.  

GM-CSF is an immune modulator as well as a hematopoietic growth factor. It has been reported that the 

induction of GM-CSF could reduce the mortality of influenza virus infection in an animal model (8). GM-CSF 
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may also be one of key players for rapid recovery from COVID-19. However, an increase in the GM-CSF level 

was observed in only one patient in our cohort. Further research is needed to determine the role of GM-CSF. 

Our study had some limitations. First, only six patients were analyzed during the study period. To confirm the 

significance of changes in the IFN-λ2/3 and IP-10 levels during recovery, further investigation with a larger 

number of patients is needed. Furthermore, only a few points (3-5 points) per case were analyzed. To clarify rapid 

fluctuation of cytokines, more detailed analysis must be evaluated. Second, we did not measure the cytokine 

profiles in non-rapid recovery patients or critical COVID-19 patients. Analysis of these patients is necessary to 

endorse our hypothesis. Therefore, we plan to measure the cytokine profiles in these patients with COVID-19.  

 

CONCLUSION 

In conclusion, IFN-λ2/3 and IP-10 may play a key role in rapid recovery from mild SARS-CoV-2 infection. 

Additionally, the rapid decrease in the serum levels of IFN-λ2/3 and IP-10 may be potential biomarkers of mild 

infection. Our data is not enough to confirm the precise mechanism of rapid recovery. Further study is necessary 

to assess the importance of these cytokines.  
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