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Immune characteristics distinguish patients with severe disease
associated with SARS-CoV-2
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Abstract
This single-center, retrospective study aimed to explore the immune characteristics of COVID-19 and biomarkers to predict the
severity of this disease. Patients infected with SARS-CoV-2 (n = 215) treated at the First Affiliated Hospital of Nanchang
University from January 24 to March 12, 2020, were included in the study and classified into severe and non-severe groups.
Peripheral immunocyte count and cytokine statuses were compared. The correlation between immune status, cytokine levels, and
disease severity was analyzed. Leukocyte numbers were normal in both groups; however, they were relatively high (7.19 × 109/
L) in patients of the severe group. Leukocyte distributions differed between the two groups; the severe group had a higher
percentage of neutrophils and lower percentage of lymphocytes compared with the non-severe group, and absolute lymphocyte
numbers were below normal in both groups, and particularly deficient in patients in the severe group. Lymphocyte counts have
negative correlation with duration of hospital period whereas neutrophil count has no significant correlation with it. Of tested
cytokines, IL-6 levels were significantly higher in the severe group (P = 0.0418). Low level of lymphocyte predicts severity of
COVID-19. IL-6 levels were significantly higher in the severe group, especially in some extremely severe patients. But we did
not detect the significant correlation between severity of COVID-19 with IL-6 level which may be due to limited case numbers.
Our observations encourage future research to understand the underlying molecular mechanisms and to improve treatment
outcome of COVID-19.
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Introduction

In December 2019, the emergence of a novel coronavirus,
SARS-CoV-2, led to the ongoing outbreak of pneumonia
called COVID-19 in Wuhan City, Hubei Province, China

[1]. SARS-CoV-2 is an enveloped RNA Betacoronavirus,
belonging to the subgenus Sarbecovirus, subfamily
Orthocoronavirinae, and is the seventh member of the coro-
navirus family identified that can infect humans [2]. The orig-
inal host is likely to be bats; however, whether or not another
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intermediate host facilitated viral infection of humans remains
unclear [3]. Accumulated evidence indicates that person-to-
person transmission probably occurs via respiratory droplets
produced by infected individuals [4–8]. Angiotensin
converting enzyme 2 (ACE2) is the receptor for SARS-
CoV-2 entry into host cells [3, 9], and infection can cause
acute respiratory disease, with a median incubation period of
3 days (range, 0 to 24 days).

The clinical manifestations of patients infected with SARS-
CoV-2 are variable, ranging from asymptomatic, throughmild
cold symptoms (such as fever and cough), to severe pneumo-
nia and death. The incubation period and severity of symp-
tomsmay be associated with age and physical condition; how-
ever, there are currently shortages of biomarkers to predict
severity of COVID-19. Patients in severe conditions often
develop multiple organ complications, besides pneumonia,
and have reduced numbers of peripheral blood lymphocytes
[1, 10, 11]. The mechanisms by which the immune system
responds against the SARS-CoV-2 infection and whether
these are associated with disease severity are unclear. Here,
we analyzed peripheral blood immune test data of patients
infected with SARS-CoV-2, by comparing the numbers of
different types of lymphocyte and cytokines between patients
with non-severe and severe symptoms. This study improves
our understanding on the immune response against this new
coronavirus infection, which may help reveal the pathogenic
mechanisms underlying COVID-19.

Material and methods

Patients and samples

This retrospective study was approved by the ethics board of
the First Affiliated Hospital of Nanchang University (Ethics
No. 2020013). Cases of laboratory-confirmed SARS-CoV-2
infection (n = 215) admitted to the hospital from January 24 to
March 12, 2020, were enrolled. Oral consent was obtained
from patients.

The First Affiliated Hospital of Nanchang University is
located in Nanchang, Jiangxi Province, and is the main hos-
pital responsible for treatment of COVID-19, as assigned by
the Jiangxi Province Government. In addition to patients with
non-severe symptoms, the majority of severe cases of
COVID-19 in Jiangxi province were admitted to our hospital.
All patients with COVID-19 enrolled in this study were diag-
nosed according to the WHO (World Health Organization)
interim guidance [12]. A confirmed case of COVID-19 was
defined as a positive result of real-time reverse transcriptase
polymerase chain reaction (RT-PCR) assay of pharyngeal
swab specimens. Laboratory-confirmed patients were classi-
fied into non-severe and severe COVID-19 disease groups on
admission, according to the WHO interim guidance [12] and

Novel coronavirus pneumonia diagnosis and treatment pro-
tocol in China (7th trial version) [13]. We included patients
with mild illness and common pneumonia in the non-severe
group and severe pneumonia and acute respiratory distress
syndrome patients in the severe group. The classification
criteria are as follows:

(1) Mild illness—patients have mild symptoms and no
pneumonia signs on chest image.

(2) Pneumonia—patients have signs of pneumonia (fever
and/or respiratory syndrome) but no signs of severe
pneumonia. There are signs of pneumonia on chest
image.

(3) Severe pneumonia—adult (meet one of the following):
(1) fast breathing (in breaths/min), ≥ 30 breath/min; (2) at
rest state, SpO2 ≤ 93%; and (3) PaO2/FiO2 ≤ 300 mmHg.
Chest imaging: pneumonia signs progress > 50% within
24–48 h.

(4) Acute respiratory distress syndrome—meet one of the
following: (1) respiratory failure, mechanical ventilation
is required; (2) shock; and (3) combine other organ fail-
ure, ICU treatments are required.

Basic and epidemiological information, including age,
Wuhan contact history, incubation period, and durations of
hospital stay period, as well as laboratory test results, was
collected from electronic medical records. Peripheral blood
samples were obtained on the day of admission and immune
tests conducted in the clinical laboratory. Immune laboratory
tests consisted of leukocyte count; lymphocyte, monocyte,
neutrophil, eosinophil, and basophil count; and lymphocyte
subset count. Lymphocyte subsets were analyzed by
Cytomics FC 500 flow cytometer (Beckman Coulter, USA).
Cytokine (IL-1β, IL-2R, IL-6, IL-8, and IL-10) levels were
measured by NovoCyte (ACEA Bioscience) flow cytometer
using the Cytokine 12 kit (Raisecare, China) according to the
manufacturer’s instructions. For cytokine assay, the plasma
was used without diluting, and the value was acquired by
comparing with standard curve and analyzed by
NovoExpress software (ACEA). The minimum detectable
concentrations of cytokines were 5 pg/mL for IL-1β, 2 pg/
mL for IL-6, 5 pg/mL for IL-8, and 5 pg/mL for IL-10, re-
spectively. We presented data as median (range), and values
below the cutoff defined as 0 pg/mL.

Statistical analysis

All statistical analyses were performed using SPSS 23.0 and
GraphPad Prism 5. Continuous variables are expressed as
mean ± standard deviation (SD), median and interquartile
range (IQR), and range values. Means were analyzed using
the Mann-Whitney test. Categorical variables are described as
frequency rates and percentages. Chi-square tests were used to

399Immunol Res  (2020) 68:398–404



evaluate differences between frequencies. Correlation analysis
results are expressed as the Spearman correlation coefficient.
P < 0.05 was considered statistically significant.

Results

Demographic and general clinical characteristics

The 215 hospitalized patients included in this study were clas-
sified into the non-severe (n = 159) and severe (n = 56)
groups. Their demographic and general clinical characteristics
are presented in Table 1. Patients in the severe group were
significantly older than the patients in the non-severe group
(median age, 56.5 vs. 43 years, P < 0.0001) and had a signif-
icantly longer median hospital stay duration (20 vs. 4 days,
P < 0.0001). Further, the incubation period was significantly
longer in the severe group (median, 5 vs. 4 days, P = 0.0079).
By March 12, 2020, all the patients were discharged from
hospital, and no patient died.

Peripheral leukocyte characteristics of COVID-19
patients

Patients in the severe group had significantly higher leukocyte
(7.19 vs. 5.66 × 109/L) and neutrophil (6.4 vs. 3.8 × 109/L)
counts (Fig. 1a, b; Table 2). Although both leukocyte counts
were within the normal range (3.5–9.5 × 109/L), neutrophil
counts of the severe group were a little bit above the high
end of the normal range (1.8–6.3 × 109/L). The median of
eosinophil and monocyte counts of patients in the severe
group was significantly lower than those in the non-severe
group (Fig. 1d, e). Notably, lymphocyte counts were dramat-
ically decreased in the severe group (median 0.475 × 109/L,
Fig. 1c), which was lower than half of the low end of the

normal range (1.1–3.2 × 109/L). Lymphocyte counts in the
non-severe group were slightly lower than the normal range
(median 1.06 × 109/L). The median of basophil counts was
similar between two groups (Fig. 1f).

Lymphocyte subset cytopenias are characteristics of
COVID-19 patients, especially patients with severe
symptoms

The median of CD3+ T, CD3− CD19+ B, and CD56+ CD16+

NK cell counts of COVID-19 patients was below the normal
range (Table 2). The patients in the severe group were more
affected as the CD3+ T cell count was decreased to 20% of
lower end of the normal range, and CD3− CD19+ B cell and
CD56+ CD16+ NK were nearly half the lower end of the
normal range, respectively (Fig. 1g, j, k; Table 2).
Lymphocyte subset analysis revealed that the median CD4+

T cell count of the non-severe group was slightly lower than
the normal range, whereas that in the severe group was more
reduced, representing a significant difference (Fig. 1h); CD8+

T cell counts were shown to be more affected, and the median
is at 218/μL in the non-severe group and 74/μL (IQR 43–120/
μL) in the severe group patients, which was dramatically de-
creased (Fig. 1i).

We also analyzed the distribution of lymphocyte subsets
among total lymphocyte populations and found T cell percent-
age was decreased, and B cell and NK cell percentage were
increased in the severe group, compared with the non-severe
group (Fig. 1l).

Cytokine detection

The median of IL-1β and IL-10 was the same between the
non-severe and severe groups. The median of IL-2R, IL-8,
and IL-6 was higher in the severe group than in the non-

Table 1 Baseline characteristics
of COVID-19 patients No. (%) P value

Non-severe (n = 159) Severe (n = 56)

Age, median (IQR), years 44 (32–52) 56.5 (20–72) < 0.0001a*

Sex

Female 68 (42.8%) 20 (35.7%) 0.356b

Male 91 (57.2%) 36 (64.3%)

Wuhan contact 110 (69.2%) 35 (62.5%) 0.359b

Incubation period, median (IQR), days 4 (2–6) 5 (3–8) 0.0079a*

Duration of hospital stay, median (IQR), days 4 (2–6) 20 (16.5–25) < 0.0001a*

P values indicate the differences between non-severe and severe patients. P < 0.05 was considered statistically
significant
a*Mann-Whitney test
b Pearson’s chi-square test
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severe group. The difference of IL-2R and IL-8 was not sig-
nificant. The difference of IL-6 was significant; P value was
0.0418 (Fig. 1m–q, Table.S2). There was a small population
of strong signals in each cytokine. To check if these high
signals came from the same patients, we checked each strong
signal and found that they were not always overlapped; most
of them were from different patients (Table.S1). In the severe
group, there were two very strong IL-6 signals (Fig. 1o); one
of them has the highest IL-8 signal, but IL-1β and IL-10 were
normal (Table.S1). This patient was extremely severe and
stayed in the ICU for 36 days. Other strong signal patients
also have longer duration of hospital stay compared with the
median value of their own group (data not shown).

Correlations between duration of hospital stay period
and immunological indexes

To explore the correlation between immunology indexes and
severity of disease, we analyzed the correlations among pa-
tient duration of hospital stay period and immunological in-
dexes by two-tailed Spearman’s correlation analysis. We
found no significant correlation among duration of hospital
stay period with age (r = 0.092, P = 0.201), absolute leukocyte
count (r = − 0.023, P = 0.752), absolute neutrophil count (r =
0.007, P = 0.917), IL-6 (r = 0.089, P = 0.414), IL-8 (r = −
0.181, P = 0.094), and IL-2R (r = 0.203, P = 0.134), respec-
tively. In contrast, analysis of duration of hospital stay and
absolute lymphocyte count identified a significant negative
correlation (r = − 0.187, P = 0.008). Further, absolute CD3+

T cell count (r = − 0.228, P = 0.002) and absolute
CD3−CD19+ B cell count (r = − 0.151, P = 0.039) also have
significant negative correlation with patients’ duration of hos-
pital stay, respectively.

Discussion

This retrospective study described the immune characteristics
of COVID-19 patients and explored the biomarkers predicting
the severity of this disease. SARS-CoV-2 is the most recently
discovered coronavirus, which causes COVID-19. The sever-
ity of disease may depend on both the age and immune status
of an infected individual. The patients in the severe group
were significantly older than those in the non-severe group,
but there was no correlation between age and duration of
hospital stay. Age may not be the important factor to deter-
mine the disease severity; the severity of COVID-19 depends
more on the individual immune status, as lymphocyte level,
including absolute T cell and B cell numbers. We identified
significant negative correlation between lymphocyte count
and duration of hospital stay period. Further, absolute CD3+

T cell count and absolute CD3−CD19+ B cell count also have
negative correlations with duration of hospital stay.

SARS-CoV-2 enters the epithelial cells of the respiratory
tract mucosal surface via ACE2. Infected epithelial cells re-
lease types I and III interferon and IL-1, which in turn activate
three pathways that counter virus infection: autophagy, innate
immunity, and adaptive immunity [14]. Myeloid lineage and

Table 2 Immunocyte comparison
between non-severe and severe
COVID-19 patients

Normal
range

Median (IQR) P value

Non-severe
(n = 159)

Severe (n = 56)

Leukocytes (× 109/L)

Leukocyte 3.5–9.5 5.66 (4–7.36) 7.19 (5.15–12.1) 0.0001*

Lymphocyte 1.1–3.2 1.06 (0.83–1.49) 0.475 (0.33–0.75) < 0.0001*

Monocyte 0.1–0.6 0.36 (0.25–0.46) 0.30 (0.20–0.43) 0.015*

Neutrophil 1.8–6.3 3.8 (2.63–5.29) 6.4 (4.018–10.49) < 0.0001*

Eosinophil 0.02–0.52 0.01 (0.00–0.04) 0.005 (0.00–0.02) 0.0003*

Basophil 0–0.06 0.00 (0.00–0.01) 0.00 (0.00–0.01) 0.0543

Lamphocyte subsets (/μL)

CD3+ T lymphocyte 1185–1901 644 (418–1014) 242 (128–339) < 0.0001*

CD3+ CD4+ T lymphocyte 561–1137 383 (252–566) 148 (83–210) < 0.0001*

CD3+ CD8+ T lymphocyte 404–754 218 (123–352) 74 (43–120) < 0.0001*

CD3− CD19+ B lymphocyte 180–324 122 (79–183) 78 (49–114) < 0.0001*

CD19−CD56+ CD16+ NK cell 175–567 116 (73–180) 73 (42–101) < 0.0001*

P values indicate the differences between non-severe and severe patients. P < 0.05 was considered statistically
significant

*Mann-Whitney test
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NK cells are major effector cells in the innate immune system,
while T and B lymphocytes function in adaptive immunity.
Our analysis of peripheral leukocytes revealed that leukocyte
numbers remained in the normal range, although the value
was relatively high in the severe group (7.19 × 109/L, IQR
5.15–12.1 × 109/L) compared with the non-severe group
(5.66 × 109/L, IQR 4–7.36 × 109/L), consistent with recently
published data [1]. Innate immunity is the primary barrier
when virus invades the human body, with neutrophils as the

first responders to cytokines and chemokines released by the
infected epithelial cells [15]. In the early stage of SARS-CoV-
2 infection, neutrophils are involved in the immune response
against the virus and the presence of higher levels of invading
virus requires the production of more of this type of cell.
Therefore, we suspected the increased level of neutrophils in
COVID-19 patients, especially in the patients of the severe
group. The increased neutrophils may be attributable to high
virus loads and associated with the severity of disease. We

Fig. 1 Peripheral immunocyte
counts and cytokine comparison
between the non-severe and se-
vere COVID-19 groups. a–f
Leukocyte and five immunocyte
subset counts. g–k Lymphocyte
subset counts. l NK cell, CD4+ T
cell, CD8+ T cell, and B cell dis-
tribution. m–q IL-1β, IL-2R, IL-
6, IL-8, and IL-10 concentration.
The cell count and cytokine con-
centration were presented as me-
dian with range, respectively;
each point indicates one sample
cell count or cytokine concentra-
tion. P < 0.05 was considered
statistically significant difference
between the non-severe and se-
vere groups. *P < 0.05,
***P < 0.0001
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analyzed the correlation between neutrophils and duration of
hospital stay, but found no significant correlation between
them. We speculate that lymphocytes played more important
role than neutrophils in determining the severity of COVID-
19.

Lymphopenia was observed in COVID-19 patients, espe-
cially in the patients of the severe group (Fig. 1c, Table 2). The
mechanism of lymphocyte reduction in severe patients re-
mains unclear. We conclude possible explanations for lym-
phocyte reduction as follows: (1) Lymphocyte migration—T
cells are activated by virus infection and migrate to the infect-
ed location. For SARS-CoV-2, the respiratory tract, particu-
larly the lung, is the main viral infection site. Activated CD8+

T cells migrate to the lung, where they recognize and kill the
infected cells directly [16]. In our experiments, lymphocytes
were detected in the peripheral blood, rather than the alveolar
fluid. Analysis of lymphocytes from both sites should provide
more informative data. (2) Lymphocyte depletion—If the first
explanation is found not to be the case, it is possible that
SARS-CoV-2-infected patients may have lymphocyte deple-
tion. More severe disease would likely be associated with
more serious depletion. Such depletion could be caused by
excessive lymphocyte activity, due to virus infection or im-
mune dysregulation. (3) Bone marrow suppression may also
be the case.

In this study, we found IL-2R, IL-6, and IL-8 levels were
increased in the severe group (Fig. 1m–q). High levels of IL-
2R, lL-6, and IL-8 are common in patients with severe symp-
toms, which may be associated with “cytokine storm syn-
drome” (CSS). CSS is characterized by systemic inflamma-
tion, ferritinemia, hemodynamic instability, and multiple or-
gan failure, and is caused by an uncontrolled immune re-
sponse. Overactivation of immune responses causes sustained
activation of lymphocytes and macrophages, which secrete
numerous cytokines, leading to cytokine storm. Patients with
severe symptoms have a high risk of CSS, due to high levels
of cytokines, particularly IL-6, which are significantly differ-
ent between the non-severe group and severe group. But we
did not detect the significant correlation between IL-6 with
length of hospital stay which may be due to limited case num-
bers. Still, IL-6 levels may be potential biomarkers that predict
the progress of infection and inform the treatment decisions of
physicians.

In summary, patients with COVID-19 severe symptoms
have longer duration of hospital stay period and lymphopenia.
Severity of COVID-19 is negatively correlated with lympho-
cyte number. Lymphocyte number may serve as prediction
markers for disease prognosis. Further detailed test and patient
follow-up are needed to clarify the immune characteristics of
SARS-CoV-2 infection.
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