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A B S T R A C T

Background: Coronavirus disease 2019 (COVID-19) is posing a huge threat to human health worldwide. We aim
to investigate the immune status of CD8+ T and NK cells in COVID-19 patients.
Methods: The count and immune status of lymphocytes were detected by flow cytometry in 32 COVID-19 pa-
tients and 18 healthy individuals.
Results: As the disease progression in COVID-19 patients, CD8+ T and NK cells were significantly decreased in
absolute number but highly activated. After patients' condition improved, the count and immune status of CD8+

T and NK cells restored to some extent. GrA+CD8+ T and perforin+ NK cells had good sensitivity and specificity
for assisting diagnosis of COVID-19.
Conclusions: As the disease progression, the declined lymphocytes in COVID-19 patients might lead to com-
pensatory activation of CD8+ T and NK cells. GrA+CD8+ T and perforin+ NK cells might be used as meaningful
indicators for assisting diagnosis of COVID-19.

1. Introduction

Coronavirus disease 2019 (COVID-19) caused by a new coronavirus
SARS-CoV-2 has spread widely and rapidly around the world since it
was first reported in Wuhan, China, in December 2019. Until May 16,
2020, locations with confirmed COVID-19 cases included 216 countries
and 4,347,935 cases were confirmed. A total of 297,241 patients died
from this viral infection until May 16 [1]. WHO officially announced
COVID-19 as a “pandemic”. A model-based analysis combining about
70,000 COVID-19 cases at home and abroad reported that the fatality
rate of COVID-19 increased with age, and that the mortality in patients
over 80 years of age even reached 10 times of the overall mortality in
China [2]. However, the phenomenon of low incidence and mild
symptoms in children with COVID-19 was common in many countries
[3]. Guan WJ et al. confirmed the following points by analysis of in-
patients in 575 domestic hospitals: COVID-19 patients with comorbidity
would be poorer in clinical outcomes than those without, and a large
number of comorbidities were closely correlated with worse clinical
outcomes [4]. Besides, the diagnosis and treatment protocol for COVID-

19 in China has been updated to the trial version 7, and the clinical
classification of the disease remained mild, moderate, severe and cri-
tical cases. A confusing phenomenon is that why some people suffer
from severe or even critical illness while some others only show slight
clinical symptoms, and the prognosis is so various. Yufang Shi et al.
proposed that traditional immunology viewpoints couldn't explain the
broad spectrum of the disease, and suggested that the course of COVID-
19 should be divided into immune defense-based protective phase and
inflammation-driven damaging phase [5].

The morbidity and mortality of infectious diseases can be caused by
direct damage to the host by the pathogen or collateral damage to the
host tissue by the excessive immune response to the pathogen [6,7].
After infected with COVID-19, whether for clinical or basic research,
the patients' immune status both need to be clarified urgently. The
guideline of new edition for COVID-19 as mentioned above suggests
that the progressive decline of peripheral lymphocytes is one of the
clinical early warning indicators for severe and critical cases in adults,
and many studies have also reported lymphopenia, mainly for the re-
duction of CD8+ T cells, in COVID-19 patients [8–13]. In an autopsy
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report about one died case with COVID-19, Fu-Sheng Wang and his
colleague found that the count of peripheral CD8+ T cells was sub-
stantially reduced, while cell immune status was hyperactivated;
meanwhile, CD8+ T cells were found to harbour high concentrations of
cytotoxic granules including perforin and granzyme [14]. It is well
known that as primary cytotoxic lymphocytes, CD8+ T and NK cells
play a vital role in the control of pathogen infection by mediating
cellular immunity and cytotoxic function [15–17]. However, the im-
mune status of CD8+ T and NK cells in COVID-19 patients with dif-
ferent severity is still largely unclear.

Wenzhou is the city with the largest number of COVID-19 cases
except Wuhan in China. The First Affiliated Hospital of Wenzhou
Medical University, as a designated hospital for treatment or referral of
critical patients in Wenzhou, has accumulated some experience in the
diagnosis and treatment of COVID-19 patients. In this study, we focus
on the dynamic change in the number of lymphocyte subsets and
monitor the immune status of CD8+ T and NK cells in COVID-19 pa-
tients with different severity. It may help provide new ideas for un-
derstanding the immune response mechanism of COVID-19 patients
with different severity.

2. Materials and methods

2.1. Patients

The diagnosis and clinical classification of COVID-19 patients was
performed according to the Guideline of the Diagnosis and Treatment of
New Coronavirus Pneumonia (trial version 7) published by the National
Health Commission of China. Thirty-two confirmed COVID-19 patients
were recruited in this study, comprising of 13 mild cases (merging the
mild and moderate types defined in the guideline, male/female: 6/7;
age: 59.69 ± 13.38), 10 severe cases (male/female: 7/3; age:
62.80 ± 13.03) and 9 critical cases (male/female: 6/3; age:
67.78 ± 17.22). No statistically significant differences in age and sex
between groups. As a designated hospital for treatment or referral of
critical patients, some of these recruited patients, especially of critical
patients, were referred from other hospitals. Consistent with previous
studies, many patients had fever and cough upon admission. The clin-
ical features of COVID-19 patients were consistent with those reported
by Guan WJ and his colleagues [4]. Eighteen age- and sex-matched
healthy individuals without SARS-CoV-2 infection were recruited as
healthy controls (HCs). Written informed consent was obtained from all
subjects. The study was approved by the ethics committee of The First
Affiliated Hospital of Wenzhou Medical University.

2.2. Laboratory examination

Laboratory confirmation of the SARS-CoV-2 was performed by The
First Affiliated Hospital of Wenzhou Medical University according to
the Chinese CDC protocol. Throat-swab specimens were collected from
all patients and all samples were maintained in viral-transport medium
for laboratory testing. Infection with other respiratory viruses including
influenza A virus, influenza B virus, Coxsackie virus, respiratory syn-
cytial virus, parainfluenza virus, and enterovirus were excluded by RT-
PCR. Specimens, including sputum or alveolar lavatory fluid, blood,
urine, and feces, were cultured to identify pathogenic bacteria or fungi
that might be associated with the SARS-CoV-2 infection. All tests were
performed according to the product manual.

2.3. Flow cytometry analysis

To detect the phenotypic and functional characteristics of cytotoxic
lymphocytes (CD8+T cells and NK cells), 2 mL of peripheral blood was
used for cell surface markers staining, and then fixed and permeabilized
for intracellular cytokine staining. FACSCanto II flow cytometer (BD,
USA) was used to determine fluorescence intensity, Flowjo software
(TreeStar) was used to analyze the data. Cell staining was performed
with the following antibodies: fluorescein isothiocyanate (FITC)-con-
jugated anti-human CD3 mAb (Biolegend, USA), allophycocyanin-
Cy7(APC/Cy7)-conjugated anti-human CD8 mAb (Biolegend, USA),
Brilliant™ Violet 510(BV-510)-conjugated anti-human CD56 mAb
(Biolegend, USA)，Brilliant™ Violet 421(BV-421)-conjugated anti-
human perforin mAb (Biolegend, USA), APC-conjugated anti-human
Granzyme A (GrA) mAb (Biolegend, USA), phycoerythrin(PE)-con-
jugated anti-human Granzyme B (GrB) mAb (Biolegend, USA), Peridin
chlorophyll protein (PerCP)-conjugated anti-human CD3 mAb (BD
Biosciences, California, USA), PE-conjugated anti-human CD8 mAb (BD
Biosciences, California, USA), APC-conjugated anti-human CD38 mAb
(BD Biosciences, California, USA), APC-conjugated anti-human HLA-DR
mAb (BD Biosciences, California, USA), APC-conjugated anti-human
CD4 mAb (BD Biosciences, California, USA), and APC-conjugated anti-
human CD19 mAb (BD Biosciences, California, USA). The gate strategy
of CD4+ T, CD8+ T, B, and NK cells was executed as CD3+CD4+,
CD3+CD8+, CD3−CD19+ and CD3−CD16+/CD56+, respectively.

2.4. Statistical analyses

Data were expressed as the mean (Standard deviation) and median
(Interquartile range) for continuous variables with and without normal
distribution, and were analyzed by GraphPad Prism version 8.0
(GraphPad Software, Inc., San Diego, CA, USA). Multiple comparisons
were made among the different groups using the Kruskal-Wallis H
nonparametric test followed by Dunn's test as the post-test.
Comparisons of various individuals were performed with the unpaired
t-test and Mann-Whitney U test. The Paired t-test and Wilcoxon mat-
ched-pairs test were used for statistical analyses before and after re-
mission. Diagnostic value of each indicator was appraised using the
receiver operation characteristic (ROC) curves. The 95% confidence
interval was utilized to calculate the sensitivity, specificity and con-
sistency, and the cut-off value was selected when the Jordan index was
at its maximum. For all tests, a two-sided P value< .05 was considered
to be significant. Statistical significance is indicated as follows:
****p < .0001, ***p < .001, **p < .01, and *p < .05.

3. Results

3.1. Distribution of peripheral lymphocyte subsets in COVID-19 patients

We detected the absolute number of circulating total lymphocytes
and found that lymphocytes in COVID-19 patients decreased sig-
nificantly as compared with HCs (Fig. 1A). In COVID-19 patients, the
sustained decrease of lymphocytes in the Critical group was observed as
compared with the other three groups (Fig. 1B). To determine the
changes of different lymphocyte subsets in COVID-19 patients, we
performed flow cytometry to determine total T cells, CD4+ T and CD8+

T cell subsets, B cells, and NK cells. Similar to the findings of total
lymphocytes, sustained decrease in total T, CD8+T and NK cell count
was observed in COVID-19 patients compared to HCs (Fig. 1A). In
COVID-19 patients, the sustained decrease of total T and NK cells in the
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Fig. 1. Distribution of peripheral lymphocyte subsets in COVID-19 patients. (A) The absolute number of all lymphocytes was decreased compared to HCs except for
CD4+T and B cells in COVID-19 patients. (B) The absolute number of total lymphocytes, total T, CD8+T and NK cells was decreased significantly as the disease
progression in COVID-19 patients, especially in the Critical group. *, P < .05; **, P < .01; ***, P < .001; ****, p < .0001.
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Critical group was observed compared to the other three groups
(Fig. 1B), and CD8+ T cell count in the Critical group was significantly
decreased as compared with HCs and the Mild group (Fig. 1B). How-
ever, no significant difference in CD4+ T and B cell count was observed
between COVID-19 patients and HCs (Fig. 1A).

3.2. Immune status of CD8+ T and NK cells in COVID-19 patients

Expression of CD38 and HLA-DR was detected to analyze the acti-
vation status of CD8+ T cells and found that circulating CD8+ T cells
from COVID-19 patients had higher expression of those two markers
compared to HCs (Fig. 2A), while the expression of CD38 and HLA-DR
in CD8+ T cells was not significantly different among the severity of the
disease (Fig. 2B). We then detected the expression of GrA, GrB and
perforin on CD8+ T and NK cells to understand their cytotoxic poten-
tial. We found that CD8+ T cells in COVID-19 patients had higher ex-
pression of cytotoxic granules (GrA, GrB and perforin) compared to HCs
(Fig. 3A). Moreover, in COVID-19 patients, we found that the expres-
sion of GrB and perforin on CD8+ T cells in the Critical group was
significantly increased as compared with the Severe group and Mild
group (Fig. 3B), respectively; while GrA expression on CD8+ T cells was
not significantly different among different severity of disease (Fig. 3B).

In addition, we found that the expression of GrA and perforin on NK
cells in COVID-19 patients was significantly increased compared to HCs
(Fig. 3A). In comparing diseases of different severity, we found the
expression of GrA on NK cells in the Mild and Severe groups was sig-
nificantly increased as compared with HCs and the Critical group
(Fig. 3B). The expression of perforin on NK cells in the Severe group
was significantly increased as compared with the Mild group (Fig. 3B).
However, the expression of GrB on NK cells in COVID-19 patients was
significantly decreased compared to HCs (Fig. 3A), but it had no sig-
nificant relationship with the severity of the disease (Fig. 3B).

3.3. Characteristics of CD8+ T and NK cells in COVID-19 patients after
remission

In order to study the relationship between lymphocyte changes and
patients' condition, we first detected the absolute number of lympho-
cyte subsets before and after remission in 9 severe patients and 4 cri-
tical patients. We found that the absolute number of total lymphocytes,
total T cells, and CD8+ T cells in the remission group was significantly
higher than those in the illness group. Although the absolute number of
NK cells was not changed significantly after remission, it had a ten-
dency to increase compared to before remission (Fig. 4A). Then, we

Fig. 2. The activation status of CD8+ T cells in COVID-19 patients. (A) The expression of CD38 and HLA-DR on CD8+ T cells of COVID-19 patients was significantly
increased as compared with HCs. (B) The expression of CD38 and HLA-DR on CD8+ T cells was not significantly different among the severity of the disease.
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detected the expression of CD38, HLA-DR, GrA, GrB, and perforin on
CD8+ T and NK cells before and after remission in 5 severe patients and
2 critical patients. The expressions of CD38, HLA-DR, GrA, GrB, espe-
cially of perforin, on CD8+ T cells all showed a downward trend
compared to those before remission (Fig. 4B). However, there was no
significant statistical change in perforin+ CD8+ T cell count before and
after remission in COVID-19 patients. The tendency of GrA, GrB, and
perforin on NK cells did not change significantly before and after re-
mission (Fig. 4B).

3.4. ROC curve analysis of CD8+ T and NK cells in COVID-19 patients

Through ROC curve analysis, we found that GrA+CD8+ T (AUC,
0.995) and perforin+ NK (AUC, 0.977) cells showed an excellent pre-
dictive value for COVID-19 with high sensitivity (96.88%, 84.38%) and
specificity (100.00%, 100.00%); followed by GrB+CD8+ T (0.894) and
perforin+CD8+ T (0.826) with sensitivity of 78.13% and 78.13%, and
specificity of 88.89% and 77.78%, respectively (Fig. 5A). However,
other indicators had relatively weak predictive value for COVID-19
(Detailed data are listed in Table 1). We further used parameters with
different expressions and distributions in the severity of COVID-19 to
predict the criticality of the disease. NK cells (AUC, 0.913) and GrA
expression (AUC, 0.826) on NK cells showed good value to predict the
critical of COVID-19 with high specificity (100.00%, 91.30%), but their
sensitivity was not high (77.78%, 66.67%). Besides, total lymphocytes
and CD3+ T cells also had good value in distinguishing critical COVID-
19 patients with a total AUC of 0.865 and 0.826, respectively. CD8+ T
cells had weak predictive value for critical COVID-19 patients with a
lower AUC of 0.787 (Fig. 5B). Other parameters were not statistically
significant (Detailed data are listed in Table 2). (See Table 2.)

4. Discussion

COVID-19 has emerged as a severe infectious disease and is af-
fecting the whole world, threatening human health and life.
Lymphocytes are core components of the immune system to fight
against virus intrusion, especially of CD8+ T and NK cells which play a
vital role in the clearance of virus [15,16]. However, it's still largely
unclear about the characteristic of lymphocyte subsets, especially of
CD8+ T and NK cells, in COVID-19 patients.

In this study, we detected the characteristic of lymphocyte subsets
in 32 COVID-19 patients with different severity. We found a significant
reduction of circulating total lymphocytes in COVID-19 patients com-
pared to healthy controls, which was consistent with previous studies
[8–12]. We also found that the decreased lymphocytes in COVID-19
patients might mainly due to the reduction of CD8+ T and NK cells. And
with the progression of COVID-19, CD8+ T and NK cells continued to
decline, this phenomenon was particularly evident in the Critical group.
The loss of CD8+ T and NK cells suggests that specific and non-specific

immunity is suppressed to a certain extent during COVID-19. In order to
further understand the immune status of CD8+ T and NK cells in
COVID-19 patients, we detected the activation status and cytotoxic
potential of CD8+ T and NK cells. The results indicated that CD8+ T
cells in COVID-19 patients were highly activated and might have a high
cytotoxic potential with high expression of perforin and GrA/B, espe-
cially in the Critical group. These results suggest that although the
number of CD8+ T cells decreases during the progression of COVID-19,
their immune status may have a compensatory activation, especially in
the critical period. Diao et al. found increasing PD-1 and Tim-3 ex-
pression on T cells as COVID-19 patients progressed from prodromal to
overtly symptomatic stages [18], which indicated that T cells might be
functionally exhausted, such results seem to be inconsistent with our
research, probably because the functional status of cells is determined
by the co-regulation of many activation, inhibition and apoptosis
pathways. Liao et al. [19] found that compared with patients in the
moderate group, the number of CD8+ T cells in the severe group was
reduced, and these CD8+ T cells expressed high levels of GrA, GrK,
which was very similar with our results; As for the different results of
GrA and GrK expression between patients with moderate and severe in
Liao et al. study [19] and our study, we speculate which may be caused
by the difference in the number of statistics. And, of course, there is also
a great possibility that in those with severe cases, the number of
granzyme A+ / perforin+ CD8+ T cells was still reduced due to the
dramatic reduction in total cell counts.

We then detected the cytotoxic potential of NK cells, and found an
increase of GrA and perforin expression on NK cells but a decrease of
GrB expression in COVID-19 patients. Besides, we found that GrA ex-
pression on NK cells was significantly increased in the Mild and Severe
groups, however, as the disease progressed, GrA expression on NK cells
was significantly decreased in the Critical group, which might due to a
compensatory enhancement in the mild and severe stages, but when the
disease reached a critical stage, the cell immune status was significantly
suppressed and couldn't be compensated. To some extent, this could be
confirmed by the fact that the absolute number of NK cells in the
Critical group decreased significantly compared to the other three
groups.

Perforin is a key effector molecule for T and NK cells to mediate
cytolysis. It could lyse cells by coordinating the delivery of GrA and GrB
to target cells. The perforin/ granzyme cytolytic pathway is a two-
edged sword in viral defense, which could result in viral clearance and
host cell damage [20–22]. Therefore, we speculate that as the COVID-
19 progression, the over-activated immune status of cytotoxic CD8+ T
and NK cells might mediate pathological damage and lead to con-
tinuous deterioration of patients.

Besides, we analyzed the changes of absolute number and immune
status of lymphocytes in COVID-19 patients before and after remission.
We found that compared to the illness group, the absolute number of
total lymphocytes, T, CD8+ T, and NK cells in the remission group

Fig. 3. The cytotoxic potential of CD8+ T cells and NK cells in COVID-19 patients. (A) CD8+ T cells in COVID-19 patients had higher expression of cytotoxic granules
(GrA, GrB and perforin) compared to HCs. And the expression of GrA and perforin on NK cells in COVID-19 patients was also significantly increased while GrB
expression was decreased compared to HCs. (B) There are slight differences in the expression of perforin and granzyme in COVID-19 patients of different severity. The
expression of GrB and perforin on CD8+ T cells in the Critical group was significantly increased as compared with the Severe or Mild group; the expression of GrA on
NK cells in the Mild and Severe groups was significantly increased as compared with HCs and the Critical group; the expression of perforin on NK cells in the Severe
group was significantly increased as compared with the Mild group. The expression of GrA on CD8+ T cells and GrB on NK cells was not significantly different among
different severity of the disease.
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Fig. 4. Characteristics of CD8+ T and NK cells in COVID-19 patients after remission. (A) The absolute number of total lymphocytes, total T, and CD8+ T cells in the
remission group was significantly higher than those in the illness group. The absolute number of NK cells had a tendency to increase compared to before remission.
(B) The expression of CD38, HLA-DR, GrA, GrB and perforin on CD8+ T cells in the remission group all showed a downward trend compared to the illness group.
However, the tendency of GrA, GrB, and perforin expression on NK cells and perforin+ CD8+ T cell counts did not change significantly before and after remission.
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restoratively elevated. Additionally, the expression of CD38, HLA-DR,
GrA, GrB, especially of perforin, on CD8+ T cells in the remission group
showed a downward trend compared to those before remission, in-
dicating a decrease in CD8+ T cell activation and cytotoxic potential in
COVID-19 patients after remission. However, there was no significant
statistical change in perforin+ CD8+ T cell count before and after re-
mission in COVID-19 patients, which suggests an expansion of per-
forin− CD8+ T cells when in remission, and could be the effect of
regulatory T cells plus expansion of memory cells due to resolution of
viral infection. However, the tendency of GrA, GrB, and perforin ex-
pression on NK cells did not change significantly, which might be that
although the number of NK cells recovered during the remission period,
the immune status was still suppressed and did not timely recovered.
Currently, we still know little about how SARS-CoV-2 precipitates such
severe lymphopenia in such a short period of time, which needs further
study.

In addition, timely and accurate diagnosis of COVID-19 can give
valuable time for patients' treatment. In this study, we found that
GrA+CD8+ T (AUC, 0.995; Se, 96.88%; Sp, 100.00%) and perforin+

NK cells (AUC, 0.977; Se, 84.38%; Sp, 100.00%) were valuable in-
dicators for assisting diagnosis of COVID-19. These two indicators
might be used as valuable indicators to assist COVID-19 diagnosis.
Effectively predict the severity of the disease could help clinicians treat
patients timely and transfer patients to the intensive care unit as soon as
necessary. In this study, we found that NK cells (Se, 77.78%; Sp,
100.00%) had a good value for assisting diagnosis of critical COVID-19
patients with an AUC of 0.913 followed by total lymphocytes (AUC,
0.865; Se, 77.78%; Sp, 82.61%). However, the expression of perforin
and granzymes had no better diagnostic value than total lymphocyte
and NK cell counts in the identification of critical COVID-19 patients,
although GrA expression on NK cells had a good specificity for critical
patients.

In summary, as the course of disease progression, the declined
peripheral lymphocyte subsets in COVID-19 patients might lead to
compensatory activation of CD8+ T and NK cells. GrA+CD8+ T and
perforin+ NK cells might be used as meaningful indicators for assisting
diagnosis of COVID-19. These findings might provide a new perspective
for the diagnosis and treatment of COVID-19 patients.

Fig. 5. ROC curve analysis of lymphocyte subsets in COVID-19 patients. (A) To
distinguish COVID-19 patients from healthy controls. GrA+CD8+ T (AUC,
0.995) and perforin+ NK (AUC, 0.977) cells showed the best predictive value
for COVID-19. (B) To distinguish critical cases from mild and severe cases in
COVID-19 patients. Lymphocytes (AUC, 0.865), CD3+T (AUC, 0.826) cells, NK
(AUC, 0.913) and GrA+ NK (AUC, 0.826) cells showed a good value to predict
the critical illness. AUC, area under the curve.

Table 1
Receiver operation characteristic curve analysis of parameters for the diagnosis of COVID-19 patients.

Parameters AUC P 95% CI Cut-off value Jordan index sensitivity specificity

Lymphocytes 0.761 0.0024 0.627–0.896 < 1580.00 0.545 65.63% 88.89%
CD3+T 0.712 0.0137 0.571–0.853 < 814.30 0.413 46.88% 94.44%
CD8+T 0.705 0.0171 0.563–0.847 < 286.80 0.444 50.00% 94.44%
NK 0.766 0.0020 0.633–0.898 < 237.70 0.545 65.63% 88.89%
GrA + CD8 + T 0.995 <0.0001 0.982–1.000 > 4.47 0.969 96.88% 100.00%
GrB + CD8 + T 0.894 <0.0001 0.808–0.980 > 46.95 0.670 78.13% 88.89%
Perforin + CD8 + T 0.826 0.0001 0.706–0.947 > 40.20 0.559 78.13% 77.78%
GrA + NK 0.708 0.0153 0.561–0.856 > 65.65 0.427 59.38% 83.33%
GrB + NK 0.739 0.0055 0.598–0.879 < 90.35 0.507 56.25% 94.44%
Perforin + NK 0.977 <0.0001 0.944–1.000 > 73.70 0.844 84.38% 100.00%

AUC, area under the curve; 95% CI, 95% confidence interval.
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AUC, area under the curve; 95% CI, 95% confidence interval.
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