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Background: In December 2019, an outbreak of coronavirus disease 2019 (COVID-19), caused by a
novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), occurred in Wuhan City, Hubei
Province, China. The coronavirus has spread throughout the world, posing a severe threat to human health.
By using flow cytometry, here we observed the dynamic changes of peripheral blood T lymphocyte subsets
in COVID-19 patients, with an attempt to explore their roles in the pathogenesis of COVID-19 and their
impacts on prognosis.

Methods: Eighty-nine COVID-19 patients were divided into a moderate group (n=70) and the severe/
critical group (n=19) according to the disease severity. Furthermore, the severe/critical patients were divided
into the improved group (n=14) and unimproved group (n=5) according to the outcomes. The absolute
peripheral blood lymphocytes counts and subsets, including CD45+, CD3+, CD4+, and CD8+, in the acute
phase, and flow cytometry measured the recovery phase for all patients. Then, the results were compared
with those in the normal control group.

Results: The absolute counts of lymphocytes, T lymphocytes, and their subsets decreased during the acute
phase in COVID-19 patients, especially in the severe/critical group. The T-lymphocyte count reached the
lowest point on the 14th day in the severe/critical group. It rose with fluctuations to the normal level in the
improved group as the immune function recovered; in the unimproved group, however, the T-lymphocyte
count remained at a low level or even continued to decrease. The percentages of CD4+ and CD8+ T
lymphocytes showed no visible change in the improved group; however, the percentage of CD8+ T cells
dropped in the unimproved group, resulting in higher CD4+/CD8+ ratio.

Conclusions: T lymphocytes count, and their subsets can be used for monitoring the immune functions

and predicting the prognosis of COVID-19 patients.
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Introduction syndrome coronavirus 2 (SARS-CoV-2). On February 11,
In December 2019, patients with unexplained pneumonia the World Health Organization officially named the disease
were found in Wuhan City, Hubei Province, China. On caused by the novel coronavirus as coronavirus disease 2019
January 7, 2020, the causative pathogen was identified (COVID-19). On March 11, 2020, the WHO declared the
as a virus subsequently named severe acute respiratory COVID-19 outbreak a global pandemic (1-3). Currently,
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COVID-19 has spread to 211 countries and territories, with
over 3.6 million confirmed cases and 240,000 deaths. The
new cases and death tolls are still rising daily (4).

Coronaviruses are enveloped, positive-sense, single-
stranded RNA viruses of ~30 kb. They infect a wide variety
of host species. They are largely divided into four genera:
a, B, v, and 8. SARS-CoV-2 are classified to B coronaviruses
based on its genomic structure. Coronaviruses consist of
four structural proteins; Spike (S), membrane (M), envelop
(E) and nucleocapsid (N) (5). SARS-CoV-2 has 79% of the
sequence homology to severe acute respiratory syndrome
coronavirus (SARS-CoV) and 50% of the sequence
homology to Middle East respiratory syndrome coronavirus
(MERS-CoV). The fatality rate of SARS-CoV-2 (2.08%)
is lower than MERS-CoV (34.77%) and SARS-CoV
(10.87%). Unlike SARS-CoV and MERS-CoV, which
spreads in hospitals, SARS-CoV-2 is much more widely
transmitted in the community and is more contagious (6-8).
Early in infection, SARS-CoV-2 targets cells, such as nasal
and bronchial epithelial cells and pneumocytes, through
the viral structural spike (S) protein that binds to the
angiotensin-converting enzyme 2 (ACE2) receptor. The
type 2 transmembrane serine protease (TMPRSS2), present
in the host cell, promotes viral uptake by cleaving ACE2
and activating the SARS-CoV-2 S protein, which mediates
coronavirus entry into host cells. ACE2 and TMPRSS2
are expressed in host target cells, particularly alveolar
epithelial type II cells. In later stages of infection, when
viral replication accelerates SARS-CoV-2infectspulmonary
capillary endothelial cells, accentuating endothelial
barrier disruption, dysfunctional alveolar-capillary oxygen
transmission, and impaired oxygen diffusion capacity. In
severe COVID-19, fulminant activation of coagulation
and consumption of clotting factors occur. In flamed
lung tissues and pulmonary endothelial cells may result
in microthrombi formation and contribute to the high
incidence of thrombotic complications. The spectrum of
COVID-19 varies from asymptomatic to clinical conditions
including respiratory and gastrointestinal problems (9).
The main manifestations include fever, cough, shortness of
breath, muscle pain, drowsiness, headache, diarrhea, and
nausea/vomiting. In severe cases, patients can develop acute
respiratory distress syndrome and die of multiple organ
failure (10-12).

It is known that the number of peripheral blood
leukocytes is normal or decreases in COVID-19 patients,
and the lymphocyte count declines. Among them, the
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T lymphocytes, which are necessary for cell-mediated
immunity, play a significant antiviral role. According to
some previous studies, CD4+T cells, CD8+T cells, B cells,
NK cells, and total lymphocytes were significantly reduced
in patients with severe/critical type patients as compared to
patients with mild/moderate type. The absolutely counts
of CD4+ and CD8+ T cells both can independently predict
prognosis of COVID-19 patients. Here, we detected and
dynamically observed peripheral blood T lymphocyte
subsets in 89 patients diagnosed with COVID-19, with
an attempt to understand the changes of peripheral blood
T lymphocyte subsets in COVID-19 patients and its
significance. The results of the analysis can be used to
intervene as early as possible in severe/critical patients to
delay disease progression and improve the cure rate of
severe/critical patients.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5479).

Methods
Grouping

Eighty-nine patients with clinically confirmed COVID-19,
who were admitted to our hospital from January 23 to April
3, 2020, were enrolled in this study. Among them, there
were 42 men and 47 women, aged 19-93 years [with a mean
age of (41.85£15.01) years]. The diagnosis was from the
Diagnosis and Treatment Protocol for COVID-19 Infection
(Trial Fifth Edition) released by the National Health
Commission of China (13). The disease was moderate
in 70 cases and severe/critical in 19 cases (including one
death). After admission, all cases were continuously tested
for T lymphocyte subsets (absolute count). According to
the improvement of the disease during the recovery period,
patients in the severe group were divided into improved
severe/critical group (n=14) and unimproved severe/
critical group (n=5). The control group consisted of 50 staff
members [including 28 males and 22 females, aged (38«
13) years] of our hospital who took part in the health check-
ups during the same period. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Ethical Committee of
the Fuzhou Municipal Center for Disease Control (CDC),
Fujian Province, China {Approval No. 2020-001 [KY-01]}
and informed consent was taken from all the patients.
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Typing of COVID-19 (Trial Fifth edition)
The severity of COVID-19 was divided into the following

types according to clinical symptoms, presence, and severity
of pneumonia, respiratory failure, shock, and other organ
failures:

(I mild type (with slight clinical symptoms, and there
is no appearance of pneumonia on imaging);

(II) moderate type (with fever, respiratory symptoms,
and/or other conditions, and appearance of
pneumonia is found on imaging);

(IIT) severe/critical type (i) RR>30 times/min; oxygen
saturation <93% in resting-state; arterial partial
pressure of oxygen (PaO,)/concentration of oxygen
(Fi0O,) <300 mmHg; (ii) respiratory failure requiring
mechanical ventilation, shock, and other organ
failure resulting in the treatment in the intensive
care unit).

Typing of improved severe/critical group and unimproved
severe/critical group patients

The inclusion criteria of the improved severe/critical group
were as follows: (I) the temperature returned to normal
for more than 3 days; (II) respiratory symptoms improved
significantly; (III) lung imaging showed that inflammation
was absorbed obviously.

The inclusion criteria of the unimproved severe/critical
group were as follows: (I) death before discharge; (II)
being in hospital because of severe bacterial pneumonia;
(III) an increase in pulmonary parenchymal density, lung
involvement gradually increased to consolidation, thickened
pulmonary interstitial structures; (IV) using a ventilator to
assist breathing.

Measurements

Reagents and instruments

A flow cytometer (FACSCalibur; BD, USA) was used. The
reagents used included four-color fluorescent monoclonal
antibody and FACS Erythrocyte Lysing Solution. BD
Trucount™ tubes were used for determining absolute
counts of leukocytes in blood.

Experimental methods

Heparin sodium-anticoagulated peripheral blood sample
(2 mL) was collected for laboratory tests on the same day.
If the sample could not be detected on the same day, it was
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stored at room temperature (20-25 °C) and tested within
48 hours.

For each specimen, 20 pL of four-color fluorescently-
labeled monoclonal antibodies were added into the sample
detection tube, followed by the addition of 50 pL of well-
mixed anticoagulated blood. The mixture was vortexed
for 3 s and incubated at room temperature in the dark for
15 minutes. Then, red blood cell lysis solution (10x) was
added, and the mixture was incubated at room temperature
in the dark for 15 minutes before flow cytometry detected
it. The Multiset automatic analysis software (BD, USA) was
used to detect T lymphocyte subsets in the specimen, and
the percentage and absolute count of total T lymphocytes
(CD3), the percentage and absolute count of Th cells
(CD3+CD4+CD8-), the percentage and absolute count
of Ts cells (CD3+CD4-CD8+), and the total number of
lymphocytes (CD45+) were reported, respectively. The
dynamic changes of peripheral blood T lymphocyte subsets
were compared between patients with moderate COVID-19
and those with severe/critical COVID-19. The dynamic
changes of T lymphocytes in patients with moderate or
severe/critical COVID-19 were observed from at admission
to two months after discharge.

Statistical analysis

Statistical analysis was performed by using the SPSS 26.0
for Windows. Analysis of variance was performed to identify
a significant difference between two different groups.
A P value of less than 0.05 was regarded as statistically
significant. Data are presented as mean + standard deviation.

Results

Comparison of age and gender between the moderate group
and severe/critical group

Patients in the severe/critical group aged 35-88 years
[(63.3£15.32) years], and patients in the moderate group
aged 19-93 years [(41.85£15.01) years] (P<0.05).

There were 11 males and 9 females in the severe/critical
group and 31 males and 38 females in the moderate group
(P>0.05).

The number of mean days required for patients’ nucleic
acid tests turn from positive to negative

Moderate group: (9.26x6.58) days, improved severe/critical
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Table 1 Peripheral blood T lymphocytes at disease onset among patients with different COVID-19 types

Lymphocytes

CD3+

CD4+ CD8+

Groups (CD45+) CD4/.CD8
(cells/uL) % cells/uL % cells/uL % cells/uL ratio
Moderate group (n=70) 1,717+738 72.15+8.30 1,258+606 38.66+5.89 669+309 28.89+6.92 503+284 1.46+0.62
Improved severe/critical group (n=14) 937+320 61+£8.29  583+258 36.66+5.88 349+151 23.33+9.18 225+152 1.77+0.70
Unimproved severe/critical group (n=5)  656+170 551 475+163 40+3 260+61 14+4 100+£55 3.26+1.18
Normal control group (n=50) 2,749+594  68.0+9.65 1,686+490 38.0+6.73 972+341 28.0+8.30 699+282 1.50+0.68

COVID-19, coronavirus disease 2019.

group: (13.78+2.65) days, unimproved severe/critical group:
(21.00£2.91) days.

Absolutely, the mean days of unimproved severe/
critical group are almost twice as much as the mean days of
moderate group (P<0.001, the difference was statistically
significant). Furthermore, the mean days of unimproved
severe/critical group are much more than the mean days of
improved severe/critical group (P<0.001, the difference was
statistically significant).

The differences of CT images in three type patients

CT images shows: ground glass opacities (GGOs) with
rounded, multifocal, bilateral, peripheral distribution seem
to be the most specific pattern found with COVID-19
pneumonia. In severe/critical patients, the frequency of
bilateral lung involvement was higher, air bronchogram and
multifocal involvement were more common. After clinical
treatment, ground-glass opacities and airspace consolidation
mostly disappeared, but in unimproved severe/critical
groups, bilateral lung involvement with multifocal lesions,
and more severe radiologic findings could be witnessed.

Peripheral blood T lymphocytes at disease onset among
patients with different COVID-19 types

Significant (P<0.05) (Table 1).

Dynamic changes of peripberal blood T-lymphocyte count
in 89 COVID-19 patients

T-lymphocytes count in the peripheral blood of COVID-19
patients decreased in the early stages of the disease. It
reached the lowest on the 7th day in the moderate group
on the 14th day in the severe/critical group. Subsequently,
the T-lymphocyte count gradually rose to the normal level

© Annals of Translational Medicine. All rights reserved.

in both moderate groups and improved severe/critical
group; in the in unimproved severe/critical group, however,
it remained low (CD3+T lymphocytes <500/pL) and
continued to decline as the disease condition deteriorated
(Figure I).

Absolute counts of peripheral blood T-lymphocytes and
their subsets in severe/critical COVID-19 patients

The mean values of both CD4+ and CD8+ T lymphocytes
decreased in the severe/critical groups within 14 days after
disease onset, especially in the unimproved severe/critical
group (only 50% of those in the improved group; P<0.05).
Fourteen days after disease onset, the mean values of both
CD4+ and CD8+ T lymphocytes increased in the improved
group, but the difference was not statistically significant
(both P>0.05); the mean value of CD4+ T-cells remained
low, and the mean value of CD4+ T-cells continued to
decline in the unimproved group, although the differences
were not statistically significant (both P>0.05). The CD4/
CD8 ratios within 14 days after disease onset and after
14 days were not significantly different in the improved
group (P>0.05) but showed a significant difference in the
unimproved group (P<0.01) (7able 2).

Discussion

A new type of coronavirus was isolated by Chinese
authorities on January 7, 2020, and named “SARS-CoV-2”
by the International Committee on Taxonomy of Viruses
on February 11, 2020. As revealed by sequence analysis,
SARS-CoV-2 is a positive-sense single-stranded RNA virus
that belongs to the genus Betacoronavirus. It shares a 95%
identity with a bat coronavirus (14). As a zoonotic pathogen,
SARS-CoV-2 has 79.0% nucleotide identity to SARS-CoV
and 51.8% identity to MERS-CoV (8). Hoffmann ez 4/. (15)
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Figure 1 Dynamic changes of peripheral blood T-lymphocyte count in 89 COVID-19 patients. COVID-19, coronavirus disease 2019.

Table 2 Comparison of the absolute counts of peripheral blood T-lymphocytes and their subsets in severe/critical COVID-19 patients

CD3+ (cells/pL)

CD4+ (cells/pL)

CD8+ (cells/pL) CD4/CD8 ratio

Groups Improved Unimproved Improved  Unimproved Improved Unimproved Improved Unimproved

severe/critical severe/critical severe/critical severe/critical severe/critical severe/critical severe/critical severe/critical
group group group group group group group group

Within 14 days 634+326 361113 350+180 185+25 250+161 48+23 1.80+0.82 3.53+0.70

after disease

onset

After 14 days 809+287 245+87 498+192 212+62 287+150 36+20 1.95+1.01 7.98+0.97

Normal control 1,686+490 972+341 699+282 1.50+0.68

group

COVID-19, coronavirus disease 2019.

have preliminarily elucidated the pathogenic mechanism
of COVID-19: the protease TMPRSS2 activates the
spike protein of SARS-CoV-2 before it binds to ACE2,
which allows the virus to enter and infect lung cells. In
our current study, we compared the age of disease onset
between severe/critical and moderate COVID-19 patients.
The age of patients in the severe/critical groups was older
than that in the moderate group, which may be explained
by the following fact: the T-lymphocyte count is negatively
correlated with age, and thus the body’s immune function
decreases with age (16); accordingly, COVID-19 tends to
affect older people more than younger ones.

The immune system supplies defense against infections
via various immune cells, and lymphocytes are the key
cells involved in the immune response. According to the
different surface markers of lymphocytes, lymphocytes are

© Annals of Translational Medicine. All rights reserved.

be divided into T lymphocytes (CD3+), B lymphocytes
(CD19+), and NK cells (CD56+). Cellular immunity, in
particular those mediated by T Iymphocytes, plays a key
role in the fight against infections. According to their
markers, T lymphocytes (CD3+) are further divided into
T helper (Th) cells (CD3+CD4+) and cytotoxic T (Tc)
cells (CD3+CD8+) (17). Many studies have shown that in
patients with SARS (18), MERS (19), or COVID-19 (20),
the immune system is attacked to varying degrees, and
the immune system becomes disordered. In addition to
humoral immunity, T cells are also important during viral
infection. In the acute phase, virus clearance depends on
specific CD4+ and CD8+ T lymphocytes, and the speed of
virus clearance also depends on the response of CD4+ and
CD8+ T lymphocytes (21). In the recovery phase, cellular

immunity becomes more active, and humoral immunity no
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longer plays a dominant role; instead, T lymphocytes are
activated to kill the viruses (22).

Both innate and adaptive immune responses participate
in the defense against viruses. Initially, T cells bind to
virus-specific antigen-presenting cells (APCs), which can
last for several days after stable binding. Then, the T
cells differentiate into effector T cells including CD8+ T
lymphocytes, which mainly kill host cells within which the
pathogens [e.g., viruses] live and the CD4+ Th1 subgroup.
The subgroup mainly mediates cellular immune response,
during which the macrophages are activated to resist
intracellular pathogens [e.g., viruses] jointly (23,24). In
most COVID-19 patients (especially those with severe/
critical conditions), a significant decrease in lymphocytes
shows immune impairment. The decrease in T lymphocytes
reflects the degree of immune imbalance, and a smaller
T-lymphocyte count means weaker defense against SARS-
CoV-2 (25-27). Our current study has the same finding.
Compared with the normal control group, the counts of
T lymphocyte subsets were much lower in COVID-19
patients with different severities than in the normal control
group, and the decline was prominent in the severe/critical
groups. The T-lymphocyte count was as low as 273 cells/pL.
in one patient, in whom severe lung infection and even
multiple organ failure occurred after the COVID-19
was cured. The percentage of CD8+ T cells significantly
dropped in the unimproved severe/critical group (P<0.05,
compared with the normal control group).

However, the percentages of other T lymphocyte subsets
showed no such significant difference (P<0.05), suggesting
the decrease in the CD8+ T-lymphocyte count was more
significant than CD4+ T-lymphocyte count. Therefore,
COVID-19 patients with lower total lymphocyte count
and T lymphocyte subset counts tend to have more severe
disease conditions. The decline of CD8+ T-lymphocyte
counts is positively correlated with the reduced outcomes of
COVID-19 patients.

T lymphocytes are essential for clearing the virus in
patients with primary SARS-CoV infection; in particular,
the virus-specific T lymphocytes play a crucial role in
clearing the virus and alleviating clinical symptoms (28,29).
In our current study, we followed up the dynamic changes
of T lymphocyte subset counts at different time points in
89 COVID-19 patients within two months after disease
onset, which, to our knowledge, was the most extended
observation in similar studies. Compared with the normal
control group, the COVID-19 patients had lower T cell
counts at disease onset, especially in the severe/critical

© Annals of Translational Medicine. All rights reserved.
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groups (only 1/3 of T cell count in the normal control
group). In the moderate group, the T-lymphocyte count
fell to the lowest point on the 7" day and then rose with
fluctuations, reaching the level in the normal control
group on the 38" day. In the severe/critical group, the
T-lymphocyte count fell to the lowest point on the 14™
day; the average T-lymphocyte count was only 248 cells/pL.
in the unimproved severe/critical group, and it was only
173 cells/pL in one patient, who died of systemic multiple
organ failure due to ARDS. In the improved severe/
critical group, the total T-lymphocyte count increased
slowly after 14 days and showed a linear upward trend after
42 days, returning to a normal level on the 49" day. The
change in T-lymphocyte count showed opposite trends
after the 28" day: the improved group still showed an
upward trend, whereas the unimproved group showed a
sharp downward trend, which matched the deteriorating
disease conditions. Thus, T-lymphocyte counts in the cured
COVID-19 patients showed a reversible change, which
first decreased and then gradually increased. These results
reflect the process in which cellular immunity in the body
was firstly destroyed or suppressed and then gradually
returned normal. The T lymphocyte subsets in unimproved
severe/critical patients remained low (<500 cells/pL), and
the damaged cellular immune failed to recover, which
was predictive of a poor prognosis. It has been reported
that although the T lymphocytes were reduced in cured
COVID-19 patients, the damage or suppression of the
immune system was reversible, and the prognoses were
good (30-32). The T-lymphocyte count was always below
500 cells/pL in the unimproved group, which may be
due to the following reasons: (I) the cells could not be
normally activated when they were stimulated by antigen;
(IT) the cells were in an unresponsive state; or (III) many
T lymphocytes died while the viruses were cleared. As the
cellular immunity declined, the viruses in the body could
not be adequately cleared, and a secondary infection could
be easily induced, which eventually led to multiple organ
failure and poor prognosis (29,33).

Patients in the moderate group had a good prognosis
after the recovery of the immune responses; however, the
prognosis in the severe/critical groups could be either good
or poor. As shown in Figure 1, the T-lymphocyte count
reached the lowest point on the 14™ day in the severe/
critical groups. After 14 days, it rose with fluctuations in
the improved group but remained low and finally dropped
in the unimproved group, suggesting the 14" day after
disease onset might be a turning point in the disease course.

Ann Transl Med 2020;8(18):1145 | http://dx.doi.org/10.21037/atm-20-5479



Annals of Translational Medicine, Vol 8, No 18 September 2020

Comparisons of the T lymphocyte subset count and CD4/
CDS8 ratio showed that the mean CD3+, CD4+, and CD8+
T-lymphocyte counts significantly declined within the first
14 days after disease onset in the severe/critical groups,
especially in the unimproved groups (P<0.05). Furthermore,
the differences between improved and unimproved groups
were significant (P<0.05), indicating that the cellular
immunity was impaired in the early stages of the disease
in the unimproved group. However, the CD4/CD8 ratio
showed no significant differences between 14 days ago
and 14 days later in the improve groups. During acute
viral infections, virally derived peptides activate both naive
CD8+ and CD4+ T cell proliferation and differentiation. As
we know, effective viral clearance needs both CD8 effector
T cell-mediated effective killing of virally infected cells and
CD4 T cell-dependent enhancement of CD8 T and B cell
responses. Following viral clearance, the majority of virus-
specific T cells undergo apoptosis, then the number of T
lymphocytes recovered slowly, but the dynamic changes of
lymphocytes function in this process need further study (33).
After 14 days, the mean CD3+, CD4+, and CD8+
T-lymphocyte count increased in the improved group,
indicating that the cellular immunity was restored and the
prognosis was good; in the unimproved group, the CD4+
T-lymphocyte count slightly increased, CD3+ and CD8+
T-lymphocyte counts did not rise but decreased, and the
CD4/CDS8 ratio continued to increase (P<0.001, compared
with the improved group).

In the later phases, CD8+ T cell count was below
150 cells/pL in all the severely/critically ill patients who
developed a secondary infection or multiple organ failure,
and it might be less than 50 cells/pL. during the last test
for the dead patient. Research has shown that SARS-
CoV-2 is a positive-sense, single-stranded RNA virus. Its
genome encodes four membrane proteins, of which the S
protein is essential for the virus to invade the host cells.
Angiotensin-converting enzyme (ACE) 2 exists in non-
immune cells (e.g., alveolar cells), and SARS-CoV-2 uses
ACE2 for entry and the serine protease TMPRSS2 for S
protein priming, thus causing damage to host cells (14).
Most cytotoxic T lymphocytes (CTLs) are CD8+ T cells,
which kill intracellular pathogens (e.g., viruses). CD8+ T
cells specifically kill target cells by releasing toxic particles
and death receptor pathways. Also, they can protect the
body from secondary infections (34). It has also been found
that CD8+ T cells can be used as independent factors
for predicting the severity and outcomes of COVID-19
in severe/critical cases (35). Similarly, we found that the
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prognosis was inferior in patients whose total T-lymphocyte
count continued to be <500 cells/pL and CD8+
T-lymphocyte count <200 cells/pL.
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