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ARTICLE INFO ABSTRACT

Keywords: Background: Coronavirus disease 2019 (COVID-19) is widely acknowledged as a severe traumatic event, and

CO\{ID-19 depression, anxiety, and psychological distress are common in diagnosed patients. However, the correlations of

gn’“ety_ biological indicators with emotion are rarely reported. The primary objective of this study was to explore the
epression

dysfunction of immune-inflammatory characteristics in patients with depression-anxiety symptoms.

Methods: We investigated the mental status of inpatients with COVID-19 in Wuhan and compared the differences
in cytokines and lymphocytes between patients with and without depression-anxiety symptoms at admission.
After two weeks of treatment, we evaluated the mental conditions and measured the cytokines and lymphocytes
of the patients with depression and anxiety symptoms and explored the changes and their associations.
Results: Approximately half of the patients with COVID-19 had depression and anxiety symptoms, and the
symptoms were related to the ratio of CD4-+/CD8+ and the level of CD4" T lymphocytes. When compared with
patients without depression-anxiety symptoms, CD4 " T lymphocytes level was significantly higher in COVID-19
patients with depression-anxiety symptoms.

Conclusion: This study provided novel evidence regarding the association between depression and anxiety
symptoms and immune characteristics, especially CD4" T lymphocyte levels, in COVID-19 patients. We
emphasized the importance of paying attention to the dynamic immune process of patients diagnosed with
COVID-19 with depression/anxiety.

Immune-inflammatory characteristics
CD4" T lymphocytes

declared the outbreak a pandemic. To date, it has been reported that
more than one hundred and forty-six million confirmed cases and three

1. Introduction

The outbreak of a novel coronavirus disease in Wuhan, Hubei
Province, China, named severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has attracted substantial attention globally due to its
high transmission speed and serious threats to health (Sohrabi et al.,
2020). On March 11, 2020, the World Health Organization (WHO)

million deaths all over the world, and an upward trend continues
(http://2019ncov.chinacdc.cn/2019-nCoV/global.html).

The symptoms of coronavirus disease 2019 (COVID-19) infection
vary significantly among patients. The main manifestations include
fever, chills, dry cough, and fatigue. Patients with severe cases can
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develop acute respiratory distress syndrome, acute respiratory failure
and death (Chen et al., 2020b; Jin et al., 2020). In addition, previous
studies have indicated that most patients with COVID-19 presented
aberrant immune-inflammatory responses and cytokine storms, which
were related to the progression of disease (Chen et al., 2020a; Zhu et al.,
2020).

Apart from physical suffering, the mental health of patients with
confirmed COVID-19 has gained attention. In the face of the serious
infectious illness, the general public panicked, and a variety of psychi-
atric and mental conditions (i.e., stress, fatigue, worry, depression,
anxiety, and insomnia) were reported at the early stages of the outbreak,
especially among individuals with suspected symptoms (Sun et al.,
2020; Wang et al., 2020). The patients were found to be under
tremendous psychological stress during the period of waiting for diag-
nosis and treatment. Many studies have demonstrated that substantial
psychological and physical stress could induce anxiety and
depressive-like behaviors, which are related with the response of the
immune system (Irwin and Miller 2007; Miller 2010; Cheng et al., 2015;
Toben and Baune 2015; Beurel and Lowell 2018).

Earlier data showed that the patients hospitalized for an autoimmune
disease or infection increased the risk of a mood disorder by 45% and
62%, respectively (Pape et al., 2019). Depression and anxiety are com-
mon in systemic inflammatory diseases patients such as chronic liver
disease, rheumatoid arthritis and inflammatory bowel disease (Kurina
et al., 2001; Lu et al., 2016; Mullish et al., 2014). Immune system and
inflammation are considered to be involved in the pathophysiological
process of mental conditions (Miller et al., 2009). On the one hand, there
are many receptors on the lymphocyte including T lymphocyte surface,
which enable to create “neuroimmunological synapses” with between
nervous and immune cells (Pietruczuk et al., 2019). Furthermore, T
lymphocytes are important in the coordination of immune and inflam-
matory responses through differentiation, proliferation and the release
of cytokines. On the other hand, the inflammatory hypothesis of major
psychiatric disorders, stressing the role of inflammation in depression
(Haapakoski et al., 2015). Multiple inflammatory factors including
Interleukins-6 (IL-6) and Tumor Necrosis Factor-a (TNF-a) are
over-activated in patients with major depression (Ye et al., 2018); after
treatment with antidepressants, the levels of factors had reduced (Bas-
terzi et al., 2005). Numbers of animal experiments revealed the activa-
tion of the peripheral immune system, including lymphocytes and
cytokines, might contribute to anxiety and depressive-like behaviors in
mice exposed to various stressors (Xu et al., 2016; Ramirez et al., 2017;
Fan et al., 2019).

Considering the dual roles of mental stress and excessive immune
response, the importance of mental health in patients with confirmed
COVID-19 cannot be ignored. Although many studies have demon-
strated the existence of a disordered immune system in patients, the
association with mood characteristics is rarely reported. Therefore, the
objective of this study was to investigate the immunological features
including T cell subsets and inflammatory factors in patients with
confirmed COVID-19 and anxiety-depression symptoms.

2. Methods
2.1. Participants and intervention

The sample was composed of sixty-one participants (57 participants
included and 4 participants excluded) with confirmed COVID-19 who
received care from the same therapeutic team in intensive care units of
the Cancer Center of Wuhan Union Hospital, a temporary COVID-19-
designated hospital.

The subjects met all the inclusion criteria: 1) age over 18 years, 2) no
dyslexia, and 3) no cognitive impairment or consciousness disturbance.
To ensure the quality of the questionnaires and the effectiveness of the
intervention, we excluded subjects with incomplete questionnaires who
had no full course of treatment. According to the previous mental health
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studies during COVID-19 epidemic, the patients with both Patient
Health Questionnaire nine-item depression scale (PHQ-9) and General-
ized Anxiety Disorder 7-item (GAD-7) scores over 5 were regarded as
having symptoms of depression and anxiety (Liu et al., 2020; Ying et al.,
2020) (see below).

All patients had a clinical classification diagnosis according to the
New Coronavirus Pneumonia Diagnosis and Treatment Program (7th
edition) published by the National Health Commission of China
(http://www.nhc.gov.cn/yzygj/s7653p/202003/46¢9294a7 dfe4cef80
de7f5912eb1989.shtml). The clinical classifications of COVID-19
included mild (minor clinical symptoms and no pneumonia manifesta-
tion can be found in imaging), moderate (mild infection symptoms with
imaging indicating pneumonia), severe (dyspnea, respiratory frequency
> 30/min, blood oxygen saturation < 93%, partial pressure of arterial
oxygen-to-fraction of inspired oxygen ratio < 300 and/or lung in-
filtrates > 50% within 24-48h), and critical (respiratory failure, septic
shock and/or multiple organ dysfunction or failure). For statistical
convenience, we combined mild and moderate cases, which were
defined as non-severe; and severe and critical cases were combined as
severe types.

All patients in this study not only received antiviral treatment but
also had online self-help psychological guidance or a one-on-one face-to-
face psychological crisis intervention including supportive psychother-
apy, mindfulness exercises, relaxation training. The psychological
intervention lasted for 2 weeks and was performed twice a week for
20-30 min each time. These psychotherapies were provided by a pro-
fessional psychological treatment team including a chief physician, a co-
chief psychotherapist, and four nurses of psychiatric wards from the
First Affiliated Hospital, College of Medicine, Zhejiang University.

This study was approved by the local Medical Ethics Committee of
the First Affiliated Hospital of Zhejiang University. Informed consent
was obtained from all participants before the commencement of the
study.

2.2. Measurement and data collection

General demographic information (age, sex, occupation, education,
and marital status) and mental health status were collected through an
electronic structured questionnaire. Depression and anxiety status were
evaluated by PHQ-9 and GAD-7, which are quick and easy-to-administer
screening tools for depression and anxiety, respectively. The item op-
tions of both of these tools range from 0 to 3, and total scores of 5, 10 and
15 represent mild, moderate, and severe depression or anxiety, respec-
tively. The average time to complete the questionnaires ranged from 2 to
5 min. The participants were required to complete the online ques-
tionnaire through a hyperlink before and after the psychological inter-
vention, and the researcher extracted the questionnaire responses from
the database. Fasting blood samples were collected in the morning on
the second day of admission and the second day after the end of the two-
week psychological intervention by a nurse. All data were cross-checked
for consistency before data entry and statistical analysis by two inde-
pendent researchers.

2.3. Serum cytokines and lymphocytes assessment

Participants underwent a fasting blood draw in the morning. Whole
blood samples were drawn from the antecubital vein and divided into
two tubes. One was centrifuged at 3000 r/min for 20 min, and subse-
quently supernatant was collected to detect cytokine. Cytokine con-
centrations (INF-y, TNF, IL-10, IL-5, IL-4 and IL-2) were determined by
human Th1/Th2 kit (flow immunofluorescence method) with a FACS-
Calibur flow cytometer (BD, San Diego, USA). The levels of cytokine
factors are expressed in pg/ml. The other tube (whole blood, 2 ml) was
used to assess the level of peripheral blood T lymphocyte subsets (CD3™,
CD4", CD8*, and CD4+/CD8+ T-cell ratio) by were detected by FACS
flow cytometry with BD Tritest CD4 FITC/CD8 PE/CD3 PerCP Kit (BD,
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San Jose, USA). The T lymphocyte subtype count was measured in cells/
pl. The assay of all factors in each sample was carried out according to
manufacturer instructions.

2.4. Statistical analysis

All of data were analyzed with IBM SPSS Statistics 20.0 (IBM Cor-
poration, New York, USA). For general demographic and clinical data,
descriptive statistics were performed. Quantitative variables are
expressed as the mean and standard deviation when they were normally
distributed; otherwise, they were expressed as the median and inter-
quartile range. Differences in demographic and clinical characteristics
between two groups were tested using t-test or Mann-Whitney U test,
and the level of change between the pre- and post-psychological inter-
vention time points in respective variables was tested by paired t-tests or
paired Wilcoxon test, as appropriate. Relationships between variables
were assessed with Pearson’s and Spearman’s correlations. All statistical
tests were two-tailed, with a significance level of P < 0.05.

3. Results
3.1. Prevalence and demographic characteristics

A total of 61 patients with confirmed COVID-19 were enrolled at the
Cancer Center of Wuhan Union Hospital from March 1 to March 15,
2020, of whom 57 were included in the study. Four patients who did not
complete the questionnaire were excluded. According to the results of
the PHQ-9 and GAD-7, 20 patients suffered from both depression and
anxiety. To determine whether the mental health are related to de-
mographic characteristics, we analyzed severity of initial infection, sex,
age, education between the patients with and without depression-
anxiety. There were no statistically significant differences of these
data found between both groups. The detailed clinical and demographic
data are shown in Table 1.

3.2. The immunologic characteristics of the participants with and without
depression-anxiety symptoms

Table 2 presents the immunologic characteristics for the two groups.

Table 1
Clinical demographic data of 57 inpatients with COVID-19 in Wuhan and their
psychological status.

Characteristic Patients with Patients Total (N = P
depression- without 57)
anxiety depression-
symptom (N anxiety
= 20) symptom (N
=37)

Severity of  severe 7 (35.00%) 18 (48.65%) 25 (43.86%) 0.406

initial No- 13 (65.00%) 19 (51.35%) 32 (56.14%)
infection  severe
(No., %)

Sex groups ~ Male 7 (35.00%) 13 (35.14%) 20 (35.09%) 1.000
(No., %) Female 13 (65.00%) 24 (64.86%) 37 (64.91%)

Age 59.95+11.69 64.89+10.32 63.16+10.97 0.105
average
(years)

Education 10.45+3.02 10.35+3.65 10.38+3.41 0.918
(years)

PHQ-9 10.40+5.37 3.22+43.01 5.74+5.25 0.000
score

GAD-7 10.75+4.90 1.89+1.85 5.00 £5.34 0.000

score

P values indicated the comparison between patients with and without
depression-anxiety status.

Categorical variables were analyzed by chi-square test, while continuous vari-
ables were analyzed by the t-tests.
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Table 2
The immunologic characteristics in the participants with and without
depression-anxiety status.

Characteristic ~ Patients with depression- Patients without P
anxiety symptom (N =20)  depression -anxiety
symptom (N = 37)
CD4+/CD8+ 2.48 (1.24) 2.13 (1.01) 0.255
cD3* 76.98 (72.40-79.87) 75.50 (65.24-83.17) 0.367
CD4* 51.92 (8.27) 42.90 (12.21) 0.005
cpsg* 23.53 (8.14) 23.77 (9.16) 0.922
IL-2 2.48 (2.27-2.69) 2.50 (2.29-2.73) 0.913
1L-4 2.14 (0.77) 2.14 (0.81) 0.997
IL-6 4.63 (2.87-16.46) 11.16 (3.92-28.63) 0.048
IL-10 3.25(1.33) 3.02 (0.68) 0.481
IFN-y 2.23 (1.25) 1.97 (0.69) 0.387
TNF-a 2.27 (0.95) 2.94 (1.32) 0.050

Abbreviations: CD, cluster of differentiation; IL, Interleukin; IFN-y, Interferon-y;
TNF-a, Tumor Necrosis Factor-a.

Normally distributed data (CD4"/CD8+, CD4 ", CD8™, IL-4, IL-10, IFN-y, TNF-«)
were expressed as mean and standard deviation; while data (CD3™, IL-2, IL-6)
were expressed as median and interquartile range.

P values indicated the comparison between patients with and without
depression-anxiety status.

Differences between two groups were tested using t-test for normally distributed
data and the non-normal distributed data were analyzed by Mann-Whitney U
test.

The results of cytokines (IL-2, IL-4, IL-6, IL-10, IFN-y, TNF-a) are expressed in
pg/ml; the results of T cells (CD3*, CD4", CD8™") are expressed in cells/pl.

CD4" T lymphocytes, IL-6 and TNF-o were found to exhibit highly sig-
nificant differences between the two groups. Participants with
depression-anxiety symptoms showed a higher level of CD4" T lym-
phocytes than subjects without depression-anxiety symptoms.
Compared to participants without depression-anxiety symptoms, the
levels of IL-6 and TNF-a were lower in the participants with depression-
anxiety symptoms. However, other factors (CD4+/CD8+, CD3", CD8™,
IL-2, IL-4, IL-10, IFN-y) were not significantly different between the two
groups.

3.3. The changes in scores of PHQ-9 and GAD-7 and cytokines and
lymphocytes after two weeks of treatment

Following two weeks of treatment including pharmacological in-
terventions for COVID-19 and psychological interventions for mental
health, most patient conditions were improved. Fifty patients recovered
and were discharged, seven patients (two patients with depression-
anxiety symptoms and five patients without depression-anxiety symp-
toms) remaining in treatment. And after two weeks of treatment, cpatT
lymphocytes, IL-6 and TNF-a still differed between the two groups (P <
0.05) (See Table 3).

The scores of PHQ-9 and GAD-7, cytokines and T lymphocytes were
altered. A statistically significant decrease was found in the PHQ-9 (P <
0.05) and GAD-7 (P < 0.01) scores in the patients with depression and
anxiety. A significant decrease was found in the level of CD4" T lym-
phocytes (P < 0.05) compared with the level at admission. The levels of
other factors, such as IL-2, IL-4, IL-10, TNF-a and IFN-y, were signifi-
cantly elevated (P < 0.01); the other factors (CD8T T lymphocytes, the
ratio CD4+/CD8+ and IL-6) showed no significant change before and
after psychotherapy.

3.4. Correlation between cytokines and lymphocytes and scores of PHQ-9
and GAD-7

At admission, the counts of CD4" T lymphocytes significantly
correlated with the PHQ-9 (r = 0.378, P = 0.004) and GAD-7 (r = 0.403,
P = 0.002) scores. The significant correlation of CD4/CD8 with PHQ-9
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Table 3
The psychological status and immunologic characteristics in the participants
with and without depression-anxiety status after 14 days of treatment.

Characteristic ~ Patients with depression- Patients without P
anxiety symptom (N =20)  depression -anxiety
symptom (N = 37)
PHQ-9 6.85 (5.26) 3.43 (4.06) 0.009
GAD-7 5.30 (4.86) 2.37 (3.11) 0.008
CD4+/CD8+ 2.16 (0.95) 1.87 (0.91) 0.259
CD3* 76.09 (70.21-80.85) 71.73 (63.35-77.44) 0.367
cDh4* 47.61 (8.59) 41.03 (9.32) 0.012
cD8*t 24.52 (6.76) 24.94 (8.30) 0.847
IL-2 3.73 (3.44-4.42) 3.88 (3.44-4.50) 0.913
IL-4 3.69 (0.95) 3.83(0.97) 0.593
IL-6 7.03 (5.43-10.89) 6.28 (5.13-8.06) 0.048
IL-10 5.58 (2.14) 5.66 (1.75) 0.869
IFN-y 3.27 (0.61) 3.67 (0.73) 0.048
TNF-a 3.94 (2.16) 3.79 (1.53) 0.764

Abbreviations: CD, cluster of differentiation; IL, Interleukin; IFN-y, Interferon-y;
TNF-a, Tumor Necrosis Factor-a.

Normally distributed data (CD4"/CD8+, CD4", CD8", IL-4, IL-10, IFN-y, TNF-a)
were expressed as mean and standard deviation; while data (CD3™, IL-2, IL-6)
were expressed as median and interquartile range.

P values indicated the comparison between patients with and without
depression-anxiety status.

Differences between two groups were tested using t-test for normally distributed
data and the non-normal distributed data were analyzed by Mann-Whitney U
test.

The results of cytokines (IL-2, IL-4, IL-6, IL-10, IFN-y, TNF-a) are expressed in
pg/ml; the results of T cells (CD3%, CD4", CD8") are expressed in cells/pl.

scores was reflected by r = 0.264 (P = 0.047), and that with GAD-7
scores was reflected by r = 0.282 (P = 0.034) (see Fig. 1).

After two weeks of treatment, significant associations remained be-
tween the changes in the level of CD4™ T lymphocytes and PHQ-9 scores
(r = 0.644, P = 0.002) in the patients with depression and anxiety.
Furthermore, significant correlations were found between the changes
inCD8" T lymphocytes and PHQ-9 scores (r = 0.455, P = 0.044) (see
Fig. 2). However, the changes in other cytokines and PHQ-9 scores or
GAD-7 scores showed no correlation. Additionally, there was no corre-
lation between age, severity of COVID-19, sex or PHQ-9 or GAD-7
scores.

4. Discussion

In this study, we found that over half of the population reported
different degrees of depression and anxiety, and the scores of PHQ-9 and
GAD-7 were associated with the level of CD4" T lymphocytes and the
CD4+/CD8+ ratio at admission. Moreover, patients with depression-
anxiety symptoms showed a higher level of CD4" T lymphocytes than
patients without depression-anxiety symptoms. After two weeks of
treatment, the mean scores of PHQ-9 and GAD-7 significantly decreased
as the level of CD4" T lymphocytes decreased, and the changes in CD4 "
and CD8" T lymphocytes were significantly correlated with the changes
in PHQ-9 scores. To our knowledge, although many studies have
analyzed the dysregulation of inflammatory immune responses in
COVID-19 patients, this is the first study to investigate the relationship
with mental conditions.

Mental health is related to internal and external environmental, so-
cial and psychological factors (Meegan et al., 2017). Exposure to
extreme and unavoidable situations of stress may have detrimental
consequences, including emotional outbursts and compensatory im-
mune responses in early stages, followed by endocrine, emotional and
cognitive alterations (Glaser and Kiecolt-Glaser, 2005; Wu et al., 2017;
Bonnefil et al., 2019). The T lymphocyte subpopulations, especially
CD4" T lymphocytes, are critical for immunological function. CD4" T
lymphocytes, which differentiate into different subtypes of T cells and
secrete inflammatory factors such as cytokines, interleukins and tumor
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necrosis factor after antigen stimulation, have been increasingly regar-
ded as playing an important role in the pathophysiology of mental dis-
orders and in depression-like and anxiety-like behaviors in rodents
(Beurel et al., 2013; Slyepchenko et al., 2016; Guo et al., 2017). Previous
animal studies have indicated that acute physical stress caused a sig-
nificant increase of peripheral CD4" T lymphocytes levels in mice,
which further led to a variety of behavioral abnormalities, including
anxiety, depression, and social disorders (Dhabhar 2008; Fan et al.,
2019). Studies have reported that patients with anxiety disorders
showed markedly elevated CD4" T lymphocytes and ratios of CD4" T
lymphocytes to CD8" T lymphocytes compared to the same parameters
in healthy controls (Atanackovic et al., 2004; Darko et al., 1988; Ko
et al.,, 2013; Lynall et al., 2019). Moreover, a study reported that the
levels of CD4 were significantly related to the severity of depression (r =
0.548, P < 0.05) and stress (r = 0.45, P < 0.05) among people with
HIV/AIDS (Effendy et al., 2019). Consistent with these studies, in this
study, statistically significant differences in CD4" T lymphocytes were
observed between the patients with and without depression-anxiety
symptoms, and the level of CD4" T lymphocytes was associated with
the severity of depression and anxiety. These findings appeared to
confirm the hypothesis that the immune response mechanism of patients
with affective disorders in early stages was adaptive in coping with
stressors.

Moreover, previous evidence has shown that the immune system
dynamics was improved in patients with depression and anxiety symp-
toms after psychological interventions, including mindfulness and
relaxation mental training, are salutogenic in regard to immune system
dynamics (Andersen et al., 2004; Black and Slavich 2016; Zhao et al.,
2016). Four studies enumerated lymphocytes in blood and found
changes in the count of CD4™ T cell and the ratio of CD4+/CD8+ and/or
% activated T cells after mindfulness meditation in patients diagnosed
with HIV or breast cancer compared to the T lymphocyte cell count
and/or activation in controls. Studies have revealed decreased inflam-
matory cytokines (i.e., IL-6 and IL-8) after stress management training or
mind-body therapies (Antoni and Dhabhar 2019). Interestingly, in this
study, we found a significant reduction in the level of CD4" T lympho-
cytes, which was associated with changes in the PHQ-9 score; however,
the levels of IL-2, IL-4, IL-10, TNF-a and IFN-y, contrary to other results,
were increased after psychotherapy. One of the main reasons we
considered is the particularity of the patients diagnosed with COVID-19.
Fever and respiratory symptoms are the main clinical manifestations in
patients diagnosed with COVID-19, and the systemic inflammatory
response is a dynamic process in the body. Previous studies have indi-
cated that the diagnosed patients who developed severe disease
exhibited a stronger inflammatory response and higher levels of in-
flammatory factors (Zhu et al., 2020). From this, we speculated that the
difference in our results is due to the different stages of the disease,
which is a dynamic process.

5. Limitations

There are certain limitations in our study. First, this study was con-
ducted at a single hospital in China with a relatively small sample size.
Second, because of the strong infectivity of novel coronavirus and
shortage of health staff, all mental state assessment data were collected
via self-report questionnaires, potential self-report biases cannot be
ruled out. Third, the underlying diseases and comorbidities that may
influence the levels of inflammatory cytokines and lymphocytes were
not evaluated in our study. Finally, considering the serious harm and
adverse effects of negative mood on recovery, we used a two-week
psychological intervention for all patients instead of setting a control
group, which was hard to confirm the effect of psychological interven-
tion and the ascertain psychological or immune factor is causative.



Journal of Psychiatric Research 141 (2021) 378-384

C. Wu et al.
a b
80 6
° N ° °
°
2601 o *28,8 o o° g * ® .
o ee° ° . o 54e °0
(%] o_0 ‘. (%] ®
I ®g0 '0 e0 b
o 408°® o o * L0
cl, [ J @ ... [ L
-0 SED F2d Sgo8pges, o o .
@ 20] e o a ..3 s s
° ° o o
0 T T T T T 1 0 T T T T T 1
0 5 10 15 20 25 0 5 10 15 20 25
CD4+ T lymphocytes percentage the ratio of CD4+/CD8+
c d
80 6
° . ® . °
7] [ ] 7] ®
8 607¢ ' $ o . 2 e ° *
[] [ ] ° ° [} [ ] o 4 s [}
(%] [ B o [ ] Q
7] ‘... .: 0N [ ]
~ 40 ° ~ . °® °
[a} Q_ge
< ° <2288 °© ° o o
O20] o o 0§, .! :3- *
- o o
'Y °
o T T T T T 1 o T T T T T 1
0 5 10 15 20 25 0 5 10 15 20 25
CD4+ T lymphocytes percentage the ratio of CD4+/CD8+

Fig. 1. Correlation between the CD4" T lymphocytes and the ratio of CD4+/CD8+ and the scores of PHQ-9 and GAD-7 at admission in patients with COVID-19.
(a) Correlation between CD4™" T lymphocytes and PHQ-9 scores. There are significantly positive association between CD4" T lymphocytes and PHQ-9 scores (r =

0.378, P < 0.01).
(b) Correlation between the ratio of CD4+/CD8+ and PHQ-9 scores. There are significantly positive association between the ratio of CD4+/CD8+ and PHQ-9 scores

(r =0.264, P < 0.05).
(c) Correlation between CD4" T lymphocytes and GAD-7 scores. There are significantly positive association between CD4" T lymphocytes and GAD-7 scores (r =

0.403, P < 0.01).
(d) Correlation between the ratio of CD4+/CD8+ and GAD-7 scores. There are significantly positive association between the ratio of CD4+/CD8+ and GAD-7 scores

(r = 0.282, P < 0.05).
Abbreviations: PHQ-9, Questionnaire nine-item depression scale; GAD-7, Generalized Anxiety Disorder 7-item; CD, cluster of differentiation; COVID-19, coronavirus

disease 2019.

a b
20+ 20-
[
g 154 . ° g 15 °
8 . 8 [}
® L] ® )
@ 107 ° o @ 107 o
g g
o 5.. ° Py [ ® o 5 [ ] [ ]
[ ]
) ¢8 o° ° .
OL. T T 1 0'_._._. T : 1
0 5 10 15 0 5 10 15
CD4+ T lymphocytes percentage CD8+ T lymphocytes percentage

Fig. 2. Correlation between the changes of CD4" T lymphocytes, CD8 T lymphocytes and the changes of PHQ-9 scores before and after psychological intervention in

the participants with depression-anxiety status.
(a) Correlation between the changes CD4* T lymphocytes and the changes of PHQ-9 scores. There are significantly positive association between the changes of CD4 T

lymphocytes and the changes of PHQ-9 scores (r = 0.644, P < 0.01).
(b) Correlation between the changes of CD8 T lymphocytes and the changes of PHQ-9 scores. There are significantly positive association between the changes of

CD8" T lymphocytes percent and the changes of PHQ-9 scores (r = 0.455, P < 0.05).
Abbreviations: PHQ-9, Questionnaire nine-item depression scale; CD, cluster of differentiation.
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6. Conclusion

In conclusion, we demonstrated that patients with confirmed COVID-
19 and depression-anxiety symptoms differed from those without
depression-anxiety symptoms in terms of CD4" T lymphocytes. After
two weeks of treatment, a decrease in depression scores was related with
changes in CD4" and CD8" T lymphocytes. These findings further sup-
port that lymphocytes, particularly T lymphocytes, may play a key role
in the emotional status of patients with COVID-19. It was the first
assessment of mental problems and their association with T lympho-
cytes, providing some insight into the psychoneuroimmunology of
depression and anxiety. Gaining a deeper understanding of these phys-
iological changes can allow for better recognition of the progression of
the conditions, which is of importance for the clinical mental manage-
ment of COVID-19.
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