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Background: The status of T lymphocyte subset counts in patients with COVID-19 remains uncertain. This study aimed to assess
alterations in peripheral blood CD3+CD8+T (CD8+T) cells among hospitalized COVID-19 patients who have not received antiviral
treatment and to evaluate their prognostic value within this patient population.

Methods: A single-center, retrospective cohort study and a meta-analysis were conducted. The cohort study was performed at
Xiangya Hospital from December 5, 2022, to January 31, 2023. We conducted a meta-analysis to explore the association between
peripheral blood CD3+CD8+T cells and mortality in COVID-19 patients who did not receive antiviral therapy. All relevant studies in
Embase, PubMed, Web of Science databases were systematically searched for meta-analysis.

Results: The retrospective cohort study included 201 patients. A significant decrease in peripheral blood CD8+ T cell count was found
to be associated with an increased risk of mortality (adjusted odds ratio [aOR]: 13.88; 95% confidence interval [CI]: 3.15-61.23), after
adjusting for gender, age, comorbidities, severity at admission, steroid therapy, and antibiotic therapy. The threshold value for CD8+T
cell counts, determined by the receiver operating characteristic (ROC) curve analysis, was 145.5 (area under the curve [AUC]: 0.828,
specificity: 90.3%, sensitivity: 72.9%, P<0.001). Additionally, A total of 7 studies with 2765 participants were included in the meta-
analysis. The meta-analysis reveals a significant association between lower CD8+ T cell counts and mortality (odds ratio [OR] = 3.543,
95% CI: 1.726 to 7.272; 1’=93%).

Conclusion: Peripheral blood CD8+ T cell can serve as a valuable prognostic biomarker for hospitalized patients who do not receive
antiviral treatment.
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Introduction

Since December 2019, the coronavirus disease 2019 (COVID-19) pandemic caused by the novel coronavirus SARS-CoV
-2 has imposed a substantial global public health burden, resulting in over 6.89 millions deaths to data.! As the pandemic
persists, the virus undergoes continuous genome mutation and reassortments, potentially influencing its infectivity,
transmission, and pathogenicity.” Currently, the dominant variant, Omicron strain, displays the concerning ability to
evade neutralizing antibodies.” Consequently, the focus has shifted from solely presenting infections prevention to
effectively reducing the incidence of severe cases and mortality rates in managing pandemic.”
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The adaptive immunity response plays a crucial role in the pathogenesis, progression, and prognosis of COVID-19
patients.”® CD3+CD8+T (CD8+T) cells, as a fundamental component of adaptive immunity, exhibit vital functions in
eliminating virus-infected cells and producing effector cytokines.®’ However, despite three years having elapsed since
the first reported COVID-19 case, with Omicron strain of the SARS-CoV-2 virus emerge and spread, it remains to be
concerned regarding potential alterations in T lymphocyte subset counts in COVID-19 patients. Although the World
Health Organization recommends various antiviral drugs for COVID-19 treatment,” the global demand often surpasses
the available supply. Therefore, further clinical evidence is needed to confirm the association between CD8+T cells and
mortality risk, enabling the identification of high-risk COVID-19 patients for early access to antiviral treatment,
ultimately improving survival rates and optimizing drug utilization.

In this study, we present a comprehensive summary of the latest clinical research data from COVID-19 patients who
did not receive antiviral treatment. Additionally, we employ a meta-analysis approach to systematically investigate CD8+
T cells as potential biomarkers for predicting mortality risk in this specific patient population. The findings of this study
provide valuable insights to a better understanding of COVID-19 patients and contribute guidelines for early clinical
diagnosis, treatment and the improvement of patient’s prognosis.

Methods

Study Population

We performed a retrospective, single-center cohort study at Xiangya hospital from December 5, 2022 to January 31,
2023. The study was conducted with strict inclusion, included hospitalized patients who 1) were hospitalized patients
with positive real-time fluorescent Polymerase Chain Reaction (RT-PCR) for SARS-CoV-2 infection; 2) age 18 years and
above; 3) did not receive antiviral treatment; and 4) with outcome of peripheral blood T lymphocyte subsets test by flow
cytometry (BD, USA). Patients who younger than 18 years, with oral antiviral drug and no flow cytometry measurement
were excluded. Our research has been approved by the institutional review committee of Xiangya hospital, Central South
University (202,002,024). No informed consent was required for this retrospective cohort, anonymized study. In addition,
we conducted a meta-analysis to explore the association between peripheral blood CD3+CD8+T cells and mortality in
COVID-19 patients who did not receive antiviral therapy.

Data Collection and Search Strategy

We retrieved electronic health records of COVID-19 patients from the inpatient system of Xiangya Hospital, which
included demographic characteristics, admission date, time from symptom onset to admission, pre-existing conditions,
prescription and drug dispensing records, laboratory tests, ICU admission, and date of discharge or death. Collected data
were recorded consecutively until the planned time point. All data were anonymously collected by experienced
researchers.

The meta-analysis was conducted according to the PRISMA guidelines (Preferred reporting items for systematic
reviews and meta-analyses).” We systematically searched Embase, PubMed, Web of Science databases for all related
literature works. The final search was updated on November 11, 2023, using the terms “COVID-19”, “SARS-CoV-2”,
“CDB8-Positive T-Lymphocytes”, “CD8+T cell”. The publication language was restricted to Chinese and English. The
original and review articles were manually identified, and the references that met the requirements were included in this
study.

Statistical Analysis

Continuous variables were shown as median and interquartile range (IQR), and compared by the Mann—Whitney test
since most laboratory data was with skewed distribution. Categorical variables were presented as counts and proportions,
and compared by Chi-square test or Fisher’s exact test. The logistic regression model was used to eliminate the impact of
confounding variables. We adopted ROC curve to find the warning values of CD8+ T cell to predict in-hospital death.
The reference range of normal CD8+ T cell was based on the standard of Xiangya Hospital (5).
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Meta Analysis

The studies were eligible if they adhered to the following criteria: (1) publication in English language, (2) studies including
associations between peripheral blood CD8+T cells and mortality, (3) recruit patients with COVID-19 and without any
antiviral treatment. Two authors (YM S and PL L) independently performed the literature search and data extraction according
to the inclusion criteria. All disputes between the two authors were resolved by discussion with the third author (LF Z). Studies
selection is based on title and abstract, with full text reviewed as necessary. The following data were extracted from studies that
met the inclusion criteria: countries of the studies, number of participants, time period, the counts of peripheral blood
lymphocyte and its subsets. We performed a meta-analysis to summarized the results as odds ratio and 95% confidence
interval® was used to assess heterogeneity among included studies, and we choose a random effect model to combine the
results to reduce the influence of heterogeneity. All statistical analyses were performed with SPSS (version 26.0, IBM), and
R (version 4.3.0). The level of significance was two-tailed 0.05 for statistical tests.

Results
Demographic and Clinical Characteristics of Hospitalized COVID-19 Patients Without

Antiviral Treatment
A total of 2118 hospitalized patients with confirmed SARS-CoV-2 infection were consecutively collected, and 201 patients
fulfilled the inclusion criteria and were included in the final analysis (Figure 1). Among them, there were 129 males and 72
females, with a mean age of 68.0. The most common symptoms reported by the patients were dry cough (82.1%),
expectoration (68.7%) and fever (61.7%). Hypertension was the most frequent preexisting condition, observed in 42.3% of
the patients. Upon admission, majority of the patients presented with a severe condition (66.7%). Moreover, 73.6% patients
received nasal cannula oxygen support and antibiotics treatment. Detailed clinical characteristics are provided in Table 1.
During the hospitalization period, a total of 31 patients unfortunately died. As shown in Table 1, the deceased patients
were older than those who were discharged (P<0.05), and there was a higher proportion of males in the died group
(P<0.05). Oxygen support via nasal cannula was more prevalent among the discharged group, whereas a greater number
of patients in died group required high-flow oxygen or invasive mechanical ventilation (P<0.001). Significant difference
was also observed in various laboratory parameters, including WBC, Neutrophil, Eosinophil, CRP, IL-6. The median
values of Lymphocyte, CD3+ T-cell, CD4+ T-cell, CD8+ T-cell, B-cell, and NK-cell in the died group were notably

Identification of studies via databases and registers

Hospitalized patients with COVID-19 g Records identified from: Records removed before screening:
during Dec 05, 2022 to Jan 31, 2023 ‘§ Datat Records marked as ineligible by
(N=2118) b= (PubMed n =255 ion tools (n = 1490)
g Web of science n=538 Duplicate records removed
= Embase n=3416) (n=496)
“—  Exclude for age < 18 (N=83) l
N . Records excluded after screening
the title and abstracts
(n=2229) (n=2195)
Adult patients with COVID-19 (N=2035) l
g
‘g Reports sought for retrieval Reports not retrieved
N Exclude for oral antiviral drug (N=1013) 5 (n=34) (0=3)
COVID-19 patients without antiviral therapy (N=1022) Reportsl z{sssssed for Reports excluded:
ehgxlnhty The association between CD8+T
(@=31) cells and death was not
investigated (n = 15)
In vivo or in vitro studies (n = 4)
<«—— Exclude for no flow cytometry measurement (N=821) No mortality outcome (n = 6)
§ Studies included in meta-
) . =] analysis
Enrolled in analysis cohort (N=201) ﬁ =6)
R Meta-analysis |<
Figure | Flowchart of patient recruitment.
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Table | Characteristics of Included Patients

Overall Discharge Died P *Value

(n=201) (n=170) (n=31)
Gender (M) 129(64.2) 102(60) 27(87.1) 0.004
Age 68.0[56.0,79.0] 67.0[55.0,76.5] 78.0[66.0,83.0] 0.003
Symptoms, n (%)
Dry cough 165(82.1) 139(81.8) 26(83.9) 0.779
Expectoration 138(68.7) 118(85.5) 20(14.5) 0.589
Fever 124(61.7) 106(62.4) 18(58.1) 0.651
Polypnea 90(44.8) 73(42.9) 17(54.8) 0.221
Poor appetite e 75(37.3) 66(88.0) 9(12.0) 0.300
Fatigue 79(39.3) 69(40.6) 10(32.3) 0.382
Stuffiness 40(19.9) 37(21.8) 3(9.7) 0.121
Myalgia 21(10.4) 19(11.2) 2(6.5) 0.748
Dyspnea 20(10.0) 17(10.0) 3(9.7) 1.000
Headache 8(4.0) 7(4.1) 1(3.2) 1.000
Preexisting condition, n (%)
Hypertension 85(42.3) 67(39.4) 18(58.1) 0.053
Diabetes mellitus 47(23.4) 40(23.5) 7(22.6) 0.909
Coronary disease 41(20.4) 35(20.6) 6(19.4) 0.875
Cancer 15(7.5) 11(6.5) 4(12.9) 0.257
COPD 13(6.5) 10(5.9) 3(9.7) 0.428
Severity, n (%) 0.053
Severe 134(66.7) 118(88.1) 16(11.9)
Mild to moderate 67(33.3) 52(77.6) 15(22.4)
Oxygen support, n (%)
Nasal cannula 148(73.6) 142(83.5) 6(19.4) <0.001
High-flow oxygen 20(10.0) 8(4.7) 12(38.7) <0.001
Invasive mechanical ventilation 24(11.9) 3(1.8) 21(67.7) <0.001
Mask oxygen 15(7.5) 10(5.9) 5(16.1) 0.061
Medication, n (%)
Antibiotics 107(53.2) 88(51.8) 19(61.3) 0.328
Systemic steroid 64(31.8) 51(30.0) 13(41.9) 0.190
Laboratory parameters
WBC (10°/L) 6.85[4.70, 9.70] 6.30[4.60,9.35] 9.30[7.00,13.70] 0.001
Neutrophil (10°/L) 5.15[3.20, 8.08] 4.50[2.85,7.00] 8.10[5.50,13.00] <0.001
Eosinophil (10%/L) 0.03[0,0.10] 0.05[0,0.12] 0[0,0.03] <0.001
Basophil (10°/L) 0.02[0.01,0.04] 0.02[0.01,0.04] 0.01[0.01,0.04] 0.342
CRP (mg/L) 30.40[6.75, 79.30] 24.45[5.78,60.88] 110.97[57.10,156.86] <0.001
IL-6 (pg/mL) 7.88(2.42, 23.02) 6.30[2.00,17.93] 23.65[10.86,176.20] <0.001
IL-10(pg/mL) 5.00(3.14, 5.13) 5.00[3.09,5.00] 7.44[2.53,44.00] 0.196
T lymphocyte subsets
Lymphocyte (/uL) 900.00[500.00,1300.00] | 1000.00[600.00,1400.00] | 300.00[300.00,600.00] | <0.001
CD3+ T (/uL) 574.00[294.50, 880.50] | 637.00[416.75,917.25] 182.00[115.00,433.00] | <0.001
CD4+ T (/uL) 344.00[152.00, 533.50] | 401.00[231.25,568.00] 126.00[60.00,264.00] <0.001
CD3+CD8+T (/uL) 191.00[106.50, 315.50] | 221.50[132.00,348.75] 70.00[30.00,126.00] <0.001
CD4+/CD8+ 1.65[1.08, 2.60] 1.60[1.08,2.52] 2.03[1.11,3.62] 0.065
B cell (ful) 111.00[52.75, 182.50] 117.00[60.00,186.00] 56.00[38.00,160.50] 0.029
NK cell (/uL) 124.50[64.75, 199.50] 133.00[81.00,204.50] 45.00[28.50,139.00] <0.001

Notes: P value < 0.05 and characteristics subheadings are bolded. *Compared between discharge and died.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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lower compared to the discharged group (P<0.05). Moreover, the median concentration of CRP and IL-6 in the deceased
patients was nearly four times higher than that in the discharged patients.

Correlation Between Peripheral Blood CD8+T Cell Count and Mortality Risk in
Hospitalized COVID-19 Patients Without Antiviral Treatment

Next, our analysis demonstrated a significant correlation between a decrease in CD8+T cell count in peripheral blood and
an increased the risk of mortality. This association was significant after adjusting for factors such as adjusted for gender,
age, comorbidities, and severity at admission, steroid therapy, antibiotic therapy (adjusted odds ratio aOR: 13.88; 95%
confidence interval CI: 3.15-61.23). The receiver operating characteristic (ROC) curve analysis revealed a threshold
value of 145.5 for CD8+T cell counts, with an area under the curve (AUC) of 0.828, a specificity of 90.3%, and
a sensitivity of 72.9% (P<0.001) (Figure 2).

We conducted a meta-analysis to further validate the associations between peripheral blood CD8+T cells and
mortality. The latest version of the PRISMA flowchart shows the literature screening process used in our report
(Figure 1). A total of 4209 potentially relevant studies were identified in the literature search, and finally seven studies
were collected for further analysis.”'®'* The basic characteristic of the included literatures is presented in Table 2. The
included literatures comprise 2765 individuals, which are published between 2019 to 2023, and conducted in the China
and Spain. The pooled analysis consistently demonstrated a significant association between lower CD8+T cell counts and
mortality risk (odds ratio OR =3.543, 95% CI: 1.726 to 7.272; 12=93%) (Figure 3).

Discussion
This study provides a concise overview of the clinical characteristics of 201 COVID-19 patients who did not receive
antiviral treatment, incorporating a meta-analysis of five studies. Surprisingly, a significant decrease in peripheral blood
CD8+ T cell count was observed, emerging as a significant predictor of mortality risk in COVID-19 patients without
antiviral treatment.

Peripheral blood CD8+ T cell have been implicated in predicting the prognosis of various diseases, including untreated
extensive small cell lung cancer, infection event in patients undergoing peritoneal dialysis, and the risk and mortality of critically

ROC curves
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0.6
2
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7
=
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0.2
0.0
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Figure 2 The receiver operating characteristic (ROC) curve analysis revealing the threshold value for CD8+T cell counts.

Infection and Drug Resistance 2024:17 heeps: 113

Dove:


https://www.dovepress.com
https://www.dovepress.com

aa0(q

141

:sdyyy

/1:$70T ddueisisay Snuq pue uondsu|

Table 2 Characteristics of the Included Studies

Studies Country | Time Period No. of Lymphocyte | CD3+ T (/luL) | CD4+ T (/uL) CD8+T (/uL) CD4+/CD8+ T B cell (/uL) NK cell (/uL)
Patients (/uL)
No antiviral China 2022.12-2023.01 | 201 900.0 574.00[294.50, 344.00[152.00, 191.00[106.50, 1.65[1.08, 2.60] 111.00[52.75, 124.50[64.75,
cohort (500.0,1300.0) | 880.50] 533.50] 315.50] 182.50] 199.50]
Molina et al'® | Spain 2020.03-2020.05 | 701 930 622 [408,855] 391 [260,542] 199 [120,313] 191 [1.30,2.76] 113 [67,166] 162 [107,251]
[665,1265]
Yeetal' China 2020.01-2020.03 | 84 - - - - - - -
Du et al'? China 2019.12-2020.02 | 179 800 - 114.3 75.5 - - -
[600,1100] [62.9,195.3] [45.5,125.0]
Xu et al® China 2019.12-2020.03 | 187 628.0 [356.5, 357.0 [202.5, 222.0 [107.5, 116.0 [75.5, 1.75 [0.99, 2.46] 89.0 [53.0, 85.0 [49.5,
841.0] 556.5] 323.5] 205.0] 140.5] 140.0]
Wen et al'? China 2020.03 395 1100 - 410.0[265.0— 246.0[154.0— 1.6 [1.2-2.2] - -
[800,1500] 567.0] 348.0]
Luo et al'* China 2020.01-2020.03 | 1018 - 690-2540 410-1590 190-1140 0.71-2.78 - -
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Study logRR SE(logRR) Risk Ratio RR 95%-Cl  Weight
No antiviral cohort-2023  2.6304 0.7569 -—o—— 13.880 [3.148;61.193] 10.7%
Molina-2020" 0.6831 0.2581 —= 1.980 [1.194; 3.283] 17.8%
Ye-2023" 0.0030 0.0071 . 1.003  [0.989; 1.017] 19.5%
Du-2020" 1.3818 0.6417 —_— 3.982 [1.132; 14.006] 12.2%
Xu-2020° 2.3869 0.8182 —_— 10.880 [2.189;54.081] 9.9%
Wen-2020" 1.1503 0.6682 —+ 3.159  [0.853; 11.703] 11.9%
Luo-2020" 1.7800 0.2438 —— 5.930 [3.677; 9.563] 18.0%
Random effects model — 3.543 [1.726; 7.272] 100.0%
r T T 1
0.1 05 1 2 10

Heterogeneity: /% = 93%, t° = 0.6889, p < 0.01

Figure 3 Forest plot showing the association of lower CD8+T cells with death in COVID-19 patients. Subheadings and significant results are bolded.

ill immunocompromised patients with invasive pulmonary aspergillosis.">'® Multiple studies have reported a significant
reduction in T lymphopenia subsets, especially CD8+ T cell.'>*° In our study, both multivariate logistic regression and meta-
analysis confirmed that decreased counts of peripheral blood CD8+ T cells were significantly associated with death in patients
without antiviral therapy. This finding not only assigns a new role to CD8+ T cells in disease prediction but also establishes them
as a new reliable peripheral blood biological marker for preventing COVID-19 death and critical illness.

Moreover, it is worth noting that CD8+ cells play a critical role in antiviral defense and targeted elimination of
infected cells.>' >* Therefore, we speculate that the increased risk of death in COVID-19 patients with a low proportion
of peripheral blood CD8+ T cells may be attributed to compromised immunity and reduced anti-infective ability. Further
investigations, both at the cellular and molecular levels, are needed to elucidate the specific mechanism involved.

To our knowledge, this is the first study that compared the levels of T lymphocyte subsets in COVID-19 patients at different
infectious periods, and through Meta-analysis to explore the association between CD8+ T cells and death in patients with
COVID-19. Our research has some unavoidable limitations. First, it was a retrospective and single center study, which would
affect the reliability of the data, whereas the meta-analysis outcome is consistent with our conclusion. Second, the association of
other T cell subsets and laboratory indicators with COVID-19 patient outcomes was not explored. Last, the specific reason for
hospitalization of mild to moderate cases of COVID-19 is not clear and lack the documentation of duration of symptoms and time
of sample collection. Multi-Centre clinical studies with larger samples and long follow-up are needed in the future.

In conclusion, peripheral blood CD8+T cell can act as a prognostic biomarker for hospitalized patients without
antiviral treatment, which may help physicians identify high-risk patients as soon as possible, provide early antiviral

treatment and improve drug utilization.
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