1' frontiers
in Medicine

SYSTEMATIC REVIEW
published: 25 September 2020
doi: 10.3389/fmed.2020.558545

OPEN ACCESS

Edited by:
Abdallah Samy,
Ain Shams University, Egypt

Reviewed by:

Ahmed Mostafa,

National Research Centre, Egypt
Muzamil Mahdi Abdel Hamid,
University of Khartoum, Sudan

*Correspondence:
Ping Zhong
Xxcy230230@163.com

Specialty section:

This article was submitted to
Infectious Diseases - Surveillance,
Prevention and Treatment,

a section of the journal

Frontiers in Medicine

Received: 05 May 2020
Accepted: 28 August 2020
Published: 25 September 2020

Citation:

Lu Q, Wang Z, Yin Y, Zhao Y, Tao P
and Zhong P (2020) Association of
Peripheral Lymphocyte and the
Subset Levels With the Progression
and Mortality of COVID-19: A
Systematic Review and
Meta-Analysis. Front. Med. 7:5658545.
doi: 10.3389/fmed.2020.558545

Check for
updates

Association of Peripheral
Lymphocyte and the Subset Levels
With the Progression and Mortality of
COVID-19: A Systematic Review and
Meta-Analysis

Qun Lu', Zhengyin Wang', Yuan Yin', Yanrong Zhao', Ping Tao' and Ping Zhong?*

" Department of Laboratory Medicine, Shanghai Traditional Chinese Medicine-Integrated Hospital, Shanghai University of
Traditional Chinese Mediicine, Shanghai, China, 2 Department of Infectious Diseases, Shanghai Traditional Chinese
Medicine-Integrated Hospital, Shanghai University of Tradlitional Chinese Medicine, Shanghai, China

Current evidence is controversial in the association between peripheral lymphocyte levels
and the progression and mortality of Corona Virus Disease 2019 (COVID-19), and this
meta-analysis aimed to clarify the association. A systematic search was conducted in
public databases to identify all relevant studies, and the study-specific odds ratio (OR)
and 95% confidence intervals (Cl) were pooled. Finally, 16 studies were identified with
a total of 1,873 progressive COVID-19 cases and 5,177 stable COVID-19 cases. In
COVID-19 progression, lymphocyte levels showed a significant negative correlation (OR:
0.68, 95% ClI: 0.51-0.89), but it was not significant in the subsets of CD3+ T cells
(OR: 0.97, 95% Cl: 0.93-1.02), CD4+ T cells (OR: 0.93, 95% CI: 0.80-1.08), CD8+
T cells (OR: 0.96, 95% CI: 0.92-1.00), B cells (OR: 0.98, 95% CI: 0.92-1.04), or NK
cells (OR: 0.80, 95% CI: 0.61-1.04). In COVID-19 mortality, ymphocyte levels showed a
significant negative correlation (OR: 0.41, 95% CI: 0.20-0.85), but it was not significant
in the subsets of CD3+ T cells (OR: 0.95, 95% CI: 0.86-1.05), CD4+ T cells (OR: 1.086,
95% Cl: 0.86-1.31), CD8+ T cells (OR: 0.38, 95% CI: 0.14-1.01), B cells (OR: 0.98,
95% CI: 0.92-1.04), or NK cells (OR: 0.80, 95% CI: 0.61-1.04). In conclusion, current
evidence suggests a significant negative association of peripheral lymphocyte levels with
COVID-19 progression and mortality, but it was not significant in the subsets of CD3+ T
cells, CD4+ T cells, CD8+ T cells, B cells, and NK cells.
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INTRODUCTION

In December 2019, an outbreak of pneumonia of unknown cause occurred in Wuhan, and rapidly
spread throughout the world (1). The pathogen was confirmed to be a distinct clade of the f-
coronavirus associated with human severe acute respiratory syndrome (SARS) (2). The novel
virus was officially named SARS-CoV-2, with the disease termed COVID-19. Epidemiological data
demonstrated high infectivity in SARS-CoV-2 and high mortality in multiple cohorts. Thus, it was
important to identify laboratory parameters capable of discriminating the COVID-19 patients at
high risk of progression or mortality, which would help physicians to provide timely intervention
and improve the patients’ prognosis.

Frontiers in Medicine | www.frontiersin.org

1 September 2020 | Volume 7 | Article 558545


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2020.558545
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2020.558545&domain=pdf&date_stamp=2020-09-25
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:xcy230230@163.com
https://doi.org/10.3389/fmed.2020.558545
https://www.frontiersin.org/articles/10.3389/fmed.2020.558545/full

Luetal.

Lymphocytes and COVID-19 Progression

Lymphocytes and the subsets of T cells, B cells, and NK cells
play a key role in the maintenance of immune system function.
After SARS-CoV-2 infection, the patients were characterized by
a significant decrease of peripheral lymphocytes and the subsets
(3). However, current studies are considered controversial on
the association between peripheral lymphocyte levels at baseline
and the progression and mortality of COVID-19, and no meta-
analyses have focused on this. Thus, we conducted a systematic
review and meta-analysis to clarify the association.

METHODS

Literature Search

The databases of PubMed, China Wanfang Database, China
Knowledge Resource Integrated Database (CNKI) were searched
from inception to July 15, 2020, using key words including:
(“COVID-19” OR “Corona Virus Disease 2019”7 OR “SARS-
CoV-2” OR “2019-nCoV” OR “2019 novel coronavirus”) AND
(“fatality” OR “mortality” OR “survivor” OR “non-survivor” OR
“decease” OR “death” OR “prognosis” OR “progression” OR
“outcome” OR “risk factor” OR “efficacy” OR “recovery”). Studies
in languages other than English or Chinese were excluded.
Moreover, we also reviewed the references of related studies
and reviews for undetected studies. This study was approved
by the ethics committee of Shanghai University of Traditional
Chinese Medicine.

Study Selection and Exclusion

We selected the studies with full texts available. The studies were
included if they met the following criteria: (i) all hospitalized
patients discussed had a definite diagnosis of COVID-19; (ii)
the patients discussed were divided into the progressive group
[e.g., admission to an intensive care unit (ICU), the use of
mechanical ventilation, or death] or the stable group during
the hospitalization; (iii) the study evaluated the association
of the baseline lymphocytes levels or the main subtypes of
CD3+ T cells, CD4+4 T cells, CD8+ T cells, B cells, or NK
cells (measured by multiple-color flow cytometry with human
monoclonal antibodies) with the COVID-19 progression or
mortality; (iv) presented relative risk (RR), odds ratio (OR), or
hazard ratio (HR) estimates with 95% confidence intervals (CI).
The exclusion criteria were as follows: abstracts without full texts,
reviews, and case reports.

Data Extraction and Quality Assessment
Two authors extracted the data by a standardized collection form.
All differences were resolved by discussion. In each study, the
following information was extracted: first author, publication
year, study area, diagnostic criteria, clinical outcomes, number of
cases per group, lymphocyte types, effect sizes with 95% CI, and
adjusted factors. The Newcastle-Ottawa Scale (NOS) was used to
assess the methodological quality of the included studies.

Statistical Analysis
To compute a summary OR with its 95% CI, we used the study-
specific most adjusted OR or HR and its 95% CI in all analyses.

The heterogeneity among studies was estimated by the Q-test and
P statistic. I > 50% represented substantial heterogeneity, and
the summary estimate was analyzed by a random-effects model.
Otherwise, a fixed-effects model was applied. Publication bias
was assessed by using funnel plots and Egger’s test. All statistical
analyses were performed using the software STATA version 11.0
(StataCorp LP, College Station, TX, USA), and all tests were sided
with a significance level of 0.05.

RESULTS

Characteristics of the Included Studies

The search strategy identified 7,385 records: 6,528 from PubMed,
465 from CNKI, 322 from Wangfan, and 70 from other sources
(Figure 1). After excluding duplicated and irrelevant records, 16
studies were included in this meta-analysis with a total of 10,624
COVID-19 cases (Table 1) (4-19). Thirteen studies derived from
China, while one study came from the USA, one from Spain
and one from India. Fourteen studies were case-control designed,
and the studies by Du et al. and Petrilli et al. were prospective
designed. During the hospitalization, the cases were divided into
the progressive group (n = 1,873) and the stable group (n =
5,177). Ten studies were adjusted by multivariable analysis. In
quality assessment, the NOS scores ranged from 6 to 8, with an
average of 7.13.

Lymphocytes and COVID-19 Progression
Fourteen studies investigated the association between baseline
lymphocyte levels and COVID-19 progression, with a total of
1,651 progressive cases and 4,089 stable cases (Figure 2). The
meta-analysis indicated a significant negative association (OR:
0.68, 95% CI: 0.51-0.89, P = 0.006; I> = 77.6%, P < 0.001).
Egger’s test detected no significant publication bias (P = 0.707).

Lymphocyte Subsets and COVID-19

Progression

Three studies focused on the association between CD3+ T cells
and COVID-19 progression (207 progressive cases and 695 stable
cases), while four studies on CD4+ T cells (231 progressive
cases and 663 stable cases), seven studies on CD8+ T cells (461
progressive cases and 1,827 stable cases), one study on B cells
(102 progressive cases and 307 stable cases), and one study on
NK cells (102 progressive cases and 307 stable cases) (Figure 2).
The meta-analysis indicated no obvious association in CD3+ T
cells (OR: 0.97, 95% CI: 0.93-1.02, P = 0.190; I = 76.3%, P =
0.015), CD4+ T cells (OR: 0.93, 95% CI: 0.80-1.08, P = 0.345; I?
=80.8%, P =0.001), CD8+ T cells (OR: 0.96, 95% CI: 0.92-1.00,
P = 0.061; 2 = 92.7%, P < 0.001), B cells (OR: 0.98, 95% CI:
0.92-1.04, P = 0.482), or NK cells (OR: 0.80, 95% CI: 0.61-1.04,
P =0.092). Egger’s test detected no significant publication bias in
CD8+ T cells (P = 0.053).

Lymphocytes and COVID-19 Mortality

Eight studies investigated the association between baseline
lymphocyte levels and COVID-19 mortality, with a total
of 914 non-survivors and 3,294 survivors (Figure3). The
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FIGURE 1 | Flowchart of literature search.

meta-analysis indicated a significant negative association
(OR: 0.41, 95% CI: 0.20-0.85, P = 0.016; I> = 43.3%, P
= 0.090). Egger’s test detected no significant publication
bias (P = 0.445).

Lymphocyte Subsets and COVID-19
Mortality

Two studies focused on the association between CD3+ T cells
and COVID-19 mortality (146 non-survivors and 347 survivors),
while two studies on CD4+ T cells (146 non-survivors and 347

survivors), four studies on CD8+ T cells (368 non-survivors
and 1,322 survivors), one study on B cells (102 progressive
cases and 307 stable cases), and one study on NK cells (102
progressive cases and 307 stable cases) (Figure 3). The meta-
analysis indicated no obvious association in CD3+ T cells (OR:
0.95,95% CI: 0.86-1.05, P = 0.345; > = 17.0%, P = 0.272), CD4+
T cells (OR: 1.06, 95% CI: 0.86-1.31, P = 0.579; I> = 25.1%, P =
0.248), CD8+ T cells (OR: 0.38, 95% CI: 0.14-1.01, P = 0.052; 2
= 93.3%, P < 0.001), B cells (OR: 0.98, 95% CI: 0.92-1.04, P =
0.482), or NK cells (OR: 0.80, 95% CI: 0.61-1.04, P = 0.092).
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TABLE 1 | Characteristics of included studies.

References Area Diagnostic criteria Clinical outcomes Sample size Incident cases Indicators Effect sizes* Adjustment
Aggarwal et al. (4) India WHO interim guidance ICU admission, mechanical 32 12 Lymphocytes 0.47 (0.08-2.81) -
ventilation, death
Chen et al. (5) China  Chinese interim guidance; ICU admission 249 22 Lymphocytes 4.05 (0.89-18.50) Age, male, comorbidity, WBC, CRP,
WHO interim guidance albumin, AST, LDH, eGFR
CD4+ T cells 0.55 (0.33-0.92)
Du et al. (6) China  WHO interim guidance Death 179 21 Lymphocytes 0.273 (0.061-13.415) -

CD8+ T cells 0.251 (0.071-0.883) Age, hypertension, cardiovascular
or cerebrovascular diseases,
dyspnea, fatigue, sputum
production, headache, WBC,
neutrophils, cTnl, myoglobin,
creatinine, D-dimer, blood pressure

Guan et al. (7) China  WHO interim guidance ICU admission, mechanical 879 54 Lymphocytes 0.38 (0.13-1.06) -
ventilation, death
Yun et al. (8) China  Chinese interim guidance ICU admission 292 21 CD3+ T cells 0.996 (0.991-1.000) Neutrophils, ALT, AST, albumin,
(5th edition) LDH, creatinine, cystatin-C,
transferrin, CRP, procalcitonin,
D-dimer, creatine kinase, CK-MB,
NT-proBNP, cTnl, myoglobin
CD8+ T cells 1.006 (1.001-1.010)
Liu et al. (9) China  Chinese interim guidance Disease progression, death 78 11 Lymphocytes 0.625 (0.428-65.868) -
(4th edition)
Liu et al. (10) China  WHO interim guidance Death 245 33 Lymphocytes 0.86 (0.34-2.15) Age, sex, BMI, hypertension,
chronic liver disease, HIV infection,
COPD, smoking, respiratory rate,
ALT, creatinine, PT, D-dimer
Luoetal. (11) China  WHO interim guidance Death 1,018 201 CD8+ T cells 0.169 (0.105-0.272) Age, sex, hypertension, CHD,
diabetes, puimonary diseases
Pan et al. (12) China  Chinese interim guidance; Death 124 89 Lymphocytes 0.249 (0.090-7.550) Sex, SpO2, breath rate, diastolic
WHO interim guidance pressure, neutrophil, CRP, PCT,
LDH, D-dimer
Petrilli et al. (13) USA WHO interim guidance ICU admission, mechanical 2,725 990 Lymphocytes 0.57 (0.40-8.73) Time, age, sex, race, smoking, BMI,
ventilation, discharge to underlying diseases, temperature,
hospice, death Sp02, ALT, AST, CRP, D-dimer,
ferritin, PCT, Tnl
Death 2,737 424 Lymphocytes 0.72 (0.55-10.48)
Urra et al. (14) Spain  WHO interim guidance ICU admission 172 27 Lymphocytes 0.769 (0.687-0.861) -
CD8+ T cells 0.380 (0.152-0.950)
Wu et al. (15) China  WHO interim guidance ARDS 201 84 Lymphocytes 0.37 (0.21-0.63) -

CD3+ T cells 0.83 (0.72-0.96)

CD4+ T cells 0.74 (0.59-0.93)

CD8+ T cells 0.74 (0.53-1.04)

(Continued)
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TABLE 1 | Continued

References Area Diagnostic criteria Clinical outcomes Sample size Incident cases Indicators Effect sizes* Adjustment
Death 84 44 Lymphocytes 0.51(0.22-1.17) -
CD3+ T cells 0.81 (0.59-1.11)
CD4+ T cells 0.83 (0.51-1.35)
CD8+ T cells 0.51 (0.24-1.09)
Xu et al. (16) China  Chinese interim guidance Death 239 147 Lymphocytes 0.81(0.58-12.5) Age, malignancy, platelet, ARDS,
(6th edition) acute cardiac injury, AKI, liver
dysfunction, coagulopathy
Zhang and Han China WHO interim guidance Death 409 102 Lymphocytes 0.012 (0.001-0.128) Age, sex, diarrhea, WBC, neutrophil
(7
CD3+ T cells 0.968 (0.933-1.004) -
CD4+ T cells 1.114 (0.997-1.244)
CD8+ T cells 0.835 (0.745-0.937)
B cells 0.979 (0.923-1.039)
NK cells 0.796 (0.611-1.039)
Zhou et al. (18) China WHO interim guidance Death 191 54 Lymphocytes 0.19 (0.02-1.62) Age, D-dimer, SOFA score,
coronary heart disease
Zhou et al. (19) China  Chinese interim guidance Aggravation 17 5 Lymphocytes 0.997 (0.993-0.999) WBC, CRP, albumin, LDH, D-dimer
(5th edition)
CD4+ T cells 0.995 (0.989-1.000)
CD8+ T cells 0.993 (0.984-1.002)

WHO, World Health Organization; ARDS, acute respiratory distress syndrome; WBC, white blood cells; CRE, C-reactive protein; PCT, procalcitonin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate
dehydrogenase; eGFR, estimated glomerular filtration rate; cTnl, cardiac Troponin I; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; ARDS, acute respiratory distress syndrome; AKI,
acute kidney injury; PT, prothrombin time; NT-proBNF, N terminal pro B type natriuretic peptide; SOFA, Sequential Organ Failure Assessment.

*Effect sizes for the lowest vs. highest lymphocyte levels were adjusted to the highest vs. the lowest.
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Study OR (95% ClI) Weight %
Lymphocytes
Aggarwal A 2020 e o 0.47 (0.08, 2.79) 0.00
Chen J 2020 —— 4.05 (0.89, 18.46) 0.01
Du R 2020 * 0.27 (0.02,4.05) 0.00
Guan W 2020 —— 0.38 (0.13,1.09) 0.01
Liu W 2020 * 0.63 (0.05, 7.75) 0.00
Liu Y 2020 — 0.86 (0.34,2.16) 0.02
Pan F 2020 —_— 0.25(0.03,2.28) 0.00
Petrilli C 2020 —_—— 0.57 (0.12,2.66) 0.01
Urra J 2020 * 0.77 (0.69, 0.86) 1.05
Wu C 2020 —— 0.37 (0.21,0.64) 0.05
Xu J 2020 —_— 0.81 (0.17,3.76) 0.01
Zhang L 2020 * 0.01 (0.00, 0.14) 0.00
Zhou F 2020 —_— 0.19(0.02,1.71) 0.00
Zhou Y 2020 * 1.00 (0.99, 1.00) 17.55
Subtotal (I-squared =77.6%, p =0.000) < 0.68 (0.51,0.89) 18.72
CD3+ T cells
Ling Y 2020 ¢+ 1.00 (0.99, 1.00) 17.31
Wu C 2020 * 0.83 (0.72,0.96) 0.66
Zhang L 2020 ¢ 0.97 (0.93, 1.00) 6.63
Subtotal (I-squared = 76.3%, p = 0.015) 0.97 (0.93,1.02) 24.61
CD4+ T cells
Chen J 2020 —— 0.55(0.33,0.92) 0.05
Wu C 2020 -+ 0.74 (0.59, 0.93) 0.27
Zhang L 2020 > 1.11 (1.00, 1.24) 1.09
Zhou Y 2020 * 1.00 (0.99,1.00) 17.10
Subtotal (I-squared = 80.8%, p = 0.001) q 0.93(0.80, 1.08) 18.52
CD8+ T cells
Du R 2020 —_— 0.25 (0.07,0.89) 0.01
Ling Y 2020 L 4 1.01 (1.00, 1.01) 17.32
Luo M 2020 —— 0.17 (0.11,0.27) 0.06
Urra J 2020 — 0.38 (0.15,0.95) 0.02
Wu C 2020 - 0.74 (0.53,1.04) 0.12
Zhang L 2020 o 0.83(0.74,0.94) 1.02
Zhou Y 2020 * 0.99 (0.98, 1.00) 16.10
Subtotal (I-squared = 92.7%, p = 0.000) [ 0.96 (0.92, 1.00) 34.65
B cells
Zhang L 2020 * 0.98 (0.92,1.04) 3.31
Subtotal (I-squared =.%, p =.) 1 0.98 (0.92, 1.04) 3.31
NK cells
Zhang L 2020 -+ 0.80 (0.61,1.04) 0.20
Subtotal (I-squared =.%,p=.) Lo 0.80 (0.61, 1.04) 0.20

| |

001 1 20

FIGURE 2 | Meta-analysis of the association of peripheral lymphocytes or the subsets with COVID-19 progression.

DISCUSSION

As with SARS and MERS, lymphopenia was common in COVID-
19 patients, suggesting an impairment of the immune system
in the pathogenesis of the SARS-CoV-2 infection. In subsets,
CD4+ T cells, CD8+ T cells, B cells, and NK cells were found
with a decrease in COVID-19 patients (3). On admission, severe
cases had a lower level of lymphocytes, CD4+ T cells, CD8+
T cells, and B cells than mild cases, which was similar in SARS
(20, 21). Thus, it was thought that lymphopenia was associated
with not only COVID-19 severity but also its prognosis. However,

the multivariable analyses in several studies found no significant
association of lymphocytes with the COVID-19 progression or
mortality (4, 5, 10, 12, 13, 16, 18, 19). This aroused our attention
on whether peripheral lymphocytes or the subsets could be a
potential predictor for the COVID-19 prognosis.

Finally, our meta-analysis found a significant negative
association of peripheral lymphocyte levels with COVID-19
progression or mortality. Lymphopenia was commonly reported
in patients with COVID-19 (72%), indicating an impairment
of the immune system during the course of the SARS-CoV-
2 infection. This might be caused by direct attachment of
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Study OR (95% ClI) Weight %

Lymphocytes '

Du R 2020 *>— 0.27 (0.02, 4.05) 0.24

Liu Y 2020 —— 0.86 (0.34,2.16) 1.86

Pan F 2020 —_—— 0.25 (0.03, 2.28) 0.36

Petrilli C 2020 —_— 0.72 (0.16, 3.14) 0.78

Wu C 2020 —— 0.51 (0.22,1.18) 2.21

Xu J 2020 — 0.81(0.17,3.76) 0.72

Zhang L 2020 * ] 0.01 (0.00, 0.14) 0.30

Zhou F 2020 — 0.19(0.02, 1.71) 0.36

Subtotal (I-squared =43.3%, p = 0.090) <>I* 0.41 (0.20, 0.85) 6.83

- 1

CD3+ T cells '

Wu C 2020 -+ 0.81 (0.59, 1.11) 8.50

Zhang L 2020 . 0.97 (0.93, 1.00) 15.98

Subtotal (I-squared =17.0%, p = 0.272) :C 0.95 (0.86, 1.05) 24.48

. 1

CD4+ T cells !

Wu C 2020 —-- 0.83 (0.51,1.35) 5.14

Zhang L 2020 H ¢ 1.11 (1.00, 1.24) 14.56

Subtotal (I-squared = 25.1%, p = 0.248) RN 1.06 (0.86, 1.31) 19.71
1

CD8+ T cells l

Du R 2020 —_— 0.25 (0.07,0.89) 1.05

Luo M 2020 - 0.17 (0.11, 0.27) 5.30

Wu C 2020 — 0.51(0.24, 1.09) 2.62

Zhang L 2020 * 0.83 (0.74,0.94) 14.46

Subtotal (I-squared = 93.3%, p = 0.000) < 0.38 (0.14,1.01) 23.43
1

B cells |

Zhang L 2020 * 0.98 (0.92, 1.04) 15.68

Subtotal (I-squared =.%,p=".) i} 0.98 (0.92, 1.04) 15.68
1

NK cells |

Zhang L 2020 + 0.80 (0.61, 1.04) 9.88

Subtotal (I-squared =.%,p=".) <P 0.80 (0.61, 1.04) 9.88

T ' |
.001 1 5
FIGURE 3 | Meta-analysis of the association of peripheral lymphocytes or the subsets with COVID-19 mortality.

SARS-CoV-2 or indirect immune injuries from inflammatory
responses. On the other hand, the infiltration of peripheral
lymphocytes into the inflamed lung tissues could also result in the
decrease in lymphopenia. Thus, the baseline and post-treatment
alteration of peripheral lymphocyte levels were thought to be
reliable indicators of COVID-19 progression or mortality.
However, no subsets showed a significant association with
COVID-19 progression or mortality. These findings were similar
to the results in the Wang et al. study (3). In their study,
the subsets of CD4+ T cells, CD8+ T cells, B cells, and NK
cells decreased in COVID-19 patients, and severe cases had a
lower level than mild cases. However, the baseline levels of the
subsets showed no association with the clinical outcomes after
one-week of treatment. Nevertheless, post-treatment decrease
of CD8+ T cells and B cells and increase of CD44/CD8+
ratio were independent predictors for poor efficacy. This might
contribute to the ubiquity of lymphopenia in COVID-19, which

reduced its specificity in prognostic prediction. Secondly, the
patients with lower lymphocyte levels tended to have a severe
infection, which caused a general inflammatory status and a more
severe disease evaluation. For those patients, anti-inflammatory
treatment showed a good efficacy, and the patients with a slow
or meager response to the inflammation were more likely to
development refractory diseases. This could also explain the
findings by the Mo et al. study that the patients without fever
on admission were at high risk of poor efficacy (22). Thus, it
was not the baseline levels of the subsets but the post-treatment
alteration that might be reliable indictors for the prediction of
COVID-19 progression or mortality. On the other hand, we only
investigated the subsets of T cells, CD4+ T cells, CD8+ T cells, B
cells, and NK cells, and the other subsets might have an obvious
change, involving naive, central memory, effector memory, and
terminally differentiated cells, as well as regulatory T cells and
PD1+tCD57% exhausted T cells (23, 24).
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This meta-analysis had several strengths. Firstly, to the best
of our knowledge, this was the first meta-analysis to evaluate
the association between peripheral lymphocyte levels and the
progression and mortality of COVID-19. Secondly, we included
the subsets of CD3+ T cells, CD4+ T cells, CD8+ T cells, B
cells, and NK cells, and investigated not only the association with
COVID-19 progression but also with the mortality. However,
several limitations in this study should be considered. Firstly,
the number of cases and controls in some studies was relatively
small. Secondly, the obvious heterogeneity between studies was
observed. Thirdly, the analyses of some subsets were limited in
the number of included studies.

In conclusion, current evidence suggests a significant negative
association of peripheral lymphocyte levels with COVID-19
progression and mortality, but it was not significant in the subsets
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