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Introduction
The clinical manifestations of COVID-19 vary from asympto-
matic to life-threatening acute respiratory distress syndrome 
and multi-organ failure. COVID-19 patients who were criti-
cally ill, especially those requiring intensive unit care, had a 
high mortality rate.1-3 It is imperative to identify risk factors 
associated with disease progression and prognosis in order to 
reduce the mortality in COVID-19. Immune responses play an 
important role in the host’s defense against virus and patho-
logical damage to the host.4,5 Study of the immune responses 
in COVID-19 patients will help our understanding of the 
immunological mechanisms of SARS-CoV-2 infection so as to 
develop effective preventive and therapeutic strategies. We 
conducted a retrospective study on peripheral blood lympho-
cytes (PBLs) and their dynamics in the COVID-19 patients 
admitted to intensive care unit (ICU) in relation to the clinical 
outcomes.
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ABSTRACT

BACkgROUnD: Coronavirus disease 2019 (COVID-19) patients with severe disease had a high mortality rate. It’s imperative to identify risk 
factors associated with disease progression and prognosis. Immune responses played an important role in the host’s defense against the 
virus. We studied the dynamics of peripheral blood lymphocytes (PBLs) in relation to the clinical outcome in COVID-19 patients in intensive 
care unit (ICU).

DeSIgn: This cohort included 342 COVID-19 patients who were admitted to ICU between February 1 and May 30, 2020, with 178 having 
follow-up PBL analysis. The patients were divided into a group that survived and an expired group. PBL analysis was performed by flow 
cytometry.

ReSUlTS: At time of initial flow analysis, there were no statistically significant differences in lymphocyte, T-cell and subsets, B-cell or natu-
ral killer (NK) cell counts between the 2 groups. However, during the ICU course, the surviving group demonstrated a full recovery of CD3+ 
T-cells, CD4+ T-cells, and CD8+ T-cells, with no significant change in B-cells, and a slight upward trend in NK-cells. In contrast, the expired 
group showed no recovery in T-cells (and subsets) and no significant changes in B-cells and NK-cells. We identified the earliest time points 
and cut-off values for T-cell subsets that predict clinical outcomes.

COnClUSIOn: The results of this study suggest that evaluation of PBL in COVID-19 patients could be valuable in the study of the immune 
responses to the disease and the prognostication of outcome.
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Materials and Methods
Patient consent statement

This study received approval for all experimental protocols by 
the Institutional Review Board (IRB) of the Human Research 
Protection Program licensing committee at Northwell Health. 
All methods were carried out in accordance with all guidelines 
and regulations. Patient consent was not required by the insti-
tutional review board (IRB) committee due to the retrospective 
nature of the study (Northwell Health IRB number: 20-0200).

Patient and data collection

This is a retrospective study of 342 patients who were diag-
nosed with COVID-19 and treated in intense care unit in the 
period between February 1 and May 31, 2020 at the Northwell 
Health System, New Hyde Park, New York, USA. The patients 
were divided into 2 groups based on the clinical outcomes: the 
alive group (171 patients) and the expired group (171patients).

Infection with SARS-COV-2 was confirmed by real-time 
reverse transcription polymerase chain reaction (RT-PCR) 
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performed on nasopharyngeal swab specimens. All the patients 
were admitted to the ICUs in our 2 tertiary hospitals –North 
Shore University Hospital and Long Island Jewish Medical 
Center. The demographic information and relevant laboratory 
findings were retrieved from Northwell laboratory quality 
assurance databases. The retrieved laboratory data at admission 
and along the disease course included white blood cell (WBC), 
lymphocyte and subsets, neutrophil, monocyte, eosinophil, 
basophil, red blood cell (RBC), hemoglobin (Hb), hematocrit 
(HCT), serum lactate dehydrogenase (LDH), activated partial 
thromboplastin time (aPTT), prothrombin time (PT), fibrino-
gen, D-dimer.

Flow Cytometry Analysis of PBL
Flow cytometry was performed to quantitate PBL and subsets. 
Cells were stained with a panel of fluorescently labeled, mouse 
anti-human monoclonal antibodies including CD3, CD4, 
CD8, CD19, CD16, and CD56. The analysis was performed 
using FACSDiva software (Becton-Dickenson Biosciences, 
San Jose, CA). Initial point was defined as a time when the first 
flow cytometry analysis was conducted while end point was 
defined as a time when the last flow cytometry analysis was 
conducted. All the cases had at least 1 set of T-cell subset value. 
Of the 342 cases, 178 cases had at least 2 sets of flow cytometry 
data for CD3+ T-cell, CD4+ T-cell, CD8+ T-cell at differ-
ent time points of the clinical course. For T-cell subsets, we 
compiled enough cases to perform dynamics analysis for 
15 days, with all but two of the time points including at least 20 
cases for the alive group and at least 10 cases for the expired 
group. We performed dynamic analysis for 10 days on 75 cases 
(41 alive cases and 34 expired cases) with CD19+ B-cell count 
and 75 cases (41 alive cases and 34 expired cases) with NK cell 
count

Statistical Analysis
Data generated from the study were analyzed with GraphPad 
Prism and expressed as medians and interquartile ranges (IQR) 
or mean ± standard error (SE), as appropriate, and compared 
using independent group Student’s t-test. A p value of <.05 
was considered statistically significant. The receiver operating 
characteristic (ROC) curve and area under the curve (AUC) 
were used to assess the sensitivity and specificity of variables in 
the prediction of clinical outcome in COVID-19 patients. Cox 
regression uni- and multi- factor analysis were performed to 
identify risk factors associated with outcomes. The ROC, 
AUC, and Cox regression were performed on IBM SPSS 
Version 27, 27.0.1.0.

Results
Clinical and laboratory characteristics of the 
COVID-19 ICU patients

The clinical and relevant laboratory characteristics at ICU 
admission are summarized in Table 1. The mean age was 

62.5 years for the whole cohort, 66.0 years for the expired group, 
and 59.0 years for the alive group. The male to female ratio was 
1.1:1 for the whole cohort, 0.9:1 for the alive group, and 1.4:1 
for the expired group. There was no significant correlation 
between age and clinical outcome (p > .05). The 2 groups all 
had prolonged PT, prolonged aPTT, elevated levels of fibrino-
gen, D-dimer and LDH. The expired group also had leukocy-
tosis and neutrophilia. The mean lymphocyte count was within 
normal reference range but less than 1500/uL in both groups. 
Statistical analysis revealed that the expired group had signifi-
cantly higher levels of WBC (p < .01), aPTT (p < .03), LDH 
(p < .03), D-dimer (p < .04), and significantly lower level of 
HCT (p < .01) than the alive group. But there were no signifi-
cant differences in neutrophil, lymphocyte, monocyte, eosino-
phil, basophil, RBC, Hb, PT, and fibrinogen levels between the 
2 groups.

PBL alterations during ICU hospitalization in the 
COVID-19 patients

There were 178 cases (100 alive and 78 expired) with at least 
2 sets of flow cytometry data for T-cell subsets at different 
time points including the initial point and the endpoint. At 
the initial point, in both groups, the mean CD3+ T-cell and 
CD4+ T-cell counts were both below the reference ranges, 
whereas the mean CD8+ T cell, B cell, and NK cell counts 
were all within the reference ranges. There was no signifi-
cant difference in initial CD3+ T-cell, CD4+ T-cell, 
CD8+ T-cell, B-cell, or NK cell between the 2 groups. At 
the endpoint, the alive group had significantly higher num-
ber of CD3+ T-cell (p < .01), CD4+ T-cell (p < .01), and 
CD8+ T-cell (p < .01) than the expired group (Figure 1). In 
the alive group, there was significant increase in CD3+ 
T-cell (p < .01), CD4+ T-cell (p < .01), or CD8+ T-cell 
(p < .01) at the end point compared to the initial point 
(Figure 1).

Dynamics of PBLs during the ICU hospitalization 
of COVID-19 patients

The dynamics of PBLs during the ICU hospitalization of 
COVID-19 patients were analyzed. In the alive group, CD3+ 
T-cell started increasing at day 2, reached the normal level at 
day 8, peaked at day 10, and then gradually decreased and 
plateaued at a normal level (Figure 2a). CD4+ T-cell dis-
played a similar pattern in the early days but did not reach the 
normal range until day 10. After day 10, CD4+ T-cell showed 
a continuous decrease before rebounding at day 13 to 15 
(Figure 2b). CD8+ T-cell was above the normal range over 
the clinical course, showed a significant increase after day 7, 
and peaked at day 10 followed by a decrease (Figure 2c). In 
the expired group, CD3+ T-cell and CD4+ T-cell were con-
sistently below the normal ranges over the clinical course 
while CD8+ T-cell count was slightly below or close to the 
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normal level. There was a transient increase in CD4+ T-cell 
between day 11 and day 15 in the expired group (Figure 2a-c). 
Statistical analysis revealed that the dynamics started to show 
significant difference between the 2 groups at day 7 for 
CD3+ T cell and CD8+ T and at day 8 for CD4+ T-cell. At 
day 2, there were statistically significant differences in CD3+ 
T-cell, CD4+ T-cell, and CD8+ T-cell counts between the 
2 groups (Figure 2a-c). The CD19+ B-cell count was ini-
tially elevated and then became relatively stable in the alive 
group but showed fluctuation with 2 peaks (at day 4 and day 
7) in the expired group (Figure 2d). Overall, the CD19 
dynamics showed no significant difference between the 2 
groups. NK cell levels displayed a slight upward trend with a 
peak at day 5 in the alive group, but lower and more stable in 
the expired group (Figure 2e). However, the overall dynamics 
were not significantly different between the 2 groups.

Table 1. Clinical and laboratory characteristics of the COVID-19 ICU patients at admission.

LAB VALUES ALIVE EXPIRED p VALUE REfERENCE

MEAN ± SEM MEAN ± SEM RANGE

Gender .453*  

female 91 71  

Male 80 100  

Age 61.50 ± 0.97 66.40 ± 1.20 .179  

RBC count 4.35 ± 0.08 4.22 ± 0.18 0.280 3.85-5.20 × 106/uL

Hemoglobin 11.90 ± 0.19 10.70 ± 0.63 .002 11.5-15.5 g/dL (f)

13.0-17.0 g/dL (M)

Hematocrit 35.07 ± 7.46 31.07 ± 8.99 .210 34.5-45.0% (f)

39.0-50.0% (M)

White blood cells 9.56 ± 0.71 17.68 ± 4.13 .001 3.80-10.50 K/uL

Neutrophils# 6.87 ± 0.45 11.39 ± 0.69 .280 1.80-7.40 K/uL

Lymphocytes# 1.43 ± 0.07 3.44 ± 2.55 .001 1.00-3.30 K/uL

Monocytes# 0.70 ± 0.59 0.76 ± 0.64 .014 0.00-0.90 K/ul

Eosinophils# 0.19 ± 0.02 0.09 ± 0.02 .042 0.00-0.50 K/uL

Basophils# 0.05 ± 0.01 0.03 ± 0.00 .424 0.00-0.20 K/uL

PT 15.32 ± 0.38 18.29 ± 1.18 .001 10.6-13.6 s

PTT 38.09 ± 1.13 59.51 ± 4.15 .001 27.0-36.3 s

fibrinogen 719.69 ± 23.16 779.04 ± 38.16 .140 290-520 mg/dL

D-dimer 2016.67 ± 396.80 3709.58 ± 731.50 .028 ⩽229 ug/mL

LDH 446.00 ± 43.71 660.00 ± 4.90 .030 135-225 U/L

Abbreviations: #, absolute count; LDH, lactate dehydrogenase; PT, prothrombin time; PTT, partial thromboplastin time; RBC, red blood cell; SEM: standard error of the mean.
*The statistic test for gender is a Chi-square test. T-test was used for the rest of parameters.
The bold p values are those < 0.05.

Six individual cases with more than 20 days’ follow-up, 
including 3 alive patients and 3 expired patients were also iden-
tified. The dynamics of CD3+ T-cell, CD4+ T-cell, and 
CD8+ T-cell were significantly different between the alive 
patients and the expired patients. All the alive patients had 
complete recovery of CD3+ T cell, CD4+ T cell, and CD8+ 
T cell at discharge, whereas the expired patients failed to 
recover in all 3 subsets.

AUC-ROC analysis and Cox-regression for 
survival analysis

Univariate analysis of the initial variables did not identify 
any risk factors among CD3+ T-cell, CD4+ T-cell, CD8+ 
T-cell, CD19+ T-cell, NK cell, and WBC. However, multi-
variate analysis identified initial CD4+ T-cell (hazard ratio 
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[HR] 1.079 [1.003-1.162], p < .05), NK cell (HR 1.025 
[1.003-1.047], p < .05), and WBC (HR 1.319 [1.017-1.712], 
p < .05] as risk factors for overall survival (Table 2). While 
performing the Cox-regression analysis for day 7/8 flow 

Figure 1. flow cytometry analysis of peripheral blood lymphocytes at the initial point and the end point. Means with independent T-test were used for the 

statistic test: (a) CD3+ T-cell, p value = .001 between the initial and end points in the alive group, and between the alive and expired groups at the end 

point, (b) CD4+ T-cell, p value = .001 between the initial point and the end point in the alive group, and between the alive and expired groups at the end 

point, (c) CD8+ T-cell, p value = .001 between the initial and end points in the alive group, and between the alive and expired groups at the end point  

(d) CD19+ B-cell, p value = .24 between the alive and expired groups at the initial point, and (e) CD56 + CD16+ NK cell, p = .20, between the alive and 

expired groups at the initial point.

Figure 2. Dynamic analysis of peripheral blood lymphocytes (mean, standard error, and P value) during the ICU hospitalization in the alive and expired 

groups. There are a total of 178 patients (alive n = 101, expired n = 77). The daily case numbers for T-cell subsets in the alive group are as follows: day 1 

(101), day 2 (26), day 3 (49), day 4 (29), day 5 (31), day 6 (14), day 7 (26), 8 (25), day 9 (22), day 10 (18), after day 10, combined values of day 11 and day 12 

(27), combined values of day 13 and day 14 (25), and combined values of >15 days (57). The daily case numbers for T-cell subset in the expired group is 

as follows: day 1 (77), day 2 (20), day 3 (33), day 4 (30), day 5 (25), day 6 (21), day 7 (18), day 8 (20), day 9 (15), day 10 (10), after day 10, combined values 

of day 11 and day 12 (16), combined values of day 13 and day 14 (15), and combined values of >15 days (27): (a) CD3+ T-cell, (b) CD4+ T-cell, (c) CD8+ 

T-cell, (d) CD19 + B-cell, and (e) CD56 + CD16+ NK cell.

variables on CD3+ T-cells, CD4+ T-cell, and CD8+ 
T-cell, the univariate analysis shows increase in CD3 (HR 
0.998 [0.997-0.999], p < .05), and CD8 (HR 0.995 [0.991-
0.999], p < .05) T-cells significantly associated with better 
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outcomes. An increase of 100 cells/uL correlates to 20%, 
10%, and 50% decrease in mortality for CD3+T-cells, 
CD4+T-cells, and CD8+ T-cells, respectively (Table 3).

AUC-ROC analysis revealed that initial data were less sen-
sitive and specific than day 7 data in predicting clinical out-
come. Among the initial variables, only CD8+ T-cell had 
predictive value for prognosis while the 3 variables at day 7 
(CD3+ T-cell, CD4+ T-cell, and CD8+ T-cell) showed pre-
dictive values.

For CD3+ T cell, the initial flow set showed a predictive 
sensitivity of 50% (no predictive significance); the day 7/8 flow 
set showed a predictive sensitivity of 69% (p = .002). The cut off 
value for prognosis was 393.5 cells/uL based on day 7/8 flow 
results where the predictive sensitivity was 80% and the speci-
ficity was 50%. For CD4+ T cell, the initial flow set showed a 
predictive sensitivity of 50% (no predictive significance); the 
day 7/8 flow showed a predictive sensitivity of 66% (p = .0014). 
The cut off value for prognosis was 263.0 cells/uL based on the 
day 7/8 flow results where the predictive sensitivity was 81% 

and the specificity was 54%. For CD8+ T cell, the initial flow 
set showed a predictive sensitivity of 64% (p = .023); the day 7/8 
flow results showed a predictive sensitivity of 74% (p < .001). 
The cut off value for prognosis was 97.0 cells/uL based on the 
day 7/8 flow results where the predictive sensitivity was 78% 
and the specificity was 54% (Table 4).

Discussion
COVID-19 patients with severe disease had a higher mor-
tality rate than those with mild disease. The definition of 
severe disease has not been standardized in COVID-19. It is 
recently recommended that severe disease in COVID-19 
should apply only to those requiring ICU care.6 This is one 
of the largest cohort studies so far on COVID-19 ICU 
patients. In our cohort, the mortality rate was 50% and we 
did not find any association between age and clinical out-
come. Consistent with the reported laboratory characteris-
tics of severe COVID-19 disease, our patients had prolonged 
PTT, prolonged PT, and elevated levels of fibrinogen, 

Table 2. Cox-regression survival predication of the initial flow.

VARIABLE NUMBER UNIVARIATE HR CI p VALUE MULTIVARIATE HR CI  p VALUE

CD3 178 1.000 0.999-1.001 .636 0.934 0.871-1.003 .059

CD4 178 0.999 0.998-1.001 .241 1.079 1.003-1.162 .042

CD8 178 1.000 0.999-1.002 .609 1.029 0.967-1.095 .374

CD19 54 1.001 0.999-1.003 .261 1.008 1.000-1.017 .054

NK cells 54 1.000 0.999-1.002 .697 1.025 1.003-1.047 .029

WBC 117 0.710 0.202-2.50 .594 1.319 1.017-1.712 .037

Abbreviations: CI, confidence interval; HR, hazard ratio.
The bold values are those with p < 0.05.

Table 3. Cox-regression survival predication of day 7/8.

VARIABLE NUMBER UNIVARIATE HR CI p VALUE MULTIVARIATE HR CI  p VALUE

CD3 89 0.998 0.997-0.999 0.028 0.972 0.944-1.001 .057

CD4 89 0.999 0.997-1.000 0.119 1.029 0.999-1.060 .054

CD8 89 0.995 0.991-0.999 0.011 1.024 0.994-1.055 .112

Abbreviations: CI, confidence interval; HR, hazard ratio.
The bold values are those with p < 0.05.

Table 4. Area under the curve (AUC) comparison for variables.

VARIABLES NUMBER AUC INITIAL 
fLOW

 CI p 
VALUE

 DAY 
7/8

AUC 
DAY 7/8

CI p 
VALUE

CUT Off 
VALUE

REfERENCE 
RANGE

CD3 178 0.593 0.472-0.713 .142 89 0.691 0.580-0.803 .002 393.5 672-1870 cell/uL

CD4 178 0.542 0.420-0.664 .506 89 0.656 0.539-0.773 .014 263.00 489-1457 cell/uL

CD8 178 0.644 0.527-0.760 .023 89 0.737 0.632-0.842 <.001 97.00 142-740 cell/uL

Abbreviation: CI, confidence interval.
The bold values are those with p < 0.05.
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D-dimer and LDH.6,7 WBC, PTT, D-dimer, and LDH 
were found to be associated with prognosis in our cohort. 
Multivariate analysis revealed that higher WBC count was a 
risk factor for mortality. It was reported that COVID-19 
patients often developed neutrophilia during the ICU  
hospitalization.8,9 We observed isolated neutrophilia in the 
expired group, which did not correlate with prognosis. In 
our cohort, the mean lymphocyte count at admission was 
<1500/uL. A recent meta-analysis study suggested that 
lymphopenia defined by <1500/uL was a practical param-
eter for predicting disease severity in COVID-19 patients.10

Adaptive immune responses against viral infection are char-
acterized by earlier development of antigen-specific T cells and 
subsequent production of neutralizing antibodies.11Acute 
SARS-CoV-2 infection results in broad immune cell reduction 
and functional impairment. Studies have shown that SARS-
CoV-2 can inhibit T-cell responses through restraining anti-
gen presentation, inducing cytotoxic CD8+ T cell exhaustion, 
and reducing memory CD4+ T-cell and T regulatory cells. It 
can also induce CD4-biased T-cell responses which results in 
proinfllamatory cytokine storm leading to pathological damage 
in the host. The immune features of SARS-CoV-2 infection 
are characterized by rapid generation of neutralizing antibodies 
and delayed production of antigen-specific T-cells.12-22

Small cohort studies have shown that lymphocyte, CD4+ 
T-cell, CD8+ T-cell, and B-cell were significantly decreased 
in COVID-19 ICU patients as compared to non-ICU 
patients.8,23 Limited studies suggested that the trending of 
PBL during SARS-CoV-2 infection may have predictive val-
ues for clinical outcomes.22,24,25 We studied the dynamics of 
PBLs in a large cohort of COVID-19 ICU patients and evalu-
ated their prognostic values. The results of the present study 
showed that among the PBLs, only CD3+ T-cell and CD4+ 
T-cell were below normal ranges at the initial point. Low 
CD4+ T-cell count has been reported to be an independent 
risk factor for ICU admission.26 Cox-regression analysis in this 
study indicated that low CD4+ T-cell count was a risk factor 
for poor survival in the COVID-19 ICU patients. Low CD8+ 
T-cell count was reported to be a predictor for high mortality 
and illness severity.17,27,28 In our cohort, the initial CD8+ T 
cell counts were within normal range in both groups, however, 
the failure of increase in CD8+ T cell counts within day7/8 is 
a strong predictor for mortality. Moreover, the AUC-ROC 
analysis of the initial and day 7 variables showed that CD8+ 
T-cell had predictive values for prognosis. Although there was 
no significant difference in the initial value of CD3+ T-cell, 
CD4+ T-cell, or CD8+ T-cell between the 2 groups, their 
dynamic patterns showed significant difference. The difference 
in dynamics became statistically significant for CD3+ T cell 
and CD8+ T-cell after day 7 and for CD4+ T-cell after day 8. 
By analyzing the day7/8 data, we found that CD3+ T-cell, 
CD4+ T-cell, and CD8+ T-cell all had predictive values for 
prognosis. In contrast to the expired group, CD3+ T-cell, 

CD4+ T-cell, and CD8+ T-cell were fully recovered after 
1 week in the alive group. Interestingly, there were significant 
differences in the CD3+T-cell, CD4+ T-cell, and CD8+ 
T-cell count at day 2 between the 2 groups, which indicate that 
the day 2 data can provide the earliest information for timely 
intervention. Based on the AUC-ROC data, we derive the cut-
off values for T-cell subsets that have predictive value for prog-
nosis. These cut-off values can be used to identify patients who 
are at risk for poor outcome and need close monitoring and 
timely interventions. Furthermore, we observed an elevation of 
CD4+ T-cell between day 12 and day 15 in the expired group. 
Given that CD4-biased T-cell responses were associated with 
proinflammatory cytokine storm, our finding suggests that the 
transient increase of CD4+ T-cell in the late clinical course 
may contribute to higher mortality in these patients.

There was no significant difference in CD19+ B-cell 
counts at initial and end points as well as in the dynamics of 
CD19+ B-cell between the 2 groups. CD19+ B-cell level 
was initially elevated and then became relatively stable during 
the clinical course in the alive group but it showed fluctuation 
with 2 peaks observed at day 5 and day 7 in the expired groups. 
These results suggest that the ICU patients had the ability to 
develop humoral immune responses against the virus but the 
responses vary among the patients. In support of our observa-
tion, previous studies have shown that COVID-19 ICU 
patients often developed a faster and higher level of neutral-
izing antibody responses, but the antibody responses were  
heterogeneous.29,30 The initial NK cell counts were normal in 
the 2 groups. In the alive group, the NK cell displayed a slight 
upward trending with a peak observed at day at day 5, whereas 
it was relatively steady at a lower level in the expired group. 
Multivariate analysis also identified low NK cell as a risk fac-
tor for poor survival.

Conclusions
This study retrospectively evaluated the relationship between 
survival and the T cell response. It is possible that there were 
other factors that were responsible for this association that 
were not considered. The presence of other bacterial or viral 
infections could have influenced the outcome of this associa-
tion. The study was also done prior to the routine use of corti-
costeroids. Therefore, the use of steroids or other medications 
that may be used more often in critically ill patients was not 
considered. In addition, this study may have potential biases 
because of the different subsets of data in the different statisti-
cal models. Our findings on PBL dynamics, however, suggest 
that T lymphocytes, especially low CD8+ T-cell count may be 
used to predict clinical outcomes in COVID-19 patients in 
ICU. They also provide insights into the host immune responses 
against SARS-CoV-2 infection. The development of high 
titers of neutralizing antibodies is seen with Covid infection, 
but its relationship with T cell function is unclear, and should 
be of interest in future studies.



Wu et al 7

Authors’ Note
Nina Haghi is now affiliated to Department of Pathology and 
Laboratory Medicine, Donald and Barbara Zucker School of 
Medicine at Hofstra/Northwell, Hempstead, NY, USA.

Acknowledgements
The authors would like to thank Dr. Bruce Farber for his criti-
cal review and comments on the manuscript.

ORCID iDs
Dongling Wu  https://orcid.org/0000-0003-1966-8257
Yonah Ziemba  https://orcid.org/0000-0002-9308-2695

Supplemental Material
Supplemental material for this article is available online.

ReFeReNCeS
 1. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease 

2019 in China. N Engl J Med. 2020;382:1708-1720.
 2. Wu Z, McGoogan JM. Characteristics of and important lessons from the coro-

navirus disease 2019 (COVID-19) outbreak in China: Summary of a report of 
72314 cases from the Chinese center for disease control and prevention. JAMA. 
2020;323:1239-1242.

 3. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics, 
comorbidities, and outcomes among 5700 patients hospitalized with COVID-19 
in the New York City area. JAMA. 2020;323:2052-2059.

 4. Ho MS, Chen WJ, Chen HY, et al. Neutralizing antibody response and SARS 
severity. Emerg Infect Dis. 2005;11:1730-1737.

 5. Zhao J, Zhao J, Perlman S. T cell responses are required for protection from clin-
ical disease and for virus clearance in severe acute respiratory syndrome corona-
virus-infected mice. J Virol. 2010;84:9318-9325.

 6. Weidmann MD, Ofori K, Rai AJ. Laboratory biomarkers in the management of 
patients with COVID-19. Am J Clin Pathol. 2021;155:333-342.

 7. Tjendra Y, Al Mana AF, Espejo AP, et al. Predicting disease severity and out-
come in COVID-19 patients: A review of multiple biomarkers. Arch Pathol Lab 
Med. 2020;144:1465-1474.

 8. Chan SSW, Christopher D, Tan GB, et al. Peripheral lymphocyte subset altera-
tions in COVID-19 patients. Int J Lab Hematol. 2020;42:e199-e203.

 9. Mazzoni A, Salvati L, Maggi L, et al. Impaired immune cell cytotoxicity in 
severe COVID-19 is IL-6 dependent. J Clin Investig. 2020;130:4694-4703.

 10. Zhao Q , Meng M, Kumar R, et al. Lymphopenia is associated with severe coro-
navirus disease 2019 (COVID-19) infections: A systemic review and meta-anal-
ysis. Internet J Infect Dis. 2020;96:131-135.

 11. Chaplin DD. Overview of the immune response. J Allergy Clin Immunol. 
2010;125:S3-S23.

 12. Paces J, Strizova Z, Smrz D, Cerny J. COVID-19 and the immune system. 
Physiol Res. 2020;69:379-388.

 13. Zhou R, To KKW, Wong YC, et al. Acute SARS-CoV-2 infection impairs den-
dritic cell and T cell responses. Immunity. 2020;53:864-877.e5.

 14. Zheng HY, Zhang M, Yang CX, et al. Elevated exhaustion levels and reduced 
functional diversity of T cells in peripheral blood may predict severe progression 
in COVID-19 patients. Cell Mol Immunol. 2020;17:541-543.

 15. Chiappelli F, Khakshooy A, Greenberg G. CoVID-19 immunopathology and 
immunotherapy. Bioinformation. 2020;16:219-222.

 16. Zheng Y, Xu H, Yang M, et al. Epidemiological characteristics and clinical fea-
tures of 32 critical and 67 noncritical cases of COVID-19 in Chengdu. J Clin 
Virol. 2020;127:104366.

 17. Xu B, Fan CY, Wang AL, et al. Suppressed T cell-mediated immunity in 
patients with COVID-19: a clinical retrospective study in Wuhan, China.  
J Infect. 2020;81:e51-e60.

 18. Qin C, Zhou L, Hu Z, et al. Dysregulation of immune response in patients with 
coronavirus 2019 (COVID-19) in Wuhan, China. Clin Infect Dis. 2020;71: 
762-768.

 19. Wan S, Yi Q , Fan S, et al. Relationships among lymphocyte subsets, cytokines, 
and the pulmonary inflammation index in coronavirus (COVID-19) infected 
patients. Br J Haematol. 2020;189:428-437.

 20. Wang F, Nie J, Wang H, et al. Characteristics of peripheral lymphocyte sub-
set alteration in COVID-19 pneumonia. J Infect Dis. 2020;221:1762-1769.

 21. Liu Z, Long W, Tu M, et al. Lymphocyte subset (CD4+, CD8+) counts reflect 
the severity of infection and predict the clinical outcomes in patients with 
COVID-19. J Infect. 2020;81:318-356.

 22. He R, Lu Z, Zhang L, et al. The clinical course and its correlated immune status 
in COVID-19 pneumonia. J Clin Virol. 2020;127:104361.

 23. Fan BE, Chong VCL, Chan SSW, et al. Hematologic parameters in patients 
with COVID-19 infection. Am J Hematol. 2020;95:E131-E134.

 24. Tan L, Wang Q , Zhang D, et al. Lymphopenia predicts disease severity of 
COVID-19: a descriptive and predictive study. Signal Transduct Target Ther. 
2020;5:33.

 25. Ziadi A, Hachimi A, Admou B, et al. Lymphopenia in critically ill COVID-19 
patients: A predictor factor of severity and mortality. Int J Lab Hematol. 
2021;43:e38-e40.

 26. Chen J, Qi T, Liu L, et al. Clinical progression of patients with COVID-19 in 
Shanghai, China. J Infect. 2020;80:e1-e6.

 27. Du RH, Liang LR, Yang CQ , et al. Predictors of mortality for patients with 
COVID-19 pneumonia caused by SARS-CoV-2: a prospective cohort study. Eur 
Respir J. 2020;56:2002961.

 28. Liu L, Chen Z, Du Y, et al. CD8(+) T cells predicted the conversion of common 
covid-19 to severe. Sci Rep. 2021;11:2169.

 29. Wang P, Liu L, Nair MS, et al. SARS-CoV-2 neutralizing antibody responses 
are more robust in patients with severe disease. Emerg Microbes Infect. 
2020;9:2091-2093.

 30. Liu L, To KKW, Chan KH, et al. High neutralizing antibody titer in intensive 
care unit patients with COVID-19. Emerg Microbes Infect. 2020;9:1664-1670. 
(antibody).

https://orcid.org/0000-0003-1966-8257
https://orcid.org/0000-0002-9308-2695

