Journal Pre-proof

Lymphocyte subset (CD4+, CD8+) counts reflect the severity of
infection and predict the clinical outcomes in patients with COVID-19

Zeming Liu, Wei Long, Mengqi Tu, Sichao Chen, Yihui Huang,
Shipei Wang , Wei Zhou, Danyang Chen, Ling Zhou,

Min Wang , Meng Wu, Qi Huang, Haibo Xu, Wen Zeng,

Liang Guo

Pl S0163-4453(20)30182-1

DOI: https://doi.org/10.1016/].jinf.2020.03.054
Reference: YJINF 4528

To appear in: Journal of Infection

Accepted date: 27 March 2020

Please cite this article as: Zeming Liu, Weilong, Mengqi Tu,

Fimey
JOURMAL OF R

Sichao Chen, Yihui Huang,

Shipei Wang, WeiZhou, Danyang Chen, LingZhou, MinWang, MengWu, QiHuang,
Haibo Xu, Wen Zeng, Liang Guo , Lymphocyte subset (CD4+, CD8+) counts reflect the severity
of infection and predict the clinical outcomes in patients with COVID-19, Journal of Infection (2020),

doi: https://doi.org/10.1016/j.jinf.2020.03.054

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal

disclaimers that apply to the journal pertain.

(© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.


https://doi.org/10.1016/j.jinf.2020.03.054
https://doi.org/10.1016/j.jinf.2020.03.054

Journal Pre-proof

Lymphocyte subset (CD4+, CD8+) counts reflect the severity of infection and
predict the clinical outcomes in patients with COVID-19

Letter to the Editor

Running Title

Lymphocyte subset counts in patients with COVID-19

Zeming Liuix, Wei Longi+, Mengqi Tuz+, Sichao Cheni+, Yihui Huangi+, Shipei
Wangt,

Wei Zhou1, Danyang Chenzi, Ling Zhou1, Min Wangi, Meng Wus, Qi Huangas, Haibo
Xuz#, Wen Zengss, Liang Guoi#

1Department of Plastic Surgery, Zhongnan Hospital of Wuhan University, Wuhan,
430071, China

2Department of Radiology, Zhongnan Hospital of Wuhan University, Wuhan, 430071,
China.

sDepartment of Ultrasound, Zhongnan Hospital of Wuhan University, Wuhan,
430071,

China

4Department of Respiratory and Critical Care Medicine, NHC Key Laboratory of
Pulmonary Diseases, Union Hospital, Tongji Medical College, Huazhong University
of

Science and Technology, Wuhan, 430022, China

sDepartment of Ophthalmology, Zhongnan Hospital of Wuhan University, Wuhan,
430071, China

*These authors contributed equally to this work

Title Page

#Correspondence:

Liang Guo

Department of Plastic Surgery, Zhongnan Hospital of Wuhan University, Wuhan,
320071, China

E-mail: guoliangwhzn@163.com (LG); Tel: +8618062581998 ; Fax: +027-67813591

Wen Zeng

Department of Ophthalmology, Zhongnan Hospital of Wuhan University, Wuhan,
320071, China

E-mail: 524578732@qq.com (WZ); Tel: +8615002780073

Haibo Xu

Department of Radiology, Zhongnan Hospital of Wuhan University, Wuhan, 430071,
China.

E-mail: 714380246@qq.com

Tel: +8615623509169

Key words



Journal Pre-proof

COVID-19, SARS-CoV-2, Lymphocyte subset counts, CD4+, CD8+

Dear Editor,

We read with interest the recent article by Chen J et al., which found lower CD4+ T
cells count was associated with ICU admission in patients with the coronavirus
disease 2019 (COVID-19).(1) Among the clinical and laboratory features of
COVID-19, a number of abnormalities have been observed and described, the most
prominent of which is total lymphopenia. Through routine blood analysis, a
significant reduction in lymphocytes is frequently observed; however, there still lacks
thoroughly research about the lymphocyte subset counts. Here, we aimed to
investigate the changes of lymphocyte subset counts in COVID-19 patients and

determine if these changes are associated with disease severity and prognosis.

This retrospective, single-center study was approved by the institutional ethics board
of Zhongnan Hospital of Wuhan University, Wuhan, China (No. 2020015). A total of
39 RT-PCR-confirmed COVID-19 patients (admission date from January 18 to
February 10, 2020) were enrolled, whose lymphocyte subset counts were tested on

admission. The follow-up period lasted till Feb 19, 2020.

We obtained demographic and clinical characteristics and laboratory test results from
the electronic medical record system. All data were typed in a pre-designed data

collection form and checked to verify data accuracy. Continuous and categorical
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variables were directly expressed as the median (interquartile range (IQR)) and
number (%), respectively. The Mann-Whitney U test was used to compare the
lymphocyte subset absolute counts of different conditions and outcomes. All
statistical analyses were performed using SPSS, version 22.0 (IBM Corp., Armonk,

NY).

The demographic and clinical characteristics of the patients enrolled are listed in
Table 1. The median age of the patients was 53 years (IQR, 41-61), and they included
20 women and 19 men. The median of the time from onset to admission was 5 days
(IQR, 3-7). On admission, leucocyte counts below the normal range appeared in 13
(34.2%) patients, and most patients had leucocyte counts within the normal range.
Lymphocyte counts were below the normal range in 29 (76.3%) patients, and no
patients showed an increase. The median of lymphocyte count was 0.73 x 10° /L
(IQR, 0.56-1.07). Lymphocyte subset counts of all subsets decreased in more than half
of the patients on admission. T cells decreased in 24 (61.5%) patients, CD4+ T cells
decreased in 22 (56.4%) patients, CD8+ T cells decreased in 28 (71.8%) patients, B
cells decreased in 27 (69.2%) patients, and NK cells decreased in 30 (76.9%) patients.
No patient had subsets increased. Among patients enrolled, the median time of onset

to RT-PCR turning negative was 14 (IQR, 10-20) days.

Among the 39 patients, 15 (38.5%) had comorbidities, and 17 (43.6%) spent time

from onset to admission over 5 days. According to the Guidelines for the Diagnosis
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and Treatment of COVID-19 (Trial Version 6),(2) 21 (53.8%) patients were classified
as having mild and moderate infection, 18 (46.2%) had severe and critical infection.
Half of the patients (20 [51.3%]) had a negative RT-PCR result within 14 days after
onset. Until the end of follow-up, 16 (43.2%) patients were given an outcome of
continual cure or death. T cells, CD4+ T cells, and CD8+ T cells were all statistically
higher in patients who had a mild infection, timely hospitalization, and fast recovery
(all p<0.05). Patients whose RT-PCR turning negative result within 14 days after
onset showed higher levels of both T and B cells (p<0.05). The existence of
comorbidities statistically affected the amount of CD8+ T cells (p<0.05). There was
no difference in lymphocyte subset levels between patients with different changes
upon imaging after admission (all p>0.05). All analyses indicated that changes in NK
cell counts and the ratio of CD4+ T cells to CD8+ T cells (CD4+/ CD8+) were not
different between different conditions and outcomes. These finding are shown in

Table 2.

Counts of lymphocyte and lymphocyte subset are of great value to ensure immune
system functionality. Viral infections, immunodeficiency diseases, and other
infectious diseases usually lead to abnormal changes in the levels of lymphocyte
subsets.(3-5) In this study, we focused on the abnormal counts of lymphocyte and
lymphocyte subset. This result is quite different from that associated with pneumonia
caused by common respiratory viruses, such as respiratory syncytial virus, which is

typically associated with a normal or elevated lymphocyte count.(6)
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Here, we found that the CD4+ T cell and CD8+ T cell counts were closely related to
disease severity and clinical outcome when we compared the counts of lymphocyte
subsets in different patient groups. The more serious the disease and the worse the
prognosis, the lower were the T cell, CD4+ T cell, and CD8+ T cell counts on
admission. Based on these findings, we believe that the CD4+ and CD8+ T cell counts
in patients with COVID-9 could reflect disease severity and predict disease prognosis

and are therefore good biomarkers of COVID-19 activity:.

In conclusion, lymphocyte subset (CD4+ and CD8+ T cell) counts reflected the
disease severity and associated with clinical outcomes, which can be considered as
good biomarkers of COVID-19. Early hospitalization influenced the level of CD4+
and CD8+ T cells so patients required a quick hospitalization. If patients have
relatively low counts of CD4+ and CD8+ T cell on admission, they may be in a
relatively severe infection with the SARS-CoV-2 virus and come to a worse prognosis.

These patients should gain more attention to the change of their illness severity.

Author Contributions: LG and ZL contributed conception and design of the study; YH,
SW, SC and MT contributed to data acquisition and check; WL performed the statistical
analysis and wrote the first draft of the manuscript; WZ, LZ, MW and DC revised the tables;
MW, QH, HX and WZ contributed to manuscript revision. All authors contributed to data

interpretation and approved the final version.
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Table 1: Demographic and clinical characteristics of 39 patients with COVID-19

Increased, Decreased,
Characteristics (normal range)  Median (IQR) / N (%)
N (%) N (%)

Age, year 53 (41-61) - -
Sex
Female 20 (51.3) - -
Male 19 (48.7) . i
Onset to admission, d 5 (3-7) - -
Leucocytes (3.5-9.5x10° /L) 4.11 (3.33-5.16) 13(34.2) 3(7.9)
Lymphocytes (1.1-3.2x10° /L)  0.73 (0.56-1.07) 0 29 (76.3)
T cells (805-4459x10°/L) 561.0 (300.0-1056.0) 0 24 (61.5)
CD4+ T cells
308.0 (176.0-665.0) 0 22 (56.4)

(345-2350x10°/L)

CD8+ T cells

168.0 (117.0-368.0) 0 28 (71.8)
(345-2350x10°/L)
CD4+/CD8+ (0.96-2.05) 1.640 (1.140-2.380) 14 (35.9) 7(17.9)
B cells (240-1317x10°/L) 146.0 (56.0-272.0) 0 27 (69.2)
NK cells (210-1514x10°%/L) 136.0 (57.0-207.0) 0 30 (76.9)
Onset to RT-PCR turning

14 (10-20) - -

negative, d
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Table 2: Lymphocyte subset counts of 39 patients with COVID-19 in different conditions and outcomes

Tecells, x10%L  CD4+ T cells, CD8+ T cells, CD4+/CD8+  Becells, x10%L  NK cells, x10%/L
x10°%/L x10°/L

Comorbidities

No (n=24, 770.5 476.0 261.0 1.400 196.5 147.0

61.5%) (362.0-1151.3)  (182.3-697.8) (139.0-554.5) (0.975-2.383)  (87.3-286.5)  (60.8-227.3)

Yes (n=15, 375.0 252.0 142.0 (76.0-337.0)  1.870 91.0 136.0

38.5%) (203.0-914.0) (126.0-424.0) (1.430-2.380)  (44.0-185.0)  (33.0-164.0)

P value 0.069 0.133 0.046* 0.225 0.081 0.419

Onset to
admission (d)

<5 (n=22, 896.0 530.0 3125 1.645(1.065-2.2 167.0 156.5
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56.4%)

>5 (n=17,
43.6%)

P value
Imaging changes
Improvement
(n=8, 25.8%)
Progression
(n=23, 74.2%)
P value
Severity degree
Mild or

moderate (n=21,

(484.5-1216.5)
362.0
(258.5-605.0)

0.008*

569.5
(223.0-1020.5)
501.0
(266.0-878.0)

0.857

914.0

(468.0-1214.0)

(278.0-712.8)
221.0
(128.0-305.5)

0.017*

295.0
(138.5-608.5)
290.0

(148.0-630.0)

1.000

591.0

(266.0-718.5)

(158.5-619.0)

137.0 (88.5-205.5)

0.016*

229.5 (81.0-354.3)

164.0 (81.0-288.0)

0.786

288.0

(165.0-414.5)

10

75)
1.480
(1.160-2.490)

0.843

1.800
(0.960-2.180)
1.780

(1.260-2.530)

0.470

1.780

(1.305-2.330)

(53.5-285.3)
119.0
(69.5-232.5)

0.453

203.5
(59.0-286.5)
110.0

(55.0-246.0)

0.470

174.0

(69.5-306.5)

(45.0-254.5)
136.0
(63.0-152.0)

0.295

1235
(42.0-157.8)
107.0

(31.0-192.0)

1.000

149.0

(58.5-240.5)
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53.8%)

Severe and 343.5(237.0-730. 217.5 122.5(76.0-256.8)  1.345 105.0 123.5(44.5-177.8
critical (=18,  3) (112.8-324.5) (0.930-2.413)  (55.8-2355) )

46.2%)

P value 0.004* 0.006* 0.011* 0.447 0.360 0.352
Oxygen therapy

No (n=23, 896.0 530.0 312.5 1.715 207.0 1425
59.0%) (484.5-1114.0)  (278.0-679.3) (165.5-414.3) (1.065-2.275)  (79.8-298.8)  (58.8-217.5)
Yes (n=16, 325.0 201.0 122.0 (74.0-191.5) 1.440 91.0 136.0
41.0%) (223.0-605.0) (109.5-305.5) (1.200-2.445)  (55.5-190.5)  (40.0-183.0)
P value 0.004* 0.013* 0.006* 0.955 0.145 0.571

Onset to RT-P

CR turning

1"
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negative (d)

<14 (n=20, 896.0 530.0 337.5(151.0-414.8) 1.800 230.5(94.3-363 130.5(39.0-210.8
51.3%) (361.3-1156.0)  (248.3-715.0) (1285-2583)  .0) )

>14 (n=19, 426.0 242.0 142.0 (96.0-273.0) 1440 90.0 136.0

48.7%) (195.0-719.0)  (103.0-320.0) (1.080-2.060)  (49.0-174.0)  (59.0-192.0)

P value 0.019* 0.011* 0.046% 0.164 0.032* 1.000

Clinical outcome

Hospital 878.0 518.0 338.0 1.460 185.0 139.0
discharge (n=21, (362.0-1256.0)  (208.0-700.0) (154.0-511.5) (0.980-2.335)  (72.0-282.0)  (45.5-243.5)
56.8%)

Continual cure 3755 260.0 130.0 (70.0-182.0)  1.825 90.5 101.0
ordeath (=16,  (215.0-664.5)  (129.5-317.0) (1.200-2.425)  (50.5-204.3)  (51.0-160.3)

43.2%)
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P value 0.014* 0.046* 0.005* 0.399 0.098 0.350

Note: * represent the P value <0.05.
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