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SUMMARY

BACKGROUND: The COVID-19 pandemic has dffected the entire world, posing a serious threat to human health. T cells play a critical role
in the cellular immune response against viral infections. We aimed to reveal the relationship between T cell subsets and disease severity.

METHODS: 40 COVID-19 patients were randomly recruited in this cross-sectional study. All cases were confirmed by quantitative RT-PCR.
Patients were divided into two equivalent groups, one severe and one nonsevere. Clinical, laboratory and flow cytometric data were
obtained from both clinical groups and compared.

RESULTS: Lymphocyte subsets, CD4+ and CD8+ T cells, memory CD4+ T cells, memory CD8+ T cells, naive CD4+ T cells, effector
memory CD4+ T cells, central memory CD4+ T cells, and CD3+CD4+ CD25+ T cells were significantly lower in severe patients. The
naive T cell/CD4 + EM T cell ratio, which is an indicator of the differentiation from naive T cells to memory cells, was relatively reduced
in severe disease. Peripheral CD4+CD8+ double-positive T cells were notably lower in severe presentations of the disease (median DP
T cells 11.12 pL vs 1.95 uL; p< 0.001).

CONCLUSIONS: As disease severity increases in COVID-19 infection, the number of T cell subsets decreases significantly. Suppression of
differentiation from naive T cells to effector memory T cells is the result of severe impairment in adaptive immune functions. Peripheral
CD4+CD8+ double-positive T cells were significantly reduced in severe disease presentations and may be a useful marker to predict
disease severity.
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INTRODUCTION

Most patients with COVID-19 are asymptomatic or
have only mild symptoms’. Symptomatic cases mostly
suffer from mild fever, cough, shortness of breath,
muscle pain, headache, and diarrhea®3. COVID-19
can lead to severe pneumonia, acute respiratory dis-
tress syndrome (ARDS), multiple organ failure, and,
eventually, death in patients with advanced age and
severe comorbid diseases?*. One of the most impli-
cated mechanisms in severe disease is immune sys-
tem alterations®~.

The physiopathology of COVID-19 and the underly-
ing mechanisms in severe cases are the most import-
ant challenges of the ongoing studies. Several studies
have highlighted that coronaviruses such as SARS-CoV
(Severe Acute Respiratory Syndrome Coronavirus),
MERS-CoV (Middle East Respiratory Syndrome-Coro-
navirus), SARS-CoV-2 (Severe Acute Respiratory Syn-
drome Coronavirus 2) leads to a severe reduction in T
lymphocyte subsets, which are not common in other
viral infections®®. Studies have focused on revealing
the immune system changes to explain pathogene-
sis. In severe cases of the disease, memory T cell and
regulatory T cell changes may be responsible for the
uncontrolled inflammatory response and the lack of
specific immunity.

METHODS
Study Design and Participants

This study was designed as a cross-sectional study.
The diagnosis was confirmed by quantative RT-PCR.
A total of 40 patients over 18 years old were recruited
randomly in the study. The patients were divided into
two equivalent groups, according to clinical and lab-
oratory findings, i.e., severe and nonsevere. Written
informed consent was obtained from all participants.
Patients using convalescent plasma, tocilizumab, and
systemic steroids were excluded.

Definitions

The Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia (Trial Version 7) (Released
by the National Health Commission & State Adminis-
tration of Traditional Chinese Medicine on March 3,
2020) was used to define the severity of the disease™.
Patients were classified as mild/moderate/severe/crit-
ical according to this protocol. We defined mild/mod-
erate cases as nonsevere and severe/critical cases as
severe. Cases with respiratory distress (X 30 breaths/

min), oxygen saturation <93% at rest, arterial partial
pressure of oxygen (PaO2) fraction of inspired oxy-
gen (Fi02) ¥ 300mmHg (I mmHg = 0.133kPa), and all
cases requiring mechanical ventilation support or hav-
ing any organ failure due to COVID-19 were included in
the severe group; cases that did not meet these criteria
were included in the nonsevere group.

Data Collection

Demographic data and laboratory findings includ-
ing complete blood count, routine serum biochem-
ical tests, acute phase and infection indicators, and
coagulation parameters were collected from inpatient
records. Lymphocyte subsets were analyzed from
fresh blood samples by flow cytometry. We used the
dual-platform flow cytometric method to measure (DP
FCM) the lymphocyte subsets™®. All other clinical and
laboratory data were collected simultaneously with a
flow cytometric analysis.

Flow Cytometry

On the same day of the analysis, 4-5 ml of periph-
eral blood samples were taken from the tubes contain-
ing EDTA and sent to the microbiology laboratory of
our hospital without waiting. Peripheral blood samples
in tubes containing EDTA were labeled using mono-
clonal antibodies. For this purpose, the number of
cells was calculated to be 1x10° cells per mL. Lym-
phocyte subsets were analyzed by flow cytometry as
previously described in the literature.” Subsets were
determined using antibodies as follows: CD3 (FITC) /
CD4 (PeCY7) / CD8 (APC Cy7)/ CD45ROPE / CD45RA
(APC) / CD197 (PerCpCy5,5) / CD25 (APC Cy7) (BD
Biosciences, AB). The tubes were incubated for 20
minutes at room temperature in the dark. At the end
of the incubation, the red blood cells in the samples
were removed by adding 2-3 mL of Lysing Solution
(Becton Dickinson, San Jose, CA 95131 USA). Follow-
ing washing with Lysing Solution, they were washed
with 2 mL of PBS (Phosphate Buffer Saline), the cells
were suspended with 500 pL of PBS containing 1%
paraformaldehyde and kept in the dark at 2-8 °C until
the time of analysis. The cells were analyzed with the
FACSCantoll (Becton Dickinson, Immunocytometry
Systems, San Jose, CA 95131 USA) model flow cytom-
etry device using the BD FACSDiva program.

Statistical Analysis
Statistical analysis was performed with SPSS
Statistics (IBM Corporation, Somers, NY) software,
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version 22). The normality of the distribution of con-
tinuous variables was determined using the Kolmog-
orov—Smirnov test. The continuous variables were
expressed as mean and standard deviation or as
median and interquartile range, depending on the nor-
mality of their distribution. Categorical variables are
interpreted by frequency tables. The Mann-Whitney
U test was used to compare the variables that were not
normally distributed. On the other hand, the Student’s
t-test was used to compare the variables with a normal
distribution. Categorical features and relationships
between the groups were assessed using an appropri-
ate chi-square test. A p-value of <0.05 was accepted
as statistically significant.

RESULTS
Demographic and Basic Clinical Features of
Severe and Nonsevere COVID-19 Patients

The demographic features, basic clinical and labo-
ratory characteristics of the 40 patients are presented
in Table 1. While there was no significant difference
in the women and men ratio, patients in the severe
disease group were significantly older (mean age of
severe patients: 71.9 + 11.2; nonsevere patients: 55.4 +
17.0, p<0.001). There were 3 patients with concomitant

malignancy and 20 patients with a comorbid chronic
metabolic disease, and the differences between the
two groups were not significant, but the number of
patients was insufficient for interpretation.

Biochemical and Inflammatory Markers,

Blood Cell Counts Representing Disease Se-

verity

The inflammatory and biochemical markers
(C-reactive protein, erythrocyte sedimentation rate,
procalcitonin, d-dimer, ferritin, fibrinogen, and
lactate dehydrogenase) were found to be signifi-
cantly elevated in the severe disease group (Table
1). In the severe disease group, the white blood cell
count (WBC) and absolute neutrophil count (ANC)
increased considerably, whereas a critical decrease
in the absolute lymphocyte count (ALC) was noticed,
with no distinct difference in platelet counts (WBC
8.86+3.51 vs 5.89+2.30 10*/mm?; p= 0.003, ANC
7.72+3.41 vs 3.67+2.01 10%mm?; p <0.001, ALC 0.61
vs 1.39 10¥mm?; p <0.001, platelet count 221.6+123.8
vs 199.5+100.3 10*/mm?; p=0.538 respectively). The
neutrophil-lymphocyte ratio (NLR) and platelet-
lymphocyte ratio (PLR) were increased significantly
in the severe disease group (NLR 10.55 vs 2.21; p
<0.001, PLR 319.5 vs 119.5; p <0.001).

TABLE 1. DEMOGRAPHIC FEATURES OF PATIENTS AND COMPARISON OF INFLAMMATORY MARKERS AND BLOOD
CELL COUNTS ACCORDING TO THE CLINICAL SEVERITY OF THE DISEASE.

Nonsevere patients Severe patients P-value
(n=20) (n=20)
Age, years 554 +170 719+11.2 0.001
Gender, F/M (%) 13/7 (65/35) 7/13 (35/65) 0.056
Chronic diseases
No (%) 12 (60) 5(25)
*Other chronic diseases(%) 7(35) 13 (65) 0.081
Malignancy (%) 1(5) 2 (10)
C-reactive protein (CRP), mg/L 1210 (3.31-38.80) 167.50 (85.55-190.0) <0.001
Sedimentation, mm/1 hr 43711+ 29.08 7915 2327 <0.001
Procalcitonin, ng/mL 0.062 (0.034-0.079) 0.726 (0.197-3.232) <0.001
Albumin, gr/L 364+35 23.8+36 <0.001
D-dimer, ng/mL 663.5 (346.5-1205) 2120 (1612.5-4300) <0.001
Ferritin, ng/mL 120.9 (44.3-427.4) 864.5 (460.4-2000.0) <0.001
Fibrinogen, mg/dL 348.0 (294.5-381.0) 4775 (390.8-609.8) <0.001
Lactate dehydrogenase (LDH), IU/L 223.5 (211-262.5) 395 (308-502.5) <0.001
White blood cell count, 10° / mm? 5.89+2.30 8.86%3.51 0.003
Absolute neutrophil count, 10° / mm? 3.67+2.01 772341 <0.001
Absolute lymphocyte count, 10° / mm? 1.39 (1.16-2.25) 0.61(0.38-0.97) <0.001
Platelet count, 10° / mm? 199.5+100.3 2216%+123.8 0.538
Neutrophil lymphocyte ratio (NLR) 2.21(1.38-2.94) 10.55 (6.56-22.63) <0.001
Platelet lymphocyte ratio (PLR) 119.5 (94.1-155.4) 319.5 (184.0-604.7) <0.001

“Due to the low number of patients, patients with diabetes mellitus, hypertension, coronary heart disease, chronic kidney disease, and chronic inflammatory diseases were not

demonstrated in the chronic metabolic disease group.
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Comparison of Lymphocyte Subsets and

Memory T cells According to Disease Severity

Lymphocyte subsets were compared according to
disease severity and are presented in Table 2. CD8+
cytotoxic T cells and CD4+ helper T cells were signifi-
cantly lower in patients with severe disease (CD8+ T
cells 192.00 vs 504.15 pL; p <0.001, CD4+ T cells 395.45
vs 958.83 pL; p <0.001); however, there was no signif-
icant difference in the CD4/CDS8 ratio in both groups
(CD4/CDS ratio 1.81 vs 1.57; p=0.738). Memory T cells
showed a remarkable decrease in the severe disease
group (CD4+ memory T cells 304.99 + 204.75 vs 682.38
+269.26 pL; p <0.001, CD8+ memory T cells 87.61 vs
288.33 pL; p <0.001). The naive, EM, and CM CD4+ T
cells were notably reduced in the severe disease group
(Naive T cells 175.06 vs 502.68 pL; p <0.001, EM O vs
14.61 pL; p=0.015, CM 475.74 vs 1051.68 pL; p <0.001).
Furthermore, the naive CD4+ T cell/CD4+ effector mem-
ory T cells ratio was significantly impaired in patients
with severe disease (median O vs 35.10; p <0.001). The
CD3+CD4+CD25+T cell subset was significantly lower in
the severe disease group (374.42 vs 965.96 pL; p <0.001).
As a new finding, CD4+CD8+ double-positive (DP) T lym-
phocytes in peripheral blood decreased significantly in
the severe disease group (DP T cells 1.95 vs 11.12 pL; p
< 0.001, respectively). The comparison of lymphocyte
subsets is presented schematically in Figure 1.

DISCUSSION

Many studies have shown that advanced age
and concomitant diseases are risk factors for severe
COVID-19. In severe COVID-19 cases, adaptive

immunity cannot overcome the disease and the virus
spreads through the blood and damages tissues. In
addition to virus-induced direct cytopathic damage,
the development of organ injuries secondary to the
uncontrolled release of cytokines (called cytokine
storm) is believed to be responsible for the pathogen-
esis of the disease in severe cases®*".

Previous publications have reported that the neu-
tralizing Ig-G antibodies last over 1-2 years in SARS-
CoV and MERS-CoV infections'~". However, recent
studies have reported that neutralizing antibodies
begin to decrease after 2-3 months in convalescent
COVID-19 patients and many of them become negative
in a short time™-?'. The short-term reduction and dis-
appearance of neutralizing antibodies in convalescent
COVID-19 patients may suggest that the virus causes
deeper and permanent impairments to the immune
system’s memory functions.

In this study, we aimed to contribute to the expla-
nation of the pathogenesis of the disease by comparing
T lymphocyte subsets in severe and nonsevere COVID-
19 patients and revealing disorders of the T-cell-me-
diated immune response. Thus, we analyzed CD4+ T
helper cells, CD8+ cytotoxic T cells, memory T cells
(CD4 and CD8 positive), CD3+CD4+CD25+ T cells,
CD4+CD8+ double-positive (DP) T cells, which are
important components of T-cell-mediated immunity.

The severe cases of the disease were significantly
older (Table 1). The production of naive T cells and
memory T cells decreases with aging??. The weakened
adaptive immune response in the elderly can explain
the increased severity of the disease with age. We
found that CRP, ESR, procalcitonin level, which show

TABLE 2. COMPARISON OF LYMPHOCYTES SUBSETS BY CLINICAL SEVERITY OF THE DISEASE.

Nonsevere patients Severe patients P-value

(n=20) (n=20)
CD4+ T cells, uL 958.83 + 416.24 395.45 + 237.59 <0.001
CD8+ T cells, L 50415 (313.61 - 786.22) 192.00 (135.52 — 261.80) <0.001
CD4+ memory T cells, uL 682.38 + 269.26 304.99 +204.75 <0.001
CD8+ memory T cells, pL 288.33 (178.94 — 492.92) 8761 (5215 - 148.52) <0.001
CD4+ effector memory T cells, uL 14.61(4.34 — 21.47) 0(0-1215) 0.015
CD4+ central memory T cells, pL 1051.68 + 42716 475.74 £ 298.57 <0.001
CD3+CD4+CD25+ T Cells, pL 965.96 + 416.58 374.42 £ 224.00 <0.001
Naive CD4+ T cell, uL 502.68 (358.26 — 746.01) 175.06 (58.20 - 259.67) <0.001
CD4+CD8+ double positive T cells pL 1112 (761 -21.71) 1.95 (0 -17.66) <0.001
CD4/CD8 lymphocyte ratio 1.57 (1.38-2.85) 1.81(1.16-3.13) 0.738
Naive CD4+ T cell/ CD4+ memory T cells ratio 092 +0.40 0.80+£0.82 0.583
Naive CD4+ T cell/ CD4+ central memory T cells ratio 059 +0.31 0.59 +0.96 0.998
Naive CD4+ T cell/ CD4+ effector memory T cells ratio 35.10 (15.83-102.20) 0 (0-14.14) <0.001
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FIGURE 1. LYMPHOCYTE SUBTYPES ACCORDING TO THE CLINICAL SEVERITY OF THE DISEASE DEMONSTRATED

SCHEMATICALLY.

Note. The data defined on the Y axis shows the absolute cell count per 1 microliter.

the severity of the infection and reflect the inflamma-
tory response, were significantly high in patients with
severe disease (Table 1). LDH, fibrinogen, d-dimer,
ferritin, which are biochemical indicators of inflam-
mation, were higher in patients with severe disease,
and albumin was significantly lower in severe disease
cases (Table 1). Lymphopenia is the first indicator of
impairment in T-cell-mediated immunity. The prog-
nostic ratios such as NLR and PLR increased notably
in patients with severe disease as a result of decreased
ALC (Table 1).

CD4+ T helper cells activate other immune cells
and help B cells in the production of antibodies,
while CD8+ cytotoxic T cells kill virus-infected cells
directly with their granules. Persistent stimulation

of viral infection and increased inflammatory cyto-
kines lead to a depletion of T cells®. In addition, the
suggestion that SARS-CoV-2 infects T cells through
spike-protein and increases apoptosis of T cells is still
under investigation®®. Our study demonstrated that
helper and cytotoxic T cells were significantly reduced
in patients with severe disease. CD4/CD8 ratio has
a crucial role in the management of some diseases,
especially in HIV infection. However, we did not find
a remarkable difference in the CD4/CD8 ratio between
the two groups, therefore this is not a useful marker
in COVID-19 management.

Normally, some of the naive T cells differentiate
into long-lived memory cells after contact with a
pathogen. Thus, they guarantee a much faster and

REV ASSOC MED BRAS 2020; 66(12):1666-1672
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stronger response when the same pathogen is encoun-
tered again. We have demonstrated that CD4+ memory
T cells, CD8+ memory T cells, naive T cells, CD4+ EM
T cells, and CD4+ CM T cells are critically reduced in
severe disease cases (Table 2). We would like to point
out that the naive T cell/CD4+ EM T cell ratio was
impaired. As far as we know, a similar finding has
been previously reported only by Chuan Qin et al.,
who found that the naive-to-memory CD4+ T cell ratio
was impaired in patients with severe disease®. These
results suggest that the differentiation from naive T
cells to EM T cells is also impaired.

We encountered a new finding to predict disease
severity that has not been reported in previous stud-
ies. CD4+CD8+ double-positive (DP) T lymphocytes
were remarkably lower in severe disease. DP T cells
are present in peripheral blood in small numbers.
Their roles in the pathogenesis of autoimmune dis-
eases, viral infections, and cancers are under ongo-
ing debate®#. Some studies have suggested that DP
T cells are developing T cells released from the thy-
mus, while others suggest that they are differentiated
effector memory cells and have anti-viral effects®?.
Michelina Nascimbeni et al. have offered that periph-
eral DP T cells are involved in the adaptive immune
response to viral pathogens?. The prominent reduc-
tion of peripheral DP T cells suggests that the adaptive
immune response is seriously impaired in severe dis-
ease. DP T cells can be an important marker to predict
severity if supported by larger studies.

Tregs regulates the immune response by sup-
pressing the activation, proliferation, and cyto-
kine production of CD4+ T cells and CD8+ T cells
and are thought to suppress B cells and dendritic
cells?*3°. Otherwise, excessive immune response
and inflammation damage all tissues. As disease
severity increases in COVID-19 infection, inflamma-
tion caused by uncontrolled cytokines becomes more
and more severe, leading to organ failure. This well-
known entity is called a cytokine storm. In our study,
we compared the subset of CD3+ CD4+CD25+ T cells
and found it to be significantly lower in patients with

severe disease. Doubtless, CD25+ T cells do not fully
represent Tregs, but they also contain them. Possibly
the impairment in the regulatory functions is one of
the leading pathologies that cause cytokine storms
in patients with severe disease.

Our study has several limitations. First, this is
a cross-sectional and single-center study with 40
patients. A prospective study with more partici-
pants and successive flow cytometric analysis would
undoubtedly provide more valuable information. How-
ever, the high statistical significance in our results
makes our study precious. Second, we could not com-
pare all lymphocyte subsets due to the limited anti-
body supply and we couldn’t identify Tregs exactly
since CD127/FOX-P3 was not available.

Despite the limitations, we obtained precious data
regarding the adaptive immune response. In particu-
lar, we have demonstrated the importance of memory
T cells and DP T cells in severe disease.

CONCLUSION

We have demonstrated that CD4+ helper T cells,
CD8+ cytotoxic T cells, and memory T cells are sig-
nificantly reduced in severe disease. The relative
impairment in naive T cell/CD4+ effector memory T
cell refers to deeper disorders in adaptive immune
functions of patients with severe disease. The decrease
in DP T cells is a new and useful marker for predicting
disease severity.
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RESUMO

OBJETIVO: A pandemia de COVID-19 tem afetado o mundo todo, constituindo uma ameaga grave para a satde humana. As células T
desempenham um papel critico na imunidade celular contra infecgées virais. Procuramos desvendar a relagdo entre sub

GRUPOS DE CELULAS T E A SEVERIDADE DA DOENGA.

METODOS: Um total de 40 pacientes com COVID-19 foram aleatoriamente recrutados para o presente estudo transversal. Todos os casos
foram confirmados por RT-PCR quantitativo. Os pacientes foram divididos em dois grupos equivalentes, um grave e um ndo-grave. Os
dados da avaliagdo clinica, laboratorial e da citometria de fluxo foram obtidos para ambos os grupos e comparados.

RESULTADOS: Os subconjuntos de linfécitos, células T CD4+ e CD8+, células T de meméria CD4+, células T de meméria CD8+, células T
CD4+ virgens, células T efetoras CD4+, células T de meméria central CD4+ e células T CD3+ CD4+ CD25+ estavam significativamente
mais baixas nos pacientes graves. A razdo células T virgens/células T efetoras TCD4+, que é um indicador da diferenciagédo entre células
T virgens e células de memdria, estava relativamente reduzida em casos graves da doenga. As células T duplo-positivas CD4+CD8+
periféricas estavam notavelmente mais baixas em casos graves da doenga (mediana das células T DP: 11,12 uL vs. 1,95 uL; p< 0,001).

CONCLUSAO: Conforme aumenta a gravidade da doenga nos casos de COVID-19, o niimero de subconjuntos de células T diminui signif-
icativamente. A supressdo da diferenciagdo de células T virgens para células T efetoras é o resultado do comprometimento grave das
fungées imunoldgicas adaptativas. As células T duplo-positivas CD4+CD8+ periféricas estavam notavelmente mais baixas em casos
graves da doenga e podem ser um marcador Gtil para predizer a severidade da doenga.

PALAVRAS-CHAVE: COVID-19, Subconjuntos de linfécitos, Imunidade adaptativa.

REFERENCES
1. Gao, Z. etal. A Systematic Review of Asymptomatic Infections with COVID- syndrome. Emerg. Infect. Dis. 13, 1562-1564 (2007).

19. . Microbiol. Immunol. Infect. (2020) doi:10.1016/j.jmii.2020.05.001. 17. Choe, P. G. et al. MERS-CoV antibody responses 1 year after symptom
2. Chen, N. et al. Epidemiological and clinical characteristics of 99 cases of onset, South Korea, 2015. Emerg. Infect. Dis. 23, 1079-1084 (2017).

2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. 18. Cao, W. C., Liu, W, Zhang, P. H., Zhang, F. & Richardus, J. H. Disappear-
Lancet 395, 507-513 (2020). ance of antibodies to SARS-associated coronavirus after recovery [18]. New

3. Wang, D. et al. Clinical Characteristics of 138 Hospitalized Patients with England Journal of Medicine vol. 357 1162-1163 (2007).
2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA - |. 19. Long, Q.-X. et al. Clinical and immunological assessment of asymp-
Am. Med. Assoc. 323,1061-1069 (2020). tomatic SARS-CoV-2 infections. Nat. Med. 1-5 (2020) doi:10.1038/
4. Huang, C. et al. Clinical features of patients infected with 2019 novel coro- $41591-020-0965-6.
navirus in Wuhan, China. Lancet 395, 497-506 (2020). 20. Kissler, S. M., Tedijanto, C., Goldstein, E., Grad, Y. H. & Lipsitch, M. Projecting
5. Dysregulation of immune response in patients with COVID-19 in Wuhan, the transmission dynamics of SARS-CoV-2 through the postpandemic
China. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7108125/. period. Science 368, 860868 (2020).
6. Chen, G. etal. Clinical and immunological features of severe and moderate 21. Wang, X. et al. Neutralizing Antibodies Responses to SARS-CoV-2in COVID-
coronavirus disease 2019. . Clin. Invest. 130, 2620-2629 (2020). 19 Inpatients and Convalescent Patients. medRxiv 2020.04.15.20065623
7. Diao, B. et al. Reduction and Functional Exhaustion of T Cells in Patients (2020) doi:10.1101/2020.04.15.20065623.

With Coronavirus Disease 2019 (COVID-19). Front. Immunol. 11, 827 (2020). 22. Weng, N. ping. Aging of the Immune System: How Much Can the Adaptive

8. XU, B.etal. Suppressed T cell-mediated immunity in patients with COVID- Immune System Adapt? Immunity vol. 24 495-499 (2006).
19: A clinical retrospective study in Wuhan, China. J. Infect. 81, e51-e60 23. Ng, C. T,, Snell, L. M., Brooks, D. G. & Oldstone, M. B. A. Networking at

(2020). the level of host immunity: Immune cell interactions during persistent viral
9. Li,C. K. etal. T Cell Responses to Whole SARS Coronavirus in Humans. J. infections. Cell Host and Microbe vol. 13 652-664 (2013).
Immunol. 181, 5490-5500 (2008). 24. Wang, X. et al. SARS-CoV-2 infects T lymphocytes through its spike pro-

tein-mediated membrane fusion. Cellular and Molecular Immunology 1

10. Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia. -
(2020) doi:10.1038/541423-020-0424-9.

1. Who & Searo. Laboratory Guidelines for enumerating CD4 T Lymphocytes

in the context of HIV/AIDS. (2007). 25. Overgaard, N. H., Jung, |.-W., Steptoe, R. |. & Wells, ]. W. CD4 + /CD8 +
Bohler. T et al. Evaluation of a simplified dual-platform fl ) double-positive T cells: more than just a developmental stage?. |. Leukoc.
12. Bohler, T. et al. Evaluation of a simplified dual-platform flow cytometric Biol. 97 31-38 (2015).

method for measurement of lymphocyte subsets and T-cell maturation ) ) N )
phenotypes in the population of Nouna, Burkina Faso. Clin. Vaccine Immu- 26. Waschbisch, A. et al. Analysis of CD4+CD8+ double-positive T cells in blood,

nol. 14, 775-781(2007). cerebrospinal fluid and multiple sclerosis lesions. Clin. Exp. Immunol. 177,

13. Machura, E., Mazur, B., Pienigzek, W. & Karczewska, K. Expression of naive/ 404_.4“ (ZQM)‘ ) » )
memory (CD45RA/CDA45R0) markers by peripheral blood CD4 + and CD8 27. Nascimbeni, M., Shin, E. C., Chiriboga, L., Kleiner, D. E. & Rehermann, B.

+T cells in children with asthma. Arch. Immunol. Ther. Exp. (Warsz). 56, Peripheral CD4+CD8+ T cells are differentiated effector memory cells with
55-62 (2008). antiviral functions. Blood 104, 478-486 (2004).

14. Coperchini, F,, Chiovato, L., Croce, L., Magri, F. & Rotondi, M. The cytokine 28. Premature Escape of Double—Pogitive Thymocytes to the Periphery of
storm in COVID-19: An overview of the involvement of the chemokine/ Young Mice. Possible Role in Autoimmunity - PubMed. https://pubmed.
chemokine-receptor system. Cytokine and Growth Factor Reviews vol. 53 nebi.nlm.nih.gov/8120365/.

25-32 (2020). 29. Romano, M., Fanelli, G., Albany, C. |., Giganti, G. & Lombardi, G. Past, pres-

15. Ye, Q. Wang, B. & Mao, |. The pathogenesis and treatment of the ‘Cytokine ent, gnd futurg of.regu\atoryT cell therapy in transplantation and autoim-
Storm” in COVID-19'. Journal of Infection vol. 80 607-613 (2020). munity. Frontiers in Immunology vol. 10 43 (2019).

16. Wu, L. P. et al. Duration of antibody responses after severe acute respiratory 30. Shevyrev, D. & Tereshchenko, V. Treg Heterogeneity, Function, and Homeo-
stasis. Frontiers in Immunology vol. 10 3100 (2020).

REV ASSOC MED BRAS 2020; 66(12):1666-1672 1672



