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The COVID-19 pandemic, caused by the infectious agent SARS-CoV-2, 
has claimed the life of thousands of people around the world following 
its rapid expansion from Wuhan, China, in early January 2020. Since 
then, multiple groups worldwide have attempted to describe predictive 
models for adverse clinical outcomes in patients affected by this disease. 
Within laboratory findings, the first Chinese cohorts described an inverse 
relationship between the absolute lymphocyte count and disease 
severity, and about 80% of severe patients exhibited lymphopenia. 
However, there are discrepancies regarding the predictive value of this 
clinical manifestation, as well as in the pathophysiological mechanisms 
involved. Here, we review current evidence regarding lymphopenia in 
patients with COVID-19, and the potential utility of this hematological 
finding as a disease biomarker.
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Introduction

Coronaviruses (CoV) are cause of common cold and serious 
respiratory illnesses, such as the Severe Acute Respiratory 
Syndrome (SARS). A recent outbreak of pneumonia occurred 
in Wuhan, China, in December 2019, and the causative 
agent was identified as a novel coronavirus, SARS-CoV-2, 
genetically related to SARS-CoV and Middle East respiratory 
syndrome (MERS)-CoV. The clinical manifestations of SARS-
CoV-2 disease (COVID-19) include fever, cough, fatigue, 
muscle pain, diarrhea, and pneumonia, which can evolve 
to acute respiratory distress syndrome, metabolic acidosis, 
septic shock, coagulation dysfunction, liver, kidney and 
heart failure.1,2

Several biomarkers, such as the levels of C Reactive 
Protein (CRP), ferritin, procalcitonin, D-dimer and 

thrombocytopenia, have been associated with COVID-19 
severity. Moreover, lymphopenia has emerged as an 
important independent predictor of poor prognosis 
in COVID-19 patients.3 Nonetheless, it is not clear the 
pathophysiological mechanism of COVID-19-associated 
lymphopenia, its clinical significance, and the potential 
therapeutic implications related to this hematological 
disorder.4 Here, we review the characteristics, epidemiology, 
and associated clinical features of lymphopenia induced 
by SARS-CoV-2 infection, and discuss the potential 
pathophysiological and therapeutic implications of this 
alteration.

Definition and Incidence of COVID-19-associated 
Lymphopenia

Lymphopenia is a common clinical feature among SARS-CoV, 
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MERS-CoV and SARS-CoV-2 infections. Several studies have 
shown absolute lymphocyte counts below 1500 cells/ μL in 
COVID-19 patients, and less than 700 cells/µL in individuals 
with severe disease.5 A predominant reduction in the 
proportion and absolute numbers of T cells has also been 
observed.6,7 Interestingly, lymphopenia is developed as 
early as 3 days after disease onset and is maintained even 
after 16 days of disease.6 Lymphopenia is evidenced in up 
to 80% of COVID-19 patients,7 whereas this proportion 
increases to 96% in patients with severe disease.8

Clinical Characteristics of COVID-19
COVID-19 is a clinically dynamic disease, with manifestations 
ranging from asymptomatic forms and mild flu-like 
syndromes, to life-threatening acute respiratory disease 
syndrome (ARDS) and multi-organ dysfunction. The 
transmission of COVID-19 is through person-to-person 
when the infected individual cough and sneezes, or through 
invasive procedures such as orotracheal intubation.7 
Symptomatic individuals are infectious even 3 days before 
onset of symptoms, and the rate of transmission by these 
individuals rises to 40 to 50% (in asymptomatic individuals; 
on the other hand, the viral shedding dynamics is not 
completely understood, but some investigations have 
suggested that approximately 2.6% of these individuals 
are capable of transmitting the infection).7 The most 
common symptom as studied from various cohorts of 

COVID-19 patients are fever (83-98%) followed by fatigue 
(70%) and dry cough (59%); gastrointestinal symptoms can 
occur between 4-26%: abdominal pain, nausea, vomiting, 
diarrhea.1,3 Typically, the onset of symptoms occurs at 4 to 
5 days of infection9, with a chronology depicted in Figure 
1. Clinically, COVID-19 can be classified as follows:

Mild: Symptoms include fever, cough, myalgia, anorexia 
and diarrhea. A minor fraction (10%) of the individuals also 
present anosmia and ageusia.7 The symptoms usually resolve 
spontaneously in most of the individuals, so that this group 
of patients does not need additional evaluation, depending 
on the risk profile.8,9 Indeed, a fraction of them (20.3%) can 
develop moderate or severe disease, with risk factors that 
include age >65 years, cardiovascular disease, chronic lung 
disease, hypertension, diabetes, obesity, kidney disease, 
immunosuppression, cancer and Human Immunodeficiency 
Virus infection (HIV).1,9

Moderate: Dyspnea characterizes this group of individuals 
(40% of the cases), together with laboratory findings such as 
increased levels of D-dimer, lactate dehydrogenase, C-reactive 
protein and ferritin.10 Other findings associated with poor 
outcomes include lymphopenia, prolonged prothrombin 
time, and elevated levels of liver enzymes.5,7 Typical imaging 
findings are ground-glass opacification or consolidation 
(>50% of the lung field).6,8 Patients with moderate disease 
should receive hospital-based management.9

Figure 1.Timeline of COVID-19 clinical manifestations. Incubation period is defined as the interval between the 
potential earliest date of contact of the transmission source (wildlife or person with suspected or confirmed 

case) and the potential earliest date of symptom onset (i.e. cough, fever, fatigue or myalgia). The median 
incubation period is 4 days (interquartile range 2–7 days). Most of SAR-CoV-2 infections are mild (81%) with a 

usual recovery period of 2 weeks. ADRS: acute respiratory distress syndrome; ICU: Intensive care unit.
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Severe: In these individuals, there is worsening of dyspnea, 
along with tachypnea (>30 breaths per minute), hypoxemia 
(oxygen saturation <93% and ratio of PaCO2 to FiO2<300) 
and abnormal lung auscultation (crackles). In addition 
to Lymphopenia, biomarkers of poor prognosis include 
increased d-dimer, CRP, ferritin and Lactate Dehydrogenase 
(LDH) levels in serum, as well as prothrombin time.8,9 A high 
proportion of these individuals (32.8%) develop ARDS1, 
requiring clinical management in an Intensive Care Unit 
(ICU), including strategic mechanical ventilation.10

In severe disease, the recovery period rises to 3-6 weeks 
to critical disease (ARDS, sepsis, septic shock or MODS) in 
5%, with highest case fatality (8-15%) among those aged 
over 80 years.1,3,44,46

Mechanisms of Lymphopenia in SARS-COV-2 
Infection
SARS-CoV-2 genome exhibits a 79% and 50% sequence 
similarity with SARS-CoV and MERS-CoV, respectively.11,12 
Besides, SARS-CoV-2 and SARS-CoV share the cell entry 
receptor Angiotensin-Converting Enzyme 2 (ACE2).12,13 This 
similarity is reflected in common clinical manifestations, 
as well as specific immunological disturbances, such 
as lymphocyte loss.14 In addition to lymphopenia and 
profound decrease in T cell counts, COVID-19 patients 
exhibit high levels of the functional T cell exhaustion, with 
increased expression of programmed death 1 (PD-1) and 
T cell immunoglobulin and mucin-domain containing-3 
(TIM3),15 and lower production of interferon (IFN)-α in 
severe patients.6 However, the mechanisms of lymphopenia 
in SARS-CoV-2 infection, as well as in the original SARS-CoV 
disease, are yet undefined. These potential mechanisms 
can be classified as direct, product of viral infection and 
subsequent lymphocyte death and indirect, because of the 
immune response mounted against the virus.

SARS-CoV-2 Replication in Lymphocytes
SARS-CoV-2 entry to the cell is facilitated by the virus 
spike protein, which binds the ACE2 receptor. This process 
requires additional cellular factors, particularly the serine 
protease TMPRSS2, which primes the S protein for ultimate 
fusion of viral and cellular membranes.13,18 However, ACE2 
is not expressed by lymphocyte populations,18-21 and only a 
small fraction of T cells and B cells in oral mucosa has been 
found to express ACE2 transcripts.22 Consistently, a previous 
study failed to detect SARS-CoV-2 RNA in peripheral blood 
mononuclear cells from infected patients.21 Thus, although 
SARS-CoV particles have been found in several immune 
cells, including lymphocytes,23 it is controversial if SARS-
CoV-2 readily infects lymphocytes. Therefore, active viral 
replication and cytopathic effects probably do not account 
as a major mechanism of lymphocyte loss. Nonetheless, it 
should not be discarded that the potential process of viral 

binding and entry into cells activates several intracellular 
pathways leading to cell death, as evidenced for MERS-
CoV24 and other viruses.25 Inflammasome activation and 
pyroptosis triggered by abortive infection may be important 
mechanisms of T cell death in COVID-19, similar to what 
occurs in HIV infection.26 Moreover, activation of Toll-like 
receptors by structural proteins of SARS viruses might lead 
to lymphocyte death.27,28

Indirect Mechanisms of Lymphocyte Loss in SARS-
CoV-2 Infection

SARS and MERS are characterized by a massive immune 
cell activation, release of inflammatory cytokines, increase 
in acute-phase proteins, and coagulability disorders. These 
immunological disturbances, also known as cytokine storm 
syndrome, constitute a hallmark of severe COVID-19.29 
Indeed, there is increasing evidence of a systemic 
inflammatory profile in individuals with SARS-CoV-2 
infection, particularly with severe disease, exhibiting high 
plasma/ serum levels of cytokines such as interleukin 
(IL)-6, IL-1b, IL-1RA, IL-2R, IL-7, IL-8, tumor necrosis factor 
(TNF)-α, and the regulatory cytokine IL-10.6,7,14,16 Peripheral 
blood mononuclear cells and bronchoalveolar lavage 
fluid also contain elevated transcripts of the chemokines 
CCL2, CXCL10, CCL3, and CCL4.21 Lung chemokines induce 
lymphocyte migration into this organ,30 also reflecting in 
peripheral lymphopenia. Importantly, the levels of IL-6, 
IL-10, and TNF-α negatively correlate with T cell numbers 
in COVID-19 patients,17 supporting the role of systemic 
inflammation in the development of lymphopenia. Certainly, 
cytokines of the TNF-α family induce apoptosis of activated 
T cells,31,32 and in SARS-CoV-2 infection there is an increase 
in the proportion of HLA-DR+ CD38+ activated T cells,16,33 
pointing to cytokine-induced cell death as an important 
mechanism of lymphocyte loss in COVID-19.

Another mechanism that may contribute to the cytokine 
syndrome storm and T cell activation is the downregulation 
of ACE2 after virus entry into cells. Although this event has 
not been formally proven for SARS-CoV-2,13 it was evidenced 
for SARS-CoV.34 ACE2 inactivates angiotensin 2, preventing 
its binding to the angiotensin receptors 1 and 2. By this 
mechanism, ACE2 regulates the global proinflammatory 
response induced by the renin-angiotensin system.35 This 
anti-inflammatory effect of ACE2 is beneficial in the context 
of vascular and renal inflammation and atherosclerosis,36,37 
as well as acute lung injury.38 Thus, the reduction in ACE2 
levels might also contribute to immune dysregulation and 
lung injury seen in COVID-19 and the modulation of the 
renin-angiotensin system is a potential therapeutic strategy.

Apart from cytokine-induced cell death, T cells also suffer 
Activation-Induced Cell Death (AICD) following T cell 
receptor triggering.39 This is a regulatory mechanism that 
assures the contraction of the T cell effector phase and 
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involves the upregulation and ligation of death receptors 
such as Fas40,41 and the activation of p53-related apoptotic 
pathways.41 Precisely, apoptosis and p53-related genes 
are enriched in peripheral blood mononuclear cells from 
COVID-19 patients21 and death receptors such as PD-1 are 
upregulated in T cells from these individuals,17 supporting 
AICD as another mechanism of T cell loss in this disease.

In summary, multiple pathways contribute to the 
development of lymphopenia in COVID-19. These 
mechanisms, summarized in Figure 2, may also be potential 
therapeutic targets to counteract infection or prevent 
potential comorbidities.

Lymphopenia as a Biomarker of Severity in 
COVID-19
Several observational studies have indicated the importance 
of lymphopenia as a predictive marker of poor prognosis 
in COVID-19. The first clinical characterizations in Wuhan, 

China, early demonstrated the predominant lymphocyte loss 
in individuals with COVID-19.42,43 Other studies have found 
that lymphopenia, and predominantly CD4+ T cell loss, as 
well as an elevated neutrophil/ lymphocyte ratio, is more 
frequent in severe cases.49 Systematic reviews have also 
shown that lymphopenia is a feature of severe COVID-19 
with critical patients exhibiting a median lymphocyte count 
of 800 cells/µL, and non-survivors showing persistent 
lymphopenia.44,45

Lymphopenia have included within prognostic scales by 
several observational studies. Ji et al. propose a predictive 
model called CALL, which includes comorbidity, age, 
lymphocyte count and LDH levels.46 A nomogram with 
four variables was developed, reporting adjusted calibration 
curves and good concordance indices (0.86, 95% CI 0.81 
- 0.91).

Chen J et al. also explored prognostic factors for ICU 

Figure 2.Mechanisms of lymphopenia in COVID-19. SARS-Cov2 might enter T cells via receptor-mediated 
endocytosis and exert abortive infection, but this process is still controversial. However, multiple pattern 
recognition receptors (PRR), both in the cell surface, endosomes, or cytoplasm, recognize viral proteins, 
and trigger apoptotic pathways. COVID-19 is characterized by a cytokine storm syndrome, with the high 
secretion of inflammatory cytokines such as IL-6 and TNF-α internalization could also limit the regulatory 

role of this receptor on the renin-angiotensin system, further exacerbating the inflammatory process driven 
by this endocrine axis. Besides, multiple chemokines such as CCL2, CCL3, and CCL4 are released in the 

lung and systemically, promoting T cell sequestration into the lung. Inflammatory cytokines, as well as major 
histocompatibility (MHC)/T cell receptor (TCR)-mediated signals promote T cell activation and render them 
more susceptible to cell death. Specifically, these signals directly lead to the activation of apoptotic pathways, 
induce the expression of activation markers such as HLA-DR and CD38, and cause the upregulation of death 

receptors such as Fas and programmed death 1 (PD-1), which in turn activate apoptotic pathways.
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admission, finding that only age and CD4+ T cell counts were 
independently associated with this outcome.47 Likewise, 
among the prognostic factors of mortality, Zhao Q et al. 
propose a predictive model at7,14,21 and 28 days, which 
includes the age, LDH and CRP levels.48 However, in this 
study, lymphopenia had a strength of association for fatal 

outcome when absolute counts are lower than 1-x-10⁹ 
cells/µL than D-dimer levels.

Some meta-analyses focused on the evaluation of 
Lymphopenia in COVID-19 are summarized in Table 1.

Conclusion

Table 1.Lymphopenia as a predictor of severe COVID-19

Author Study objective Type of study Criteria for severe 
COVID-19

Cut-points for 
lymphopenia Conclusion

Zhao Q 
et al.48 

To explore the 
relationship 
between 
lymphocyte count 
and the severity of 
COVID-19.

13 case-series 
with a total 
of 2282 cases 
were included 
in the study

Requirement for 
intensive care, 
mechanical ventilation 
or death

Lymphocyte 
count of less 
than 1.1x109/L 
in four studies 
and as less 
than 1.5x109/L 
in one study

The presence of 
lymphopenia was 
associated with nearly 
threefold increased 
risk of severe 
COVID-19 (Random 
effects model, OR = 
2.99, 95% CI: 1.31-
6.82).
Lymphopenia is a 
prominent part of 
severe COVID-19 and 
a lymphocyte count 
of less than 1.5x109/L 
may be useful in 
predicting the severity 
clinical outcomes.

Huang I, 
Pranata 
R42

To investigate the 
association of 
lymphocyte count 
on admission and 
the severity of 
COVID-19.
To analyze 
whether age and 
comorbidities affect 
the relationship 
between 
lymphocyte count 
and COVID-19

23 studies with 
a total of 3099 
cases were 
included in the 
study

Patients
who had any of the 
following features at 
the time of, or
after, admission: (1) 
respiratory rate ≥ 30 
breaths per min,
(2) oxygen saturation 
≤ 93% (at rest), 
(3) ratio of partial 
pressure of arterial 
oxygen to fractional 
concentration of 
oxygen inspired air 
(PaO2 to fiO2 ratio) ≤ 
300mmHg, or
(4) specific 
complications, such 
as septic shock, 
respiratory failure, 
and or multiple organ 
dysfunction

A cut-off point 
of less than 
1100 cells/μL 
was established 
because there 
were 4 studies 
using it as a 
cutoff point.

Lymphopenia can 
be used as a marker 
for poor prognosis 
in COVID-19 and in 
younger patients in 
particular.
Lymphopenia defined 
as lymphocyte count ≤ 
1100 cells/μL
is associated with 
threefold risk of poor 
outcome
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Lymphopenia is a common characteristic of COVID-19 and 
other CoV infections. The mechanisms of lymphopenia in 
COVID-19 are not fully understood, but may include direct 
cytophatic viral effects, activation of apoptosis pathways 
via pattern recognition receptors and cell death induced 
by the inflammatory environment and T cell activation.

The absolute lymphocyte count is a parameter highly 
accessible in the clinical setting, so that the evaluation of 
Lymphopenia, as well as the neutrophil/ lymphocyte ratio, 
should be considered for the clinical follow-up of COVID-19 
patients, in order to anticipate the development of disease 
complications and comorbidities

Declaration of Interests
The authors declare that they have no competing financial 
interests or personal relationships that could have appeared 
to influence the work reported in this paper. 

Acknowledgement
Thanks to Dr. Federico Perdomo-Celis for critically reviewing 
the manuscript and helping in the design of the figures.

Ethical Approval
Does not apply.

Funding Source: None

Conflict of Interest: None

References
1. Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-

Ocampo E et al. Clinical, laboratory and imaging features 
of COVID-19: A systematic review and meta-analysis. 
Travel Medicine and Infectious Disease 2020; 34. 

2. Cao C, Chen M, Li Y et al. Clinical features and predictors 
for patients with severe SARS-CoV-2 pneumonia: a 
retrospective multicenter cohort study. SSRN Electronic 
Journal 2020. 

3. Di Gennaro F, Pizzol D, Marotta C et al. Coronavirus 
diseases (COVID-19) current status and future 
perspectives: A narrative review. International Journal 
of Environmental Research and Public Health 2020; 
17(8). 

4. Wynants L, Van Calster B, Bonten MMJ et al. Prediction 
models for diagnosis and prognosis of covid-19 
infection: systematic review and critical appraisal. 
The BMJ 2020; 369.

5. Lovato A, de Filippis C. Clinical Presentation of 
COVID-19: a systematic review focusing on upper 
airway symptoms. Ear, Nose and Throat Journal 2020. 

6. Liu J, Li S, Liu J et al. Longitudinal characteristics of 
lymphocyte responses and cytokine profiles in the 
peripheral blood of SARS-CoV-2 infected patients. 
EBioMedicine 2020: 55. 

7. Giamarellos-Bourboulis EJ, Netea MG, Rovina N et al. 
Complex Immune Dysregulation in COVID-19 patients 
with severe respiratory failure. Cell Host and Microbe 
2020; 27(6): 992-1000.e3. 

8. Zhu J, Ji P, Pang J et al. Clinical characteristics of 3,062 
COVID-19 patients: a meta-analysis. Journal of Medical 

Huang 
W et 
al.50

To evaluate 
prognostic 
information 
for COVID-19 
disease severity 
of lymphopenia 
in patients 
hospitalized with 
infection

20 publications 
selected for 
meta-analysis 
included a 
total of 3017 
subjects with 
CD4+ cell 
counts where 
2311 were 
classified as 
Mild/Moderate 
(76.6%) and 
706 were 
classified as 
Severe/Critical 
(23.4%).

Decreased, non-
survival, critical and 
patients
with disease 
aggravation were all 
classified into the 
“Severe/Critical” group

No mention of 
cut-points
Compared 
the results 
of peripheral 
blood 
lymphocyte 
subset counts 
in patients with
mild/moderate 
disease 
(average: 
1134 cells/
μL) to those 
with severe/
critical disease 
average: 
705 cells/μL) 
hospitalized in 
China with a 
diagnosis of
COVID-19 
pneumonia.

Absolute counts of 
major lymphocyte 
subsets are 
significantly and
substantially 
decreased in severe 
COVID-19 disease.
Multivariate analyses 
reviewed here 
establish
immune cell subset 
counts, particularly 
CD4+ and CD8+ 
T cell counts, 
as independent 
predictors of
COVID-19 outcomes.



102
Rondón-Carvajal J et al.
J. Commun. Dis. 2021; 53(1)

ISSN: 0019-5138 
DOI: https://doi.org/10.24321/0019.5138.202116

Virology 2020: 0-1. 
9. Gandhi RT, Lynch JB, del Rio C. Mild or moderate 

Covid-19. New England Journal of Medicine 2020: 1-9. 
10. Berlin DA, Gulick, RM, Martinez FJ. Severe Covid-19. 

New England Journal of Medicine 2020: 1-10. 
11. Lu R, Zhao X, Li J et al. Genomic characterization and 

epidemiology of 2019 novel coronavirus: implications 
for virus origins and receptor binding. The Lancet 2020; 
395(10224): 565-74. 

12. Zhou P, Yang X-L, Wang XG et al. A pneumonia outbreak 
associated with a new coronavirus of probable bat 
origin. Nature 2020; 579(7798): 270-273. 

13. Hoffmann M, Kleine-Weber H, Schroeder S et al. SARS-
CoV-2 cell entry depends on ACE2 and TMPRSS2 and 
is blocked by a clinically proven protease inhibitor. Cell 
2020; 181(2): 271-80.e8. 

14. Zhang L, Sun W, Chen L et al. Clinical features and a 
simple model for predicting the mortality of coronavirus 
disease 2019 patients on admission. SSRN Electronic 
Journal 2020. 

15. Zhang G, Hu C, Luo L et al. Clinical features and short-
term outcomes of 221 patients with COVID-19 in 
Wuhan, China. Journal of Clinical Virology 2020; 127: 
104364. 

16. Chen G, Wu D, Guo W et al. Clinical and immunological 
features of severe and moderate coronavirus disease 
2019. Journal of Clinical Investigation 2020; 130(5): 
2620-9. 

17. Diao B, Wang C, Tan Y et al. Reduction and functional 
exhaustion of T cells in patients with coronavirus 
disease 2019 (COVID-19). Frontiers in Immunology 
2020; 11: 1-7. 

18. Ziegler CGK, Allon SJ, Nyquist SK et al. SARS-CoV-2 
receptor ACE2 is an interferon- stimulated gene in 
human airway epithelial cells and is detected in specific 
cell subsets across tissues. Cell, 2020. 

19. Zhao Y, Zhao Z, Wang Y et al. Single-cell RNA expression 
profiling of ACE2, the putative receptor of Wuhan 
2019-nCov. BioRxiv 2020. 

20. Zhang H, Kang Z, Gong H, et al. The digestive system is a 
potential route of 2019-nCov infection: a bioinformatics 
analysis based on single-cell transcriptomes. BioRxiv 
2020. 

21. Xiong Y, Liu Y, Cao L et al. Transcriptomic characteristics 
of bronchoalveolar lavage fluid and peripheral blood 
mononuclear cells in COVID-19 patients. Emerging 
Microbes and Infections 2020; 9(1): 761-770. 

22. Xu H, Zhong L, Deng J et al. High expression of ACE2 
receptor of 2019-nCoV on the epithelial cells of oral 
mucosa. International Journal of Oral Science 2020; 
12(1): 1-5. 

23. Gu J, Gong E, Zhang B et al. Multiple organ infection 
and the pathogenesis of SARS. Journal of Experimental 

Medicine 2005; 202(3): 415-424. 
24. Chu H, Zhou J, Wong BHY et al. Middle East Respiratory 

Syndrome Coronavirus Efficiently Infects Human 
Primary T Lymphocytes and Activates the Extrinsic 
and Intrinsic Apoptosis Pathways. Journal of Infectious 
Diseases 2016; 213(6): 904-14. 

25. Zhou X, Jiang W, Liu Z et al. Virus infection and death 
receptor-mediated apoptosis. Viruses 2017; 9(11). 

26. Doitsh G, Galloway NLKK, Geng X et al. Pyroptosis drives 
CD4 T-cell depletion. Nature 2014; 505(7484): 509-514. 

27. Wang Y, Liu L. The membrane protein of severe acute 
respiratory syndrome coronavirus functions as a novel 
cytosolic pathogen-associated molecular pattern to 
promote beta interferon induction via a toll-like-
receptor-related TRAF3-independent mechanism. 
MBio 2016; 7(1): 1-14. 

28. Kulkarni R, Behboudi S, Sharif S. Insights into the role 
of Toll-like receptors in modulation of T cell responses. 
Cell and Tissue Research 2011; 343(1): 141-152. 

29. Henderson LA, Canna SW, Schulert GS et al. On the alert 
for cytokine storm: Immunopathology in COVID-19. 
Arthritis and Rheumatology 2020; 0(0): 1-5. 

30. D’Ambrosio D, Mariani M, Panina-Bordignon P et al. 
Chemokines and their receptors guiding T lymphocyte 
recruitment in lung inflammation. American Journal of 
Respiratory and Critical Care Medicine 2001; 164(7): 
1266-75. 

31. Mehta A, Gracias DT, Croft M. TNF Activity and T cells. 
Physiology & Behavior 2016; 176(1): 100-6. 

32. Falschlehner C, Schaefer U, Walczak H. Following TRAIL’s 
path in the immune system. Immunology 2009; 127(2): 
145-54.

33. Xu Z, Shi L, Wang Y et al. Pathological findings of 
COVID-19 associated with acute respiratory distress 
syndrome. Journal of the Formosan Medical Association 
2020.

34. Kuba K, Imai Y, Rao S et al. A crucial role of angiotensin 
converting enzyme 2 (ACE2) in SARS coronavirus-
induced lung injury. Nature Medicine 2005; 11(8): 
875-879. 

35. Crowley SD, Rudemiller NP. Immunologic effects of 
the renin-angiotensin system. Journal of the American 
Society of Nephrology 2017; 28(5): 1350-1. 

36. Liu Z, Huang XR, Chen HY et al. Loss of angiotensin-
converting enzyme 2 enhances TGF-Β/Smad-mediated 
renal fibrosis and NF-κB-driven renal inflammation in a 
mouse model of obstructive nephropathy. Laboratory 
Investigation 2012; 92(5): 650-661. 

37. Thomas MC, Pickering RJ, Tsorotes D et al. Genetic 
Ace2 deficiency accentuates vascular inflammation 
and atherosclerosis in the ApoE knockout mouse. 
Circulation Research 2010; 107(7): 888-897. 

38. Imai Y, Kuba K, Rao S et al. Angiotensin-converting 



103
Rondón-Carvajal J et al.

J. Commun. Dis. 2021; 53(1)

ISSN: 0019-5138 
DOI: https://doi.org/10.24321/0019.5138.202116

enzyme 2 protects from severe acute lung failure. 
Nature 2005; 436(7047): 112-116. 

39. Green DR, Droin N, Pinkoski M. Activation-induced 
cell death in T cells. Immunological Reviews 2003; 
193: 70-81. 

40. Ju S-T, Panka, DJ, Cui H et al. Fas (CD95)/FasL interactions 
required for programmed cell death after T-cell 
activation. Nature 1995; 373(6513): 444-448. 

41. Lissy NA, Davis PK, Irwin M et al. A common E2F-1 
and p73 pathway mediates cell death induced by TCR 
activation. Nature 2000; 407(6804): 642-625. 

42. Huang I, Pranata R. Lymphopenia in severe coronavirus 
disease-2019 (COVID-19): systematic review and meta-
analysis. Journal of Intensive Care 2020; 8(1): 1-10. 

43. Zhou F, Yu T, Du R et al. Clinical course and risk factors 
for mortality of adult inpatients with COVID-19 in 
Wuhan, China: a retrospective cohort study. The Lancet 
2020; 395(10229): 1054-1062. 

44. Yang X, Yu Y, Xu J et al. Clinical course and outcomes 
of critically ill patients with SARS-CoV-2 pneumonia 
in Wuhan, China: a single-centered, retrospective, 
observational study. The Lancet Respiratory Medicine 
2020; 8(5): 475-481. 

45. Wang D, Hu B, Hu C et al. Clinical Characteristics of 138 
Hospitalized Patients with 2019 Novel Coronavirus-
Infected Pneumonia in Wuhan, China. Journal of the 
American Medical Association 2020; 323(11): 1061-9. 

46. Dong Ji, Zhang D, Xu J et al. Prediction for progression 
risk in patients with COVID-19 pneumonia: the CALL 
score. Frontiers in Plant Sci 2012; 0954162(478): 1-4.

47. Chen J, Qi T, Liu L, et al. Clinical progression of patients 
with COVID-19 in Shanghai, China. Journal of Infection 
2020; 80(5): e1-6.

48. Zhao Q, Meng M, Kumar R et al. Lymphopenia is 
associated with severe coronavirus disease 2019 
(COVID-19) infections: A systemic review and meta-
analysis. International Journal of Infectious Diseases 
2020; 96: 131-5. 

49. Huang W, Berube J, McNamara M et al.  Lymphocyte 
subset counts in COVID-19 patients: a meta-analysis. 
Cytometry Part A, 2020.


