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A B S T R A C T

The lymphopenia exhibited in patients with COVID-19 has been associated with a worse prognosis in the development of the disease.
To understand the factors associated with a worse evolution of COVID-19, we analyzed comorbidities, indicators of inflammation such as CRP and the ratio of

neutrophils/lymphocytes, as well as the count of blood cells with T-lymphocyte subtypes in 172 hospitalized patients with COVID-19 pneumonia. Patients were
grouped according to their needs for mechanical ventilation (ICU care) or not.

Within the comorbidities studied, obesity was the only associated with greater severity and ICU admission. Both the percentage and the absolute number of
neutrophils were higher in patients needing ICU care than non-ICU patients, whereas absolute lymphocyte count, and especially the percentage of lymphocytes,
presented a deep decline in critical patients. There was no difference between the two groups of patients for CD4 T-lymphocytes, neither in percentage of lymphocyte
nor in absolute number, however for CD8 T-cells the differences were significant for both parameters which were in decline in ICU patients. There was a firm
correlation between the highest values of inflammation indicators with the decrease in percentage of CD8 T-lymphocytes. This effect was not seen with CD4 cells.

Obesity together with lymphopenia, especially whether preferentially affects to CD8 T- lymphocytes, are factors that can predict a poor prognosis in patients with
COVID-19.

1. Introduction

Severe acute respiratory syndrome coronavirus (SARS-CoV-2) which
causes the COVID-19 has rapidly evolved from an epidemic outbreak to
a pandemic that affects virtually everyone. SARS-CoV-2 has a great
similarity with to SARS-CoV and invades host human cells by binding to
the angiotensin-converting enzyme 2 (ACE2) receptor [1]. In addition
the cellular serine protease TMPRSS2 is also required to properly pro-
cess the SARS-CoV-2 spike protein and facilitate host cell entry [2].
Although it is established that COVID-19 manifests itself mainly as an
infection of the respiratory tract, COVID-19 behaves as a systemic
disease affecting multiple organs including the gastrointestinal, cardi-
ovascular, neurological, hematopoietic and immune system. SARS-CoV-
2 viremia affects the organs where ACE2 is expressed. From several
days after the onset of symptoms, the infection becomes more systemic,
affecting various organs and with a clear evidence of inflammation
development. Associated with the systemic involvement of the disease,
the presence of lymphopenia is evident in many patients [3]. Lym-
phopenia could be explained due to the direct lethal effect of SARS-
CoV-2 on lymphocytes, since expression of ACE2 in leukocytes has been
described, although at low level [4]. Another possibility to explain
lymphopenia is that the inflammation caused by the infection and the

release of pro-inflammatory cytokines, such as TNF alpha and IL-6,
could also induce apoptosis in lymphocytes [5]. This phenomenon has
been clearly demonstrated in the sepsis.

The lymphopenia exhibited in patients with COVID-19 along with
the rise in neutrophil leukocytes have been associated with a worse
prognosis in the development of the disease. Indeed, in patients who
needed intensive care units (ICU) and who presented acute respiratory
distress syndrome, the lymphocyte count levels were lower than those
without these requirements [6]. Likewise lymphopenia has been asso-
ciated with increased mortality and mechanical ventilation require-
ments [7].

The objective of the present study was to investigate whether the
subpopulations of T-lymphocytes (CD4+ and CD8+) are affected in a
greater way in lymphopenia induced by SARS-CoV-2, as well as to
determinate the associations with clinical features. To this end, we
studied the lymphocyte populations, inflammation markers, as well as
comorbidities in patients with COVID-19 pneumonia admitted in ICU
and patients with a less severe condition (without request invasive
mechanical ventilation and without severe multi-organ involvement).
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2. Patient selection and methods

A retrospective case-control study was conducted in patients suf-
fering from COVID-19 pneumonia admitted to University Hospital of
Ciudad Real (Spain) from March 1 to April 15, 2020. A total number of
one hundred and seventy two patients (N = 172) were investigated.
Hospitalized patients without acute respiratory failure (N = 145) were
included as the control group, and patients supporting mechanic ven-
tilation at intensive care unit (ICU-patients, N = 27) represented the
group of cases. The infection by SARS-Cov-2 was confirmed by the real-
time (rt) reverse transcriptase (RT) polymerase chain reaction (PCR)
from Abbott Laboratories (Abbott RealTime SARS-COV-2 assay, Abbott
Park, Illinois, U.S.A) from upper respiratory tract samples after ad-
mission. Demographic and clinical features (comorbidities) obtained
from patient's medical records as well as laboratory determinations
were analyzed between cases and controls. The absolute number and
percentage of lymphocytes and neutrophils were measured in an au-
tomated analyzer of blood cell count (UniCel DxH800 Beckman Coulter
Miami FL) from EDTA-anticoagulated samples. For the flow cytometry
assay of the lymphocyte subpopulations (CD3+, CD3 + CD4+ and
CD3 + CD8+ lymphocytes) in peripheral blood samples the following
monoclonal antibodies were used: PerCP conjugated anti-human CD3,
FITC anti-CD4 and PE anti-CD8 purchased from Becton Dickinson (BD
San José, USA). Lymphocytes were acquired in a FACScan cytometer
(BD) and analyzed with the CellQuest Pro software (BD). The pre-
valence of categorical variables (gender and comorbidities) was calcu-
lated by Chi2 with the Fisher's exact test, with 2 × 2 contingency tables.
For the continuous variables (age at admission, laboratory findings, and
lymphocyte subpopulations) the non-parametric Mann-Whitney U test
was used. The influence of the parameters under study on the defined
groups of patients were determined by the odds ratios (ORs) with the
confidence intervals (CIs) at 95% in a univariate regression analysis.
The relationships between the percentage of lymphocyte subpopula-
tions (CD3+, CD3 + CD4+ and CD3 + CD8+) and laboratory de-
terminations were analyzed by the Spearman's correlation coefficient
linear regresion. All the statistical determinations were analyzed using
SPSS version 23.0 (SPSS Inc., Chicago, Ill., USA). The differences were
considered statistically significant at p-values of less than 0.05.

3. Results

3.1. Clinical analytical and demographic characteristics of patients

The demographic and clinical characteristics of the patients in-
troduced in the study are summarized in Table 1. We found differences
between the groups of patients studied in terms of biochemical and
blood cell parameters, in agreement with the results previously de-
scribed in other series [7,8]. As is reflected in Table 1, only the presence
of obesity showed significant differences between both groups of pa-
tients in terms of comorbidities, with an increased risk respect to the
control group in the univariate regression analysis performed
(OR = 4.72, 95% CI 1.614–13.830, p = .005). The remaining co-
morbidities did not show substantial differences between both groups
of patients.

3.2. Parameters associated with inflammation

Inflammation is the clue determinant and primary basic mechanism
resulting in disability and increased mortality in COVID-19 [9]. Sys-
temic inflammation is associated with changes in circulating blood cells
quantity and composition. In the blood cell analysis, both the percen-
tage and the absolute number of neutrophils were higher in ICU pa-
tients, whereas on the other hand, absolute lymphocyte count, and
especially the percentage of lymphocytes, presented a deep decline in
critical patients (OR = 0.769, 95% CI 0.687–0.861, p < .0001). The
Neutrophil -Lymphocyte ratio (NLR) and platelet-lymphocyte ratio

(PLR) have emerged as excellent indicators of systemic inflammation
[10]. As is indicated in Table 1, NLR was higher in patients requiring
ICU care, as well as the biochemical indicator of inflammation, C-re-
active protein (CRP), demonstrating a higher rate of inflammation in
the most critical patients.

3.3. T-lymphocyte subpopulations

When lymphopenia is analyzed in terms of studies of T lymphocyte
subpopulations, as shown in Table 1, there was no difference between
the two groups of patients studied for CD4 T-lymphocytes, neither in
percentage of lymphocyte nor in absolute number. However for CD8 T-
cell the differences were significant for both parameters which are in
decline in the most severe patients (Fig. 1). Alteration in CD8 T lym-
phocyte population is partially transferred to the results observed in T
lymphocytes and the CD4/CD8 ratio. However, the decrease observed
in CD8 T-cells (OR = 0.956, 95% CI 0.918–0.996, p < .031) is less
evident than the global data of lymphopenia. Similarly, as is shown in
the univariate regression analysis (OR) in Fig. 2, the T-lymphocyte
populations showed that only the decrease in the CD8 lymphocyte
subpopulation is associated with more severity in disease. Whether we
set a random cut-off point for the absolute number of CD8 cells at a
value ≤100 cells/μL, the univariate regression study will give us a

Table 1
Demographic, clinical and analytical data of 172 patients with COVID-19
grouped by severity of illness according to ICU care requirements. In quanti-
tative variables the p value was calculated by the non-parametric U Mann-
Withney test and in qualitative variables by the test Chi2 with the Fisher's exact
test, with 2 × 2 contingency tables.

ICU patients
(N = 27)

Non ICU (N = 145) p value

Demographic features and comorbidities
Age (years) 65.64 ± 14.1 57.89 ± 13.1 0.018
Male 20 (74.1%) 84 (57.9%) ns
Female 7 (25.9%) 61(42.1%) ns
Hypertension 13 (48.1%) 74 (51.03%) ns
Diabetes 8 (29.6%) 31 (21.3%) ns
Dyslipidemia 5 (18.5%) 54 (37.2%) 0.06
Obesity 7 (25.9%) 10 (6.8%) 0.002
COPD 2 (7.4%) 15 (10.3%) ns
Cardiovascular disease 4 (14.8%) 24 (16.5%) ns
Thrombotic disease 1 (3.7%) 11 (7.5%) ns
Cancer 3 (11.1%) 16 (11.0%) ns
Autoimmune disease 5 (18.5%) 14 (9.6%) ns
Mortality 6 (22.2%) 21 (14.4%) ns

Cellular and biochemical features
CRP (mg/dL) 15.2 ± 9.0 10.4 ± 8.0 0.011
D Dimer (ng/mL) 7582 ± 10,922 22,317 ± 5613 <0.0001
Neutrophils % 88.1 ± 5.7 73.5 ± 15.4 < 0.0001
Neutrophils x 103/μL 12.5 ± 4.6 5.1 ± 3.2 < 0.0001
Platelets x 103/μL 258.9 ± 138.7 235.0 ± 124.8 ns
Lymphocytes % 5.7 ± 3.6 16.9 ± 10.5 < 0.0001
Lymphocytes/μL 733.3 ± 473.9 971.5 ± 529.0 ns
% Lymphopenia (<

1000/μL)
81.5 54.9 0.01

Neutrophil/
Limphocytes ratio

22.1 ± 13.2 7.3 ± 6.7 < 0.0001

Platelets/Limphocytes
ratio

297.6 ± 211.6 428.1 ± 297.3 ns

T Lymphocytes subpopulations
CD3 (% lymphocytes) 69.3 ± 13.2 72.0 ± 9.7 ns
CD3/μL 528.3 ± 350.9 701.0 ± 408.5 0.018
CD4 (% lymphocytes) 44.1 ± 10.9 41.5 ± 12.4 ns
CD4/μL 340.30 ± 251.9 395.9 ± 241.0 ns
CD8 (% lymphocytes) 23.1 ± 9.4 28.4 ± 11.8 0.039
CD8/μL 172.4 ± 123.9 287.6 ± 223.8 0.001
CD4/CD8 2.4 ± 1.4 1.9 ± 1.6 0.037

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CRP, C-reactive
protein; ns, not significant.
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significant association between having fewer CD8 T-cells and ICU care
requirements (OR = 2.630, 95% CI 1.053–6.574, p < .039). Finally,
there was a group of 31 patients with an inverted CD4/CD8 ratio (CD4/
CD8 < 0.9). Of these only one was in the group of patients with ICU
care (3.7% vs 20.7%; p = .023).

3.4. Correlation between T-lymphocytes and inflammation

Inflammation-associated parameters such as CRP protein and NLR
cell ratio in our study and in other previously published series [11]
[12], were related with a worse prognosis of COVID-19. We analyzed in
all patients included in our study the potential relationships between
CD8 T-cell percentage decline and the previously cited parameters re-
lating to inflammation. In this sense, Fig. 3 shows that there is a firm
correlation between the highest values of inflammation indicators with
the decrease in percentage of CD8 T-lymphocytes. This effect is not seen
with CD4 T-cells. Linear regression values were significant for T-lym-
phocytes and for the CD8 T-lymphocyte subtype. The absence of cor-
relation in CD4 T-lymphocytes allow us to deduce that the correlation
observed in total T lymphocytes is mainly mediated by the effect on
CD8 T-cells.

4. Discussion

Mortality from COVID-19 may be due to the fact that some patients

develop severe pneumonia and acute respiratory distress syndrome
requiring rapid admission to the ICU and invasive mechanical ventila-
tion. Determining which patients progress to severe illness is very im-
portant in order to evaluate the prognosis of the disease and take early
decisions about potential treatments.

In our study analyzed different comorbidities present in all patients,
only the need for ICU care was associated with obesity (BMI, body mass
index > 30). There is a clear association between obesity and basal
inflammatory status characterized by higher circulating IL-6 and CRP
levels. Adipose tissue in patients with obesity has a pro-inflammatory
role, with increased expression of cytokines. Our result is in line with
others in which obesity along with age has been presented as the major
risk factors for worse disease progression in COVID-19. [13] [14]. The
effect of obesity on the severity of COVID-19 will be influenced by the
prevalence of obesity in the population.

Lymphopenia is a cellular factor associated with a poor prognosis in
the evolution of the disease [15] [16]. Lymphocytes and their subsets
play an important role in the maintenance of immune system function.
CD8+ T cells are important for directly attacking and killing virus-
infected cells, whereas CD4+ T cells are crucial to prime both CD8+ T
cells and B cells. In patients with COVID-19, increased T cell exhaustion
and reduced functional diversity predicted severe disease [17]. Virus
infection can also lead to dysregulation in the levels of lymphocyte
subsets [18]. Thus, it is important to clarify the characteristics of
lymphocyte subsets in COVID-19, which could provide novel insights to
explore the immune mechanism. To this end, we analyzed the differ-
ences between critical patients needing care in the ICU and patients
with a lesser severity in relation to the subset of T-lymphocytes. One
important finding in our study was that CD8+ T cells, but not CD4+ T
cells, in circulation were reduced in ICU care patients compared to non-
ICU patients. These findings indicate a more obvious change in CD8+ T
cells than in other lymphocyte subsets after SARS-CoV-2 infection.
Thus, the decline of lymphocytes, especially CD8+ T cells, might be a
potential predictor for disease severity and clinical worsening in
COVID-19. Lymphopenia might be caused by virus attachment or in-
directly by immune injuries from inflammatory mediators. Moreover,
pulmonary recruitment of immune cells from the blood and the in-
filtration of lymphocytes into the airways may explain the lymphopenia
and increased neutrophil–lymphocyte ratio seen in around 80% of pa-
tients with SARS-CoV-2 infection. In most individuals, recruited cells
clear the infection. However, in some patients, a dysfunctional immune
response occurs, which triggers a cytokine storm that mediates wide-
spread lung inflammation. It has been demonstrated in SARS-CoV an
antigen-specific recall cytotoxic T lymphocyte response in cells of pa-
tients recovered from SARS, but not in the patients with critical SARS or
died of SARS, suggesting that the latter apparently cannot generate
sufficient protective immunity to eliminate SARS-CoV [19]. More re-
cently, CD8+ T cells have been reported to be significantly decreased in
peripheral blood in patients deaths from COVID-19 [20], and their le-
vels partially recover after effective treatments [21].

Furthermore, in our work we showed that a decrease in CD8 T-
lymphocyte values clearly correlated with increases in inflammation
indicators. The presence of an insufficient adaptive response may favor
the development of high rates of inflammation that ultimately lead to a
poor disease progression. An inadequate CD8 T-cell response may be a
factor suggesting a dysregulation of the adaptive immune system and
consequently a greater severity in COVID-19 patients. These data in-
dicated that progressive immune-associated injury and inadequate
adaptive immune responses could be one possible mechanism by which
SARS-CoV-2 causes severe illness and fatal outcomes.

In conclusion, obesity together with lymphopenia, especially whe-
ther they preferentially affects CD8 T lymphocytes, are factors that
predict a poor prognosis in COVID-19 patients.

Fig. 1. Mean values± standard deviation, with maximum and minimum in the
percentages of CD3, CD4 and CD8 lymphocytes in patients with or without ICU
care.

Fig. 2. Odds ratios (ORs) with the confidence intervals (CIs) at 95% in a uni-
variate regression analysis for T-lymphocyte subpopulations and indicators of
inflammation C-reactive protein (CRP) and Neutrophil/ Lymphocyte ratio
(NLR) depending on the ICU requirements in patients with COVID-19.
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Fig. 3. Linear regression between lymphocyte subpopulations CD3, CD4 and CD8 and the inflammation indicators C-reactive protein (CRP) and Neutrophil/
Lymphocyte ratio (NLR).
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