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Abstract

The immune system plays a crucial role in the response against severe acute respiratory syn-
drome coronavirus 2 with significant differences among patients. The study investigated the rela-
tionships between lymphocyte subsets, cytokines, and disease outcomes in patients with coro-
navirus disease 2019 (COVID-19). The measurements of peripheral blood lymphocytes subsets
and cytokine levels were performed by flow cytometry for 57 COVID-19 patients. Patients were
categorized into two groups according to the severity of the disease (nonsevere vs. severe). Total
lymphocytes, T cells, CD4+ T cells, CD8+ T cells, B cells, and natural killer cells were decreased in
COVID-19 patients and statistical differences were found among different severity of illness and
survival states (P<0.01). The levels of IL-6 and IL-10 were significantly higher in severe and death
groups and negatively correlated with lymphocyte subsets counts. The percentages of Th17 in the
peripheral blood of patients were higher than those of healthy controls whereas the percentages
of Th2 were lower. For the severe cases, the area under receiver operating characteristic (ROC)
curve of IL-6 was the largest among all the immune parameters (0.964; 95% confidence interval:
0.927-1.000, P < 0.0001). In addition, the preoperative IL-6 concentration of 77.38 pg/ml was the
optimal cutoff value (sensitivity: 84.6%, specificity: 100%). Using multivariate logistic regression
analysis and ROC curves, IL-6 > 106.44 pg/ml and CD8+ T cell counts <150 cells/ul were found to
be associated with mortality. Measuring the immune parameters and defining a risk threshold can
segregate patients who develop a severe disease from those with a mild pathology. The identifica-
tion of these parameters may help clinicians to predict the outcome of the patients with high risk

of unfavorable progress of the disease.
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1 | INTRODUCTION

In 2019, a new coronavirus was identified as the cause of a disease out-
break that emerged in Wuhan, a city in Hubei’s province in China. This
novel virus referred to as severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) rapidly spread to other provinces of China and
to other countries, hence becoming a global health threat and trigger-
ing unprecedented measures worldwide. In February 2020, the World
Health Organization (WHO) formally named this respiratory infection
coronavirus disease 2019 (COVID-19). A month later, the rapidly esca-
lating health crisis led the WHO to declare the SARS-COV-2 outbreak
a pandemic.! As of December 27, the virus had infected at least 79
million people worldwide resulting in more than 1.7 million deaths. On
the same day, 97,857 cases were reported in Algeria with an apparent
fatality rate of 2.78%.2

Although most of SARS-CoV-2 infected patients generally display
mild-to-moderate symptoms and undergo spontaneous regression,
approximately 14% of infected subjects experience a severe disease
characterized by a significant hypoxia inherent to the respiratory dis-
tress syndrome. The remaining COVID-19 patients, who are mainly
individuals over 60 and/or with comorbidities, develop a critical con-
dition, which requires admission to the intensive care unit.3 It is
likely that the variation in the overall immune response to SARS-CoV-
2 is partly responsible for the clinical heterogeneity. Therefore, the
identification of the immune signature of patients with COVID-19 is
crucial for predicting the outcome of infection as well as informing clin-
ical risk-based stratification, which can help for early intervention and
treatment.

It is widely accepted that lymphocytes play a central role in the
defense mechanisms against viral respiratory infection. Therefore, a
better understanding of the dynamic changes of lymphocyte popu-
lations and the cytokine production in COVID-19 patients is a pre-
requisite for the development of efficient therapeutics, vaccines, and
outcome-prediction tools. A growing number of investigations have
reported phenotypic alterations in lymphocyte subsets and overpro-
duction of the inflammatory cytokines, leading to a cytokine storm,
indicating a potential association between this immune dysregulation
and viral pathogenesis.*® Several meta-analysis studies have identified
the relevant risk factors correlated with the progression of the disease.
Among these factors lymphocytes counts and cytokines levels have
been of great interest.5”

The aim of this single-center study was to characterize the changes
of peripheral blood lymphocyte subsets and quantify plasma cytokine
levels in an Algerian cohort of SARS-CoV-2 infected patients with dis-
tinct disease severity. In addition, the study explored the predictive
value of these parameters as a prognosis tool to determine the mor-
tality and severity risks in COVID-19 patients.

2 | METHODS

2.1 | Study design and participants

This study was conducted at the department of medical immunology
at Issaad Hassani University Hospital in Algiers, Algeria. A total of 57

patients were enrolled in the study from March 22 to April 29, 2020.
Diagnosis of COVID-19 was confirmed by the detection of SARS-COV-
2 nucleic acid in nasopharyngeal swab samples using a real-time RT-
PCR test. Blood samples were collected at the moment of the first
in hospital consultation for COVID-19 symptoms, before any treat-
ment. The clinical outcomes (survival or death) of all patients were fol-
lowed up to 28 d after admission in the hospital. All patients received
the following treatment: hydroxychloroquine 200 mg + azithromycin
500 mg + vitamin C 250 mg + zinc 10 mg. To assess the impact of
infection on the polarization of T helper lymphocytes (Th), 24 age- and
sex-matched healthy individuals without SARS-CoV-2 infection were
recruited as healthy controls.

The study was approved by the institutional ethics committee of
Issaad Hassani University Hospital. Informed consent was obtained

from all subjects enrolled in the study.

2.2 | Clinical classification of the COVID-19 patients

Disease severity classification of COVID-19 patients was performed
according to the interim guidelines from the WHO and the National
Health Commission of China®?: (i) The mild disease group was defined
as patients displaying mild, clinical symptoms with no pneumonia on
computerized tomography (CT) imaging. (ii) Patients with a moderate
iliness were characterized by fever, respiratory symptoms, and a CT
imaging indicating the presence of pneumonia. (iii) Patients belong-
ing to the severe disease group were those who met at least one of
the following criteria: shortness of breath and respiratory rate > 30
breaths/min; SpO, < 93% at a rest state; PaO,/FiO, < 300 mmHg;
and/or lung infiltrates >50% of the lung field within 24-48 h. (iv) Crit-
ical patients were defined as those meeting at least one of the fol-
lowing conditions: patients with respiratory failure who were in need
of mechanical ventilation; patients displaying signs of cardiovascular
shock; and patients with other organ failures, which required monitor-
ing in the intensive care unit.

For the purpose of the following study, the cases were divided
into nonsevere (mild to moderate) and severe groups (severe to

critical).

2.3 | Data collection

Data on demographic characteristics, comorbidities, severity assess-
ment on admission, as well as clinical outcomes were retrieved from a
medical record system. All data were reviewed and validated by ateam

of trained physicians.

2.4 | Measurement of cytokine levels

Approximately 4-5 ml of anticoagulant fresh peripheral blood were
collected from patients with COVID-19 and healthy controls. The
plasma samples were separated by centrifugation at 2500 rpm for
10 min at 4°C, and immediately stored at —80°C until analysis.

IL-2, IL-4, IL-6, IFNy, IL-10, IL-17A, and TNFa were quantified using
BD Cytometric Bead Array Human Th1/Th2/Th17 Cytokine Kit (BD
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Biosciences, San Jose, CA, USA) following manufacturer’s instructions.
Briefly, 50 ul of mixed capture beads were incubated with 50 ul of
cytokines standards or plasma samples along with 50 ul of phycoery-
thrin detection reagent at room temperature for 3 h. The captures
beads were washed and resuspended in 300 pl of wash buffer and were
then acquired on the BD FACSLyric flow cytometer (Becton Dickinson,
San Jose, CA, USA). The acquired data were subsequently analyzed for
individual cytokine concentrations using the FCAP Array Software
Version 3.0 (BD Biosciences). The detection limits were, respectively:
2.6 pg/ml for IL-2; 4.9 pg/ml for IL-4; 2.4 pg/ml for IL-6; 4.5 pg/ml for
IL-10 pg/ml; 3.8 pg/ml for TNF-«; 3.7 pg/ml for IFNy; and 18.9 pg/ml for
IL-17A.

2.5 | Quantification of lymphocyte subsets

For the immune cell phenotyping, 1 ml of peripheral blood (EDTA—
anticoagulated whole blood) was used within 8 h from collection.
Lymphocytes were stained with the monoclonal antibodies listed in
the Supporting Information Table S1. After red blood cell removal
using a lysis buffer followed by washing steps, cells were stained
and acquired using a BD FACSLyric flow cytometer (Becton Dickin-
son) and the data were analyzed using BD FACSuite Software (BD
Biosciences).

Lymphocyte subsets were defined as follows10: T cells (CD3+),
CD4+ T cells (CD3+CD4+), CD8+ T cells (CD3+CD8+), B cells
(CD3-CD19+), and natural killer (NK) cells (CD3-CD16+CD56+).
In CD4+ T cells compartment, recent thymic emigrant (RTE) were
defined as (CD4+CD31+CD45RA+), effector and central mem-
ory CD4+ T cells as (CD4+CD45R0O+), and for those who remain
as (CD4+CD45RA+). CD8+ T cells maturation subsets were
identified using CCR7 (CD197) and CD45RA and include naive
(CCR7+CD45RA+), terminally differentiated T cells (TEMRA; CCR7—-
CD45RA+), central memory (CCR7+CD45RA-), and effector memory
(CCR7-CDA45RA-).

2.6 | Tcell activation and intracellular cytokine
staining

Heparinized blood samples collected from COVID-19 patients and
healthy controls were cultured at 1 h after collection. Whole blood
(500 ul) was diluted 1:1 with RPMI 1640 supplemented with PMA
(2.5 ng/ml, Sigma-Aldrich, St Louis, MO, USA), ionomycin (1 ug/ml,
Sigma-Aldrich), and BD GolgiStop (BD Biosciences). Cells were incu-
bated for 4 h at 37°Cinthe presence of 5% CO,. A total of 100 ul of the
stimulated cells were stained with an antibody cocktail containing anti-
CD3 and anti-CD4 antibodies (Supporting Information Table S1). The
cells were then fixed with 300 ul of BD Cytofix Fixation Buffer (BD Bio-
science) and permeabilized with 2 ml of BD Perm/Wash permeabiliza-
tion buffer (BD Biosciences) following the manufacturer instructions.
The cells were washed and incubated with the human Th1/Th2/Th17
phenotyping cocktail (BD Biosciences) and anti-CD3 for 30 min. For
each sample, 20,000 CD4+ cells were acquired on BD FACSLyric flow
cytometer (Becton Dickinson) and analyzed with BD FACSuite Soft-
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ware (BD Biosciences). Thi1, Th2, and Th17 cells were identified as
CD3+CD4+ cells producing IFNy, IL-4, and IL-17, respectively. Results
were expressed as a percentage of IL-17+ (Th17) or IL-4+ (Th2) or
IFNy+ (Th1) expressing cells from CD3 and CD4+ T cell population.

2.7 | Statistical analysis

All statistical analyses were performed by SPSS software (IBM Statis-
tic 20.0) and GraphPad Prism software 6. Shapiro-Wilk normality test
was conducted to estimate the distribution of the data. Categorical
variables were expressed as frequency rates or percentages and sig-
nificance was detected by y2 or Fisher’s exact test. Continuous vari-
ables were expressed as mean and SD or medians and interquartile
range (IQR) values. For normally distributed continuous variables, dif-
ferences between groups were compared using independent group t-
test; conversely, the Mann-Whitney U-test was used for continuous
variables that were not normally distributed. Correlations were deter-
mined using the Spearman rank correlation analysis. Receiver operat-
ing characteristic (ROC) curve analysis was conducted to evaluate the
ability of the immunologic parameters in predicting patient outcomes.
The optimal cut-off points were obtained by calculating Youden’s
index. Backward stepwise binary logistic regression was performed on
the covariates. Survival analysis was performed using Kaplan-Meier
method. For all statistical analysis, P<0.05 was considered statistically

significant.

3 | RESULTS

3.1 | Demographics and baseline characteristics

A total of 57 patients with SARS-CoV-2 infection were included in
this study. The baseline characteristics of patients were summarized
in Table 1. The mean age of the subjects was 59.72 yr. A total of 40
patients (70.18%) were males and 17 (29.82%) were females. Of the
23 patients with comorbidities (40.35%), hypertension (19.30%), and
diabetes (12.18%) were the most common underlying diseases, fol-
lowed by benign tumors and pulmonary diseases, with almost identi-
cal percentages for each condition at around of 7.02%, hypothyroidism
5.26%, and cardiovascular diseases (1.75%).

According to the guidelines criteria described in Section 2 (Meth-
ods), the patients were divided into two groups with respect to the
severity of their illness: Among the patients, 31 cases (54.38%) were
classified as nonsevere group and 26 (45.62%) categorized as severe
group. Compared with the patients in the nonsevere group, patients in
the severe group were older (66.88 + 12.38 yr vs. 53.71 + 14.42 yr,
P < 0.001) and were commonly associated with underlying comorbidi-
ties (18/26 [69.23%] vs. 5/31 [16.12%], P < 0.001). In addition, there
were no significant gender differences between the two groups. The
patients in the severe group showed a higher mortality than that in
the nonsevere group (15/26 (57.69%) vs. 0/31 (0%); P < 0.001). Based
on the outcome of the disease, 42 patients were ultimately discharged
(73.68%) and 15 patients died (26.32%).
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TABLE 1 Baseline characteristics of patients
All patients Nonsevere Severe
N=57 N=31 N=26 P-value
Age (years) 59.72 (+14.95) 53.71(+14.42) 66.88 (+12.38) <0.001
Sex 0.109
Male 40/57 (70.18%) 19/31(61.29%) 21/26(80.77%)
Female 17/57 (29.82%) 12/31(38.71%) 5/26(19.23%)
Underlying diseases
Any 23/57 (40.35%) 5/31(16.12%) 18/26(69.23%) <0.001
Hypertention 11/57 (19.30%) 2/31(6.45%) 9/26 (34.62%)
Cardiovascular disease 1/57 (1.75%) 0/31 (0%) 1/26 (3.85%)
Diabetes 7/57 (12.28%) 1/31(3.23%) 6/26(23.08%)
Tumors (benign) 4/57 (7.02%) 1/31(3.23%) 3/26 (11.54%)
Pulmonary diseases 4/57 (7.02%) 0/31 (0%) 4/26(15.39%)
Hypothyroidism 3/57 (5.26%) 2/31(6.45%) 1/26 (3.85%)
Others 4/57 (7.02%) 2/31(6.45%) 3/26(11.54%)
Clinical outcomes <0.001
Cured and discharge 42/57 (73.68%) 31/31(100%) 11/26 (42.31%)
Death 15/57 (26.32%) 0/31 (0%) 15/26 (57.69%)

Data are expressed as mean + SD or n/N (%), where N is the total number of patients with available data. P-values comparing nonsevere and severe group are

from independent group t-test, 2, or Fisher’s exact test.

3.2 | Lymphocyte subsets and cytokine alterations in
COVID-19 patients with different disease severity and
outcomes

The quantification of peripheral blood lymphocyte subsets shown in
Table 2 and Supporting Information Table S2 were compared with
those already established in the literature as a reference® for adults
with the same age group. Our data showed that lymphocyte absolute
counts were below the normal range in 36 (63.15%) patients with a
median of lymphocyte counts of 758.0 cells/ul (IQR, 480.5-1288.5). A
significant decrease in total lymphocyte counts was found in the severe
cases compared to the nonsevere group (513.5 vs. 1199 cells/ul;
P <0.001) (Fig. 1A). Furthermore, this decrease was more pronounced
in the fatal cases when compared to survived patients (401 vs. 983.5
cells/ul; P <0.001) (Fig. 1B). The absolute counts of the main lympho-
cyte subsets (T cells, B cells, and NK cells) were decreased in more
than one-third of patients with COVID-19. T cells decreased in 33
(57.89%) patients, B cells decreased in 31 (54.38%) patients, and NK
cells decreased in 21 (36.84%) patients. Among patients with non-
severe COVID-19, the median value of total T cells, B cells, and NK
cells counts were 789, 150, and 171 cells/ul, respectively, whereas the
median values decreased to 354, 40, and 76 in the severe group. More-
over, this study found that the median values of these subsets were
significantly higher in nonsurvivors than in the survivor group (277 vs.
726 cells/ul; P < 0.001 for T cells, 39 vs. 112.5 cells/ul; P = 0.006 for B
cellsand 58 vs. 157.5 cells/ul; P = 0.003 for NK cells) (Fig. 1B).

In addition to the changes occurring in lymphocyte subpopulations,
the study extended our analysis to the different subsets of T lympho-
cytes. CD4+ T cells and CD8+ T cells were, respectively, decreased
in 42 (73.68%) and 27 (47.36%) COVID-19 patients. Interestingly our
data revealed that CD4+/CD8+ ratio was below the normal range
in 33 patients (57.89%). When compared to the nonsevere group, a
more substantial decrease in both CD4+ T cells and CD8+ T cells was
noticed in the severe group (160 vs. 395 cells/ul; P < 0.001 for CD4+

T cells, 126.5 vs. 295 cells/ul; P < 0.001 for CD8+ T cells) (Fig. 1A).
A similar tendency was also observed between fatal cases and sur-
vivors (146 vs. 299 cells/ul; P = 0.004 for CD4+ T cells, 119 vs. 273
cells/ul; P < 0.001 for CD8+ T cells) (Fig. 1B). The CD4+/CD8+ ratio
showed no difference between severe and nonsevere cases whereas a
statistically significant difference was observed between survivors and
deceased patients (P = 0.03). The frequencies of naive CD8+ T cells
(CD8+, CD45RA+, CCR7+) decreased in 45 patients (78.94%), which
were markedly lower in severe cases compared to nonsevere COVID-
19 patients (7.31%vs. 17.21%; P=0.014). Lower frequencies were also
found in the deceased group compared to patients who were cured and
discharged from the hospital (6.57% vs. 15.17%; P = 0.016). The per-
centages of effector memory CD8+ T cells (CD3+, CD8+, CD45RA—,
CCR7-) increased in 47(82.45%) patients. Interestingly, there was no
statistical difference between severe and nonsevere cases (P =0.293),
but a clear tendency to significance (P = 0.052) was found between
dead patients and survivors. Quantification of (CD4+, CD45RA+) T
cells, RTE (CD4+, CD45RA+, CD31+), effector, and central memory
CD4+ T cells (CD4+, CD45R0O+), TEMRA CD8+ T cells (CD3+, CD8+,
CD45RA+, CCR7-), and central memory CD8+ T cells (CD3+, CD8+,
CD45RA—, CCR7+) did not show any significant difference regardless
of the disease severity and the survival. However, the study observed
that more than half of the patients 30 (52.63%) had decreased percent-
ages of (CD4+, CD45RA+) T cells without a perturbation in thymic out-
put of RTE in 48(84.21%) patients. Furthermore, this study noticed an
increase of (CD4+, CD45R0O+) T cells in 31(54.38%) patients, whereas
only 25 (43.85%) patients had an increase of their peripheral TEMRA
CD8+ T cells. Moreover, and most of the patients had low frequencies
of central memory CD8+ T cells 45 (78.94%).

In parallel to the quantification of T cell subsets upon SARS-COV2
infection, the study also used HLA-DR and CD38 to determine the acti-
vation status of T cells.11-14 This study observed that both median
frequencies of CD38+HLA-DR+ CD4+T cells (3%, IQR 1.9-4.85) and
CD38+HLA-DR+ CD8+ T cells (6.8%, 3.295-14.6) were above the
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upper reference limits in COVID-19 patients. Interestingly, increased
activated CD4+T cells and CD8+ T cells was observed in patients
with a fatal outcome compared to those who survived (P = 0.051 and
P=0.053).

In order to characterize the nature of CD4 T helper response to
SARS-CoV-2infection, the percentages of CD4+IFNy+ (Th1), CD4+IL-
4+ (Th2), and CD4+IL-17A+ (Th17) cells were assessed by flow
cytometry. As shown in Figure 1C and Table 2, COVID-19 patients
exhibited a significant reduction in the proportion of IL-4 produc-
ing CD4+ T cells and a significant increase of Th17 frequency when
compared to healthy subjects (P < 0.0001 and P = 0.009). On the
other hand, only a significant decrease of Th1 cells was observed
in the patients who died compared to those who recovered (P =
0.042). Interestingly, no differences were found between nonsevere
and severe cases in terms Th frequencies. Besides the analysis of Th
populations, the study also assessed plasma cytokine levels in these
patients (Table 2). IL-6 and IL-10 concentrations were markedly higher
in deceased cases compared to the survivors (P <0.001 and P=0.001)
(Fig. 1E). The patients who had a severe clinical disease showed a sig-
nificant increase of IL-6, IL-10, and IFNy (P < 0.001, P=0.001 and P =
0.038) (Fig. 1D).

3.3 | Correlation between lymphocyte subsets and
cytokines

In order to gain a broader understanding of the immune response
triggered by SARS-COV2 infection, the study examined the correlation
between the different lymphocyte subsets and the cytokine levels
(IL-2, IL-4, IL-6, IL-10, TNFa, IFNy, and IL-17A) (Table 3, Fig. 2). The
analysis revealed a strong positive correlation between IL-6 and IL-10
(r=0.783,P <0.0001). The total lymphocyte T cell, CD4+ T cell, CD8+
T cell, B cell, NK cell, and, double positive (DP) cell numbers as well
as the frequencies of naive CD8+ T cells were negatively correlated
with IL-6 and IL-10 levels (P < 0.01). In contrast, IL-6 and IL-10 concen-
trations were positively correlated with the frequencies of terminally
differentiated TEMRA CD8+ T cells (P < 0.05, P < 0.01). Furthermore,
the study found that the levels of IL-4 and TNFa were positively
correlated with total lymphocyte, T cell, NK cell, CD4+T cell, CD8+ T
cell, and naive CD8+ T cell counts. No correlation was found between
theses lymphocyte subsets and IL-17A concentrations. Similarly, there
was no significant correlation between IL-17A and Th17 cells (data not

shown).

3.4 | Potential immunologic markers to identify
severe cases among COVID-19 patients

As previously described, low count of lymphocyte subsets and high lev-
els of cytokines were associated with increased disease severity. ROC
curve and area under ROC curve (AUC) were generated to evaluate the
potential use of these parameters as diagnosis tool to identify severe
cases. As shown in Figure 3 and Supporting Information Table S3, the
number of total lymphocytes, T cells, B cells, CD4+T cells, and IL-6, IL-
10 plasma levels had a good diagnosis efficiency, among which IL-6 was

the best parameter (0.967; 95% confidence interval [Cl]: 0.927-1.000,
P < 0.0001) for distinguishing severe and nonsevere cases. The preop-
erative IL-6 concentration of 77.38 pg/ml was the optimal cutoff value
with a sensitivity and specificity of 84.6% and 100%, respectively.

3.5 | CD8+ T cells and IL-6 as potential prognosis
factors to predict COVID-19-relared mortality

As shown in Supporting Information Table S4, the AUC derived from
the ROC curve of CD8+ T cells was larger than that derived from
T cells, CD4+T cells, DP cells, B cells, and NK cells (AUC CD8+ T
cells = 0.812 [0.675-0.949] vs. AUC T cells = 0.795 [0.652-0.938],
AUC CD4+T cells = 0.749 [0.593-0.906], AUC DP = 0.700 [0.542-
0.858], AUC B cells = 0.740 [0.599-0.882], AUC NK cells = 0.761
[0.602-0.920]). Furthermore, the AUC of IL-6 (0.946 [0.885-1.000],
P < 0.0001) was much larger than that of IL-10 (0.786 [0.664-0.907],
P = 0.001). Based on Youden’s index, the optimal cutoff value was
150 cells/ul for CD8+ T cells (sensitivity: 81%, specificity: 73.3%) and
106.44 pg/ml for IL-6 (sensitivity: 86.7%, specificity: 92.9%). Conse-
quently, CD8+ T cell counts reduction and IL-6 elevation are obvi-
ously the most predominant predictive factors for the clinical out-
come. Hence, after adjusting for confounding factors including age and
underlying diseases, the multivariate logistic regression showed that
CD8+ T cell counts <150 cells/ul (odds ratio [OR] = 13.08, 95% ClI:
1.282-133.505, P = 0.03) and IL-6 >106.44 pg/ml (OR = 91.46, 95%
Cl: 8.959-933.640, P < 0.0001) are two independent prognostic fac-
tors for death (Table 4). The Nagelkerke R? value was 0.741.

In the light of these data, the study assigned patients into four
groups based on their IL 6 plasma levels and CD8+ T cell counts: group
I: IL-6 < 106.44 pg/ml and CD8+ T cells >150 cells/ul, n = 32; group II:
IL-6 > 106.44 pg/ml and CD8+ T cells >150 cells/ul,n = 6; group IlI: IL-
6 < 106.44 pg/ml and CD8+ T cells <150 cells/ul, n = 9; and group IV:
IL-6 > 106.44 pg/ml and CD8+ T cells <150 cells/ul,n = 10. The Kaplan-
Meier survival curves revealed that compared to group | the patients
from the other groups had worse survival rates (P<0.0001). In line with
these findings, the study found the survival rates of groups | to IV were,
respectively: 100%, 33.33%, 77.8%, and 10% (Fig. 4A). Strikingly, the
ROC curve of the model combining CD8+ T cell count reduction and
IL-6 elevation had a larger AUC than each parameter separately (0.960
[0.913-1.000], P<0.0001) (Fig. 4B).

4 | DISCUSSION

Here, the study presents an immune cell profiling in a cohort of 57
COVID-19 patients with a particular emphasis on lymphocytes. Our
datarevealed an intriguing association between the quantitative com-
position of T cell subsets and cytokine levels with the clinical manifes-
tations of COVID-19 patients.

In line with previous reports, our data showed that the majority of
patients, especially those who developed a severe disease with a fatal
outcome, exhibited a significant drop of total lymphocyte counts and
increased concentration of IL-6 and IL-10.1°-20 These immunologic
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FIGURE 1 Lymphocyte subsets and cytokine levels in coronavirus disease 2019 (COVID-19) patients. (A) and (B) Lymphocyte subsets in dif-
ferent groups. (C) Proportion of Th1, Th2, and Th17 cells among healthy controls and COVID-19 patients. (D) and (E) Cytokines levels in different

groups

abnormalities were also found in patients infected by Middle East res-
piratory syndrome (MERS)-CoV and SARS-CoV.21-23 Qur data suggest
that the decrease of lymphocyte countsin COVID-19 patients is mainly

due to the reduction of CD4+ T cells and B cells. Surprisingly, NK and

CD8+ T cells were below the normal range in only 36.84% and 47.37%
of the study subjects. These findings are somehow different from those
described earlier where the decline of CD8+ T cells and NK cells was
more frequently observed in COVID-19 patients than a reduction of
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FIGURE 2 Correlations between lymphocytes subsets and cytokines. Plasma IL-6 and IL-10 levels were negatively correlated with total T cells
count, CD4+ T cells counts, CD8+ T cell counts, B cell counts, and natural killer (NK) cell counts. A positive correlation was found between IL-6 and

IL-10
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TABLE 3 Correlations between lymphocytes subsets and cytokines

Cytokines Lymphocyte subsets IL-17 A IFNy

Lymphocytes 0.058 -0.162
T cells (CD3+) 0.030 -0.229*
B cells (CD3-CD19+) 0.102 -0.158
Natural killer (NK) cells (CD3—-CD16+CD56+) 0.154 ,009
CD4+ T cells 0.082 -0.221*
CD8+ T cells -0.015 —-0.162
DP T cells (CD3+CD4+CD8+) -0.216 -0.193
CD4+CD45RA+ T cells 0.174 0.016
CD4+CD45RO+T cells -0.174 -0.016
RTEs (CD3+CD4+CD45RA+CD31+) 0.212 —0.052
Naive CD8+ T cells (CD8+CD45RA+CCR7+) 0.036 -0.283"
TEMRA CD8+ T cells (CD8+CD45RA+CCR7-) 0.063 0.351**
CM CD8+ T cells (CD8+CD45RA—-CCR7+) -0.164 -0.274*
EM CD8+ T cells (CD8+CD45RA-CCR7-) 0.000 —0.084
Activated CD4+ T cells (CD4+HLADR+CD38+) -0.034 0.084
Activated CD8+ T cells (CD8+HLADR+CD38+) 0.007 —-0.148
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TNFa IL-10 IL-6 IL-4 IL-2
0.271" -0.455"* —-0.554"* 0.295* 0.123
0.290* -0.465"* —0.547** 0.296* 0.107
0.221* —0.463"" -0.501"* 0.111 0.117
0.308™* —-0.323"" —0.442"* 0.340™" 0.109
0.316™ -0.482"" -0.537"* 0.295* 0.110
0.237~ -0.370"" —0.469™* 0.237" 0.056
0.067 —-0.344™* -0.473™ 0.286" 0.048
0.031 -0.124 —-0.061 0.108 -0.117

-0.031 0.124 0.061 —-0.108 0.117
0.096 -0.251* -0.187 0.207 0.041
0.258" —0.468"" -0.415™* 0.297* 0.249*

-0.071 0.364™* 0.234* -0.199 -0.258"
0.085 —-0.205 -0.097 0.299* 0.154

-0.152 0.036 0.114 -0.090 —-0.024

-0.197 0.210 0.284" -0.298" -0.051

-0.076 0.113 0.266" -0.144 -0.038

The correlations were analyzed by the Spearman test. Data expressed as correlation coefficient.
P <0.05; P < 0.01. DP: double positive; RTEs: recent thymic emigrants; TEMRA: terminally differentiated effector memory-RA; CM: central memory; and

EM: effector memory.
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FIGURE 3 Efficiency of cytokines and lymphocytes subsets in identification of severe coronavirus disease 2019 (COVID-19) patients. (A)
Receiver operating characteristic (ROC) curves of cytokines. (B) ROC curves of lymphocyte subsets

CD4+ T cells.2425 These discrepancies might originate from the differ-
ences in the therapeutic approaches, the variation in the timing of clin-
ical manifestations as well as the time of sample collections. Indeed, it
has been shown that after a declining phase, all the lymphocytes tend
to go back to their normal levels after the clearance of the virus.

The reason behind the lymphopenia inherent to SARS-COV2 infec-
tion remains largely unknown. The low expression levels of the virus
entry receptor in the immune cell compartment argue against the idea
that the lymphopenia results from the direct interaction between the
virus and the lymphocytes.2é This is further supported by the fact that

the SARS-COV?2 genetic material is barely detectable in the immune
cell compartment.2” Hence it seems more plausible to hypothesize that
the lymphopenia is a direct consequence of the substantial cell migra-
tion to the site of infection where the immune response is initiated.
Therefore, the proinflammatory environment might also contribute to
the observed lymphopenia in COVID-19 patients. Consistent with this
idea, previous reports have shown that the levels of IL-6 were neg-
atively correlated with the lymphocyte counts in COVID-19 patients
whereas convalescent patients were found to have restored their
lymphocyte numbers paired with lower proinflammatory cytokine
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TABLE 4 Univariate and multivariate analysis to identify risk factors related to mortality
Univariate analysis Multivariate analysis”
P-value Odds ratio [OR] 95% confidence interval [CI] P-value OR 95% ClI
IL-6 > 106.44 pg/ml <0.0001 84.5 12.688-562.761 <0.0001 91.46 8.959-933.640
CD8+ T cells <150 cells/ul <0.0001 11.7 2.942-46.429 0.03 13.08 1.282-133.505
*After adjusting for gender and underlying diseases.
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FIGURE 4 Efficiency of cytokines and lymphocytes subsets in predicting the clinical outcomes of coronavirus disease 2019 (COVID-19)
patients. (A) Kaplan-Meier survival curves in four groups of COVID-19 patients. Group |: IL-6 < 106.44 pg/ml and CD8+ T cells >150 cells/ul, n
=32.Group II: IL-6 > 106.44 pg/ml and CD8+ T cells >150 cells/ul, n = 6. Group I11: IL-6 < 106.44 pg/ml anCD8+ T cells <150 cells/ul, n = 9. Group
IV: IL-6 > 106.44 pg/ml and CD8+ T cells <150 cells/ul, n = 10. (B) Performance of ROC curves of IL-6, CD8+ T cells and the combined model in

predicting the mortality of patients

levels.28 |L-6 is a pleiotropic cytokine secreted by a large variety of
cells.2? Recent investigations reported that active pathogenic T cells
as well as CD14+CD16+ inflammatory monocytes activated by GM-
CSF secrete IL-6 upon SARS-CoV-2 infection.3%31 nterestingly, the IL-
6 receptor antagonist, tocilizumab, was found to increase the number
of circulating lymphocytes in COVID-19 patients.32

In accordance with previous studies, our data also revealed that
the concentration of IL-10, an anti-inflammatory cytokine, is positively
correlated with the severity of COVID-19.33 The increased levels of
IL-10 in the plasma of COVID-19 patients probably reflect a host
response to prevent the harmful effect of the cytokine storm. How-
ever, the induction of IL-10 expression to dampen the overexaggerated
inflammation seems to be inefficient as the fatal outcome is associated
with the highest levels of IL-6 and IL-10.

It is widely accepted that the composition of lymphocytes is under a
strict homeostatic regulation to ensure a proper defense against invad-
ing organisms and to prevent the development of detrimental uncon-
trolled immune responses. Considering the central role of the lym-
phocyte subsets in the immune response against viral infections, the
study sought to determine the changes in T cell composition among
COVID-19 patients. A detailed analysis of T cell compartment revealed
a significant immune cell alteration when the clinical manifestations

become apparent. These changes are predominantly characterized by

increased percentages of activated T lymphocytes, which in turn were
correlated with the severity and the outcome of the disease. In line
with these findings Mazzoni et al.34 reported an increased frequency of
CM CD4+ T cells with a significant reduction of naive and CM CD8+ T
cellsin COVID-19 patients; however, CD8+ T lymphocytes are skewed
toward a terminally differentiated phenotype. Information on the phe-
notype of SARS-CoV-2 specific T cells is scarce. According to the study
conducted by Weiskopf et al.,3> virus specific CD4+ and CD8+ T cells
were characterized predominantly as either CM CD4+ T cells or Effec-
tor Memory (EM) and TEMRA CD8+ T cells. Both of these CD8+ sub-
sets are important for the control of infections. EM and TEMRA CD8+
T cells were shown to display potent cytotoxicity and home efficiently
to inflamed peripheral tissues, whereas central memory home to sec-
ondary lymphoid organs and display a high proliferative capacity.3¢
Antigen recognition leads to the activation of T cells followed by the
loss of CD45RA expression and the acquisition of CD45RO isoform.3”
Therefore, early studies considered that the expression of CD45RA
in T cells as an indication of a naive state, whereas CD45RO+ T cells
were defined as a pool of antigen-experienced T cells, mainly com-
posed of recently activated effector and memory T cells.3” However,
subsequent reports have demonstrated that T cells, which encoun-
tered an antigen may revert from a primed CD45RO+ to a CD45RA+
phenotype,383? entailing that the CD45RA+ T cells may contain a
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fraction of antigen-experienced clones. Unfortunately, the surface
markers used in the current study were not suitable for the accu-
rate characterization of naive CD4+ T cell subsets. It is now widely
accepted that after the thymic involution the maintenance of T cells is
exclusively achieved through a peripheral expansion resulting in differ-
ent patterns of naive T cells in the young and elderly.#%41 As a conse-
quence, these events might substantially influence the potential of T
cell activation and subsequently T cell differentiation.#243 Therefore,
it is tempting to speculate that the low frequency of a severe COVID-
19 cases in young subjects is at least partly due to a difference in the
nature of T cells between young and old patients.

During an infection, the initial antigen priming of naive CD4 T cells
combined to specific cues provided by cytokines signaling lead to their
differentiation into at least four distinct subsets including Th1, Th2,
Th17, and iTreg. The phenotypic and functional identity of T helper
cells is defined by the pattern of the cytokines produced following their
differentiation.** Our analysis revealed that SARS-COV2 infection is
associated with increased numbers of IL-17-producing CD4+ T cells in
the peripheral blood compared to healthy controls. This suggests that
Th17 inflammatory response could contribute to the immunopathol-
ogy of the disease. Previous reports have suggested that this Th17
response might play a role in the immunity against the virus and/or the
immunopathology caused by the infection.*>4é However, our findings
argue against the involvement of Th17 response in the development of
COVID-19 pathology as the severity of the disease did not correlate
with the percentage of Th17 cells and the levels of IL-17A. The study
also evaluated the capacity of CD4+ T cells to produce IFNy, an impor-
tant cytokine that promotes antiviral immunity.4” No significant differ-
ence has been found between patients and healthy controls; however,
the patients who died showed reduced frequency of IFNy producing
CD4+ T cells compared to those who survived. This indicates that a
poor outcome is not only associated with a decreased number of lym-
phocyte counts but also with an impaired CD4 T cell functionality.*®

Effective prediction criteria can allow physicians to provide an
appropriate medical care for the patients with severe COVID-19. A
ROC curve analysis showed that low count of lymphocyte subsets
and high levels of IL-6 and IL-10 have a potential value to segregate
patients with a severe disease from those who experienced a mild
pathology. In addition, the aforementioned parameters allowed pre-
dicting a fatal outcome in our cohort of COVID-19 patients. More-
over, potential mortality risk factors for COVID-19 were analyzed by
a multivariable binary logistic regression. The results indicated that
a CD8+ T cell counts <150 cells/ul and IL-6 >106.44 pg/ml are two
independent prognostic factors for death. Similar results were doc-
umented in another study,*® which showed that CD8+ T cell counts
<165 cells/ul and IL-6 > 20 pg/ml are two reliable prognosis indica-
tors that accurately stratify patients into risk categories and predict
COVID-19 mortality. Furthermore, the ROC curve of the model com-
bining these two parameters was reported to display a better perfor-
mance than the commonly used CURB-65 scores (confusion, urea, res-
piratory rate, blood pressure, and age).

It is worth noting that our study has some limitations. First, this was
a pilot single-center study with a small sample size. Hence, a multicen-
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ter study with larger cohort would significantly enhance the strength
of our findings. Second, quantification of soluble cytokines was
performed only in the patients with COVID-19. In fact, the recruit-
ment of healthy subjects was extremely difficult during the peak of
the pandemic because of the multiple preventive measures to limit
the spread of infection. Moreover, some patients with COVID-19
have developed a bacterial superinfection, which probably influenced
their immunologic parameters. Further, 6.9% (95% Cl, 4.3-9.5%) of
patients with COVID-19 develop a bacterial infection that contributes
to the exacerbation of the disease.5° Holub et al. reported that the
number of lymphocyte subsets depends on the bacterial etiology of
sepsis.’! Indeed, Gram-positive sepsis causes stronger suppression
of peripheral blood lymphocyte subsets in comparison to sepsis
due to Gram-negative pathogens. Consequently, as an indicator of
bacterial infection,52 procalcitonin measurement would be desirable
to rule out patients with co-infection, which probably influenced their
immunologic parameters.

The study presents here the first description of immunologic char-
acteristics of a cohort of Algerian patients with COVID-19 that con-
firms some data described in previous reports. The study also showed
that the quantification IL-6 and IL-10 plasma associated with total lym-
phocyte counts and their subsets can be used as potential immuno-
logic markers for the early diagnosis of severe cases. Moreover, both
IL-6 levels and CD8+ T cell counts may help to predict the outcome of
the disease. Nevertheless, further prospective investigations are nec-
essary to define precisely the immunologic profile during the course of
the disease in order to improve the clinical and therapeutic manage-
ment of COVID-19 patients.
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