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Introduction

Summary

The role of lymphocytes and their main subsets as prognostic factors of
death in SARS-CoV-2-infected patients remains unclear, with no informa-
tion obtained from patients outside China. We aimed to assess whether
measuring lymphocyte subpopulations added clinical value to the total
lymphocyte counting regarding mortality when they were simultaneously
tested at hospital admission. Peripheral blood was analysed in 701 poly-
merase chain reaction (PCR)-confirmed consecutive patients by lysed-no
washed flow cytometry. Demographic and clinical features were registered
in electronic medical records. Statistical analysis was performed after a
3-month follow-up. The 112 patients who died were older and had sig-
nificantly higher frequencies of known co-morbidities than survivor COV-
ID-19 patients. A significant reduction in total lymphocytes, CD3*, CD4",
CD8" and CD19* counts and CD3* percentage was found in the group
of deceased patients (P < 0-001), while the percentage of CD56"/CD16*
natural killer (NK) cells was significantly higher (P < 0-001). Multivariate
logistic regression analysis showed a significantly increased risk of in-
hospital death associated to age [odds ratio (OR) = 2:36, 95% confidence
interval (CI) = 1.9-3-0 P < 0-001]; CD4* T counts < 500 cells/pl, (OR = 2.79,
95% CI = 1.1-6-7, P = 0-021); CD8* T counts < 100 cells/pl, (OR = 1-98,
95% CI = 1-2-3-3) P = 0-009) and CD56*/CD16* NK = 30%, (OR = 1.97,
95% CI = 1-1-3-1, P = 0-002) at admission, independent of total lympho-
cyte numbers and co-morbidities, with area under the curve 0-85 (95%
CI = 0-81-0-88). Reduced counts of CD4* and CD8* T cells with propor-
tional expansion of NK lymphocytes at admission were prognostic factors
of death in this Spanish series. In COVID-19 patients with normal levels
of lymphocytes or mild lymphopenia, imbalanced lymphocyte subpopula-
tions were early markers of in-hospital mortality.
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more than 73 000 cases had been diagnosed in Madrid,

As declared by the World Health Organization (WHO)
in July 2020, the COVID-19 pandemic caused by the new
beta-coronavirus SARS-CoV-2 amounted to more than
14-5 million confirmed cases and more than 600 000
deaths worldwide [1]. The first detected cases of SARS-
CoV-2 infection in Spain were reported by the end of
January 2020 in the Canary and Balearic Islands and later
in February, in the Community of Madrid [2]. Since then,

among which 8449 fatal outcomes accounted for a high
mortality rate (11%) [3].

Lymphopenia is one of the laboratory hallmarks in hos-
pitalized COVID-19 patients [4,5], and is considered a factor
of poor prognosis regarding the severity of disease [6,7].
Main lymphocyte subtypes have found to be altered in
series of patients with SARS-CoV-2 infection [8-22]; there-
fore, some of these subsets are already being postulated as
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disease biomarkers [23]. Most studies mentioned showed
low counts of T cells and their CD4* and CD8* subsets
in severe cases of COVID-19. However, detailed informa-
tion on all T, B and natural killer (NK) lymphocytes sub-
types in both percentage and absolute numbers is only
available in the publications by Qin et al., with 44 Chinese
patients, and Hadjadj et al., with 50 patients from France
[8,12]. A longitudinal study by Liu et al. showed kinetic
changes of T, B and NK cell only in absolute numbers. T
lymphocytes - in particular CD8" cell counts - correlated
with disease severity, but the three deceased patients among
the 13 patients in the severe group were excluded from
analysis [11]. In fact, none of the above analysis was tar-
geted for progression to death, and only six studies regarding
lymphocyte subsets related to COVID-19 mortality can be
found [4,24-28], all from Chinese centers.

Our work aimed to study a large series of COVID-19
patients to determine the clinical use of these immuno-
logical parameters at the early stages of the disease. It
was relevant to contrast the results obtained in previous
studies in China, and to investigate whether measuring
circulating lymphocyte subpopulations adds value to the
total lymphocyte count when they are simultaneously
performed on COVID-19 patients at admission.

In this study, we report total lymphocyte and lymphocyte
subsets analysis at hospital admission and their relation
with fatal progression in a series of 701 COVID-19 patients
from Spain.

Patients and methods

We included 701 adult patients with confirmed SARS-CoV-2
hospitalized at the ‘Gregorio Maranén’ General Universitary
Hospital from 6 to 26 March. Follow-up was extended until
26 May to define death (in 112 patients), at which point
only 12 patients were yet to be discharged. Demographic
(age, sex) data, pre-existing concurrent diseases, clinical
symptoms and signs, laboratory parameters, radiology find-
ings and treatments were registered in electronic medical
records. Following the recommended therapeutic protocol
of our hospital [29], patients received COVID-19 treatment,
including anti-viral therapy with lopinavir/ritonavir (Kaletra)
and hydroxychloroquine. Our study conforms to the prin-
ciples outlined in the Declaration of Helsinki.

Routine laboratory examinations performed at hospital
admission included reverse-transcriptase polymerase chain
reaction (RT-PCR) assay in nasopharyngeal exudates using
a 2019-nCoV nucleic acid detection kit, according to the
manufacturers’  protocols (RT-PCR; Roche, Basel,
Switzerland and Thermo Fisher Scientific, Fremont, CA,
USA) with prior extraction of viral RNA by NucliSENS
easyMag (bioMérieux, Marcy-I'Etoile, France); a cycle
threshold value (Ct-value) of less than 37 was considered
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positive. T, B and NK lymphocyte immunophenotyping
was performed using a standardized lysed-no washed
four-color flow cytometry single platform from BD
Bioscience (San Jose, CA, USA). Briefly, 50 pl ethylenedi-
amine tetraacetic acid (EDTA) blood and 10 pl conjugated
multi-test reagents anti-CD45 peridin-chlorophyll protein
(PerCP), anti-CD3 fluorescein isothiocyanate (FITC), anti-
CD#4 allophycocyanin (APC), anti-CD8 phycoerythrin (PE),
anti-CD19 APC, anti-CD56 PE and anti-CD16 PE were
dispensed into Trucount tubes with a sample preparation
assistant (SPA) and incubated in the dark for 20 min at
room temperature. Following red cell lysis, the samples
were acquired and analysed in a fluorescence activated
cell sorter (FACS)Calibur cytometer (BD Bioscience, San
Jose, CA, USA).

All statistical analyses were conducted with spss version
25.0 software. Gaussian data distribution was previously
checked in all variables using the Kolmogorov-Smirnov
test. Categorical variables were expressed in frequency or
percentage and significance was detected by y? test.
Continuous variables were expressed as median and inter-
quartile range [(IQR) = P25-P75] and the Mann-Whitney
U-test was used to evaluate statistical significance when
comparing them. Receiver operating characteristic (ROC)
univariate curves were performed to explore the prognostic
ability of clinical characteristics and immunological param-
eters and to obtain cut-off values for the categorization
of continuous variables. Areas under the curve (AUC)
were calculated with a 95% confidence interval (CI). A
multivariate logistic regression analysis using the enter
method was used to determine the significance of the
variables when confronting the risk of death. Each vari-
able was added separately to assess potential confounding
relations between them. Variables with strong collinearity
(Spearman’s test) were excluded from our models. The
statistical significance level was set at 0-05 (two-sided).

Results

COVID-19 patients and co-morbidities

By 26 March, we had studied 701 consecutive hospitalized
patients who tested positive for SARS-CoV-2 RNA and whose
blood was sent for lymphocyte subsets analysis at admission;
112 patients (15:9%) died during hospitalization during a
3-month follow-up. The median of duration from admission
to death was 5 days (IQR = 3-12; range = 1- 52 days).
Table 1 shows that, overall, the median age of the patients
was 64 years (range = 19-96) and that a significantly higher
age was noticed in the group of deceased COVID-19 patients
(range = 38-95 years) when compared to alive patients.
There was a male : female ratio of 1-37 [406 (57-9%)
were male and 295 (42-1%) female]; 63-9% of the non-survivor
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Table 1. Demographic, clinical and immunological characteristics of COVID-19 patients at admission and their comparison between survivor and non-

survivor groups

Demographics Total (n=701) Alive (n = 590) Dead (n=112) P
Age (years) 64 (50-76) 61 (48-72) 79 (72-84) <0001
Gender (male) 406 (57-2%) 334 (56-6%) 71(63-9%) 0-20
Co-morbidities

Hypertension 305 (43-5%) 224 (38-0%) 81 (73-4%) <0001
Dyslipidemia 224 (32:0%) 175 (29-7%) 49 (43-8 %) 0-003
Diabetes mellitus 123 (17-5%) 85 (14-4%) 38 (33-9%) <0001
Cardiovascular disease 128 (18:3%) 97 (16-5%) 31(27-7%) 0-005
COPD 44 (6:3%) 28 (4-8%) 6 (14-3%) < 0-001
Malignancy 81 (11:6%) 61 (10-4%) 20 (17-9%) 0-023
Obesity 51 (7-3%) 38 (6:5 %) 13 (11-6%) 0-054
Kidney disease 44 (6:3%) 29 (4-9%) 15 (13-4%) 0-001
Respiratory disease (other than COPD) 66 (9-4%) 57 (9:7%) 9 (8:0%) 0-589
Immunological parameters (normal range)

Total lymphocyte/pl (1300-3500) 930 (665-1265) 981 (742-1315) 635 (444-937) < 0-001
CD3* T cells/pl (850-2669) 622 (408-855) 662 (464-890) 363 (251-581) < 0-001
CDA4* T cells/pl (491-1734) 391 (260-542) 412 (288-568) 242 (154-353) < 0-001
CD8* T cells/pl (162-1074) 199 (120-313) 213 (137-331) 116 (67-210) < 0-001
CD19* B cells/pl (73-562) 113 (67-166) 123 (76-171) 64 (41-120) < 0-001
CD56%/CD16" NK cells/pl (108-680) 162 (107-251) 168 (108-253) 157 (87-233) 0-207
CD3* T % (57-83) 65-8 (57-5-73-5) 666 (58-7-74-4) 60-6 (48-9-68.9) <0001
CD4* T % (31-62) 41-2 (34-1-48-0) 41-5 (34-6-48-4) 37.3 (27-4-46.9) 0-006
CD8* T % (9-38) 21-6 (15-5-28-7) 21-9 (16-0-28-9) 19-1 (11.7-27-2) 0-020
CD19* B % (5-24) 121 (8-3-16-7) 12:2 (8-4-16-7) 113 (6:1-159) 0-075
CD56%/CD16"* NK % (5-30) 182 (12:2-26-1) 17-3 (11-8-24-5) 25.5 (15-3-35.1) <0001
CD4*/CD8" (1-3-5) 1-91 (1-30-2-76) 1.90 (1-33-2-71) 1.98 (1.18-3-14) 0-935

Continuous variables are expressed as median with IQR [mean (P25-P75)] and categorical variables are expressed as 7 (%). Mann-Whitney U and y?

tests were used to compare those values obtained in survivor and deceased patients.

COPD = chronic obstructive pulmonary disease; NK =natural killer.

patients were male and 36-1% were female, gender variable
making no significant difference between dead and alive
patients (Table 1).

The most common comorbidity was hypertension in 305
cases (43-5%); 224 (32%) cases had dyslipidemia, 123 (17-5%)
diabetes mellitus and 44 (6:3%) chronic obstructive pul-
monary disease (COPD); other concurrent diseases are
shown in Table 1. A significantly higher frequency of hyper-
tension, diabetes mellitus, dyslipidemia, COPD, heart or
kidney diseases and cancer was detected in the group of
deceased patients when compared to survivors (Table 1).

Lymphocyte subpopulations in COVID-19

When the total group of COVID-19 patients was analysed,
the median values of total lymphocytes, CD3* T and CD4*
T cell counts were found below their normal range (Table
1). The medians obtained for other subsets, including CD8*
T, CD19* B and CD56/CD16" NK cell counts, and per-
centages of all subsets fell within adult normal ranges in
the total group of patients as shown in Table 1.
Deceased patients had significantly lower total lympho-
cytes, CD3* T, CD4" T, CD8" T and CD19" B cell counts
than alive COVID-19 patients. CD56"/CD16" NK cell

counts were similar in both groups [157 cells/pl (87-233)
in non-survivors versus 168 cells/pl (108-253) in survivors,
P = 0-146], with a significant increase in the proportion
of CD56%/CD16" NK cells [25-5% (15-3-35-1) versus 17-3%
(11-8-24-5), P < 0-001]. CD3* T and CD4* T cell percent-
ages were decreased in deceased patients when compared
to survivor patients, while no differences were observed
for CD8* T cell and CD19* B cell percentages or CD4*/
CD8* ratio between these two groups (Table 1).

Prognostic value of different lymphocyte
subpopulations

To explore the value of the immunological variables we
used ROC curves and AUC calculations, as depicted in
Fig. 1. Next, continuous variables were categorized and
included in a predictive multivariate analysis for fatal
outcome. The cut-off values for total lymphocytes and
lymphocyte subsets were obtained through calculation of
Youden’s index, normal reference values [30] and those
described by other authors in relation to COVID-19 [5,26].
Considering the total number of deaths (n = 112), 11
variables were chosen (Fig. 2, legend) mainly based on
our previous findings (i.e. most significant clinical and
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Fig. 1. Receiver operating characteristic (ROC) analysis of age and lymphocyte subsets among survivor and deceased COVID-19 patients. All variables
were used as raw data except for age, which was grouped by a factor of 10. ROC curves were used to evaluate the age and each of the different
lymphocytes subsets as candidate prognostics markers of deadly outcome. In the table, variables are sorted by their value of area under the curve (AUC).

laboratory values in Table 1 and Fig. 1). Age was included
for its statistical significance as well as for the contribu-
tion of the biological age-related changes to immunity
and lymphocyte subsets [31,32]. Those variables having
non-significant differences in between-groups univariate
analyses in Table 1, or variables showing collinearity, such
as CD3* T cells, which depend upon their CD4" and
CD8" T cell subpopulations (data not shown), were excluded
from the multivariate logistic regression. Gender was added,
as it has been associated with severity of disease in COVID-
19 patients in previous studies [18,21] and because of

the possible sex-associated variations in immune system
responses [33].

Figure 2 shows different multivariate logistic regres-
sion models with decreasing total lymphocyte counts
used as cut-off values, from 1300/l corresponding to
the lower limit of normal reference range (sensitivity:
0-91, specificity: 0-25) in Fig. 2a to 735/pl, which cor-
responds to Youden’s index (sensitivity: 0-65, specificity:
0-76) in Fig. 2c. The variables age and percentage of
NK cells > 30% independently contributed to the pre-
diction of death in all the multivariate models, as shown
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Fig. 2. Multivariate logistic regression models using decreasing numbers of total lymphocytes with death as the outcome. The following variables were
included: age, gender, hypertension, dyslipidemia, diabetes mellitus, chronic obstructive pulmonary disease (COPD), total lymphocytes, CD4* T cell
counts, CD8" T cell counts, CD19" B cell counts and %CD56*/CD16" natural killer (NK) cells. Age was divided by a 10 factor for easier odds ratio
(OR) understanding. Faint grey dots and lines in the upper figures and faint grey numbers in tables represent non-significant OR values.

in Fig. 2a-c. Moreover, CD4* T cell counts < 500/pl
and CD8* T cell < 100 cells/pl are also independent
predictors for death when the variable total lymphocytes
was categorized as 1300/pl (Fig. 2a) to 850/pl (sensitiv-
ity: 0-70, specificity: 0-62) in Fig. 2b. Significant results
for total lymphocytes were obtained only with lower
cut-off values of this variable (735 lymphocytes/pl), as
shown in Fig. 2c. With this more severe lymphopenia,
CD4* and CD8" T cell subsets lost predictive signifi-
cance. Thus, a remarkable result in our study was the
prognostic value achieved by both variables CD4" and
CD8* T cell counts when higher numbers of total lym-
phocytes (i.e. 850 cells/ul and up to normal ranges)
were not significant (Fig. 2a,b).

ROC analysis with AUC corresponding to each model
in the lower section of Fig. 2 further illustrate their
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prognostic ability to fatal outcome. AUC values higher than
0-85 were obtained in all the three models (Fig. 2a-c).

Discussion

This is the largest COVID-19 series to date analysing T,
B and NK lymphocyte subpopulations in both percentages
and absolute counts. Our results validate those that point
out blood lymphocyte subsets as potential routine prog-
nostic biomarkers in COVID-19 [4,10,11,16,18,19,22-28],
and take part in the huge effort by the international com-
munity to define clinical and laboratory parameters associ-
ated to severity of disease and death.

Most previous studies on lymphocyte subsets in COVID-
19 patients have focused upon the progression from mild
to severe forms of the disease. Reports on lymphocyte

© 2020 The Authors. Clinical & Experimental Imnmunology published by John Wiley & Sons Ltd on behalf of British Society for
Immunology, Clinical and Experimental Inmunology, 203: 424-432



subsets regarding mortality are still scarce [4,24-28], which
is probably due to the high numbers of patients required
for reliable statistical analysis.

Deceased patients were older in this Spanish series
compared to all Chinese series, and our results corrobo-
rated that age is a marker of poor prognosis, as reported
in most [4,24,25]. No co-morbid conditions were selected
in our multivariate logistic regression models, in contrast
to the studies by Du et al. and Liu et al. [24,25]. With
milder lymphopenia or even normal levels of peripheral
lymphocytes at admission, reduced CD4* (< 500/pl) and
CD8* (< 100/pl) T cell subsets were prognostic markers
to death in our COVID-19 patients, which has not been
previously documented. The earliest study by Wu et al.
showed a significant decrease in CD8* T cell counts in
40 of 84 patients with acute respiratory distress syndrome
who progressed to death, but this was not significant when
subjected to a bivariate Cox analysis [4]. The study by
Xu et al. showed that reduced absolute counts of CD4*
and CD8* T cells, and also of B and NK cells, were risk
factors of in-hospital death. They also described interesting
warning values for T and B lymphocytes [26]. Liu et al.
concluded that log-transformed CD4" T cell counts and
CD4*/CD8* ratio were predictors of death in the hospital
setting; B and NK cells were not studied in this not-peer-
reviewed report [25]. The prospective study by Du and
colleagues identified CD8" T cells < 75 cells/pl among
their four final prognostic variables [24]. We noted that
the number of variables in the multivariate logistic regres-
sion analysis by Liu and Du was probably too high for
their sample sizes [24,25]. More recently, CD8* T, CD4*
T and NK cell counts have been corroborated as an inde-
pendent risk factor associated with mortality in the largest
series of Chinese COVID-19 patients [27,28]. More severe
lymphopenia with values below 735 cells/pl was associated
with a higher risk of in-hospital death in our COVID-19
patients, in agreement with the work by Xu and colleagues
[26], but not the other authors [4,24,25,27,28].

We describe for the first time, to the best of our knowl-
edge, a significantly higher proportion of CD56*/CDI16*
NK cells at admission in the group of COVID-19 patients
who later died. This proportional increase within the lower
total lymphocyte number characterizing the deceased
patients could be a consequence of the reduction in the
other lymphocyte subsets (CD3*, CD4*, CD8*, CD19")
cell counts, while maintaining a stable CD56*/CD16" NK
cell count in this group. It could also be compensatory
to the reduction of percentages of other lymphocyte sub-
sets, particularly of the T cell compartment. Studies relating
the NK population with the risk of death in COVID-19
are lacking; however, other authors have published changes
in the percentages of NK lymphocytes associated with

Lymphocyte subsets early predict death in COVID-19

disease severity. Nie ef al. have described a significantly
higher proportion of NK cells in the severe group when
compared to mild COVID-19 patients, although they did
not study progression to death, because critically ill patients
were transferred to other designated hospitals in China
[14]. Their study included a total of 97 younger patients
(median age = 39 years, IQR = 30-60), 72% of whom
were asymptomatic [14]. Qin et al. also showed a higher
percentage of NK related to a more severe course of
COVID-19 [8]. However, Hadjadj et al. found no differ-
ences in NK cell percentage between mild, moderate, severe
or critical small groups of COVID-19 patients in France
[12]. The diversity of results could be explained by the
smaller sample sizes, different ages and/or designs of the
studies [31,34]. In this regard, conventional peripheral blood
NK lymphocytes are composed of CD3-CD56*4™CD16*
cells with cytotoxic activity and CD3-CD56**"i8tCD16"
with cytokine production function [35,36], so different
approaches can be wused for their determination.
Redistribution within the NK cell compartment before the
SARS-CoV-2 infection may also be considered, as highly
differentiated CD3-CD56*4™CD16*CD57* cells increase
and CD3"CD56"¢"CD16~ decrease during healthy aging
[31,37]. In addition, several measurement techniques can
be used. While we measured both phenotypes using a
standardized lysed-no-washed flow cytometry single plat-
form, as did Liu and colleagues [25], other authors have
used different techniques or combinations of antibodies
[12] or they do not specify their methods [4,14,26]. Thus,
methodological reasons could also underlie different results
by distinct researchers.

Our results add value to the existing clinical evidence,
although the contribution of multiple mechanisms lead-
ing to the loss of circulating lymphocytes [38,39], i.e.
lymphoid tissue infiltration with blood cell efflux and
redistribution, reduction of hematopoietic progenitors
and/or lymphopoiesis by proinflammatory cytokines,
activation-induced death of virus-specific T cells, lym-
phocyte apoptosis, cell exhaustion, cytopathic effect due
to SARS-CoV-2 infection of mature T lymphocytes or
direct hematopoietic precursor cells viral infection, is
yet to be clarified. Additional immunophenotypic mark-
ers targeting these effects are suggested to be included
in future prospective studies.

The quantitation of lymphocyte subsets by flow cytom-
etry was incorporated into clinical practice following the
AIDS pandemic in the 1980s [40]. CD4" T cell counting
remains extremely useful for the classification, prognosis
and monitoring of HIV-infected patients [41]. Furthermore,
memory and activated T cell subpopulations constitute
additional prognostic factors regarding risk of progression
of the disease [42,43]. Earlier in this century, lymphopenia
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was found as a consistent finding in SARS-CoV and Middle
East respiratory syndrome (MERS), caused by highly
pathogenic coronavirus infections [44-48]. A longitudinal
and complete study of 271 SARS patients with 25 deaths
showed that lymphopenia was caused by a decrease in
all T, B and NK cell numbers, with these parameters being
significantly lower in patients who died compared to those
who recovered [46]. Lymphocyte subset testing now raises
intense interest, with the new SARS-CoV-2 coronavirus
causing lymphopenic pneumonia in millions of individuals
during the current global outbreak. The evidence of rela-
tionships between lymphocyte subsets and functions with
the control of SARS-CoV-2 and severity of infection is
growing [8,49]. In particular, naive T cell subsets identi-
fied by CD45 isoforms and chemokine receptor CCR7,
co-stimulatory molecules (CD27, CD28) and the senescence
marker CD57, which correlate with biological age, chronic
infections and conditions [31,50], as well as with the failure
to generate SARS-Cov-2 antigen-specific adaptive immune
responses [49]. As such cellular immunosenescence bio-
markers may be previous to SARS-CoV infection, they
should be analysed over time - even before admission - in
longitudinal studies.

In conclusion, the measurement of lymphocyte subsets
by flow cytometry is a quick and easy analysis, relevant
in COVID-19 patients at hospital admission. In our Spanish
series, the immunological variables CD4* and CD8* T
cells as well as CD56"/CD16*NK cells have been proven
as earlier prognostic factors of death than total lymphocyte
numbers, independent of age and co-morbidities. Studies
with large cohorts of patients from different countries are
encouraged for a further systematic review and meta-
analysis, in order to clearly define the value of lymphocyte
subsets in diagnostic and prognostic models of
COVID-19.
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