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Abstract

Background A 10-day dexamethasone regimen has emerged as the internationally adopted standard-of-care

for severe COVID-19 patients. However, the immune response triggered by SARS-CoV-2 infection remains a complex
and dynamic phenomenon, leading to various immune profiles and trajectories. The immune status of severe COVID-
19 patients following complete dexamethasone treatment has yet to be thoroughly documented.

Results To analyze monocyte HLA-DR expression (mHLA-DR) and CD4+T lymphocyte count (CD4) in critically il
COVID-19 patients after a dexamethasone course and evaluate their association with 28-day ICU mortality, adult
COVID-19 patients (n=176) with an ICU length of stay of at least 10 days and under dexamethasone treatment

were included. Associations between each biomarker value (or in combination) measured at day 10 after ICU admis-
sion and 28-day mortality in ICU were evaluated. At day 10, the majority of patients presented decreased values

of both parameters. A significant association between low mHLA-DR and 28-day mortality was observed. This associa-
tion remained significant in a multivariate analysis including age, comorbidities or pre-existing immunosuppression
(adjusted Hazard ratio (aHR)=2.86 [1.30-6.32], p=0.009). Similar results were obtained with decreased CD4+T cell
count (@HR=2.10[1.09-4.04], p=0.027). When combining these biomarkers, patients with both decreased mHLA-DR
and low CD4 presented with an independent and significant elevated risk of 28-day mortality (i.e., 60%, aHR=4.83
(1.72-13.57), p=0.001).

Conclusions By using standardized immunomonitoring tools available in clinical practice, it is possible to identify
a subgroup of patients at high risk of mortality at the end of a 10-day dexamethasone treatment. This emphasizes
the significance of integrating immune monitoring into the surveillance of intensive care patients in order to guide
further immumodulation approaches.
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Background

The pathophysiology of severe COVID-19 involves a
complex interplay between viral invasion, activated local
immune response, and systemic inflammatory processes
[1]. In some individuals, an overactive inflammatory
response can occur and contribute to tissue damage and
organ dysfunctions [1]. In this context, mitigating the
harmful effects of exacerbated inflammatory response
has rapidly been hypothesized as a therapeutic approach
in severe cases of COVID-19. Of available molecules,
dexamethasone has emerged as an important option,
particularly for individuals with respiratory complica-
tions. Its effectiveness in treating severe COVID-19 cases
was demonstrated in the RECOVERY trial, a large-scale
clinical trial conducted in the United Kingdom [2]. The
trial found that dexamethasone reduced the risk of death
by one-third in patients receiving mechanical ventilation
and by one-fifth in those receiving oxygen support. Since
the publication of the RECOVERY trial, 10-day dexa-
methasone treatment has been globally adopted as the
standard-of-care for the treatment of severe COVID-19
patients [3-5].

After completing this beneficial 10-day dexametha-
sone treatment, there remains a challenge in clinical
decision-making to guide further immunomodulation of
patients, whether it be pro- or anti-inflammatory, owing
to the complexity of the disease phenotypes and patient
heterogeneity [6]. In this context, immune monitoring
approaches could help in the formulation of subsequent
therapeutic approaches [6]. Yet, as of our current knowl-
edge, there has been no specific report on the immune
status of a large cohort of severe COVID-19 patients who
underwent a complete 10-day dexamethasone treatment.

Wit this in mind, the primary objective of this study
was to analyze immune parameters measured in critically
ill COVID-19 patients after a dexamethasone course in
ICU and evaluate their association with 28-day mortality.
We focused on CD4+ T lymphocyte count and monocyte
HLA-DR (mHLA-DR) expression (utilizing standardized
units), both robust biomarkers which deregulation has
been largely described in bacterial sepsis [7, 8] and puta-
tively available in routine care.

Patients, material and methods

Clinical study design, patient population and approval
Between March 2020 and May 2022, critically ill
patients admitted to five ICUs from Lyon academic
hospitals (Hospices Civils de Lyon, Lyon, France)
who presented with pulmonary infection with SARS-
CoV-2 confirmed by RT-PCR testing were prospec-
tively included in the RICO (REA-IMMUNO-COVID)
clinical study. The RICO study was approved by ethics
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committee (Comité de Protection des Personnes Ile
de France 1—N°IRB / IORG #: IORG0009918) under
agreement number 2020-A01079-30. This clinical study
was registered at ClinicalTrials.gov (NCT04392401).
This was an observational study that did not involve any
specific procedures other than routine blood sampling.
Oral information and non-opposition to inclusion in
the study were mandatory and were systematically
obtained before any blood sample was drawn. This was
recorded in patients’ clinical files. If a patient was una-
ble to consent directly, non-opposition was obtained
from the patient’s legally authorized representative and
reconfirmed from the patient at the earliest opportu-
nity. Inclusion criteria were: (i) man or woman aged
18 or over, (ii) hospitalization in ICU for SARS-CoV-2
pneumopathy, (iii) first hospitalization in ICU for
SARS-CoV-2 infection, (iv) diagnosis of SARS-CoV-2
infection performed by PCR in at least one respiratory
sample, (v) sampling in the first 24 h after admission to
ICU (DO) feasible, and (vi) patient or next of kin who
has been informed of the terms of the study and has
agreed to participate. Pre-existing immunosuppression
was defined by the presence of solid or hematologic
cancer, and/or chronic immunosuppressive treatment,
and/or presence of innate or acquired immune defi-
ciencies. Additional inclusion criteria for this ancillary
study included an ICU length of stay of at least 10 days
and a minimum of 7 days of dexamethasone treatment.
Exclusion criteria were pregnancy, institutionalized
patients, inability to obtain informed consent.

Patient characteristics

For each patient, demographics, comorbidities, time
from onset of COVID-19 symptoms to ICU admission,
initial presentation of the disease in ICU including the
ratio of the arterial partial pressure of oxygen to the frac-
tional inspired oxygen (PaO2/FiO2 ratio) at admission
and organ support during ICU stay were documented.
Organ dysfunctions according to Sequential Organ Fail-
ure Assessment (SOFA) score (range 0-24, with higher
scores indicating more severe organ failures), and Sim-
plified Acute Physiology Score II (SAPS II; range, 0-164,
with higher scores indicating greater severity of illness)
were documented. Acute respiratory distress syndrome
(ARDS) was defined if patients were invasively ventilated
and met the Berlin criteria for ARDS [9]. Day 0 was con-
sidered as the day of inclusion in the clinical study (i.e.
within 24h after ICU admission). Follow-up included
ICU length of stay, in-hospital mortality, day-28 (D28)
mortality, day-90 (D90) mortality, as well as occurrence
of secondary infections using standardized diagnostic
criteria based on French guidelines [10].
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Blood samples

Ethylene diamine tetra-acetic acid (EDTA-) antico-
agulated blood was collected five times during the first
month after ICU admission: within the first 48h after
admission (Day 0: D0), between 72 and 96h after admis-
sion (D3), between D7 and D9 (D7), between D12
and D15 (D12), between D20 and D25 (D20). Blood
was stored at 4-8 °C and processed within 4 h after
withdrawal.

Flow cytometry

CD4+T lymphocyte subpopulation immunophenotyp-
ing was performed on an automated volumetric flow
cytometer from Beckman Coulter (Aquios CL) as pre-
viously described [11]. The expression of monocyte
HLA-DR (mHLA-DR) was determined using the Anti-
HLA-DR/Anti-Monocyte Quantibrite assay (BD Bio-
sciences, San Jose, USA). Total number of antibodies
bound per cell (AB/C) were quantified using calibration
with a standard curve determined with BD Quantibrite
phycoerythrin (PE) beads (BD Biosciences) as described
elsewhere [12]. Data were acquired on a Navios flow
cytometer (Beckman Coulter, Hialeah, FL) and analyzed
using Navios software (Beckman Coulter). Enumera-
tion of lymphocyte subpopulations as well as mHLA-DR
measurement were performed using standardized proto-
cols fulfilling clinical and diagnostic laboratories accredi-
tation requirements from the International Organization
for Standardization.

Statistical analysis

Descriptive statistics

Patients’ characteristics at ICU admission (i.e., demo-
graphics, comorbidities, COVID-19 symptoms, and
organ support) and follow-up information were
described using absolute (numbers) and relative (per-
centages) frequencies for qualitative variables, and
median and interquartile range (Q1-Q3) for quantita-
tive variables. Survivors and non survivors groups were
compared using the Pearson x2 test or Fisher exact test,
as appropriate, for categorical variables and the Mann—
Whitney U-test for continuous variables.

mHLA-DR and CD4 + T cell count trajectories modelling

The longitudinal evolution of mHLA-DR and CD4+T
lymphocyte count was modelled using linear mixed-
effects models. In these models, mHLA-DR and
CD4+cell count trajectories were allowed to vary ran-
domly and to deviate from the group average accord-
ing to within- and between-individual variances. This
method also adjusted for the within-subject correla-
tion of the repeated observations over time, and for the
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inclusion of patients with a varying number of measure-
ments. A second-order polynomial was used to model
the effect of time entered as a continuous variable. This
allowed to capture the decrease followed by an increase
for mHLA-DR, and the increase followed by a plateau for
CD4+T cells during follow-up. The models were used to
obtain predictions of mHLA-DR and CD4+T lympho-
cyte count at day 10 for each patient.

Cut-off value calculations for discriminating Day-28 survivors
and non survivors.

The best cut-off values of mHLA-DR and CD4+T cell
count at day 10 discriminating Day-28 survivors and non
survivors patients were estimated by maximizing the
Youden index and described by the area under the curve
(AUC) of the corresponding receiver operating charac-
teristics (ROC) curves.

Survival model

Day-28 survival estimates were calculated with the
Kaplan—Meier product-limit method, and survival dis-
tributions were compared using the log-rank test. Day
0 was the day of ICU admission and patients remained
included in the risk set until death or discharge. For the
latter event, patients were considered as censored and
were excluded of the risk set.

Univariate and multivariate Cox regressions were used
to identify the variables associated with the risk of death
before Day 28 and assessed by crude hazard ratio (HR)
and adjusted HR (aHR) with their 95% confidence inter-
vals (95%CI). Variables with a p value <0.20 in univariate
analysis were entered in the multivariate models. Predic-
tors included demographics, comorbidities, COVID-19
symptoms, and organ support at admission, as well as
combinations of mHLA-DR and CD4+T cell count at
day 10.

In addition, mortality at day-90 was assessed by uni-
variate and multivariate logistic regression analysis and
assessed by crude odds ratio (OR) and adjusted OR
(aOR). As previously, only variables with a p value <0.20
in univariate analysis were entered in the multivariate
models.

P-values <0.05 were considered as statistically signifi-
cant. Analyses were performed using R version 4.0.3 [13].

Results

Description of the cohort

From March 2020 to May 2022, the RICO study included
538 critically ill COVID-19 patients (See Table S1 and
Figure S1 in the Online Data Supplement). Out of these,
a total of 176 individuals stayed at least 10 days in the
ICU and received dexamethasone (Fig. 1). Dexametha-
sone treatment was initiated upon ICU admission in 88%
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RICO Cohort
N =538
| Patients included before July 6", 2020
¥ N =78 (14,5%)

Patients with dexamethazone
N =460 (85,5%)

- Patients with dexamethasone duration < 7 days (n = 183)

- Patients with dexamethasone duration 2 7 days but ICU length of
stay <10 days (n = 94)

- Patients with dexamethasone duration > 7 days and ICU length of
stay >10 days but deceased before D28 outside the ICU (n=7)

Exclusion criteria N = 284 (61.7%)

Patients with dexamethasone duration 27 days and
ICU length of stay 2 10 days
N =176 (38.3%)

/\
Alive at D28 Deceased in ICU before D28
N =138 (78,4%) N =38(21,6%)

Fig. 1 Study flow chart Patients included in the RICO clinical study before July 6th, 2020 (i.e. publication date of the RECOVERY clinical trial) were
first excluded. Then exclusion criteria included a dexamethasone treatment duration below 7 days and an ICU length of stay below 10 days. Patients
with dexamethasone treatment of at least 7 days and ICU length of stay of at least 10 days discharged alive from the ICU but who died with 28

days were excluded. Finally the cohort was divided between patients who were still alive at D28 and those who died in the ICU within 28 days

after admission

of these patients and was maintained for a median of 10
[9, 10] days. Table 1 depicts their clinical characteristics.
Non-survivor patients at D28 were significantly older,
presented with more comorbidities and required more
frequently renal replacement therapy during the ICU stay
compared to survivors (Table 1).

Upon admission and till D7, both D28 survivors and
non-survivors displayed decreased expression of mono-
cyte HLA-DR (mHLA-DR) in comparison with lowest
reference value from the lab (i.e., < 13500 AB/C, Fig. 2,
Table S2) [14]. After day 7, D28 survivors experienced
a sharp increase in mHLA-DR levels, while non-survi-
vors remained at very low values (day 20 median <5000
AB/C). Regarding CD4* T cell count, both survivors and
non-survivors initially had reduced CD4" T lymphocyte
values (median <200 cells / L, Fig. 2, Table 1). Over the
course of monitoring, both groups gradually increased
their CD4* T cell counts until day 28. Notably, median
value of CD4™" counts in D28 survivors was consistently
higher compared to non-survivors throughout the entire
monitoring period. That being said, at D20, 36% of D28
survivors and 70% of non-survivors presented with CD4*
T cell count below the lowest reference value from the
lab (i.e. <365 cells/pL [14]).

Association between mHLA-DR at D10 and D28 mortality
We addressed whether mHLA-DR value and CD4*
T cell counts measured at the end of dexamethasone

treatment were associated with D28 mortality. Since
the initial study design did not include blood sampling
at D10 (i.e. at the end of dexamethasone treatment) and
to calculate both biomarkers’ values at this time point;
we built mathematical models of biomarkers’ trajecto-
ries in critically ill COVID-19 patients. The global and
individual modelling results are presented in Figures S2
and S3 in the Online Data Supplement, demonstrating
the robustness of the models which were further used
in association analyses.

At D10, we observed a significant association
between low mHLA-DR levels and 28-day mortality
in severe COVID-19 patients. The receiver operating
characteristic (ROC) analysis for prediction of 28-day
mortality based on mHLA-DR value at this time point
yielded an area under the curve (AUC) value of 0.69
(95%CI 0.60-0.79, p<0.001). After determining the
best cut-off value using Youden index (i.e. 5,479 AB/C)
on the ROC curve, Kaplan—Meier (KM) curves demon-
strated substantial differences in survival between the
groups defined by this threshold (Fig. 3A). This asso-
ciation remained significant in a multivariate analysis
including usual clinical confounders such as age, pres-
ence of comorbidities or pre-existing immunosuppres-
sion (Fig. 3B). Of note, decreased mHLA-DR level at
D10 was also independently associated with mortality
at D90 (Tables S3 and S4).
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Table 1 Clinical characteristics of included patients according to their vital status at day 28
All patients Non-Survivors Survivors p-value
(n=176) (n=38) (n=138)
Demographics
Age 67 [60—73] 71 [65—76] 66 [58—72] 0.001
Gender >0.05
Female 44 (25%) 6 (16%) 38 (28%)
Male 123 (75%) 32 (84%) 100 (72%)
Body mass index (kg/mz) 29.1 [26.2—33.6] 28.9[25.8—32.6] 294 [26.3—34.0] >0.05
Body mass index = 30 kg/m? (%) >0.05
<30 97 (56%) 22 (61%) 75 (55%)
>30 77 (44%) 14 (39%) 63 (45%)
Missing 2 2 0
Comorbidities
Number of comorbidities 0.015
0 72 (41%) 9 (24%) 63 (46%)
>1 104 (59%) 29 (76%) 75 (54%)
Charlson score 1.00 [0.00—2.00] 1.50 [1.00—3.00] 1.00 [0.00—1.00] <0.001
Pre-Existing immunosuppression 0.022
No 152 (86%) 28 (74%) 124 (90%)
Yes, with chronic immunosuppressive therapy 21 (12%) 8 (21%) 13 (9.4%)
Yes, without chronic immunosuppressive therapy 3(1.7%) 2 (5.3%) 1(0.7%)
Symptoms at ICU Admission
Delay between first symptoms (Days) 8 [6-10] 8 [5-9] 8[6-10] >0.05
Missing 1 5
Severity scores on ICU admission
SOFA score 3[1-6] 3[1-5] 3[1-6] >0.05
SAPS Il score 32[25—41] 33 [28—43] 32 [24—40] >0.05
PaO./FiO, 94 [70—139] 100 [60—133] 92 [72—140] >0.05
Organ support on admission
Invasive ventilation 44 (25%) 8(21%) 36 (26%) >0.05
High flow nasal oxygen therapy 117 (67%) 28 (74%) 89 (65%)
Standard oxygen therapy 10 (5.7%) 1(2.6%) 9 (6.6%)
Non-invasive ventilation 3(1.7%) 1(2.6%) 2 (1.5%)
Vasopressor drugs >0.05
Yes 33 (19%) 6 (16%) 27 (20%)
No 143 (81%) 32 (84%) 111 (80%)
Organ support during ICU stay
Renal replacement therapy 0.005
Yes 29 (16%) 12 (32%) 17 (12%)
No 147 (84%) 26 (68%) 121 (88%)
Invasive and non-invasive mechanical ventilation 0.004
Yes 130 (74%) 35 (92%) 95 (69%)
No 46 (26%) 3(7.9%) 43 (31%)
Mechanical ventilation duration (days) 18 [11—30] 14 [10-17] 24 [13—37] <0.001
Follow-up
Inclusion period >0.05
Covid wave 2: from July 6th 2020 till January 3rd 2021 62 (35%) 16 (42%) 46 (33%)
Covid wave 3: from January 4th 2021 till July 4th 2021 72 (41%) 12 (32%) 60 (43%)
Covid wave 4: after July 5th 2021 42 (24%) 10 (26%) 32 (23%)
ICU length of stay (days) 22 [14—36] 17 [12-22] 27 [14—40] <0.001
Hospital length of stay (days) 33[22—49] 19 [14-23] 40 [28—54] <0.001
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Table 1 (continued)
All patients Non-Survivors Survivors p-value
(n=176) (n=38) (n=138)
Hospital mortality 56 (32%) 38 (100%) 18 (13%) <0.001
Day-90 mortality 54 (33%) 38 (100%) 16 (13%) <0.001
ICU acquired infections >0.05
Yes 97 (55%) 24 (63%) 73 (53%)
No 79 (45%) 14 (37%) 65 (47%)
ICU-acquired pneumopathy (% of ICU-acquired infections) 85 (88%) 22 (92%) 63 (86%) >0.05

Results are shown as medians and interquartile ranges [Q1-Q3] for continuous variables or numbers and percentages for categorical variables. Patients were separated
in two groups based on their survival status at D28 after admission in intensive care unit (ICU). Sepsis-related organ failure assessment (SOFA) and Simplified acute
physiology score Il (SAPS 1I) scores were calculated during the first 24 h after ICU admission. Data between survivors and non-survivors were compared using non-
parametric Mann-Whitney test for continuous variables or Fisher’s exact test for categorical variables. The number of missing values is indicated when necessary. In
such case, percentages were calculated based on the total of available values. COVID-19 waves were defined based on data from Santé Publique France

— Non-survivors at day-28

10000 12000 14000
I ! !
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Monocyte HLA-DR expression (Ab/C)
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— Survivors at day-28
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CD4+ T Lymphocytes (cells/uL)

T
DO D3 D7 D12 D20

Time after ICU admission (days)

Fig. 2 Kinetics of mMHLA-DR and CD4+T cell counts measured in D28 Survivors vs Non-Survivors critically ill COVID-19 patients. Values of monocyte
HLA-DR expression (expressed as numbers of antibody bound per cell: AB/C, reference values: 13 500-45 000 AB/C) and CD4 +T cell absolute count
(expressed as numbers of cells per L, reference values: 365-1 345 cells/ul) measured in non-survivors (n=38, red lines) and survivors (n=138,

blue lines) over time are shown. Patients were sampled within the first 48h after ICU admission (Day 0: D0), between 72 and 96h (D3), between D7
and D9 (D7), between D12 and D15 (D12), between D20 and D25 (D20). Results are presented as means and interquartile ranges (Q1-Q3). The
numbers of available values for mHLA-DR and CD4 + count were 37 at DO and at D3, 35 at D7, 27 at D12 and 10 at D20 in non-survivors. The
numbers of available values were 132 for mHLA-DR and 134 for CD4 at DO, 130 for mHLA-DR and 128 for CD4 +at D3, 127 at D7, 102 for mHLA-DR

and 103 for CD4 at D12 and 74 at D20 in survivors

Association between CD4" T cell count at D10 and D28
mortality

Similarly, at D10, we observed a significant association
between low CD4" T cell count and mortality in severe
COVID-19 patients. The receiver operating characteristic
(ROC) analysis demonstrated an AUC of 0.63 (0.52-0.74,
p<0.001) for the prediction of D28 mortality based on
CD4* T cell count measured at D10. Upon determining
the optimal cut-off value of 225 cells/pL with the ROC
curve curve and Youden index, KM curves revealed sta-
tistically significant difference in survival between the

two groups defined by this threshold (Fig. 4A). Impor-
tantly, this association remained significant even after
conducting multivariate analysis including usual clinical
confounders (Fig. 4B).

Combination of mHLA-DR and CD4 +T cell count at D10

to predict D28 mortality

Subsequently, we investigated whether the inclusion of
both markers in the same analysis could provide addi-
tional clinical information. Patient were categorized into
three groups based on mHLA-DR and CD4" T cell count



Monneret et al. Annals of Intensive Care

Survival probability

1.0

0.8

0.6

0.4

0.2

0.0

(2024) 14:76 Page 7 of 12
mMHLA-DR at D10 < 5 479
Logrank test, p = 0.002
T T T T T T
0 5 10 15 20 25
Days after ICU admission

Variables HR 95%Cl p-value aHR | 95%ClI p-value
Age By 1year | 1.05 | 1.01-1.09 | 0.007 1.04 | 1.00-1.09 | 0.030
Comorbidities 0 Ref - -

>1 2.38 | 1.13-5.03 | 0.023 1.96 | 0.89-4.32 | 0.093
Pre-Existing No Ref - -
immunosuppression

Yes 2.64 | 1.28-5.45 | 0.009 1.57 | 0.72-3.46 | 0.259
Renal replacement therapy No Ref - -
during ICU stay

Yes 1.82 | 0.92-3.61 | 0.087 1.70 | 0.84-3.43 | 0.140
Invasive and non-invasive No Ref - -
mechanical ventilation during
ICU stay

Yes 1.88 | 0.57-6.16 | 0.300
HLA-DR at day 10 >5479 Ref - -

<5479 3.33 | 1.52-7.26 | 0.003 2.86 | 1.30-6.32 | 0.009

Fig. 3 Association between mHLA-DR at D10 and mortality at D28 in critically ill COVID-19 patients. A. Based on cut-off value calculated using
Youden index (i.e,, 5 479 AB/C) from ROC curve analysis, patients were separated in 2 groups to build Kaplan—Meier survival curves. The Log-rank
test was used to test the differences between these curves. B. Univariate and multivariate Cox regressions were used to identify the variables
associated with the risk of death before day 28 and assessed by crude hazard ratio (HR) and adjusted HR (aHR) with their 95% confidence intervals
(95%Cl). Variables with a p value <0.20 in univariate analysis were entered in the multivariate models. mHLA-DR at day 10 in critically ill COVID-19
patients treated by dexamethasone was the predicted values from mathematical modeling of the change of this variable over time (n=176)
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CD4+ at D10 > 225
CD4+ at D10 < 225
Logrank test, p = 0.001
T T T T T I
0 5 10 15 20 25
Days after ICU admission

Variables HR 95%Cl p-value aHR | 95%ClI p-value
Age By 1year | 1.05 | 1.01-1.09 | 0.007 1.04 | 1.00-1.08 @ 0.043
Comorbidities 0 Ref - -

>1 2.38 | 1.13-5.03 | 0.023 1.81 | 0.82-3.97 | 0.139
Pre-Existing No Ref - -
immunosuppression

Yes 2.64 | 1.28-5.45 | 0.009 1.80 | 0.83-3.91 | 0.137
Renal replacement therapy No Ref - -
during ICU stay

Yes 1.82 | 0.92-3.61 | 0.087 1.79 | 0.89-3.61 | 0.105
Invasive and non-invasive No Ref - -
mechanical ventilation during
ICU stay

Yes 1.88 | 0.57-6.16 | 0.300
CD4+ T lymphocyte at day 10 | > 225 Ref - -

<225 2.79 | 1.48-5.28 | 0.002 2.10 | 1.09-4.04 | 0.027

Fig. 4 Association between CD4+T lymphocyte count at D10 and mortality at D28 in critically ill COVID-19 patients. A. Based on cut-off value
calculated using Youden index (i.e,, 225 cells/uL) from ROC curve analysis, patients were separated in 2 groups to build Kaplan-Meier survival
curves. Log-rank test was used to test the differences between these curves. B. Univariate and multivariate Cox regressions were used to identify
the variables associated with the risk of death before Day 28 and assessed by crude hazard ratio (HR) and adjusted HR (aHR) with their 95%
confidence intervals (95%Cl). Variables with a p value <0.20 in univariate analysis were entered in the multivariate models. Number of circulating
CD4+T cells at day 10 in critically ill COVID-19 patients treated by dexamethasone was the predicted values from mathematical modeling

of the change of this variable over time (n=176)
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measured at D10: Group 1=both markers (mHLA-DR
and CD4) above their respective cut-off values as previ-
ously calculated; Group 2=at least one marker (either
mHLA-DR or CD4) above their cut-off value; Group
3=both markers below or equal to their cut-off values.
Patients included in Group 3 exhibited a significantly
lower survival compared with other groups as observed
on KM curves (Fig. 5A). When included in a multivariate
analysis, being included in Group 3 was associated with
a hazard ratio (HR) of 4.83 (1.72-13.57) regarding the
risk of death at D28 after adjustment for other important
prognostic co-variables (Fig. 5B). The mortality at D28 in
this group exceeded 60%.

Discussion
In this study focusing on critically ill COVID-19 patients
undergoing dexamethasone treatment, we examined
mHLA-DR values and CD4+T cell counts over time.
After completion of a 10-day dexamethasone regimen,
we showed that these immune parameters can distin-
guish a subgroup of patients with high mortality risk.
During the COVID-19 pandemic, the introduction and
utilization of dexamethasone marked a significant mile-
stone in the treatment of severe cases [4, 5]. As it was
discovered that the virus could trigger an exaggerated
immune response that caused severe damage to organs
and tissues, particularly within the lungs [1], treatment
with dexamethasone was assessed due to its potent anti-
inflammatory properties. The landmark RECOVERY trial
[2], conducted in the United Kingdom, demonstrated
that dexamethasone reduced mortality rates in hospi-
talized COVID-19 patients requiring oxygen or ventila-
tor support. Then, additional trials (e.g., REMAP-CAP
Trial [3], CoDEX Trial [15]), also found that dexametha-
sone reduced the duration of mechanical ventilation and
improved clinical outcomes in these patients. Overall,
these trials, along with other observational studies, have
provided evidence supporting the use of dexamethasone
in the management of severe COVID-19 cases (i.e., those
who require supplemental oxygen or ventilator sup-
port). This led to the widespread and successful adop-
tion of dexamethasone by healthcare providers around

(See figure on next page.)
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the world in the treatment of severe COVID-19 cases.
Despite this progress, heterogeneity of ICU patients and
of their immune phenotypes remain challenging in clini-
cal decision-making once regular 10-day dexamethasone
treatment is completed [6]. Taking this into account, a
group of experts conceptualized in Nature Medicine in
2022 the principle of monitoring patients’ immune func-
tions at the end of dexamethasone treatment to guide
subsequent immunomodulation approaches [6]. How-
ever, to the best of our knowledge, there has been no
report on immune parameters in this specific context.
Therefore, our results obtained from a substantial cohort
of homogeneous patients, namely critically ill COVID-
19 patients who spent a minimum of 10 days in the ICU
and received a complete course of dexamethasone, offer
highly informative and valuable insights as they dem-
onstrate the diversity of patients’ immune profiles. This
reinforces the relevance of biomarker-guided comple-
mentary immunomodulation approaches [6].

The first significant result from this study is the obser-
vation that after 10 days in the ICU, severe COVID-19
patients exhibit signs of immunosuppression. Indeed,
despite a slight increase in the number of CD4* T cells
over time, the number of circulating lymphocytes
remained very low at day 10. Similarly, regarding mHLA-
DR, a constant decrease was observed over the first week
after ICU admission. These data are consistent with prior
literature findings, albeit acquired through diverse meth-
odologies for assessing mHLA-DR expression, demon-
strating immune dysregulation in COVID-19 patients
across different severity levels. [1, 16—-22]. However, the
current data were obtained in a cohort of ICU COVID-
19 patients, strictly focusing on those undergoing 10-day
dexamethasone treatment and using a standardized
method of mHLA-DR evaluation.

In addition, we could demonstrate that at day 10,
patients with lower values of each marker were much
more prone to die within the next 28 days. Indeed, both
markers were significantly associated with one month
and 3 month mortality independently of usual clinical
risk factors. In particular, these results demonstrated a
greater association for patients’ outcomes compared to

Fig. 5 Association between the combination of mHLA-DR and CD4 +T lymphocyte count at D10 and mortality at D28 in critically ill COVID-19
patients. A. Patients were categorized into three groups based on mHLA-DR and CD4+T cell count at day 10: Group 1 =both markers (mHLA-DR
and CD4) above their respective cut-off values calculated using Youden index (i.e. 5 479 AB/C for mHLA-DR and 225 cells/uL for CD4+T cell count)
(black line); Group 2 =at least one marker (either mHLA-DR or CD4) above its cut-off value (red line); Group 3 =Both markers below their cut-off
values (green line). Log-rank test was used to test the differences between these curves. B. Univariate and multivariate Cox regressions were used
to identify the variables associated with the risk of death before Day 28 and assessed by crude hazard ratio (HR) and adjusted HR (aHR) with their
95% confidence intervals (95%Cl). Variables with a p value <0.20 in univariate analysis were entered in the multivariate models. Monocyte HLA-DR
expression and number of circulating CD4+T cells at day 10 in critically ill COVID-19 patients treated by dexamethasone were calculated based

mathematical modeling
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Variables HR 95%Cl p-value aHR | 95%ClI p-value
Age By 1 year 1.05 | 1.01-1.09 0.007 1.04 | 0.99-1.08 0.053
Comorbidities 0 Ref | - -
21 2.38 | 1.13-5.03 0.023 1.89 | 0.84-4.23 0.123
Pre-existing No Ref | - -
immunosuppression
Yes 2.64 | 1.28-5.45 0.009 1.63 | 0.74-3.59 0.222
Renal replacement therapy No Ref | - -
during ICU stay
Yes 1.82 | 0.92-3.61 0.087 1.57 | 0.78-3.18 0.207
Invasive and non-invasive No Ref | - -
mechanical ventilation
during ICU stay
Yes 1.88 | 0.57-6.16 0.300

HLA-DR and CD4 at day 10 Both above | Ref | - -
Other 3.61 | 1.34-9.73 0.011 3.25 | 1.19-8.89 0.021
Both below | 6.71 | 2.44-18.46 | <0.001 4.83 | 1.72-13.57 | 0.003
Fig.5 (See legend on previous page.)

age and comorbidities, which are typically considered as  associated with unfavorable outcome, reaching extremely
confounding factors in forecasting COVID-19 mortality.  high mortality (>60%). These association studies high-
Most importantly, when both markers were combined, light the role of altered immune response in the prog-
they identified a phenotype that was also independently  nosis of critically ill COVID-19 patients. As previously
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described in bacterial sepsis [7, 8, 23], in addition with
other clinical parameters such as increased age, presence
of co-morbidities or pre-existing immunosuppression,
the incapacity of patients to appropriately regulate their
immune response induced by an infectious trigger repre-
sents an additional and independent risk factor of mor-
tality. Of note, these mHLA-DR and CD4" values agree
with other clinical conditions characterized by immuno-
suppression. Regarding CD4* T cell count, for illustra-
tive purposes, WHO guidelines define an advanced HIV
disease based on a CD4" T cell count below 200 cells/
pL. In the context of septic shock, current clinical tri-
als involving the use of IFN-y to enhance immune func-
tions are enrolling patients with mHLA-DR levels below
8,000 AB/C (Ignorant [NCTO05843786], Immunosep
[NCT04990232]) in accordance with the idea of moving
away from a "one size fits all" approach towards a more
individualized practice [6, 24]. As COVID-19 triggers a
complex response characterized by the simultaneous or
successive manifestation of pro-inflammatory and anti-
inflammatory/immunosuppressive elements that disrupt
the mechanisms intended to maintain homeostasis [1],
it appears therefore appropriate to consider sequential
immune-adjuvant therapeutics, potentially with oppos-
ing effects, tailored to each patient’s needs in order to
address the complex immunological dynamics seen in
the disease [6].

This study does have limitations. The absence of a
control group consisting of patients not treated with
dexamethasone could be criticized. However, since our
intention was not to question dexamethasone usage or
to evaluate its putative anti-inflammatory impact on
measured immune parameters, but rather to assess the
immune profiles specifically at the conclusion of a 10-day
dexamethasone course [6], we believe that such control
group may not be necessary. Similarly, the assessment
of potential dexamethasone impact on immune func-
tion in comparison with other therapeutic approaches in
COVID-19 and in different ICU conditions could be the
subject of further studies. Finally, the putative impact of
vaccination on immune profile was not assessed in the
present study.

In conclusion, our results underscore the importance
of incorporating immune monitoring with CD4* T cell
count and mHLA-DR into the prognostic evaluation of
severe COVID-19 patients upon a full dexamethasone
treatment course. By utilizing standardized immuno-
monitoring tools available in clinical practice, it is con-
ceivable to better track the patient’s immune status
evolution, thereby guiding subsequent immunomodula-
tion options.
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