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Immature neutrophils and myeloid‑derived 
suppressor cells in sepsis: differences 
in occurrence kinetics
Rémy Coudereau1,2, Muzhda Haem Rahimi1,2, Anne‑Claire Lukaszewicz2,3, Martin Cour4, Frank Bidar3, 
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To the Editor,
The disease course of sepsis is complex and multifac-

eted, involving both hyperinflammation (leading to dis-
ruption of homeostasis and organ failure) and counter 
anti-inflammatory feedback mechanisms aimed at lim-
iting deleterious inflammation. In a significant number 
of patients, the latter contributes to the development of 
pronounced immunosuppression, the extent and dura-
tion of which are associated with a poor outcome.

Among the factors contributing to this sepsis-induced 
immunosuppression, clinical observations [1, 2] have 
highlighted the pivotal role of the delayed emergence of 
myeloid-derived suppressor cells (MDSCs), a heteroge-
neous population of immature myeloid cells known for 
their immune suppressive activity. However, conducting 
routine whole blood monitoring of these cells remains 
challenging for practical clinical application. On the 

one hand, MDSCs derived from the monocytic lineage 
can be readily identified by the presence of CD14 and 
the decrease in HLA-DR molecules [2, 3]. On the other 
hand, MDSCs originating from the neutrophilic line-
age are identified by a nonspecific immature phenotype, 
their low-density post-Ficoll purification, alongside their 
immunosuppressive functions that need be demonstrated 
in vitro [3]. Therefore, in whole blood, discerning genuine 
MDSCs originating from the granulocytic lineage from 
immature neutrophils (IN) like CD10lowCD16low neutro-
phils formed during emergency granulopoiesis but lack-
ing suppressive properties, poses a challenge due to their 
overlapping immature phenotypic traits. Recently, LOX-1 
has been proposed as a specific marker for MDSCs, 
which could aid in resolving this diagnostic challenge. 
Initially described in cancer patients [4], the presence of 
LOX-1 MDSC has also been observed in sepsis [5]. We 
leveraged this advancement in phenotyping to simultane-
ously assess IN and LOX-1 MDSC in both bacterial and 
viral sepsis over the 1st week of stay in ICU.

Fifteen COVID-19 ICU patients and 17 patients 
with bacterial septic shock sampled 3 times during the 
1st week after ICU admission (D0, D3, and D7) were 
included. Main clinical characteristics are presented 
in Fig.  1A. Firstly, we observed a significantly increased 
percentage of IN in septic shock patients upon ICU 
admission (Fig.  1B) which likely reflects the emergency 
hematopoiesis triggered by the massive production of 
inflammatory cytokines observed in septic shock. This 
elevation was not observed in COVID-19 patients prob-
ably because of the lower initial severity (as indicated by 
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A

B

D

CCOVID-19
(n=15)

Septic shock
(n=17)

Age at admission (years) 64 [51-71] 65 [61-69]
Gender - Male n (%) 11 (73) 14 (82)
Main admission n (%)
Medical
Surgical

15 (100)
0 (0)

7 (41)
10 (59)

SAPSII score 34 [26-39] 45.5 [38-56]

SOFA score 3 [1-5] 10 [7-12]
Charlson score 0 [0-1.5] 2 [1-6]
Microbiology n (%)
Bacilli gram -
Cocci gram + 
Sars-CoV-2 

0 (0)
0 (0)

15 (100%)

7 (64)
4 (36)
0 (0)

Site of primary infection n (%) 
Pulmonary 
Abdominal 
Other 

15 (100)
0 (0)
0 (0)

1 (6)
11 (69)
4 (25)

Follow-up n (%)
28-day non survivors 5 (33) 4 (27)
Immunologic parameters (D3)
mHLA-DR (AB/C)
CD4+ T Ly (cells/µL)

7300 [5299-
8842]

166 [126-462]

5161 [3613-
6475]

343 [174-681]

Fig. 1  (See legend on previous page.)
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SAPSII and SOFA scores). In contrast, we observed a par-
allel, progressive increase in LOX-1 MDSCs in both types 
of sepsis, with a similar peak being reached at the end of 
the 1st week (Fig. 1B). This confirmed previous observa-
tions describing MDSC occurrence as a delayed process 
after sepsis. This indicates that the phenotype of IN is not 
relevant to identify MDSC during the first few days after 
septic shock. Secondly, in COVID-19 patients, the per-
centages of IN and LOX-1 MDSCs were significantly cor-
related (r = 0.72, p < 0.001) when considering all samples 
over time (Fig. 1C), and a noticeable trend was observed 
at D7 (r = 0.83, p = 0.058). In sharp contrast, this corre-
lation was entirely absent in septic shock patients when 
considering all samples over time, but it became positive 
at D7. This highlights that in sepsis at D0, the vast quan-
tity of IN are LOX-1 negative, whereas on D7, the LOX-1 
positive cells exhibit an immature phenotype (Fig. 1D).

The differences in the appearance of IN and MDSC in 
these two sepsis contexts can be attributed to several fac-
tors. Among them, the magnitude of the inflammatory 
response is likely of major importance. In contrast with 
septic shock, COVID-19, even in its most severe pres-
entation, involves a progressive deterioration lasting for 
5–7 days before ICU admission. This evolution is accom-
panied by a low-grade inflammation, which is much 
lower in intensity compared to that observed in septic 
shock and could be also attenuated by dexamethasone. 
As a result, it does not trigger a massive emergency gran-
ulopoiesis. Furthermore, as a viral infection, COVID-19 
primarily involves antiviral processes that do not require 
neutrophils as the first line of defence. Alongside the 
variation in IN, the similarities in LOX-1 MDSCs kinet-
ics between COVID-19 and septic shock illustrate that, 
once organ failures appear in severe infections, common 
mechanisms of immunosuppression occur regardless of 
the underlying cause, in a delayed fashion. This obser-
vation is in accordance with Hollen’s findings [1], which 
showed that the acquisition of suppressive functions by 
MDSCs typically takes approximately 1 week.

To the best of our knowledge, this is the first sepsis 
report that involves the simultaneous assessment of IN 

and MDSCs. As such, it warrants further confirmation 
in larger cohorts of patients. That given, as of now, our 
study underscores the significance of accurately defining 
the MDSCs phenotype in whole blood for future sepsis 
studies. Mere reliance on the immature phenotype (such 
as CD10lowCD16low) appears to be insufficient for iden-
tifying these cells, especially in the early days following 
sepsis onset, without functional testing to establish their 
immunosuppressive properties.

Abbreviations
MDSCs	� Myeloid-derived suppressor cells
IN	� Immature neutrophils
ICU	� Intensive care unit
LOX-1	� Lectin‐type oxidized LDL receptor 1
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Fig. 1  Monitoring of immature neutrophils and LOX‐1 PMN‐MDSC over time in COVID-19 and septic shock patients. A Table depicting patients’ 
main characteristics. B Percentages of immature neutrophils (CD10lowCD16low) among total neutrophils were measured in peripheral blood from 15 
healthy controls and 14 COVID‐19 ICU patients (D0: n = 14; D3: n = 12; and D7: n = 6), or 17 septic shock patients (D0: n = 15; D3: n = 14; and D7: 
n = 6). Percentages of LOX‐1 MDSCs among total neutrophils were measured in peripheral blood from 15 healthy controls and 15 COVID‐19 ICU 
patients (D0: n = 15; D3: n = 13; and D7: n = 7), or 17 septic shock patients (D0: n = 14; D3: n = 13; and D7: n = 7). Nonparametric Mann–Whitney 
U-test was used to compare values between controls and patients (** p < 0.01 and *** p < 0.001). C Correlation of LOX‐1 MDSCs and immature 
neutrophils in COVID-19 patients (left panel) and septic shock patients (right panel). Correlations were calculated using Spearman correlation 
test. D Representative examples (D0 and D7) of LOX‐1 MDSCs (CD45lowLOX-1pos, supper panel) and immature neutrophils (CD10lowCD16low, lower 
panel) characterization for one COVID‐19 ICU patient (left panels) and one septic shock patient (right panels). Cells were gated on whole neutrophil 
population based on CD45/SSC characteristics. LOX-1 MDSCs from COVID-19 patients are coloured in orange. LOX-1 MDSCs from septic shock 
patients are coloured in blue
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