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Abstract: During SARS-CoV-2 infection, eosinopenia may reflect a hyperactive immune response.
In this study of hospitalized COVID-19 patients, we aimed to better understand the prognostic
value of severe eosinopenia (absolute eosinophil count = 0 G/L) and decipher its underlying mecha-
nisms. We retrospectively analyzed the records of COVID-19 patients hospitalized from March to
June 2020 in three university hospitals in Marseille, France. We assessed the association between
severe eosinopenia and a composite poor outcome in these patients, including the need for oxygen
supplementation at >6 L/min, ICU admission, and in-hospital death. Among the 551 COVID-19
patients included in this study, severe eosinopenia was found in 228 (51%) of them on admission to
hospital and was associated with a composite poor outcome using multivariate analysis (OR = 2.58;
CI95 [1.77-3.75]; p < 0.0001). We found a significant association between the presence of severe
eosinopenia on admission and the elevation in C-reactive protein, ferritin, IP-10, and suPAR. The
histological findings in a series of 37 autopsies from patients who died from severe COVID-19 and
presented with severe eosinopenia showed no pulmonary eosinophil trapping. Severe eosinopenia
can be a reliable biomarker associated with a composite poor outcome in hospitalized COVID-19
adult patients. It may reflect the magnitude of immune hyperactivation during severe-to-critical
COVID-19.

Keywords: eosinopenia; COVID-19; prognosis; biomarker

1. Introduction

The outbreak of the coronavirus disease 19 (COVID-19) caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) is still spreading throughout the world and
represents a major public health problem.
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The first reports of this pandemic from Wuhan, China, revealed that up to 20% of hospi-
talized patients with COVID-19 developed bilateral interstitial pneumonia with hypoxemia
(severe COVID-19), and nearly 5% progressed to acute respiratory distress syndrome
(ARDS) requiring intensive care unit (ICU) admission and invasive mechanical ventilation
(IMV) (critical COVID-19), potentially leading to multi-organ failure and death [1,2]. It was
then shown that the progression to severe/critical COVID-19 was not primarily due to the
direct damage induced by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
itself but rather to an exaggerated systemic innate immune response to the virus. This
aberrant immune response, comparable to other hyperinflammatory syndromes such as
hemophagocytic lymphohistiocytosis and sepsis, is characterized by strikingly elevated lev-
els of inflammatory cytokines (e.g., interleukin[IL]-1, IL-6) and C-reactive protein (CRP) [3].
The elevation of D-dimer and ferritin levels as well as moderate leukocytosis and lym-
phocytopenia are also frequent in severe/critical COVID-19 patients [2,4]. Eosinophils,
whose absolute peripheral count is normally below 0.04 G/L, are usually normal or ele-
vated in inflammatory lung diseases such as infections, asthma, or systemic vasculitis [5];
eosinopenia is much rarer, except in patients receiving specific treatments such as steroids,
interferon alpha (IFNa), or anti-IL-5 therapies [5]. Whereas previous studies have sug-
gested that eosinopenia may be present in patients with COVID-19, its clinical relevance
and underlying mechanisms remain uncertain [6-9].

In this study, we explore the association between severe eosinopenia and a composite
poor outcome, including the need for oxygen supplementation at >6 L/min, ICU admission,
and in-hospital death, in a large cohort of COVID-19 patients hospitalized during the
first and second COVID-19 waves in France. In addition, we investigate the potential
mechanisms driving eosinopenia in COVID-19.

2. Materials and Methods
2.1. Patients and Outcomes

We retrospectively analyzed the records of COVID-19 patients hospitalized from March
to June 2020 in three Marseille University hospitals, France. We included, in the study;, all
patients hospitalized for more than two days, excluding those who had received systemic
glucocorticoid therapy in the last three months. In this cohort of patients, the standard of
care did not include at the time the glucocorticoid therapy for severe COVID-19 patients as
later recommended by the RECOVERY study [10]. Our study was approved by the insti-
tutional review board of the Assistance Publique-Ho6pitaux de Marseille (RGPD2020-47).
COVID-19 diagnosis was based on the presence of functional respiratory symptoms, typical
radiological findings on lung computed tomography (CT) scans, and positive RT-PCR tests
for SARS-CoV-2 using nasopharyngeal swabs. Clinical data (including demographic data,
comorbidities, symptoms, CT scans, and clinical outcomes) were extracted from electronic
medical records. Laboratory assessments upon admission consisted of complete blood
count, T-cell subset phenotyping, inflammatory biomarkers (C-reactive protein [CRP], fer-
ritin), and troponin, liver, and kidney tests. Circulating cortisol (electrochemiluminescence),
interferon gamma-induced protein 10 (IP-10, also known as C-X-C motif chemokine ligand
10 [CXCL10], Luminex, Austin, TX, USA), IL-6 (Luminex, Austin, TX, USA), and soluble
urokinase-type plasminogen activator receptor (suPAR, Virogates, Denmark) concentra-
tions were prospectively measured in COVID-19 patients. Histopathological analyses were
performed on lung specimens from 37 patients with fatal COVID-19 and severe eosinopenia
from the “Hopital Nord”, Marseille, France, and the “Santo Spirito” Hospital, Pescara, Italy.

To investigate whether severe eosinopenia correlated with COVID-19 severity and
prognosis, patients were divided into two groups according to their eosinophil levels on
admission: patients with an absolute eosinophil count of 0 G/L were classified as “severe
eosinopenia” group, and those with an eosinophil count greater than 0 G/L as “no severe
eosinopenia” group. Furthermore, patients with severe eosinopenia were further stratified
according to their lymphocyte levels (absolute lymphocyte count below or above 1 G/L),
which have been previously shown to correlate with a COVID-19 worse outcome [11],
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corresponding to the groups “severe eosinopenia plus lymphocytopenia” and “severe
eosinopenia without lymphocytopenia”. The groups are represented in the flow chart
below (Figure 1). The occurrence of a composite poor outcome, including the need for
oxygen therapy higher than 6 L/min, ICU admission, or in-hospital death, was assessed
for all patients.

[ All patients (n = 551) ]

/N

Group 1, n=281 Group 2, n=270
Severe eosinopenia Without severe eosinopenia
(eosinophils = 0G/L) (eosinophils >0G/L)

/

Group la (n=139) Group 1b (n=142)
Severe eosinopenia + lymphopenia Severe eosinopenia without
(lymphocytes <1G/L) lymphopenia

Figure 1. Flow Chart of the study cohort.

In addition, we compared the frequency of severe eosinopenia in COVID-19 patients
with acute respiratory distress syndrome (ARDS) to that of non-COVID-19 patients with
ARDS from a historical cohort from the “Hopital Nord”, Marseille, France.

2.2. Statistical Analysis

Continuous variables with a normal distribution were described using the mean + standard
deviation (SD), and categorical variables were described using frequency with percentage. Uni-
variate analyses were performed using chi? or Fisher’s exact test for qualitative variables and
t-test for quantitative variables. Multivariate logistic regression analysis was performed for
“composite poor outcome” as the dependent variable. We firstly performed univariate lo-
gistic regression analyses, and we introduced into the multivariate model variables with a
p-value < 0.20 in univariate analyses (after removing intermediary outcomes and collinear ones).
We then applied a backward elimination so as to conserve variables whose adjusted p-value was
less than 0.05. Age, sex, body mass index (BMI), hypertension, and diabetes were forced into the
multivariate analysis.

Due to the high amount of missing data for BMI (168 patients did not have a reported
BMI), and to check the robustness of the model with respect to the criterion “severe
eosinopenia” in the multivariate analysis, a multiple imputation of the missing data for
the BMI variable was performed. The variables used for multiple imputation of missing
data were ferritin and presence of high blood pressure. We performed 20 samples with
imputed data from which we performed the logistic regressions. The goodness-of-fit of
the model was assessed using the Hosmer and Lemeshow test. First, we performed the
multivariate analysis without BMI. Then, we performed multivariate analysis with multiple
imputation of missing data for the BMI variable. Statistics were performed using SAS®
software. Comparisons of mean cortisol and IP-10 levels were performed using unpaired
non-parametric t-test. Statistics were performed using the SAS® software, and the statistical
significance yielded at alpha = 0.05.
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3. Results

A total of 551 COVID-19 patients were included in this study. On hospital admission,
73.50% (n = 405) of patients had eosinopenia (absolute eosinophil count <0.04 G/L), of
whom 51% (n = 281) had undetectable eosinophils (severe eosinopenia). The main clinical,
laboratory, and radiological characteristics of patients with severe eosinopenia are shown
in Table 1 and compared to those of patients without severe eosinopenia.

Table 1. Baseline characteristics and biological features of hospitalized COVID-19 patients with and
without severe eosinopenia.

Severe Eosinopenia Without Severe Eosinopenia

(Group 1) (Group 2) v
(n =281) (n =270)
Demographics: mean (standard deviation) or absolute number (percentage)
Age, years 65.13 (15.02) 64.33 (16.32) 0.552
Male/female 131 (46.6%) /150 (53.4%) 139 (51.5%) /131 (48.5%) 0.253
Comorbidities: Absolute number (%)
Diabetes 80 (28.47%) 78 (28.89%) 0913
High blood pressure 121 (43.06%) 140 (51.85%) 0.042
Body mass index > 30 kg/ m? 72 (25.62%) 53 (19.63%) 0.064
Cardiovascular disease * 37 (13.17%) 38 (14.07%) 0.756
Immunosuppression ** 31 (11.03%) 39 (14.44%) 0.229
Chronic respiratory disease *** 43 (15.30%) 52 (19.26%) 0.219
Tobacco smoking 49 (17.44%) 71 (26.30%) 0.011
Initial laboratory results: mean (SD)

Leucocytes, G/L 7.66 (5.83) 7.71 (4.65) 0.908
Neutrophils, G/L 6.05 (4.44) 5.38 (3.70) 0.05
Lymphocytes, G/L 1.02 (0.81) 1.53 (1.55) <0.001
CD3 + (/mm3) 811 (522) 1075 (620) 0.021

CD3 + CD4 + (mm3) 485.8 (291.8) 682.2 (419.5) 0.001
CD3 + CD8 + (/mm3) 286.6 (237.6) 364.8 (256.5) 0.054
CD19 + (/mm3) 182.2 (193) 181.8 (159) 0.981
CD16 + CD56 + CD3- (/mm3) 196.1 (143.2) 211.9 (183.1) 0.543
Neutrophil to lymphocyte ratio 7.66 (13.95) 6.07 (6.38) <0.001
Monocytes, G/L 0.51 (0.64) 0.96 (5.37) 0.169
Hemoglobin, g/dL 13.23 (1.94) 14.14 (10.95) 0.179
Platelets, G/L 198 (82) 240 (100) <0.001
C-reactive protein, mg/L 112.3 (86.2) 82.9 (82.2) <0.001
Ferritin, pug/L 1367 (1146) 890 (917) <0.001
Fibrinogen, g/L 6.29 (1.57) 5.89 (1.70) 0.018
Albumin, g/L 36.74 (4.87) 36.70 (6.10) 0.945
Creatinin, pmol/L 92.86 (54.05) 94.17 (63.19) 0.794
ASAT, IU/L 61.51 (46.77) 45.21 (28.75) 0.003
LDH, IU/L 373.2 (129.5) 3224 (130.4) <0.001

Troponin, ng/L 42.34 (146.80) 30.69 (39.43) 0.4

CT scan: Absolute number (%)

Severe or critical CT scan 170 (60.5%) 137 (50.7%) 0.033

* Coronary or peripheral vascular disease. ** Pre-existing cancer, immunosuppressant, HIV. *** Asthma or chronic
obstructive pulmonary disease.

Severe eosinopenia at admission was associated with a higher neutrophil-to-lymphocyte
ratio (NLR) (7.66 vs. 6.07; p < 0.001), a lower lymphocyte count (p < 0.001) with a CD4+
lymphopenia (486/mm3 vs. 682/mm3; p = 0.001), and a higher platelet count (p < 0.001).
Severe eosinopenia was also significantly associated with the elevation of inflammatory
markers including CRP (p < 0.001), fibrinogen (p < 0.05), ferritin (p < 0.001), IP-10 (p < 0.05),
and suPAR levels (p < 0.05). More precisely, the eosinophil count was negatively correlated
with the suPAR level (r = 0.39, p < 0.01). Conversely, we found no difference in blood cortisol
and IL-6 levels when comparing patients with and without severe eosinopenia (Table 2).
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Table 2. suPAR, IP-10, IL-6, and cortisol levels in hospitalized COVID-19 patients with and without
severe eosinopenia.

Severe Eosinopenia Without Severe Eosinopenia
(Group 1) (Group 2) P
Mean (SD)
suPAR 10.210 (5.4) 6.643 (6.6) 0.0334
IP-10 142.8 (122.9) 84.04 (70.2) 0.0301
Interleukin-6 (pg/mL) 47.37 (53.7) 51.35 (55.4) 0.7935
Blood cortisol (nmol/L) 458 (318) 483 (174) 0.7345

Severe eosinopenia on admission was associated with a composite poor outcome,
(34.87% vs. 21.11%; p < 0.001, Table 3) and with death (15.30% vs. 7.03%, p < 0.001).

Table 3. Mortality and composite poor outcome including ICU admission and/or oxygen at >6 L/min
and/or death in hospitalized COVID-19 patients with and without severe eosinopenia.

Severe Eosinopenia Without Severe Eosinopenia
(Group 1) (Group 2) v
(n=281) (n =270)
Absolute number (%)
Composite poor outcome 98 (34.87%) 57 (21.11%) <0.001
Death 43 (15.30%) 19 (7.03%) <0.001

Specifically, severe eosinopenia was associated with a higher rate of in-hospital mor-
tality (15.30% vs. 7.03%; p < 0.001), a longer requirement for oxygen therapy (12.26 days vs.
7.71 days; p < 0.001), and a higher length of hospital stay (mean 13.72 days vs. 11.81 days;
p <0.05). In addition, patients with severe eosinopenia showed more frequently severe or
critical lung damage on their CT scans (60.5% vs. 50.7%, p < 0.05).

The concomitant presence of both severe eosinopenia and lymphocytopenia on ad-
mission was associated with even worse outcomes: patients with severe eosinopenia plus
lymphopenia (1 = 139) more frequently showed a composite poorer outcome (53.95% vs.
19.66%; p < 0.001), including a higher mortality rate (17.26% vs. 9.15%; p < 0.001) than other
patients (Table 4).

Table 4. Mortality and composite poor outcome including ICU admission and/or oxygen at >6 L/min
and/or death in hospitalized COVID-19 patients with and without severe eosinopenia + lymphopenia.

Severe Eosinopenia and Lymphopenia

(Group 1a) Other Patients p
(n=139) (n=412)
Absolute number (%)
Composite poor outcome 75 (53.95%) 81 (19.66%) <0.001
Death 24 (17.26%) 38 (9.22%) <0.001

Using multivariate analysis, severe eosinopenia, in general, was independently associ-
ated with a composite poor outcome (OR = 2.58 CI [1.77-3.75]; p < 0.0001), as were obesity
(OR =2.34 CI [1.5-3.66]; p < 0.001) and male gender (OR = 1.48 CI [1.02-2.15]; p < 0.05)
(Table 5).

Table 5. Multivariate analysis of factors associated with a composite poor outcome.

OR (IC 95%) r
Eosinophils =0 G/L 2.58 (1.77-3.75) <0.0001
Male gender 1.48 (1.02-2.15) 0.0371
BMI > 30 kg/m? 2.34 (1.50-3.66) 0.0002
Age > 65 1.35 (0.90-2.02) 0.1447
High blood pressure 1.36 (0.90-2.05) 0.1492

Type 2 diabetes 0.99 (0.64-1.51) 0.9465
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Severe eosinopenia in patients with COVID19-related ARDS was more frequent than in
patients with non-COVID-19 ARDS (70% vs. 45%; p < 0.0001). Etiologies of non-COVID-19
ARDS are detailed in Table 6.

Table 6. Etiology of ARDS not related to SARS-CoV2.

Etiology of ARDS Not Related to SARS-CoV2 (1 = 118), Absolute Number (%)

Bacterial pneumonia 67 (56.78%)
Ventilator-associated pneumonia 8 (6.78%)
Viral pneumonia 11 (9.32%)
Pulmonary embolism 3 (2.54%)
Pulmonary fibrosis 5 (4.24%)
Hemoptysis 4 (3.39%)
Atelectasis 6 (5.08%)
Drowning 1 (0.85%)
Traumatic 5 (4.24%)
Others 8 (6.78%)

A histological analysis, performed in a series of 37 autopsies of patients who had
died from COVID-19-related ARDS, revealed the presence of vascular wall thickening
(100%), perivascular lymphocytic infiltrate (40%), thrombi (60%), small- and medium-sized
vasculitis (80%), lung fibrosis (60%), diffuse interstitial disease (60%), alveolar condensation
(60%), cell necrosis (40%), and bronchial destruction (80%), but in none of the analyzed
sections was eosinophil trapping observed (Figure 2).

Figure 2. Lung histopathology in fatal COVID-19. (A) Hematein—eosin-saffron staining at magni-
fication x300; presence of endothelitis: thickening of the intima of a small-caliber arteriole with
cell proliferation, intimal edema, and lymphocytic infiltrate. (B) Hematein—eosin—saffron staining
at magnification x70; filling of the alveoli with hyaline membranes and thick fibrin; presence of
dystrophic pneumocytes desquamating in the lumens showing acute alveolar damage. (C) Hematein—
eosin-saffron staining at magnification x50; fibrin clot.
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4. Discussion

In this multicentric cohort of 551 hospitalized COVID-19 patients, severe eosinopenia
was significantly and independently associated with a composite poor outcome including
the need for oxygen supplementation at >6 L/min, ICU admission, and in-hospital death.
This confirms the previous findings. Indeed, in one of the first studies from Wuhan, China,
reporting on the clinical characteristics of patients with COVID-19, eosinopenia was found
in almost all patients who died (81.2%), whereas it was less frequent in patients who
survived with non-severe and severe COVID-19 (60.7 and 47.6%, respectively) [12,13]. Sim-
ilarly, in their study on the longitudinal hematologic variations associated with the progres-
sion of COVID-19 patients in China, Chen et al. found that most of the severe/critical and
fatal patients demonstrated eosinopenia on admission. They also reported that eosinophils
continually increased and reached significantly higher levels in survivors than in non-
survivors [3]. More recently, in a smaller cohort of hospitalized COVID-19 patients, Tong
et al. found that the death rate in a low eosinophils group was higher, and no patients
died in the normal eosinophils group (16.7% vs. 0, p < 0.001) [14]. Altogether, we added
evidence to the finding that the absolute eosinophil count may serve as a reliable prognostic
biomarker for patients hospitalized with COVID-19.

In addition, eosinopenia has also been reported in patients with severe acute respira-
tory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome (MERS-
CoV) [15]. In patients with acute exacerbations of chronic obstructive pulmonary disease,
lower eosinophil counts were associated with poorer clinical outcomes [16,17].

In this study, we found that the frequency of severe eosinopenia was significantly
higher in patients with COVID-19-related ARDS than in those with COVID-19 unre-
lated ARDS. To avoid possible bias caused by the use of corticosteroids and its effect
on eosinophils, we included only COVID-19 patients without recent or current exposure
to the drug (and before the standard of care included glucocorticoids as recommended
by the results of the RECOVERY study) [10]. Recently, Chen et al. found that higher
eosinophil counts were related to lower 28-day mortality in a large cohort of ARDS pa-
tients (n = 2567) [18]. The authors showed that this relationship could be counteracted
using corticosteroids.

However, the precise mechanisms underlying eosinopenia associated with COVID-19
remain unclear at this time. As eosinophils have anti-viral properties and the ability to
migrate into tissues [5], the trapping of eosinophils into the injured lungs has been evoked
to potentially account for the depletion of circulating eosinophils. In our analysis of lung
histology from a series of 37 autopsies, we did not find evidence of eosinophilic pulmonary
infiltrates in the lungs of patients with fatal COVID-19 and initial severe eosinopenia. This
is consistent with previous histopathological studies [19].

In addition, severe eosinopenia may reflect the intense innate immune response
associated with severe/critical COVID-19 and may thus represent an indicator of hyperin-
flammation/immune exhaustion. In this study, we observed that in COVID-19 patients,
severe eosinopenia was associated with elevated circulating concentrations of IP-10, an
inflammatory chemokine whose levels have been strongly associated with ARDS occur-
rence [20]. Furthermore, eosinopenia was associated with higher levels of suPAR, which
derives from the cleavage of membrane-bound uPAR that occurs during intense immune
activation [21]. Notably, suPAR has recently been demonstrated as an early inflammatory
biomarker in patients with COVID-19 [22].

Stress-based cortisol responses which in other circumstances might lead to eosinopenia
have been reported to be impaired in moderate-to-severe COVID-19 [23]. In this study,
eosinopenia was not associated with higher plasma levels of cortisol, adding evidence
to the fact that eosinopenia is not likely secondary to the cortisol inhibitory activity on
eosinophil precursors in COVID-19 [24].

Despite the high number of patients included and the large data analyzed, our study
has some limitations. First, its retrospective design is vulnerable to biases. Second, we
analyzed the biological markers only at the time of hospital admission and not longitudi-
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nally. Third, we included patients hospitalized during the first and second waves in France,
and as such our results cannot be extrapolated to other spatiotemporal populations. In
particular, the strains circulating during these waves corresponded to clades 20A, 20B, 20C
(first phase, February—May 2020), the Pangolin lineage B.1.177, and B.1.160 variant (second
phase, June-December 2020) [25]; these are mostly different from those circulating during
later waves and associated with different clinical outcomes [26].

Further studies—including in vitro, in vivo, and larger clinical studies—exploring
the specific effects of a wider range of inflammatory cytokines in COVID-19 patients are
needed. A possible direct cytotoxic effect of SARS-CoV-2 on eosinophils would merit further
investigation. In addition, the distinct effects of different anti-cytokine strategies (e.g.,
corticosteroids, IL-1/IL-6/JAK-STAT inhibition) on eosinophils in patients with COVID-19
should be further appraised.

5. Conclusions

Severe eosinopenia can be a reliable biomarker associated with a composite poor
outcome in hospitalized COVID-19 adult patients. It may reflect the magnitude of immune
hyperactivation during severe-to-critical COVID-19.
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