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Normalization of eosinophil
count is predictive of oxygen
weaning over the course of
COVID-19 infection among
hospitalized adults during the
first wave of 2020 pandemic
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Hôpital Raymond Poincaré, Garches, France, 2Centre d’Investigation Clinique (Inserm CIC 1429),
Université Paris-Saclay, Assistance Publique des Hôpitaux de Paris (AP-HP) Hôpital Raymond
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Background: Understanding COVID-19 outcomes remains a challenge. While

numerous biomarkers have been proposed for severity at admission, limited

exploration exists for markers during the infection course, especially for the

requirement of oxygen therapy. This study investigates the potential of

eosinophil count normalization as a predictor for oxygen weaning during the

initial wave of the pandemic.

Methods: A retrospective study was conducted between March and April 2020

(first wave) among adults admitted directly to a medicine ward. Biological

abnormalities, including lymphocyte count, eosinophil count, and C-reactive

protein (CRP), were gathered daily during the first week of admission according

to oxygen level. In case of worsening, oxygen level was censored at 15 L/min. The

primary aim was to assess whether eosinophil count normalization predicts a

subsequent decrease in oxygen requirements.

Results: Overall, 132 patients were admitted, with a mean age of 59.0 ± 16.3

years. Of the patients, 72% required oxygen, and 20.5% were admitted to the

intensive care unit after a median delay of 48 hours. The median CRP at

admission was 79 (26–130) mg/L, whereas the eosinophil count was 10 (0–

60)/mm3. Eosinophil count normalization (≥100/mm3) by day 2 correlated

significantly with decreased oxygen needs (<2 L) with hazard ratio (HR) = 3.7

[1.1–12.9] (p = 0.04). Likewise, CRP < 80 mg/L was associated with reduced

oxygen requirements (p < 0.001). Predictors, including underlying chronic

respiratory disease, exhibited a trend toward a negative association (p = 0.06).
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Conclusion: The study highlights the relationship between eosinophil count and

CRP, with implications for predicting oxygen weaning during COVID-19. Further

research is warranted to explore the relevance of these biomarkers in other

respiratory infections.
KEYWORDS

eosinophil count, COVID-19, normalization, oxygen, eosinopenia, oxygen
weaning, Covid
1 Introduction

After 4 years of the pandemic, COVID-19 is a well-known

disease, particularly regarding the physiopathology of its

pneumonia related to a severe cytokine storm (1), whose

prognosis has been associated with the use of corticosteroids (2).

In such clinical presentations, the initial need for oxygen therapy

has been correlated with the severity of lung involvement, typically

supported by extended ground-glass opacities observed on CT

scans (3). It should also be emphasized that the emergence of the

Omicron variant, in comparison to the Delta variant, was a total

game-changer concerning clinical outcomes but was also associated

with a reduction in chest CT severity (4, 5).

Even if the management of hospitalized patients with

COVID-19 largely relies on CT imaging, comorbidities, and

vaccination status (6), predicting patient outcome remains

challenging. Better anticipating a patient's respiratory

worsening allows for more tailored medical treatment. Indeed,

possible therapeutics are currently dependent on oxygen supply

and the promptness of consultation to consider antiviral drugs

(7) or, conversely, corticosteroids.

Moreover, biological abnormalities especially biomarkers such

as C-reactive protein (CRP) and procalcitonin (PCT) or neutrophil

and lymphocyte count are deemed to be factors of prognosis at

admission during COVID-19 (8–10), as well as other biomarkers

such as interleukin-6, lactic dehydrogenase, or D-dimer (11). Even

eosinophil count has been proposed to distinguish COVID-19 from

other causes upon admission (12). Regarding another aspect,

eosinophil count is a forgotten biomarker that has shown interest

in the intensive care unit (ICU) to predict patient outcomes during

the first 7 days of admission (13). Similarly, the resolution of

eosinopenia (low eosinophil count) has been proposed as a useful

parameter to monitor in predicting the response to therapy in

patients hospitalized in a medicine ward for infection (14).

Additionally, a recent study by Partouche et al. (15) has suggested

that the normalization of eosinophil count (≥100/mm3) after 48

hours of appropriate regimen was related to a ninefold increase in

the likelihood of favorable outcome among elderly infected patients.

To the best of our knowledge, there is no biomarker to predict

oxygen dependence during ongoing COVID-19 infection.
02
Our work intends to assess the kinetics of eosinophil count over

time based on oxygen levels during the acute phase of this viral

infection, namely, COVID-19, during this first wave of the epidemic

when no specific drugs were approved. Moreover, at that time,

COVID-19 served as an excellent model for investigation, particularly

considering that patients underwent routine daily biological follow-ups.
2 Methods

2.1 Setting

This was a single-center and retrospective study during the first

wave of COVID-19 (from early March to late April 2020) of adults

admitted to a medicine ward for a COVID-19 infection confirmed

by SARS-CoV-2 RT-PCR in a tertiary care hospital, Hôpital

Raymond Poincaré (AP-HP), Garches, France.
2.2 Data collection

The following data were collected from the patients’

medical charts:
− Patient characteristics: age, sex, diabetes, cardiovascular risk

factors, smoking habits, obesity, chronic pulmonary

disease, and Charlson comorbidity index (CCI) (16).

− Infection and treatment characteristics: delay between onset of

symptoms and admission, percentage of lung injuries on CT

scan if applicable and available, requirement of ICU support

with invasive ventilation, and associated therapeutic

strategies (e.g., oxygen and associated drugs). Of note at

the time of the study in our hospital [before the RECOVERY

protocol (2)], patients were not eligible for corticosteroids in

the medicine ward and were proposed to be treated with

steroids in randomized clinical trials only in the ICU.

− Biological abnormalities, including polymorphonuclear

neutrophils (PMNs), lymphocyte count, eosinophil count,

and CRP were gathered daily during the first week of

admission according to oxygen level, starting from the
frontiersin.org
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date of admission. In case of worsening requiring ICU, the

oxygen level was censored at 15 L/min.
2.3 Objective

The aim of the study was to investigate whether normalization

of eosinophil count could predict a decrease in oxygen requirements

and potentially delay treatment initiation.
2.4 Statistical analysis

Values were presented as median with 95% CI on figures or

interquartile range (IQR) in the main text, and statistical analysis

utilized the chi-square square test. Multivariate analyses used linear

logistic regression. Statistical significance was set at 0.05 (two-tailed

test). All statistical calculations were performed using Prism GraphPad

software version 9.1.1.
2.5 Compliance with ethical standards

All procedures performed in studies involving human participants

were in accordance with the ethical standards and with the 1964

Declaration of Helsinki and its later amendments or comparable ethical

standards. This study has passed the CESREES/Health Data Hub

regarding ethics committee approval (MR1811190620) and is

registered on ClinicalTrials.gov (NCT04453501). As part of an

anonymous and retrospective study, a non-opposition and

information letter was sent to participants afterward.
3 Results

3.1 Description of the population
at baseline

Between March 5 and April 25, 2020, 132 patients with COVID-

19 were admitted. Baseline characteristics are summarized in Table 1.

The mean (± SD) onset of symptoms was 7 ± 4 days. Of the patients,

72% required oxygen supply, with a median (IQR) value of 2.25 (2–4)

L/min. Of note, ultimately, an additional 10 patients required oxygen

during admission. Among individuals who underwent a CT scan (n =

103), 53.5% had moderate (25%–50%) to severe (>50%) lung

involvement. Twenty-seven patients (20.5%) required ICU due to

worsening condition. Among them, 18 patients received

corticosteroids after a median delay of 2 (1–8) days from admission.
3.2 Biological abnormalities

At admission, the following median (IQR) values were revealed:

CRP = 79 (26–130) mg/L, lymphocyte count = 1,005 (730–1,380)/

mm3, and eosinophil count = 10 (0–60)/mm3.
tiers in Immunology 03
Eosinophil count increased continuously until normalization

(median ≥100/mm3) from day (D) 0 to D3, while the oxygen level

started to decrease on day 3 without any rebound observed

thereafter (Figure 1). Similarly, median CRP decreased to 43 mg/

L on day 2 but ultimately increased again. Of note, patients from

this subgroup, whose CRP levels eventually increased again, were

primarily admitted to the ICU (n = 9/13) and were at a higher risk

of mortality (38% vs. 5%; p = 0.002).

Patients requiring <2 L/min of oxygen were significantly

associated with an eosinophil count (≥100/mm3) on day 2 (70.0%

vs. 31.5%), with OR = 5.5 [2.19–13.8] (p < 0.001) in univariate

analysis (see Table 2).

At D2, eosinophil count <100/mm3 was significantly more

prevalent in patients who were transferred to the ICU (88%) than

hospitalized in the medicine ward (39%), with an OR = 11.4 [3.1–

38] (p < 0.0001) (see Figure 2). Likewise, in univariate analyses,

lymphocyte count and CRP values were potential factors associated

with oxygen need <2 L/min after admission (p = 0.008

and <0.001, respectively).

Moreover, considering patients who underwent a pulmonary

CT scan and had eosinophil count measured until late follow-up

(n = 58), lung injury extension (≤25% or >25%) was not predictive

of eosinophil count normalization (≥100/mm3) at D3 (42% vs. 58%;

p = 0.27).

The behavior of eosinophil count over time that tends to

normalization was not reproducible using either PMN or

lymphocyte count during follow-up, in comparison to oxygen

level. Indeed, PMNs continuously increased regardless of

normalization, whereas lymphocyte count remained stable

(Supplementary Figure 1).

In multivariate analyses, factors associated with an oxygen

level <2 L/min were eosinophil count ≥100/mm3 (p = 0.04) and

CRP < 80 mg/L (p < 0.001). Conversely, there was a trend

toward underlying chronic respiratory disease as a negative

association (p = 0.06) (see Table 2).
4 Discussion

Our study highlights that the behavior of two biological markers

(eosinophil count and CRP) is associated with oxygen weaning during

ongoing COVID-19 infection. Indeed, normalization of eosinophil

count appears after day 3 and is related to decreased oxygen need

(<2 L) within 48 hours, as long as CRP remains below 80 mg/L.

Furthermore, a CRP greater than 75 mg/L has been recently

described in a systematic review as a laboratory predictor of severe

COVID-19 on admission (17), reflecting the high blood

inflammation induced by the elevated cytokine responses during

the first wave of COVID-19 pneumonia. However, it should be

noted that CRP is not specific to COVID-19 and is related to

systemic blood inflammation, which varies significantly between

variants over the course of the COVID-19 pandemic (18).

Moreover, mean CRP values did not achieve normalization after

3 days of admission, contrary to eosinophil count (≥100/mm3),

which is a more convenient assay for clinical evolution at no extra

cost on regular complete blood count.
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To the best of our knowledge, our findings regarding eosinophil

count normalization as a marker of oxygen weaning have never been

described. Indeed, although eosinopenia has been reported as a

marker of severity during the course of severe COVID-19 infection

(19), in particular during the first and second waves of the pandemic

(20), this biological marker has only been proposed as a marker of

unfavorable outcome. Recently, Yan et al. (21) demonstrated that

eosinophil recovery in patients with <50 eosinophils/µL was

associated with significantly reduced ICU admission (adjusted

hazard ratio (aHR) = 0.25 [0.11–0.61]) and in-hospital mortality

(aHR = 0.44 [0.29–0.65]), but without significant rates in mechanical

ventilation. This longitudinal study, conducted during the first and

second waves of the pandemic, also suggests that the lack of
Frontiers in Immunology 04
eosinophil recovery events might be indicative of patients at risk

for future progression to severe COVID-19.

When looking deeper into the physiopathology of eosinophil count

during infection, it should be remembered that Zappert et al. (22) first

described eosinopenia in 1893 as a non-specific biological marker of

systemic inflammatory response syndrome, more than infection. Two

main hypotheses explain the mechanism of eosinopenia during

infection: i) bone marrow consideration for the production of other

lineages of White blood cells (WBCs) and ii) the sequestration of

eosinophil count at the site of the infection (in the case of COVID-19,

the pulmonary tract). It is noteworthy that recently de Vries et al. (23)

demonstrated that at the time of admission, a combination of

eosinopenia and increased markers of endothelial damage VCAM

and endothelin are characteristic of COVID-19, revealing particular

interest in eosinophil count during the latter. While some might argue

that during COVID-19 pneumonia, eosinophils are trapped in the

pulmonary parenchyma, Cauchois et al. (20), supported by histological

findings, reported no eosinophil infiltration in the lungs of patients

with eosinopenia. These findings support that peripheral blood

eosinophils behave according to the magnitude of immune

hyperactivation during moderate-to-severe infection, which is

responsible for eosinopenia. In our present study, we observed rapid

recovery from eosinopenia in cases of favorable outcome, which is

clinically assessed by oxygen weaning.

Furthermore, our study shows a close relationship between

normalization of eosinophil count and CRP weaning, a phenomenon

previously described during the course of COVID-19 infection (20).

Although in our study a CRP threshold below 80 mg/L seems more

accurate (p < 0.001) than eosinophil count (0.04) to predict oxygen

weaning, its confidence interval is wider due to low statistical power. It

is noteworthy that previous studies on COVID-19 assessed the level of

oxygen support based on various parameters, encompassing absolute

neutrophil count, CRP, and diverse ratios involving lymphocyte count,

yet none of them incorporated eosinophils (24–26).

For conditions unrelated to COVID-19, historical predictors of

oxygen weaning have been related to patients’ characteristics and

dyspnea scales in individuals undergoing pulmonary rehabilitation

(27). Similarly, a previous study described the outcomes of

respiratory function tests associated with non-invasive ventilation

weaning in cases of acute exacerbation of chronic pulmonary

disease (28). Having a reliable biological marker, such as CRP or

eosinophils, readily available to predict oxygen weaning in medicine

ward is relevant, considering that a substantial number of inpatients

remain admitted after visiting the emergency room, especially

during waves of winter seasonal respiratory tract infections.

Moreover, the negative association (though not statistically

significant) between the use of corticosteroids in our study and

oxygen levels is not surprising, given that corticosteroids were

initiated in cases of deterioration in the ICU. Likewise, age over 60

years was not significantly associated with oxygen need, which may

seem counterintuitive given that age is a major factor in severe

COVID-19. This may be attributed to confounding factors related to

ICU admission, with patients more frequently aged 60 years (mean 66

years vs. 57 years; p = 0.05). Our study has several limitations. First, this

single-center study was conducted during the initial wave of the

pandemic when a substantial number of hospitalized COVID-19
TABLE 1 Baseline characteristics of patients.

Characteristics at baseline N = 132

Age (year), mean ± SD 59.0 ± 16.3

Sex (M), no. (%) 86 (65)

Obesity, no. (%) 14 (10.6)

Diabetes, no. (%)
Chronic kidney failure, no. (%)
Chronic respiratory disease, no. (%)
Chronic cardiac disease, no. (%)
Immunocompromised, no. (%)

25 (18.9)
4 (3)

22 (16.7)
57 (43.2)
11 (8.3)

CCI*, no. (%)

0 24 (18)

1–2 47 (36)

3–4 31 (23)

≥5 30 (23)

Pulmonary CT scan, no. (%) 103 (78)

Normal 7 (7)

Limited injury (<10%) 11 (11)

Mild injury (10%–25%) 30 (29)

Moderate injury (25%–50%) 41 (40)

Severe injury (>50%) 14 (14)

Lymphocyte count <1,000/mm3, no. (%) 60 (45.5)

PMN count >8,000/mm3 12 (9.1)

CRP mg/L, mean ± SD
Ferritin µg/L, mean ± SD

84.59 ± 70.31
1,070 ± 757

Oxygen (yes), no. (%) 94 (72)

≤2 L/min 47 (36)

2–5 L/min 37 (28)

≥6 L/min 10 (8)

Treatment strategies, no. (%)

No effective drugs 114 (86.4)

Corticosteroids in ICU 18 (13.6)
Obesity defined by a body mass index ≥30 kg/m2.
N, number; %, percent; SD, standard deviation; M, men; *CCI, Charlson Comorbidity Index;
CRP, C-reactive protein; PMN, polymorphonuclear leukocyte; CT, computed tomography.
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patients exhibited severe morbidity, unlike the current situation shaped

by Omicron and its subvariants in 2024. Second, during this phase of

the pandemic at our medical institution, corticosteroids were not

routinely prescribed prior to ICU admission. It is evident that when

dexamethasone is prescribed, monitoring eosinophil count becomes

impractical, given that steroids are accountable for eosinopenia.

Nevertheless, it should be noted that the WHO guidelines specifically

recommend the use of steroids for patients experiencing at least severe

COVID-19 infection, characterized by an oxygen saturation level below

90% on room air (29), typically necessitating supplemental oxygen
Frontiers in Immunology 05
therapy of at least 2 L/min. Consequently, our surveillance of

eosinophil count may remain relevant for patients under oxygen

monitoring and not receiving steroids. Third, our study involved a

limited sample size and did not permit in-depth investigations into

confounding factors, which today would include considerations such as

vaccination status, antiviral treatments, and the impact of different

COVID-19 variants.

It is important to note that neither eosinophil counts nor

eosinopenia is in any way specific to COVID-19 as we already

argued (30). However, we believe their kinetics over time are of
FIGURE 1

Behavior of eosinophil count over time from the admission (D0) according to C-reactive protein (CRP) value and oxygen level requirements. Values
represent median with 95% confidence interval (CI).
TABLE 2 Potential factors associated with oxygen need <2 L/min after admission.

Variables

n/N

Univariate model Multivariate model

HR [95% CI] p-Value HR [95% CI] p-Value

Characteristics at baseline

Age ≥ 60 (years) 65/132 0.45 [0.21–0.96] 0.04 1.91 [0.49–7.4] 0.35

Sex (M) 86/132 0.8 [0.37–1.8] 0.59 – –

Obesity (yes) 14/132 0.55 [0.15–1.99] 0.36 – –

Diabetes, no. (%) 25/132 0.94 [0.37–2.35] 0.89 – –

Chronic respiratory disease, no. (%) 22/132 0.31 [0.10–0.9] 0.03 0.16 [0.02–1.08] 0.06

Chronic cardiac disease, no. (%) 57/132 0.79 [0.38–1.7] 0.55 – –

Immunocompromised, no. (%) 11/132 0.56 [0.15–2.1] 0.37 – –

Biological abnormalities at D2

PMN count <8,000/mm3 82/94 2.37 [0.43–12.9] 0.31 – –

Lymphocyte count ≥1,000/mm3 49/94 3.47 [1.39–8.7] 0.008 0.49 [0.11–2.2] 0.35

Eosinophil count ≥100/mm3 45/94 5.5 [2.19–13.8] <0.001 3.71 [1.06–12.9] 0.04

CRP <80 mg/L 56/87 22.1 [4.71–103] <0.001 26.28 [4.07–169.8] <0.001

Treatment strategies

No treatment** 114/132 1* – 1* -

Corticosteroids 18/132 0.04 [0.05–0.3] 0.003 0.12 [0.08–1.7] 0.11
fro
1* indicates the reference category. No treatment** was defined as patients who have had no treatment including lopinavir–ritonavir or antibiotics. Multivariate Cox model regression was used to
identify the potential factors associated with oxygen need <2 L/min at day 2 of admission.
n/N, number/total; HR, hazard ratio; CI, confidence interval; PMN, polymorphonuclear; CRP, C-reactive protein.
"-" Not applicable.
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interest, even in cases of viral infection. Further studies evaluating

these two biomarkers (CRP and eosinophil count) could be relevant

for other respiratory tract infections, such as bacterial pneumonia

under an appropriate regimen. Additionally, Davido et al. (31)

previously demonstrated that the normalization of eosinophil count

over time is associated with appropriate and effective antimicrobial

therapy, suggesting a potentially similar impact on oxygen

requirements during the course of treatment.
5 Conclusion

Our findings revealed interest in a simple biomarker such as

normalization of eosinophil count during the course of COVID-19

infection to predict oxygen weaning. Although CRP showed a higher

hazard ratio, the requirement for a specific threshold may be a

limitation in its application in daily clinical practice, particularly

with the emergence of Omicron variants, which demonstrate a lower

systemic inflammatory response than during previous waves.
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