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Abstract
Introduction: Infection is one of the major causes of mortality and morbidity in older adults. Available biomarkers
are not associated with prognosis in older patients. This study aimed to analyze the value of eosinopenia
(eosinophil count< 100/mm3) as a prognosis marker among older patients with suspected or confirmed bacterial
infection.
Methods: A retrospective study was performed from 1 January to 31 December 2018 among patients in a
geriatrics ward suffering from a bacterial infection treated with antibiotics. Biomarker data including the eosinophil
count, neutrophil count and C-reactive protein (CRP) were collected within 4 days after patient diagnosis. Persistent
eosinopenia was defined as a consistent eosinophil count< 100/mm3 between Day 2 and Day 4. The association of
biomarkers with 30-day hospital mortality in a multivariate analysis was assessed and their predictive ability using
the area under the ROC curve (AUC) was compared.
Results: Our study included 197 patients with a mean age of 90 ± 6 years. A total of 36 patients (18%) died during
their stay in hospital. The patients who died were more likely to have persistent eosinopenia in comparison to
survivors (78% versus 34%, p < 0.001). In the multivariate analysis, persistent eosinopenia was associated with inhospital mortality with an adjusted HR of 8.90 (95%CI 3.46–22.9). The AUC for eosinophil count, CRP and neutrophil
count between Day 2 and Day 4 were 0.7650, 0.7130, and 0.698, respectively.
Conclusion: Persistent eosinopenia within 4 days of diagnosis of bacterial infection appeared to be a predictor of
in-hospital mortality in older patients.
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Key points
– Eosinophil count is a cost-effective revisited biological marker
– Eosinopenia seems to be a valuable prognostic
marker among older patients
– Such marker during bacterial infection can be useful
to predict in-hospital mortality

Introduction
Infection is one of the major causes of mortality and
morbidity in older patients [1]. Between 2000 and 2009,
mortality associated with infection accounted for 5% of
all deaths worldwide. Currently used biological markers
(biomarkers) such as C-reactive protein (CRP) and procalcitonin (PCT) lack discriminatory power to diagnose
infection in older patients (> 65 years) [2, 3]. Regarding
prognostic approach, several biomarkers were evaluated
on the day before treatment initiation to predict mortality among critically ill patients suffering from bacterial
infection in an intensive care unit (ICU). Jensen et al.
evaluated CRP value> 9 mg/L, leukocytes> 10 G/L and
PCT > 1 ng/mL and showed that the only relevant parameter to identify patients at increased risk of all-cause
mortality on day 90 was PCT in adults (median age 57
years) [4]. However, PCT has shown deviations with imperfect sensitivity and specificity in older adults [2, 5, 6].
Clinical need for reliable biomarkers in older patients is
particularly important as they may present without classical signs and symptoms of infection [2].
In common practice, evaluation of inflammation encountered during a bacterial infection is provided by a
white blood cell (WBC) count. It is cost-effective and
used in medicine or surgery wards as well as in primary
care to support clinical findings which, when abnormal,
provoke further investigation. Polymorphonuclear neutrophils (PMN) are usually increased in bacterial infection or inflammation cases whereas lymphopenia is
suggestive of a viral infection in the general population.
Eosinophils are WBCs that normally account for 1 to 3%
of total leukocytes [7]. Eosinopenia is defined by a reduced eosinophil count (EC) and was considered as a
possible marker of infection by Zappert et al. in early
1893 [8]. In 1929, Schilling et al. suggested that eosinopenia was related to bacterial infection [9], whereas at a
later date, Bass et al. suggested that its pathophysiology
was related to the migration of eosinophils into the inflammatory site during the acute phase of inflammation
[10]. To date, only a few studies confirm this hypothesis,
however, there is no consensual definition of eosinopenia without a defined threshold of values ranging from
10 to 140 eosinophils/mm3 [11–13].
Moreover, eosinopenia at hospital admission has
been reported to be associated with a worse
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prognosis. Abidi et al. showed that in ICU, the deeper the eosinopenia, the poorer the prognosis [14].
Two other studies have shown that eosinopenia was
a marker of mortality in different populations (at the
ICU and respiratory medicine ward but not in geriatrics) [14, 15]. Similarly, a recent study found that
eosinophil count at admission was strongly associated with mortality risk in patients suffering from
Clostridium difficile infection [16]. EC is a dynamic
parameter, it tends to normalize rapidly after an effective antimicrobial therapy [11]. A few studies described that normalization of eosinopenia could be a
predictive marker of in-hospital favorable evolution
[12, 17, 18].
To the best of our knowledge, a study evaluating the
prognostic role of persistent eosinopenia during infection among geriatric patients does not exist. The aim of
this study was to analyze the value of eosinopenia as a
prognostic marker in such patients.

Methods
Study design and population

An observational, retrospective single-center study was
performed in a teaching hospital in Paris, France
(Ambroise Paré Hospital in Boulogne-Billancourt). The
hospital’s information system, which is routinely managed by healthcare staff for the financing of hospital activities (Programme de Médicalisation des Systèmes
d’Information – PMSI), was used to identify eligible patients. Patients who were hospitalized in acute geriatric
wards between 1 January and 31 December 2018 with a
diagnosis of bacterial infection requiring initiation of an
antimicrobial therapy were included. Diagnosis of presumed bacterial infection was made by the clinician in
charge of the patient. Patients that received antimicrobial therapy, without alternative diagnosis and with a
diagnosis of bacterial infection confirmed in hospital
medical report were included. Suspected or confirmed
bacterial infections were respiratory, urinary, digestive,
cutaneous, cardiac and the central nervous system as
well as those with bacteremia (according to ICD-10
codes that are available on request). Data about bacterial
infections were subsequently retrieved from patient
medical records. Of note, since November 2012, a remote infectious disease specialist consultant, working
part-time has been specifically devoted to promote antibiotic stewardship and advices to all hospital departments on demand. The consultant also performs postprescription antibiotic review using computerized tools
with shared access, and e-mail alerts are generated on
day 3 by the pharmacist, leading to a revaluation of
broad-spectrum antibiotics.
Exclusion criteria were bone and joint infections because of specific aspects in the management of these
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infections which require surgical procedures as well as
factors that could modify the course of the infection and
EC interpretation such as immunosuppressive treatments (for example corticosteroid therapy at a dose≥10
mg/d prednisone equivalent, anti-cancer chemotherapy
and/or methotrexate), hematological malignancies. Patients already under an antimicrobial regimen for more
than 48 h prior to admission were also excluded. In cases
of patients with multiple stays over the study period,
only the last stay was included in the analysis.
Data collection

Data were collected from patient medical records using
Agfa® Orbis software. Our main outcome was in-hospital
mortality. The variable was coded “1” if the patient died
during hospital stay within 30 days of diagnosis and “0”
if they were still hospitalized after 30 days and/or discharged before the endpoint. Data about biomarkers including EC, PMN and CRP were collected during the
week following the diagnosis of a bacterial infection defined as Day 0 (D0). The following 4 days after D0 were
defined as Day 1 (D1), Day 2 (D2), Day 3 (D3) and Day
4 (D4).
As a retrospective study in routine care, the frequency
of biological monitoring varied depending on the patient. To summarize the information available about the
evolution of EC after D0, a variable capturing the maximum value of EC between D2 and D4 considering the
minimum value of PMN and CRP at these time points
was created. Eosinopenia was defined by EC < 100 eosinophils/mm3 (0.1 G/L), severely elevated CRP by a value>
100 mg/L (consistent with previous studies) [19] and elevated PMN by a value> 7000/mm3 in accordance with
established professional agreements [20].
Other variables included in the analysis were demographics (age and sex), comorbidities (Charlson score:
weight severity of 19 different comorbidities, highest
score indicating severity) [21], malnutrition (moderate:
albuminemia< 35 g/L or BMI < 21 kg/m2; severe: albuminemia< 30 g/L or BMI < 18 kg/m2), bedsore, estimated
glomerular filtration rate (eGFR calculated with CKDEPI), characteristics of the infection (type of infection,
initiation of antibiotics), sepsis assessed by the recent
bedside clinical score termed quickSOFA completed by
a SOFA score if needed according to the definition of
“SEPSIS-3” and ICU stay [22].
Statistical analysis

Descriptive statistics used mean ± standard deviation
(SD) for normally distributed continuous variables and
median and interquartile range for non-normally distributed variables including eosinophil count. Numbers and
percentages were used to describe categorical variables.
Factors associated with in-hospital mortality were
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investigated among demographics, clinical and biological
variables using the unequal variance Student’s test or the
Wilcoxon Signed-Rank test for continuous variables and
the Chi2 test or Fischer’s exact test for categorical variables. The survival curves as a function of eosinopenia
from D0 to between D2 and D4 were carried out according to the Kaplan-Meier method. Multivariate analysis
was performed using a Cox proportional hazards model.
Variables that were introduced into the model included
age, gender and all variables associated with a p < 0.20 in
bivariate analysis. Variables associated with a p > 0.10
were excluded from the model in a second step. Similar
models were run for PMN and CRP. Results are
expressed as Hazard Ratios (HR) with 95% confidence
interval (CI).
The prognostic role of EC between D2 and D4 was described in terms of sensitivity, specificity, Predictive
Positive Value (PPV) and Negative Predictive Value
(NPV) and was compared to the predictive ability of
PMN and CRP between D2 and D4 by using the area
under the Receiver Operating Characteristics (ROC)
curve. Statistical analyzes were performed using Stata
Software© version 15.

Results
A total of 235 stays were eligible in this study and 197
patients were selected after the exclusion criteria. The
mean age of patients was 90 ± 6 years with a sex ratio of
almost 1 (Table 1). The two most common infections
(89% of all cases) were respiratory and/or urinary tract
infections. Baseline analysis observed eosinopenia in 155
patients (79%) (Table 2). The median value of EC was 10
eosinophils/mm3 (IQR0 to 80). A total of 36 patients
died in hospital during the 30 days after admission for
infection (18%). The median time to death after admission was 6 days (IQR5 to 13).
The comparison of baseline characteristics of patients
according to in-hospital mortality revealed that the patients who died were more likely to have suffered from a
respiratory infection, had a lower eGFR using the CKDEPI formula and had a higher value of CRP compared to
surviving patients (Table 1). Whereas eosinopenia at
baseline did not differ between groups, eosinopenia between D2 and D4 was more frequent in patients who
died compared to survivors (78% versus 34% among the
survivors, p < 0.001) (Table 2).
Detailed information on the evolution of EC within
the 4 days of diagnosis and survival curves according to
eosinopenia on or between D2-D4 are shown in Figs. 1
and 2 respectively. Clearly, patients with an EC < 100/
mm3 had poorer prognosis than those with EC above
100/mm3 (p < 0.001). After adjustment for any confounders, EC below 100/mm3 between D2 and D4 was
an independent predictor of in-hospital mortality with
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Table 1 Characteristics of the study sample
Variable

Total (n =
197)

Patients who died in hospital within 30 days of
diagnosis (n = 36)

Patients discharged or alive at Day
30a (n = 161)

Pvalueb

Age, mean ± SD

89.6 ± 5.7

90.9 ± 6.7

89.4 ± 5.4

0.204

62 to 86 years old

66 (33.5)

7 (19.4)

59 (36.7)

87 to 92 years old

74 (37.6)

15 (41.7)

59 (36.7)

93 to 104 years old

57 (28.9)

14 (38.9)

43 (26.7)

Women

99 (50.3)

16 (44.4)

83 (51.6)

Men

Age in terciles, n (%)

0.116

Sex, n (%)

0.441

98 (49.8)

20 (55.6)

78 (48.5)

Charlson, mean ± SD

2.9 ± 2.2

3.3 ± 2.6

2.8 ± 2.2

0.330

Length of stay, mean ±
SD
Malnutrition, n (%)

11.4 +/− 7.2 8.3 +/− 5.2

12.1 +/− 7.4

< 0.001
0.145

No

36 (18.3)

4 (11.1)

32 (19.9)

Moderate

70 (35.5)

10 (27.8)

60 (37.3)

Severe

91 (46.2)

22 (61.1)

69 (42.9)

21 (10.8)

6 (17.7)

15 (9.3)

Pulmonary

112 (56.9)

26 (72.2)

86 (53.4)

Urinary

43 (31.8)

2 (5.6)

41 (25.5)

Bacteraemia

27 (13.7)

5 (13.9)

22 (13.7)

Other or combined

15 (7.6)

3 (8.3)

12 (7.5)

Bedsore, n (%)
Type of infection, n (%)

0.218
0.036

Initiation of antibiotics,
n (%)

0.241

Within 24 h

111 (56.4)

25 (69.4)

86 (53.4)

Between 24 and 48 h

60 (30.5)

8 (22.2)

52 (32.3)

After 48 h

26 (13.2)

3 (8.3)

23 (14.3)

Sepsis, n (%)

30 (15.2)

6 (16.7)

24 (14.9)

0.799

Stay in the ICU, n (%)

13 (6.6)

2 (5.6)

11 (6.8)

1.000

GFR, n (%)

< 0.001

≥ 60 ml/min

126 (64.0)

16 (44.4)

110 (68.3)

≥ 30 and < 60 ml/min

48 (24.4)

9 (25.0)

39 (24.2)

< 30 ml/min

23 (11.7)

11 (30.6)

12 (7.5)

BMI Body Mass Index, GFR Glomerular Filtration Rate according to CKD-EPI, ICU Intensive care unit, SD Standard Deviation
a
156 patients discharged and 5 still hospitalized at Day 30
b
Chi2 test or Fischer exact test for comparisons of proportions and Student t-test with unequal variance for comparisons of means

an adjusted HR of 8.90 (95% CI 3.46 to 22.9) (Table 3).
A neutrophil count higher than 7000/mm3 between D2
and D4 was also associated with in-hospital mortality
with an adjusted HR of 4.34 (95% CI 1.81 to 10.4), unlike
CRP. Other factors associated with in-hospital mortality
were age, respiratory tract infection and stage 4 chronic
kidney disease (eGFR< 30 mL/min). A full model is presented in Supplementary Table 1.
The AUC for EC, CRP and PMN between D2 and D4
were 0.7650, 0.7130 and 0.698, respectively (Supplementary Figures 1, 2 and 3). Overall, EC had the best values
of sensitivity (77.8%), specificity (66.5%), PPV (34.2%),

and PPN (93.0%) of these three biomarkers (data for
PMN and CRP is presented in Supplementary Table 2).

Discussion
Our study showed that persistent eosinopenia within 4
days after the initial diagnosis of bacterial infection was
strongly associated with 30-day in-hospital mortality in
older patients. Furthermore, the differentiating power of
eosinopenia between D2 and D4 suggests its potential
value as a prognostic marker of in-hospital mortality.
The favorable evolution of EC following admission has
already been addressed in a study by Terradas et al. [17]
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Table 2 Eosinophil count, neutrophil count and C-reactive protein (CRP) on the date of diagnosis of bacterial infection (D0) and
between Day 2 and Day 4 (D2-D4) according to in-hospital mortality
Total (n = 197)

Patients who died in hospital within 30 days of
diagnosis (n = 36)

Patients discharged or alive at Day
30a (n = 161)

Pvalueb

Continuous,
median (IQR)

10 (0 to 80)

10 (0 to 45)

20 (0 to 90)

0.058

EC < 100 /mm3, n
(%)

155 (78.7)

32 (88.9)

123 (76.4)

0.098

Variable
Eosinophil count (EC)
D0

D2-D4 (highest value)
Continuous,
median (IQR)

130 (30 to 230)

25 (5 to 80)

140 (60 to 250)

<
0.001

EC < 100 /mm3, n
(%)

82 (41.6)

38 (77.8)

54 (33.5)

<
0.001

10,910 (7735 to
16,400)

12,100 (8980 to 18,020)

10,590 (7590 to 15,150)

0.126

30 (85.7)

129 (80.1)

0.634

9660 (7090 to 13,475)

6600 (4730 to 8750)

<
0.001

28 (77.8)

69 (42.9)

<
0.001

Neutrophil count (NC)
D0
Continuous,
median (IQR)

NC > 7000/mm3, n 159 (81.1)
(%)
D2-D4 (lowest value)
Continuous,
median (IQR)

6900 (4970 to
10,270)

NC > 7000/mm3, n 97 (49.2)
(%)
CRP
D0
Continuous,
median (IQR)

91 (39 to 180)

147 (97 to 189)

80 (35 to 169)

0.014

CRP > 100 mg/L, n
(%)

80 (45.5)

22 (71.0)

58 (40.0)

0.003

Continuous,
median (IQR)

103 (50 to 170)

177 (98 to 208)

95 (47 to 159)

<
0.001

CRP > 100 mg/L, n
(%)

94 (50.5)

25 (73.5)

69 (45.4)

0.004

D2-D4 (lowest value)

a

Five patients still hospitalized at Day 30 and 156 patients discharged before
Wilcoxon rank test

b

in which normalization of EC after D3 was observed
amongst surviving patients. This finding supports our
results even though our patients were notably older. In
contrast, better assessing patient’s clinical course when
EC does not increase as expected should alert the physician to reevaluate the antimicrobial therapy in light of
microbiological findings and antimicrobial susceptibility
testing. This is particularly relevant in the daily practice
of geriatricians where the early and appropriate management of bacterial infections is crucial in preventing the
exacerbation of pre-existing conditions that are often responsible for prolonged hospitalization and loss of autonomy. In addition, the association of prolonged
antimicrobial therapy with a differential outcome than a

shorter duration of antibiotic treatment was not supported in literature [23]. As an example, shortened antibiotic duration (3 days) in patients (including older
patients) with stability criteria during acute pneumonia
was non-inferior to 8 days of treatment [24]. It could be
insightful to evaluate the interest of EC in future studies
to guide the duration of antimicrobial therapy and discontinue it as soon as a patient recovers from
eosinopenia.
In literature, admission eosinopenia was a noteworthy
early marker of mortality during hospitalization in different settings, namely critically-ill infected patients in ICU
and patients admitted in a respiratory medicine ward for
exacerbation of chronic obstructive pulmonary disease
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Fig. 1 Eosinophil count within five days of diagnosis of a bacterial infection according to in-hospital mortality. Number of patients with
eosinophil count: Discharged or alive at Day 30, Day 0: n = 161, Day 1: n = 63, Day 2: n = 97, Day 3: n = 61, Day 4: n = 70. Deceased at day 30:
n = 36 on day 0, n = 12 on day 1, n = 30 on day 2, n = 8 on day 3, n = 18 on day 4

(COPD) [14, 15]. However, baseline eosinopenia was frequent (almost 80%) and less relevant in predicting inhospital mortality in our geriatric population. Interestingly, in another study by Akagi et al., PCT was not an
independent predictor of mortality from respiratory tract
infections in older patients unlike persistent eosinopenia
as suggested in our findings [25].
In addition, our multivariate analyses confirmed that
respiratory tract infections were associated with in-

hospital mortality as previously described and expected
[26]. Similarly, as EC becomes normalized over time,
CRP kinetic decreases under antimicrobial therapy in
community-acquired bloodstream infection which is
predictive of short or long-term mortality in a relatively
young population (mean age 66.7 years) [27]. To date,
there is no reliable biomarker to predict the favorable
evolution during bacterial infection in the long run,
however, a 2-fold decrease in the CRP level or an 80%

Fig. 2 Survival curves according to maximum eosinophil between Day 2 and Day 4 among patients with a diagnosis of infection (N = 197)
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Table 3 Association of eosinophil count, neutrophil count and C-reactive protein (CRP) between Day 2 and Day 4 with in-hospital
mortality within 30 days of diagnosis of infection
Variable

Deceased at day 30, n (%)

Crude HR
(95%CI%)

Adjusted HR*
(95%CI)

P-value

Eosinophil count < 100/mm3
No

8 (7.0)

1

1

Yes

28 (34.2)

5.00 (2.28 to 11.0)

8.90 (3.46 to 22.9)

< 0.001

Neutrophil count > 7000/mm3
No

8 (8.00)

1

1

Yes

28 (28.9)

3.48 (1.58 to 7.64)

4.34 (1.81 to 10.4)

No

9 (9.8)

1

1

Yes

25 (26.6)

2.33 (1.08 to 5.03)

1.65 (0.74 to 3.68)

0.001

CRP > 100 mg/L

0.222

Multivariate Cox model adjusted for sex, age, Charlson comorbidity index, undernutrition, type of infection and glomerular filtration rate

reduction in the PCT value during follow-up is recognized as a strong argument [28]. Nevertheless, these biomarkers may come at a price that is not always
affordable in low-income countries as opposed to EC
analysis. Indeed, EC could help postpone a switch in
antimicrobial therapy when the CRP level increases during hospitalization caused by inflammation that is other
than infection.
Our study had some limitations. Firstly, it was an
observational, retrospective and single-center study.
As a result, the relevance of the prescribed antimicrobial therapies could not be discussed. Indeed, our
study was not designed to evaluate the relevance of
the chosen antimicrobial therapy as to its indication,
diffusion and duration which might have played a role
in the outcome. However, this did not interfere with
the biological interpretation of the EC. In addition,
the community-acquired or hospital-acquired nature
of the infection was not mentioned in the medical
chart. Secondly, our sample size was modest (n = 197)
and can be criticized based on a lack of statistical
power even though the association between persistent
eosinopenia and in-hospital mortality was found
significant.
Regarding strengths, our main outcome, namely inhospital mortality within 30 days, was an objective criterion. Secondly, this study considered geriatric patients
who are less often included in clinical research [29]. To
our knowledge, value in biomarkers during
hospitalization as a prognosis marker of any bacterial infection has rarely been evaluated in geriatric populations.
Nevertheless, it should be kept in mind in the context of
the COVID-19 pandemic that eosinopenia has not been
established as a method to distinguish viral infection
from bacterial infection in adults.
In fact, it was emphasized by Debray et al. concerning
meningitis in pediatrics that the severity of an infection,
rather than its bacterial characteristic, was associated

with eosinopenia [12]. Moreover, it was reaffirmed that
EC should be interpreted with caution in cases of
COVID-19 because it can mimic a true bacterial infection as is the case with other biomarkers [30].

Conclusion
In conclusion, our study found that persistent eosinopenia below 100/mm3 within 4 days of the diagnosis of
bacterial infection appears to be a predictor of inhospital mortality in older patients. Further research is
needed to investigate whether the evolution of EC could
help guide antimicrobial therapy duration physician decisions. Eosinopenia is easy to detect with a simple WBC
count in any patient suspected of bacterial infection with
no additional processing cost.
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