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ABSTRACT

Background: Improved understanding of the normal range of blood eosinophil counts (BEC) and
conditions that influence them in non-asthmatic individuals should allow more accurate estimation
of the threshold at which eosinophilic disease should be considered, diagnosed, and treated. This
analysis investigated the impact of atopy, smoking, and parasitic infection on BEC.

Methods: This was a post hoc analysis of non-asthmatic subjects from a case-control study
(CONEP 450/10) conducted at the Program for Control of Asthma in Bahia (ProAR). Participant
BECs were measured at baseline; correlations between predefined risk factors and BEC were
assessed via univariate and stratified analysis.

Results: Of the 454 participants included, 3% were helminth parasite-positive, 18% were non-
helminth parasite-positive; and 450 had BEC data. The median (interquartile range [IQR]) BEC
was 152 (96, 252) cells/mL. Any positive skin prick test, elevated total immunoglobulin E, allergic
rhinitis, and being a current smoker were all individually associated with higher BEC (p < 0.05)
compared with BEC in participants without these factors, but having a non-helminthic parasitic
infection was not. Participants with all 4 risk factors that were associated with higher BEC had a
median (IQR) BEC of 192 cells/mL (94, 416) versus 106 cells/mL (70, 164) for those with no risk
factors.

Conclusions: In non-asthmatic subjects, atopy, allergic rhinitis, and current smoking status were
associated with higher BEC compared with subjects without these factors, but BEC values were
well below the threshold commonly accepted as normal. Therefore, BEC should be interpreted in
the context of an individual's medical conditions and other BEC-influencing factors.
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more unusual conditions, such as eosinophilic
BACKGROUND

Blood eosinophil counts have traditionally been
used to aid in the diagnosis of atopic diseases and
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granulomatosis with polyangiitis (EGPA).1,2

Peripheral blood eosinophil levels above
Received 2 August 2019; Received in revised from 17 March 2020;
Accepted 13 April 2020
Online publication date xxx
1939-4551/© 2020 The Authors. Published by Elsevier Inc. on behalf of
World Allergy Organization. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

mailto:cruz.proar@gmail.com
mailto:cruz.proar@gmail.com
https://doi.org/10.1016/j.waojou.2020.100119
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.waojou.2020.100119&domain=pdf
https://doi.org/10.1016/j.waojou.2020.100119


2 Kwon et al. World Allergy Organization Journal (2020) 13:100119
http://doi.org/10.1016/j.waojou.2020.100119
450 cells/mL are generally considered to be
abnormal.3 It is now apparent that blood
eosinophil count is a marker of response to
corticosteroids and anti-interleukin (IL)-5 treat-
ment in a range of airway diseases, particularly
asthma and chronic obstructive pulmonary disease
(COPD).4,5 Indeed, the Global Strategy for Asthma
Management and Prevention (Global Initiative for
Asthma [GINA]) guidelines list elevated blood
eosinophil count as one of the modifiable risk
factors for asthma exacerbations, and they
recommend that the presence/absence of
elevated eosinophil counts is used to help inform
treatment decisions.6 Evidence also indicates a
relationship between elevated blood eosinophil
counts, exacerbations of COPD, and the
responsiveness of COPD exacerbations to
treatment.7–9 However, the level of eosinophils
considered to be predictive of treatment
response in these conditions is considerably
lower than the 450 cells/mL threshold cited in the
literature.3,4,10 An understanding of factors that
may influence blood eosinophil count is,
therefore, of increasing importance.

Currently, data on the normal range of blood
eosinophil counts are sparse and are based on
population level values, rather than being inter-
preted in the context of an individual's medical
conditions. Importantly, previous studies have
shown that factors such as skin reactivity to aller-
gens, allergic disease history, and age can all in-
fluence blood eosinophil counts.11–14 In particular,
blood eosinophil counts in population-based
samples have been shown to correlate with the
presence or absence of skin reactivity to common
allergens.11 In one study, individuals who did not
present allergen skin reactivity generally had
blood eosinophil counts below 200 cells/mL.11 In
addition, studies of healthy individuals have
reported blood eosinophil counts ranging from
20 to 800 cells/mL.14–18 Together, these data
suggest that blood eosinophil counts of healthy
non-atopic individuals could be substantially
different than previously reported.

A greater understanding of the non-serious
conditions that may influence blood eosinophil
counts should provide a better idea of the
threshold at which eosinophilic disease should be
considered, diagnosed, and treated. The objective
of this analysis was to investigate peripheral blood
eosinophil counts in non-asthmatic individuals,
and quantify the impact of atopy, rhinitis, smoking,
and parasitic infection.

METHODS

Study design

This was a post hoc analysis of the no asthma
control group of a case-control study (CONEP 450/
10) of participants from the Program for Control of
Asthma in Bahia (ProAR). ProAR is the main public
secondary care outpatient reference center
specializing in asthma in Salvador City, Brazil. Par-
ticipantswith severe asthma, aswell as the following
twocontrol groups from the community inwhich the
study outpatient clinic was based, were enrolled
between January 2013 and July 2015: (1) partici-
pants with mild and moderate asthma; and (2) par-
ticipantswith noasthma.The studywasapprovedby
the Institutional Review Board of the Federal Uni-
versity of Bahia and the Brazilian National Review
Board, validating its compliance with the Declara-
tion of Helsinki 2013 on ethical principles for med-
ical research involving human subjects. All
participants provided informed consent.

Participants

This post hoc analysis included participants from
the non-asthmagroupof the ProAR study, i.e., those
whowere�18 years of agewith nohistory of asthma
or other lung disease, were not pregnant, and were
underprivileged users of the public health systemof
Salvador, Northeastern Brazil, a large urban center.
They were recruited by poster advertisement in
public places and on transportation, followed by
telephone screening and invitation.

Endpoints and assessments

The co-primary endpoint of the original ProAR
study was blood eosinophil counts in participants
with severe asthma, to be compared with those of
participants with mild-moderate asthma and par-
ticipants without asthma. In this post hoc analysis,
participant demographics and baseline character-
istics, including blood eosinophil counts deter-
mined during the original study, were analyzed in
non-asthmatic participants. Peripheral blood sam-
ples were collected at the baseline study visit, and
peripheral blood cells including eosinophils and
neutrophils were measured using automated
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equipment (Cell-Dyn Ruby, Abbott, Maidenhead,
Berkshire, UK) in a period between 2013 and 2015.
In order to minimize variation and standardize the
collection of the peripheral blood cell count data,
all measurements were performed in the same
laboratory within the Federal University. At the
same visit, all participants were assessed for the
following predefined risk factors for high blood
eosinophil counts: positive skin prick test (SPT;
yes/no); elevated serum immunoglobulin E (IgE;
<70 IU/mL/�70 IU/mL); allergic rhinitis (yes/no);
any helminth infection or non-helminth parasitic
infection (assessed by 1 stool examination; yes/
no); current smoking (smoked in the last 30 days;
yes/no); reversible airflow limitation (increase in
forced expiratory volume in 1s [FEV1] �12% and
�200 mL; yes/no); and high body mass index (BMI;
25–29.9 kg/m2 [yes/no] or �30.0 kg/m2 [yes/no]).
Univariate and stratified analyses were performed
to determine the influence of these risk factors on
blood eosinophil count. All participants positive
for helminth infection or with a missing data point
for 1 or more stratifying factors were excluded
from the stratified analysis.

Statistical analysis

For the univariate analysis, putative risk factors
were assessed singly for association with blood
eosinophil count using a Kruskal–Wallis test, and
data were displayed using box plots. Odds ratios,
both unadjusted and adjusted for age, were also
calculated for associations between individual risk
factors and blood eosinophil count. For the strati-
fied analysis, pairwise correlation between risk
factors was assessed by means of Pearson's cor-
relation coefficient. Combinations of 2, 3, and 4
risk factors associated with eosinophil count were
considered jointly. Median blood eosinophil
counts were calculated for different combinations
of risk factors. Distributions were displayed in a
jitter plot. For ease of reading, blood eosinophil
counts were log-transformed in some graphical
displays.
RESULTS

Participant population

A total of 454participants from the non-asthmatic
control group of the original ProAR study were
included in this post hoc analysis. Of the 418
participants who had a stool sample available, 13
(3%) were positive for helminth infection and 77
(18%) were positive for a non-helminth parasitic
infection (Table 1). A full list of parasites identified is
included in Table S1. A greater proportion of
participants with parasitic compared with non-
parasitic infections were female, had a positive
SPT result and had higher IgE levels.

Blood eosinophil counts

A total of 450 non-asthmatic participants had
blood eosinophil data available. The distribution of
blood eosinophil counts in this group is shown in
Fig. 1. Due to the skewed distribution of the data,
the interquartile range (IQR) was used to describe
the results and provide a notion of where the
normal range may be, rather than using the 95%
confidence interval, as for normally distributed
data. The median (IQR) blood eosinophil count in
the overall group was 152 (96, 252) cells/mL, with
5th and 95th percentiles of 50 and 508 cells/mL,
respectively.

Risk factors for increased blood eosinophil count

A positive SPT, elevated total IgE, comorbid
allergic rhinitis, and being a current smoker were
all associated with higher blood eosinophil counts
(p < 0.05) in the univariate analysis (Fig. 2). In
particular, median (IQR) blood eosinophil counts
in participants with a positive SPT versus negative
SPT were 173 (112, 295) cells/mL vs 142 (92, 225)
cells/mL (p ¼ 0.0102). In participants with an IgE
�70 IU/mL, median (IQR) blood eosinophil count
was 172 (109, 284) cells/mL compared with 118
(70, 186) cells/mL (p < 0.001) in those with IgE
<70 IU/mL. Blood eosinophil counts were 179
(116, 342) cells/mL and 145 (89, 238) cells/mL in
participants with and without allergic rhinitis,
respectively (p ¼ 0.0055). Median (IQR) blood
eosinophil counts in current smokers versus those
not currently smoking were 252 (133, 287) cells/
mL versus 149 (94, 238) cells/mL (p ¼ 0.0093). A
non-significantly higher blood eosinophil count
was observed in participants with no airway
reversibility than in those with airway reversibility
(154 [99, 254] cells/mL vs 100 [63, 172] cells/mL,
respectively [p ¼ 0.383]). BMI and parasitic infec-
tion did not appear to be associated with blood
eosinophil counts. The low number of participants
with helminth infections (n ¼ 13) did not afford
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Fig. 1 Distribution of blood eosinophil counts in non-asthmatic
participants (N ¼ 450)

Total
(N ¼ 418)

No parasite
(N ¼ 328)

Parasite positive, excluding
helminth (N ¼ 77)

Helminth
positive
(N ¼ 13)

Age, years, mean (SE) 45 (0.6) 45 (0.7) 46 (1.5) 40 (2.4)

Female, n (%) 358 (85.7) 287 (87.5) 62 (80.5) 9 (69.2)

BMI, kg/m2, mean (SE) 27.3 (0.3) 27.4 (0.3) 26.8 (0.6) 26.0 (1.1)

BMI, � 30 kg/m2, n (%) 111 (26.6) 91 (27.7) 17 (22.1) 3 (23.1)

Smoking history
Ever smoked, n (%) 115

(27.6)a
93 (28.4)d 17 (22.1) 5 (38.5)

Current smoker, n (%) 34 (8.2)a 27 (8.3)d 5 (6.5) 2 (15.4)
Former smoker, n (%) 81 (19.4) 66 (20.2)d 12 (15.6) 3 (23.1)
Pack/year, median (IQR) 6 (1, 17)b 6 (1, 17)e 5 (0, 20)h 7 (6, 12)l

Allergic rhinitis, n (%) 79 (23.0)c 63 (23.5)f 12 (18.5)i 4 (36.4)m

Gastro-esophageal
reflux disease, n (%)

26 (6.2) 20 (6.1) 4 (5.2) 2 (15.4)

SPT positive to any
aeroallergen, n (%)

113
(32.9)c

86 (32.1)f 22 (33.9)i 5 (45.5)m

IgE total
Geometric mean (IQR) 96.5 (32,

337)
88.1 (28,
334)g

126.4 (52, 322)j 196.1 (69, 487)

Median (IQR) 118.6 (32,
337)

116 (28,
334)g

164 (52, 322)j 115 (69, 487)

Eosinophils
Geometric mean (IQR) 147.0 (94,

248)
150.2 (94,

250)d
126.9 (89, 231)k 205.2 (162, 274)

Median (IQR) 151 (94,
248)

149 (94,
250)d

149 (89, 231)k 180 (162, 274)

Table 1. Participant demographics and characteristics in non-asthmatic participants with a stool sample available (N ¼ 418) BMI, body mass
index; IgE, immunoglobulin E; IQR, interquartile range; SE, standard error; SPT, skin prick test. a. N ¼ 417; b. N ¼ 114; c. N ¼ 344; d. N ¼ 327; e. N ¼ 92;
f. N ¼ 268; g. N ¼ 319; h. N ¼ 17; i. N ¼ 65; j. N ¼ 76; k. N ¼ 75; l. N ¼ 5; m. N ¼ 11
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sufficient power to allow accurate estimates and
comparisons of blood eosinophil counts in this
subpopulation. However, it is noteworthy that the
median (IQR) blood eosinophil count among these
13 participants was 180 (162, 274) cells/mL. Asso-
ciations between individual risk factors and blood
eosinophil counts were unchanged following
adjustment for participant age.

Blood eosinophil count distributions for
different combinations of risk factors that were
associated (p < 0.05) with higher blood eosinophil
counts in the univariate analysis were compared in
the stratified analysis (Fig. 3). In total, 324
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Fig. 2 Univariate analysis of the effect of individual risk factors on log-transformed blood eosinophil counts in non-asthmatic participants.
BMI, body mass index; IgE, immunoglobulin
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participants had complete data for all 4 factors
(SPT, allergic rhinitis, high total IgE and current
smoking) identified from the univariate analysis
and were included in the stratified analysis.
Participants who were positive for all 4 risk
factors had a median (IQR) blood eosinophil
count of 192 cells/mL (94, 416) compared with
106 cells/mL (70, 164) in participants with none of
these risk factors (Fig. 3). The median blood
eosinophil count ranged from 49 to 160 cells/mL
in participants with one risk factor, 131 to
255 cells/mL in those with 2 risk factors, and 186
to 224 cells/mL in those with 3 risk factors. In
addition, positive but weak correlations were
seen between high total IgE and SPT positivity
(r ¼ 0.3305), and positive strong correlations
were found between allergic rhinitis and SPT
positivity (r ¼ 0.7791) (Table S2).
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boxes represent IQR. AR, allergic rhinitis; IgE, immunoglobulin E; IQR, interquartile range; SPT, skin prick test

6 Kwon et al. World Allergy Organization Journal (2020) 13:100119
http://doi.org/10.1016/j.waojou.2020.100119
DISCUSSION

This analysis aimed to determine the impact of
atopy and other conditions, such as smoking,
overweight/obesity and parasitic infection on
blood eosinophil counts in non-asthmatic in-
dividuals. Such mild medical conditions are not
usually considered when a blood eosinophil count
is reviewed, either in sick patients or in otherwise
healthy people. In line with previous reports, our
results indicated that a positive SPT was associated
with elevated blood eosinophil counts.11,12

Additionally, we found that elevated IgE (�70 IU/
mL), allergic rhinitis and smoking were similarly
associated with elevated blood eosinophil
counts. In participants who were negative for all

https://doi.org/10.1016/j.waojou.2020.100119
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4 of these risk factors, the median (IQR) blood
eosinophil count was 106 cells/mL (70, 164), while
in those positive for all 4 risk factors the median
blood eosinophil count was 192 cells/mL (94, 416).

Elevated eosinophil counts are associated with a
number of pathological disorders, including se-
vere asthma, EGPA, and hypereosinophilic syn-
drome.19–21 To allow for the accurate
identification of eosinophil count abnormalities, it
is important to understand the normal range of
blood eosinophil counts, both in the general
population and in patients with asthma. Here we
focus on eosinophil levels in the general
population. Generally, the 95th percentile value is
often used as the upper range of normal in data
with a normal distribution. For skewed data, it is
deemed more appropriate to use the IQR to
represent the data better and avoid outliers
influencing data interpretation. Indeed, it is likely
that this approach would be appropriate for a
number of biomarkers for which skewed data
have been demonstrated. As the distribution of
blood eosinophil counts was skewed in the
current study, the IQR was used to provide a
rough idea of where the normal range is likely to
be. Based on this method, as the 75th percentile
in this study population was found to be
252 cells/mL, the upper limit of the normal range
of blood eosinophils may be much lower than
the accepted 450 cells/mL upper limit, beyond
which individuals are generally considered to
have elevated blood eosinophils.3 Additionally,
the IQR identified in this population (96–
252 cells/mL) is much lower than the 270–
800 cells/mL upper limit reported in previous
population-based studies, assessing normal
blood eosinophil counts in a range of different
ethnic populations.14–18,22

Eosinophils perform several functions in the
innate immune response, including tumor immune
surveillance and adipose tissue regulation, and
they have been implicated in primary effector
mechanisms against parasitic invasion.23–25

Therefore, we also sought to determine the effect
of parasitic infections on blood eosinophil
counts. The presence of non-helminth parasitic in-
fections was not associated with elevated blood
eosinophil count; however, consistent with a pre-
vious report, we observed a trend for an associa-
tion between helminth infection and elevated
blood eosinophil count (180 cells/mL compared
with 152 cells/mL in the overall study population).26

Unfortunately, further univariate and stratified
analyses to determine the association between
blood eosinophil count and these parasites were
not possible due to the small number of
participants with helminth infection (n ¼ 13; 3%).
This figure is substantially lower than the 13–
>20% of the Brazilian population estimated to be
at risk of helminth infection based on previous
reports.27,28 It is possible that the use of only 1
stool sample may not have been sufficient to
detect helminth infection, potentially contributing
to the low levels in our analysis. However, it has
been suggested that a comprehensive
examination of a single stool sample is sufficient
to detect parasite infection in the majority of
patients,29 indicating that the use of stool for
parasitic identification is unlikely to have
significantly influenced the frequency of helminth
infection. Furthermore, as blood eosinophil
counts were far lower than the currently accepted
normal level, even among subjects infected with
non-helminth parasites, it is likely that few hel-
minth infections were missed. Indeed, the low rate
of helminth infection found here, compared with
rates shown in previous studies, may be attributed
to improvement in sanitation in the urban envi-
ronment in which this study was conducted.

Previous studies have identified additional fac-
tors that may influence blood eosinophil counts,
including age, gender, and ethnicity.15–18 In
particular, a significant 50 cell/mL mean difference
in blood eosinophil counts between African
descent (100 cells/mL) and Indian (150 cells/mL)
participants (p < 0.05), but not between African
descent and caucasian participants, has been
reported.15 In addition, a separate study
reported significant differences in eosinophil
counts between males and females of different
ethnic origin (Afro-Caribbean, African, and
Caucasian).16 As the population of Salvador in
Brazil has a strong African descent-ethnic mix,
these previous studies may suggest a need for
caution in generalizing our findings to other pop-
ulations. However, the mean eosinophil count in
the European Unbiased BIOmarkers in PREDiction
of respiratory disease outcomes (U-BIOPRED;
NCT01866306) population (143 cells/mL; unpub-
lished data) was similar to the mean value
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calculated in the present study. Furthermore, as
previous studies did not determine the underlying
factors for their results, it is not possible to deter-
mine if the reported ethnic differences were due to
confounding environmental factors or genetic
differences.

There are several strengths of this analysis. The
sample size of 454 participants selected from the
community is fairly large and allowed for both
univariate and stratified testing of potential factors
influencing blood eosinophil count. Moreover,
blood eosinophil counts were determined using a
validated tool (Cell-Dyn Ruby), ensuring their ac-
curacy. In addition, 418 participants had a stool
sample available to determine the presence or
absence of parasitic infection, most subjects pro-
vided information on smoking and a history of
chronic rhinitis, underwent SPT, and had total IgE
measurements, allowing for these potential risk
factors to be examined for their influence on blood
eosinophil counts. Limitations included the post
hoc nature of the analysis, meaning that compari-
sons could have lacked adequate statistical power.
In the original study, a fully random sample of the
general population was not obtained, although the
recruitment strategy meant that it was likely to be
representative as participants were recruited from
the community, invited by public advertisement
and screened at a specific call center. In addition, it
should be noted that there may be many different
causes for an increased blood eosinophil count,
and indeed it is a hallmark of several diseases.30

Furthermore, blood eosinophils are only one of
several biomarkers of a type 2 response.31

Nonetheless, blood eosinophil counts are readily
available and have been used in multiple studies
as an indicator of a type 2 immune
response.32,33 Participant blood eosinophil
counts were also only determined at a single
time point i.e., the baseline visit. Previous studies
have demonstrated that blood eosinophil counts
are broadly stable at the population level over
time in both asthma and COPD,34,35 although a
small degree of within-individual variability has
been reported due to a range of factors including
eating, exercise, medication, and time of testing.36

Overall, this suggests that a single measurement of
blood eosinophil count is sufficient for
determining the normal eosinophil range across
a larger population.
CONCLUSIONS

In conclusion, this analysis demonstrates that
atopy, as indicated by a positive SPT to common
aeroallergens, higher total IgE or allergic rhinitis,
and current smoking are associated with elevated
blood eosinophil counts. Our study, however, was
not intended to propose that blood eosinophil
counts should be used as a diagnostic tool;
instead, it aimed to help us better understand the
cutoffs for blood eosinophil counts as biomarkers
of a type 2 inflammatory response in asthmatic
patients using evidence from non-asthmatic sub-
jects. For non-asthmatic subjects, in this study,
blood eosinophil counts were still considerably
lower than the current perceptions of the "normal
range", suggesting that the normal range of blood
eosinophil counts may be overestimated. Howev-
er, these findings should be interpreted with
caution as they may not be generalizable to the
wider asthma population. Nonetheless, even when
more sophisticated diagnostic tools are available,
measuring blood eosinophil counts is an easy
technique for physicians. However, when inter-
preting the thresholds for blood eosinophil counts
physicians should consider these in a disease-
specific context, taking into account an individu-
al's medical history and association with any
known factors that influence blood eosinophil
counts.
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