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Bronchial asthma is a heterogeneous disease that includes
various phenotypes with differences in clinical expression
and response to therapy. Among the various inflammatory
phenotypes, eosinophilic asthma is associated with a good
response to inhaled corticosteroids and a benefit from new
specific biologics such as omalizumab or IL-5 antagonists. In
addition, high eosinophilia is associated with an increased risk
of exacerbations [1]. Eosinophilic asthma is usually defined
as that presenting eosinophil levels greater than 3% in sputum
samples. However, the several well-known limitations of
sputum analysis mean that the technique is only available in
highly specialized centers [2].
In a previous study of 124 nonsmokers with mild or
moderate persistent asthma, we showed that the fraction of
exhaled nitric oxide (FeNO), an easily obtained inflammatory
marker, was highly sensitive for detecting eosinophilic asthma
in patients who did not receive treatment with corticosteroids
[3]. In the same cohort, we assessed the predictive capacity of
another inflammatory marker that is also accessible in routine
clinical practice, namely, eosinophil cationic protein (ECP),
a marker of activation of eosinophils, alone or combined
with FeNO measurements. We also assessed the influence
of corticosteroid treatment on this predictive capacity. The
methodology used has been described in detail elsewhere
[3], namely, a cross-sectional study with data collected at a
single visit. Induced sputum was analyzed according to the
methodology of Fahy et al [4].
Peripheral blood eosinophil counts were obtained from
standard complete blood counts, ECP was measured using the
standard kit ImmunoCAP ECP (Thermo Fisher Scientific), and
FeNO was assessed using an online device at a constant flow
of 50 mL/s (Niox Mino; Aerocrine AB). Receiver operating
curves (ROC) were constructed to assess the discriminative
ability of FeNO, ECP, and blood eosinophils to classify
eosinophilic asthma (eosinophils in sputum ≥3%). The
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statistical comparison of the AUC/ROC curves was conducted
using the de Long test. Sensitivity, specificity, and positive
and negative predictive values were estimated for different
cut-off points for each marker and their combinations in the
whole sample and stratified according to the use of inhaled
corticosteroids.
The results of the AUC/ROC curve analysis are presented
in the Table, A. Determination of blood eosinophils followed
by FeNO had the highest AUROC (best predictive capacity
of eosinophils in sputum), although the differences were not
significantly different. When both parameters were associated,
the predictive capacity improved discretely, but again not
significantly. On the contrary, ECP had a very poor predictive
capacity. The multivariate logistic regression model showed
that eosinophils in blood were significantly associated with
sputum eosinophilia ≥3% (OR, 1.01; P=.022) and, albeit
marginally, with FeNO (OR, 1.04; P=.052). A cut-off point
for eosinophils in blood ≥200 mm3 had high sensitivity,
but low sensitivity, for both treated and untreated patients
(Table, B). When combined with determination of FeNO, blood
eosinophilia significantly improves specificity, especially
in patients not treated with corticosteroids. Treatment with
inhaled corticosteroids worsened the predictive capacity,
especially of FeNO. Blood eosinophils combined with FeNO
showed a negative predictive value of 67%. Our data allow
us to conclude that 40% of patients would be misclassified, if
blood eosinophils alone or in combination with FeNO are used
The relationship between eosinophils in blood and sputum
is controversial, with contradictory data in children [5] and
adults [6], especially in populations with more severe asthma
than the present one. However, Zahng et al [7] reported that
blood eosinophils were highly predictive of eosinophilic
asthma, at a blood eosinophil cut-off of 260/mm 3. In a
population with mild or moderate asthma whose results were
replicated in an external validation cohort of severe asthmatics,
Wagener et al [8] reported similar results and suggested, as do
we, that FeNO did not demonstrate a clear added value to the
blood eosinophil count. Finally, in a recent survey, Demarche
et al [9] were able to correctly classify asthma as eosinophilic
or noneosinophilic in only 58% of patients from a cohort of 869
patients using a combination of FeNO, blood eosinophils, and
serum total IgE as a surrogate marker. To our knowledge, no
previous studies have directly assessed the influence of inhaled
corticosteroids, because almost all the populations studied
had large numbers of patients treated with them. This therapy
rapidly decreases FeNO levels and to a greater extent than
sputum or blood eosinophils. Blood eosinophils transmigrate
quickly into lung tissue and the airways, with the result that
the association between them and airway inflammation might
be transient. Fully activated eosinophils are located outside
the bloodstream, and the real significance of serum ECP is not
well known, thus possibly explaining why it fails as a good
surrogate marker of eosinophilia in sputum. Furthermore, local
eosinophilopoiesis, which could eliminate the generally closer
relationship between blood and sputum eosinophils, is present
in cases of severe eosinophilic asthma, although it may also
be observed in milder forms of the disease [10]. Our study
is limited by the fact that we did not replicate our findings
in an external validation cohort. Nevertheless, splitting our
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Table. Results
A. ROC Curve Analysis
Predictor
		

AUC (95% CI)
Total Sample

AUC
Non–ICS-Treated

AUC
ICS-Treated

Surrogate marker
FeNO
Blood eosinophils
Serum ECP

0.82 (0.73-0.91)
0.84 (0.73-0.94)
0.66 (0.52-0.80)

0.85 (0.74-0.97)
0.92 (0.84-0.99)
0.75 (0.59-0.91)

0.73 (0.55-0.91)
0.70 (0.47-0.93)
0.51 (0.27-0.76)

Combined markers
FeNO+Blood eosinophils+ECP
FeNO+ Blood eosinophils

0.87 (0.77-0.97)
0.87 (0.78-0.96)

0.94 (0.87-1.00)
0.92 (0.84-0.99)

0.87 (0.72-1.00)
0.82 (0.65-0.99)

B. Sensitivity, specificity, PPV, and NPV of different surrogate markers, and their combination using alternative cut-off points to
diagnose eosinophilic airway inflammation (less than, more than, or equal to 3% sputum eosinophils), stratified by treatmenta
			

Total sample		

ICS-Treated		 Non–ICS-Treated

		

Se

Sp

PPV

NPV

Se

Sp

PPV

NPV

Se

Sp

PPV

NPV

FeNO ppb
FeNO 17
FeNO 21
FeNO 26
FeNO 31

97
91
82
73

10
48
67
71

77
85
89
89

50
62
54
45

96
87
78
65

0
14
57
57

76
77
86
83

0
25
44
33

98
93
84
77

14
64
71
79

78
89
90
92

67
75
59
52

Blood eosinophils
Be 150
Be 200
Be 250
Be 300
Be 350

97
97
79
79
50

28
33
78
78
94

81
82
92
92
97

71
75
54
54
37

95
95
68
68
42

29
29
57
57
86

78
78
81
81
89

67
67
40
40
35

97
97
85
85
54

27
36
91
91
100

83
84
97
97
100

75
80
62
62
38

FeNO ppb + Blood eosinophils
FeNO 21 &
eosinophils250 75

76

91

48

61

50

79

30

82

91

97

59

FeNO 21 &
eosinophils200 88

65

89

61

83

50

83

50

90

73

92

67

Abbreviations: AUC, area under the curve; FeNO, fraction of exhaled nitric oxide; ICS, inhaled corticosteroid; NPV, negative predictive value;
PPV, positive predictive value; ROC, receiver operating characteristic; Se, sensitivity; Sp, specificity.
a
Bold letters mark the best cut-off levels.

sample would have precluded studying the effect of inhaled
corticosteroids on these surrogate markers.
In conclusion, blood eosinophilia has good sensitivity
but lower specificity for detection of eosinophilia in sputum,
even in patients treated with inhaled corticosteroids, in
contrast with FeNO, whose sensitivity decreases in patients
treated with corticosteroids. Serum ECP seems useless as a
surrogate marker of sputum eosinophilia. In treated patients,
the balance between specificity and sensitivity improves
only discretely when blood eosinophil counts are associated
with FeNO measurements. Although these surrogate markers
have clinical value, they cannot substitute induced sputum
cytology.
Funding
The authors declare that no funding was received for the
present study.
© 2018 Esmon Publicidad

Conflicts of Interest
The authors declare that they have no conflicts of interest.

References
1. Zeiger RS, Schatz M, Li Q, Chen W, Khatry DB, Gossage D,
et al. High blood eosinophil count is a risk factor for future
asthma exacerbations in adult persistent asthma. J Allergy
Clin Immunol Pract. 2014;2:741-50.
2. Demarche SF, Schleich FN, Paulus VA, Henket MA, Van Hees
TJ, Louis RE. Asthma Control and Sputum Eosinophils: A
Longitudinal Study in Daily Practice. J Allergy Clin Immunol
Pract. 2017;5:1335-43 e5.
3. Alvarez-Puebla MJ, Olaguibel Rivera JM, Almudevar E,
Echegoyen AA, de Esteban Chocarro B, Cambra K. Cutoff
point for exhaled nitric oxide corresponding to 3% sputum
J Investig Allergol Clin Immunol 2018; Vol. 28(3): 182-215

Practitioner's Corner

212

eosinophils. J Investig Allergol Clin Immunol. 2015;25:10711.
4. Fahy JV, Liu J, Wong H, Boushey HA. Analysis of cellular and
biochemical constituents of induced sputum after allergen
challenge: a method for studying allergic airway inflammation.
J Allergy Clin Immunol. 1994;93:1031-9.
5. Ullmann N, Bossley CJ, Fleming L, Silvestri M, Bush A, Saglani
S. Blood eosinophil counts rarely reflect airway eosinophilia in
children with severe asthma. Allergy. 2013;68:402-6.
6. Schleich FN, Manise M, Sele J, Henket M, Seidel L, Louis R.
Distribution of sputum cellular phenotype in a large asthma
cohort: predicting factors for eosinophilic vs neutrophilic
inflammation. BMC Pulm Med. 2013;13:11.
7. Zhang XY, Simpson JL, Powell H, Yang IA, Upham JW, Reynolds
PN, et al. Full blood count parameters for the detection
of asthma inflammatory phenotypes. Clin Exp Allergy.
2014;44:1137-45.
8. Wagener AH, de Nijs SB, Lutter R, Sousa AR, Weersink EJ, Bel
EH, et al. External validation of blood eosinophils, FE(NO)
and serum periostin as surrogates for sputum eosinophils in
asthma. Thorax. 2015;70:115-20.
9. Demarche SF, Schleich FN, Paulus VA, Henket MA, Van Hees TJ,
Louis RE. Is it possible to claim or refute sputum eosinophils
>/= 3% in asthmatics with sufficient accuracy using
biomarkers? Respir Res. 2017;18:133.
10. Sehmi R, Smith SG, Kjarsgaard M, Radford K, Boulet LP,
Lemiere C, et al. Role of local eosinophilopoietic processes
in the development of airway eosinophilia in prednisonedependent severe asthma. Clin Exp Allergy. 2016;46:793802.

Manuscript received November
publication February 21, 2018.

30,

2017;

accepted

for

JM Olaguibel Rivera
E mail: jolaguir@navarra.es

J Investig Allergol Clin Immunol 2018; Vol. 28(3): 182-215

Epidemiological Study of the Allergic Population in
the North of Gran Canaria
Suárez-Lorenzo I1, Cruz-Niesvaara D2, Rodríguez-Gallego C3,
Rodríguez de Castro F4, Carrillo-Diaz T5
1
Doctoral Program in Biomedicine, Doctoral School, Universidad
de Las Palmas de Gran Canaria, Las Palmas de Gran Canaria,
Spain
2
Allergy Unit, Hospital General de Fuerteventura, Puerto del
Rosario, Spain
3
Immunology Unit, Hospital Universitario de Gran Canaria
Doctor Negrín, Las Palmas de Gran Canaria, Spain
4
Pneumology Unit, Hospital Universitario de Gran Canaria
Doctor Negrín, Las Palmas de Gran Canaria, Spain
5
Allergy Unit, Hospital Universitario de Gran Canaria Doctor
Negrín, Las Palmas de Gran Canaria, Spain
J Investig Allergol Clin Immunol 2018; Vol. 28(3): 212-215
doi: 10.18176/jiaci.0253

Key words: Sensitization profile. Allergic diseases. Asthma. Rhinitis. House
dust mites.
Palabras clave: Perfil de sensibilización. Enfermedades alérgicas. Asma.
Rinitis. Ácaros de polvo doméstico.

The prevalence of allergic diseases has increased
considerably around the world during the last few decades.
Although many factors contribute to this increase, climate
change is one of the most important [1]. Gran Canaria is a
volcanic island located off the western coast of North Africa.
It is close to the Sahara Desert—a major source of natural
mineral particles—and is impacted by Saharan dust for around
30% of the year [2]. The weather on the island is hot and
humid, resulting in a high prevalence of allergic asthma [3].
Reliable data on other allergic conditions are scarce. Likewise,
the sensitization profile of patients from the Canary Islands
has never been compared with that of patients from other
parts of Spain.
We conducted a descriptive, retrospective study from
January 2010 through December 2012. The study population
comprised all patients over the age of 14 attended at 1 of the
6 outpatient clinics of the Allergy Department at Hospital
Universitario de Gran Canaria Doctor Negrín and who agreed
to participate in the study. According to the latest government
statistics, the Canary Islands have 2 118 519 inhabitants,
of whom 845 676 live on Gran Canaria Island (40%). Our
hospital is the core health center for the north of Gran Canaria,
covering the needs of 336 000 people. In this study, we present
demographic and clinical data and compare them with those
reported in “Alergológica 2015”, a multicenter descriptive and
prospective study performed in Spain [4]. Patients underwent
skin prick tests (SPT) with extracts of mite, animal dander,
molds, latex, and pollens (ALK Abelló). A positive SPT was
defined as a mean wheal diameter of at least 3 mm [5]. Total
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