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Abstract

Background: Early identification of the severity of asthma exacerbation would be

helpful for the management of patients. We aimed to evaluate the correlation of

morphological change in activated eosinophils and the severity of an asthma

exacerbation.

Methods: Blood was collected from 55 asthmatic children: 40 of whom were

having an exacerbation, 15 symptom-free, and 15 healthy controls. The percent-

age of eosinophils with morphological changes (emission of single or multiple

pseudopods, presence of cytoplasmic vacuoles, releasing a small, moderate, or

large quantity of granules, spreading, eosinophil death, and presence of cluster of

free eosinophil granules) was quantified after the adherence to a slide and com-

pared using the Mann–Whitney test. The correlation between the severity of the

asthma exacerbation and the percentage changed eosinophils was tested with

Spearman’s correlation.

Results: The proportion of activated eosinophils was higher in asthmatic symptom-

free children than in the control group, and acute asthma exacerbation produced an

additional increase in eosinophil activation (P < 0.01). More significantly increased

morphological changes were emissions of multiple pseudopods, presence of

cytoplasmic vacuoles, spreading, and presence of a cluster of free eosinophil

granules (P < 0.001). The following were correlated with the severity of an asthma

exacerbation: � 14% of eosinophils emitting single pseudopod, 8% emitting multi-

ple pseudopods, 17% with vacuoles, 28% eosinophils releasing a large quantity of

granules, and 66% of spread eosinophils.

Conclusions: Quantifying the morphological changes in eosinophils is a feasible,

easy, and reliable manner to identify the severity of an asthma exacerbation and

therefore might improve the clinical management of asthmatic children.

Asthma is an important clinical condition worldwide, as there

are an estimated 300 million affected individuals. Asthma exac-

erbations pose the greatest risk to asthmatic patients and incur

the greatest asthma-related treatment costs for healthcare sys-

tems (1). Decisions for the management of asthma have tradi-

tionally been clinically and functionally based upon assessing

the patient’s symptoms and respiratory function (2, 3).

An increased number of eosinophils in the peripheral blood

and airway secretions is a characteristic feature of asthma,

and the presence of eosinophils has been correlated with the

disease severity and bronchial hyper-responsiveness (4). The

deleterious role thought to be played by eosinophils in asthma

is linked to their ability to secrete various inflammatory sub-

stances, mainly toxic proteins and lipid mediators, into body

tissues. This ability is a particular feature of activated eosin-

ophils, which have undergone numerous metabolic, func-

tional, and phenotypic changes from their resting state (5).

In this context, eosinophils are thought to have an impor-

tant proinflammatory role in the pathogenesis of asthma

(6, 7), and their mediators are consistently identified in asth-

matic but not in healthy lungs. However, blood eosinophils

are an insensitive and imprecise marker of tissue inflammatory
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responses (8). Eosinophils are most likely associated with

asthma exacerbations, and sputum eosinophilia develops sev-

eral weeks before the onset of an exacerbation (9). The pro-

portion of eosinophils in the sputum is a more accurate

marker of asthmatic airway inflammation than the proportion

of eosinophils in the blood (10). Examining the sputum for

eosinophils is an excellent tool to assess for inflammation.

However, sputum induction can be challenging for young chil-

dren (11), and blood eosinophils are not a reliable marker.

Therefore, we hypothesize that parameters reflecting not only

the amount of eosinophils but also their state of activation in

the peripheral blood could be an easily obtainable objective

marker for the severity of the disease, particularly in acute

exacerbations. This work aimed to evaluate whether morpho-

logical changes associated with the activation of eosinophils

in the peripheral blood can distinguish asymptomatic asthma

from acute asthmatic episodes and whether these changes

correlate with the severity of acute asthma exacerbations in

children.

Methods

Study groups

One author (SMB-M) sequentially and unbiasedly selected

and screened 70 children seen in the emergency care unit or

the asthma outpatient clinic at Brasilia Asa Sul Regional

Hospital for enrollment in this study. Peripheral blood (1 ml)

was collected from the children, who were divided into the

following three groups: a control group, composed of 15

healthy children (five girls and 10 boys; 4–13 years) without

the disease and without a personal or familial history of

allergy; a group of 15 outpatient asthmatic children with a

variable disease severity (three girls and 12 boys; 2–12 years)

from whom blood was collected during symptom-free periods

between acute asthma exacerbations; and a group of 40 asth-

matic children with clinical manifestations of an acute

asthma exacerbation (14 girls and 26 boys; 2–13 years) who

were seen at the emergency room. There were no statistically

significant differences in age (P = 0.10) or gender (P = 0.55)

among the three groups examined.

One author (SMB-M), who is specialized in allergy, con-

ducted a clinical evaluation of all control and asthmatic chil-

dren. At the time of the clinical examination, peripheral

blood was collected to assess for morphological changes.

Asymptomatic asthma and an acute asthma exacerbation

were defined according to the Brazilian Consensus for

Asthma (12). The exclusion criteria were as follows: children

<2 years, any other clinically significant pulmonary disease

or other disease, those who presented with any condition that

might alter the function of the immune system, and children

taking medications.

The disease was classified as intermittent and mild, moder-

ate or severe persistent asthma by the frequency of the symp-

toms, presence of nocturnal asthma, frequency of acute

exacerbations, medications required for control, physical

activity limitations, or altered pulmonary functioning,

according to the Brazilian Consensus for Asthma (12).

In the group of asymptomatic children, 12 (80%) had

intermittent asthma, 2 (13%) had mild asthma, and 1 (7%)

had moderate persistent asthma. The group of children with

an acute asthma exacerbation included 30 (75%) with inter-

mittent asthma, 5 (12.5%) with mild asthma, 2 (5%) with

moderate asthma, and 3 (7.5%) with severe asthma. In the

group with an acute asthma exacerbation, the severity of the

acute exacerbation was classified as mild/moderate in 23

(57.5%) children, severe in 13 (32.5%) children, and very

severe in 4 (10%) children.

The following are the median values (extremes) of some

clinical variables of those patients with an acute asthma exac-

erbation: pulse rate of 117 (78–168) bpm, respiratory rate 34

(16–60) ripm, Sat O2 96.5% (79–99%), PaO2 51 (50–55)
mmHg, and PaCO2 55 (50–62) mmHg. The PaO2 and PaCO2

were determined only for children with a severe acute exacer-

bation.

Table 1 explains the assessment of the asthma exacerbation

severity and the index score according to the clinical parameters

(13). The final score for each child was obtained by calculating

the sum of the punctuation achieved during the examination.

Table 1 Score of severity of asthma acute exacerbation

Variable Condition Score

General clinical status Normal 1

Cyanosis, Exhaustion 3

Alertness Normal 1

Agitated, Drowsy, Confused 3

Dyspnea Absent or Mild 1

Moderate 2

Severe 3

Talks in Sentences 1

Phrases, Shorter cry,

Difficult feeding

2

Words 3

Use of accessory muscles Not 1

Mild, Moderate 2

Marked 3

Localize or diffuse wheezing Bass 1

Loud 2

Reduced vesicular murmur 3

Respiratory rate (ripm) Normal 1

Increased 2

Pulse rate (bpm) <110 1

110–140 2

>140 or Bradycardia 3

SaO2 (%) (breathing

room air)

>95% 1

91–95% 2

�90% 3

PaO2 (mmHg)*

(breathing room air)

Normal 1

>60 mmHg 2

�60 mmHg 3

PaCO2 (mmHg)*

(breathing room air)

<40 mmHg 1

40–45 mmHg 2

>45 mmHg 3

The score of severity for each child was calculated by the sum of

points obtained by each parameter evaluated;*Only for children

showing very severe exacerbation.
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Ethical issues

The ethical rules of the Declaration of Helsinki and those of

the Brazilian National Council of Health, Ministry of Health,

for experimentation with humans were strictly observed

throughout this investigation. This work received approval

from the Ethics Committee of the Faculty of Medicine,

University of Brasilia (process number 038/1) and the Secre-

tary of Health of Federal District (Foundation for Research

and Education in Health Sciences) (process number 002/

2002). All parents provided formal informed consent for their

child’s participation in this study.

Evaluation of peripheral blood eosinophil activation

The eosinophils were obtained by allowing them to adhere to

microscope slides, which were marked with a 7 mm in

diameter, round field using oil ink mixed with epoxy resin,

and using a technique adapted from Muniz-Junqueira et al.

(14). Briefly, whole blood was collected without any anticoag-

ulant, and 40 ll was placed directly on each slide field. The

slides were then incubated at 37°C for 45 min in a wet cham-

ber to allow white blood cells (eosinophils, neutrophils, and

monocytes) to adhere to the glass. The slides were then

washed with a 0.15 M phosphate-buffered saline (PBS; pH

7.2) at 37°C to eliminate nonadhered cells, fixed with absolute

methanol, and stained with a 10% Giemsa solution. The mor-

phology of the eosinophils was assessed by evaluating 200 eo-

sinophils by microscopy, in duplicate for each individual.

Microscopic fields were randomly selected throughout the

preparation. The slides were identified only at the end of the

evaluation.

For each child, the grade of eosinophil activation was

quantified by microscopy as the percentage of eosinophils

showing one or more of the following morphological

changes: single or multiple pseudopods; cytoplasmic vacuoles;

A B C

D E F

G H I

Figure 1 The figure illustrates some characteristic morphological

changes in activated eosinophils (10009 magnification, Olympus

BH2 microscope). (A) A normal eosinophil (arrow) and an eosinophil

emitting a single pseudopod (arrowhead). (B) The eosinophil is emit-

ting multiple pseudopods (arrows), is spread, and is also releasing a

small quantity of granules. (C) The eosinophil is spread, has vacu-

oles, and is emitting small quantity of granules (arrow). (D) The

eosinophil is spread and releasing a small quantity of granules

(arrow), and in the arrowhead, the eosinophil is spread, is releasing

small quantity of granules, and is presenting vacuoles. (E) The

eosinophil is emitting a single pseudopod and a small quantity of

granules (arrowhead), and there is a cluster of free eosinophil gran-

ules (arrow). Observe that there is no eosinophil highly activated

nearby the cluster of free eosinophil granules. (F) Arrowhead, the

eosinophil is releasing small quantity of granules and the two

eosinophils in the arrow are spread and releasing a small quantity of

granules. (G) The eosinophil is presenting vacuoles, is spread, and

is emitting moderate quantity of granules. Observe that the eosino-

phil is emitting several granules below (arrowhead), in the right side

and above (arrow) the cell. (H) The eosinophil is spread, has vacu-

oles, is emitting multiple pseudopods, and is releasing a large quan-

tity of granules. Observe that there is emission of granules in large

amount in all the edges of the eosinophil (arrow). Note that the con-

tour of the cell (arrowhead) is less well defined, suggesting that the

eosinophil is losing the membrane integrity. (I), a dead eosinophil is

shown. Note the complete loss of plasma membrane integrity,

there are rests of granules near the nucleus, and the nucleus is

already showing signs of swelling.
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a small, moderate or large granule release; and those with

spreading, eosinophil death (apoptosis or necrosis), or a clus-

ter of free eosinophil granules (15–17).
The sensitivity, specificity, positive predictive value, and

negative predictive value of the eosinophil morphological

changes in predicting the severity of an acute asthma exacer-

bation were calculated conventionally (18).

Statistical analysis

Analysis employed nonparametric statistics, and the results

were expressed as medians and quartiles. The Mann–Whitney

test was used to compare two unrelated samples. The Spear-

man’s correlation coefficient was used to evaluate the relation-

ship between the percentage of eosinophils with morphological

changes and the severity score of the acute asthma exacerba-

tion. A two-tailed P < 0.05 was considered significant. The

Prism 5 (GraphPad Software, Inc., San Diego, CA, USA,

2005) was used for statistical analysis and graphics.

Results

Morphological aspects of activated eosinophils

Figure 1 illustrates the morphological aspects of activated eo-

sinophils: normal eosinophil; eosinophils emitting single or

multiple pseudopods; presence of cytoplasmic vacuoles; a

small, moderate, or large granule release; spreading; a cluster

of free eosinophil granules; and eosinophil death. Figure 1F,

G, H illustrate small, moderate, and large quantity of gran-

ules release, respectively, with a gradual increase in granules

around the eosinophils from F to H. Note that in F (small

quantity), there are only a few granules in a localized area

(arrow). In G (moderate quantity), the eosinophil is emitting

several granules below (arrowhead), in the right side and

above (arrow) the cell. In H (large quantity), a highly acti-

vated eosinophil is emitting large quantity of granules from

all the sides of the cell (arrow); note that the contour of the

eosinophil is less well defined (arrowhead). This suggests that

the eosinophil is losing the plasma membrane integrity

caused by its highly activated state. In Fig. 1E, there is a

cluster of free eosinophil granules (arrow). Note that there is

no eosinophil highly activated nearby the cluster of free

eosinophil granules. Figure 1I shows a dead eosinophil

(arrow). Note that there is a complete loss of plasma mem-

brane integrity, there are only rests of granules near the

nucleus, and the nucleus is already showing signs of swelling.

The aspect of the dead eosinophil was always as shown here,

and this morphological appearance suggests that the death

occurred by eosinophil cytolysis.

Eosinophils of asymptomatic asthmatic children were more

activated than those of healthy children

The median percentages of activated eosinophils for each of

the morphological changes were all higher in the asymptom-

atic asthmatic children than in the control group, as shown

in Table 2 and Fig. 2. The median percentage of eosinophils

with single pseudopod was twofold higher in asthmatic chil-

dren than in the control group (10% vs 5%; P < 0.0001)

(Fig. 2A). The median percentage of eosinophils with multi-

ple pseudopods was 2% vs 0% for the control group

(P < 0.0001) (Fig. 2B). Five percent of the eosinophils had

cytoplasmic vacuoles in asthmatic children, whereas 0% had

vacuoles in the control group (P < 0.0001) (Fig. 2C). The

median percentage of eosinophils releasing a small (20% vs.

9%) (P < 0.0001), moderate (10% vs. 5%) (P < 0.0001), or

large (11% vs. 4%) (P < 0.0001) quantity of granules was

also significantly higher in asthmatic children than in the

control group (Fig. 2D, E, F). Thirty percent of the eosin-

ophils were spread in asthmatic children, whereas only 13%

were spread in the control group (P < 0.0001) (Fig. 2H).

Eosinophils of children with an acute asthma exacerbation

were more activated than those of asymptomatic asthmatic

children

To verify whether an acute asthma exacerbation could pro-

duce an additional increase in eosinophil activation, the

medians for each morphological change were compared

Table 2 Median (25–75th percentiles) of morphological changes in activated eosinophils in groups of children with asymptomatic asthma

and acute asthma exacerbation and in the control healthy children

Eosinophil changes Control (n = 15)

Asymptomatic

asthma (n = 15) P†

Acute asthma exacerbation

(n = 40) P§

Emitting single pseudopod 5 (4–6) 10 (9–11) <0.0001 11 (9.2–16) 0.04

Emitting multiple pseudopods 0 (0–1) 2 (2–3) <0.0001 7 (5–10) <0.0001

Eosinophils having vacuoles 0 (0–2) 5 (4–6) <0.0001 13.5 (11–20) <0.0001

Releasing a small quantity of granules 9 (8–10) 20 (18–21) <0.0001 28 (10–30) 0. 40

Releasing a moderate quantity of granules 5 (4–6) 10 (9–11) <0.0001 16 (13–29.7) <0.0001

Releasing a large quantity of granules 4 (3–4) 11 (10–12) <0.0001 7 (5–31.5) 0.43

Clusters of free eosinophil granules 1 (1–2) 5 (4–6) <0.0001 10 (9–11) <0.0001

Spread eosinophils 13 (11–15) 30 (28–31) <0.0001 54.5 (49.2–70.7) <0.0001

Eosinophil death 0 (0–1) 1 (1–2) 0.011 2 (1–3) 0.12

Comparison between the asymptomatic asthma vs control groups (†), and the acute asthma exacerbation vs asymptomatic asthma groups

(§) used the Mann–Whitney test.
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between the groups of children with asymptomatic asthma

and children with an asthma exacerbation. Table 2 and

Fig. 2 show the results of the comparisons. Except for gran-

ule release in small and large quantities and eosinophil death,

all the other morphological changes were higher in children

with an acute asthma exacerbation than in the asymptomatic

asthmatics.

The eosinophil morphological changes that were more

significantly enhanced in an acute asthma exacerbation were

multiple pseudopods, cytoplasmic vacuoles, the spreading of

eosinophils, and clusters of free eosinophil granules (Fig. 2B,

C,G,H).

Morphological changes in eosinophils correlate with the

severity of an acute asthma exacerbation

An acute asthma exacerbation was classified in the following

three levels of severity according to the clinical score values:

mild/moderate (score of 0–13), severe (score of 14–21), and
very severe (score of � 22).

To evaluate whether the eosinophil morphological changes

could differentiate mild/moderate from severe asthma exacer-

bations, the medians of each morphological change were

compared between these conditions (Table 3 and Fig. 3).

The eosinophil changes were more frequent in a severe exac-

erbation than in mild/moderate one (P < 0.0001), except for

the clusters of free eosinophil granules (Table 3). In addi-

tion, there was a significantly lower release of a small quan-

tity of granules in the severe group compared with the mild/

moderate group. All these more frequent morphological

changes also showed correlation one another (Spearman,

P < 0.0001).

Single and multiple pseudopods, cytoplasmic vacuoles, and

the spread of eosinophils were also morphological changes

that differentiated the very severe cases from the mild/moder-

ate and severe asthma exacerbations (Fig. 3A,B,C,H).

A B C

D E F

G H I

Figure 2 Percentage of activated eosinophils with morphological

changes in children with acute asthma exacerbation (AE, n = 40)

and symptom-free (S-F, n = 15) and in control healthy children (C,

n = 15). All parameters of eosinophil activation were significantly

increased in asthmatic children (Mann–Whitney test). Emission of

single and multiple pseudopods, having vacuoles, releasing of a

moderate quantity of granules, spread eosinophils, and presence of

clusters of free eosinophil granules were significantly increased in

the group of children in acute asthma exacerbation (Mann–Whitney

test).
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As shown in Fig. 3, there is a highly significant positive

correlation between the exacerbation severity and each of the

following eosinophil changes (P < 0.0001): single (rs = 0.70)

and multiple (rs = 0.76) emission of pseudopods; presence of

vacuoles (rs = 0.78); releasing a moderate (rs = 0.80) or large

(rs = 0.77) quantity of granules; and the spread of eosinophils

(rs = 0.76) and eosinophil death (rs = 0.60). However, a

significant negative correlation was noted for the emission of

a small quantity of granules (rs = �0.75; P < 0.0001), and no

correlation was detected for clusters of free eosinophil gran-

ules (P = 0.59).

Considering the extreme values as cutoffs for the respective

sample distribution, the minimum percentages of eosinophils

with morphological changes that indicated a risk of a severe

acute exacerbation were � 14% for those emitting single

pseudopod and 8% for multiple pseudopods, 17% for cyto-

plasmic vacuoles, 28% eosinophils releasing a large quantity

of granules, and 66% for spread eosinophils (Fig. 3 and

Table 3).

The sensitivity, specificity, positive predictive values, and

negative predictive values for the eosinophil morphological

changes in the asthma exacerbation group were calculated

considering the mild/moderate cases vs the sum of the severe

and very severe episodes. The lower extreme values from the

severe group were considered for the calculations. As shown

in Table 4, the most sensitive and specific morphological

change was the spread of the eosinophils (100% and 96%,

respectively), followed by the presence of cytoplasmic vacu-

oles, single pseudopod, and release of a large quantity of

granules (100% and 92%, respectively).

Discussion

This study has clearly shown that morphological changes in

peripheral blood eosinophils are more frequent in asthmatic

children than in healthy children. Moreover, eosinophil

spreading, clusters of free eosinophil granules, the presence

of vacuoles, and emission of multiple pseudopods were more

frequently observed in children with an asthma exacerbation.

Another important finding was the positive correlation

between the clinical severity level of the acute asthma exacer-

bation and the percent of activated eosinophils with morpho-

logical alterations. The emission of pseudopods, presence of

vacuoles, eosinophil spreading, and emission of granules in

high amounts were the changes that showed positive correla-

tions. Furthermore, the emission of single and multiple

pseudopods, presence of eosinophils presenting cytoplasmic

vacuoles, and spreading of eosinophils may differentiate

between mild/moderate, severe, and very severe forms of an

acute exacerbation. These changes showed more sensitivity

and specificity in differentiating between mild/moderate and

severe forms of an acute exacerbation. Additionally, these

changes are those that indicate a high eosinophil activation.

In fact, these morphological changes showed high correlation

one another, because they were expressing the same phenom-

enon of activation of the eosinophils. But several morpholog-

ical changes were also individually able to discriminate the

severity of an asthma exacerbation.

Functional properties of eosinophils can be divided into at

least three stages: resting, partial activation, and full activa-

tion depending on stimuli (19). Conditions under which

eosinophil activation occurs may generally exhibit a highly

complex molecular milieu, to which both plasma-derived pro-

teins and cell-derived mediators contribute (19, 20). Eosino-

phil granules are composed mainly of cytotoxic cationic

proteins and store a plethora of cytokines, chemokines, and

growth factors, available for very rapid, stimulus-dependent

release. Eosinophils may release granules by a regulated

piecemeal degranulation, by classical exocytosis, in which

granules fuse with the plasma membrane to release their

contents, and by cytolysis, in which the plasma membrane

ruptures and granules are liberated extracellulary (20, 21).

Table 3 Median (25–75th percentiles) of morphological changes in activated eosinophils in groups of children with mild/moderate, severe,

and very severe acute asthma exacerbation

Eosinophil changes

Mild/Moderate

(n = 25)

Severe

(n = 11) P†

Very severe

(n = 4) P§

Percent of changes

able to discriminate

severity*

Emitting single pseudopod 10 (9–11) 16 (15–17) <0.0001 29 (27.2–30.7) 0.004 � 14%

Emitting multiple pseudopodes 6 (5–7) 10 (9–11) <0.0001 13.5 (12.2–16.2) 0.005 � 8%

Eosinophils having vacuoles 11 (10–13) 20 (18–22) <0.0001 30.5 (29.2–32.5) 0.004 � 17%

Releasing a small quantity of granules 30 (28.5–31) 10 (9–11) <0.0001 11 (9.2–13.5) 0. 28 � 14%‡

Releasing a moderate quantity of granules 15 (12–16) 30 (30–32) <0.0001 19.5 (18.2–20.7) 0.004 ND

Releasing a large quantity of granules 5 (4–7) 30 (29–33) <0.0001 38.5 (35.5–41.5) 0.01 � 28%

Clusters of free eosinophil granules 10 (9–12) 10 (8–10) 0.17 10.5 (8.5–14.7) 0.34 ND

Spread Eosinophils 50 (48–52.5) 71 (68–73) <0.0001 91.5 (89.2–93.7) 0.005 � 66%

Eosinophil death 1 (0–2) 3 (2–4) 0.0006 6.5 (6–8.5) 0.004 ND

ND, not discriminate.

Comparison between the mild/moderate vs severe groups (†), and the severe vs very severe groups (§) using the Mann–Whitney test.

*Percent change able to discriminate severity (mild/moderate vs severe + very severe). The minimum extreme values were considered as

cutoffs for the respective sample distribution, except for releasing a small quantity of granules.

‡It was considered the maximum extreme value for the very severe group.
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Activated eosinophils are effector cells with proinflamma-

tory and destructive capabilities. Eosinophils with activation

phenotypes are observed in biological specimens from

patients with disease, and deposition of eosinophil products

is readily seen in the affected tissues from these patients (19).

Eosinophils abounding and degranulating in airway mucosal

and pulmonary tissues are also believed to have pathogenic

roles in asthma (20). In eosinophil degranulation by cytolysis,

there are loss of plasma membrane integrity and release of

toxic granules, and considerable evidence exists to link eosin-

ophil granules proteins and severity of the disease (19).

Observations of diseased airway mucosa suggest that toxic

granules released by eosinophil cytolysis may damage muco-

sal cells (20) and the highly activated eosinophil also die in

this process (19, 20). The poor discrimination of the contour

of highly activated eosinophils releasing high quantity of

granules presently observed (Fig. 1H) may be explained

because possibly these cells are losing the plasma membrane

integrity and possibly are in death process (19, 21). The

Fig. 1I shows a possible final evolution in this process, with

the complete loss of plasma membrane integrity and finishing

in the death of the eosinophil. These facts may explain the

positive correlation between the clinical severity level of an

acute asthma exacerbation and the grade of eosinophil acti-

vation represented by the percent of activated eosinophils, as

presently observed. The morphological appearance of the

dead eosinophil observed in the Fig. 1I suggests that death

occurred by cytolysis (20). The activation of the eosinophils

was possibly caused by the deregulation of immune system

and the exacerbated cytokines production in severe asthma.

Berkart, as early as in 1880, depicted activated eosinophils

in fresh sputum from an asthma patient, and Schmitd in

1892 observed eosinophils and free eosinophil granules in

sputum samples, as cited by Persson and Erjef€alt (17). In

peripheral blood, hypodense eosinophils have been consis-

tently described in asthmatic individuals and represent acti-

A B C

D E F

G H I

Figure 3 Percentage of activated eosinophils with morphological

changes in 40 asthmatic children in acute exacerbation according

to the clinical status characterized as mild/moderate (M) (score

0–13; n = 25), severe (S) (score 14–21; n = 11), and very severe

(VS) (score � 22; n = 4). The Mann–Whitney test was used for the

comparisons indicated. The correlation between the percentage of

changed eosinophils and the severity of asthma exacerbation can

also be appreciated and was tested by the Spearman’ correlation

(the coefficients of correlation and the respective P values are

described in the text).
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vated cells (16). The changes in light-density eosinophils

include the appearance of cytoplasmic vacuoles, an alteration

of the cell size and shape, an increase in the granule size,

and these cells may be degranulated, contain less granules,

have an increased cell volume, and upregulate adhesion mol-

ecules (16, 22). Our observations of the eosinophil morphol-

ogy after adhering to the slide agree with these activated cell

descriptions.

The morphological aspects of eosinophil activation have

been evaluated using light (5), electronic (20, 23), and

confocal microscopy (24). Pronk-Admiraal and colleagues

also used light microscopy to study the morphological fea-

tures that reflect the eosinophil’s state of activation (5). The

authors assessed the number of nuclear lobes, number of vac-

uoles, and density of granulation and concluded that the size

of the blood eosinophils is a useful parameter to distinguish

between patients with and without eosinophilia (5).

The methodological aspect in our study is important and

should be emphasized. A method that permitted the eosinoph-

ils to adhere to the glass before evaluating of their activation

was used. Our data suggest that the glass adherence may

reveal the state of activation-associated morphology of these

peripheral blood cells. This methodology appears to be a

more reliable indication of what will happen when these cells

migrate to the pulmonary tissue. It is possible that eosinophils

that are more activated will have more degranulation in the

target tissue, resulting in more severe clinical manifestations

for the child. The correlation between the severity of asthma

exacerbation and morphological changes observed in this

work demonstrates the level of activation of eosinophil in

these individuals. Using this technique to separate the poly-

morphonuclear cells directly from the whole blood has also

been used to assess phagocytosis (14, 25, 26) and the influence

of drugs on phagocyte functions (27, 28).

Enhanced eosinophil responses have critical roles in the

development of asthma. IL-5 regulates the maturation,

migration, and survival of eosinophils, and IL-5 and eotaxins

mediate the trafficking and activation of eosinophils in

inflamed tissues. In vitro eosinophil stimulation with eotaxin-

2 or PAF led to a spread morphology in a proportion of

eosinophils, observed by confocal microscopy (24), and the

eotaxin concentrations in the induced sputum supernatants

were increased in subjects with severe asthma (29). The levels

of these molecules are increased in asthmatic children (29)

and may have induced the morphological changes in the

eosinophils seen in the present work.

Morbidity and mortality in acute exacerbations of asthma

are most often associated with an underassessment of the

condition’s severity, inadequate action at the onset of the

exacerbation, and under-treatment of the exacerbations.

Objective diagnostic measures are more reliable indicators of

the severity than the degree of symptoms (13). Therefore,

more objective measures of risk could help physicians diag-

nose and choose treatment for acute asthma exacerbations,

which may rapidly improve the patient’s clinical status.

Underestimating the clinical severity of the asthma exacer-

bation may cause physicians to misjudge the proper manage-

ment of and therapy for patients, leading to an inadequate

treatment and an increase in the morbidity and mortality.

Supplementing the asthma assessment and management

guidelines with simple laboratory techniques may improve

the management of patients (30). The correlation of the

severity of the asthma exacerbation with the morphological

changes of activated eosinophils observed in our work sug-

gests that the test described could be a simple and sensitive

marker of clinical severity and help physicians adequately

manage the disease.

Although the evaluation of morphological changes in

eosinophils may have a potential clinical utility in diagnosis

of the severity of an acute asthma exacerbation, prospective

studies are required to confirm this utility. Perhaps a limita-

tion on the utility of this test is their relative dependence on

the technician’s experience and skills to identify the eosino-

phil changes.

During recent years, there has been a growing interest in

using noninvasive biomarkers to understand and monitor air-

way inflammation in subjects with respiratory tract disorders,

mainly asthma (31, 32). Fleming et al. (33). showed that the

Table 4 Sensitivity, specificity, positive predictive value, and negative predictive value of eosinophil morphological changes in the group of

children with acute asthma exacerbation, according to mild/moderate vs severe plus very severe episodes

Eosinophil changes Sensitivity, % Specificity, %

Predictive value

of positive result, %

Predictive value of

negative result, %

Emitting single pseudopod 100 92 88.23 100

Emitting multiple pseudopods 100 88 83.33 100

Eosinophils having vacuoles 100 92 88.23 100

Releasing a small quantity of granules 93.3 96 93.3 96

Releasing a moderate quantity of granules 73.3 92 84.6 85.18

Releasing a large quantity of granules 100 92 88.23 100

Spread eosinophils 100 96 93.75 100

Eosinophil death 100 32 46.87 100

Sensitivity = (number of true positives/number of true positives + number of false negatives) 9 100.

Specificity = (number of true negatives/number of true negatives + number of false positives) 9 100.

Predictive value of positive result = (number of true positives/number of true positives + number of false positives) 9 100.

Predictive value of negative result = (number of true negatives/number of true negatives + number of false negatives) 9 100.
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sputum eosinophil count was not able to guide management

in children with severe asthma. It should be evaluated

whether the morphological changes in eosinophils induced by

treatment may have some value to following up therapy in

asthmatic individuals.

In conclusion, our data showed that the morphological

changes in eosinophils are an important consideration for the

assessment of asthmatic children. These eosinophil changes

markedly correlate with the disease and may indicate the

clinical severity of the acute exacerbation. The emission of

single and multiple pseudopods, cytoplasmic vacuoles,

eosinophils releasing a large quantity of granules, and the

eosinophil spreading may differentiate individuals with a

mild/moderate exacerbation from those with a severe exacer-

bation. The practical and simple laboratory evaluation of eo-

sinophils, as presently employed, requires only a minimal

amount of peripheral blood and may help identify the sever-

ity of an asthma exacerbation, provide guidance for a proper

clinical evaluation, and help manage acute asthma exacerba-

tions in children.
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