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The aim of this study is to investigate the role of cytokines (TNF-o, IL-6,
IL-10, and PAF), cortisol, and IgE in the pathogenesis of croup and the
factors determining its clinical severity. Patients diagnosed with croup at the
Pediatric Emergency Department were included and thirty healthy children
were included as a control group. Patients’ demographic characteristics,
clinical findings, recurrent croup history, and patient-family atopy history
were recorded. Patients were grouped according to the Westley croup scoring
system. Blood samples were taken from the control group and the patients
for cytokines and cortisol. Respiratory pathogens were studied with PCR.
Sixty-nine pediatric cases who were diagnosed as croup were included in the
study (34 mild, 31 moderate, 4 severe). Group comparisons were made in
terms of mild and moderate/severe groups. In the moderate/severe group,
IL-10 and cortisol levels were higher than the mild group. The moderate/
severe cortisol levels between 12:00 am-6:00 pm were found to be higher.
PAF and TNF-alpha levels were detected to be higher in patients with a
history of atopy. Viral agents were isolated in 45 patients; rhinovirus PCR
tests were positive in 22 patients.

In this study, rhinovirus was the most common etiology for croup. Increased
levels of IL-10 and cortisol in the moderate/severe group indicate that different
systemic and local mechanisms may play a role in the pathogenesis of croup.
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Croup is a respiratory disease characterized by
inspiratory stridor and respiratory distress. It
affects young children between 6 months and
36 months of age more commonly than other
ages!2. Croup is caused by a viral infection of
the respiratory tract, and parainfluenza virus
is the most common pathogen. Other viral
factors include respiratory syncytial virus,
adenovirus, human coronavirus, influenza virus,
rhinovirus, enterovirus, herpes simplex virus,
and metapneumovirus. Bacterial factors are
extremely rare, Mycoplasma pneumoniae is the
most commonly observed bacterial pathogen?.

The pathophysiology and disease severity
predictors of croup has not been determined
definitely. Viral agents cause inflammation in

the nasal and pharyngeal mucosal epithelium.
Erythema and swelling of the lateral walls of
the trachea are observed upon laryngoscopic
examination. Histiocytes, plasma cells, and
neutrophil infiltration were observed in
the larynx and trachea lamina propria, as
well as the submucosa and adventitia layers
in postmortem examinations of pediatric
patients diagnosed with laryngotracheitis34.
In the inflammation process, tumor necrosis
factor-alpha (TNF-a), interleukin-1 (IL-1),
interleukin-6 (IL-6), interleukin-8 (IL-8), and
platelet activating factor (PAF) show pro-
inflammatory activity; meanwhile, interleukin-4
(IL-4), interleukin-10 (IL-10), interleukin-13
(IL-13), transforming growth factor-beta
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(TGF-B), and cortisol show anti-inflammatory
activity®. Eosinophil granule proteins cause
damage in the epithelial cells, contraction in
the airway smooth muscle. The mediators
released by the effect of immunoglobulin
E (IgE) cause bronchoconstriction®7. The
relationship between the beginning times of
symptoms with cortisol circadian rhythm is
not clearly known yet.

The number of studies conducted on the
pathogenesis of croup and the factors
determining the clinical severity is quite limited.
The aim of this study is to investigate the role
of cytokines (TNF-o, IL-6, IL-10, and PAF),
cortisol, and IgE in the pathogenesis of croup
and the factors determining its clinical severity.

Material and Methods
Study population

Pediatric patients who were diagnosed
with croup and admitted to the Pediatric
Emergency Department between October
2013 and October 2014 were included in the
study. The demographic data (age, gender)
of all patients were recorded at the time of
admission. Admission times were evaluated
as time units of six hours. Patients with two
or more recurrent histories of croup were
accepted as the recurrent group. History of
an atopic disease (atopic dermatitis, asthma,
allergic rhinitis, food allergy) was also recorded.
Patients were categorized according to the
Westley Croup Score as mild (0-2), moderate
(3-8), or severe (>8)8.

Patients with congenital or acquired structural
airway disorders (subglottic stenosis, laryngeal
web, laryngomalacia, respiratory hemangioma)
and history of intubation were excluded from
the study.
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Fig. 1. Distribution of Patients According to Admission
Time.
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The control group consisted of 30 children
who visited Pediatric clinics for routine well
care without any acute illness and without a
history of atopy who were similar with patients
in the study group by age and gender.

All procedures performed in this study which
involves human participants were in accordance
with the ethical standards of the institutional
and/or national research committee and with
the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
Permission for this study was granted by the
Ethical Committee of Clinical Investigations of
the Medical Faculty of Dokuz Eyliil University
with the decision number 2013/18-09 and date
16.05.2013. Informed consent was received
from all patients and control group. Financial
assistance was received from Scientific Research
Projects Unit of the Medical Faculty of Dokuz
Eyliil University with the decision number
2013140.

Biochemical measurements

All venous samples were taken before treatment
and were stored at -80 °C. Samples were
studied all together at the end of the study.
Serum TNF-a, IL-10, IL-6 (catalogue numbers:
EKO0525, EK0416, and EK0410; Boster Biological
Technology Co., Ltd., Wuhan, China), and
PAF (catalogue number: 201-12-1157; Sunred
Biological Technology Co, Ltd., Shanghai,
China) levels were measured according
to the commercial audience manufacturer
recommendations based on the ELISA (enzyme-
linked immunosorbent assay) method. Serum
cortisol and total IgE levels were measured
using the immunochemiluminescence method
by using original kits in two auto analyzers
(the Immulite 2000 XPi, Siemens Healthcare
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Levels of Patient Groups.
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Diagnostics, GmbH, Eschborn, Germany;
and the UnicelDxI 800, Beckman Coulter
Inc., CA, USA). The samples taken by the
nasopharyngeal aspirate method were studied
with the FilmArray multiplex nested PCR
method in terms of twenty-one respiratory
pathogens, which included adenovirus,
bocavirus, coronavirus (229E, HKU1, OC43,
NL63), human metapneumovirus, human
rhinovirus/enterovirus, influenzas A (subtype
H1, 2009 HI, 2009 H3) and B, parainfluenza
1-2-3-4, respiratory syncytial virus, Bordetella
pertussis, Chlamydia pneumoniae, and Mycoplasma
pneumoniae.

Are the Cytokines and Cortisol Important Predictors for Croup 283

Statistical analysis

Statistical analysis was performed using SPSS
(Statistical Packages for the Social Sciences)
Software 16.0 (Chicago, IL, USA). If numerical
data fit the normal distribution, mean =+
standard deviation were calculated, and when
it did not fit a normal distribution median
and interquartile range 25-50 percentile
(interqualityrang - IQR) were calculated. The
Mann-Whitney U test was used in order to
compare the variables that did not fit to the
normal distribution. The definitive chi-square
test was used for the numerical variables,
while Student’s ¢-test was used for the numeric
variables fitting the normal distribution.
Statistical significance was accepted as p<
0.05 for all tests.

Results

Seventy-two patients diagnosed with croup
were originally included in the study. Three
patients were excluded from the study, as they
did not accept respiratory pathogen samples
or the blood drawing process. Thirty-four
croup patients (49%) were grouped as mild,
31 (45%) were moderate, and 4 (6%) were
severe according to the Westley croup scoring
system. Group comparisons were made in
terms of mild and moderate-severe groups.
Thirty children were included in the study as
the control group.

The age and gender characteristics of children

Table I. Demographic and Clinical Features of the Patients.

Parameters Total Mild grade Moderate-Severe grade p?
n=69 (100%) n=34 (49%) n=35 (51%)
Sex
Male 52 (75.4) 24 (70.6) 28 (80) 0.373
Female 17 (24.6) 10 (24.4) 7 (20)
Age (months)” 32.0 35.5 26 0.107
(16.5-52.0) (15.5-72.0) (11.0-49.0)
Age groups
<6 months 9.0 (13.0) 1.0 (2.9) 8.0 (22.9) 0.049
6-36 months 29.0 (42.0) 16.0 (47.1) 13.0 (37.1)
>36 months 31.0 (45.0) 17.0 (50.0) 14.0 (40.0)
Fever 17.0 (24.6) 9.0 (26.5) 8.0 (22.8) 0.472
Atopy
Atopic dermatitis 2.0 (2.8) 1.0 (2.9) 1.0 (2.8) 0.545
Allergic rhinitis 2.0 (2.8) 2.0 (5.9) -
Asthma 4.0 (5.7) 2.0 (5.9) 2.0 (5.8)
Recurrent croup 33 (47.8) 18 (52.9) 15 (42.8) 0.405

*Values shown as median with interquartile range.

aThe Mann-Whitney U test and chi-square tests were used to compare the two groups.
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Table II. Comparison of Cytokines/Hormone Levels of Groups.

Parameters Control All patients Mild Grade Moderate-severe p value
Grade
n=30 n=69 n=34 n=35
Leukocyte 9400 11900 11300 12800 10.005
(x 103/ml) (7000-11925) (9800-14700) (10400-14125)  (9100-16300) 20.440
Eosinophil 218 244 237 312 10,785
(x 103/ml) (176-474) (182-403) (202-388) (172-428) 20.265
IL-6 10.8 10.7 11.1 10.1 10.208
(pg/ml) (9.6 -13.2) (8.8 -12.8) (9.4 -13.3) (8.4 -12.6) 20.253
IL-10 18.6 22.5 21.3 23.0 10.204
(pg/ml) (10.0 -39.2) (14.4 -50.1) (9,9-29,9) (17,0-22,7) 20.019
PAF 432 35.1 31.3 37.8 10.592
(ng/ml) (27.2-70.5) (22.9-63.8) (18.1-53.6) (26.0-107.6) 20.195
IgE 53.1 30.3 33.2 27.2 10.178
(mg/dl) (10.4-192.2) (11.2-93.0) (11.8-150.0) (8.0-39.9) 20.086
TNF- a 15.7 17.6 18.5 14.8 10.555
(pg/ml) (11.7-24.3) (12.1-23.7) (12.0-24.2) (12.1-22.7) 20.920
Cortisol 6.2 16.4 11.0 20.0 1<0.01
(ug/dl) (4.7-8.6) (9.9-22.7) (4.2-19.1) (15.0-26.9) 20.012

Values are median (interquartile range).

IThe Mann-Whitney U test was used to compare the patient and control groups.
2The Mann-Whitney U test was used to compare the mild and moderate-severe groups.

Interleukin-6: IL-6

Interleukin-10: IL-10

Platelet activating factor: PAF
Immunoglobulin E: IgE

Tumor necrosis factor-alpha: TNF-a

in the patient and control groups were similar
(p>0.05). The demographic and clinical
characteristics of the patients in the mild
and moderate-severe groups are summarized
in Table I. Fifty-five percent of the patients
were younger than 36 months; in particular,
patients under six months of age had a more
severe clinical score. Five of the eight patients
with history of atopy had a history of recurrent
croup, but there was no statistically significant
difference observed between recurrent croup
and no recurrent croup with history of atopy
(p>0.05).

Admissions were most frequently (48%)
made in autumn. No significant difference
was observed between the groups in terms
of seasonal admissions (p>0.05). Distribution
of the patients according to their admission
time is shown in Figure 1. No statistically
significant difference was observed among the
clinical severities of patients according to the
time gap of admission (p>0.05).

Comparison of the cytokine and cortisol levels
of the patient and control groups is summarized
in Table II. The number of leukocytes and level
of cortisol were higher in the patient group
compared to the control group. IL-10 and
cortisol levels were found to be significantly
higher in the moderate/severe group compared
to the mild group. There was no statistically
significant difference between the male and
female patients’ cytokines and cortisol levels.
Although the highest cortisol levels in both
groups were measured between 00.00 and
06.00, the cortisol levels of the moderate-
severe group were observed to be between
12.00 and 18.00 at a statistically significant
rate (p=0.001) (Fig. 2).

The cytokine/hormone levels of the patients
who had or did not have atopy are summarized
in Table III. PAF and TFN-a value were
observed to be significantly high in the patients
with history of atopy. Recurrence frequency
was not significantly different between patients
with or without history of atopy (p>0.05).
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Table III. Comparison of Cytokines/Hormone Levels of Patients According to Atopy.

With atopy Without atopy p value

n=3§ n=61
Leukocyte (x 103/ml) 13700 (10950-17875) 11800 (9150-14490) 0.209
Eosinophil (x 103/ml) 318 (223-405) 240 (171-408) 0.476
IL-6 (pg/ml) 11.1 (8.6-13.8) 10.7 (8.8-12.7) 0.910
IL-10  (pg/ml) 16.3 (9.6-28.3) 23.0 (15.3-50.1) 0.202
PAF (ng/ml) 61.1 (49.1-109.2) 31.4 (21.2-61.0) 0.032
Cortisol (ug/dl) 23.0 (13.6-30.5) 15.6 (8.8-21.4) 0.121
Ig E (mg/dl) 27.2 (16.2-131.0) 31.5 (8.6-93.0) 0.814
TNF-alpha (pg/ml) 23.8 (19.6-55.7) 16.4 (12.1-23.2) 0.035

Values are median (interquartile range).

The Mann-Whitney U test was used to compare the two groups.

Interleukin-6: IL-6

Interleukin-10: IL-10

Platelet activating factor: PAF
Immunoglobulin E: IgE

Tumor necrosis factor-alpha: TNF-o

Viral agents were isolated in 45 (65%) of the
patients. The most common viral agents were
rhinoviruses, parainfluenza though the second
most frequently detected only 19% of viral agent
positive patients (Fig. 3). The combination of
rhinovirus+coronavirus was present in four
patients, while RSV +coronavirus was present
in one patient and parainfluenza virus type
1+rhinovirus was present in one patient. No
significant relationship was observed between
respiratory pathogens and clinical severity
(p>0.05). No statistically significant difference
was observed between the cytokine/hormone
levels of the patients whose respiratory
pathogens were identified not identified.

Discussion

Croup is an important reason for admission
to the pediatric emergency department. The
hospitalization rate is about 8%, especially
in children under the age of two; the rate
of intensive care is around 1%°. It is not
yet clear what the effect is of cytokines and
hormones in determining clinical severity in the
pathogenesis of croup. Croup is seen 1.5 times
more often in boys2. It has been identified in
large series studies in the literature that boys
are more dominant at all ages and the most
frequent admission age is between 6 and 12
months!0-12, In this study, 75.4% of patients
were male and most of them were 6 to 36
months old. Although age was not found to
have a significant effect on clinical severity or

cytokine/hormone levels, most of the children
under the age of 6 months were observed to
be in the moderate/severe group. Due to the
narrowness of the subglottic areas, children
under two years of age may be exposed to
more frequent and more severe croup!l.

No correlation was observed between atopy
and recurrent croup in this study. There are
conflicting results in the literature regarding
recurrent croup and atopy. Although a positive
relationship was encountered in the study
conducted by Cooper et al.13, a negative
relationship was observed in the study
performed by Ramsey et al.l4. No relationship
was observed in the two other studies similar
to the results of this study!>16.

Symptoms are typically seen at night hours,
which may be related to the circadian rhythm
of cortisoll. Two large studies that assessed
admission time are available in the literature:
although the peak admission time was found
to be 3:00 am in the study conducted by Lee
et al.>, and the peak admission time was
found to be 9:00 am in a study conducted by
Rosychuk et al 2. In our study, the peak
admission hour was 3:00 pm, and admissions
were most frequently made between noon and
6:00 pm. Cortisol levels and admission times
of the patients were not in convenience with
physiological circadian rhythm, and the cortisol
levels of the moderate/severe patients were
high. The authors suggested that the higher
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cortisol levels in the moderate/severe group
was associated with the stress response.

Many studies in the literature have shown that
the most frequent etiological agent in croup is
parainfluenza virus1® 12,17 Interestingly, in our
study, the most frequent etiological agent was
detected as rhinovirus, and the second frequent
was detected as parainfluenza virus. In a study
conducted by Miller et all8. assessing viral
etiological agents, the most frequent etiological
agent was also detected as rhinovirus, and
the second frequent was also detected as
parainfluenza virus. Other studies conducted
recently also support that rhinovirus isolation
increases in croup patients and that rhinovirus
should be considered a frequent agent?19-21,

The number of leukocytes and the level of
cortisol in the patient group were significantly
higher compared to the control group in this
study. However, the number of leukocytes was
within normal limits for the age ranges within
the groups.

The levels of cortisol and serum IL-10 in
the moderate/severe group were found to
be significantly higher than the mild group.
Although many studies exist in the literature
investigating the effect of inflammatory
cytokines in patients with bronchiolitis,
pneumonia, respiratory distress, asthma
and isolated from specific respiratory virus
pathogens??-25, no studies exist comparing
the severity of croup and levels of cytokines.
In a large study conducted by Tabarani et
al.22, which investigated patients with RSV-
positive lower respiratory infection, it was
shown that a positive correlation existed
between inflammatory cytokines and disease
severity. Similar results were obtained in a
study conducted by Diaz et al.?*. Respiratory
distress severity and the nasopharyngeal
inflammatory cytokine levels of 153 patients
with parainfluenza virus were compared by
Feghaly et al?3. The nasal wash CXCL8 (IL-8)
concentrations were elevated in patients with
lower respiratory tract infection when compared
those with upper respiratory tract infection. The
moderate and severe nasal wash CXCL8 and
CXCL10 (IL-10) concentrations were higher
than mild group. The high concentration of local
CXCL8 concentration of parainfluenza virus
may offer a biochemical explanation for why
glucocorticoids are effective at reducing severity
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of clinic?3. Observing an increase in local pro-
inflammatory cytokines in Feghaly’s study and
the low levels of systemic pro-inflammatory
agents in the present study suggested that
local inflammatory responses may play a more
important role in croup. However, studying
the both systemic and local agents can be a
target of further studies in severity of croup.

Levels of PAF and TNF-a were identified to
be higher at a statistically significant level in
patients with history of atopy. PAF is a pro-
inflammatory phospholipid released from mast
cells, monocytes, and tissue macrophages?°.
There are studies in the literature suggesting
that the lack of PAF acetyl hydrolase,
which reduces the high level of PAF or the
effect of PAE is associated with allergy and
anaphylaxis?’-2%. Studies showing the direct
relationship between the TNF-a level and atopy
are quite limited. Although the TNF-o and TNF
receptor-I (TNFRI) levels were significantly
high in patients with severe anaphylaxis, Brown
et al??. determined that only the TNFRI level
correlated with disease severity. Again, in the
study performed by Brown et al.2?, a significant
relationship was observed between anaphylaxis
severity and TNFRI??. This suggested that the
TNEF-a level is demonstrating the systemic
inflammation more than local inflammation.
These results suggest that the levels of PAF
and TNF-a may be high in the atopic patients,
additional studies on this issue are necessary.

The current study has several limitations.
The number of patients was small. The
cytokine/hormone levels were studied without
nasopharyngeal samples, and other cytokine
and receptor levels were not studied. These
measures should be the subject of further
studies. Despite these shortcomings, our
study has the methodological advantages of
using both proinflamatory and antiinflamatory
cytokines, and the samples taken by the
nasopharyngeal aspirate method were studied
with the Film Array multiplex nested PCR
method in terms of twenty-one respiratory
pathogens.

In contrast with other studies, rhinovirus was
the most frequent causal agent for croup in this
study. The inflammatory and anti-inflammatory
cytokine/hormone levels in moderate/severe
group, and the levels of PAF and TNF-a in the
history of atopy group indicate that different
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systemic and local inflammatory mechanisms
may play a role in the pathogenesis of croup.

10.

11.

12.

13.

14.

15.

REFERENCES

Bjornson CL, Johnson DW. Croup. Lancet 2008; 371:
329-339.

Cherry JD. Clinical practice. Croup. N Engl J Med
2008; 358: 384-391.

Orton HB, Smith EL, Bell HO, Ford RA. Acute
laryngotracheobronchitis: analysis of sixty-two
cases with report of autopsies in eight cases. Arch
Otolaryngol 1941; 33: 926-960.

Knutson D, Aring A. Viral croup. Am Fam Physician
2004; 69: 535-540.

Rosychuk RJ, Klassen TP, Metes D, et al. Croup
presentations to emergency departments in Alberta,
Canada: a large population-based study. Pediatr
Pulmonol 2010; 45: 83-91.

Hamelmann E, Tadeda K, Oshiba A, et al. Role of IgE
in the development of allergic airway inflammation and
airway hyperresponsiveness--a murine model. Allergy
1999; 54: 297-305.

Gauchat JE Lebman DA, Coffman RL, et al. Structure
and expression of germline epsilon transcripts in
human B cells induced by interleukin 4 to switch to
IgE production. J Exp Med 1990; 172: 463-473.

Westley CR, Cotton EK, Brooks JG. Nebulized racemic
epinephrine by IPPB for the treatment of croup: a
double-blind study. Am J Dis Child 1978; 132: 484-
487.

Petrocheilou A, Tanou K, Kalampouka E, et al. Viral
croup: diagnosis and a treatment algorithm. Pediatr
Pulmonol 2014; 49: 421-429.

Denny FW, Murphy TE Clyde WA, Jr., et al. Croup:
an 1l-year study in a pediatric practice. Pediatrics
1983; 71: 871-876.

Segal AO, Crighton EJ, Moineddin R, et al. Croup
hospitalizations in Ontario: a 14-year time-series
analysis. Pediatrics 2005; 116: 51-55.

Lee DR, Lee CH, Won YK, et al. Clinical characteristics
of children and adolescents with croup and epiglottitis
who visited 146 Emergency Departments in Korea.
Korean J Pediatr 2015; 58: 380-385.

Cooper T, Kuruvilla G, Persad R, et al. Atypical croup:
association with airway lesions, atopy, and esophagitis.
Otolaryngol Head Neck Surg 2012; 147: 209-214.

Ramsey CD, Gold DR, Litonjua AA, et al. Respiratory
illnesses in early life and asthma and atopy in childhood.
J Allergy Clin Immunol 2007; 119: 150-156.

Castro-Rodriguez JA, Holberg CJ, Morgan WJ, et al.
Relation of two different subtypes of croup before
age three to wheezing, atopy, and pulmonary function
during childhood: a prospective study. Pediatrics 2001;
107: 512-518.

Are the Cytokines and Cortisol Important Predictors for Croup

16.

17.

18.

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

287

Van Bever HP, Wieringa MH, Weyler JJ, et al. Croup
and recurrent croup: their association with asthma
and allergy. An epidemiological study on 5-8-year-old
children. Eur J Pediatr 1999; 158: 253-257.

Sung JY, Lee HJ, Eun BW, et al. Role of human
coronavirus NL63 in hospitalized children with croup.
Pediatr Infect Dis J 2010; 29: 822-826.

Miller EK, Gebretsadik T, Carroll KN, et al. Viral
etiologies of infant bronchiolitis, croup and upper
respiratory illness during 4 consecutive years. Pediatr
Infect Dis J 2013; 32: 950-955.

. Rihkanen H, Ronkko E, Nieminen T, et al. Respiratory

viruses in laryngeal croup of young children. J Pediatr
2008; 152: 661-665.

Wall SR, Wat D, Spiller OB, et al. The viral aetiology
of croup and recurrent croup. Arch Dis Child 2009;
94: 359-360.

Tran DN, Trinh QD, Pham NT, et al. Clinical and
epidemiological characteristics of acute respiratory
virus infections in Vietnamese children. Epidemiol
Infect 2016: 527-536.

Tabarani CM, Bonville CA, Suryadevara M, et al. Novel
inflammatory markers, clinical risk factors and virus
type associated with severe respiratory syncytial virus
infection. Pediatr Infect Dis J 2013; 32: e437-442.

El Feghaly RE, McGann L, Bonville CA, et al. Local
production of inflammatory mediators during childhood
parainfluenza virus infection. Pediatr Infect Dis J 2010;
29: e26-31.

Diaz PV, Valdivia G, Gaggero AA, et al. Pro-
Inflammatory Cytokines in Nasopharyngeal Aspirate
From Hospitalized Children With Respiratory
Syncytial Virus Infection With or Without Rhinovirus
Bronchiolitis, and Use of the Cytokines as Predictors
of Illness Severity. Medicine (Baltimore) 2015; 94:
el512.

Smyth RL, Mobbs KJ, O’Hea U, et al. Respiratory
syncytial virus bronchiolitis: disease severity,
interleukin-8, and virus genotype. Pediatr Pulmonol
2002; 33: 339-346.

Finkelman FD, Rothenberg ME, Brandt EB, et al.
Molecular mechanisms of anaphylaxis: lessons from
studies with murine models. J Allergy Clin Immunol
2005; 115: 449-457; quiz 458.

Palgan K, Bartuzi Z. Platelet activating factor in
allergies. Int J Immunopathol Pharmacol 2015; 28:
584-589.

Vadas B, Gold M, Perelman B, et al. Platelet-activating
factor, PAF acetylhydrolase, and severe anaphylaxis. N
Engl J Med 2008; 358: 28-35.

Brown SG, Stone SE, Fatovich DM, et al. Anaphylaxis:
clinical patterns, mediator release, and severity. J Allergy
Clin Immunol 2013; 132: 1141-1149 e5.



