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Abstract 

Background Hereditary angioedema (HAE) is a hereditary illness represented by repeated bouts of submucosal 
or subcutaneous edema. Types of HAE includes; HAE with deficient C1-inhibitor (type 1), HAE with dysfunctional 
C1-inhibitor (type 2), and HAE with normal C1-inhibitor. Data on the epidemiology of HAE in Egypt are limited. 
Therefore, we aimed to characterize HAE in Egyptian children, identify the morbidity, and clarify HAE’s different clinical 
and laboratory presentations.

Methods In this cross-sectional study, we enrolled pediatric patients diagnosed with HAE according to the inter-
national hereditary angioedema WAO/EAACI guidelines. We gathered laboratory data on patients’ mean serum C1 
esterase inhibitor (C1-INH) level and activity, C4, and IgE levels.

Results We included 18 HAE patients (14 females and 4 males). They were between the ages of 6 and 18 years. The 
mean age upon confirmation of diagnosis was 8.4 ± 2.4 years. The mean time required to correctly diagnose HAE 
was 3.2 ± 1.8 years. We detected type I in 15 cases and type II in three cases. Eleven patients had a family member 
with HAE. In terms of previous misdiagnoses, 50% of patients were diagnosed with allergic angioedema. The median 
annual frequency of episodes was 17. The mean HAE attack time was 2.9 ± 1.5 days. Edema was most typically found 
in the face and abdomen. Trauma was the main triggering factor. We detected a significant direct relationship 
between severity of attack and C1-INH activity level.

Conclusions This research adds a considerable clinical information about children with HAE. According to cur-
rent results, there is a considerable underdiagnosis of HAE in Egypt. The detection and management of HAE can be 
improved by screening the relatives of HAE patients.
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Background
The clinical manifestations of hereditary angioedema 
(HAE) range from asymptomatic patients to life-threat-
ening episodes. It is a hereditary condition distinguished 
by repeated attacks  of submucosal or subcutaneous 
edema. Types I and II are caused by autosomal dominant 
mutations in the region of the gene that encodes for the 
C1 inhibitor (C1-INH), leading to either a deficit (type I) 
or an inactive form (type II) [1].

HAE is caused by variations in the SERPING1 gene 
linked to C1-INH dysfunction. When C1-INH function 
is impaired, the circulating kallikrein-kinin system (KKS) 
is not sufficiently regulated. As a result, prekallikrein is 
transformed into plasma kallikrein and BK, a vasoactive 
peptide that activates the B2 BK receptor to promote vas-
cular permeability, is synthesized. KKS, complement, and 
fibrinolysis all have numerous inflammatory properties 
and are controlled by C1-INH; these effects are all medi-
ated by the vascular system [2].

The number of patients  with C1 inhibitor hereditary 
angioedema (C1-INH-HAE) is unknown. The approxi-
mate global incidence described in the research ranges 
from one in every 10,000 to one in every 150,000 indi-
viduals, with no ethnic or sex disparities [3].

Edema in HAE is nonpitting and nonpruritic. It 
involves three primary regions: subcutaneous tissue, the 
upper airway, and the gastrointestinal tract. The regions 
with the greatest incidence of edema are the skin, abdo-
men, and larynx (100%, 97%, and 54%, respectively), 
however, any of these sites may be implicated alone or in 
combination [4].

A lack of suspicion for C1-INH-HAE, especially in cli-
nicians who are unaware of this  disease, might lead to 
inaccurate diagnosis. There are many erroneous diagno-
ses, including hypersensitivity reactions to autoimmune 
disorders, involving a wide range of medications that 
might be harmful and have little clinical benefit. Delays 
in establishing an accurate diagnosis in individuals with 
HAE might have serious consequences, especially if the 
oedema involves the upper airway, leading to asphyxia 
[5].

As in other countries, the data on the epidemiology 
of HAE in Egypt are limited. In this study, we aimed to 
characterize HAE in Egyptian children, identify the mor-
bidity, and clarify the different clinical and laboratory 
presentations of HAE in children.

Methods
The design of the study
This is a cross-sectional study held between January 2022 
and January 2023 at Zagazig University Children’s Hos-
pital in Egypt. We enrolled patients diagnosed with HAE 

according to the international World Allergy Organiza-
tion (WAO) in collaboration with the European Academy 
of Allergy and Clinical Immunology (EAACI) (WAO/
EAACI) guidelines.

Inclusion and exclusion criteria
Types of HAE includes; HAE with deficient C1-inhibitor 
(type 1), HAE with dysfunctional C1-inhibitor (type 2), 
and HAE with normal C1-inhibitor. According to the 
worldwide hereditary angioedema WAO/EAACI stand-
ards, HAE-1/2 was considered when an individual devel-
oped repeated angioedema episodes. This assumption 
was more established if patients described, firstly, a fam-
ily history of the condition (although this illness could 
only be found in only one-fourth of patients), secondly, 
the beginning of manifestations in childhood or adoles-
cence, thirdly, repeated painful gastrointestinal com-
plaints, fourth, the development of edema in the airways, 
fifth, the inability to respond to treatment with antial-
lergic medications, sixth, the existence of early mani-
festations prior to swellings, and/or seventh, the lack of 
wheals. The possible existence of HAE-1/2 culminated in 
testing procedures to confirm the diagnosis [6].

We excluded any patient with angioedema who did not 
meet the diagnostic criteria for hereditary angioedema, 
including acquired angioedema, chronic urticaria, con-
tact urticaria syndrome, drug eruptions, and pressure 
urticaria.

Severity score criteria for HAE
Severe type: serious edema attacks and/or six or more 
bouts in the previous six-month period using the preven-
tative medication and/or continued treatment  utilizing 
plasma-derived C1-INH and/or more than 12 episodes in 
the previous six-month period without  preventive ther-
apy. Moderate: No serious  bouts in the past six-month 
period with  preventive medication (apart from ongoing 
treatment  with C1-INH) or > 4–12 attacks  in the previ-
ous 6 months without preventive therapy. Mild: no severe 
attacks, no preventive medication, and three episodes 
in the previous six- months. Asymptomatic: no clinical 
manifestations nor preventive medications [7].

Data collection
Clinical information about patients included the age of 
diagnosis, onset of symptoms, diagnostic lag, history of 
HAE  in the family members, the rate of episodes, and 
episode  triggers, emergency room visits, intensive care 
unit (ICU) admission site of edema, severity score, previ-
ous diagnosis, and drug history. Regarding the laboratory 
investigations, we collected data about the quantitative 
determination of complement 4 (C4), blood levels and 
activity (%) of C1 inhibitor (C1-INH), and IgE.
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Statistical analysis
Statistical evaluation was performed on the clinical and 
laboratory data of HAE patients using IBM SPSS (Statisti-
cal Package for the Social Sciences) for Windows, version 
23.0.  The qualitative findings are displayed as percent-
ages (%) and numbers (N), while the quantitative findings 
are shown as the mean, standard deviation, median, and 
range. Using the chi-square test, percentages of category 
variables were compared. To evaluate the association 
between different research variables,  Spearman’s corre-
lation coefficient was determined. A p-value  below 0.05 
indicates statistical significance, whereas a p-value above 
or equal to 0.05 indicates statistical insignificance.

Results
Primary aspects of the study’s population
Table  1 shows that we included 18 HAE  patients  (14 
females and 4 males). They were between the ages of 6 
and 18 years. In the patients under study, the mean age 
upon confirmation of diagnosis  was 8.4 ± 2.4 years. The 
mean time that required to correctly diagnose HAE was 
3.2 ± 1.8 years, while the age at which symptoms first 
appeared was between 2 to 10 years. Previous diagno-
ses (misdiagnoses) were 50% allergic reactions, 27.8% 
familial Mediterranean Fever (FMF), and 22.2% with no 
specific diagnosis. The patients were categorized into 
two groups: 83.3% (15 patients) with HAE type 1 based 
on C1-INH deficiency (quantity) and 16.7% (3 patients) 
with type 2 HAE, as determined by adequate values and a 
decline in C1-INH activity. Eleven patients (61.1%) had a 
familial history of hereditary angioedema.

Clinical features and treatment modalities of the studied 
patients
Table  2 shows that the median (IQR) annual frequency 
of episodes was 17(4–48). Angioedema attacks have 
been reported to last between 2 and 7 days, with a mean 
of 2.9 ± 1.5 days. Facial edema was found in 14 patients 
(77.8%), laryngeal angioedema in 8 patients (44.4%), 
and eyes, lips, feet, and hands in 4 patients (22.2%). We 
reported HAE with abdominal attacks in 14 patients 
(77.8%). The main trigger of HAE attack was trauma in 15 
patients (83.3%). Spontaneous angioedema was detected 
in 14 patients (77.8%). Regarding disease severity, we 
reported 11 patients (61.1%) with severe angioedema 
attacks, 4 patients (22.2%) with moderate attacks, and 3 
patients (16.7%) with mild attacks. Regarding the treat-
ment modalities in our study, the main treatment during 
the attack was antihistamines in 17 patients (94.4%), ster-
oids in 15 patients (83.3%), and epinephrine and plasma 
in certain situations. In four cases (22.2%), fresh frozen 
plasma was given as temporary prevention. Danazol was 
used for permanent  prevention in seven cases (38.9%), 
and in one case, danazol was combined with a human 
C1-esterase inhibitor.

Hereditary angioedema testing results
Table 3 shows the quantitative amounts of C1-INH and 
its activity, as well as the C4 and IgE levels. Table 4 shows 
that there was no  statistically significant association 
between the  severity of the  attack and age, diagnostic 
delay, the number of attacks, duration of the  attack, C4 
level, C1 esterase inhibitor level, or total immunoglobu-
lin E. The degree of C1 esterase inhibitor activity had a 
significant and direct relationship with the severity of the 
attack.

Discussion
HAE is an uncommon and potentially fatal  inherited 
immunological disorder. The clinical pattern of this dis-
order in pediatric patients is little understood. The exact 
number of HAE pediatric patients  in Egypt remains 
unknown. In the current study, we aimed to character-
ize HAE in Egyptian children, identify the morbidity, and 
clarify different clinical and laboratory presentations of 
HAE in children and adolescents to gain more detailed 
insights into the existence of the disease. We included 
18 HAE patients (14 females and 4 males). They were 
between the ages of 6 and 18 years.

The median age during which symptoms occurred in 
the current research was five years, that is in accordance 
with earlier researches on pediatric HAE in the United 
States and Hungary [8, 9]. However, the median age of 
HAE onset was lower in the Danish and Swedish stud-
ies (4 years) [10, 11] and higher in a US study (7 years) 

Table 1 General characteristics of the studied population

Variables Mean ± SD median(range)

Age (years) 11.9 ± 3.6 12 (6–18)

Age at diagnosis (years) 8.4 ± 2.4 8 (4–13)

Onset of symptoms (years) 5.1 ± 1.96 5 (2–10)

Diagnostic lag (years) 3.2 ± 1.8 3 (0–7)

Variables n. (18) %

Gender females 14 77.8

males 4 22.2

Types of angioedema Type 1 15 83.3

Type 2 3 16.7

Family history of angi-
oedema

No 7 38.9

Yes 11 61.1

degree of relation First degree relative 10 55.6

Second degree relative 1 5.6

previous diagnoses Allergic reaction 9 50.0

FMF 5 27.8

No 4 22.2
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compared to our study results [12]. The symptoms of 
HAE usually appear between the ages of 5 and 11 years, 
despite C1-INH deficiency being present since birth, 
according to Campos et al [5].

The age of the HAE diagnosis in our studied patients 
ranged from 4 to 18 years. The median time lag for an 
accurate HAE diagnosis was 3 years, consistent with 
Aabom et  al., who found that the median diagnos-
tic delay was 2.8 years in Danish children [10]. A USA 
study by Nada et al. showed a longer diagnostic delay of 
6 years in HAE patients [12].

Table 2 Clinical characteristics and treatment modalities of hereditary angioedema in the studied patients

Variables n. (18) %

Site of oedema Face 14 77.8

Laryngeal 8 44.4

Eyes 4 22.2

Lips 4 22.2

Feet 4 22.2

Hand 4 22.2

The attacks associated with abdominal symptoms yes 14 77.8

no 4 22.2

Trigger of the attack Trauma 15 83.3

Spontaneous 14 77.8

Menstruation 4 22.2

stress 1 5.6

Severity Score Mild 3 16.7

Moderate 4 22.2

Severe 11 61.1

Variable Mean ± SD median(range)

Number of attacks per year 23.7 ± 15.3 17(4–48)

Duration of angioedema attack (days) 2.9 ± 1.5 2 (2–7)

Variables (treatment modalities) n. (18) %

Treatment during the attack Antihistamine 17 94.4

steroid 15 83.3

adrenaline 1 5.6

Plasma 1 5.6

Short-term prophylaxis fresh frozen plasma 4 22.2

Long-term prophylaxis Danazol 7 38.9

Danazol/(human C1 esterase inhibitor) 1 5.6

Table 3 Laboratory Findings in Patients with Hereditary Angioedema

Variables (n = 18) Mean ± SD median(range)

C4 level [mg/dl] (normal: 15–45 mg/dl) 7 ± 3.9 7.5 (2–18)

C1-INH level [g/l] (normal: 0.15–0.35) 0.12 ± 0.14 0.061 (0.02–0.05)

C1-INH activity (%) (normal: 70–130) 18.5 ± 10.3 16.4 (12.7–58.8)

Total immunoglobulin E 105.8 ± 89.8 67.5(51–341)

Table 4 Correlation between the severity of HAE attacks and 
multiple variables of the studied patients

(r) Correlation coefficient; it has significance at 0.05

Variables Severity of the attack

r p

Severity score 1

Age of patient (years) 0.09 0.713

Age at diagnosis (years) 0.016 0.95

Age at onset of symptoms (years) -0.13 0.61

Diagnostic lag time (years) 0.013 0.96

Frequency of attack per year 0.348 0.171

Duration of attack (days) -0.348 0.157

C4 level [mg/dl] -.152 0.546

C1-INH level [g/l] normal (0.15–0.35) 0.29 0.24

C1-INH activity level (%) 0.535* 0.022
Total immunoglobulin E 0.458 0.056



Page 5 of 7Almalky et al. Egyptian Pediatric Association Gazette           (2024) 72:19  

Initial manifestations of C1-INH-HAE occur during 
childhood, yet identifying  this condition can take up 
to 8.5 years because it is an uncommon illness that is 
typically misinterpreted as a hypersensitivity [5]. Given 
the disease’s infrequent and unclear symptoms, a gen-
eral practitioner’s early suspicion is the most significant 
obstacle to diagnosis. Prolonged diagnostic delays can 
be exacerbated by inappropriate surgical treatments, 
psychiatric illness, or potentially fatal laryngeal angi-
oedema [13].

Type I was found in 83.3% of our patients, almost 
fourfold greater than type II (16.7%), as reported in 
other previous studies by Bowen et  al. and Lang et  al. 
[14, 15], while F. Kargarsharif et  al. found that type I 
HAE was diagnosed in 63.3% of Iranian patients, which 
is approximately 2 times more than type II (36.7%) [16].

Regarding the familial history of HAE in the present 
study, eleven patients (61.1%) had a familial history of 
HAE; ten patients were first-degree relatives, and one 
patient was a second-degree relative. Our findings are 
consistent with those of Kargarsharif F et al., who found 
that 75% of cases had a family member with HAE [16]. 
Nanda et al. reported that 86% of patients had an HAE 
family history [12]. Araújo-Simões et  al. reported that 
84% of patients had a family member with HAE [17]. 
A positive family history was found in more than half 
of our studied patients, which may explain the shorter 
diagnosis delay, emphasizing early diagnosis of HAE in 
patients’ relatives if they have any clinical features sug-
gestive of an HAE diagnosis.

The current study revealed  that patients with HAE 
are frequently misdiagnosed: nine of our patients were 
misdiagnosed as having allergic angioedema, five were 
managed as familial Mediterranean fever, and four 
had no specific diagnosis, which is consistent with 
Zanichelli A. et  al., who observed that 66.0% of the 
participants in their research had provided data on 
misdiagnosis, with allergic edema (55.7%) and appendi-
citis (27.0%) being the most common diagnoses [5].

The considerable risk of incorrect diagnosis can be due 
to the scarcity of HAE, the variety of individual features, 
and the clinical presentations that coincide with those 
of common diseases. Additionally, there are other forms 
of angioedema, including acquired and idiopathic his-
taminergic forms. So, it makes sense that awareness of 
C1-INH-HAE can be very low, especially among medical 
practitioners who are inexperienced with the condition 
or its treatment [5].

According to our results, the face was the preva-
lent  location for oedema in 14 patients (77.8%), then 
the  larynx  in 8 patients (44.4%), followed by oedema of 
the eyes in 4 patients (22.2%), oedema of the mouth in 
4 patients (22.2%), oedema of the hands in 4 patients 

(22.2%) and oedema of the feet in 4 patients (22.2%). 
We reported HAE with abdominal attacks in 14 patients 
(77.8%). Araujo-Simoes J et  al. reported that most HAE 
patients had edema of limbs, 66.3% of patients had 
abdominal pain, and upper airway edema in 10% of 
patients [17]. Laryngeal, peripheral, and abdominal angi-
oedema occurred at least once in 27%, 73%, and 93% of 
patients, respectively, according to Nanda et al [12]. Dur-
ing  major retrospective research conducted by Henao 
et al., 80–90% of all HAE patients experienced skin swell-
ing episodes on the face and extremities [13].

We found that abdominal attacks were more common 
in our patients, consistent with findings from previous 
surveys [18–20]. However, Farkas reported that periph-
eral attacks were more common [21]. Because both loca-
tions (the abdomen or extremities) are very common 
in HAE patients, the predominant presentations may 
vary slightly depending on the cross-sectional popula-
tion analyzed. The majority of HAE episodes manifest as 
cutaneous angioedema. As Gastrointestinal discomfort 
usually occurs in children, so  gastrointestinal episodes 
are frequently misdiagnosed. Owing to the narrow width 
of the airways, children with HAE of the airways might 
develop hypoxia rapidly [6]. Families remember abdomi-
nal attacks more commonly than minor swellings in their 
children’s peripheral limbs because these abdominal epi-
sodes tend to be apprehensive for pediatric patients and 
require emergency care. As a result, the number of docu-
mented episodes is susceptible to memory bias because 
no objective data have been obtained to validate every 
attack as an HAE episode [12].

In our study, the median (IQR) frequency  of epi-
sodes was 17 (4–48) per year. Araujo-Simoes J et al. found 
that the frequency of attacks was less than one/month in 
26.25%, once a month in 45%, 1–6 episodes/month in 
25%, and > 6 episodes/month in 3.75% of patients [17]. 
The duration of the attack in our patients was 2–7 days, 
which is similar to the findings of the Kargarsharif F et al. 
study [16].

In terms of disease severity, we reported 11 patients 
(61.1%) with severe HAE attacks, 4 (22.2%) with mod-
erate attacks, and 3 (16.7%) with mild attacks. However, 
Araujo-Simoes J et al. reported that 37.5% of patients had 
a mild or moderate clinical presentation, 30% had a mod-
erate clinical presentation, and 27.5% had a severe clini-
cal presentation [17].

In our patients, trauma was the main trigger of HAE 
episodes in 15 patients (83.3%), followed by spontane-
ous angioedema in 14 patients (77.8%), then menses in 
4 female patients (22.2%), and only one patient reported 
stress as a trigger. According to Kargarsharif and his 
colleagues, the greatest prevalent trigger was trauma 
(75%), then stress (64.6%), then food (39.5%) [16]. 
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Araujo-Simoes J et  al. identified trauma (25%), stress 
(12.5%), infection (6.2%), exercise (3.7%), and menstru-
ation (2.5%) as triggering factors in HAE patients [17].

Although an identified trigger does not precede most 
attacks, local trauma, infection, and emotional stress can 
trigger episodes of angioedema in patients with HAE. 
Many HAE patients suffer from psychological symptoms 
such as depression and anxiety, which can worsen the 
consequences [13].

Regarding the treatment modalities in our study, the 
main treatment during the attack was antihistamines in 
17 patients (94.4%), steroids in 15 patients (83.3%), and 
epinephrine and plasma in certain situations. In four 
cases (22.2%), fresh frozen plasma was given as tempo-
rary prevention. Danazol was used for permanent pre-
vention in seven cases (38.9%), and in one case, danazol 
was combined with a human C1-esterase inhibitor. All 
consequences of HAE attacks, such as asphyxia (air-
way obstruction), abdominal pain, and functional limi-
tations (extremity edema), may be  reduced by using 
therapy  when needed. HAE episodes have an ambigu-
ous clinical pattern. Because laryngeal type might result 
in  death, laryngeal episodes should be treated as life-
threatening conditions [6].

To avoid acute episodes, prophylactic medications were 
used. Prophylactic treatments include intravenous C1 
inhibitors derived from plasma or recombinant technolo-
gies, inhibitors of  Kallikrein, and antagonists of  brady-
kinin receptors. Unfortunately, the previously mentioned 
drugs are only available to some patients worldwide 
[22]. These medications are not available for most of the 
recruited patients in the current study.

Antihistaminic  and  steroids have little effect on epi-
sodes of  HAE  because histamine does not serve as the 
primary modulator of episodes [23]. However, we found 
elevated IgE levels in our HAE patients, which can be 
partially explained by concomitant allergic diseases. 
Furthermore, Ferrara AL et al. discovered that 102 HAE 
patients with remission showed greater histamine levels 
than 64 healthy controls, supporting the hypothesis that 
HAE patients had higher histamine concentrations dur-
ing their remission [24].

We found a significant and direct relationship between 
attack severity and activity level, which may be attributed 
to physiological reasons causing a greater variability in 
C1-INH function values, the wide range of the C1-INH 
function normal reference value (70–130%), and the 
influence of the blood collection conditions before the 
measurement may contribute to this correlation [25].

This study examined patients with HAE in a tertiary 
referral hospital and showed variable clinical presen-
tations. As more HAE patients were identified, differ-
ent HAE phenotypes emerged. This study can provide 

information about different clinical phenotypes of HAE, 
which can be helpful in developing best practice guide-
lines and ensuring quality patient care. A comprehen-
sive medical history, thorough physical examination, and 
laboratory tests including C1-esterase inhibitor level and 
activity in a child with recurrent attacks of edema involv-
ing various body parts should enable a knowledgeable 
physician to distinguish between HAE and diseases with 
overlapping presentations. There are some limitations to 
this study, including a relatively small number of partici-
pants and memory bias. We tried to reduce these biases 
and increase the sample size by collecting data from 
medical records and recruiting patients from multiple 
tertiary hospitals.

Conclusions
In conclusion, this research reveals valuable new clinical 
information on HAE pediatric patients. The HAE starts 
to manifest during the first ten years of life.  It is sig-
nificantly unidentified in Egypt. The recognition and 
management of HAE can be improved by screening indi-
viduals with recurring bouts of intense unexplainable 
gastrointestinal pain, those with repeated angioedema, as 
well as relatives of HAE patients. Prompt illness detection 
may facilitate the implementation of a personalized ther-
apeutic regimen that assists  in avoiding and managing 
the episodes. Failures in recognition persist as physicians 
did not consider HAE as a possible cause of gastrointes-
tinal pain or limb and facial edema. As a result, individu-
als frequently remain untreated or receive inaccurate 
diagnoses for many years until receiving an HAE evalu-
ation. To successfully identify, avoid and manage subse-
quent manifestations, physicians need to identify HAE’s 
physical manifestations and screen patients. This study 
is essential for the development of an international HAE 
registry. Children in low- and middle-income countries 
should have access to effective HAE medications. Future 
collaborative international studies should be encouraged 
to obtain more detailed epidemiological and clinical data 
on HAE in children and the required treatment plans.

Acknowledgements
We thank patients’ families for their agreement to participate in this study.

Authors’ contributions
MA conceived the study, participated in designing the study, assisted in data 
collection, and participated in the checking, analysis and interpretation of the 
data and drafting the manuscript. RME conceived the study, participated in 
designing the study and in the checking, analyzing, and interpreting of the 
data. NAG collected the data, analysis and interpretation of the data and draft-
ing the manuscript. HME assisted in data collection, and participated in the 
checking, analysis and interpretation of the data and drafting the manuscript. 
NSO participated in collecting and checking of the data and had input in the 
drafting of the manuscript. WS conceived the study, participated in designing 
the study, assisted in data collection, analyzed, and interpreted the laboratory 
measurements and drafted the manuscript. EGB conceived the study, partici-
pated in designing the study, assisted in data collection, and participated in 



Page 7 of 7Almalky et al. Egyptian Pediatric Association Gazette           (2024) 72:19  

the checking, analysis and interpretation of the data and drafting the manu-
script. All authors have read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The dataset used and/or analyzed during this study is available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The Institutional Review Board approved the research protocol (ZU-
IRB#9432/2022). Written informed consent was obtained from the parents of 
enrolled patients before being included in this study.

Consent for publication
Informed assent and written informed consent were obtained from all partici-
pants and their care givers.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Pediatrics, Faculty of Medicine, Zagazig University, Zagazig, 
Egypt. 2 Department of Allergy and Immunology, Microbiology Department, 
Faculty of Medicine, Zagazig University, Zagazig, Egypt. 3 Department of Pedi-
atrics, Aljmil Hospital, Aljmil, Libya. 4 Department of Internal Medicine, Allergy 
and Clinical Immunology, Faculty of Medicine, Ain Shams University, Cairo, 
Egypt. 5 Department of Pediatrics, Faculty of Medicine, Assiut University, Assiut, 
Egypt. 6 Department of Pediatrics, Faculty of Medicine, Alexandria University, 
Alexandria, Egypt. 

Received: 6 December 2023   Accepted: 2 February 2024

References
 1. Ocak M, Nain E, Şahiner ÜM et al (2021) Recurrent angioedema in 

childhood: hereditary angioedema or histaminergic angioedema? 
Pediatr Dermatol 38(1):143–148. https:// doi. org/ 10. 1111/ pde. 14467. 
Epub 2020 Dec 4 PMID: 33275322

 2. Drouet C, López-Lera A, Ghannam A et al (2022) SERPING1 variants and 
C1-INH biological function: a close relationship with C1-INH-HAE. Front 
Allergy 3:835503. https:// doi. org/ 10. 3389/ falgy. 2022. 835503

 3. Zanichelli A, Arcoleo F, Barca MP et al (2015) A nationwide survey 
of hereditary angioedema due to C1 inhibitor deficiency in Italy. 
Orphanet J Rare Dis 6(10):11. https:// doi. org/ 10. 1186/ s13023- 015- 
0233-x. PMID: 25758 562; PMCID: PMC43 33895

 4. Bernstein JA (2018) Severity of hereditary angioedema, prevalence, 
and diagnostic considerations. Am J Manag Care 14:292–298 PMID: 
30132643

 5. Campos RA, Valle SOR, Toledo EC (2021) Hereditary angioedema: a dis-
ease seldom diagnosed by pediatricians. J Pediatr 97(1):10–16. https:// 
doi. org/ 10. 1016/j. jped. 2020. 10. 011

 6. Maurer M, Magerl M, Betschel S et al (2022) The international WAO/
EAACI guideline for the management of hereditary angioedema - The 
2021 revision and update. World Allergy Organ J 15(3):100627. https:// 
doi. org/ 10. 1016/j. waojou. 2022. 100627. PMID: 35497 649; PMCID: PMC90 
23902

 7. Prior N, Remor E, Pérez-Fernández E et al (2016) Psychometric Field 
Study of Hereditary Angioedema Quality of Life Questionnaire for 
Adults: HAE-QoL. J Allergy Clin Immunol Pract 4(3):464-473.e4. https:// 
doi. org/ 10. 1016/j. jaip. 2015. 12. 010. Epub 2016 Mar 8 PMID: 26969268

 8. Bennett G, Craig T (2015) Hereditary angioedema with a focus on the 
child. Allergy Asthma Proc 36(1):70–73. https:// doi. org/ 10. 2500/ aap. 
2015. 36. 3806. PMID: 25562559

 9. Farkas H, Csuka D, Zotter Z et al (2013) Treatment of attacks with 
plasma-derived C1-inhibitor concentrate in pediatric hereditary angi-
oedema patients. J Allergy Clin Immunol 131(3):909–911. https:// doi. 
org/ 10. 1016/j. jaci. 2012. 08. 036. Epub 2012 Oct 11 PMID: 23063583

 10. Aabom A, Andersen KE, Fagerberg C et al (2017) Clinical character-
istics and real-life diagnostic approaches in all Danish children with 
hereditary angioedema. Orphanet J Rare Dis 12(1):55. https:// doi. org/ 
10. 1186/ s13023- 017- 0604-6. PMID:28302171;PMCID:PMC5356294

 11. Nygren A, Nordenfelt P, Lindfors A et al (2016) Swedish children with 
hereditary angioedema report good overall health and quality of life 
despite symptoms. Acta Paediatr 105(5):529–534. https:// doi. org/ 10. 
1111/ apa. 13345. Epub 2016 Feb 23 PMID: 26821285

 12. Nanda MK, Elenburg S, Bernstein JA et al (2015) Clinical features of 
pediatric hereditary angioedema. J Allergy Clin Immunol Pract 3:392–5. 
https:// doi. org/ 10. 1016/j. jaip. 2014. 11. 012. Epub 2015 Jan 15. PMID: 
25609346; PMCID: PMC8207479

 13. Henao MP, Kraschnewski JL, Kelbel T (2016) Diagnosis and screening 
of patients with hereditary angioedema in primary care. Ther Clin Risk 
Manag 12:701–711. https:// doi. org/ 10. 2147/ TCRM. S86293. PMID:27194
914;PMCID:PMC4859422

 14. Bowen T, Cicardi M, Farkas H et al (2010) International consensus 
algorithm for the diagnosis, therapy and management of hereditary 
angioedema. Allergy Asthma Clin Immunol 6(1):24. https:// doi. org/ 10. 
1186/ 1710- 1492-6- 24. PMID:20667127;PMCID:PMC2921362

 15. Lang DM, Aberer W, Bernstein JA et al (2012) International consensus 
on hereditary and acquired angioedema. Ann Allergy Asthma Immu-
nol 109(6):395–402. https:// doi. org/ 10. 1016/j. anai. 2012. 10. 008. PMID: 
23176876

 16. Kargarsharif F, Mehranmehr N, Zahedi Fard S et al (2015) Type I and 
Type II Hereditary Angioedema: Clinical and Laboratory Findings in 
Iranian Patients. Arch Iran Med 7:425–429 PMID: 26161706

 17. Araújo-Simões J, Boanova AGP, Constantino-Silva RN et al (2021) The 
Challenges in the Follow-Up and Treatment of Brazilian Children with 
Hereditary Angioedema. Int Arch Allergy Immunol 182(7):585–591. 
https:// doi. org/ 10. 1159/ 00051 2944. Epub 2021 Jan 28 PMID: 33508850

 18. Bork K, Meng G, Staubach P, Hardt J (2006) Hereditary angioedema: 
new findings concerning symptoms, affected organs, and course. Am 
J Med 119(3):267–274. https:// doi. org/ 10. 1016/j. amjmed. 2005. 09. 064. 
PMID: 16490473

 19. Schneider L, Hurewitz D, Wasserman R et al (2013) C1-INH concentrate 
for treatment of acute hereditary angioedema: a pediatric cohort from 
the I.M.P.A.C.T. studies. Pediatr Allergy Immunol 1:54–60. https:// doi. 
org/ 10. 1111/ pai. 12024. Epub 2012 Nov 22 PMID: 23173714

 20. Agostoni A, Cicardi M (1992) Hereditary and acquired C1-inhibitor defi-
ciency: biological and clinical characteristics in 235 patients. Medicine 
(Baltimore) 71(4):206–215. https:// doi. org/ 10. 1097/ 00005 792- 19920 
7000- 00003. PMID: 1518394

 21. Farkas H (2010) Pediatric hereditary angioedema due to C1-inhibitor 
deficiency. Allergy Asthma Clin Immunol 6(1):18. https:// doi. org/ 10. 
1186/ 1710- 1492-6- 18. PMID: 20667 121; PMCID: PMC29 20237

 22. Cicardi M, Johnston DT (2012) Hereditary and acquired complement 
component 1 esterase inhibitor deficiency: a review for the hematolo-
gist. Acta Hematol 127(4):208–220. https:// doi. org/ 10. 1159/ 00033 6590. 
Epub 2012 Mar 27 PMID: 22456031

 23. Bernstein JA, Moellman J (2012) Emerging concepts in the diagnosis 
and treatment of patients with undifferentiated angioedema. Int J 
Emerg Med 5(1):39. https:// doi. org/ 10. 1186/ 1865- 1380-5- 39. PMID:231
31076;PMCID:PMC3518251

 24 Ferrara AL, Cristinziano L, Petraroli A et al (2021) Roles of Immune Cells 
in Hereditary Angioedema. Clin Rev Allergy Immunol 60(3):369–382. 
https:// doi. org/ 10. 1007/ s12016- 021- 08842-9. Epub 2021 May 29. PMID: 
34050913; PMCID: PMC8272703

 25. Honda D, Ohsawa I, Mano S et al (2021) Cutoff value of C1-inhibitor 
function for the diagnosis of hereditary angioedema due to C1-inhibitor 
deficiency. Intractable Rare Dis Res 10(1):42–47. https:// doi. org/ 10. 5582/ 
irdr. 2020. 03099. PMID:33614375;PMCID:PMC7882089

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/pde.14467
https://doi.org/10.3389/falgy.2022.835503
https://doi.org/10.1186/s13023-015-0233-x.PMID:25758562;PMCID:PMC4333895
https://doi.org/10.1186/s13023-015-0233-x.PMID:25758562;PMCID:PMC4333895
https://doi.org/10.1016/j.jped.2020.10.011
https://doi.org/10.1016/j.jped.2020.10.011
https://doi.org/10.1016/j.waojou.2022.100627.PMID:35497649;PMCID:PMC9023902
https://doi.org/10.1016/j.waojou.2022.100627.PMID:35497649;PMCID:PMC9023902
https://doi.org/10.1016/j.waojou.2022.100627.PMID:35497649;PMCID:PMC9023902
https://doi.org/10.1016/j.jaip.2015.12.010
https://doi.org/10.1016/j.jaip.2015.12.010
https://doi.org/10.2500/aap.2015.36.3806
https://doi.org/10.2500/aap.2015.36.3806
https://doi.org/10.1016/j.jaci.2012.08.036
https://doi.org/10.1016/j.jaci.2012.08.036
https://doi.org/10.1186/s13023-017-0604-6
https://doi.org/10.1186/s13023-017-0604-6
https://doi.org/10.1111/apa.13345
https://doi.org/10.1111/apa.13345
https://doi.org/10.1016/j.jaip.2014.11.012
https://doi.org/10.2147/TCRM.S86293
https://doi.org/10.1186/1710-1492-6-24
https://doi.org/10.1186/1710-1492-6-24
https://doi.org/10.1016/j.anai.2012.10.008
https://doi.org/10.1159/000512944
https://doi.org/10.1016/j.amjmed.2005.09.064
https://doi.org/10.1111/pai.12024
https://doi.org/10.1111/pai.12024
https://doi.org/10.1097/00005792-199207000-00003
https://doi.org/10.1097/00005792-199207000-00003
https://doi.org/10.1186/1710-1492-6-18.PMID:20667121;PMCID:PMC2920237
https://doi.org/10.1186/1710-1492-6-18.PMID:20667121;PMCID:PMC2920237
https://doi.org/10.1159/000336590
https://doi.org/10.1186/1865-1380-5-39
https://doi.org/10.1007/s12016-021-08842-9
https://doi.org/10.5582/irdr.2020.03099
https://doi.org/10.5582/irdr.2020.03099

	Clinical and laboratory spectrum of hereditary angioedema in a group of Egyptian children: a cross sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	The design of the study
	Inclusion and exclusion criteria
	Severity score criteria for HAE

	Data collection
	Statistical analysis

	Results
	Primary aspects of the study’s population
	Clinical features and treatment modalities of the studied patients
	Hereditary angioedema testing results

	Discussion
	Conclusions
	Acknowledgements
	References


