
696

ORIGINAL ARTICLE  

Phenotypes of 126 Moroccan HIES patients according to NIH Score
Phénotypes de 126 patients HIES marocains selon Score NIH.

Ilham Fadil1, Ibtihal Benhsaien1,2, Jalila Elbakkouri1,4, Leila Jeddane1,3 , Noufissa Benaajiba5, Noureddine Rada6, Mohamed Hbibi7 , 
Naïma Amenzoui2, Sara Ben Miloud8, Mustapha Hida7, Mohammed Bouskraoui9, Fatima-Zahra El Fetoiki10, Fouzia Hali10, Soumiya 
Chiheb10, Brahim Admou11, Jean Laurent Casanova12,13,14,15, Anne Puel12,13,14, Bertrand Boisson12,13,14, Vivien Béziat12,13, Fatima Ailal1,2, 
Ahmed Aziz Bousfiha1,2  

1.  Laboratory of Clinical Immunology, Inflammation, and Allergy (LICIA), Faculty of Medicine and Pharmacy, Hassan II University, Casablanca, Morocco
2.  Children Infectious Diseases and Clinical Immunology Departement, Children ’ s Hospital, Ibn Rochd University Hospital, Casablanca, Morocco
3.  Laboratoire National de Référence, Mohamed VI Health Sciences University, Casablanca, Morocco
4.  Immunology Laboratory, Ibn Rochd University Hospital, Casablanca, Morocco
5.  Department of Pediatrics, Mohammed VI University Hospital, Oujda, Morocco
6.  Department of Pediatric Infectious Diseases, Mohammed VI University Hospital, Marrakesh, Morocco
7.  Department of Pediatric Diseases, Hassan II University Hospital, Fes, Morocco
8.  Pediatric Hematology and Oncology Unit, Hassan II Hospital University Fes, Morocco
9.  Pediatric A Department, Mohammed VI University Hospital, Marrakesh, Morocco
10. Departement of Dermatology and Venereology, University Hospital of Ibn Rochd, Casablanca, Morocco.
11. Immunology Laboratory, Mohammed VI University Hospital, Marrakesh, Morocco.
12. Laboratory of Human Genetics of Infectious Diseases, Necker Branch, INSERM U1163, 75015 Paris, France
13. Paris Cité University, Imagine Institute, 75015 Paris, France
14. St. Giles Laboratory of Human Genetics of Infectious Diseases, Rockefeller Branch, Rockefeller University, New York, NY 10065, USA
15. Pediatric Hematology-Immunology Unit, Necker Hospital for Sick Children, AP-HP, 75015 Paris, France

AbstrAct
Introduction: Hyper-IgE syndrome  is a group of inborn errors of immunity, some of which are syndromic, characterized clinically by the classic triad 
of chronic eczema, cutaneous and/or pulmonary staphylococcal infections and high serum IgE concentrations (> 2000 IU/ml or > 10 x normal for age). 
Aim: We report here the clinical and immunological aspects of Moroccan patients presenting probable or possible HIES according to NIH-HIES score. 
Methods: This retrospective study covers the period from 1998 to 2023 and includes Moroccan patients with a clinical presentation suggestive 
of HIES (skin and/or pulmonary infections, eczema, high IgE levels) and an NIH score ≥ 20. We attempted to classify the patients phenotypically 
according to the 2022 IUIS IEI Expert Committee classification. Results: Median age at symptom onset was 0.5 years and median age at diagnosis 
was 5.5 years. The main clinical signs were eczema (66%), skin abscesses (32.5%), pneumonia (32.5%), otitis (20%), mucocutaneous candidiasis 
(19%), diarrhea (12%), facial dysmorphism (10.3%), lymphadenopathy (9.5%), bronchial dilation (8%), pneumatoceles (8%), conjunctivitis (7.1%), 
rhinitis (6.3%), psychomotor delay (5.6%), pathological fractures (4%), retention of deciduous teeth (4%), cognitive delay (3.2%).
Conclusion: This is the first clinical description of a cohort of Moroccan patients presenting HIES according to NIH criteria. Phenotype can sometimes 
orient towards identification of the mutated gene, but the overlapping clinical signs make molecular analysis necessary for genetic counseling and 
appropriate treatment.

Key words: Inborn errors of immunity – Moroccan population – Hyper IgE syndrome – Associated or syndromic combined immunodeficiency- NIH-HIES score.

 résumé
Introduction: Les syndromes hyper-IgE constituent un groupe d'erreurs innées de l'immunité, parfois syndromiques, caractérisés cliniquement par 
la triade classique : eczéma chronique, infections staphylococciques cutanées et/ou pulmonaires et des niveaux élevés d'IgE sériques (> 2000 UI/
ml ou > 10 x normale pour l’âge). 
Objectif: Rapporter les aspects cliniques et immunologiques de patients marocains présentant un HIES probable ou possible selon le score NIH-HIES. 
Méthodes: L'étude rétrospective couvrant la période de 1998 à 2023 a porté sur des patients marocains présentant des symptômes évocateurs 
de HIES et un score NIH ≥ 20. 
Résultats: La médiane d’âge à la présentation des signes cliniques était de 0,5 ans et la médiane d’âge au début des symptômes était de 5,5 ans. Les 
principaux symptômes inclus étaient l'eczéma (66%), les abcès cutanés (32,5%), les pneumonies (32,5%), les otites (20 %), les candidoses (19%), la 
diarrhée (12%), la dysmorphie faciale (10,3 %), les adénopathies (9,5 %), la dilatation bronchique (8%), les pneumatocèles (8%), la conjonctivite (7,1%), 
la rhinite (6,3%), le retard psychomoteur (5,6%), les fractures pathologiques (4%), la rétention des dents lactéales (4 %), le retard cognitif (3,2%). 
Conclusion: Cette étude représente la première description clinique d'une cohorte de patients marocains présentant un HIES selon les critères 
NIH. Bien que certaines orientations vers les gènes mutés aient été possibles sur la base du phénotype, une analyse moléculaire est nécessaire en 
raison du chevauchement des symptômes.

Mots clés: Erreurs de l’immunité innée – Population Marocaine – Syndrome HyperIgE – Déficits immunitaires combinés associés – Score NIH-HIES.
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INTRODUCTION

Hyper IgE syndrome (HIES) is a group of inborn 
errors of immunity (IEI, previously known as primary 
immunodeficiencies of PIDs). HIES is a group 2b, combined 
associated or syndromic immunodeficiency. It is rare and 
severe (OMIM #147060), and manifests early in life, with 
recurrent skin and/or pulmonary infections, eczema, and 
very high IgE levels(1). HIES was first described in 1966 by 
Davis et al(2) , paradoxically before the discovery of IgE 
antibodies in the late 1960s (3).
This multisystem syndrome has heterogeneous clinical 
manifestations and diverse genetic origins (4,5). Its 
classification system has been modified several times, 
with the exclusion of deficiencies of DOCK8 (dedicator 
of cytokinesis 8) and TYK2 (tyrosine kinase 2). Indeed, 
DOCK8 deficiency was previously considered to be 
an autosomal recessive (AR) form of HIES but is now 
considered a combined immunodeficiency due to the 
predisposition to serious viral skin infections it confers, 
including Molluscum contagiosum, Herpes simplex and 
human papillomavirus infections (6), rarely noted in 
STAT3 deficiency as well as bone and connective tissue 
manifestations are less marked, or even non-existent 
in DOCK8 deficiency. DOCK8 deficiency is no longer 
classified as HIES but still should be considered as a 
differential diagnosis with the STAT3-related forms(7). 
Similarly, AR TYK2 deficiency was initially identified on 
the basis of its link to atypical mycobacterial disease, 
leading to its identification as a genetic predisposition 
to mycobacterial disease (Mendelian susceptibility to 
mycobacterial disease or MSMD)(8).
Several IEIs have recently been integrated into the HIES 
group: autosomal dominant (AD) defects of CARD11, 
ERBIN, TGFBR1, TGFBR2, AD and AR defects of IL6ST, and 
AR defects of ZNF341 and IL-6R(9). According to the 2022 
classification of the International Union of Immunological 
Societies (IUIS), HIES includes 11 pathological entities 
classified into two groups (4,9)corresponding to 
autosomal dominant (AD-HIES) and autosomal recessive 
(AR-HIES) forms.
The principal genetic cause of this syndrome is AD 
STAT3 (signal transducer and activator of transcription 
3) deficiency (OMIM #147060). This form of the disease, 
also known as Job-Buckley Syndrome, is a multisystem 
disease. In addition to the classic clinical triad of HIES, it 
includes non-immunological characteristics, such as facial 
dysmorphism, scoliosis, joint hyperlaxity, retention of 
deciduous teeth, a high-arched palate, and pathological 
fractures(10).
Seven other genetic deficiencies are known to result 
in clinical features partially or completely identical to 
those of STAT3 deficiency because they affect genes 
involved in the STAT3 signaling pathway (7). These 
deficiencies are ZNF341 deficiency (AR HIES; Zinc finger 
protein 431)(11), IL-6R deficiency (AR HIES; interleukin 
6 receptor)(12), IL6ST deficiency (AD and AR HIES; 
interleukin 6 signal transducer)(13) , PGM3 deficiency 
(AR HIES; phosphoglucomutase 3) (14), and two other 
AD deficiencies of ERBIN (Erbb2-interacting protein) and 
TGFBR1 or TGFBR2 (Loeys-Dietz syndrome)(15,16) .

Another two deficiencies included in the HIES class of the 
IUIS do not present the non-immunological features of 
HIES: SPINK5 deficiency (Comel-Netherton syndrome; 
AR HIES; serine peptidase inhibitor Kazal type 5), which 
manifests as congenital ichthyosis and bamboo hair(17), 
and CARD11(AD HIES) deficiency (Caspase recruitment 
domain family member 11), which manifests principally 
as atopy and susceptibility to a broad spectrum of 
infections(18) .
In emerging countries like Morocco, it is difficult to 
obtain a genetic diagnosis of this disease. It is therefore 
important to be able to make a reliable diagnosis based 
solely on the clinical and immunological phenotype. We 
tested this approach with retrospective data from our 
cohort collected from the national reference registry of 
IEIs.

METHODS

We performed a retrospective study of patients with 
a strong suspicion of HIES followed by the Clinical 
Immunology Unit of the Pediatrics Department of 
Abderahim Harrouchi Children’s Hospital in Casablanca 
over a 25-year period extending from 1998 to 2023. 
A form was completed for each patient, on which 
we recorded personal data (age, sex, family history, 
consanguinity, age at onset of clinical signs, and age 
at clinical diagnosis), clinical observations (cutaneous 
manifestations, pulmonary and skin infections, allergies, 
skeletal and connective tissue abnormalities, neurological 
abnormalities, autoimmunity) and the results of 
biological examinations (blood count, determinations 
of immunoglobulins IgM, G, A and E, lymphocyte 
subpopulations, and DHR test). The data were collected 
from the patients' medical records and from the National 
Reference Registry for IEIs.
The ethics committee of the Faculty of Medicine and 
Pharmacy of Hassan II University approved this study, 
which was performed in accordance with the 2008 
Helsinki Declaration.
An NIH-HIES score was calculated for all patients in this 
series for the purposes of prediagnosis. This score was 
first proposed by Bodo Grimbacher in 1999 (19) and 
was subsequently developed by the American National 
Institutes of Health (NIH), using clinical and biological 
criteria based on IgE values (IU/ml), the number of 
eosinophils, the intensity of eczema various suggestive 
infections (abscesses, pneumonia, pneumatocele 
bronchial dilation, candidiasis), and relatively specific non-
immunological signs, such as the retention of deciduous 
teeth, scoliosis, pathological fractures, characteristic 
facial features, a high-arched palate, and lymphomas. 
An NIH-HIES score > 40 points indicates probable HIES, a 
score between 20 and 40 points is suggestive of HIES, and 
a score below 20 points excludes HIES.
The inclusion criteria were an NIH-HIES score ≥ 20, the 
classic clinical triad suggestive of HIES (recurrent skin 
and/or lung infections, eczema, and a high IgE level, ˃ 10 
times greater than the upper limit of the normal range 
for age), and a negative result in serological tests for HIV.
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All patients with other types of IEIs associated with high 
IgE levels were excluded on the basis of clinical phenotype: 
Wiskott Aldrich syndrome (eczema, thrombocytopenia, 
autoimmunity and cancers), Omenn syndrome 
(neonatal generalized erythroderma, hypotrichosis, 
hepatosplenomegaly, lymphadenopathy), Di-George 
syndrome (cardiac malformation, hypoparathyroidism, 
hypoplasia), IPEX syndrome (enteropathy, 
polyendocrinopathy), and ARPC1B deficiency (hemorrhagic 
colitis, cutaneous vasculitis, thrombocytopenia ).

Statistical Analyses

All statistical analyses were performed with SPSS version 
20 software.

Ethical Considerations

In September 2019, the Ethics Committee of the Faculty 
of Medicine and Pharmacy Hassan University approved 
the study under reference number 15/19 and written 
consent was obtained from the children’s parents or 
guardians after describing the study in detail.

RESULTS

After application of the inclusion and exclusion criteria, 
126 patients were included in the study.

Epidemiological characteristics

Age at presentation ranged from 3 months to 25 years. 
There were slightly more male than female patients 
(58%), giving a sex ratio of 1.37. Median age at symptom 
onset was 0.5 years [neonatal period - 15 years], and 
median age at clinical diagnosis was 5.5 years [3 months 
- 25 years]. Almost half (40.5%) the patients were born to 
consanguineous parents (51 patients), 24 patients (19%) 
reported similar cases within the family (siblings or other 
relatives), and 14 patients (11%) reported a history of 
death from the same cause within the family.

Clinical findings

Almost all the patients had recurrent infections and 
allergies, with eczema in 66%, asthma in 25.4%, 
conjunctivitis in 7% and rhinitis in 6.3%. Skin infections 
were identified in 39% of cases and manifested as skin 
abscesses (32.5%), mucocutaneous candidiasis (19%), 
and cold abscesses (10%). Pulmonary infections were 
identified in 37.3% of cases, manifesting as pneumonia 
(32.5%), pneumatoceles (8%) and bronchial dilation (8%). 
Ear, nose and throat (ENT) infections were observed in 
27% of patients: otitis in 20%, sinusitis in 1.6%, two cases 
of dental abscess, and one case of parotid abscess.
Non-immunological manifestations were present in 16.6% 
of patients. They included skeletal and connective tissue 
abnormalities (14.3%): facial dysmorphism in 10.3%, 
pathological fractures in 4%, retention of primary teeth in 
4%, and ligamentous hyperlaxity and a high arched palate 

in 1.6%. Scoliosis was detected in only one patient (0.8%). 
Neurological abnormalities were highlighted in 6.3% of 
cases: psychomotor delay was detected in seven patients 
(5.6%), and cognitive delay in four patients (3.2%). Finally, 
lymphadenopathy was recorded in 12 patients: inguinal 
(seven patients), cervical (four patients), axillary (three 
patients) and intraparotid (one patient).
Autoimmunity was observed in 1.6% of cases, in the 
form of a single case of lichenoid lupus erythematosus 
and one case of celiac disease. Meningococcal meningitis 
was documented in 1.6% of cases. One patient (0.8%) 
developed a non-Hodgkin's malignant lymphoma of the 
T phenotype, mycosis fungoides type. Gastrointestinal 
manifestations were observed, including diarrhea (12%), 
splenomegaly (3.2%), rectal bleeding (2 cases), infectious 
colitis (one case), renal abscess (one case) and digestive 
bleeding (two cases).

Immunological findings

IgE levels ˃10 times the upper limit of the normal range 
for age were found in all patients, and 70.63% of patients 
(89/ 126) had IgE levels ≥ 2000 IU/ml . Mean IgE level 
was 5,759 IU/ml (44.5 – 55,635 IU/ml). An increase in 
the levels of other types of Ig (non-IgE) was observed in 
some patients: IgG in eight patients, IgA in three patients 
and IgM in a single patient. Hypereosinophilia (PNE 
≥700/mm³) was noted in 67.4% of cases (85 patients), 
with a mean of 1,315 elements/mm³ (100 – 9,130/mm³). 
Moderate CD4+ T-cell lymphopenia was observed in four 
patients and thrombocytopenia was observed in three 
patients.

Infectious microorganisms identified

Cytobacteriological, skin (scales, pus) and ENT 
examinations detected several different microorganisms, 
including Gram+ Cocci and Gram+ and Gram- bacilli: 
Bacillus sp. (n=1), Citrobacter freudii (n=1), Streptococcus 
beta hemolytic group A (n=4), Staphylococcus aureus 
(n=20), Pseudomonas aeruginosa (n=2), Haemophilus 
influenzae (n=3), Proteus mirabilis (n=1), Proteus 
rettgeri (n=1), Streptococcus dysgalactiae (n=4), 
Candida parapsilosis (n=1), Candida dubliniensis (n=2), 
Enterobacter (n=1), Giardia intestinalis (n =1) and 
coagulase-positive Staphylococcus (n=1).
NIH-HIES score: An NIH-HIES score ≥ 20 points was 
required for inclusion and the mean score was 29, 6. The 
patients were assigned to two groups on the basis of this 
score: a group of 15 patients (12%) with a score of at 
higher 40 points, indicating probable HIES, and a group 
of 111 patients (88.1%) with scores between 20 and 40 
points, indicating possible HIES.

Mortality

Nine patients died (7.1%) during the study, at a median 
age of 5.9 years. The causes of death were diverse: 
complications following respiratory infection (two cases), 
septicemia (one case), pulmonary hemoptysis (one case), 
peritonitis due to rupture of a spleen abscess (one case), 
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and cardiorespiratory arrest (one case). The cause of 
death was not reported for three patients.
The results are presented in Table 1.

DISCUSSION

Until recently, IEIs were largely unknown in Morocco. 
Since the creation, in 1995, of the first center specializing 
in the diagnosis and management of IEIs in Morocco (the 
Clinical Immunology Unit of Abderahim Harrouchi Ibn 
Rochd Children's Hospital in Casablanca), this discipline 
has greatly increased in importance in the country. A 
few years after the creation of this first center, a large 
national network was established involving different 
specialists (pediatricians, dermatologists, neurologists, 
pulmonologists, psychologists) interested in IEIs working 
at different university hospitals, leading to the creation of 
the Moroccan Society for Primary Immunodeficiencies. 
In this context, we investigated the particular features of 
HIES in Morocco.
This is the first retrospective study of HIES focusing 
exclusively on patients in Morocco. We compared our 
cohort of 126 patients to three large published series: 
an Indian series (n = 103)(20), an Iranian series (n = 129) 
(21)in which genetic variants were studied in addition 
to clinical, epidemiological and immunological profiles, 
and a third series from USIDNET (n = 85) (22), which 
included patients with a phenotypic profile of AD HIES 
from different ethnic groups (25 US states and Quebec) 
for whom no molecular study was conducted.
In our series, the mean age at diagnosis was 6.9 years 
(median = 5.5 years), whereas the mean age at symptom 
onset was 1.2 years (median = 0.5 years). This late 
diagnosis, with an interval between symptom onset 
and diagnosis of 5.7 years may be partly accounted for 
by the difficulty of diagnosis based solely on the classic 
triad of HIES, which overlaps with other diseases, without 
recourse to genetic studies, together with the moderate 
symptoms observed in patients of the ages recruited.
The lungs and skin are the most common sites of infection 
in patients with HIES(23) . Repeated infections were the 
most frequent clinical sign reported (75.4% of patients), 
followed by atopic diseases (73% of patients). Pulmonary 
infections manifest as frequent, recurrent bacterial 
pneumonia, which can become complicated over time, 
developing into bronchiectasis or pneumatoceles (24). 
In our series, such infections were present in 37.3% of 
patients, with pneumonia in 32.5% of cases, versus, 60% 
in India, 65.8% in Iran, and 72% USIDNET.
Pneumatoceles is a typical manifestation of the AD 
HIES form, especially that due to  STAT3(25)  and IL6ST 
deficiencies(26,27). However, a significant number of 
patients with AR HIES forms and mutations of ZNF341(11) 
, IL6ST(13)  or PGM3 (28) presenting pneumatoceles 
have been reported. We identified pneumatoceles in 
8% of patients, this value being similar to that reported 
for cohorts from India (12%), Iran (14.7%), and USIDNET 
(8.5%). Bronchial dilation was found in 8% of our patients, 
a value close to that for the Iranian series (11.6%).
The patients in our series also presented skin infections in 
the form of abscesses (32.5%), albeit at a lower frequency 
than in the other cohorts considered here (65% in India, 
81.3% in Iran and 74.4% in USIDNET).
ENT infections should also be considered carefully, 
particularly if accompanied by severe eczema or growth 

India (20) 
2021
Saikia 
and al
(N=103)

Iran (21) 
2019
Tavasoli 
and al
(N=129)

USDNIT (22)
2018
Gernez and al
(N= 85)

Our series
This study
(N= 126)

Study period 
(years)

20 37 15 25

Inclusion          
criteria

-Clinical 
diagnosis   
of HIES  
(with or 
without 
molecular 
diagnosis)

-Severe 
eczema

-Recurrent 
infections

-IgE levels ˃ 
10 times the 
upper limit of 
the normal 
range for age

-Absence of 
T- and B-cell 
deficiency

-Clinical and 
immunological 
features of 
AD-HIES

-Eczema

- Recurrent 
pulmonary 
and /or skin 
infections

- IgE levels ˃ 
10 times the 
upper limit of 
the normal 
range for age

- NIH score 
≥20

Demographics data
Sex Female % 26 43.4 41.2 42.1

Male % 73.7 56.6 58.8 58

Sex ratio 2.8 1.3 1.4 1.3

Median age 
at onset of 
symptoms 
(years)

ND 0.5 2 0.5

Median age at 
diagnosis (years)

5 6 13.8 5.5

Consanguinity(%) ND 60.4 ND 40.5

Family history (%) ND ND 45.9 26.2

Mortality (%) 8 ND ND 7

Clinical and biological data (%)
Eczema 52.4 72 57.3 66

Skin abscess 65 81.3 74.4 32.5

Mucocutaneous 
candidiasis

32 30.2 ND 19

Pneumonia 60 65.8 72 32.5

Pneumatoceles 12.6 14.7 8.5 8

Bronchiectasis ND 11.6 ND 8

Dysmorphism 63.1 ND ND 10.3

Primary tooth 
retention

3.8 11.6 41.4 4

Pathological 
fractures

4.8 ND 39 4

Scoliosis ND 10.8 34.1 0.8

Hyperlaxity 20.3 ND 8.5 1.6

Allergy ND 30.2 37 21.4

Otitis ND 25.5 42.7 20

Sinusitis ND 16.2 48.8 1.6

Conjunctivitis ND 7.7 ND 7

Recurrent 
diarrhea

ND 13.9 ND 12

Meningitis ND 3.8 6.1 1.6

Autoimmunity 1.9 ND ND 1.6

Cancer 0.9 12.4 7 0.8

NIH score ≥ 40   32 ND ND 12

IgE ≥ 2000 IU/ml 79.2 52.7 ND 70.6

Eosinophilia ≥ 
700/mm³

58.8 48.8 56 67.5

Table 1. Demographic and clinical data for our series and comparison 
with previously published series

N: number of cases studied; ND:  Not determined; NIH score: National Institut of Health score
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retardation(28) . Recurrent or chronic ear infections 
were frequently reported in all types of HIES in several 
series(29–31). Such infections were detected in 20% of 
our patients, versus 25.5% of Iranian patients and 42.7% 
of patients in the USIDNET series.
Eczema was the predominant clinical manifestation. 
Typically, atopic dermatitis (AD) begins in infants with 
HIES during their first few months of life (32). It is 
diagnosed clinically on the basis of a neonatal skin rash 
that develops into chronic pruritic eczema, characterized 
by an appearance and distribution different from that of 
classic AD. Atopic dermatitis was observed in 66% of our 
patients(33), and its frequency, duration, and severity 
were highly variable. Atopy was also present in the other 
series, with frequencies similar to that in our cohort: 72% 
in Iran(21) , 57.3% in the USIDNET cohort(22)  and 52.4% 
in India(20) .
We identified allergies in 21.4% of our patients, versus 
30.2% in India and 37% in the USIDNET) cohort, and 25.4% 
of our patients had asthma, versus 39% in the USIDNET 
cohort. Other phenotypes were also recorded, such as 
meningitis, which was found in 1.6% of our patients, 3.8% 
of patients in Iran and 6.1% of patients in the USIDNET 
cohort, and autoimmunity, found in 1.6% of our patients 
and 1.9% of those in the Indian series.
Oral thrush, genital candidiasis, and onychomycosis are 
also common in HIES patients  (34). These conditions 
were identified in 20% of our patients, a frequency similar 
to those for the Indian (32%) and Iranian (30.5%) cohorts.
Gastrointestinal infections were less frequent than 
pulmonary and skin infections, but were nevertheless 
identified in our patients, manifesting as acute or chronic 
diarrhea in 12% of cases, a frequency close to that in the 
Iranian series (13.9%).
HIES is a group of heterogeneous, multisystemic 
immune disorders. In addition to the classic triad found 
in all forms of HIES, other non-immunological features 
(skeletal, connective, dental, dysmorphic, neurological, 
or vascular abnormalities) may initially be absent or 
mild early in life, subsequently becoming more evident 
over time, which can be problematic for diagnosis. Only 
16.6% of our patients presented non-immunological 
abnormalities: a typical facial appearance for 10.3% of 
our patients, versus 63% in India. Skeletal abnormalities 
were represented by scoliosis (0.8%), ligamentous 
hyperlaxity (1.6%), and pathological fractures (4%), all 
at frequencies lower than those in other series(35,36) . 
We found dental abnormalities in 4% (5/126) of patients, 
with the retention of deciduous teeth, at a frequency 
similar to that in the Indian series (3.8%). Characteristic 
facial features, musculoskeletal and dental abnormalities 
are classically observed in STAT3-HIES patients, and 
these features are, therefore, essential predictors for a 
diagnosis of AD HIES at an early stage of the disease(37) 
. However, some patients with deleterious ZNF341 or 
IL6ST or PGM3 mutations may have non-immunological 
clinical phenotypes similar to those observed in patients 
with STAT3 mutations(13). Neurological abnormalities 
were identified in 6.3% of cases: psychomotor delay was 
detected in seven patients (5.6%), and cognitive delay 
in four patients (3.2%), suggesting a PGM3 deficiency. 

In addition to significant immunodeficiencies, patients 
with PGM3 mutations also frequently exhibit dysmorphic 
features, skeletal anomalies, and various neurological 
abnormalities. Another criterion to distinguish patients 
with biallelic PGM3 mutations from other HIES patients 
could be a reversed CD4/CD8 ratio, in addition to 
developmental delay(38). Four of our patients had CD4+ 
lymphopenia but without any recorded neurological 
clinical manifestations.

As its name suggests, high serum concentrations of total 
IgE are one of the main immunological characteristics of 
HIES. IgE levels more than 10 times higher than the upper 
limit of the normal range for age were found in all of our 
patients; 70.6% (89/126) of our patients had serum IgE 
levels ≥ 2000 IU/ml, versus 79% (80/101) in the Indian 
series, and 53% in the Iranian series. Hypereosinophilia 
was noted in 68% (85/126) of our patients, a frequency 
similar to that reported for other series.
An NIH-HIES score ≥40 was found in 12% (15/126) of the 
patients in our series, versus 32% (33/103) for the Iranian 
cohort, in which the mean NIH score was 29.6 [20 - 65], 
and 45.3 [10 - 69] for the Iranian series (n=129). These 
differences can be explained by the choice of the age 
group studied, with certain symptoms, such as scoliosis, 
primary tooth retention and facial dysmorphism, 
detectable only in older patients. Likewise, the number 
of infectious episodes or fractures increases with age, 
and it takes several years for their contribution to 
become evident; this results in higher NIH scores in series 
containing adults in addition to children(39,40)  

CONCLUSION

We describe here, for the first time, the phenotypic 
profile of a large (n = 126) cohort of Moroccan patients 
presenting the classic triad of HIES with a high NIH-HIES 
score. These patients have a broad clinical phenotype, 
with a wide range of immunological and extra-
hematopoietic abnormalities. HIES diagnosis on the basis 
of clinical and immunological findings alone is difficult. 
Molecular analysis is required to identify the precise 
genetic cause of the disease.
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