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Summary

Recurrent inféctions seem to be a common complaint in childven who are referred to general prac-
titioners’ and pediatricians offices. Detection of primary immunodeficiencies (PID) etiology is
very important for achieving appropriate diagnosis and treatment of these patients. The absence
of appropriate treatment could lead to subsequent complications, in a hospital inpatient andfor
outpatient sewtings. This study was performed in a group of children with recurrent infections to
identify patients with underlying PID. A cross-sectional study was designed to evaluate the final
clinical diagnosis obtained in 100 pediatric patients with a history of recurrent infections referred
to Childrens Medical Center, Téhran, Iran, during one year (2011-2012). History taking and
physical examination, complementary laboratory tests including immunological investigations were
done to confirm the main causes of disease according ro our previously published stepwise approach
to recurrent infections. Among all studied patients, 21% (11 males and 10 females) were diag-
nosed to have PID. Parental consanguinity (p = 0.001) and soft tissue infections (p = 0.004) were
significantly higher in PID group, comparing to other causes of recurrent infections. Gender and
location of infections were also linked to the type of PID including antibody deficiency, combined
immunodeficiency and phagocytosis disorders. The real rate of PID as a cause of recurrent infection
appears to be much higher than what is generally considered in a selected group of pediatric pa-
tients; so, following the suggested stepwise guideline can improve timely diagnosis and appropriate
treatment of these patients.
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Introduction

Primary immunodeficiency diseases (PIDs) are a heterogeneous
group of inherited disorders associated with infectious and non-
infectious complications (1). Infectious diseases occur in children
more frequently than adults (2-5). Normally, a child might suffer
from infectious episodes between 6-15 times per year (6,7). This
range of infectious events depends on many predisposing factors
(2,8). The most important promoting elements are age, exposure
to other children in school or daycare units (9,10), passive smoking,
inadequate nutrition, living in an air-polluted area, atopy, anatomi-
cal defects and other chronic underlying disorders (11).

Therefore, a challenge exists for practitioners to verify the abnor-
mal pattern and unusual type of the infection (12), and to make a
decision about the necessity of further evaluation for finding more
serious underlying conditions such as immunodeficiency (13-15).
To achieve this goal, starting from 20 years ago, diagnostic aids such
as “10 warning signs of PID” have been designed (16,17), that were
based on patients’ medical history and physical examination (7,8).
Although these guidelines are so applicable and useful in the diag-
nosis of PID in both children and adults, further development and
refinement of the suggested warning signs show that reliance on
these signs cannot identify all patients with PID (3,15,16).

Since early diagnosis and treatment of PID are very important
(18,19), it is necessary to know the proportional rate of PID among
the children suffering from recurrent infections (20). However, this
rate varies among different settings and different ethnicities. Early
diagnosis can improve long-term quality of life and prevent sec-
ondary complications of PID (9,12). Improving the awareness of
pediatricians about these facts could be helpful in better evalua-
tion and management of the condition (21,22). Although there are
some important reports on registries of PID patients in Iran and
other countries, there is no clinical study on children with recurrent
infectious diseases, to classify them into diagnostic subgroups and
show the applicability of a stepwise approach to the recurrent infec-
tion. Furthermore, there are only a few similar articles in this field
all over the world (16,20,23). This survey was designed to identify
the frequency of underlying primary immunodeficiency among pe-
diatric patients with recurrent infection.

Materials and methods

Patients

A cross-sectional prospective study was designed. Patients were
selected at the main pediatric tertiary hospital, “Children’s
Medical Center affiliated to Tehran University of Medical Sci-
ences, Tehran, Iran” from November 2011 to November 2012.
Patients younger than 14 years old that were referred to the
emergency unit, the general pediatric clinic, the immunology,

allergy and infectious diseases outpatient clinics., along with the
patients admitted to the infectious, gastroenterology, intensive
care unit (ICU) and immunology wards, were enrolled. Patients
with a history of recurrent or chronic infection and also cas-
es with a serious infectious complication were included to the
next step. There is a family medicine for each patient in Iran,
and each episode of the medical event should be documented
by corresponding family physicians before referring to the third
level hospital. Thus, we obtained data of all episodes of infec-
tions in the studied patients by reviewing these documents. The
Ethics Committee of the Tehran University of Medical Sciences
approved the project. Written informed consent was obtained
from all the cases and/or their parent(s).

Clinical evaluation

Recurrent infection was defined as a history of at least two se-
vere infections in a year, three or more bacterial respiratory in-
fections (e.g., sinusitis, otitis media, and bronchitis) in one year,
or the requirement of antibiotics for two months / year. Severe
/ serious infections were also considered as grave infections, in-
cluding those with persistent fever or confinement to bed for
a week or more, failure to respond to oral antibiotics and/or
the need for intravenous antibiotics or hospitalization, infec-
tions with an unusual pathogen, unusual complications (e.g.,
mastoiditis, pleural effusion, abscesses), or persistent laborato-
ry abnormalities (e.g., prolonged leukocytosis, elevated eryth-
rocyte sedimentation rate [ESR] or C-reactive protein [CRP],
persistent imaging abnormalities) (24).

A detailed itemized questionnaire, including whether or not
there was a family history of recurrent infection or unexpected
death, consanguinity of parents, age at the time of first infec-
tion and current age, physical examination details, the types and
severity of infections, and reports of para-clinical evaluations
(e.g. laboratory tests and imaging and pathological reports of
patients), was filled for all enrolled patients.

Furthermore, based on the predominant presentation and in-
fectious location of each patient, we grouped the infections into
6 main categories including upper respiratory infections (25),
lower respiratory infections (26-28), gastrointestinal infections,
skin infections, soft tissue infections, and severe or life-threat-
ening infections (meningitis, sepsis, osteomyelitis) (23,29,30).

Laboratory tests

From all individuals, a 5 milliliter blood sample was taken for
measuring complete blood count (CBC), ESR, CRP; then,
according to each medical history and a previously published
stepwise flowchart of approach to recurrent infections, com-
plementary diagnostic laboratory tests were done (6), such as
serum immunoglobulin levels, isohaemagglutinin levels, ni-
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troblue-tetrazolium test (NBT), human immunodeficiency vi-
rus (HIV) antibody, the titer of specific antibodies for tetanus,
diphtheria or pneumococcal antigens, purified protein deriva-
tive (PPD) test, and the skin prick test. The inhalant allergens
for the later test include trees (elm, maple, oak), grasses (Bermu-
da grass, Johnson grass, June grass [Kentucky bluegrass]), weeds
(common ragweed, cocklebur, rough pigweed), molds, and mis-
cellaneous allergens (mite, dog dander, cat dander, cockroach)
(31). In addition to inhalant allergens, we evaluated allergens
that patients mentioned.

Moreover, serum complement components’ levels, sweat test,
spirometry, flow-cytometry analysis, complementary imag-
ing and pathological investigation were also performed under
some special conditions, as explained before in the literature
(6,14,32). The final diagnosis of patients was recorded as follow:
healthy children, PID, secondary or acquired immunodeficien-
cy (SID), anatomical or functional disorders, and allergic con-
ditions (33-36). Patients with a definite diagnosis of PID were
classified based on the final reports of the International Union
of Immunological Societies (IUIS) (33).

Statistical analysis

Statistical analysis was performed, using a commercially avail-
able software package (SPSS Statistics 17.0.0, SPSS, and Chica-
go, Illinois). For the comparison of the age of onset and diagno-
sis between different groups, analysis of variance (ANOVA) was
used, while for categorical variables the chi-square test was used.
A pvalue of less than 0.05 was considered statistically significant
in our study.

Results

General information

We included 100 patients with recurrent infections according
to criteria explained in Materials and methods section. Among
these patients, 67% were male and 33% were female. The mean
age of patients was 6.2 + 4.0 years. Although all patients had a
chief complaint of recurrent infections, the patients were cate-
gorized into 6 main groups according to main affected organs.
We found out that the most frequent complaints were lower
respiratory infections (31%) and upper respiratory infections
(30%), followed by severe systemic infections (13%), gastroin-
testinal infections (11%), soft tissue infections or abscess (11%)
and skin infections (4%).

Consanguineous marriage rate was 38% overall and there were
only 2 patients with a family history of PID. One patient was
a 9-year old girl with a history of common variable immuno-
deficiency (CVID) in her maternal uncle; she had recurrent

pneumonia due to her congenital heart disease and there was no
serologic evidence of PID. The second patient was a 5-year old
boy with hyper IgM syndrome (HIgM) with a history of death
in his infant sibling and his maternal uncle, also diagnosed with
the same syndrome.

Comparison of groups’ characteristics

After careful laboratory tests and evaluation of clinical diagnos-
tic criteria, we categorized patients with a history of recurrent
infections into the following 5 subgroups: healthy children,
PID, SID, anatomical or functional disorders and allergic con-
ditions. Accordingly, we diagnosed 30 cases as healthy, 18 as
allergy, 16 as SID, 15 as anatomical or functional disorders,
and 21 as PID (table I). In PID group, the mean age of pa-
tients was 6.3 + 4.6 years and there were 11 (52.3%) males in
this group. Fifteen patients born of consanguineous marriages
(71.4%, figure 1) were seen in the PID group. The mean age
at time of the first manifestation was 4.6 + 4.0 years and the
mean diagnostic delay in this group was 2.8 + 0.3 years. There
was only 1 HIgM (4.5%) case with a family history of PID.
The most frequent presentation in this group was soft tissue
infections or abscess, in 7 (33.3%) patients.

The main diagnosis in allergy group was hyper-reactive airway
disease (HRAD including small hyper-reactive airway) with
the frequency of 15 (83%) of all 18 cases. The coincidence of
HRAD and gastro-esophageal reflux disease (GERD) were seen
in 1 (5.6%) case in allergy group, while the two remaining pa-
tients’ diagnoses were asthma 2 (11%).

The main disease in anatomical or functional defects group was
cystic fibrosis with a frequency of 5 (33.3%) cases, followed by
congenital heart disease in 4 (26.7%), GERD in 2 (13.3%) and
hypertrophic adenoids in 2 (13.3%). Interstitial lung disease
and nasal septum deviation were each identified in one patient.
In the SID group, HIV infection in 4 (25%) and corticosteroid
side-effect in 3 (19%) cases were the main evidenced causes of
recurrent infections. Regarding the other SID diseases, there
was 1 (6.3%) each with cytomegalovirus infection, Crohn’s dis-
ease, protein-losing enteropathy, fatty acid oxidation disorder,
Gaucher’s disease, juvenile polyposis, intestinal lymphangiecta-
sia, lymphoma, and maple syrup urine disease.

Demographic and clinical data of other causative groups of
recurrent infection are summarized in table I. PID group pre-
sented a significantly higher rate of parental consanguinity (p
= 0.001) and soft tissue infections (p = 0.004). In contrast,
healthy individuals significantly manifested upper respiratory
infection (p = 0.024), while the lower respiratory infection was
more frequent in cases with anatomical or functional defects
(p = 0.001). Sex of patients did not influence the incidence of
PID or anatomical disease, but there was a slightly higher rate
of males in allergy and SID.
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Table I - Classification of demographic and clinical data of 100 pediatric individuals with complaint of recurrent infection based on the
Jfinal definite diagnosis.

Parameters total healthy atopy anatomical SID PID p-value
(n =100) (n = 30) (n=18) (n=15) (n=16) (n=21)

sex (m/f) 67/33 22/8 14/4 718 13/3 11/10 0.099

onset age, years (SD) 3.7 (3.0) 2.1 (2.0) 3.9 (1.8) 4.4 (4.8) 2.8 (1.4) 4.6 (4.0) 0.321

diagnosis / current 6.2 (4.0) 6.0 (3.5) 5.8 (3.0) 7.8 (5.2) 5.1(3.8) 6.3 (4.6) 0.482

age, years (SD)

consanguinity (%) 37 (37.0) 5 (16.6) 4(22.2) 8 (53.3) 5(31.2) 15 (71.4) 0.001

positive family history (%) 2 (2.0) 0 0 1 (6.6) 0 1(4.5) 0.52

episodes of infection / year 5.9 (4.7) 5.3(2.7) 6.9 (3.2) 4.8 (2.0) 7.4 (3.6) 6.6 (4.0) 0.23

(SD)!

Major complications

upper respiratory 30 (30.0) 14 (46.7)° 8 (44.4) 3 (20.0) 2 (12.5) 3 (14.3) 0.024

infection (%)

lower respiratory 31 (31.0) 2 (6.6)¢ 8 (44.4) 10 (66.6)¢ 6 (37.5) 5(23.8) 0.001

infection (%)

gastrointestinal 11 (11.0) 3 (10.0) 1(5.5) 2 (13.3) 4 (25.0) 1(4.8) 0.320

infection (%)

skin infection (%) 4 (4.0) 1(3.3) 0 0 0 3 (14.2) 0.097

soft tissue infection 11 (11.0) 3 (10.0) 0 0 1(6.2) 7 (33.3)¢ 0.004

or abscess (%)

severe infection (%) 13 (13.0) 7 (23.3) 1(5.5) 0 3(18.8) 2 (9.5) 0.156

Laboratory tests
white blood count (cell/ul) 13230 + 7120 15229 + 4330 13107 + 4591 16211 + 3060 11028 + 3416 7023 + 6028 0.07

lymphocytosis (%) 72 (72.0) 28 (93.3) 14 (77.8) 15 (100) 5(31.2) 10 (47.6) <0.001
leukopenia (%) 9 (9.0) 0 0 0 3 (18.7) 6(28.5) 0.001
neutrophils (cell/ul) 7450 £ 7277 7952 £ 3171 8341 + 2400 8591 + 2803 5801 + 2974 3704 + 3380 0.05
neutropenia (%) 5 (5.0) 0 0 0 1(6.2) 4 (19.0) 0.01
lymphocytes (cell/ul) 5200 + 5147 5427 £ 2730 7379 + 4100 5278 + 3003 5914 + 5774 3710 + 3099 0.03
lymphopenia (%) 9 (9.0) 0 0 0 4(25.0) 5(23.8) 0.002
high erythrocyte sedimenta- 86 (86.0) 25 (83.3) 17 (94.4) 15 (100) 8 (50.0) 21 (100) <0.001
tion rate (%)

high C-reactive protein (%) 85 (85.0) 26 (86.6) 17 (94.4) 14 (93.3) 7 (47.7) 21 (100) <0.001
human immunodeficiency 4 (4.0) 0 0 0 4 (25.0) 0 <0.001
virus (%)

low serum IgM level (%) 7 (7.0) 0 0 0 1(6.2) 6 (28.5) <0.001
higher serum IgM level (%) 29 (29.0) 5 (16.6) 7 (38.8) 9 (60.0) 5(31.2) 3 (14.2) 0.01
low serum IgG level (%) 5(5.0) 0 0 0 1(6.2) 4(19.0) 0.01
higher serum IgG level (%) 27 (27.0) 7 (23.3) 7 (38.8) 3 (20.0) 7 (47.7) 3 (14.2) 0.21
low serum IgA level (%) 8 (8.0) 0 0 0 1(6.2) 7 (33.3) <0.001
low isohaemagglutinin 8 (8.0) 0 0 0 0 8 (38.0) <0.001

titers (%)
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Parameters total healthy atopy anatomical SID PID p-value
(n =100) (n =30) (n=18) (n=15) (n=16) (n=21)

Jow anti-P23 5 (5.0) 0 0 0 0 5238  <0.001

pneumococcal antibody (%)

low anti-tetanus antibody (%) 5 (5.0) 0 0 5 (23.8) <0.001

low anti- diphtheria 7 (7.0) 0 0 0 0 7 (33.3) <0.001

antibody (%)

low CD3* T-cells (%) 3 (8.0) 0 0 0 0 3(14.2) 0.02

low CD4* T-cells (%) 5 (5.0) 0 0 0 0 5(23.8) <0.001

low CD8* T-cells (%) 3 (3.0) 0 0 0 0 3(14.2) 0.02

low CD19* B-cells (%) 4 (4.0) 0 0 0 0 4 (19.0) 0.003

low CD16-56* NK-cells (%) 3 (3.0) 0 0 0 0 3(14.2) 0.02

negative nitroblue- 0 0 0 0 0 0 -

tetrazolium test (%)

negative purified protein 4 (4.0) 0 0 0 0 4(19.0) 0.003

derivative test (%)

positive skin prick test (%) 19/26 (73.0) NI 15/18 (83.3) NI NI 4/8 (50.0) 0.46

defective spirometry 16/48 (33.3) 0/11 (0) 717 (100) 2/9 (22.2) 2/8 (25.0) 5/13 (38.4) 0.06

test-higher than 6 years (%)

Abbreviations: SID, secondary immunodeficiency; PID, primary immunodeficiency; not indicated.

'Including episodes of viral infections, common cold and flu.

*p < 0.001 and p = 0.016 in comparison with healthy and anatomical groups, respectively.

p=0.016 and p = 0.02 in comparison to PID and SID groups, respectively.
dp < 0.00 in comparison to healthy group.

¢p = 0.008, p = 0.042 and p = 0.045 in comparison to allergy, anatomical and healthy groups.

Figure 1 - Consanguinity frequency in different diagnostic groups
of 100 pediatric individuals with complaint of recurrent infec-
tion. SID, secondary immunodeficiency; PID, primary immuno-

deficiency.
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Intragroup comparison of PID

According to IUIS classification, we classified PID cases as fol-
lowing: 3 patients of combined immunodeficiency (all with
severe combined immunodeficiency), 2 of well-defined syn-
dromes with immunodeficiency (both with ataxia-telangiecta-
sia), 6 of predominantly antibody deficiencies (X-linked agam-
maglobulinemia in 33.3% and CVID, HIgM, IgA deficiency
and undefined hypogammaglubulinemia each in 16.6%), 8 of
congenital defects of phagocytosis (Mendelian susceptibility to
mycobacterial disease and severe congenital neutropenia each in
37.5% and leukocyte adhesion deficiency in 25%), one of im-
mune dysregulation with hemophagocytic lymphohistiocytosis
disease, and one of defects in innate immunity with anhidrotic
ectodermal dysplasia. There were no patients with a diagnosis of
autoinflammatory disorders or complement deficiencies in the
present survey.

In antibody deficiencies group, the mean age of patients was 7.3
+ 5.7 years and the mean age of onset was 6.2 + 6.0 years, which
had a later onset and diagnosis comparing to phagocytosis disor-
ders (6.9 + 4.8 and 4.0 + 3.2 years, respectively) and combined



Systematic investigation for underlying causes of recurrent infections in children: surveillance of primary immunodeficiency 77
Table II - Comparisons of main affected organ by infections in different types of PID patients.
Parameters PID Combined Antibody Defects Other PIDs
(n=21) immunodeficiency deficiencies of phagocytosis (n=4)
(n=3) (n=6) (n=8)
upper respiratory infection (%) 3 (14.3) - 1(16.6) - 2 (50)
lower respiratory infection (%) 5(23.8) 1(33.3) 4 (66.7) - -
gastrointestinal infection (%) 1 (4.8) 1(33.3) - - -
skin infection (%) 3(14.2) - 1 (16.6) - 2 (50)
soft tissue infection or abscess (%) 7 (33.3) - - 7 (87.5) -
severe infection (%) 2(9.5) 1 (33.3) - 1(12.5) -

immunodeficiencies (2.7 + 0.57 and 2.5 + 0.38 years, respec-
tively), but these differences were not statistically significant (p
=0.37 and p = 0.17, respectively).

There were 7 (87.5%) females with phagocytosis disorders,
but there was a male dominance in the antibody deficiency
(100%) and in the combined immunodeficiency (67%) groups;
in which phagocyte disorders were significantly more frequent
among females than males compared to antibody deficiencies (p
= 0.007). Parental consanguinity was recorded in the 87.5% of
phagocyte disorders and 100% of combined immunodeficiency
groups. In the antibody deficient patients, however, there were
3 (50%) consanguineous marriages (p = 0.124).

Regarding to the first presentation and the main organ involve-
ment, among phagocytosis disorders there were 7 (87.5%) pa-
tients with soft tissue infections, in antibody deficiency group
there were 4 (66%) patients with lower respiratory infections,
and in combined immunodeficiencies group, there was 1
(33.3%) patient with a lower respiratory infection, 1 (33.3%)
with a gastrointestinal infection and 1 (33.3%) with severe sys-
temic infections (p = 0.015, table II). Comparing antibody
deficiency and phagocyte groups, systemic and soft tissue infec-
tions were significantly more frequent in phagocyte group (p =
0.012), while respiratory tract infections were the main presen-
tation of in antibody deficiency group (p = 0.04).

Discussion

A considerable proportion of children with recurrent infections
referred to the tertiary hospitals may have PID, and parental con-
sanguinity was significantly higher in this group, comparing to
other causes of recurrent infections. Moreover, presenting symp-
toms of children with recurrent infections may be helpful to de-
termine the underlying causes of disease, as recurrent soft tissue
infections strongly suggest a PID especially in phagocytosis dis-
orders, and recurrent lower respiratory tract infection suggest an-
atomical / functional defects or an antibody immunodeficiency.

In our previous retrospective study on the rate of PID among
children with recurrent infections in 2012 in the same tertiary
hospital, we have shown that only 11% of 260 patients were
labeled as PID (6), whilst by applying the recommended step-
wise guideline to these patients in the current prospective study,
this rate was higher (21%), suggesting a risk of lower-estimation
and undiagnosed mild form of PID among patients underwent
non-systematic approach to recurrent infections.

Parental consanguinity seems to be a key finding in the PID
group, as there was about 72% of consanguinity in the fam-
ily history of these patients. Although the consanguinity was
also frequent in patients with anatomical disorders (53.3%, in
5 patients with cystic fibrosis, 2 patients with congenital heart
disease and 1 patient with interstitial lung disease) this rate was
lower than PID patients. In the PID subgroups section, 90% of
phagocyte disorders group, 50% of antibody deficiency group,
and 100% of combined immunodeficiency group had consan-
guineous parents. In a previous study in 2013, the mean pro-
portion of consanguineous marriages was 65.6% among Irani-
an PID patients who were registered in the database, while the
overall rate was 38.6% in general population of Iran. However,
the rate of consanguinity was reported about 76% in combined
immunodeficiency, 73% in defects of phagocytic function, and
54% in predominantly antibody deficiencies (37). Although ge-
netic analysis was not the scope of this study, the findings of
higher consanguinity and slightly higher rate of male gender
in antibody and combined immunodeficiencies reflect the pres-
ence of autosomal recessive and X-linked inheritance pattern of
PID in our cohort, respectively, as has been reported previous-
ly (38,39). These findings are in accordance with other reports
from the Middle Eastern region (40) with a high rate of con-
sanguineous marriage, and North of Africa countries (41,42).
No patient with a final diagnosis of complement deficiencies
or autoinflammatory diseases was recorded in this survey. As a
fact, among PIDs, complement deficiencies are relatively rare
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Table III - Comparisons of median delay in diagnosis of different types of PID patients diagnosed with and without systematic approach

to recurrent infectz'on.

Cause of recurrent infections  Patients diagnosed without systematic ~ Patients diagnosed with systematic ~ p-value
approach to recurrent infection, years approach to recurrent infection, years
(range) (range)
primary immunodeficiency 4 (0-33) 2.8 (0-5) 0.003
combined immunodeficiency 0.16 (0-12) 0.13 (0-1.2) 0.07
antibody deficiencies 2.13 (0-28) 1.3 (1-5) 0.01
defects of phagocytosis 0.5 (0-15) 0.2 (0.1-1.7) 0.04

(less than 2% of total PID registry in Iran [37]), and the ma-
jority of patients with complement deficiencies do not present
with increased susceptibility to infections, and usually suffer
from hereditary angioedema and autoimmune disorders such
as systemic lupus erythematosus, glomerulonephritis, vasculitis
and autoimmune cytopenia (43,44). Of course, this depends on
which complements are missing, but terminal complement defi-
ciencies presenting with recurrent Neisseria infections including
meningitis, are very rare disorders.

Similarly, patients who have an autoinflammatory disease such
as familial Mediterranean fever rarely complain from recurrent
or chronic infections (45,46). Therefore, it would be noted that
non-infectious warning signs of PID particularly associated
with complement deficiencies and autoinflammatory diseases,
should be combined in the current guideline of approach to
recurrent infectious patients.

Moreover, the findings of this survey demonstrated that atten-
tion to presenting symptoms of children with recurrent infec-
tions may be helpful to target complementary para-clinical tests,
and to determine the underlying causes of disease. Based on our
findings, recurrent soft tissue infections strongly suggest a PID,
especially in phagocytosis disorders. In contrast, recurrent upper
respiratory tracts infections usually presented as a mild condition
in healthy individuals, and lower respiratory tract infection pre-
sented in those patients with anatomical or functional defects.

It should be noted that this data was collected in a tertiary
referral hospital; therefore, most of our patients in this study
were referred from other primary / peripheral centers. Indeed,
some of them had many prior admissions or visits with a chief
complaint of recurrent infections; so, a higher incidence of PID
would be expected than in general populations. In addition, the
higher percentage of SID or anatomical disease and a lower rate
of healthy patients in this study might reflect this notion.
Although the findings of unusual pathogens have been reported
to be crucial for diagnosis of PID (6), infection due to enhanced

susceptibility to disease with a specific common germs even in
a single organ can however be associated with PID (47). More-
over, most of the patients with recurrent infections were under
different antibiotic therapies, which directly affect the microbi-
ologic evaluation (48). Therefore, we did not aim to evaluate the
pathogens of patients in this study.

One of the important results of this survey was the evidence of
reduction of PID diagnostic delay through a stepwise approach
that we previously elucidated (6). Based on that approach, in
the present study we evaluated the distribution of recurrent in-
fections among 100 patients. The mean diagnostic delay of PID
in this study was 2.8 years, which was significantly lower than 4
years, indicated in our previously published registry report (37).
Table IIT demonstrates the delay in diagnosis in each main PID
disorder, in which antibody deficiency and phagocytosis showed
significant lower delay in diagnosis prospectively compared to
previously published patients (6). Intriguingly, the rate of long-
term complication of these earlier discovered patients decreased
significantly (particularly bronchiectasis in group of antibody
deficiency decreased from 25% to 16.6%), and the chance of
performing hematopoietic stem cell transplantation were in-
creased (less than 5% to 66.6% in group of combined immu-
nodeficiency), suggesting the importance of timely diagnosis by
the established guideline on treatment and management of PID
patients.

However, there is a meaningful lag to timely diagnosis and treat-
ment of PID, even after hospital admissions as observed in the
medical history of currently studied patients. This fact explains
the necessity of attention to increasing awareness of physicians
and the need for proper laboratory tests in peripheral centers
other than referral hospitals (21). In a developing country like
Iran, there is insufficient medical equipment, and also an un-
equal distribution of diagnostic facilities. For example, NBT is
a common test for diagnosis of CGD in Iran, and the current
diagnostic criteria were based on the result of this method. NBT
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is an old test that is not considered the currently preferred meth-
odology for the diagnosis of CGD, and we hope change NBT to

flow cytometric method as a common test for diagnosis of CGD

in future in Iran.

Regular and continuous education should be considered for

pediatricians and general practitioners to inform them about

updated screening steps and preliminary diagnostic tests to per-

form timely referral to a specialist when a chronic condition

such as PID is suspected.

Conflict of interest

The authors declare that they have no conflict of interest.

References

1.

10.

11.

12.

13.

Yazdani R, Abolhassani H, Asgardoon M, Shaghaghi M, Modaresi
M, Azizi G, et al. Infectious and noninfectious pulmonary com-
plications in patients with primary immunodeficiency disorders. J
Investig Allergol Clin Immunol 2017; 27(4):213-24.

Cant A, Battersby A. When to think of immunodeficiency? Adv
Exp Med Biol 2013; 764:167-77.

Slatter MA, Gennery AR. Clinical immunology review series: an
approach to the patient with recurrent infections in childhood.
Clin Exp Immunol 2008; 152(3):389-96.

Gray PE, Namasivayam M, Ziegler JB. Recurrent infection in chil-
dren: when and how to investigate for primary immunodeficiency?
J Paediatr Child Health 2012; 48(3):202-9.

Abolhassani H, Rezaei N, Mohammadinejad B, Mirminachi B,
Hammarstrom L, Aghamohammadi A. Important differences in
the diagnostic spectrum of primary immunodeficiency in adults
versus children. Exp Rev Clin Immunol 2015;11(2):289-302.
Aghamohammadi A, Abolhassani H, Mohammadinejad P, Rezaei
N. The approach to children with recurrent infections. Iran J Al-
lergy Asthma Immunol 2012; 11(2):89-109.

Aghamohammadi A, Moin M, Karimi A, Naraghi M, Zandich
E, Isacian A, et al. Immunologic evaluation of patients with re-
current ear, nose, and throat infections. Am J Otolaryngol 2008;
29(6):385-92.

Reda SM, El-Ghoneimy DH, Afiif HM. Clinical predictors of
primary immunodeficiency diseases in children. Allergy Asthma
Immunol Res 2013; 5(2):88-95.

Cassimos DC, Liatsis M, Stogiannidou A, Kanariou MG. Chil-
dren with frequent infections: a proposal for a stepwise assessment
and investigation of the immune system. Pediatr Allergy Immunol
2010; 21(3):463-73.

Ballow M. Approach to the patient with recurrent infections. Clin
Rev Allergy Immunol 2008; 34(2):129-40.

Choi SH, Han MY, Ahn YM, Park YM, Kim CK, Kim HH, et al.
Predisposing factors associated with chronic and recurrent rhinosi-
nusitis in childhood. Allergy Asthma Immunol Res 2012; 4(2):80-4.
de Vries E, Driessen G. Educational paper: Primary immunode-
ficiencies in children: a diagnostic challenge. Eur J Pediatr 2011;
170(2):169-77.

Champi C. Primary immunodeficiency disorders in children:
prompt diagnosis can lead to lifesaving treatment. J Pediatr Health
Care 2002; 16(1):16-21.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Oliveira JB, Fleisher TA. Laboratory evaluation of primary im-
munodeficiencies. ] Allergy Clin Immunol 2010; 125(2 Suppl
2):5297-305.

Bussone G, Mouthon L. [Late onset of primary immune deficien-
cies]. Presse Med 20105 39(2):196-207.

O’Sullivan MD, Cant AJ. The 10 warning signs: a time for a
change? Current Opin Allergy Clin Immunol 2012; 12(6):588-94.
Fleisher TA. Evaluation of the potentially immunodeficient pa-
tient. Adv Intern Med 1996; 41:1-30.

Seymour B, Miles J, Haeney M. Primary antibody deficiency and
diagnostic delay. J Clin Pathol 2005; 58(5):546-7.

Rezaei N, Mohammadinejad P, Aghamohammadi A. The demo-
graphics of primary immunodeficiency diseases across the unique
ethnic groups in Iran, and approaches to diagnosis and treatment.
Ann NY Acad Sci 2011; 1238:24-32.

De Silva R, Gunawardena S, Wickremesinghe G, Ranasinghe B,
Namasivayam Y. Primary immune deficiency among patients with
recurrent infections. Ceylon Med ] 2007; 52(3):83-6.
Nourijelyani K, Aghamohammadi A, Salehi Sadaghiani M, Behni-
afard N, Abolhassani H, Pourjabar S, et al. Physicians awareness on
primary immunodeficiency disorders in Iran. Iran J Allergy Asth-
ma Immunol 2012; 11(1):57-64.

Aghamohammadi A, Bahrami A, Mamishi S, Mohammadi B,
Abolhassani H, Parvaneh N, et al. Impact of delayed diagnosis in
children with primary antibody deficiencies. ] Microbiol Immunol
Infect 2011; 44(3):229-34.

Liu XR, Nong GM. [Primary immunodeficiency diseases in children:
clinical analysis of 35 cases]. Zhongguo Dang Dai Er Ke Za Zhi =
Chinese Journal of Contemporary Pediatrics 2010; 12(8):625-9.
Kliegman R, Stanton B, Joseph S, Schor N, Behrman R. Nelson Text-
book of Pediatrics, 20th Edition. Philadelphia: WB Saunders; 2011.
Kieninger E, Fuchs O, Lawzin B Frey U, Regamey N. Rhino-
virus infections in infancy and early childhood. Eur Resp ]
2013;41(2):443-52.

Couriel J. Assessment of the child with recurrent chest infections.
Br Med Bull 2002; 61:115-32.

Patria ME Esposito S. Recurrent lower respiratory tract infections
in children: a practical approach to diagnosis. Paediatr Respir Rev
2013; 14(1):53-60.

Brand PL, Hoving ME de Groot EP. Evaluating the child with
recurrent lower respiratory tract infections. Paediatr Respir Rev
2012; 13(3):135-8.

Santos A, Dias A, Cordeiro A, Cordinha C, Lemos S, Rocha G, et al.
Severe axillary lymphadenitis after BCG vaccination: alert for primary
immunodeficiencies. ] Microbiol Immunol Infect 2010; 43(6):530-7.
Sadeghi-Shabestari M, Rezaei N. Disseminated bacille
Calmette-Guerin in Iranian children with severe combined immu-
nodeficiency. Int J Infect Dis 2009; 13(6):€420-3.

Yazdani R, Heydari A, Azizi G, Abolhassani H, Aghamohammadi
A. Asthma and allergic diseases in a selected group of patients with
common variable immunodeficiency. J Investig Allergol Clin Im-
munol 2016; 26(3):209-11.

Wahn V. Primary immunodeficiencies--the role of the laboratory.
Clin Biochem 2011; 44(7):493-4.

Picard C, Al-Herz W, Bousfiha A, Casanova JL, Chatila T, Conley
ME, et al. Primary immunodeficiency diseases: an update on the
classification from the International Union of Immunological So-
cieties Expert Committee for Primary Immunodeficiency 2015. ]

Clin Immunol 2015; 35(8):696-726.



80 S. Yousefzadegan, M. Tavakol, H. Abolhassani, A. Nadjafi, S. Mansouri et al.
34. Richter JE. Medical management of patients with esophageal or ~ 41. Barbouche MR, Galal N, Ben-Mustapha I, Jeddane L, Mellouli F
supraesophageal gastroesophageal reflux disease. Am ] Med 2003; Ailal F, et al. Primary immunodeficiencies in highly consanguineous
115 Suppl 3A:179S-87S. North African populations. Ann NY Acad Sci 2011; 1238:42-52.
35. Gibson RL, Burns JL, Ramsey BW. Pathophysiology and manage- ~ 42. Al-Mousa H, Al-Saud B. Primary Immunodeficiency diseases in
ment of pulmonary infections in cystic fibrosis. Am J Respir Crit highly consanguineous populations from Middle East and North
Care Med 2003;168(8):918-51. Africa: epidemiology, diagnosis, and care. Front Immunol 2017;
36. Mucha SM, Baroody FM. Relationships between atopy and bacte- 8:678.
rial infections. Curr Allergy Asthma Rep 2003; 3(3):232-7. 43. Sabharwal G, Craig T. Pediatric hereditary angioedema: an update.
37. Aghamohammadi A, Mohammadinejad P, Abolhassani H, Mirmi- F 1000 Res. 2017; 6.
nachi B, Movahedi M, Gharagozlou M, et al. Primary immunode- ~ 44. Wen L, Atkinson JP, Giclas PC. Clinical and laboratory evalu-
ficiency disorders in Iran: update and new insights from the third ation of complement deficiency. ] Allergy Clin Immunol 2004;
report of the national registry. ] Clin Immunol 2014; 34(4):478-90. 113(4):585-93; quiz 94.
38. Latif AH, Tabassomi E Abolhassani H, Hammarstrom L. Molec-  45. Sag E, Bilginer Y, Ozen S. Autoinflammatory diseases with period-
ular diagnosis of primary immunodeficiency diseases in a develop- ic fevers. Curr Rheumatol Rep 2017; 19(7):41.
ing country: Iran as an example. Expert Rev Clin Immunol 2014; 46. Patel MN, Carroll RG, Galvan-Pena S, Mills EL, Olden R, Trian-
10(3):385-96. tafilou M, et al. Inflammasome priming in sterile inflammatory
39. Abolhassani H, Chou J, Bainter W, Platt C, Tavassoli M, Momen T, disease. Trends Mol Med 2017; 23(2):165-80.
et al. Clinical, immunological and genetic spectrum of 696 patients ~ 47. Milner JD, Holland SM. The cup runneth over: lessons from the
with combined immunodeficiency. ] Allergy Clin Immunol 2017 ever-expanding pool of primary immunodeficiency diseases. Nat
Sep 12. doi: 10.1016/}.jaci.2017.06.049. [Epub ahead of print] Rev Immunol 2013; 13(9):635-48.
40. Al-Herz W, Naguib KK, Notarangelo LD, Geha RS, Alwadaani  48. Aubry A, Porcher R, Bottero J, Touratier S, Leblanc T, Brethon B,

A. Parental consanguinity and the risk of primary immunodefi-
ciency disorders: report from the Kuwait National Primary Immu-
nodeficiency Disorders Registry. Int Arch Allergy Immunol 2011;
154(1):76-80.

et al. Occurrence and kinetics of false-positive Aspergillus galac-
tomannan test results following treatment with beta-lactam anti-
biotics in patients with hematological disorders. J Clin Microbiol

20065 44(2):389-94.





