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Abstract
Purpose Primary immunodeficiencies (PIDs) are a heteroge-
neous group of disorders characterized mainly by recurrent
infections. Late diagnosis remains as one of the main issues
to solve. We aimed to increase PID diagnosis in
Aguascalientes, a 1.3 million inhabitants state in the center of
Mexico, and to describe the clinical features of such patients.
Methods We developed an educational program for health
personnel and general public; patients with possible PID were
referred to a State University clinical center from December
2011 to December 2012. The patients were evaluated at the
clinic and their definitive diagnosis pursued through laborato-
ry, molecular and genetic assays. We describe the findings of
those patients and analyze the impact of the program in terms
of number of referrals.
Results After 41 talks and 12 media appearances 151patients
were referred for evaluation. Fifteen (9.9 %) were diagnosed
with PID: five (33 %) had antibody deficiencies, seven (47 %)
Well-defined syndromes, two (13 %) Severe combined
Immunodeficiency (SCID) and one case (7 %) of an innate
immune deficiency. All of the 15 PID patients had been re-
ferred by physicians, as opposed to the public. We estimated a

Bnumber needed to teach^ of 75 physicians to get one PID
patient referral.
Conclusion Educational programs are a fundamental part of
the global efforts to increase PID diagnosis and care. To be
successful, such programs should include public relations,
reach for first-contact physicians, and aim to develop an effi-
cient referral network with molecular diagnostic capability.
Enhancing medical knowledge on PID is a successful strategy
to improve early diagnosis and treatment.
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Abbreviations
AT Ataxia-Telangiectasia
BTK Bruton’s tyrosine kinase
ENT Ear, nose and throat
ESID European society for immunodeficiency
FISH Fluorescent in-situ hybridization
IVIG Intravenous immunoglobulin
LASID Latin-American Society for Immunodeficiency
PID Primary immunodeficiency
SCID Severe-combined immunodeficiency

Introduction

Primary Immunodeficiency Diseases (PID) are a heteroge-
neous group of more than 250 congenital disorders caused
by developmental disturbances of the immune system, char-
acterized by increased susceptibility to suffer from recurrent
infections, malignancy and autoimmunity [1, 2].

PID are more common than generally thought [3–5]. Early
diagnosis and appropriate treatment improve quality of life
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and diminish infections, premature deaths, permanent disabil-
ity and expenses [2, 5]. The perspective for PID patients in
Latin America is limited by a low diagnosis rate, scarce spe-
cialized clinics, poor knowledge among clinicians and inac-
cessibility for diagnostic tests and treatments [6].

Aguascalientes is a 1.3 million inhabitants state in
the center of Mexico with a predominantly Hispanic
population and low consanguinity rates.We had estimated that
at least 1000 patients suffering from undiagnosed, mild to
severe forms of PID, were living there without having been
properly diagnosed.

As part of regional efforts to increase PID diagnosis [7, 8],
a University-based clinical center was established with sup-
port from the Latin American Society for Immunodeficiencies
(LASID) through a fellowship grant. We aimed to implement
a 12 month PID educational program in Aguascalientes and to
measure its impact in terms of number of referrals and number
of patients identified with a PID disease, as well as to describe
the clinical features of those patients. Here, we present the
results of that first year activities.

Methods

Two strategies were followed from December 2011 to
December 2012 in the city of Aguascalientes and nearby
towns: a broad-base educational program, and a univer-
sity clinic with hospital visits. The main objective of the
program was to increase the diagnosis of PID patients in the
region, and to describe the PID frequency and clinical features
among that population.

An educational Program was Implemented,
Consisting of the Following:

1.1 At least one monthly media appearance in order to have
an impact on the general audience (TV, radio or news-
paper, indistinctly). To achieve this, we benefited from
the communication office at the state university. Only
local media were contacted. Most appearances lasted
10 min or less. Simple, non-technical language was used
and time was optimized to pinpoint the following key
messages: a) PID exist, and may present with warning
signs, such as recurrent respiratory tract infections,
severe and unusually complicated infections); b)
PID can be diagnosed and properly treated, forever im-
proving patients’ life expectancy and quality of life.
Finally, we offered the university medical center to re-
ceive patient referrals.

We usually started each appearance with an emotive case
story, such as Bthe bubble boy disease^. When time allowed,

the JeffreyModell Foundation (JMF)’s 10 warning signs were
reviewed and, at the end, address and phone number for the
clinic were mentioned.

1.2 Twice-a-month talks, designed for health professionals
(primary care physicians, pediatricians, surgeons, inter-
nists, students, interns, nurses and residents).We reached
local medical associations and colleges, hospitals and
medical schools, offering lectures on PID. Each talk
was planned to last 30 min.

PID frequency, warning signs, relative ease of diagnosis,
and the presence of a new referral clinic available at the
University were the highlight topics in the educational lectures
and media appearances. The content of each talk was directed
according to the audience, highlighting the most common dis-
orders for each group (i.e., mainly antibody deficiencies for
internal medicine or ear, nose& throat (ENT) specialists; early
manifestations and syndromes for pediatricians). Clinical
cases were used to interact with the audience, in order to
highlight the most common features in each group of PID
(e.g, severe and recurrent respiratory tract infections in anti-
body deficiencies; early life and complicated infections in
SCID, etc.) Printed warning signs flyers were distributed
among attendants, and questions were allowed without restric-
tions, whenever possible.

University Clinic and Hospital Visits

1.3 Patients with a history of recurrent infections, or at least
one warning sign for PID, who were referred by regional
physicians or by the public, were evaluated at the clinic
during the aforementioned period. We also visited re-
gional hospitals in search for patients with suspected
PID. Routine immunological workup was undertaken
in Aguascalientes. To perform more sophisticated labo-
ratory tests, we had unrestricted support from the
Immunodeficiencies Research Unit (a Jeffrey Modell
Diagnostic Center) at the National Institute of
Pediatrics, Mexico City.

Appropriate informed consent was obtained from patients
and/or their caregivers. No age or gender restrictions were
made. Demographics, detailed infection history, clinical diag-
nosis and laboratory data of each patient were recorded. PID
diagnoses were established according to ESID diagnostic
criteria for each disease. An infection was defined as severe
if it merited hospital admission. Recurrent infection was de-
fined as more than one severe infection or more mild infec-
tions than expected according to the patient’s age.

Descriptive statistics were calculated to present basic data.
χ2 test and χ2 test with Yate’s correction were used to compare
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groups, Student’s T for means and the Mann-Whitney U test
for median comparison between groups, by using GraphPad
Prism version 6.00 for Mac OS X.

Results

We gave 41 educational talks to 1126 attendants, including:
attending physicians, residents, interns and nurses; along with
12 media appearances in newspapers, radio and television.

151 patients were evaluated: 87 male (57 %) and 64 female
(43 %) with a median age of 10 years (Range 0–59 years, 25–
75 percentiles 4–20.5 years), all coming from Aguascalientes
and nearby cities. Sixty-five patients (43 %) were referrals
from attending physicians, and the rest from the public.

Final diagnoses were: Allergies 72/151 (47.7 %), Primary
Immunodeficiency diseases 15/151 (9.9 %), Other diagnoses
23/151 (15.2 %), and 41/151 (27.2 %) are still under
investigation (they are being followed-up or await lab
test results). BOther diagnoses^ included gastro-
esophageal reflux disease, early non-allergic wheezers,
healthy infants or toddlers, mild (normal) upper airway infec-
tions, or anatomic malformations such as cleft palate without
immunodeficiency.

All 15 patients with a final diagnosis of PID were referrals
from attending physicians, a Btrue positive^ rate of 15/65, or
23 % (p = <0.0001, χ2 test with Yate’s correction).
Pa t ien ts wi th PID were s igni f icant ly younger
(p = 0.017) than those in which PID was ruled out.
Seven were male (46.7 %), and eight female (53.3 %) with a
median age of 5 years (Range 1–8.5 years, 25p – 75p 1–
8.5 years). We found a mean diagnostic delay of 3.7 years
(±3.9 years) with a median age at onset of symptoms of
2.3 years (range 0–12 years).

Antibody deficiencies were the most frequent, together
with the formerly called Bwell-defined^ syndromes. Severe
combined immunodeficiency (SCID) and Innate immune de-
fects were also diagnosed. All patients were registered at the
LASID registry. See specific diagnoses in Table 1.

PID patients suffered from a median of 6 severe infections
before diagnosis (Range 0–27, 25p – 75p: 0–9). The overall
group suffered from 56 severe infections after first eval-
uation; see infections for each diagnosis in Table 2.
Antibody deficient patients had the highest number of
severe infections 70 vs. 25 in other forms of PID, and
had more respiratory tract infections than any other PID group
(p = 0.007).

Mean Immunoglobulin values at diagnosis in agamma-
globulinemia patients were: IgG 163.3 mg/dl (±31.52) IgA
36.35 mg/dl (±27.75) IgM 31 mg/dl (±12.83) and IgE 5.2 U/
ml (±5.4). Of these, 2 male patients presumably have X linked
agammaglobulinemia with absent circulating B cells (BTK
mutation under study). A third patient with low B cells,

normal BTK expression, developmental delay, T-cell lympho-
penia and late onset of infections (> 12 years) was classified as
unknown agammaglobulinemia and is currently being studied
at the JeffreyModell center in Mexico City. The fourth patient
with possible common variable immunodeficiency (low IgG
and IgM with late onset of infections) was lost to follow up.

SCID patients’ absolute lymphocyte values are shown in
Table 3. Patient 1 has an apparent T- B+ NK+ phenotype,
patient 2 had elevated IgE, erythroderma and normal lympho-
cyte count with a possible leaky form of SCID. Both patients
died during evaluation, with a mean diagnostic delay of
4.5 months, and no samples for functional or molecular assays
could be obtained.

22q11 deletion syndrome (22q11DS) diagnosis was con-
firmed by the fluorescent in situ hybridization (FISH) tech-
nique (LSI TUPLE 1 OrangeSpectrum, Abbot, Illinois) in five
patients: 3 male, 4 alive, median age 18 months (1–
48 months). They all had clinical manifestations during the
first month of age: Tetralogy of Fallot in 2, Right aortic arch 1,
Interatrial communication 1, Ventriculoseptal defect 1,
Vascular ring 1, Hypocalcemia 2, T cell Lymphopenia 1, se-
vere Infections 3, swallowing disturbance 2, Renal anomalies
2, Submucosal cleft palate 2, Hearing impairment 2, Cow’s
milk allergy 1/6. One patient died from complicated pneumo-
nia with a complex heart defect.

Two sisters with Ataxia-Telangiectasia (AT) but no history
of severe infections were sent to the clinic, in whom marked
ataxia was observed around 18 months of age, and conjuncti-
val telangiectasia at around 24 months of age. They had ele-
vated alpha fetal protein with normal antibody levels.
One of them showed marked lymphopenia, and chronic
cough responsive to long acting beta agonist along with in-
haled and systemic steroids. They remain free from severe or
recurrent infections.

A six-year-old female, born from non-consanguineous
parents, with chronic oral candidiasis from birth and
three events of systemic histoplasmosis, had high levels of
IgE (1200 IU/ml) and prolonged STAT-1 phosphorylation.
She improved dramatically with systemic antifungal therapy,
maintained to this date.

Table 1 PID specific diagnosis and frequency.

Diagnosis N = 15

22q11.2 Deletion syndrome 5

SCID 2

X linked Agammaglobulinemia 2

Ataxia-Telangiectasia 2

Common Variable Immunodeficiency 1

IL-12 IFN-gamma signaling deficiency 1

IgG subclass deficiency 1

Unknown agamma 1

J Clin Immunol



Discussion

We found a PID prevalence of around 10% among all patients
with recurrent infections or other warning sings. With 151
referrals, we moved from 0 to 15 patients diagnosed in 1 year.
This is similar to other reports from outpatient clinics [11].
Most patients sent by the general public were diagnosed with
allergies or with disorders other than PID, and they suffered
from recurrent but rather mild respiratory infections.

By contrast, the most successful educational strategies in
terms of receiving PID patients were those directed to attend-
ing physicians, especially pediatricians, geneticists, ENT and
infectious disease specialists. Those specialists referred all
PID patients without exception. Our results suggest that we
have to reach at least 75 health professionals (our Bnumber
needed to teach^) in order to receive 1 PID patient referral.

This approach of educating physicians rather than aiming
to reach the general public is comparable to the Physicians’
awareness campaign undertaken by the ESID J Project [12]. In
that report, Marodi and Casanova described the results of a 5-

year Physicians’ awareness campaign in Eastern Europe.
They measured the impact of 27 Bawareness meetings^ as
measured by the number of genetic tests, patient referrals,
patients being followed for suspected PID, and patients on
immunoglobulin substitution, all of which increased consid-
erably every year during the campaign. The J project evolved
to include the establishment of a Jeffrey Modell molecular
diagnostic laboratory in Hungary, and to create an interdisci-
plinary network of researchers. As their success suggests, an
effective strategy should include knowledge dissemination,
access to molecular diagnosis, a referral network, disease reg-
istry, and multicenter collaboration.

The JMF has also measured the impact of their Physician
Education and Public Awareness Campaign, in terms of refer-
ral and diagnosis rates [13]. Data collected via survey from
304 physicians in 120 cities reflect a 6-fold increase in 2007
from a baseline survey collected in 2002–2004, with an aver-
age annual increase of around 100 % for patient referrals,
diagnoses and treatments, while the number of diagnostic tests
rose by nearly 500 %.

We found a mean diagnostic delay of 3.7 years in which
patients suffered from 1 to 27 severe infections. This is similar
to other reports [14, 15] and highlights the importance of an
early diagnosis and proper treatment in order to prevent com-
plications, premature deaths and expenses [5].

We recorded a greater frequency of the formerly called
Bwell-defined syndromes^ compared to other groups, includ-
ing Latin America [2, 12] were antibody deficiencies are more
common. Only moderate to severe forms of PID were diag-
nosed (symptomatic) but no mild disorders. These find-
ings may be partially explained by the small sample size and
limited reach of the program, and because milder disorders
such as IgA deficiency may have a milder or asymptomatic
course [2, 8].

Other findings were to be expected, such as: younger age
for PID patients; greater severity, complications and deaths
among SCID patients; higher frequency of respiratory infec-
tions for antibody deficiency patients; diverse features for
22q11DS patients; and a severe course for AT siblings.
These findings are discussed elsewhere and could be ex-
plained by the physiopathology of each disorder [2, 5, 16, 17].

At the beginning of the study the only diagnostic tools
available in the area for these patients were blood cell counts,

Table 2 Type of Infections and
PID groups. PID Sepsis Pneumonia Sinusitis GI UTI Meningitis Otitis Total

Antibody 5 25 12 3 0 2 23 70

Syndromes 2 5 0 0 2 0 4 13

SCID 3 6 0 0 1 0 0 10

Innate 2 0 0 0 0 0 0 2

95

GI gastrointestinal infections, UTI urinary tract infection

Table 3 White Blood Cells, Lymphocyte counts and Ig levels of SCID
patients

Parameter Patient 1 Patient 2

Cells/mm3 (%) Female Female

7 months of age 7 months of age

Leukocytes 9450 10,940

Neutrophils 8505 (90 %) 8314 (76 %)

Lymphocytes 473 (5 %) 2297 (21 %)

Monocytes 95 (1 %) 219 (2 %)

CD3 118 (25 %) 850 (37 %)

CD4 15 (13 %) 561 (66 %)

CD8 82 (69 %) 230 (27 %)

CD19 47 (10 %) ND

CD16/56 66 (14 %) ND

IgG 148 mg/dl ND

IgA 20.6 mg/dl ND

IgM 42 mg/dl ND

IgE ND 261 U/ml

Phenotype T-B + NK+ Leaky SCID?

ND not done
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complement and immunoglobulin levels; at present, based on
increased demand for tests, local laboratories now offer flow
cytometry for basic lymphocyte subsets and specific antibody
titers. Other tests were developed at the Jeffrey Modell
Diagnostic Center, Mexico City.

When first diagnosed, antibody deficient patients were sent
to a different city in order to receive IVIG. As the program
evolved and more patients were diagnosed, health institutions
(such as the Mexican Institute for Social Security)
changed their policy to give IVIG locally, therefore im-
proving families’ quality of life. Interest is on the rise among
physicians in the region to enhance diagnosis and improve
care for PID patients.

As a developing country, Mexico faces several issues re-
garding the diagnosis and treatment of PID patients: a lack of
specialized laboratories and diagnostic tools, insufficient ac-
cess to IVIG, low number of specialized clinics, and a long
diagnostic delay, as has been discussed previously [6, 7].

Accordingly, several efforts have been made worldwide to
increase awareness and diagnosis for PID, including educa-
tional programs like ours [6–10]. This programwas developed
as part of the LASID strategies to increase diagnosis
and care in the region. Following the spirit of interna-
tional efforts, we developed our program where no similar
programs had ever been done. This is the first program of its
kind in the country, but we expect it to prompt similar efforts
in Mexico and Latin America.

Here, we present the results from the initial educational
program. Since then, efforts have been made to keep diagnos-
ing new PID patients in the region but without the aforemen-
tioned strategies. Since the completion of the program we
have been directing our efforts to achieve an earlier diagnosis
of PID, as a clever strategy to improve patients’ survival and
quality of life.

The limitations of a one-year-long, one-state restricted
campaign, are self-evident. To improve our results, we need
to extend the scope, reach and duration of the effort, as well as
to develop an efficient nation-wide network.

Conclusion

Despite the limitations of the strategy, we demonstrate that
educational programs to increase PID diagnosis can be effec-
tive in our region. We strongly believe that actions like this
should be encouraged nationwide in all Latin American coun-
tries as LASID is advocating for. The importance of physician
education, networking, public relations and having support
from a diagnostic facility such as a Jeffrey Modell
Diagnostic Center is fundamental to develop any program like
ours. Our results are encouraging since no similar effort had
been made in the region: it changed the perspective for these
patients who are now receiving appropriate treatment, and it

increased awareness among physicians. There is much to do
and a bumpy road ahead to improve PID patients’ pros-
pects all along Latin America, where we know of sim-
ilar regional programs that are under way, with compa-
rable promising results.
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