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Abstract Hyper-IgM (HIGM) syndrome is a heterogeneous
group of disorders characterized by normal or elevated
serum IgM levels associated with absent or decreased
IgG, IgA and IgE. Here we summarize data from the

HIGM syndrome Registry of the Latin American Society for
Immunodeficiencies (LASID). Of the 58 patients from 51
families reported to the registry with the clinical phenotype
of HIGM syndrome, molecular defects were identified in 37
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patients thus far. We retrospectively analyzed the clinical,
immunological and molecular data from these 37 patients.
CD40 ligand (CD40L) deficiency was found in 35 patients
from 25 families and activation-induced cytidine deam-
inase (AID) deficiency in 2 unrelated patients. Five
previously unreported mutations were identified in the
CD40L gene (CD40LG). Respiratory tract infections,
mainly pneumonia, were the most frequent clinical
manifestation. Previously undescribed fungal and oppor-
tunistic infections were observed in CD40L-deficient
patients but not in the two patients with AID deficiency.
These include the first cases of pneumonia caused by
Mycoplasma pneumoniae, Serratia marcescens or Asper-
gillus sp. and diarrhea caused by Microsporidium sp. or
Isospora belli. Except for four CD40L-deficient patients
who died from complications of presumptive central
nervous system infections or sepsis, all patients reported
in this study are alive. Four CD40L-deficient patients
underwent successful bone marrow transplantation. This
report characterizes the clinical and genetic spectrum of
HIGM syndrome in Latin America and expands the under-
standing of the genotype and phenotype of this syndrome
in tropical areas.

Keywords Latin American Society for Immunodeficiencies .

Hyper-IgM syndrome . CD40L deficiency . AID deficiency,
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Introduction

Hyper-immunoglobulin M (HIGM) syndrome is a heteroge-
neous group of primary immunodeficiency disorders charac-
terized by recurrent infections and defects of immunoglobulin
class switch recombination (CSR) associated with elevated or
normal levels of serum IgM and low levels of serum IgG, IgA,
and IgE [1]. HIGM syndrome was first clinically described
more than 50 years ago, [2–4] and was molecularly defined in
1993, when 5 groups reported mutations in the CD40L gene
(CD40LG) [5–9], located on the X chromosome. Subsequent-
ly, a second X-linked molecular defect caused by mutations in
the nuclear factor-κB (NF-κB) essential modulator gene
(NEMO) [10, 11], and autosomal recessive HIGM syndromes
caused by mutations in CD40 or by B cell–intrinsic defects of
CSR due to mutations in activation-induced cytidine deami-
nase (AICDA) [12] or uracil-DNA glycosylase (UNG) [13]
have been described. More recently mutations in the post-
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meiotic segregation 2 gene (PMS2) [14] have been identified
as cause of autosomal recessive HIGM. Among these
molecular defects, CD40L and AID deficiencies are the
most common forms of HIGM syndrome estimated to
represent 75 % and 20 % of cases [15], respectively.

In general, patients with B cell–intrinsic defects are sus-
ceptible to extracellular bacterial and rarely viral infections
while CD40L- and CD40-deficient patients are in addition
susceptible to fungal, opportunistic and intracellular bacterial
infections. This difference can be explained by the broader
function of CD40L-CD40 interaction in the regulation of B
cell [16], dendritic cell (DCs) and T cell immune responses
[17, 18].

Following the characterization of the molecular basis of
CD40L deficiency 20 years ago, over 200 cases of HIGM
syndrome from Europe and North America (http://bioinf.uta.
fi/base_root) and approximately 100 cases from a single
Center [15], as well as additional cases from the United
States [19] have been described. In these geographic
regions, the clinical and genetic spectrum of HIGM
syndromes are well defined. However, the characterization
of these syndromes in Latin America remains to be
determined.

Here we describe the genetic and clinical characteristics of
CD40L-deficient and AID-deficient patients from Latin
America as an ongoing effort of the Latin American Society
for Immunodeficiencies (LASID) Registry, aiming to improve
diagnosis and treatment of these disorders locally. The LASID
Registry contains demographic, genetic, clinical and immu-
nologic information from 58 Latin American patients with
HIGM syndrome. We have recently described the occurrence
of previously unreported microorganisms causing infections
in CD40L deficiency such as Paracoccidioides brasiliensis,
Klebsiella sp. and Acinetobacter sp., and human papilloma
virus [20]. This report expands the genetic and clinical
spectrum of CD40L deficiency globally with the report
of five novel mutations in the CD40LG gene and previously
undescribed infectious agents associated with CD40L
deficiency, such as the occurrence of pneumonia caused by
Mycoplasma pneumoniae, Serratia marcescens or Aspergillus
sp.and diahrrea caused byMicrosporidium sp.microsporidiosis
or Isospora belli.

Methods

Data Collection and Construction of Registry

The patients were registered by physicians from different
Latin American countries including Argentina, Brazil, Chile,
Costa Rica, Mexico, and Peru who care for and followed
patients with HIGM syndrome. In June 2011, a 4-page ques-
tionnaire asking for detailed information about demographic,

clinical, immunological and molecular characteristics was
sent to physicians who are members of LASID and to inves-
tigators who perform molecular genetic analysis of patients
with HIGM syndrome in Latin America.

Molecular Genetic Diagnosis

Investigators from countries where molecular genetic analyses
were feasible started to investigate every male patient with
HIGM syndrome for mutations in the CD40LG because mu-
tations in this gene lead to the most common form of HIGM
syndrome [15, 21]. Analysis of CD40L expression by activat-
ed CD4+ T cells was performed by flow cytometry using
specific monoclonal antibodies (mAbs) (clones available up-
on request). Because CD40-Ig fusion protein became only
recently available in one center in Brazil, the functional assay
to evaluate the CD40L-CD40 binding was performed in only
a few patients (P12-P17) as previously described [22]. Be-
cause AID deficiency is the most common autosomal defect
underlying this syndrome, male patients with no abnormality
in the molecular genetic analysis of CD40LG and female
patients were analyzed for mutations in AID.

Exons and flanking intron sequences of CD40LG and AID
were amplified by PCR, the PCR products were purified and
sequenced (primers and conditions used in each country are
available upon request). Mutations are described according to
the suggested nomenclature of the Human Genome Variation
Society [23, 24].

Diagnostic Criteria

Male patients with the clinical diagnosis of HIGM syndrome
were considered to have CD40L deficiency if reduced CD40L
protein expression and/or binding of CD40-Ig fusion protein
by activated CD4+ Tcells was identified and amutationwithin
the CD40LG could be ascertained by gene sequencing. On the
other hand, patients were considered AID-deficient if they had
an autosomal pattern of inheritance and a mutated AICDA
gene. Patients P1-P11 [20], P20 and P21 [25], and P26–P31
[26] have been reported previously.

Results

Patient Demographic and Baseline Characteristics

The six participating countries reported a total of 58 patients
from 51 families with clinical features of HIGM syndrome.
The gender ratio was 48 male/10 female. The distribution of
patients by countries is shown in Fig. 1. Of these 58 patients,
genetic defects were identified in 37. The detailed clinical
and laboratory data for these 37 patients were analyzed
for this paper.
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In this group of molecularly-defined patients, 35 from 25
non-related families were CD40L-deficient and 2 unrelated (1
male and 1 female) patients were AID-deficient. Seventeen
patients (all males with CD40L-deficiency) are from families
with a positive history of infections affecting other male
members. Patient P36, with AID deficiency is from a
consanguineous family. The patients’ baseline characteristics
including the mean age at the first clinical manifestation, age at
diagnosis, serum immunologlobulin levels, etc. are described in
Table 1.

Infections and Associated Pathogens

Recurrent severe and unusual infections including those
caused by non-opportunistic and opportunistic microorgan-
isms were the hallmark clinical manifestation in the CD40L-
deficient cohort. Among them, pneumonia was the most com-
mon (28 patients) (Table 1). The most frequent cause of
pneumonia (Table 2) was Pneumocytis jirovecii (P1-P3, P6,
P8, P10, P14, P32 and P34), followed by cytomegalovirus

(P16), Pseudomonas aeruginosa (P24), Streptococcus
pneumonia (P26), parainfluenza virus type II (P27) and un-
known pathogens. In two patients pneumonia was caused by
Aspergillus sp. (P14, P25) (Fig. 2a and b), and in one each by
Mycoplasma pneumoniae (P21) and Serratia marcescens
(P31), which are etiologic agents not previously reported in
CD40L-deficient patients. Following pneumonia, upper
respiratory tract infections (URTIs) (22 patients) and chronic
diarrhea (16 patients) were the most frequent clinical mani-
festations. In the latter category,Giardia lambliawas the most
commonly isolated pathogen (P16, P20, P21, P24 and P28)
followed by Cryptosporidium parvum (P3, P8 and P14) and
by the fungus Microsporidium sp. (P25) or the protozoa
Isospora belli (P16 and P17), the latter two being etiological
agents not previously described in CD40L deficiency. It is
noteworthy that in P25 at age 10 years severe microsporidiosis
occurred simultaneously with aspergillosis and in P16 at age
15 years recurrent diarrhea caused by Isospora belli led to
cachexia with body weight of 22 kg—bodymass index (BMI)
of 10.4 kg/m2 - (Fig. 2c).

Brazil
Argentina 
Mexico
Chile 
Costa Rica
Peru

Fig. 1 Distribution of patients
with HIGM among the Latin
American countries

Table 1 Patients’ baseline, laboratory data and Clinical manifestations

– CD40L-deficient
patients (n=35)

AID-deficient
patients (n=2)

Baseline characteristics Mean age at first clinical manifestation (range) 0.7 years (0.1–4) 4.5 years [4, 5]

Mean age at diagnosis of HIGM syndrome (range) 2.3 years (0.3–13.6) 24.5 years [9, 40]

Alive 31 2

Laboratory data Immunoglobulin levels (before IVIG51) IgG (< P3) 35 (100 %) 2 (100 %)

IgA (< P3) 20 (57 %) 2 (100 %)

IgM (> P97) 20 (57 %) 2 (100 %)

Neutropenia 17 (48 %) –

Clinical manifestations Pneumonia 28 (80 %) 2 (100 %)

Upper resp. tract infections 22 (63 %) 2 (100 %)

Chronic diarrhea 16 (46 %) 2 (100 %)

Urinary tract infections 3 (9 %) 1 (50 %)

Sepsis 3 (9 %) 1 (50 %)

Hepatitis 2 (6 %) –

Meningitis/encephalitis 2 (6 %) –

a Reference values of immunoglobulin levels are according to Guerra et al. [51]. IVIG intravenous immunoglobulin therapy; P percentile
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In addition to pneumonia caused by P. jirovecii and Asper-
gillus sp. and diarrhea caused by Microsporidium sp., the
CD40L-deficient patients frequently developed other fungal
infections such as paracoccidioidomycosis (P10), severe can-
didiasis which manifested itself in the form of esophagitis

(P5), candidiasis of the scalp (P9), cellulitis and urinary tract
infection (P29), and oral (P7 and P21), genital (P18) and
perianal (P6) candidiasis.

Other bacterial infections such as pulmonary (P10 and P19)
or disseminated Mycobacterium tuberculosis (P25), sepsis
caused by P. aeruginosa (P15) or caused simultaneously by
K. pneumonia and Actinobacter sp. (P9), and cellulitis caused
by Klebsiella pneumonia or E. coli (P29) and urinary tract
infection (UTI) caused byEscherichia coli (P2) were observed
in CD40L-deficienct patients. In addition, viral infections
caused by human papilloma virus (HPV) (P6), herpes simplex
(P6), molluscum contagiosum (P24) and hepatitis B virus
(P26) were reported.

The two AID-deficient patients developed recurrent pneu-
monia, URTIs and chronic diarrhea, while one (P37) reported,
in addition, UTI and sepsis. The etiologic agents in these two
patients were not identified.

Lymphoid Hyperplasia

Lymphoid hyperplasia was observed in four CD40L-deficient
patients characterized by enlarged tonsils (P2 and P10), lymph
nodes (P4 and P10), spleen (P4 and P10) and thymus (P13).
The latter finding has not been described previously in
CD40L-deficient patients and was identified as idiopathic true
massive thymic hyperplasia by chest computed tomography
when P13 was 7 years old, followed by thymectomy and
biopsy (data not shown).

Both AID-deficient patients, P36 and P37 at age 5 and
17 years respectively, presented with lymphoid hyperplasia
limited to the tonsils.

Autoimmunity and Inflammatory Disorders

Autoimmunity and inflammatory disorders were infrequent.
One CD40L-deficient patient (P27) developed hypothyroidism
and two (P13 and P25) had autoimmune hemolytic anemiawhile

Table 2 Isolated pathogens from Latin American patients with HIGM syndrome

Patients Fungi Extracellular bacteria Intracellular
bacteria

Virus Protozoa

Gram-positive Gram-negative

CD40L-
deficient
(n=35)

P. jirovecii (n=9; 26 %) S. pneumoniae
(n=1; 3 %)

S. aureus
(n=1; 3 %)

P. aeruginosa (n=5; 14 %) Mycoplasma
pneumoniae
(n=1; 3 %)

Mycobacterium
tuberculosis
(n=3; 9 %)

CMV (n=1; 3 %) G. lamblia
(n=5 14 %)

C. parvum
(n=3; 9 %)

Isospora sp
(n=2; 6 %)

C. albicans (n=6; 17 %) K. pneumoniae (n=3; 9 %) Hepatitis B virus (n=1; 3 %)

Aspergillus sp. (n=2; 6 %) Actinobacter sp. (n=1; 3 %) Herpes simplex (n=1; 3 %)

Microsporidium sp. (n=1; 3 %) S. marcenscens (n=1; 3 %) Molluscum contagiosum
(n=1; 3 %)

P. brasiliensis (n=1; 3 %) E. coli (n=2; 6 %) HPV (n=1; 3 %)

H. capsulatum (n=1; 3 %) E. cloacae (n=1; 3 %) Parainfluenza virus type II
(n=1; 3 %)

C. neoformans (n=1; 3 %) B. pertussis (n=1; 3 %)

CMV cytomegalovirus; HPV human papillomavirus

Fig. 2 Pulmonary aspergillosis and Isospora belli infection in CD40L-
deficiency. a Computed tomography (CT) scan of the chest showing
Aspergillus lung infection in P14. b Images showing growth of Aspergillus
niger from sputum cultures of patient P25. cCachectic state of patient P16
after recurrent diarrhea caused by Isospora belli
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none of the two AID-deficient patients reported inflammatory
disorders or clinical autoimmune manifestations.

Molecular Genetic Characterization

Each country in which molecular analysis was feasible inves-
tigated every male patient for CD40L deficiency. This
approach led to the identification of 35 CD40L-deficient
patients. The results of mutation analyses are summarized in
Table 3 and Fig. 3. Of those, five novel mutations abolishing
CD40L protein expression on activated CD4+ T cells were
identified: the nonsense mutation c.159C > T affecting codon
35 in exon 1 (p.Q35X), located in the transmembrane domain
(TM) in P32; the frameshift insertion c.633_634insAGCC
(p.L193fsX201) in exon 5 (P19) and the frameshift deletion
c.430_431delAT (p.H125fsX128) in exon 4 (P34) affect the
tumor necrosis factor homologous (TNFH) domain. The other
two novel mutations were found within theCD40LGpromoter
(a gross deletion, P14) and in the polyadenylation signal
sequence (a gross insertion, P15) completely abrogating
CD40LG transcription or resulting in unstable mRNA. The
details of the mutations identified in the CD40LG of P14 and
P15 will be published elsewhere. The mutations observed in
the remaining CD40L-deficient patients (Table 3) have been
previously described [9, 15, 20, 22, 25–29].

Two patients (P36 and P37) were found to be homozygous
for the previously reported [30] missense mutation (p.C87S)
of AICDA that affects exon 3 of the cytidine deaminase
domain of the AID protein (Table 3 and Fig. 3).

Treatment and Outcome

All Latin American patients with HIGM syndrome are receiv-
ing IVIG replacement therapy resulting in a substantial de-
crease in the number of infections. The infections, (including
4 deaths) that occurred while receiving IVIG therapy were
more frequent in CD40L-deficient patients than in AID-
deficient patients. Three CD40L-deficient patients died due
to complications resulting from presumptive central nervous
system (CNS) infections: P9 died at age 8 years due to
progressive multifocal leukoencephalopathy, P20 at 9 years
due to progressive panencephalitis, and P32 at 7 years due to
encephalopathy. P16, when in a cachectic state, died at age
15 years of sepsis. The survival curve for our cohort of
CD40L-deficient patients is shown in Fig. 4.

Sixteen CD40L-deficient patients developed neutropenia
(Table 1) which was mostly intermittent and associated with
oral, rectal or esophageal ulcers. Neutropenia was effectively
treated with granulocyte colony stimulating factor (G-CSF),
except P4 who showed only partial response to this treatment.
Several CD40L-deficient patients had neutropenia at the
time or just before developing fungal infections: P14 and
P25 (Aspergillosis), P25 (Microsporidiosis), P3, P5, P29

(candidiasis), P3 and P14 (P. jiroveci pneumonia). Twenty
seven CD40L-deficient patients are currently receiving anti-
biotic prophylaxis for P. jirovecii or had been on prophylaxis
at an earlier age.

Four CD40L-deficient patients underwent successful
allogenic hematopoietic stem cell transplantation (HSCT).
Patients P5 and P12 received bone marrow and patients P22
and P23 were given peripheral blood stem cells. Graft-versus-
host disease (GVHD) was observed in three patients: P5
developed acute GVHD grade II, P22 cutaneous acute GVHD
grade II and P23 cutaneous hyperacute GVHD grade III. In
addition, P5 developed systemic CMV infection and
autoimmune hemolytic anemia following HSCT and were
successfully treated with ganciclovir, methylprednisolone,
Rituximab and IVIG. GVHD resolved and all four patients
are alive and well at last follow-up (0.5 to 3 years post HSCT)
without immunosuppressive therapy.

Discussion

This is the first report of HIGM syndrome across Latin Amer-
ica. This registry study expands the spectrum of microorgan-
isms reported in this disease. Severe and unusual infections
caused by microorganisms not previously associated with
CD40L deficiency such as Aspergillus sp., Mycoplasma
pneumoniae, Serratia marcescens, Microsporidium sp., and
Isospora belli were identified in Latin American patients. In
addition, infections caused by other not previously described
etiological agents such as Paracoccidioides brasiliensis,
Klebsiella pneumonia, Acinetobacter sp., and human
papilloma virus (HPV) were recently identified in Brazilian
patients [20].

The clinical and molecular characterizations of HIGM
syndromes in North America and Europe, particularly those
caused by CD40L and AID deficiencies [15, 19, 21, 31, 32],
have been well established following the discovery of the
specific genetic defects underlying the different entities des-
ignated as HIGM syndromes [5–9, 12, 13, 33]. In this com-
munication, LASID, which was given the mandate to advance
and improve the diagnosis and management of PIDs in Latin
America [34, 35], reports the results of its HIGM syndrome
registry. In addition to the clinical and immunologic features
of the HIGM syndromes described by North American and
European investigators [15, 19, 31–33, 36, 37], our report of
Latin American patients, which is a genetically heterogenous
group of subjects, expands the spectrum of microorganisms
previously reported in HIGM syndromes.

Noteworthy, P24 with gastrointestinal infection caused by
mycrosporidiosis, a clinical complication frequently observed
in patients with acquired immunodeficiency syndrome
(AIDS) [38], is to our knowledge, the first case of a well-
defined primary immunodeficiency disorder suffering from
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Table 3 Molecular genetic analysis of CD40L-deficient and AID-deficient patients

Pt Origin Type of mutation cDNA mutationa (CD40LG) Predicted effect on protein Protein expression by flow cytometry Ref.

CD40L mAb CD40-Ig

P1 Brazil Missense c. 433 T>G p.V126G − N/E 20

P2 Brazil Missense c.476 G>C p.W140C − N/E 20

P3 Brazil Missense c.496 C>A p.T147N + − 22

P4c1 Brazil Nonsense c.475 G>A p. W140X − N/E 9

P5c1 Brazil Nonsense c.475 G>A p. W140X − N/E 9

P6c2 Brazil FS del c.213_216delATAG p.I53fsX65 − N/E 28

P7c2 Brazil FS del c.213_216delATAG p.I53fsX65 − N/E 28

P8 Brazil FS del c.213_216delATAG p.I53fsX65 − N/E 28

P9c Brazil Splice site c.345_402del exon 3 skipping − N/E 22

P10 Brazil Splice site c.345_402del exon 3 skipping − N/E 22

P11 Brazil FS ins c.551_552insAA p.R165fsX190 − N/E 20

P12b1 Brazil Splice site c. 213-1G>T exon 2 skipping − − 22

P13b1 Brazil Splice site c. 213-1G>T exon 2 skipping − − 22

P14 Brazil Deletion deletion in promoterb − − − Novel

P15 Brazil insertion insertion in poly(A)signalb − − − Novel

P16b2 Brazil Missense c.817C>T p.T254M − − 22

P17b2 Brazil Missense c.817C>T p.T254M − − 22

P18 Brazil Nonsense c.710 C>A p.C218X + − 22

P19 Brazil Insertion c.633_634insAGCC p.L193fsX201 − − Novel

P20b3 c Argentina FS del c.500delG p.M148X153 − N/E 25

P21b3 Argentina FS del c.500delG p.M148X153 − N/E 25

P22b4 Argentina Missense c.424 C>A p.A123E − N/E 29

P23b4 Argentina Missense c.424 C>A p.A123E − N/E 29

P24 Argentina Nonsense c.576 C>T p.Q174X − N/E 15

P25 Argentina Missense c.813 T>A p.F253I − N/E 25

P26 Mexico Nonsense c.714 C>T p.Q220X N/E 15

P27 Mexico Splice site c.465+1 G>A Exon 4 skipping − N/E 15

P28 Mexico Missense c.429 C>T p.H125Y − N/E 26

P29b5 Mexico Missense c.424 C>A p.A123E − N/E 29

P30b5 Mexico Missense c.424 C>A p.A123E − N/E 29

P31 Mexico Nonsense c.750C>T p.Q232X − N/E 27

P32c Costa Rica Nonsense c.159C>T p.Q35X − N/E Novel

P33 Costa Rica Nonsense c.475G>A p.W140X − N/E 9

P34 Costa Rica FS del c.430_431delAT p.H125fsX128 − N/E Novel

P35 Chile Missense c.473 T>C p.W140R − N/E 28

Pt Origin cDNA mutation (AICDA) Predicted effect on protein Gene expression by real-time PCR Ref.

P36 Brazil Missense c.260 C>G p.C87S D 30

P37 Brazil Missense c.260 C>G p.C87S D 30

The small letters b and c associated with superscript numbers indicate brothers and cousins, respectively, from the same family. Nucleotide number is
based on the sequence data from http://bioinf.uta.fi/CD40Lbase/to describe CD40L mutations and from http://bioinf.uta.fi/AICDAbase/index.php?
content=index/IDbases to describe AID mutations

FS del frame shift deletion; FS ins frame shift insertion; N/E not evaluated
a The nomenclature for the description of mutations are according to guidelines of Human Genome Variation Society [23, 24]
b detailed molecular genetic alterations will be published elsewhere
c patient died

+present; -absent
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microsporidiosis. On the other hand, infections caused by
Aspergillus sp., Mycoplasma sp., Serratia marcescens, and
Isospora belli have been well documented in patients with
other PIDs [39–46]. This observations in Latin American
patients are important findings which emphasize that patients
worldwide with defects in CD40L-CD40 interaction should
be monitored for these pathogens.

The high susceptibility to a broad spectrum of pathogens in
CD40L deficiency can be explained only in part to be due to
neutropenia. CD40L-deficient patients are susceptible to op-
portunistic infections with high mortality rates even when
neutrophil counts are normal and patients are on G-CSF and
IVIG treatment [20, 31]. The explanation for this global
susceptibility to infections may be the pleiotropic role of
CD40L-CD40 interaction in the regulation of immune

responses. In addition to transitory neutropenia, abnormal B
cell differentiation and reduced antibody responses, these
patients have defective T [18, 47] and dendritic cell (DC)
activation [17, 48] which contributes to the immunopatholog-
ic mechanisms in CD40L and CD40 deficiencies. Compared
with HIGM syndromes caused by B cell–intrinsic defects
affecting CSR and somatic hypermutation (eg. AID and
UNG deficiencies), patients suffering from CD40L deficien-
cy, with few exceptions [49], manifest the first symptoms of
PID at an earlier age, are sicker and more likely to develop
severe infections even while on IVIG therapy [31, 32]. This
was also the case in our cohort, although only two of our
patients had AID deficiency. P36 and P37 did not receive
IVIG therapy until the age of 9 and 40 years, respectively,
when the diagnosis of AID deficiency was established, while
on the other hand, multiple deaths occurred during the first
months of life in untreated presumably X-linked HIGM
patients reported by families of CD40L-deficient patients
included in this study [20].

The clinical manifestations reported by the two Latin Amer-
ican patients with AID deficiency (P36 and P37) are not
different from those described by others as recurrent pneumo-
nia, gastrointestinal infections and lymphoid hyperplasia with-
out the occurrence of opportunistic infections [12, 21, 32].
Neither of our two patients, however, developed autoimmune
or related inflammatory diseases which have been reported by
Quartier et al. in 21 % of their cohort of AID-deficient patients
[21] but not by Minegishi et al. [32] and Revy et al. [12]. On
the other hand, in accordance with previously studies [19, 31]
autoimmune or related inflammatory diseases were observed
in approximately 8 % of our CD40L-deficient patients.

Missense mutation

Deletion

Nonsense mutation

Splice site mutation

Insertion

a

b

Fig. 3 Mutations in CD40L and
AID. Schematic representation of
a the CD40LG and b the AICDA
coding regions and protein
domains. Both genes have 5
exons. The type and position of
each mutation observed in Latin
American patients are shown. IC
intracellular tail; TM
transmembrane domain; ECU
extracellular unique domain;
TNFH TNF homology domain;
NLS nuclear localization signal;
CDDCytidine deaminase
domain; NES nuclear export
signal; UTR untranslated region
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Fig. 4 Kaplan-Meier graphs showing the survival rate of CD40L-
deficient patients. The graph was made using the GraphPad PRISM 4.03
software (GraphPad Software, San Diego, Calif)
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The molecular diagnosis could be established in 37 of the
58 patients reported to the registry with symptoms of HIGM
syndrome, 35 with CD40L and two with AID deficiencies.
Twenty five different mutations (24 in CD40LG and one in
AICDA) including five novel mutations that abolish CD40L
protein expression were identified. Mutation analysis of the
most common HIGM syndromes—and a limited number of
other PIDs caused by single gene defects—is presently avail-
able in only a small number of Latin American countries and
in those, is limited to a few states/provinces of Brazil,
Argentina, Chile and Mexico, while it is not available in other
Latin American countries. For this reason it is still difficult to
determine the actual prevalence and genetic basis of HIGM
syndromes in Latin America. On the other hand, in the United
States, where multiple diagnostic centers are set up to perform
sequence analysis for genes associated with HIGM, the esti-
mated minimal incidence of CD40L deficiency is 1/1,035,000
and the incidence of AID deficiency is estimated to be
not greater than 2/10,000,000 per year of birth [32]. To
overcome this internal problem in Latin America, State and
Provincial governments have to be encouraged to support the
establishment of new centers dedicated to the study of PID.
Established centers have to expand already existing international
collaborative studies within Latin America, and with North
America and Europe.

Another limitation in Latin American countries is the avail-
ability of transplantation centers, which accounts for the small
percentage of CD40L-deficient patients who underwent
HSCT. This reflects social economic factors because HSCT
is one example of high-cost and highly specialized medical
care that requires significant infrastructure and a network of
specialists from all fields of medicine. HSCT is most frequent-
ly performed in U.S and Europe where developed countries
have higher gross national incomes and higher governmental
health care expenditures. While the total number of performed
HSCT is more than 300 per 10 million inhabitants in U.S and
Europe, it ranges from zero to 49 per 10 million inhabitants in
Latin American countries [50]. However, the economic im-
provement in some Latin American countries points to the
potential for better transplant options over the coming years.
For instance, in Brazil, where the highest number of CD40L-
deficient patients were diagnosed, the number of HSCT do-
nors available for all diseases demanding this treatment has
recently improved (from 12 thousand in 2000 to 3 million in
2013) according to statistical data from the Ministry of Health
(http://www.inca.gov.br). Associated with these data, the
increasing availability of molecular diagnostic centers in
Brazil and other Latin American countries will contribute to
this improvement.

A phenotype/genotype correlation could not be established
in our cohort nor in the previously described cohorts of North
American and European patients with HIGM syndromes [12,
19, 21, 31, 32]. Such a correlation is difficult due to the small

number of patients. Additionally, while AID-deficient
patients have a relative phenotypic homogeneity [21,
32], this is not the case for CD40L-deficient patients
who may develop different clinical phenotypes while
carrying the same mutation [20], More clinical and genetic
studies are required to eventually establish a phenotype/
genotype correlation.

In conclusion, this first report of the LASID registry
highlights the similarities and differences in the clinical
and genetic spectrum of HIGM syndromes in Latin America
versus other reported cohorts from North America, Europe,
and elsewhere and it suggests that patients with HIGM syn-
drome due to mutations in CD40LG are susceptible to a
broader species of opportunistic pathogens than previously
recognized.
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