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Background: Data on pediatric antiphospholipid syndrome 
(APS) are very sparse.
objectives: To describe the main clinical characteristics, 
laboratory data and complications of pediatric APS patients, 
and to analyze the differences between primary APS and 
APS associated with systemic lupus erythematosus (SLE). 
methods: We retrospectively reviewed clinical and laboratory 
data of 32 children at the Federico Gomez children’s hospital 
in México. Nineteen patients had SLE, 12 (37.5%) had primary 
APS and 1 (3%) had immune thrombocytopenic purpura. We 
collected information on sociodemographic variables, vaccin- 
ations, age at onset, and family history of rheumatic disease, 
hematological disorders, skin disorders and non-thrombotic 
neurological disorders. Immunological features included 
immunoglobulin (Ig) G and IgM anticardiolipin antibodies, IgG 
and IgM anti-β2 glycoprotein I antibodies, lupus anticoagulant, 
and anti-dsDNA and antinuclear antibodies.
results: The patients included 24 females and 8 males. 
The most common thrombotic events were small vessel 
thrombosis (44%), venous thrombosis (28%) mainly deep 
venous thrombosis (DVT) in lower extremities, and arterial 
thrombosis (25%). The most common clinical non-thrombotic 
manifestations were hematological (53%) and neurological 
disorders (22%). There were no significant differences 
between groups with regard to the site of thrombosis, non-
thrombotic clinical manifestations or laboratory features. 
conclusions: There were some important differences between 
the clinical manifestations of APS in children compared with 
adults, but we found no significant differences between 
patients with primary and APS associated with SLE. Larger 
studies in Latin American APS children are necessary to 
determine whether there are differences between ethnic 
groups.
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a ntiphospholipid syndrome is a multisystemic autoim-
mune disorder characterized by arterial and venous 

thrombosis, recurrent fetal loss, thrombocytopenia and 
the persistence of circulating antiphospholipid antibodies 
[1]. The aPL1 test detects a group of antibodies with differ-
ent pathogenic properties associated with reactions against 
serum phospholipid-binding proteins. The most common 
antibodies detected are the lupus anticoagulant, anticardio-
lipin antibodies and anti-beta2-glycoprotein I antibodies.

APS2 may be primary (when there is no other underly-
ing autoimmune disease) or associated with other diseases, 
mainly systemic lupus erythematosus [2-4]. Recently, pedi-
atric APS has been the subject of numerous studies [5-7]. 
The major differences between pediatric and adult APS are 
the absence of common acquired risk factors for thrombo-
sis, no pregnancy-related morbidity, increased incidence 
of infection-induced antibodies, different cutoff values for 
determination of aPL, and specific factors regarding long-
term therapy in children [5]. The classification criteria 
initially proposed in an international consensus in 1999 [4] 
cannot be fully applied in children. Because some clinical 
criteria, such as pregnancy morbidity and thrombotic risk 
factors (smoking, obesity, use of contraceptives) are absent in 
children, it is probable that the sensitivity and specificity of 
the criteria for aPL-related thrombosis are higher in children 
than in adults. Berkun et al. [5] analyzed the clinical and lab-
oratory manifestations of pediatric APS and concluded that 
it has unique features, especially venous thrombosis, stroke 
and thrombocytopenia. The largest analysis of pediatric 
APS, recently published by Avcin and co-authors [6], found 
differences between primary APS and APS associated with 
another autoimmune disease. Primary APS patients were 

aPL = antiphospholipid antibodies
APS = antiphospholipid syndrome
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younger and had a higher frequency of arterial thrombotic 
events, whereas patients with APS associated with another 
autoimmune disease were older and had a higher frequency 
of venous thrombotic events and hematological and skin 
manifestations.

Patients and methods

We retrospectively reviewed the charts of 32 children diag-
nosed with APS at the “Federico Gómez” Hospital Infantil in 
Mexico DF, Mexico, between December 2007 and November 
2008. Inclusion criteria included venous or arterial thrombo-
sis at any site, and the presence of at least one of the following 
aPL: aCL3, LA4, and anti-β2GP15 antibodies.

The registry was the same as the Ped-APS registry [7], 
which includes general characteristics, clinical manifestations 
and immunological features. Information collected included 
sociodemographic variables, vaccinations, age at onset, fam-
ily history of autoimmune disease, hematological disorders 
(thrombocytopenia < 100,000 mm2), autoimmune hemolytic 
anemia (anemia plus elevated reticulocyte count and increase 
in indirect bilirubin), Evans syndrome (hemolytic anemia 
plus thrombocytopenia), lymphopenia (< 1500 mm2), skin 
disorders (livedo reticularis, Raynaud’s phenomenon, skin 
ulcers, pseudovasculitis), and non-thrombotic neurological 
disorders (epilepsy, migraine headache, choreoathetosis, 
aseptic meningitis). The immunological features that were 
evaluated included IgG and IgM aCL, IgG and IgM anti-
β2GPI antibodies, LA, anti-double stranded DNA and anti-
nuclear antibodies. These tests were performed using com-
mercially available enzyme-linked immunoabsorbent assay 
kits. Results were considered positive if aCL titers were > 20 
units on two or more occasions 6 weeks apart. The diagno-
sis of venous thrombosis was based on findings of Doppler 
ultrasonography scans. Arterial events included strokes, 
which were diagnosed using appropriate clinical presentation 
and confirmed by computed tomography and/or magnetic 
resonance imaging. The diagnosis of arterial thrombosis at 
other sites was confirmed clinically and by arteriography. 
Valve abnormalities were confirmed by echocardiography. 

statistical analYsis

The descriptive analysis used means and standard deviations. 
The association between categorical variables was evaluated 
using the chi-square or Fisher’s exact tests. Comparisons 
between means were made using the Student t-test. A P value 
< 0.05 was considered statistically significant. The statistical 
analysis used the SPSS v16 for Windows statistical program.

aCL = anticardiolipin antibodies
LA = lupus anticoagulant
β2GP1 = anti-beta2-glycoprotein I 

results

The study group comprised 24 females (75%) and 8 males 
(25%). Mean age at onset was 11.5 ± 4.6 years. Nineteen 
patients (59%) had SLE6, 12 (38%) had primary APS and 1 (3%) 
had immune thrombocytopenic purpura. Four patients were 
initially diagnosed as having primary APS and developed SLE 
during the follow-up. The 32 patients reported thrombosis at 
different levels and persistence of aPL at the follow-up visits.

clinical maniFestations

Fourteen patients (44%) had small vessel thrombosis, 10 (31%) 
had venous thrombosis and 8 (25%) had arterial thrombosis. 
The most common presentation was digital ischemia (n=14), 
followed by deep vein thrombosis in the lower extremities 
(n=10) [Table 1]. Four patients (12%) had a family history of 
autoimmune diseases. 

The associated non-thrombotic clinical manifestations at 
the time of the initial thrombotic event are shown in Table 2. 
The most common manifestations were hematological dis-

SLE = systemic lupus erythematosus

hematological disorders
Evans syndrome
Thrombocytopenia
Hemolytic anemia
Leukopenia/lymphopenia
Hemolytic anemia/lymphopenia
Lymphopenia/thrombocytopenia

17 (53%)
5 (16%)
3 (9%)
3 (9%)
2 (6%)
2 (6%)
2 (6%)

neurological disorders
Epilepsy
Chorea/athetosis
Aseptic meningitis

7 (22%)
5 (16%)
1 (3%)
1 (3%)

skin disorders
Skin ulcer
Raynaud’s phenomenon

2 (6%)
1 (3%)
1 (3%)

valvular disorders
Tricuspid insufficency 

2 (6%)
2 (6%)

Values are number of patients (%)

table 2. Associated non-thrombotic clinical manifestations at the 
time of the initial thrombotic event

thrombotic event

small vessel thrombosis
Digital ischemia

14 (44%)
14 (44%)

venous thrombosis*
DVT in lower extremities
IVC thrombosis and DVT

10 (31%)
9 (28%)
1 (3%)

arterial thrombosis*
Ischemic stroke
Pulmonary artery
Mesenteric artery

8 (25%)
6 (19%)
1 (3%)
1 (3%)

Total 32 (100%)

Values presented are number of patients (%)
*One patient presented both venous (DVT) and arterial (mesenteric artery) 
thrombosis
IVC = Inferior vena cava

table 1. Thrombotic events at the onset of pediatric APS
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than in boys (3:1), but this ratio was closer to that reported 
in Latin American adults (5:1) [2], in contrast to a European 
study on pediatric APS [6] where the ratio was 1.2:1. However, 
these differences may be due to the small number of patients in 
this Mexican cohort (32 patients) as compared to the European 
study (121 patients).

A total of 38% of patients had primary APS, a prevalence 
slightly lower than the prevalence in adults in the largest APS 
study (53%) [9]. In our study the most common autoim-
mune disease associated with pediatric APS was SLE (95%), 
followed by immune thrombocytopenic purpura. Thus, in 
pediatric APS patients, when there is a high suspicion of SLE 
it is very important to look for anti-dsDNA antibodies as 
well as to monitor for thrombocytopenia in order to improve 
the management and the outcome of these patients, because 
the presence of aPL in pediatric SLE can modify the disease 
expression and may be an important predictor of the devel-
opment of irreversible organ damage.

The most-frequent thrombotic event was small vessel 
thrombosis (44%) – in contrast to DVT8 of the lower limbs 
reported by Avcin et al. [6] and in adult studies [2] – followed 
by DVT of the lower extremities (28%). The rate of ischemic 
stroke (19%) was similar to that reported in adults [2] and 
half of that reported by Avcin et al. [6].

The most common non-thrombotic clinical manifesta-
tions were hematological disorders (53%); of those, Evans 
syndrome was the most frequent (16%), higher than reported 
by Avcin’s group [6] (12%) and lower than that reported in 
adults, where thrombocytopenia is the most frequent mani-
festation (22%–42%) [6,9,10].

Lupus anticoagulant was the most common immuno-
logical finding (75%), higher than that reported in adults 
(40–54%) [2,8,10]. This may be due to the higher number of 
SLE patients in our cohort.

The group of primary APS patients was slightly younger 
than that of APS associated with another autoimmune disease 
(9.7 ± 4.8 vs. 12.7 ± 4.1), although this difference did not reach 
statistical significance. The rate of female:male ratio in the pri-
mary APS was 2:1 vs 4:1 in the APS associated with another 
autoimmune disease. The site of thrombosis and the clinical 
associated manifestations did not show statistical differences. 

conclusions

We found a higher prevalence of APS associated with auto-
immune diseases, mainly SLE, than primary APS. Most of 
the known risk factors, such as atherosclerosis, smoking, 
hypertension and contraceptive hormonal treatment, are 
not present in childhood, but there are some important 
features, such as migraine, thrombocytopenia, livedo reticu-

DVT = deep vein thrombosis

orders (53%), including Evans syndrome (16%), thrombocy-
topenia (9%) and hemolytic anemia (9%). The second most 
common manifestation was neurological involvement (22%), 
of which epilepsy was the most frequent (16%). One patient 
aged 4 months presented with aseptic meningitis, together with 
thrombosis and no other cause of primary thrombophilia. Two 
patients (6%) had skin disorders, such as Raynaud´s phenom-
enon and skin ulcers. Of note, two patients had tricuspid regur-
gitation in the absence of pulmonary hypertension, one related 
to primary APS and the other to Libman-Sacks endocarditis. 

No statistically significant differences were detected be- 
tween the clinical manifestations of patients with primary 
APS and those with APS associated with SLE.

immunological Features

Immunological findings are summarized in Table 3. In patients 
with primary APS, aCL were positive in 58% and anti-β2GPI 
antibodies in 33%. Only two patients were tested for LA and 
both were positive. ANA7 were positive in 36% and anti-dsDNA 
in 20% (in these two cases the children did not fulfill classifi-
cation criteria for SLE). In patients with APS associated with 
SLE, aCL were positive in 65%, anti-β2GPI in 50%, LA in 66%, 
ANA in 89% and anti-dsDNA in 81%. One patient, aged 4 
months, who presented with thrombosis, was tested for inher-
ited prothrombotic disease. Proteins C and S and antithrombin 
deficiencies were not detected and IgG aCL were positive.

discussion

To our knowledge, this is the largest study of APS in Latin 
American children. Pediatric APS was more frequent in girls 

ANA = antinuclear antibodies

Primary aPs
aPs associated 

with sle total

no. 
tested

no. (%) 
positive

no. 
tested

no. (%) 
positive

no. 
tested

no. (%) 
positive

aCL 12 7 (58%) 20 13 (65%) 32 20 (62%)

IgG/IgM 10 6 (60%) 18 11 (61%) 28 17 (61%)

IgG 1 1 (100%) 2 2 (100%) 3 3 (100%)

IgM 1 0 (0%) 0 0 (0%) 1 0 (0%)

Anti-β2GPI 6 2 (33%) 2 1 (50%) 8 3 (38%)

IgG/IgM 4 1 (25%) 2 1 (50%) 6 2 (33%)

IgG 2 1 (50%) 0 0 (0%) 2 1 (50%)

LA 2 2 (100%) 6 4 (66%) 8 6 (75%)

ANA 11 4 (36%) 19 17 (89%) 30 21 (70%)

DNA 10 2 (20%) 16 13 (81%) 26 15 (58%)

aCL = anticardiolipin antibodies, Ig = immunogloublin, β2GP1 = anti-β2-
glycoprotein I, LA = lupus anticoagulant, ANA = antinuclear antibodies 

table 3. Immmunological findings
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laris, and cardiac valve disease, that may be reconsidered in 
the criteria of APS in children. The increased frequency of 
infectious processes in childhood could be responsible for 
the prevalence of non-pathogenic and transient aPL, but in 
our cohort even the patients with primary APS had other 
ongoing manifestations. We found no important differences 
in thrombotic and non-thrombotic clinical manifestations 
and immunological features between the patients with pri-
mary APS and those with APS associated with SLE, although 
this may be a sample bias or a feature of Mexican children.
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The intestinal immune system is exposed to a mixture of foreign 
antigens from diet, commensal flora and potential pathogens. 
Understanding how pathogen-specific immunity is elicited 
while avoiding inappropriate responses to the background 
of innocuous antigens is essential for understanding and 
treating intestinal infections and inflammatory diseases. The 
ingestion of protein antigen can induce oral tolerance, which is 
mediated in part by a subset of intestinal dendritic cells (DCs) 
that promote the development of regulatory T cells. The lamina 
propria (LP) underlies the expansive single-cell absorptive 
villous epithelium and contains a large population of DCs 
(CD11c+ CD11b+ MHCII+ cells) comprised of two predominant 
subsets: CD103+ CX3CR1− DCs, which promote immunoglobulin 
A production, imprint gut homing on lymphocytes and induce 

the development of regulatory T cells and CD103− CX3CR1+ DCs 
(with features of macrophages), which promote tumor necrosis 
factor-alpha production, colitis, and the development of TH17 
T cells. However, the mechanisms by which different intestinal 
LP-DC subsets capture luminal antigens in vivo remains largely 
unexplored. Using a minimally disruptive in vivo imaging 
approach McDole et al. show that in the steady-state, small 
intestine goblet cells (GCs) function as passages delivering low 
molecular weight soluble antigens from the intestinal lumen to 
underlying CD103+ LP-DCs. The preferential delivery of antigens 
to DCs with tolerogenic properties implies a key role for this GC 
function in intestinal immune homeostasis.
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goblet cells deliver luminal antigen to cd103+ dendritic cells in the small intestine

Cilia were once thought to be evolutionary remnants, but 
structural defects reveal their importance in signaling 
pathways and human disease, such as Joubert syndrome. 
Either of the genes TMEM138 and TMEM216 can be found 
mutated in phenotypically indistinguishable ciliopathy 
patients. Interestingly, despite their lack of sequence 
homology, these genes have always been aligned in head-
to-tail configuration during vertebrate evolution. The proteins 
expressed by these genes mark distinct tethered vesicles, 
which differentially carry ciliary proteins for assembly. Lee 

and colleagues show that the coordinated expression of these 
adjacent genes depends upon a co-evolved regulatory element 
in the non-coding intergenic region, which thus integrates the 
roles of both gene products. This discovery explains not only 
the indistinguishable pathogenesis of the patients’ genotypes 
but also how the evolutionary clustering of genes unrelated in 
sequence may correlate with coordinated control of expression 
and function. 
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