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Background: In a previous study, we noted immunologic abnormalities in 46 (54.8%) of 84 individuals with dysmorphic
disorders.

Objective: To reevaluate patients with dysmorphic disorders and immunologic abnormalities 2 to 3 years after an initial study
to determine any changes in those abnormalities.

Methods: Information was gathered regarding significant infections during the previous 12 months. Blood samples were
drawn for the immunologic tests that were previously performed (IgG, IgA, and IgM level determinations; complete blood cell
count; and lymphocyte subset enumeration) and for determination of IgG subclasses and T-cell activation by CD69 expression.

Results: In the 21 patients available, 26 (63.4%) of the previously noted 41 low immunologic values were still present. In 5
patients, all previously noted immunologic abnormalities resolved. Of the 17 low values noted in 6 patients with Down syndrome,
12 (70.6%) were still present. Also, the 2 patients with Turner syndrome continued to have low IgA and IgM levels. Two patients
had a low IgG4 level. A history of significant clinical infections within the previous 12 months was noted in 10 (58.8%) of 17
patients; 8 (47%) had current immune defects. There was a significantly lower T-cell response to staphylococcal enterotoxin B
than in healthy controls. The T-lymphocyte activation response was low in 8 (38.1%) of the 21 patients.

Conclusions: Our study revealed a high rate of immune defects in patients with dysmorphic disorders, both during the initial
study and 2 to 3 years later, which may contribute to their increased susceptibility to infections. This association was most
obvious in patients with Down syndrome and Turner syndrome. The findings should alert for early immunologic evaluation when
such patients have infections.
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INTRODUCTION
Patients with dysmorphic disorders have an increased risk of
infections.1 In many such patients, however, there is an ob-
vious underlying cause such as a neurologic defect, an ana-
tomical abnormality, malnutrition, or other associated chronic
medical conditions, particularly cardiopulmonary disease.
Furthermore, in a variety of genetic disorders and recogniz-
able syndromes, immune abnormalities have been reported;
these may contribute to the increased susceptibility to infec-
tion.2

In a previous study, patients with dysmorphic disorders
were screened for general abnormalities related to circulating
blood cells (complete blood cell count), B cells (immuno-
globulin levels), and T cells (lymphocyte subsets).3 The high-
est proportion of immune defects was noted in 23 (79.3%) of
29 patients with chromosomal disorders, followed by the

group with a single gene disorder (15 [55.6%] of 27 patients);
the lowest proportion was in the group with an unclassified
dysmorphic disorder (8 [28.6%] of 28 patients).

In the present study, we looked for changes in the previ-
ously noted immunologic abnormalities and measured the
IgG subclasses and T-lymphocyte proliferative response. We
are also including a review of the literature available on the
subject.

METHODS

Study Participants
Of the 46 patients with abnormal immunologic findings dis-
covered by the previous investigation 2 to 3 years earlier,
only 21 were available for reevaluation because 1 died and 24
who were living at a facility for developmentally handi-
capped individuals (Pine Crest Developmental Center, Alex-
andria, LA) were moved to other facilities away from the
area. Their ages ranged from 3 to 77 years (median, 50 years).
Eighteen patients were still living at the original residential
facility, and 3 were observed at the Genetics Clinic of Lou-
isiana State University Health Sciences Center–Shreveport.

The study was approved by the institutional review board
of Louisiana State University Health Sciences Center–
Shreveport, and all patients and/or guardians provided written
informed consent. In all patients, the dysmorphic disorder
was diagnosed and classified by a board-certified clinical
geneticist (H.C.). Of the 21 patients, 12 had chromosomal
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disorders (6 had Down syndrome, 2 had Turner syndrome,
and 1 each had a chromosome 2q37.1 deletion, a chromo-
some 2q32.2 deletion, Wolf-Hirschhorn syndrome, and frag-
ile X mosaic). There were 6 patients with a single gene
disorder (3 with phenylketonuria, 2 with Seckel syndrome,
and 1 with mucopolysaccharidosis III) and 3 with an unclas-
sified dysmorphic disorder (psychomotor retardation). In the
latter group, all 3 had psychomotor retardation: 1 had fetal
alcohol syndrome and an intrauterine infection; 1 had spastic
quadriplegia, hypertelorism, and a prominent supraorbital
ridge; and 1 had short stature and a high arched palate.

An interval history was obtained regarding infections,
other illnesses, and hospitalizations within the last 12 months.
A complete physical examination was performed, with par-
ticular attention to the presence of infection.

Laboratory Evaluation
Venous blood samples were obtained for laboratory evalua-
tion using the previous clinicopathological parameters: com-
plete blood cell count with differential; serum IgG, IgA, and
IgM levels, measured by nephelometry; and lymphocyte sub-
set analysis by flow cytometry, as previously described.3 In
addition, IgG subclasses were measured (Specialty Labora-
tories, Valencia, California). The results of the immunoglob-
ulin levels and lymphocyte subset enumeration were com-
pared with established references by age.4,5 As in our initial
study, laboratory values below the fifth percentile for age
were considered abnormally low.

T-Cell Activation Assay by CD69 Marker Through Flow
Cytometric Analysis
Peripheral blood specimens were collected using sodium
heparin anticoagulant and were evaluated within 24 hours.
Fourteen healthy patients were recruited as controls for this
part of the investigation. To study the effect of stimulation on
CD69 expression, whole blood was cultured on either plain
Chang culture medium or culture medium supplemented with
either phytohemagglutinin (PHA), 4 �g/mL, or staphylococ-
cal enterotoxin B (SEB), 4 �g/mL. For each patient, 100 �L
of whole blood was placed in each of 3-microtiter wells
containing 100 �L of Chang medium. Two wells had 10 �L
of either SEB or PHA. The third well served as an unstimu-
lated control. The plates were incubated for 18 hours at 37°C.

After mitogen stimulation, 100 �L of blood was drawn from
the microtiter wells and placed in 12- � 75-mm tubes. Each
tube contained the commercial monoclonal antibody cocktail:
CD3/CD4/CD8 (Beckman Coulter, Miami, Florida) and
CD69 (Becton Dickinson Immunocytometry Systems, San
Jose, California). The monoclonal antibodies were directly
conjugated with fluorescein isothiocyanate, phycoerythrin,
phycoerythrin–cyanin 5, or energy-coupled dye (phyco-
erythrin and red fluorescent dye [Texas Red]). The tubes
were incubated in the dark for 20 minutes, then each sample
was lysed and fixed (Q-Prep; Beckman Coulter). Three-color
fluorescence analyses were performed per protocol using
FC500 instrumentation (Beckman Coulter) for data acquisi-
tion. The percentage of unstimulated cells that expressed the
activation antigen CD69 and the increase in the percentage of
cells expressing CD69 after PHA or SEB stimulation were
determined using Summit software (Dako, Fort Collins, Col-
orado). Digital FCS files were analyzed for each patient and
evaluated with the software using the Overton subtraction
method.6 Data for a standardized number of 2,000 CD3-
positive lymphocytes were collected. Subtraction plots were
made in comparison to the unstimulated histogram data from
each specimen.

Statistical Analysis
The Fisher exact test was used to compare the 3 groups of
dysmorphic disorders regarding the persistence of immuno-
logic abnormalities noted in the initial study. The t test was
used to determine significant differences between the means
of CD69 expression of the dysmorphic group and the con-
trols. P�.05 was considered statistically significant.

RESULTS

Persistent Immunologic Abnormalities
The initial study,3 which was performed approximately 3
years earlier, revealed immunologic abnormalities in 46
(54.8%) of 84 patients with dysmorphic disorders. For this
follow-up study, 21 patients with 41 low laboratory values
were available. In 5 patients (23.8%), the initial laboratory
abnormalities have resolved. Of the 41 initial low values, 26
(63.4%) were still present (Table 1). In addition, 7 new low
laboratory values were detected in 5 patients. Analysis of data

Table 1. Prevalence of Immunologic Abnormalities in Patients With Dysmorphic Disorders, Initially and at the 2- to 3-Year Follow-up

Dysmorphic group
Total No. of initially

observed abnormalities
Abnormalities present
at follow-up, No. (%)a

Abnormalities resolved
at follow-up, No. (%)a

Newly discovered
abnormalitiesa

Chromosomal
(12 patients)

28 18 (64.3) 10 (35.7) 5 (in 3 patients)

Single gene
(6 patients)

9 6 (66.7) 3 (33.3) 1

Unclassified
(3 patients)

4 2 (50.0) 2 (50.0) 1

Total (21 patients) 41 26 (63.4) 15 (36.6) 7 (in 5 patients)

a The Fisher exact test showed no significant difference between the 3 groups regarding the persistence of laboratory abnormalities (P � .99) or
the presence of newly discovered abnormalities (P � .99).
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according to the type of dysmorphic disorder showed persis-
tence of the immunologic abnormality in 64.3% of instances
in the chromosomal disorder group, 66.7% in the single gene
disorder group, and 50.0% in the unclassified dysmorphic
disorder group. The Fisher exact test showed no significant
difference between the 3 groups of patients regarding the
persistence of laboratory abnormalities (P � .99) or the
detection of new abnormalities (P � .99). Although persis-
tence of the immunologic abnormalities seemed to be more
common in patients with Down syndrome, Turner syndrome,
and phenylketonuria, the numbers were not large enough to
allow sound statistical comparisons. None of the study par-
ticipants had a low IgG level, in either the initial or the
follow-up study.

Immunologic abnormalities noted in each of the 21 pa-
tients, in either the initial or the follow-up evaluation, are
presented in Table 2. There was persistence of 70.6% (12/17)
low laboratory values in the 6 patients with Down syndrome.
The 2 patients with Turner syndrome had persistently low
IgA and IgM levels. There was persistence of 66.7% (4/6)
low laboratory values in the 3 patients with phenylketonuria.
On the other hand, the abnormalities reported in a patient
with chromosome 2q37.1 and in another with chromosome
2q32.2 deletion resolved by follow-up. Other patients who

had their immune abnormality resolved include a patient each
with Down syndrome, Seckel syndrome, and psychomotor
retardation.

Of 17 patients with current low laboratory values (Table
2), 8 (47%) were among the 10 who had a significant history
of infections during the 12 months preceding this study
(Table 3). On the other hand, of the 5 patients whose initial
immunologic abnormality resolved, 2 (40%) had a history of
significant infections. The 2 groups did not significantly
differ (Fisher exact test) regarding the occurrence of infec-
tion.

T-Cell Activation Assay Findings
The mean (SD) of CD69 expression in the total dysmorphic
group was 70.8% (20.3%) by PHA stimulation and 10.0%
(10.8%) by SEB stimulation compared with 77.2% (7.7%)
and 23.5% (8.7%) in healthy controls, respectively. Only the
difference in response to SEB was statistically significant
(P � .001).

By considering CD69 expression values below the mean of
the control group by more than 2 SDs as abnormal, 8 (38.1%)
of the 21 patients had a low T-lymphocyte response. Of these
8 patients, 6 had a low stimulation response to either SEB (3
patients with Down syndrome) or PHA (2 patients with

Table 2. Immunologic Abnormalities Noted in Each Patient, Initially and at the 2- to 3-Year Follow-up

Patient
No.

Diagnosis
Abnormalities noted in the

initial evaluation
Abnormalities noted in the

follow-up evaluation

Chromosomal Disorder
1 Down syndrome CD8, CD3, and CD19 CD8, CD19, and CD69 expressiona

2 Down syndrome IgM and CD19 IgM and CD19
3 Down syndrome Lymphocytes,b CD4, CD8, CD3, and CD19 Lymphocytes,b CD4, CD3, and CD19
4 Down syndrome IgM and CD56 Lymphocytes,b CD19, CD56, and CD69 expressiona

5 Down syndrome CD4, CD19, and reversed CD4:CD8 ratio CD4, CD19, reversed CD4:CD8 ratio, and CD69
expressiona

6 Down syndrome Lymphocytesb and CD8 CD69 expressiona

7 Chromosome 2q37.1 deletion CD56 None
8 Chromosome 2q32.2 deletion CD8 and CD56 None
9 Turner syndrome IgA, IgM, and CD56 Lymphocytes,b IgA, IgM, CD56, and CD8
10 Turner syndrome IgA and IgM IgA, IgM, and CD69 expressiona

11 Wolf-Hirschhorn syndrome Lymphocytesb and CD19 CD19
12 Fragile X mosaic syndrome Lymphocytesb IgM

Single Gene Disorder
13 Phenylketonuria Reversed CD4:CD8 ratio Reversed CD4:CD8 ratio and lymphocytes
14 Phenylketonuria CD4, CD3, CD19, and reversed CD4:CD8

ratio
CD19 and reversed CD4:CD8 ratio

15 Phenylketonuria Lymphocytesb Lymphocytesb

16 Seckel syndrome CD56 None
17 Seckel syndrome CD56 CD56
18 Mucopolysaccharidosis III CD19 CD19

Unclassified Disorder
19 Psychomotor retardation Lymphocytesb and CD19 Lymphocytesb

20 Psychomotor retardation Lymphocytesb Lymphocytesb and CD4
21 Psychomotor retardation CD56 None

a Patients 1, 4, 5, 6, and 10 had low (2 SDs below the mean) CD69 expression by staphylococcal enterotoxin B stimulation in the follow-up
evaluation.
b Lymphocyte abnormality refers to a low (less than the fifth percentile) total number or percentage.
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Seckel syndrome and 1 with Wolf-Hirschhorn syndrome) and
2 had a low response to both (1 with Down syndrome and 1
with Turner syndrome). Of these 8 patients, 3 had clinically
relevant respiratory tract infections (pneumonia, sinusitis, and
otitis media) during the previous 12 months and 1 had recur-
rent herpes labialis.

IgG Subclasses
Normal levels of IgG1, IgG2, and IgG3 subclasses were
noted in all patients. Two patients (9.5%) had an undetectable
IgG4 level (�1 mg/dL): a 47-year-old man with Down syn-
drome who had persistently low lymphocyte, CD4, CD3, and
CD19 levels and a 17-year-old patient with Turner syndrome
who had persistently low IgA and IgM levels.

DISCUSSION
This study showed that most (almost two-thirds) of the im-
munologic abnormalities noted 2 to 3 years ago in this series
of patients with dysmorphic disorders were still present,
irrespective of the dysmorphic group classification. Such an
observation suggests that there may be an association be-
tween dysmorphic syndromes and certain underlying immune
defects. In 5 patients, their previous immunologic abnormal-
ities completely resolved. However, almost one-fourth of the
low laboratory values were new. This suggests that the im-
munologic status at any point of time may vary and is not
rigidly controlled by genetic factors alone. A possible role for
the increase in age in the resolution of some defects is
probably minor, if any. Of the 5 patients whose immunologic
defects have resolved, only 1 was a child (age, 3 years); the
other 4 were 36 to 75 years of age. Therefore, the observed
changes are very unlikely to be due to a 2- to 3-year increase
in age.

Certain genetic syndromes seem to be more associated
with immunologic abnormalities.2 In our series, there was a
high percentage of abnormalities in patients with Down syn-
drome. Although the abnormalities in this subgroup were not
homogeneous, a low CD19 level was still present in 4 of the
6 patients. This finding was consistent with findings in other

studies that showed a significant decrease in the absolute
number and percentage of B lymphocytes in patients with
Down syndrome.7,8 In a recent study of 96 noninstitutional-
ized children with Down syndrome, the B-cell number was
the most decreased, with 61% of values below the fifth
percentile.9 Other abnormalities reported in patients with
Down syndrome include a high IgG and a low IgM level,10

reduced numbers of circulating CD4 cells,11 a reversed CD4:
CD8 ratio,11 and low antibody responses to tetanus toxoid and
influenza virus.12 In institutionalized young adult patients
with Down syndrome, Nurmi et al13 reported a decreased
antibody response to pneumococcal vaccine compared with
age-matched institutionalized patients with mental retardation
and a normal karyotype or healthy control patients.

Our 2 patients with Turner syndrome continued to have
low IgA and IgM levels. A study of 29 patients with Turner
syndrome (age, 2–18 years) reported a low IgG level in 48%,
a low IgM level in 41%, and a low IgA level in 3%.14 Cacciari
et al15 also noted a significantly decreased IgG level in
patients with Turner syndrome compared with healthy male
and female patients. Naspitz and Sole16 described 2 patients
with Turner syndrome with IgA deficiency and recurrent
parotiditis. Another report17 described 3 patients with Turner
syndrome with gluten intolerance and selective IgA defi-
ciency.

In vitro evaluation of lymphocyte function is usually done
by quantifying the mitogenic or antigenic response of T
lymphocytes using radionucleotide-labeled tritiated thymi-
dine. However, this procedure requires an extended incuba-
tion period and exposure to radioactive material. We used a
flow cytometric assay for CD69, which is an early activation
marker that appears rapidly on the surface of activated T cells
after in vitro stimulation. Maino et al18 reported that CD69
expression after 4 hours paralleled thymidine incorporation
measured after 72 hours. Prince and Lape-Nixon19 investi-
gated the clinical use of CD69 expression to predict the
outcome of lymphocyte response to anti-CD3 in patients with
human immunodeficiency virus type 1. Compared with the

Table 3. Current Immunologic Abnormalities in the 10 Patients With Significant Infections During the Previous 12 Months

Patient No. Dysmorphology diagnosis Clinical history (frequency) Immunologic abnormalities

2 Down syndrome Chronic periodontitis IgM and CD19
5 Down syndrome Pneumonia (2) (hospitalized) CD4, CD19, reversed CD4:CD8 ratio,

and CD69 expression
8 Chromosome 2q32.2 deletion OM (1), diarrhea (3), and URI (3) None
11 Wolf-Hirschhorn syndrome Sinusitis (1), bronchitis (1), and UTI (1) CD19
12 Fragile X mosaic syndrome Frequent infections of fingers and toes IgM
13 Phenylketonuria OM (1), pneumonia (1), and UTI (2) Lymphocytes,a reversed CD4:CD8

ratio
16 Seckel syndrome Recurrent herpes labialis None
17 Seckel syndrome Pneumonia (2), OM (1), diarrhea (1), and URI (1) CD56
18 Mucopolysaccharidosis III Abscess (1), folliculitis (1), and URI (2) CD19
19 Psychomotor retardation Aspiration pneumonia (2) Lymphocytesa

Abbreviations: OM indicates otitis media; URI, upper respiratory tract infection; UTI, urinary tract infection.
a Lymphocyte abnormality refers to a low (less than the fifth percentile) total number or percentage.
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thymidine incorporation method, the CD69 activation assay
showed a sensitivity of 86.2% and a specificity of 88.9%,
with a positive predictive value of 92.6%.

In our study, 4 of 6 patients with Down syndrome were
reported to have a poor T-lymphocyte activation response to
stimulation by at least 1 mitogen (1 of 4 had a low response
to both SEB and PHA). Similar findings were reported in
other studies. Cuadrado and Barrena20 reported low prolifer-
ative T-cell responses to anti-CD3 (58% of patients) and to
tetanus toxoid (46.7% of patients) in those with Down syn-
drome. In a study of 42 patients, Spina et al8 reported de-
creased T-lymphocyte proliferative response to PHA. An-
other study21 reported a lower T-cell response to PHA in adult
patients compared with age- and sex-matched controls. In our
study, only 1 of 4 patients with Down syndrome and low
CD69 expression had significant infections (hospitalized
twice for pneumonia) during the previous year. This patient’s
other immunologic abnormalities were low CD4 level, low
CD19 level, and reversed CD4:CD8 ratio.

We noticed a low T-cell response in 2 siblings with Seckel
syndrome, a rare autosomal recessive disorder characterized
by “birdlike” facies, growth retardation, microcephaly, and
mental retardation.22 To our knowledge, this finding has not
been reported before. One of the patients with Seckel syn-
drome had recurrent herpes labialis, and the other had epi-
sodes of pneumonia (twice), otitis media, and diarrhea.

Another patient with a low stimulation response to PHA
has Wolf-Hirschhorn syndrome (chromosome 4 deletion). A
study by Hanley-Lopez et al23 identified antibody deficiencies
in 9 of 13 infection-prone children with Wolf-Hirschhorn
syndrome, none of whom had a T-cell defect. Last, a 17-year-
old patient with Turner syndrome, who did not have any
significant infection in the past year, had low T-lymphocyte
proliferation to both SEB and PHA. A decreased in vitro
response to concanavalin A, PHA, and pokeweed mitogen
was reported in 20 patients with Turner syndrome.15 How-
ever, Lorini et al14 reported normal T-cell responsiveness to
PHA and concanavalin A in 29 patients.

The T-lymphocyte response to SEB was lower than to
PHA in both the dysmorphic group and the controls, which is
expected. Bacterial superantigens bind mainly to the V�
CDR2 (complementarity-determining region) loop of the T-
cell receptor and are specific for one or a few V� gene
products. Therefore, SEB can stimulate only 2% to 20% of T
cells.24 Staphylococcal enterotoxin B, a superantigen, reacts
with a defined repertoire of V� specificities on T cells and
has been demonstrated to react with V�6 but not with V�8.25

On the other hand, T-cell mitogens, such as PHA, nonspe-
cifically cross-link many T-cell surface structures, including
those responsible for activation.

A significantly lower percentage of SEB-stimulated CD69
expression was observed in the dysmorphic group compared
with the control group. Watson and Lee26 reported that SEB
stimulates only naïve T cells to proliferate, whereas peptide
antigens stimulate both naïve T cells and memory T cells.
They reported that signal transduction through the T-cell

receptor is impaired (ie, impaired activation of ZAP-70) in
memory cells exposed to SEB. It may be postulated that the
lower percentage of CD69 activation by SEB in our dysmor-
phic patients is secondary to a lower percentage of naïve T
cells. A significant decrease of CD4�CD45RA� cells (naïve
T cells) was reported in both children and adults with Down
syndrome compared with age-matched controls.27 Further
investigation is warranted in this area.

Last, none of our patients had low IgG1, IgG2, or IgG3
levels. Only 2 patients had low IgG4 levels: a 47-year-old
man with Down syndrome and a 17-year-old girl with Turner
syndrome. Low levels of IgG4 were reported in patients with
Down syndrome, both children28 and adults.29 Stenberg et al30

reported a low IgG4 level in 2 (13%) of 15 patients with
Turner syndrome. Low levels of the IgG2 subclass were
reported in some patients with Down syndrome29 or Turner
syndrome.30 The immunologic abnormalities revealed by the
additional tests in this follow-up study may have been present
before rather than being newly developed.

A limitation of our study was the loss to follow-up of a
good number (25 [54.3%] of 46) of our initial patients, which
would not be remedied by adding new patients. Nevertheless,
to our knowledge, it is the largest number being reported in a
follow-up study. Unlike studies on prevalence or studies
involving comparisons between interventions, the effect of
numbers of patients is much less on our observational study
that looked for interval changes. The findings are worthwhile
in the management of patients with dysmorphic disorders and
should stimulate further studies, both cross-sectional and
longitudinal. Such studies may reveal some genetic associa-
tions between certain immune defects and specific dysmor-
phic disorders.

In summary, we found that almost two-thirds of the im-
munologic abnormalities in patients with dysmorphic disor-
ders were still present 2 to 3 years later, particularly in
patients with Down syndrome and Turner syndrome. This
suggests a possible association between dysmorphic disorders
and immune defects that may be contributing to their in-
creased susceptibility to infection. The findings may serve as
an alert for early evaluation for immune defects in such
patients when they are affected by unusual or frequent infec-
tions.

ACKNOWLEDGMENTS
We thank Renata Pilatova, MD, Lynn Martin, LPN, Kathy
Rine, LPN, and Debbie Collins for their assistance in the
enrollment of patients; Runhua Shi, MD, PhD, for assistance
in statistical analysis; and Bridgett Carr for assistance in
manuscript preparation.

REFERENCES
1. Ming JE, Stiehm ER, Graham JM Jr. Syndromes associated with immu-

nodeficiency. Adv Pediatr. 1999;46:271–351.
2. Ming JE, Stiehm ER, Graham JM Jr. Syndromic immunodeficiencies:

genetic syndromes associated with immunodeficiency. Crit Rev Clin
Lab Sci. 2003;40:587–642.

3. Mahmoud SA, Lowery-Nordberg M, Chen H, et al. Immune defects in

430 ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



patients with dysmorphic disorders. Allergy Asthma Proc. 2005;26:
373–381.

4. Jolliff CR, Cost KM, Strivins PC, et al. Reference intervals for serum
IgG, IgA, IgM, C3, and C4 as determined by rate nephelometry. Clin
Chem. 1982;28:126–128.

5. Comans-Bitter WM, de Groot R, van der Beemd R, et al. Immunophe-
notyping of blood lymphocytes in childhood. J Pediatr. 1997;130:
383–393.

6. Overton WR. Modified histogram subtraction technique for analysis of
flow cytometry data. Cytometry. 1988;9:619–626.

7. Cossarizza A, Monti D, Montagnani G, et al. Precocious aging of the
immune system in Down syndrome: alteration of B-lymphocytes, T-
lymphocyte subsets, and cells with natural killer markers. Am J Med
Genet Suppl. 1990;7:213–218.

8. Spina CA, Smith D, Korn E, et al. Altered cellular immune functions in
patients with Down’s syndrome. Am J Dis Child. 1981;135:251–255.

9. de Hingh YC, van der Vossen PW, Gemen EF, et al. Intrinsic abnor-
malities of lymphocyte counts in children with Down syndrome. J Pe-
diatr. 2005;147:744–747.

10. Burgio GR, Ugazio AG, Nespoli L, et al. Derangements of immuno-
globulin levels, phytohemagglutinin responsiveness and T and B cell
markers in Down’s syndrome at different ages. Eur J Immunol. 1975;
5:600–603.

11. Noble RL, Warren RP. Altered T-cell subsets and defective T-cell
function in young children with Down syndrome (trisomy-21). Immunol
Invest. 1987;16:371–382.

12. Philip R, Berger AC, McManus NH, et al. Abnormalities of the in vitro
cellular and humoral responses to tetanus and influenza antigens with
concomitant numerical alterations in lymphocyte subsets in Down syn-
drome (trisomy 21). J Immunol. 1986;136:1661–1667.

13. Nurmi T, Leinonen M, Haiva VM, et al. Antibody response to pneumo-
coccal vaccine in patients with trisomy-21 (Down’s syndrome). Clin Exp
Immunol. 1982;48:485–490.

14. Lorini R, Ugazio AG, Cammareri V, et al. Immunologic levels, T-cell
markers, mitogen responsiveness and thymic hormone activity in Turn-
er’s syndrome. Thymus. 1983;5:61–66.

15. Cacciari E, Masi M, Fantini MP, et al. Serum immunoglobulins and
lymphocyte subpopulations derangement in Turner’s syndrome. J Im-
munogenet. 1981;8:337–344.
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