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Summary

Down syndrome (DS) is the most common genetic disease and presents with

cognitive impairment, cardiac and gastrointestinal abnormalities, in addition

to other miscellaneous clinical conditions. DS individuals may have a high

frequency of infections, usually of the upper respiratory tract, characterized

by increased severity and prolonged course of disease, which are partially

attributed to defects of the immune system. The abnormalities of the immune

system associated with DS include: mild to moderate T and B cell lymphope-

nia, with marked decrease of naive lymphocytes, impaired mitogen-induced T

cell proliferation, reduced specific antibody responses to immunizations and

defects of neutrophil chemotaxis. Limited evidence of genetic abnormalities

secondary to trisomy of chromosome 21 and affecting the immune system is

available, such as the potential consequences of gene over-expression, most

significantly SOD1 and RCAN1. Secondary immunodeficiency due to meta-

bolic or nutritional factors in DS, particularly zinc deficiency, has been

postulated. Non-immunological factors, including abnormal anatomical

structures (e.g. small ear canal, tracheomalacia) and gastro-oesophageal

reflux, may play a role in the increased frequency of respiratory tract

infections. The molecular mechanisms leading to the immune defects

observed in DS individuals and the contribution of these immunological

abnormalities to the increased risk of infections require further investigation.

Addressing immunological and non-immunological factors involved in the

pathogenesis of infectious diseases may reduce the susceptibility to infections

in DS subjects.
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Introduction

Down syndrome (DS) is the most common chromosomal

anomaly among live-born infants, with an incidence of one

in 600 to one in 900 in the United States [1,2]. DS is also the

most frequent genetic cause of mental retardation and is

associated with a high incidence of congenital cardiac and

gastrointestinal tract anomalies [3]. Autoimmune phenom-

ena, including hypothyroidism [3] and coeliac disease [4,5],

and haematological abnormalities such as acute lymphoblas-

tic leukaemia and transient myeloproliferative disease, occur

at much higher frequency compared to non-DS individuals

[6].

Infections of the respiratory tract, particularly otitis

media, have been identified as one of the most significant

health problems in DS children of school age by their

parents, with a higher frequency than in the general popu-

lation [7,8]. This increased susceptibility to infections have

been linked to abnormal parameters of the immune system

for more than 30 years [9,10], and DS is the most common

recognizable genetic syndrome associated with immune

defects [11]. Although multiple differences between the

immune system of DS children and that of the general popu-

lation have been described, the clinical relevance of these

differences is less clear. Various medical and anatomical

co-morbidities commonly associated with DS increase the

susceptibility to infections and might also affect the immune

responses. We reviewed the infectious disease burden in DS

children and the mechanisms of innate and adaptive immu-

nity defective in this condition (Fig. 1).
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Increased morbidity due to recurrent infections

Respiratory tract infections

It is widely accepted that DS children suffer from more fre-

quent infections than normal children, and most studies

agree that these are affecting mainly the respiratory tract.

Selikowicz [8] used a parent questionnaire and reported

that the prevalence of significant lower respiratory illnesses

among DS children was 8%. Hilton et al. [12] comprehen-

sively reviewed 232 hospital admissions among DS children

over a 6·5-year period, and found that lower respiratory

tract pathology was the most common cause for acute hos-

pital admission. This was in contrast to non-DS children,

who were most commonly admitted for asthma, chemo-

therapy administration, fractures, gastroenteritis, bronchi-

olitis and adeno-tonsillectomy. Based on age groups, the

highest percentage of admissions in this study were among

1–5-year-old children (45%), followed by those less than 1

year of age (27%). Both those aged 5–10 years and 10–17

years had the same rate of hospital admissions (each group

14%). Fifty-four per cent of all hospital admissions were

for respiratory tract pathology, including infections such as

pneumonia (18%), bronchiolitis (7%) and croup (6·5%).

The predominant diagnosis of admission to the intensive

care unit (ICU) was pneumonia. Interestingly, the

co-morbid diagnoses of congenital heart disease and

asthma did not influence admission rates to the hospital.

Other studies have shown that DS itself is an independent

risk factor for the development of bronchiolitis due to res-

piratory syncitial virus (RSV) infection. Bloemers et al. [13]

demonstrated not only increased incidence of hospitaliza-

tion for RSV lower respiratory tract infection among chil-

dren with DS, but also a more severe course of infection

than non-DS children. RSV is known to be the most

important and severe cause of lower respiratory tract infec-

tions in all children, and certain groups (e.g. preterm

infants) are identified early in infancy to have a high risk of

RSV infection and receive immunological prophylaxis

against this disease. Of note, a subsequent study [14]

showed that hospitalization for RSV-induced lower respi-

ratory tract infection in children with DS did not increase

significantly the risk for recurrent wheezing or long-term

airway morbidity. This study reported that the incidence of

recurrent wheeze was higher among DS children at about

30%, regardless of whether or not they had a history of

RSV-induced lower respiratory tract illness. Megged and

Schlesinger [15] pointed out that DS infants with RSV are

older and require longer hospitalization than non-DS

infants, possibly reflecting the association with cardiac

disease. More recently, a study of health services utilization

by a cohort of DS subjects in Western Australia compared

surveys conducted in 1997 and 2004. A reduction of the

incidence of overall infections, but mainly upper respira-

tory infections, were noted. Further analysis of association

with other clinical findings showed that the decrease of ear

infections was seen only in DS patients without heart

disease. Pneumonias, tonsillitis and bronchitis were

observed to have a decreasing trend in both groups with

and without heart disease, suggesting that cardiac function

was not a determinant of the risk of infections.

Streptococcus pneumoniae, Haemophilis influenzae and

Moraxella catarrhalis are the three most common bacteria

known to cause acute otitis media and pneumonia in chil-

dren [16,17]. There are few studies on the pathogens causing

recurrent respiratory infections or otitis media in DS chil-

dren, with isolated case reports that describe uncommon

aetiologies (i.e. Bordetella bronchiseptica), which probably do

not represent the large majority of infections among DS

children. Of more relevance, changes in the frequency and

microbiology of infections after the introduction of the rec-

ommended anti-pneumococcal immunization in 1999 have

not been studied in this patient population.

Prolonged course of respiratory infections

Even though some DS children may not present with fre-

quent infections, the course of their infection illnesses

might be prolonged and have increased severity compared

with non-DS children. In the study by Hilton et al. [12],

the median length of stay and cost of admission for DS

children was two to three times greater than in non-DS

subjects. A higher incidence of acute lung injury secondary

to pneumonia was found among DS children when

compared to normal control children. A subsequent study

examined 24 consecutive children with DS and 317 chil-

dren without DS who were admitted to the paediatric

intensive care unit (ICU) for mechanical ventilation [18].

Fifty-eight per cent of DS children and 13% of non-DS

children met criteria for acute lung injury. Similarly, 46% of

DS children and 7% of non-DS children were diagnosed

with acute respiratory distress syndrome (ARDS). None of

the DS children in this cohort with acute lung injury died,

whereas others have reported a mortality rate of about 5%

Immune

factors

Non-immune

factors

Fig. 1. Selected immunological and non-immunological factors that

potentially increase the susceptibility to infections in Down syndrome.
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of non-DS children with ARDS. These data suggest that

children with DS have an increased risk of progressing

towards ARDS, although with low mortality, and support

the hypothesis of abnormal regulatory mechanisms of

inflammation, such as an imbalance of anti-oxidants and

oxidative stress [19], which might lead to apoptosis in lung

tissue. A review of a large cohort of DS children in Sweden

and Denmark [20] revealed a 12-times increased risk for

mortality due to infections, especially septicaemia. This

excess of mortality was consistent with data from a recent

study in which DS children showed a 30% higher risk of

fatality secondary to sepsis when compared to other chil-

dren hospitalized for sepsis [21], after controlling for con-

founding factors including pathogens and co-morbid

conditions.

The above studies highlight the increased frequency and

severity of respiratory tract infections in DS children. These

are predominantly ear infections; however, pneumonias

occur frequently in children younger than 5 years of age and

are likely to require hospitalization. Lung disease might be of

more prolonged duration and might progress to ARDS. In

addition to respiratory tract infections, periodontal disease is

another condition of infectious aetiology that occurs fre-

quently between 58% and 96% of individuals with DS [22].

Due to the complexity of the pathophysiology of gingivitis,

the contributions of potential determinant factors such as

abnormal immunity and poor oral hygiene have not yet been

defined clearly.

Immune defects in Down syndrome subjects

Adaptive immunity

Defects in immunological parameters in DS have been

described and postulated as explanations for the increased

severity of infections seen in DS children [9,10]. Most of

these infections are of the respiratory tract, suggesting

abnormalities of the humoral immunity. However, differ-

ences in several compartments of the immune response

have been reported [23–25] (Table 1). Reduced ranges of

the different lymphocyte subsets were found to be of most

significance in childhood, with subsequent improvement

over age. T and B cell subsets are decreased below the 10th

percentile of normal in almost 90% of DS children, and

below the 5th percentile of normal in 60% of them. The

normal early T cell expansion in infancy was not observed.

Their thymus size was reported to be smaller than non-DS

children, with decreased T cell percentages bearing the T

cell receptor (TCR)-ab and relatively reduced naive T cell

percentages [26–28], resulting in mild to moderate lym-

phopenia. DS children also have decreased T cell receptor

excision circles (TREC), which are DNA by-products of

TCR recombination that reflect production of new T cells

in the thymus [29]. Most of these studies are limited to DS

patients who have presented with recurrent infections,

and they may not represent the general DS population;

however, Kuester et al. [30] reported lymphocyte subsets

of 95 DS children visiting their centre for follow-up of

their thyroid function and 77% of patients had frequent

respiratory infections. In this cohort, 57 (60%) of the

children were aged 5–16 years, and only three children

were above 16 years of age. The number and percentage of

naive T cells were decreased approximately by half across

the age-ranges compared to non-DS children, although

they did not reach severe immunodeficiency levels. For

example, the median naive CD4 T cells in 5–10-year-old

children was 280 cells/ml (44% of CD4 T cells) for DS and

730 cells/ml (72% of CD4 T cells) for age-matched controls.

There was no association of low T cell counts and the pres-

ence of recurrent infections. Memory T cell percentage and

count were not significantly different from normal con-

trols, an argument that the study authors used to postulate

the presence of an intrinsic immune defect that renders

those cells impaired to control infections. In the same DS

cohort, the investigators compared several maturation

stages of peripheral blood B cells with those of normal

children and found decreased numbers of all B cell stages,

particularly naive B cells [31]. There was no statistically

significant association of low B cell counts and clinical

conditions.

T cell and B cell function have been examined in DS.

The lymphocyte proliferative response to phytohaemagglu-

tinin has been reported to be significantly low in DS [8,32].

The abnormalities in immunoglobulin (Ig)G levels do not

occur in all DS subjects; while some DS children present

with IgG levels under normal ranges for age, particularly

IgG2 [8], most DS subjects show adequate levels [33].

In a cohort of 26 DS children, of whom 18 had increased

rate of infections, only one child had decreased IgG2

levels [34]. An older cohort of DS individuals, with a

mean age of 55 years, showed significantly higher levels of

IgG1 and decreased levels of IgG2 subclasses compared to

age-matched individuals [35].

The high frequency of periodontal disease in DS might be

explained in part by a deficiency of IgA in saliva of DS

individuals. A study of young and older adults with DS dem-

onstrated a drastic reduction of both total IgA concentration

in saliva and specific IgA to common oral pathogens, com-

pared to controls [36].

Table 1. Immune defects in Down syndrome.

• Mild to moderately reduced T cell counts

• Mild to moderately reduced B cell counts

• Absence of normal lymphocyte expansion in infancy

• Thymus size is smaller than age-matched controls

• Mild to moderately reduced naive T cell percentages, with

corresponding reduction of T cell excision circles (Trecs)

• Suboptimal antibody responses to immunizations

• Decreased total and specific immunoglobulin A in saliva

• Decreased neutrophil chemotaxis
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Decreased antibody responses to immunizations

The specific antibody responses of DS children to several

immunizations have been found defective, although most

develop protective IgG titres. Lopez et al. [37] showed

that the specific IgG titres to the neoantigen bacter-

iophage phi174 in DS children were lower than the normal

range. Hawkes et al. [38] reported reduced antibody titres

to oral polio vaccine of nine DS subjects compared to

non-DS subjects, although of statistical significance only

for poliovirus type 1, but not types 2 and 3. The enteric

viral shedding was similar for DS and non-DS subjects,

with large individual variations within the groups. Similar

results have been reported for other vaccines, such as

acellullar pertussis [39], influenza antigen [40], hepatitis

B [41], hepatitis A [42] and pneumococcal vaccines in

adults [43] and children [44] with DS. Specific antibody

responses are elicited in DS children, although with titres

that are lower than in non-DS control individuals, which is

consistent with the increase frequency of respiratory tract

infections.

Innate immunity defects

The earliest studies of immune function and infection in DS

individuals in the late 1970s did not find differences in

humoral and cellular immunity, but reported differences in

neutrophil chemotaxis [45–47]. Other neutrophil functions

such as phagocytosis and oxidative burst responses were not

consistently reported to be affected in these studies [48,49].

Studies of the integrin b-2 (CD18) in DS blood cells were

conducted when the gene encoding this protein was located

to chromosome 21. The initial studies of CD18 expression

in DS individuals using lymphoblastoid cells reported

increased cell surface expression and cell aggregation

[50,51]; however, Novo and others [52,53] showed that this

increased expression does not occur in non-transformed

cells. They comprehensively studied functions of freshly iso-

lated polymorphonuclear cells and reported integrin surface

expression, phagocytoses and oxidative burst responses

comparable with controls. They did find significant reduc-

tion in chemotaxis activity. The normal oxidative burst

responses argue against the hypothesis that the over-

expression of the superoxide dismutase (SOD1) gene was

responsible for the earlier observation of defective phagocy-

tosis and killing of Candida sp. by neutrophils from DS

subjects [54].

Studies using only CD56 as a surface marker for natural

killer (NK) cells suggested that these cells were increased in

peripheral blood of DS subjects [55]. More recent studies

[24] have demonstrated that absolute numbers of NK cells

were actually low, and the discrepancy was attributed to the

difference of surface markers used. Disturbances of the

secretion of cytokines interleukin (IL)-2, IL-7 and IL-10 [56]

and deficiency of mannan-binding proteins [57] have also

been suggested to contribute to the increased susceptibility

to infections.

Down syndrome: primary and secondary
immunodeficiency

Kuster et al. [30] summarized the evidence supporting an

intrinsic defect of the immune system in Down syndrome

children, based on the low naive T and B cell counts, and the

increased frequency of infections in DS children with

normal numbers of T and B cells. The genetic mechanisms

determining the immunological defects associated to DS are

not well defined. Over-expression of SOD1 and ITGB2, two

genes found in chromosome 21 and of significance to neu-

trophil functions, have not been shown to impair the

immune response significantly. Whether other genes in chro-

mosome 21 can indirectly impair adaptive and innate

immune responses is being postulated. For example, the

regulator of calcineurin 1 (RCAN1) is a transcription factor

that inhibits signal transduction mediated by the nuclear

factor of activated T cells (NFAT) [58], and has been shown

to reduce inflammatory responses in mice by stabilizing an

inhibitor of nuclear factor-kappa B cells (NF-kB) [59].

Two possible causes of secondary immunodeficiency,

accelerated ageing and zinc deficiency, have been explored

further. Because of the senescence associated to neurological

conditions in DS such as premature Alzheimer’s disease [60]

a similar ageing process in the immune system has been

suggested, including mechanisms of increased apoptosis

[61,62], that could be responsible for the observed lym-

phopenia and immune dysfunction. The deficiency of

plasma zinc levels observed in some DS subjects and the

need of zinc for SOD activity have been proposed as mecha-

nisms of immunological abnormalities. Cocchi and col-

leagues [25] tested if zinc deficiency might be only transient,

and found that plasma levels of zinc decrease over time after

5 years of age. However, observational studies examining

zinc levels and immune status and clinical trials of zinc

supplementation have failed to show a consistent clinical

benefit [63–65].

Allergy is not highly prevalent in DS children

DS children might have symptoms of chronic rhinitis

and reactive airway disease, suggesting hypersensitivity to

inhaled allergens. A study comparing positivity to skin prick

hypersensitivity test between symptomatic DS children and

age-matched controls found that 18% of cases had at least

one positive allergen in the skin test, which contrasts with

54% of non-DS controls [66]. The authors conclude that

allergen sensitization is not a major contributor of respira-

tory illnesses in DS children. Vestergen et al. [31] found only

six of 44 DS patients with elevated IgE, and none of 28 DS

individuals tested had an allergen identified as a trigger for

allergy symptoms.

G. Ram and J. Chinen

12 © 2011 The Authors

Clinical and Experimental Immunology © 2011 British Society for Immunology, Clinical and Experimental Immunology, 164: 9–16



Non-immunological factors that increase risk
of infections

Despite the multiple immunological abnormalities outlined

above, it is still unclear whether these are the major deter-

minants of increased risk of infections in DS children. This

susceptibility to infections is probably enhanced by other

co-morbidities that weaken mucosal barriers; for example,

abnormal airway and ear anatomy, macroglossia, congenital

heart disease and reactive airway disease or an inability to

handle secretions.

Airway anatomical abnormalities

Anatomical abnormalities of the airways may impair clear-

ance of secretions and facilitate infections. Bertrand et al.

[67] described airway anomalies among 75% of DS children

and 35% of non-DS children with recurrent respiratory

symptoms who underwent fibreoptic bronchoscopy. The

most common abnormality seen in both DS and non-DS

groups was laryngomalacia, with 50% incidence in the DS

group compared to 19% in the non-DS group. Tracheoma-

lacia and tracheal bronchus were also observed. Evidence of

pulmonary hypoplasia associated to DS has also been

reported [68,69].

Obstructive sleep apnoea

Obstructive sleep apnoea and airway obstruction is

extremely common in DS, with an incidence ranging from

63% to almost 80% [70,71]. Predisposing factors that lead to

obstructive sleep apnoea in DS include the characteristic

mid-face hypoplasia, tongue enlargement and mandibular

hypoplasia. This small upper airway, combined with rela-

tively large tonsils and adenoids, contributes to airway

obstruction and increases susceptibility to infections. Upper

airway obstruction due to adenoids and tonsillar hypertro-

phy was reported in 30 (6%) of 518 DS children seen con-

secutively [72]. Those with severe obstructive symptoms, e.g.

snoring, were found to be more likely to have tracheobron-

chomalacia, laryngomalacia, macroglossia and congenital

tracheal stenosis. Five patients required tracheostomy

because of persistent obstruction.

Gastro-oesophageal reflux and oropharyngeal

aspiration

Gastro-oesophageal reflux may result in aspiration of gastric

contents into airway causing lung inflammation or a reflex

mechanism of the lower oesophagus triggering broncho-

spasm [73]. It is recommended to rule out gastro-

oesophageal reflux in children presenting with recurrent

lung disease without other explanation. Recurrent aspiration

of thin fluids is well known to be associated with increased

incidence of lower respiratory tract infections [74,75]. The

hypotonia associated with DS includes poor pharyngeal

muscle tone that increases the risk for aspiration [76]. Sub-

clinical aspiration may account for up to 12% of cases of

chronic respiratory complaints in non-DS children, and up

to 42% in DS children [77,78]. Zarate and collaborators [79]

studied oesophagograms of 58 DS subjects and 38 healthy

controls, finding 15 of the DS participants with higher tracer

retention than the upper limit of the controls’ retention. Five

were reported definitely abnormal, with achalasia docu-

mented in two subjects. Eight had frequent vomiting/

regurgitation. DS children would benefit from evaluation of

swallowing function [80].

Congenital ear abnormalities

Up to 40–50% of DS newborns may have external ear canal

stenosis [81,82] and the Eustachian tube may also be of small

width, contributing to the collection of middle ear fluid and

chronic otitis media [83]. Otitis media may explain the high

incidence of hearing loss and the delayed development of

language reported in DS [84].

Discussion

Early health supervision and advances in medical care

have lengthened the life expectancy of children with DS.

Frequent respiratory tract infections is considered a

significant component of the morbidity of DS children;

however, few studies help to define the current epide-

miology of infections in the DS population. It appears that

the incidence of respiratory infections has declined in the

last decade, due most probably to the progress in the man-

agement of infections and the awareness of the medical

problems that are common to DS patients. While the inci-

dence of respiratory infections may not be too high com-

pared to non-DS children, it appears that DS children

suffer a prolonged period of illness time and need addi-

tional treatment to overcome the same infections compared

to non-DS children. Whether or not this is due to an

intrinsic defect in the immune system of DS individuals or

mainly secondary to the various DS-associated characteris-

tics needs to be investigated further. Chromosome 21 genes

that may influence the immune response include SOD1

and RCAN1. Several components of the immune system

are variably affected in DS subjects, from which the most

consistently reported are defective neutrophil chemotaxis

and low humoral immune responses, associated with infec-

tions being predominantly of the respiratory tract. Factors

that may induce immunodeficiency have been postulated,

such as zinc deficiency and accelerated immunosenescence,

although their clinical significances have not been estab-

lished. Common anatomical defects of DS disturb natural

barriers and facilitate the infectious disease process and

need be considered in the management of infections in

these patients.
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We recommend investigation of DS children who present

with increased frequency of infections for immunological

and non-immunological factors that increase the risk of

infection. In this evaluation, low specific antibody titres to

routine childhood vaccines would suggest the need for addi-

tional booster immunization doses.
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