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INTRODUCTION 

To date, Down syndrome is considered the most common 

and most studied chromosomal disorder affecting infants. 

It results from trisomy of the chromosome 21 leading to 

multiple systemic signs and symptoms.1 Down syndrome 

presents with common morphological characteristics such 

as slanting palpebral fissures, flat nasal bridge, low-set 

ears, protruding large tongue, short neck, short 

extremities, hypoplasia of the fingers, clinodactyly, 

hypotonia, and joint hyper-excitability. Down syndrome 

is one of the most causes of mental retardation among 

children with chromosomal abnormalities.2 Along with 

the morphological features, almost all internal body 

organs and systems are affected. Congenital heart defects, 

gastrointestinal anomalies, thyroid disease, 

immunological dysfunction, hematological abnormalities, 

and myeloproliferative disorders are common.3,4 

Down syndrome occurs in 1/600 to 1/900 newborns in 

the United States.5 The life expectancy of Down 

syndrome patients is long with a reported average of 60 

years; however, it is significantly shorter than normal 

individuals.6 The main causes of mortality are cardiac 

conduction defects and recurrent infections7. Therefore, 

prophylaxis against infection among those patients has 
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ABSTRACT 

 

Down syndrome is the most common chromosomal disorder affecting infants. It is characterized by various 

morphological features and systemic manifestations. Immune system is one of the main systems affected by trisomy 

21, and it dysfunction is the major etiology for the recurrent infections encountered among patients with Down 

syndrome. Knowledge about immune system defects had made a considerable progress in prevention of infections 

among those patients, and subsequently decreased the morbidity and mortality among those patients. Many vaccines 

were recommended to be administered to Down syndrome patients as a means of prophylaxis against potential 

infections. Therefore, the life expectancy of Down syndrome witnessed a dramatic improvement during the past few 

decades. The aim of this review article is to discuss the immune system defects in patients with Down syndrome, the 

types of infections they are prone to, and the vaccines necessary for prophylaxis against these infections.  
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witnessed a considerable concern among the healthcare 

sectors as an important preventive measure for morbidity 

and mortality. This article will thus review the immune 

system dysfunction, types of infections, and necessary 

vaccinations for patients with Down syndrome. 

IMMUNE SYSTEM DYSFUNCTION IN DOWN 

SYNDROME 

Trisomy 21 affects different body systems including the 

immune system. Various mechanisms have been found to 

be involved in the immune dysfunction encountered 

among patients with Down syndrome. These mechanisms 

include dysfunction of both adaptive and innate immunity 

as it will be depicted and summarized in this section. 

Adaptive immunity dysfunction 

Dysfunction of the adaptive immunity among patients 

with Down syndrome has been extensively studied.8–10 In 

the past, the humoral adaptive immunity was thought to 

be the main type affected by trisomy 21 because the 

respiratory tracts were the main location of recurrent 

infection.11 However, different immune response types 

were established later on to be involved in the disorder.  

Reduced lymphocytic count 

Mild to moderate lymphopenia is encountered in patients 

with Down syndrome.8 Both B and T lymphocytes are 

significantly reduced in comparison to normal healthy 

counterparts especially during childhood. This improves 

over age. Furthermore, thymus gland size is reduced, and 

mature naïve T cells and subsequently reduced.10 T cell 

expansion does not appear during infancy among those 

patients.8,9 Memory T cells are not significantly reduced. 

B lymphocytes are significantly decreased. 

Disturbed function of the antibody response to antigens 

or immunization 

In addition to the low count of lymphocytes, the function 

of the remaining cells is disturbed. For instance, the 

antibody response to antigen exposure is suboptimal, and 

the neutrophil chemotaxis is affected. Immunoglobulin 

(Ig) G was reported to be lower among children with 

Down syndrome when compared to normal children.12 

IgG type 2 is specifically affected.13 The immune 

response of the formed antibodies was found to be 

defective when the children are exposed to 

immunizations.14,15 The antibody titer after exposure to 

various vaccines (e.g., influenza, hepatitis A and B, 

pertussis, and pneumococci) was reported to be lower in 

children with Down syndrome compared to healthy 

children.9,16 

Innate immune dysfunction 

Innate immunity is also affected in Down syndrome. 

Though the exact genetic mechanism has not been yet 

revealed, many genes were proposed to be responsible for 

innate immunological deficits. These genes include 

SOD1 and ITGB2, however, data about them are 

conflicting. Indirect factors such as the transcription 

factor RCAN1 were reported to be involved in the 

dysfunction of the T lymphocytes and neutrophilic 

chemotaxis.17-19  

Expressions of CD18 and cell aggregation are increased 

in Down syndrome patients.20 Furthermore, the number 

and function of natural killer cells are reduced. 

Interleukins 2, 7, and 10 secretion is disturbed and the 

production of mannan-binding proteins is affected.20,21 

RECURRENT INFECTIONS AMONG PATIENTS 

WITH DOWN SYNDROME 

Children with Down syndrome are vulnerable to 

recurrent infection. The most widely encountered 

infections are the respiratory tract infections and otitis 

media.9,22 Along with the immune system dysfunction, 

many other factors increase the risk of those children to 

recurrent infections. Examples of these factors include 

anatomical and airway abnormalities (such as 

macroglossia, laryngomalacia, tracheomalacia, and 

pulmonary hypoplasia), gastroesophageal reflux and 

aspiration, congenital heart disease and heart failure, the 

high prevalence of obstructive sleep apnea, and 

congenital ear anomalies.9,23,24 With advanced ages, the 

immune system dysfunction presents with autoimmune 

and myeloproliferative diseases. 

The main cause of hospital admission among Down 

syndrome patients is respiratory tract infections 

representing 54% of causes. Both upper and lower 

respiratory tract infections occur in Down syndrome, with 

the highest incidence between 1 and 5 years. About 18% 

of patients are admitted with pneumonia, 7% with 

bronchiolitis, and 6% with croup. Serious lower 

respiratory tract infections were reported to affect about 

8% of children with Down syndrome.12 

The main organism responsible for severe respiratory 

tract infection necessitating hospital admission among 

children with Down syndrome is Respiratory Syncitial 

Virus (RSV). Respiratory Syncitial virus-induced 

pneumonia was reported to be significantly higher among 

Down syndrome children in comparison with non-Down 

syndrome counterparts, and the infection was found to be 

more severe and subsequently require longer hospital 

admission.25  

Furthermore, Down syndrome children who experienced 

episodes of RSV-bronchiolitis were more prone to 

develop recurrent wheezes on prospective follow-up.26 

The main bacterial organisms responsible for respiratory 

and middle ear infections are Streptococcus pneumoniae, 

Moraxella catarrhalis, and Haemophilis influenza.27 

Other less established organisms include Bordetella 

bronchiseptica. 
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Not only are the Down syndrome children vulnerable to 

recurrent infection, but they also suffer from prolonged 

course of each attack of infection. Searchers reported that 

the mean hospital stay for Down syndrome was two or 

three times longer than the mean stay of non-Down 

syndrome children.28 

VACCINES FOR CHILDREN WITH DOWN 

SYNDROME 

Because children with Down syndrome are susceptible to 

recurrent and severe infection and because their immune 

system is defective, preventive measures are fundamental 

to prevent morbidity and mortality. As aforementioned, 

Down syndrome patients have higher prevalence of 

croup, bronchiolitis, and pneumonia. Furthermore, they 

commonly have eczema that can be aggravated by skin 

infections such as chickenpox. Therefore, vaccination of 

those children is essential. The following vaccines are 

important for Down syndrome. 

Down syndromes should receive the regular standard 

vaccines of infancy and childhood. Hepatitis B virus 

should be given at birth, 2 months, 4 months, and 6 

months of age. At 2, 4, and 6 moths, vaccines against 

diphtheria, pertussis, tetanus, poliomyelitis, and 

hemophilus influenza b are recommended, with booster 

doses at 15 months. The triple vaccine against measles, 

mumps, and rubella (MMR) is given at 15 months and 2-

3 years. Hepatitis A vaccine is given at the age of 15 

months and 2 years.16,29 

Table 1:  Schedule of vaccines recommended for down 

syndrome patients. 

Age Vaccines recommended 

0 HBV 

2 months 
HBV, DPT, PV, H.infl., MenC, Pneum, 

Rota 

4 months HBV, DPT, PV, H. infl, Pneum, Rota 

6 months 
HBV, DPT, PV, H.infl., 

MenC, Pneum., Rota 

Influenza 

annually  

15 months 
MenC, Pneum., MMR, 

Varicella, HAV 

18 months  DPT, PV, HBV 

2 years MMR, Varicella, HAV 

4-6 years DPT 

9-11 years DPT, HPV 

18 years Pneum., HBV 

23-25 years Pneum. 

50 years Pneum. 

65 years Pneum. 

Additional vaccines recommended for Down syndrome 

patients include influenza vaccines, pneumococcal 

vaccines booster doses, Rota virus vaccine, human 

papilloma virus vaccines, meningococcal vaccines, and 

hepatitis B vaccine booster.30 Because pneumococci can 

result in serious upper and lower respiratory tract 

infections and meningitis in patients with Down 

syndrome, it is highly recommended that they received 

the full regimen of prophylaxis and booster doses against 

these bacteria. The vaccine should be given at the age of 

2 months, 4 months, 6 months and 2 years initially. Then, 

the booster regimen consists of four doses given at the 

age of 18 years, 23 years, 50 years, and 65 years, 

respectively.31 After the age of 6 months, all patients with 

Down syndrome are recommended to receive Influenza A 

and B vaccine on annual basis to protect them not only 

from the upper respiratory tract infection but also from 

the possible lower respiratory tract complications and the 

associated morbidity and mortality.  

Human papilloma virus vaccine is recommended to be 

given as early as 9 years of age, however, it can be given 

up to the age of 26. For children less than 5 years who did 

not have chickenpox infection, administration of varicella 

vaccine is highly recommended particularly in the 

presence of skin diseases or eczema that might 

exaggerate with the viral infection. Hepatitis B vaccine 

given at the age of 18 years will provide a life-long 

immunity and is highly recommended for Down 

syndrome patients.  

Finally, children with Down syndrome who live in 

groups such as residential homes, hostels, boarding 

schools, and supported accommodations are highly 

recommended to receive meningococcal vaccine due to 

the high risk of acquiring meningococcal meningitis 

among these group accommodations.29,32-34 The schedule 

of vaccines recommended for Down syndrome patients 

are summarized in Table 1. 

CONCLUSION  

Children with down syndrome are highly susceptible not 

only to recurrent infections, but also for severe prolonged 

course of the infectious disease. Upper respiratory tract 

infection and otitis media are by far the most common 

encountered infections among those patients. Many 

mechanisms underlie recurrent infection in Down 

syndrome.  

Defective innate and adaptive immune system is the main 

etiology for infection. However, other anatomical 

structures abnormalities such as macroglossia, pulmonary 

hypoplasia, and cardiac abnormalities also play a role. All 

children with Down syndrome are recommended to 

receive additional vaccines in addition to the regular 

vaccination schedule.  

Those additional vaccines include influenza vaccines, 

pneumococcal vaccines booster doses, Rota virus 

vaccine, human papilloma virus vaccines, meningococcal 

vaccines, and hepatitis B vaccine booster doses. 
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