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Down syndrome and bacterial stimuli

Abstract
Background: Children with Down syndrome (DS) have an increased susceptibility to
infections, due to altered humoral and/or cellular immunity. The aim of the study was to
determine the cytokine production in whole blood of children with DS upon stimulation
with heat-killed Streptococcus pneumoniae and lipopolysaccharide (LPS), in comparison
with their healthy siblings.
Methods: Whole blood of 61 children with DS and 57 of their healthy siblings was stimulated with 200 ng/ml LPS and 4 x 107 Colony Forming Units (CFU)/ml S. pneumoniae
during 6, 24 and 48 hours. Concentrations of pro- and anti-inflammatory cytokines
Tumor Necrosis Factor (TNF)-α, Interleukin (IL)-1β, IL-6, IL-8, IL-12p70 and IL-10
were determined at all time points.
Results: Children with DS show an increased IL-10 production upon stimulation with
S. pneumoniae, compared to their healthy siblings. At most time points no significant
differences were seen in cytokine production upon stimulation with LPS.
Conclusion: Children with DS may be prone to a severe course of pneumococcal pneumonia, because of an increased anti-inflammatory response.
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Down syndrome (DS), trisomy 21, is one of the most common chromosomal disorders with
a prevalence of 10 to 14 per 10,000 live births in the Netherlands1 and a prevalence of 10.3
per 10,000 children in the USA.2 Apart from mental retardation, children with DS have an
increased incidence of congenital defects (heart and gastrointestinal tract), autoimmune
disease (celiac disease) and malignancies (leukemia). Because of their predisposition to
these medical conditions they need multidisciplinary medical care.3,4 They are also more
prone to respiratory tract infections (RTIs) which commonly manifest in the lower airways,
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Introduction

a major cause of hospitalization.5,6 Several factors contribute to increased risk of RTI in
children with DS: neurological impairment,7 abnormal anatomy of the upper airways,8
structural pulmonary abnormalities9 and congenital heart defects.10 In addition, alterations
in the immune system are an important cause of RTIs in DS children.11,12 Defects in both the
innate and the adaptive immunity are reported in DS, for example mannan-binding lectin
deficiency,13 a high number of pro-inflammatory CD14dimCD16+ monocytes,14 changes in
T and B lymphocyte counts,15-17 early aging of the immune system,18,19 an intrinsic defect of
T and B lymphocytes,16,20,21 IgG2 and IgG4 subclass deficiencies,16,17,21-24 impaired antibody
response to pneumococcal vaccine,25 diminished invariant natural killer T cells14,17 and
regulatory T cells.17 These lower RTIs in DS children are most often caused by viral pathogens,
such as respiratory syncytial virus (RSV). This can lead to severe RSV bronchiolitis, a frequent
cause of hospitalization in DS children.10,26-28 Also an increased risk of hospitalization,
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endotracheal intubation and death due to influenza A virus infection was reported in DS.29
In addition we found an increased pro-inflammatory cytokine response to live influenza A
virus in children with DS, which might contribute to an increased severity of their clinical
course of this infection.30 Bacterial pathogens, both Gram positive and Gram negative can
also cause lower RTIs in children. However, nothing is known about the immune response
to these type of RTIs in children with DS. For this reason we used ex-vivo stimulation with
S. pneumoniae and lipopolysaccharide (LPS) in whole blood of DS children and their healthy
siblings as a model for a Gram positive and Gram negative bacterial RTI and we evaluated
in the culture supernatants the levels of inflammatory mediators Tumor Necrosis Factor
(TNF)-α, Interleukin (IL)-1β, IL-6, IL-8 ,IL-12p70 and IL-10.
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Patients and methods
Patients
The study was performed in the Vrije Universiteit Medical Center (VUmc) in Amsterdam,
the Netherlands. The study protocol was approved by the Medical Ethics Committee of the
VUmc. We invited 210 DS children from our Down syndrome outpatient clinic and their
healthy siblings as controls to participate in the study. Inclusion criteria for children with
DS were the following: DS diagnosis confirmed by chromosome analysis, age older than 3
months, no symptoms of infection at the time the blood sample was taken. Inclusion criteria
for siblings (if present): age older than 3 months, no symptoms of infection at the time
the blood sample was taken. The age older than 3 months was chosen because of possible
technical difficulties to obtain enough blood for this study in very young children. Within
one family the age of the sibling was matched as much as possible with the age of the child
with DS. The parents of participating children gave their written informed consent. From
each child 6 ml of heparinized blood was obtained by venipuncture. The blood samples
were kept on ice while transporting to the laboratory.

Whole blood stimulation with S. pneumoniae
Heat-killed S. pneumoniae (ATCC6303) was diluted in RPMI 1640 supplemented with
glutamine (0.5 mM) to a stock concentration of 4 x 107 Colony Forming Units (CFU)/ml.
For each time-point, 250 µl of whole blood was incubated with 250 µl of the S. pneumoniae
stock solution at 37°C and 5% CO2; therefore the concentration of stimulation was
4 x 107 CFU/ml whole blood.

Whole blood stimulation with LPS
LPS (from Escherichia coli O55:B5; Sigma-Aldrich, St. Louis, Missouri) was diluted in RPMI
1640 supplemented with glutamine (0.5 mM) to a stock concentration of 200 ng/ml. For
each time-point, 250 µl of whole blood was incubated with 250 µl of the LPS stock solution
at 37°C and 5% CO2; therefore the concentration of stimulation was 200 ng per ml whole
blood. The remaining whole blood at t=0 and the blood at 6, 24 and 48 hours of incubation
was centrifuged (48R centrifuge Hettich Rotina, Tuttlingen, Germany) for 10 minutes
at 3000 rpm at 4°C and the supernatant was stored at -80°C until cytokine assays were
performed.
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TNF-α, IL-1β, IL-6, IL-8, IL-10 were measured by Cytometric Bead Array (Human
Inflammation Kit, BD CBA, BD Biosciences, San Diego, California) and IL-12p70 was
measured by ELISA (Human IL-12(p70) Kit, BD OptEIA, BD Biosciences, San Jose
California) in accordance with the manufacturer’s recommendations.

Statistical analysis
The categoric variables were analyzed by the χ2 test. Cytokine data were analyzed by the

Down syndrome and bacterial stimuli

Measurement of plasma inflammatory mediators

Mann-Whitney U test. Data are expressed as means ± standard error of the mean (SEM).
A p-value of <0.05 was considered statistically significant.

Results
Patients and controls
After parental consent, 61 children with DS and 57 of their age matched healthy siblings
were included in the study. In 8 families the child with DS was the only one to participate
because there were no siblings. In 48 families 1 sibling per child with DS participated. In 5
families 2 siblings per child with DS participated. The average age (± standard deviation) in
the DS group was 7.8 (±5.1) vs. 9.3 (± 5.5) years in the sibling group (p=0.13). A significant
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difference according to sex was found between both groups (39/61 (64%) male DS children
vs. 23/57(40%) male siblings (p=0.02)).Chromosome analysis in the DS group revealed 1
child with a translocation of chromosome 21 and 60 children with trisomy 21.

Levels of inflammatory mediators
In Figure 3.1 the levels of TNF-α , IL-1β, IL-6, IL-8, IL-10 and IL-12p70 in DS children and their
healthy siblings upon stimulation with S. pneumoniae at 0, 6, 24, and 48 hours are presented.
IL-6 levels at 6 hours were significantly higher in the DS group. IL-10 levels were significantly
higher in the DS group than in the sibling group after 24 hours and after 48 hours. IL-12p70
levels at 6 hours were significantly lower in the DS group. In Figure 3.2 the levels of TNF-α ,
IL-1β, IL-6, IL-8, IL-10 and IL-12p70 in DS children and their healthy siblings upon stimulation
with LPS at 0, 6, 24, and 48 hours are presented. IL-1β levels at 48 hours are significantly lower
in the DS group. No significant differences in IL-10 levels were seen between the two groups.
45
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S. pneumoniae. Van der Poll et al. (33) reported a protective
effect of lung and plasma IL-6 in mice pneumonia after intranasal infection with S. pneumoniae; their mortality rate was
less, and the amount of bacteria in the lungs was less than that
in IL-6 knockout mice. In addition, higher levels of pro- and
anti-inflammatory cytokines were present in the lung of the
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IL-6 knockout mice. Hence, IL-6 downregulates the activation
of the cytokine network in the lung, by controlling the activation of both agonist and antagonist mediators during pneumococcal pneumonia, and thus contributes to host defense (36).
However, in humans with pneumococcal pneumonia, high
levels of IL-6 in serum were associated with a more frequent

fluid of mechanically ventilated humans with a communityacquired pneumonia due to Pseudomonas aeruginosa were
associated with a high bacterial load in the alveoli. This was
also associated with progressive inflammation of the lung
(42). Thus, the significantly lower levels of IL-1β at 48 h that
we found in children with DS might protect them from acute
Down syndrome and bacterial stimuli

Figure
Cytokine
SEM,
of Down
syndrome
children
bars)
and controls
(white
bars)
after stimulation
with LPS. [A] TNF-α
levels.
Figure 3.2A-F
2. Cytokine
levels,levels,
mean mean
± SEM,±of
Down
syndrome
children
(black (black
bars) and
controls
(white bars)
after
stimulation
with lipopolysaccharide.
(a) TNF-α
[B]
IL-1β
[C] IL-6(c)levels.
[D] IL-8
[E] IL-12p70
levels.
[F] IL-10
levels.
levels.
(b)levels.
IL-1β levels.
IL-6 levels.
(d)levels.
IL-8 levels.
(e) IL-12p70
levels.
(f) IL-10
levels. *P < 0.05; **P < 0.01; †P < 0.001; IL, interleukin; TNF, tumor necrosis factor.
* p<0.05, ** p<0.01, † p<0.001.

0

250,000

500,000

750,000

0

2,500

5,000

7,500

10,000

12,500

15,000

17,500

IL-1β (pg/ml)
IL-12p70 (pg/ml)

a

IL-10 (pg/ml)

TNF-α (pg/ml)

IL-8 (pg/ml)

IL-6 (pg/ml)

Down syndrome and bacterial stimuli

Chapter 3

3

47

Chapter 3

Down syndrome and bacterial stimuli

Discussion
In the human respiratory tract, a continuous exposure to microorganisms is present. The
first line of defence against these pathogens, which is part of the innate immune response,
is mainly formed by the ciliated epithelium, dendritic cells and macrophages that are
present locally. By phagocytosis and killing, the causing pathogen is destroyed and removed
and thereby further tissue invasion is prevented. Also, a more specific immune response
is initiated locally with the production of pro- and anti-inflammatory cytokines. 31 S.
pneumoniae is an example of a Gram positive bacteria and a frequent cause of community
acquired RTI.32 Young children are at risk for invasive pneumococcal disease because of
the immaturity of their immune system. We wanted to investigate whether DS children
can be considered as an additional risk group for pneumococcal RTI. Because we wanted
to unravel the underlying innate immune response to a Gram positive bacterial stimulus,
we performed ex-vivo whole blood stimulation with S. pneumoniae in children with DS
and their healthy siblings as a model for Gram positive bacterial pneumonia. The most
important finding of our study is that children with DS produce increased levels of IL-10
upon ex-vivo stimulation with heat-killed S. pneumoniae. Many animal studies, especially
in mice, have been performed investigating pulmonary S. pneumoniae infection. In mice
with pneumonia induced by intranasal inoculation with S. pneumoniae, higher levels of
the anti-inflammatory cytokine IL-10 were associated with decreased lung levels of TNF-α
and IFN-γ, increased bacterial counts in lungs and blood and early lethality.33 In our study
IL-10 levels increased significantly from 6 to 48 hours in the DS group in comparison to the
controls. In adults with pneumococcal pneumonia, high levels of IL-10 were present in serum
at admission and declined within 48 hours while treated with antibiotics.34 In another study
in humans with pneumococcal pneumoniae, high levels of IL-10 increased the in-hospital
mortality rate.35 Hence, the elevated IL-10 levels we found in DS might be associated with
a more severe course of S. pneumoniae pneumonia in DS but can be downregulated by the
treatment with antibiotics. In the present study we also found significantly higher IL-6 levels
at 6 hours in the DS group upon stimulation with S. pneumoniae. Van der Poll et al.33 reported
a protective effect of lung and plasma IL-6 in mice pneumonia after intranasal infection
with S. pneumoniae; their mortality rate was less and the amount of bacteria in the lungs was
less than in IL-6 knockout mice. In addition higher levels of pro-, and anti-inflammatory
cytokines were present in the lung of the IL-6 knockout mice. Hence, IL-6 downregulates
the activation of the cytokine network in the lung both controlling the activation of both
agonist and antagonist mediators during pneumococcal pneumonia and thus contributes
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in serum were associated with a more frequent admission to the intensive care unit and also
a higher mortality.37,38 In complicated pneumococcal pneumonia with pleural effusion in
children, increased release of pro-inflammatory cytokines such as TNF-α, IL-1β and IL-6
in pleural fluid resulted in increased complications with the formation of fibrin deposition
requiring surgical intervention.35,39 In our study we didn’t find any differences in TNF-α and
IL-1β in serum between DS children and the control group. However, IL-6 levels at 6 hours
were significantly elevated in these children. Since no studies have been performed in DS
children with pneumococcal pneumonia which measure local cytokine production in the
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to host defense.36 However, in humans with pneumococcal pneumonia high levels of IL-6

lung, it is difficult to extrapolate our results to the clinical perspective of this specific group of
patients. On the one hand, the elevated IL-6 levels we found in an early phase in DS children
may protect against a severe clinical course of RTI when we have the mice experiments in
mind; on the other hand, concerning the human studies as mentioned above, elevated IL-6
levels might have a deplorable effect.
In our study we performed ex-vivo whole blood stimulation with LPS, a very important
virulence factor of gramnegative bacteria, in children with DS and their healthy siblings
as a model for Gram negative bacterial pneumonia. In a Gram negative pneumonia model
in mice, Herold et al. showed that acute lung injury was mediated by IL-1β and was
attenuated by an IL-1 receptor antagonist.40 In humans with Gram negative nosocomial
pneumonia, elevated concentrations of TNF-α and IL-6 were present in blood, but IL-1β
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was undetectable. High levels of IL-1β in bronchoalveloar lavage fluid of mechanically
41

ventilated humans with a community-acquired pneumonia due to Pseudomonas aeruginosa,
were associated with a high bacterial load in the alveoli. This was also associated with
progressive inflammation of the lung.42 Thus, the significantly lower levels of IL-1β at 48
hours we found in children with DS might protect them from acute lung injury in Gram
negative pneumonia. No significant differences in IL-10 levels were seen in these mice, as
we found upon stimulation with S. pneumoniae.
Our results demonstrate that different micro-organisms play an important role in the
host response and trigger different inflammatory responses, depending on their intrinsic
properties.Pneumococci and LPS both interact with TLR4 on innate immune cells, but in
addition pneumococci also interact with TLR1 and TLR2 on innate immune cells which
possibly leads to the difference in IL-10 production between the LPS and S. pneumoniae
stimulations.43 The strength of our study is that, by choosing their age-matched siblings
as a control group for the DS children, we minimized genetic, environmental and age49
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related differences.There is also a limitation of our study: we have measured the systemic
inflammatory response by measuring cytokine levels in the blood, which might not correlate
with the cytokine levels in the pulmonary compartment during pneumonia. However,
Kragsbjerg et al. demonstrated high circulating levels of IL-8 in patients with communityacquired pneumonia caused by S. pneumoniae44 and Bonten et al. showed that high circulating
levels of IL-6 and IL-8 were associated with higher mortality rates.45 Further studies are
necessary to address this.

Conclusion
Children with DS show an increased IL-10 production in response to ex-vivo stimulation
with S. pneumoniae. This might result in a more severe course of pneumococcal disease in
children with DS.

Acknowledgments
The authors thank Jacqueline Cloos, Petra van den Pangaart and Jolein Pleijster for their
excellent advice and technical support.

50

Chapter 3

1.

Weijerman ME, van Furth AM, Vonk Noordegraaf A, van Wouwe JP, Broers CJM, Gemke RJBJ.
Prevalence, neonatal characteristics, and first-year mortality of Down syndrome: A National
Study. J Pediatr 2008;152:15-9.

2.

Shin M, Besser LM, Kucik JE et al. Prevalence of Down syndrome among children and adolescents
in 10 regions of the United States. Pediatrics 2009;124:1565-71.

3.

Weijerman ME, de Winter JP. Clinical practice. The care of children with Down syndrome. Eur
J Pediatr 2010;169:1445-52.

4.

Thomas K, Bourke J, Girdler S, Bebbington A, Jacoby P, Leonard H. Variation over time in
medical conditions and health service utilization of children with Down syndrome. J Pediatr
2011;158:194-200.

5.

Hilton JM, Fitzgerald DA, Cooper DM. Respiratory morbidity of hospitalized children with
Trisomy 21. J Paediatr Child Health 1999;35:383-6.

6.

van Trotsenburg AS, Heymans HS, Tijssen JG, de Vijlder JJ, Vulsma T. Comorbidity, hospitalization,
and medication use and their influence on mental and motor development of young infants with
Down syndrome. Pediatrics 2006;118:1633-9.

7.

Frazier JB, Friedman B. Swallow function in children with Down syndrome: a retrospective
study. Dev Med Child Neurol 1996;38:695-703.

8.

Shott SR. Down syndrome: common otolaryngologic manifestations. Am J Med Genet Part C
Semin Med Genet 2006;142C:131-40.

9.

McDowell KM, Craven DI. Pulmonary complications of Down syndrome during childhood. J
Pediatr 2011;158:319-25.

10.

Kristensen K, Stensballe LG, Bjerre J et al. Risk factors for respiratory syncytial virus in children
with heart disease. Arch Dis Child 2009;94:785-9.

11.

Bloemers BLP, Broers CJM, Bont L, Weijerman ME, Gemke RJBJ, van Furth AM. Increased risk
of respiratory tract infections in children with Down syndrome: the consequence of an altered
immune system. Microbes Infect 2010;12:799-808.

12.

Ram G, Chinen J. Infections and immunodeficiency in Down syndrome. Clin Exp Immunol
2011;164:9-16.

13.

Nisihara RM, Utiyama SRR, Oliveira NP, Messias-Reason IJ. Mannan-binding lectin deficiency
increases the risk of recurrent infections in children with Down’s syndrome. Hum Immunol
2010;71:63-6.

14.

Bloemers BLP, van Bleek GM, Kimpen JLL, Bont L. Distinct abnormalities in the innate immune
system of children with Down syndrome. J Pediatr 2010;156:804-9.

Down syndrome and bacterial stimuli

References

3

51

Chapter 3

52

Down syndrome and bacterial stimuli

15.

De Hingh YCM, van der Vossen PW, Gemen EFA et al. Intrinsic abnormalities of lymphocyte
counts in children with Down syndrome. J Pediatr 2005;147:744-7.

16.

Kusters MAA, Verstegen RHJ, Gemen EFA, de Vries E. Intrinsic defect of the immune system
in children with Down syndrome: a review. Clin Exp Immunol 2009; 156:189-93.

17.

Broers CJM, Gemke RJBJ, Weijerman ME, Kuik D-J, van Hoogstraten IMW, van Furth AM.
Frequency of lower respiratory tract infections in relation to adaptive immunity in children with
Down syndrome compared to their healthy siblings. Acta Paediatr 2012. doi:10.1111/j.16512227.2012.02696.x.

18.

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;7:213-8.

19.

Guazzarotti L, Trabattoni D, Castelletti E et al. T lymphocyte maturation is impaired in young
individuals carrying trisomy 21 (Down syndrome). Am J Intellect Dev Disabil 2009;114:100-9.

20.

Kusters MAA, Gemen EFA, Verstegen RHJ, Wever PC, de Vries E. Both normal memory counts
and decreased naive cells favour intrinsic defect over early senescence of Down syndrome T
lymphocytes. Pediatr Res 2010;67:557-62.

21.

Verstegen RHJ, Kusters MAA, Gemen EFA, de Vries E. Down syndrome B-lymphocyte
subpopulations, intrinsic defect or decreased T-lymphocyte help. Pediatr Res 2010;67:563-9.

22.

Annerén G, Magnusson CGM, Lilja G, Nordvall SL. Abnormal serum IgG subclass pattern in
children with Down’s syndrome. Arch Dis Child 1992;67:628-31.

23.

Avanzini MA, Monafo V, De Amici M et al. Humoral immunodeficiencies in Down syndrome:
serum IgG subclass and antibody response to hepatitis B vaccine. Am J Med Genet Suppl
1990;7:231-3.

24.

Loh RKS, Harth SC,Thong YH, Ferrante A. Immunoglobulin G subclass deficiency and
predisposition to infection in Down’s syndrome. Pediatr Infect Dis J 1990;9:547-51.

25.

Joshi AY, Abraham RS, Snyder MR, Boyce TG. Immune evaluation and vaccine responses in
Down syndrome: evidence of immunodeficiency ? Vaccine 2011;29:5040-6.

26.

Bloemers BLP, van Furth AM, Weijerman ME et al. Down syndrome: a novel risk factor
for respiratory syncytial virus bronchiolitis. A prospective birth-cohort study. Pediatrics
2007;120:e1076-e81.

27.

Medrano López C, García-Guereta Silva L, Lirio Caero J et al. [Respiratory infections, Down’s
syndrome and congenital heart disease: the CIVIC 21 study] .An Pediatr (Barc) 2009;71:38-46.

28.

Megged O, Schlesinger Y. Down syndrome and respiratory syncytial virus infection. Pediatr
Infect Dis J 2010;29:672-3.

29.

Pérez-Padilla R, Fernández R, García-Sancho C et al. Pandemic (H1N1) 2009 virus and Down
syndrome patients. Emerg Infect Dis 2010;16:1312-4.

Chapter 3

Broers CJM, Gemke RJBJ, Weijerman ME, van der Sluijs KF, van Furth AM. Increased proinflammatory cytokine production in Down syndrome children upon stimulation with live
influenza A virus. J Clin Immunol 2012;32:323-9.

31.

Menéndez R, Sahuquillo-Arce JM, Reyes S et al. Cytokine activation patterns and biomarkers are
influenced by microorganisms in community-acquired pneumonia. Chest 2012;141:1537-45.

32.

Don M, Canciani M, Korppi M. Community-acquired pneumonia in children: what’s old ?
What’s new ? Acta Paediatr 2010;99:1602-8.

33.

van der Poll T, Marchant A, Keogh CV, Goldman M, Lowry SF. Interleukin-10 impairs host
defense in murine pneumococcal pneumonia. J Infect Dis 1996;174:994-1000.

34.

Remmelts HHF, Meijvis SCA, Biesma DH et al. Dexamethasone downregulates the systemic
cytokine response in patients with community-acquired pneumonia. Clin Vaccine Immunol
2012;19:1532-8.

35.

Martínez R, Menéndez R, Reyes S et al. Factors associated with inflammatory cytokine patterns
in community-acquired pneumonia. Eur Respir J 2011;37:393-9.

36.

van der Poll T, Keogh CV, Guirao X, Buurman WA, Kopf M, Lowry SF. Interleukin-6 gene-deficient
mice show impaired defense against pneumococcal pneumonia.J Infect Dis 1997;176:439-44.

37.

Padrones S, Garcia-Vidal C, Fernández-Serrano S et al. Impact of antibiotic therapy on systemic
cytokine expression in pneumococcal pneumonia. Eur J Clin Microbiol Infect Dis 2010;29:124351.

38.

Endeman H, Meijvis SCA, Rijkers GT et al. Systemic cytokine response in patients with ommunityacquired pneumonia. Eur Respir J 2011;37:1431-8.

39.

Chiu CY, Wong KS, Huang JL, Tasi MH, Lin TY, Hsieh SY. Proinflammatory cytokines, fibrinolytic
system enzymes, and biochemical indices in children with infectious para-pneumonic effusions.
Pediatr Infect Dis 2008;27:699-703.

40.

Herold S, Tabar TS, Janssen H et al. Exudate macrophages attenuate lung injury by the release of
IL-1 receptor antagonist in gram-negative pneumonia. Am J Respir Crit Care Med 2011;183:138090.

41.

Maskin B, Fontán PA, Spinedi EG, Gammella D, Badolati A. Evaluation of endotoxin release
and cytokine production induced by antibiotics in patients with gram-negative nosocomial
pneumonia. Crit Care Med 2002;30:349-54.

42.

Wu CL, Lee YL, Chang KM et al. Bronchoalveolar interleukin-1β: a marker of bacterial burden
in mechanically ventilated patients with community-acquired pneumonia. Crit Care Med
2003;31:812-7.

43.

Netea MG, Wijmenga C, O’Neill LAJ. Genetic variation in Toll-like receptors and disease
susceptibility. Nat Immunol 2012;13:535-42.

Down syndrome and bacterial stimuli

30.

3

53

Chapter 3

54

Down syndrome and bacterial stimuli

44.

Kragsbjerg P, Jones I, Vikerfors T, Holmberg H. Diagnostic value of blood cytokine concentrations
in acute pneumonia. Thorax 1995;50:1253-7.

45.

Bonten MJM, Froon AHM, Gaillard CA et al. The systemic inflammatory response in the
development of ventilator-associated pneumonia. Am J Respir Crit Care Med 1997;156:1105-13.

Chapter 3

Down syndrome and bacterial stimuli

3

55

