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Abstract

Individuals with Down syndrome (DS) have been particularly impacted by respiratory

conditions, such as pneumonia. However, the description of co-occurring recurrent

infections, the response to pneumococcal immunization, and the association of these

was previously unknown. We screened individuals with DS using an 11-item screener

and prospectively collected pneumococcal titers and laboratory results. We found

that the screener did not successfully predict which individuals with DS who would

have inadequate pneumococcal titers. Thirty four of the 55 individuals with DS (62%)

had abnormal pneumococcal titers demonstrating an inadequate response to routine

immunization. In the absence of a valid screener, clinicians should consider screening

all individuals with DS through the use of pneumococcal titers to 23 serotypes to

assess vaccine response.
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1 | INTRODUCTION

Inborn errors of immunity (IEIs), monogenetic causes of a deficient

or dysregulated immune system, have impacted 1 in 1000 to 1 in

5000 individuals (Bonilla et al., 2015; Tangye et al., 2020). In 1993,

a group of experts generated the only screening tool in existence

for IEIs, the “10 warning signs.” (Modell et al., 2011) This tool,

combined with physician education and public awareness, has

increased identification of patients with IEIs (Modell et al., 2011).

No such screening tools have been developed for patients who

may have a secondary immune deficiency or genetic syndromes

which place them at increased risk of infections, such as Down

syndrome (DS).

The laboratory evaluation has been shown to play a key role in

assessing for IEI (Khan & Williams, 2022). A complete blood count

(CBC) with differential may be one of the easiest tests to use, due to

its wide availability. The absolute lymphocyte count (ALC) values in

healthy children, defined as the exact number of lymphocytes in a

sample of whole blood, have shown age-based differences in norma-

tive ranges (Shearer et al., 2003). Patients with immunodeficiencies

involving T and B lymphocytes have abnormal ALC values, but a nor-

mal ALC does not exclude IEI. Laboratory evaluation has also typicallyAbbreviation: DS, Down syndrome.
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included an immunoglobulin profile (IgG, IgA, and IgM levels) and vac-

cine titers (IgG to tetanus, diphtheria, and Streptococcus pneumoniae).

Normal ranges IgG, IgA, and IgM vary by age and must be interpreted

according to age-related norms (Buckley et al., 1968). Vaccine titers

assess the body's response to receiving a vaccine—that is, IgG specific

to the vaccine should be produced to create the immune protective

response that vaccines confer. Low specific IgG titers after receiving a

vaccine could indicate immune deficiency.

Patients who have received the pneumococcal vaccine were pro-

tected from infection due to the S. pneumoniae bacteria. Multiple

types of pneumococcal vaccine have been developed, including the

pneumococcal conjugate vaccine (PCV13) and the pneumococcal

polysaccharide vaccine (PPSV23). These two vaccines differed in the

serotypes of S. pneumoniae that they were developed to protect

against, and the mechanism by which the immune system is stimu-

lated to make specific IgG. The Centers for Disease Control and Pre-

vention (CDC) has recommended that all children younger than

5 years old receive PCV13. The CDC has also advised that children

with “certain medical conditions” that increase their risk of pneumo-

coccal disease should receive PCV13 at age 5 through 18 years, and

should also receive PPSV23 at age 2 through 18 years (Centers for

Disease Control and Prevention, 2023).

Children with DS have been shown to be at increased risk of

severe pneumococcal infections (Blake et al., 2021). Pneumonia has

been found to be the most common cause of hospital admissions, and

the most common indication for the pediatric intensive care unit (ICU)

admission for children with DS (Hilton et al., 1999; Santoro

et al., 2021). Respiratory infections, like respiratory syncytial virus

pneumonia, in children with DS has resulted in a higher risk of mortal-

ity, increased risk for hospitalization, and greater need for mechanical

ventilation support than otherwise healthy children (Beckhaus &

Castro-Rodriguez, 2018; Santoro et al., 2021). The 2022 American

Academy of Pediatrics' Health Supervision for Children and Adolescents

with Down syndrome suggested administering immunizations as

recommended for all children, unless there are specific contraindica-

tions, and that children with “chronic cardiac or pulmonary disease”
should be given the 23-valent PPSV at 2 years of age or older (Bull

et al., 2022). However, DS, as a diagnosis, per se, has not been listed

as one of the “certain medical conditions” identified by the CDC;

patients with DS would need a co-occurring condition to qualify for

the PPSV23.

To date, few studies have evaluated the response to pneumococ-

cal vaccine in individuals with DS (Kusters et al., 2013; Nurmi

et al., 1982; Valentini et al., 2015). Studies assessing vaccine response

have significant limitations including small sample sizes, <23 serotypes

assessed, and lack of additional immune evaluation (Kusters

et al., 2013; Nurmi et al., 1982; Valentini et al., 2015). A generalization

of the studies to date: children with DS are able to generate an anti-

body response that has been deemed “adequate” but lower than oth-

erwise healthy children without DS. We do not know, however, if

“adequate” levels are clinically protective and whether they are sus-

tained over time. Data on pneumococcal vaccine response in adults

with DS have been even more limited.

We began this study to identify which children with DS may be

more likely to have an insufficient immune response when given vac-

cines. Specifically, in three specialty clinics for DS, we aimed to

(1) characterize the immune response to pneumococcal vaccine at var-

ious intervals post-routine vaccination with PCV13 and/or PPSV23,

and (2) correlate vaccine response with basic immunologic studies and

clinical history to identify risk factors for poor vaccine response.

2 | METHODS

2.1 | Population

An experienced, international DS clinic consortium, the International

Down Syndrome Patient Database, with a track record of clinical

research and publication (Lavigne et al., 2015, 2017; Santoro

et al., 2020, 2022; Sharr et al., 2016), informed this project. Three

sites from this consortium (Massachusetts General Hospital, Duke

University Medical Center, and Children's Mercy Hospital) partici-

pated in this study from April 2021 to April 2022. The three corre-

sponding institutional review boards approved this study. Database

consent was obtained during or following a visit to each site's spe-

cialty clinic. Each site collected and maintained data in REDCap®

(Harris et al., 2009). Inclusion criteria were: (1) a clinical diagnosis of

DS, (2) consent to participate in the international database, (3) a clinic

visit to a participating site, (4) age 12 months or older, and (5) who

answered “yes” to at least 1 of the 11-item immunodeficiency screen-

ing questions based on an existing 10-item screener (Bjelac

et al., 2019) with an added question regarding recurrent upper respi-

ratory tract infections. Patients were also excluded if they had incom-

plete data, defined as having fewer than 20 of 23 serotypes

completed.

2.2 | Data collection

Two sources of data were used: (1) parent-reported clinical history

information obtained through an 11-item IEI screening survey (Modell

et al., 2011), and (2) laboratory evaluation including ALC from CBC

with differential, immunoglobulin levels (IgG, IgA, and IgM), and titers

to diphtheria, tetanus, and pneumococcus. All data were shared

between sites in de-identified aggregate form.

2.3 | Data analysis

Data were summarized using means, standard deviations, and fre-

quencies. Raw values of ALC and immunoglobulins were converted to

Z-scores using age-based means and standard deviations in healthy

children (Buckley et al., 1968; Shearer et al., 2003).

To assess which variables might predict nonresponse to child vac-

cines in our total cohort with DS, logistic regression for the binary

outcome of abnormal pneumonia titers was performed. Presence of
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abnormal pneumonia titers was defined by age as: if <6 years of age,

consider abnormal if <50% of serotypes are ≥1.3 μg/mL and if

≥6 years of age, consider abnormal if <70% of serotypes are ≥1.3 μg/

mL. We considered explanatory factors including demographic vari-

ables and relevant clinical history. If less than five patients had a given

characteristic, we did not analyze the characteristic because we are

unlikely to get stable/reliable estimates for these variables. As such,

abscess development, deep-seated infections, history of immunodefi-

ciency, malignancy, receipt of PPSV/Pneumovax were excluded from

the analyses based on this criterion. Similarly, there was inadequate

variability in number of prior doses of PCV13 and age at last dose of

PCV13 for inclusion in the models, but this was by design as we

wanted participants to be at least 12 months of age. We fit univariate

models for each analyzable variable. A multivariable model was

derived using backwards selection, retaining variables significant at

p < 0.05. In addition, based on our a priori suspicion that history of

pneumonia would be associated with abnormal titers, we fit a model

including pneumonia history with adjustment for age, sex, and race/

ethnicity. We also analyzed a subset of patients with DS who were

vaccinated by standard protocol, by excluding those whose vaccina-

tion timing was unknown and excluding those who had received the

Pneumovax vaccination.

Pearson's correlation coefficient was calculated for each serotype

against all other serotypes. Positive correlations indicate that higher

values for one serotype correlate with higher values for the other,

while negative correlations suggest that higher values for one sero-

type correlate with lower values for the other.

The de-identified, aggregate data that support the findings of this

study are available on request from the corresponding author.

3 | RESULTS

From April 2021 to April 2022, we identified 55 individuals with DS

with sufficient data from our three sites (Table 1). These individuals

with DS screened positive for at least one screening indicator and had

blood work with an adequate number of pneumococcal serotypes.

Participants ranged in age from 1 to 52 years of age with a mean age

of 10.8 (±8.6) years with a median age of 8 years (Figure S1). Many

participants were missing ethnicity information, but of those with race

and ethnicity information available, most were White and not His-

panic/Spanish/Latino (Table 1).

3.1 | IEI screening survey

Among the screening results from these 55 individuals with DS,

21 (40%) screened positive for recurrent ear infections, and 22 (41%)

for recurrent sinus infections (Table 2). All 11 items on the screening

survey for recurrent infections were seen in at least one individual

with DS. On average, individuals with DS screened positive for 2.2

symptoms, range 1–6.

3.2 | Immune assessment

In obtaining S. pneumoniae vaccine history, most (90%) individuals had

received four PVCs, and most (89%) had received the last dose at 12–

15 months (Table 3). Only three individuals had ever received the

PPSV (PPSV23, Pneumovax). Three individuals with DS had pneumo-

nia known to be caused by S. pneumoniae.

Thirty-four participants with DS (62%) had overall abnormal

pneumococcal titers using standard definitions used by practicing

immunologists (Table 3). Of the 13 serotypes of S. pneumoniae in the

PCV13 vaccine (routinely given in childhood), more than 50% of par-

ticipants had adequate titers to serotypes 1, 3, 5, 6b, 7f, 9v, 19a, 19f,

and 23f (Table 4). Less than 50% of participants had adequate titers

to serotypes 4, 14, and 18c. Serotype 6a is included in PCV13 but is

not assessed in laboratory testing. Response to serotypes not included

in PCV13 was variable with the majority of patients mounting ade-

quate response to serotypes 8, 10a, 15b, 17f, and 22f; the minority

responded to serotypes 2, 11a, 12f, 20, and 33f (Table 4). Too few

participants had titers for serotype 9n to make conclusions. Of the

TABLE 1 Demographic traits of 55 individuals with Down
syndrome.

Trait N (%)

Sex: male 28 (51)

Race

White 31 (56)

Black or African American 1 (2)

Other (White and Portuguese) 1 (2)

Unknown 3 (5)

Missing 19 (35)

Ethnicity: Spanish/Hispanic/Latino 6 (11)

Site

Massachusetts General Hospital 46 (84)

Duke Medical Center 5 (9)

Children's Mercy Hospital 4 (7)

Gestation

Preterm (<37 weeks) 12 (22)

Full term (≥37 weeks) 39 (71)

Unknown 4 (7)

Co-occurring medical conditions for individual with Down syndrome

Congenital heart malformation 42 (76)

GERD 20 (36)

Seizure disorder 6 (11)

Autoimmune diagnosis 7 (13)

Malignancy 1 (2)

Age (years) Mean (std. dev) 10.8 (8.6)

Median 8

Range 1–52

Abbreviation: GERD, gastroesophageal reflux disease.

SANTORO ET AL. 3 of 10



TABLE 2 Eleven screening questions and number of positive
responses for 55 individuals with Down syndrome.

Items

“Yes”
responses:
N (%a)

1. Over the period of any 1 year, has the

participant had recurrent ear infections?

21 (40)

If <18 years old: ≥4 ear infections considering

years from birth to current age

If ≥18 years old >2 ear infections considering

years 18 and up

2. Over the period of any 1 year, has the

participant received antibiotics for ≥2 sinus

infections?

22 (41)

3. Has the participant ever required antibiotics

for ≥2 months with little improvement or

persistent symptoms such as cough, trouble

breathing, fever, or congestion in spite of

treatment?

12 (22)

4. Over the period of any 1 year, has the

participant had ≥2 documented episodes of

pneumonia, based on clinical exam or x-ray?

8 (15)

5. Over the period of any 1 year, has the

participant had ≥1 recurrent upper respiratory

infection per month?

14 (26)

If they are <18 years old, consider years from

birth to current age

If they are ≥18 years old, consider years 18

and up

6. If the participant is of pediatric age, has the

participant displayed insufficient growth OR

failure to gain weight in the last 2 years?b

10 (19)

7. Has the participant ever developed deep skin

or organ abscesses in liver, spleen, lungs, bone,

lymph nodes, or other organs?

3 (6)

8. In participants over 12 months of age, has the

participant ever had persistent fungal

infections involving skin, mouth (thrush), nail

beds, or mucous membranes?

14 (25)

9. Has the participant ever had infections that did

not respond to oral antibiotics and required i.v.

antibiotics to resolve?

13 (24)

10. Has the participant ever had ≥2 deep-seated

infections such as sepsis, meningitis, empyema,

peritonitis, or septic arthritis in his/her

lifetime?

1 (2)

11. Does the participant have a family history of

a primary (genetic) immunodeficiency?c
3 (6)

Abbreviation: i.v., intravenous.
a% Calculated by dividing the number of “yes” responses by the number

of completed responses. If response missing, this was not included in

denominator.
bDefined as: (1) weight for length < 5th percentile on the Down Syndrome

growth curve for boys/girls up to 36 months of age; (2) body max index

(BMI) for age < 5th percentile on the standard pediatric growth curve for

boys/girls over 36 months of age; (3) OR a sustained decrease in growth

velocity, in which BMI on the standard pediatric growth curve or weight

for length on the Down Syndrome growth curve falls by two major

percentiles (percentile markers 95, 90, 75, 50, 25, 10, and 5) over time.

c(1) Family should be defined as: a parent(s), sibling(s), aunt(s), uncle(s). (2)

Primary immunodeficiency diseases are caused by a genetic mutation

leading to deficiency of part or all of the immune system and leading to

recurrent and sometimes severe infections. Infections should be the

defining symptoms of the disease. Some examples include: severe

combined immune deficiency, DiGeorge syndrome, common variable

immune deficiency, IgA deficiency, hyper IgE syndromes. (3) Primary

immunodeficiency does not include autoimmune diseases (lupus,

inflammatory bowel disease [IBD], rheumatoid arthritis, etc). (4) Primary

immunodeficiency does not include atopic diseases (asthma, atopic

dermatitis, and food allergy etc.).

TABLE 3 Pneumonia vaccination and infection history for 55
individuals with Down syndrome.

Question Answer N (%)

How many doses of the pneumococcal

conjugate vaccine (PCV13) has the

participant received prior to today's

clinic visit? (choose one)

4 49 (90)

3 1 (2)

1 1 (2)

Unknown 4 (7)

At what age did the participant last

receive a PCV13 vaccine? (choose

one)

12–15 months 49 (89)

Other 2 (4)

Unknown 4 (7)

In addition to routine immunizations,

has the participant ever received the

vaccine PPSV23 (Pneumovax)?a

No 50 (94)

Yes 3 (5)

Unknown 2 (4)

Has the participant ever had any of the

following infections that were known

to be caused by Streptococcus

pneumoniae? (choose all that apply)

Pneumonia 3 (5)

Meningitis 0 (0)

Sepsis 0 (0)

Did the patient have:

Abnormal streptococcal titers?b Yes, abnormal 34 (62)

Abnormal diphtheria titers? Yes, abnormal 0 (0)

Abnormal tetanus titers? Yes, abnormal 0 (0)

Additional labs

Absolute lymphocyte count (ALC) Below 10th

percentile

23 (42)

Missing 4 (7)

IgG Below 10th

percentile

3 (5)

Missing 1 (2)

IgM Below 10th

percentile

7 (13)

Missing 1 (2)

IgA Below 10th

percentile

8 (15)

Missing 2 (4)

aIn the United States, it is given if a child is 2 years of age or older if

he/she is at high risk of pneumococcal disease including having congenital

heart disease and asthma.
bAbnormal defined by age: Interpret results of pneumococcal titers 23

serotypes according to age of participant. If <6 years of age, consider

abnormal if <50% of serotypes are ≥1.3 μg/mL. If ≥6 years of age,

consider abnormal if <70% of serotypes are ≥1.3 μg/mL.
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three individuals who had received a PPSV23, two had adequate

titers, and one individual had inadequate titers responding to 5 of

22 pneumococcal serotypes. Several serotypes were significantly cor-

related (Table S3).

In our cohort, diphtheria and tetanus titers were not abnormal

(Table 3), based on reference lab values at our three sites (Table S4).

Additional labs, including ALC, IgG, IgM, and IgA were abnormally low,

below the 10th percentile, in some individuals with DS (42%, 5%,

13%, and 15%, respectively; Table 3).

3.3 | Regression analysis

In univariate models, positive screen for history of fungal infections

and history of ear infections were significantly associated (p < 0.05)

with lower odds of abnormal titers (Table 5). The univariate odds ratio

(OR) for fungal infections was 0.23 (95% confidence interval [CI]:

0.06–0.83, p = 0.025), indicating that the odds of abnormal titers for

a patient with prior fungal infections are lower, 0.23 times the odds of

abnormal titers for a patient without prior fungal infections. The uni-

variate OR for ear infections was 0.29 (95% CI: 0.09–0.93, p = 0.038;

Table 5).

Multivariate logistic regression models were obtained using back-

ward selection among all variables. Fungal infections and ear infec-

tions remained significantly associated with lower odds of abnormal

titers on multivariable analysis (adjusted p = 0.021 and 0.024, respec-

tively; Table 5 and Figure S2). Repeating this analysis in the subset of

individuals with DS with confirmed up-to-date pneumococcal titers

and excluding those who received Pneumovax (PPSV23) did not

change regression results (Table S1). A third regression analysis using

pneumonia history and demographic factors did not find the warning

sign of history of episodes of pneumonia to be associated with inade-

quate streptococcal titers (Table S2).

Co-occurring conditions that could increase risk of

infections—including gastroesophageal reflux disease (GERD),

congenital heart disease, and prematurity—were not correlated

TABLE 4 Vaccine response in 55 individuals with Down syndrome (DS) receiving pneumococcal conjugate vaccine (PCV13+/�)
pneumococcal polysaccharide vaccine (PPSV13) on pneumococcal titers.

Pneumococcal
serotype

Individuals with
missing titers, N

Inadequate titers
defined as <1.3 Adequate titers defined as ≥1.3

Joshi et al. studying post-PPSV13
response in Down syndrome

Individuals
with DS, N

% of those with
titers available

Individuals
with DS, N

% of those with
titers available N with adequate titers, %

Serotype_1a,b 1 5 9% 49 91% 6 (54%)

Serotype_2b 0 30 55% 25 45% 4 (36%)

Serotype_3a,b 0 23 42% 32 58% 6 (54%)

Serotype_4a,b 0 40 73% 15 27% 8 (72%)

Serotype_5a,b 0 28 51% 27 49% 1 (9%)

Serotype_6ba,b 3 17 32% 36 68% 4 (36%)

Serotype_7fa,b 1 12 22% 43 78% 0

Serotype_8b 0 26 47% 29 53% 3 (27%)

Serotype_9nb 44 5 100% 0 0% 7 (63%)

Serotype_9va,b 0 14 25% 41 75% 7 (63%)

Serotype_10ab 2 21 39% 33 61% 0

Serotype_11ab 0 41 75% 14 25% 5 (45%)

Serotype_12fb 0 48 87% 7 13% 0

Serotype_14a,b 0 33 60% 22 40% 9 (81%)

Serotype_15bb 1 23 43% 31 57% 6 (54%)

Serotype_17fb 0 16 29% 39 71% 0

Serotype_18ca,b 0 47 85% 8 15% 8 (72%)

Serotype_19aa,b 1 14 26% 40 74% 2 (18%)

Serotype_19fa,b 0 4 7% 51 93% 4 (36%)

Serotype_20b 0 37 67% 18 33% 3 (27%)

Serotype_22fb 0 5 9% 50 91% 0

Serotype_23fa,b 0 3 5% 52 95% 3 (27%)

Serotype_33fb 0 45 82% 10 18% 4 (36%)

aSerotype in the PCV13 vaccine.
bSerotype included in the PPSV23 vaccine.
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TABLE 5 Association between patient characteristics and abnormal pneumococcal serotype titers.

Variable Comparison

Unadjusted

odds

ratio (OR)a

Lower

95%

conf

limit

Upper

95%

conf

limit

Unadjusted

p-value

Adjusted

ORb

Lower

95%

conf

limit

Upper

95%

conf

limit

Adjusted

p-value

Fungal infections Yes vs. no 0.23 0.06 0.83 0.025* 0.19 0.05 0.78 0.021

Ear infections Yes vs. no 0.29 0.09 0.93 0.038* 0.23 0.06 0.82 0.024

ALC below 10th

percentile

Yes vs. no 0.31 0.09 1 0.05 – – – –

IgA Z-score

below 10th

percentile

Yes vs. no 5.6 0.64 49.35 0.121 – – – –

IgM Z-score

below 10th

percentile

Yes vs. no 4.44 0.5 39.87 0.183 – – – –

Number of

warning signs

3+ warning signs vs.

1 warning sign

0.47 0.13 1.71 0.252 – – – –

Seizure disorder Yes vs. no 3.57 0.39 32.96 0.262 – – – –

Race/ethnicity Unknown vs. White 0.58 0.18 1.91 0.374 – – – –

Hispanic

ethnicity

Spanish/Hispanic/

Latino vs. not

Spanish/Hispanic/

Latino

2.78 0.28 27.21 0.38 – – – –

Pneumonia Yes vs. no 0.53 0.12 2.42 0.415 – – – –

Age 1-unit increase 0.98 0.92 1.04 0.444 – – – –

GERD Yes vs. no 0.67 0.22 2.06 0.481 – – – –

Sinus infections Yes vs. no 1.47 0.47 4.59 0.511 – – – –

Gestational age Preterm vs. term 1.55 0.4 6 0.53 – – – –

i.v. Antibiotics Yes vs. no 1.53 0.4 5.78 0.531 – – – –

Insufficient

growth

Yes vs. no 1.53 0.35 6.73 0.577 – – – –

White race Yes vs. no 2.1 0.12 37.12 0.613 – – – –

Race/ethnicity Black/Hispanic/other

vs. White

1.32 0.22 8.04 0.766 – – – –

Antibiotics

≥2 months

Yes vs. no 0.83 0.23 3.06 0.779 – – – –

Upper

respiratory

infections

Yes vs. no 0.8 0.23 3.06 0.779 – – – –

Number of

warning signs

2 warning signs vs. 1

warning sign

0.85 0.21 3.36 0.814 – – – –

Autoimmune

disease

Yes vs. no 0.83 0.17 4.13 0.818 – – – –

Congenital

cardiac

malformation

Yes vs. no 1.16 0.31 4.28 0.823 – – – –

Sex Male vs. female 0.97 0.32 2.89 0.951 – – – –

Abbreviations: ALC, absolute lymphocyte count; i.v., intravenous; GERD, gastroesophageal reflux disease.
aUnadjusted results are obtained from univariate logistic regression models.
bAdjusted results are obtained from a multivariable logistic regression model.

*p < 0.05.
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with abnormal pneumococcal titers and therefore not included in

the model (Table 5).

4 | DISCUSSION

Children with DS are at an increased risk of severe pneumococcal

infections (Blake et al., 2021); lower respiratory tract infections are

the leading cause of acute hospital admission, and the predominant

cause of ICU admissions in children with DS is pneumonia (Ram &

Chinen, 2011). Children with DS have a 12 times increased risk of

mortality when infected with pneumonia compared to children with-

out DS (Ram & Chinen, 2011). Patients with DS are known to have

several abnormalities of their immune system that likely contribute to

this risk including mild to moderate T lymphocytopenia with

decreased T cell function in vitro, mild to moderate B cell lymphocyto-

penia, IgA deficiency, and decreased neutrophil functionality (Ram &

Chinen, 2011). In general, children with DS have been shown to gen-

erate an “adequate” titer response to various vaccines by normal

ranges; however, their absolute titer levels have been lower than con-

trols (Kusters et al., 2013; Nurmi et al., 1982; Valentini et al., 2015).

Yet the immune response to vaccines for S. pneumoniae was not previ-

ously well characterized, and no studies had examined the impact of

routine pneumococcal vaccination on etiologies of pneumonia in chil-

dren with DS. Using an existing immunodeficiency screener (Modell

et al., 2011) of “10 warning signs” of primary immunodeficiency dis-

eases (McCusker et al., 2018; Bjelac et al., 2019) and an additional

question regarding recurrent upper respiratory tract infections, we

identified 55 individuals with DS who screened positive for at least

once warning sign and had sufficient laboratory data for inclusion in

our analysis.

Our cohort with DS screened positive on different questions from

the same screener used in the general pediatric and adult population

(Bjelac et al., 2019). In our cohort, we found that the most positive

screening questions were to recurrent ear infections and sinus

infections (Table 2). In contrast, among pediatric patients without DS,

Subbarayan et al. (2011) found that among those with a primary

immunodeficiency, the most prevalent positive screening questions

were for use of intravenous (i.v.) antibiotics, positive family history,

and failure to thrive. In another study of pediatric subjects, those with

primary immunodeficiency had a significantly elevated frequency of

recurrent pneumonia (OR 2.9, p < 0.001), failure to thrive (OR 2.1,

p < 0.001), need for i.v. antibiotics (OR 2.1, p < 0.001), serious bacte-

rial infection (p < 0.001), and recurrent otitis media (OR 1.5,

p = 0.027) compared to controls (Bjelac et al., 2019). These differ-

ences in frequency of responses might be due to the underlying anat-

omy of individuals with DS or to the co-occurring conditions which

are more prevalent in DS. For example, otitis media with effusion

impacts 50%–70% of children and adolescents with DS (Bull

et al., 2022), but it is possible that the underlying cause of this could

be related to anatomical reasons rather than IEI. Anatomic factors

contributing to infection risk include laryngomalacia, tracheomalacia,

pulmonary hypoplasia, midface hypoplasia, macroglossia, mandibular

hypoplasia, enlarged tonsils and adenoids, external ear canal stenosis,

small Eustachian tube, and GERD (Ram & Chinen, 2011).

In characterizing the immune response to pneumococcal vaccine

at various intervals post-routine vaccination with PCV13 and/or

PPSV23, we found that many (62%) children with DS had abnormally

low pneumococcal titers indicating an inadequate response to routine

vaccination. The previous literature has been mixed, showing both

adequate (Kusters et al., 2013) and inadequate (Joshi et al., 2011;

Kusters et al., 2009) responses to vaccination in individuals with

DS. Kusters et al. found no defects in response to the conjugated

(routine childhood vaccine) or unconjugated (PPSV23, elderly vaccine)

pneumococcal vaccine in a study of 18 participants, 6–24 years of

age, with DS based on both antibody titers and in vitro opsonophago-

cytosis (Kusters et al., 2013). Also, in comparing response to conju-

gated (routine childhood vaccine, PCV13) pneumococcal response in

15 children with DS to 15 children without DS, similar increases

in pneumococcal-specific IgG antibodies and memory B cells were

seen (Valentini et al., 2015). All children had completed a routine vac-

cine series with PCV13 prior to the booster administered in this study.

However, the children with DS had fewer pneumococcal-specific

memory B cells in response to their routine vaccine series with

PCV13, which may reflect exhaustion of the memory B cells in chil-

dren with DS (Valentini et al., 2015). Joshi et al. (2011) found that chil-

dren with DS specifically had suboptimal response to certain

serotypes (7F, 10A, 12F, 17F, and 22F) of S. pneumoniae. In our

cohort, we also found suboptimal response, but to different serotypes

(only 9N had no participants with an adequate immune response;

Table 4).

When determining which screener questions would best correlate

with abnormal pneumococcal titers, regression analysis found two

screening questions that were associated with lower risk for abnormal

titers. Both history of recurrent ear infections and history of persis-

tent fungal infections in our cohort with DS were significantly associ-

ated with lower odds for abnormal titers indicating an inadequately

low immune response (p < 0.01; Table 5). Typically, a positive

response to an IEI screening survey question would indicate immuno-

deficiency and predisposition to an abnormally low response to vacci-

nation. We hypothesized that screening indicators would be

associated with greater odds of abnormal pneumococcal titers; how-

ever, we did not find any of the screening questions to predict this.

Our findings that history of ear infections and fungal infections were

associated with lower odds for abnormal titers was counterintuitive to

our hypothesis, but could be explained in a number of ways. As our

screening questions asked about history broadly, without pathologic

confirmation through culture for microbial source, it is possible that

our cohort with DS had higher rates of non-pneumococcal acute otitis

media, which led to positive IEI screening survey response but did not

impact pneumococcal titer levels. Further, the prevalence of co-

occurring conditions in individuals with DS, such as high incidence for

recurrent ear infections among all individuals with DS (Bull, 2020; Bull

et al., 2022), may yield the screener ineffective to detect those indi-

viduals with DS with IEI. Additionally, future studies could evaluate

the link between history of persistent fungal infection or of recurrent
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ear infections and lower odds of abnormal titer of anti-pneumococcal

antibody. It is possible that immune defects could predispose to fun-

gal infection or ear infections, and those defects could be linked to

better pneumococcal vaccine response in people with

DS. Alternatively, one would generally expect an antibody defect if a

T cell defect leading to fungal infections is present, but not always.

For pneumococcal serotypes not included in the vaccine, we know

that people obtain protective titers through exposure. Therefore, it is

possible that frequent infections represent an adjuvant that improves

pneumococcal vaccine response in people with DS. Regardless, know-

ing that the IEI screening survey was not predictive of pneumococcal

response is useful information for those clinicians wishing to identify

which, of up to 62%, among their patients with DS are inadequately

responding to routine PCV13 immunization.

Our project used a multi-site clinical cohort to assess the use of

an existing screener questionnaire to detect immunodeficiency in indi-

viduals with DS. In assessing pneumococcal vaccine titers, we found

that many had inadequate immune response despite vaccination, but

this was not predicted from the IEI screening survey questions. With-

out a useful screening, this finding suggests that clinicians might con-

sider screening all children with DS for vaccine response. Additional

research among a cohort of individuals with DS who screen negative

on this screener would strengthen this recommendation. In our meth-

odology, we found it useful to screen for all 23 pneumococcal, and we

describe the use of a scoring system used by practicing immunologists

(Orange et al., 2012) rather than following standard laboratory refer-

ence ranges.

Previous studies suggest it may be more common for families of

children with DS to express suggested vaccine hesitancy and have

found parent-reported rates of only 58% of children with DS being

up-to-date on routine childhood vaccines (Langkamp et al., 2020). Yet,

overall, most of our cohort had received the full pneumococcal vacci-

nation, and several had even received the PPSV23. Our three DS

clinics may not represent the broader population of children with DS,

or previously reported parent-report survey may have reflected a dif-

ferent cohort than that of our clinics. This study is limited by its reli-

ance on a clinic-based cohort with its inherent recruitment bias and

lack of generalizability to the broader population with DS; however,

our cohort is larger than existing studies of pneumococcal vaccine

response which have included 15–18 individuals with DS (Kusters

et al., 2013; Valentini et al., 2015). We also obtained clinical informa-

tion through parent report to the immunodeficiency screener, which

may have recall bias due to reliance on recall and estimation of num-

ber of infections in a given time frame. We asked the age at which a

patient had last received an immunization, but there may be differ-

ences based on time since that last vaccination as an older teen or

adult would have received their last PCV13 years ago while a younger

child would be closer to their routine vaccinations. However, we did

not see any age-related differences in our results to suggest that tim-

ing from vaccination predicted inadequate pneumococcal titer values.

Our cohort all had at least one positive screening symptom, and

thus, does not provide data on those individuals with DS without an

IEI symptom which were not included in our study. Further, as all

individuals in the cohort in this study screened positive to at least one

screening question, the individuals may be experiencing frequent

infections, and parents in this group may be more interested to seek

out all options to prevent infection and may be less vaccine hesitant.

Analyses of those individuals with DS who had not received the

PPSV23 did not differ, suggesting that our results were not impacted

by the limited number of individuals who had received additional

immunization through PPSV23. However, our sample size limits the

ability to draw conclusions regarding the efficacy of the PPSV23 at

improving pneumococcal immunity gaps identified.

Future study could build on this project in a variety of directions.

Continued tracking of this cohort of patients with DS to determine if

there is a clinical benefit and response to receiving PPSV23 through

repeat of pneumococcal titers could build on the outcomes of the

data described here. Also, obtaining additional laboratory data to fully

describe the cellular response to vaccination, or obtaining titers on

those patients with DS who screened negative for IEI symptoms could

provide more information to characterize the vaccine response.

Future study could also include increased sample size from more

clinics, or from a population-based cohort. Given the high rates of

inadequate pneumococcal vaccine response and morbidity and mor-

tality associated with pneumonia in individuals with DS, adding

“Down syndrome” to the CDC list of “certain medical conditions”
which could receive PPSV23 is another reasonable consideration to

increase physician awareness and insurance coverage of this vaccine.

5 | CONCLUSIONS

A screener used to detect IEI did not successfully identify which

patients with DS would have abnormally low pneumococcal titers

indicating an inadequate pneumonia vaccine response. Clinicians

might consider universally measuring the 23-serotype pneumonia

titers in all individuals with DS given the high rate of abnormal pneu-

mococcal titers in our cohort.
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