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Abstract
Background The correlation between different methods for the detection of pneumococcal polysaccharide vaccine (PPV) re-
sponses to diagnose specific polysaccharide antibody deficiency (SAD) is poor and the criteria for defining a normal response
lack consensus. We previously proposed fifth percentile (p5) values of PPV responses as a new cutoff for SAD.
Objective To analyze the association of SAD (determined by either World Health Organization (WHO)-standardized ELISA or
multiplex bead-based assay) with abnormal response to Salmonella (S.) typhiVi vaccination in a cohort of patients with recurrent
infections.
Methods Ninety-four patients with a clinical history suggestive of antibody deficiency received PPV and S. typhi Vi vaccines.
Polysaccharide responses to either 3 or 18 pneumococcal serotypes were measured by either the WHO ELISA or a multiplex in-
house bead-based assay. Anti-S. typhi Vi IgG were measured by a commercial ELISA kit. Allohemagglutinins (AHA) were
measured by agglutination method.
Results Based on the American Academy of Allergy, Asthma and Immunology (AAAAI) criteria for WHO ELISA, 18/94
patients were diagnosed with SAD and 22/93 based on serotype-specific p5 cutoffs for bead-based assay. The association
between the two methods was significant, with 10 subjects showing abnormal response according to both techniques.
Abnormal response to S. typhi Vi vaccination was found in 7 patients, 6 of which had SAD. No correlation was found between
polysaccharide response and AHA, age, or clinical phenotype.
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Conclusion The lack of evidence-based gold standards for the diagnosis of SAD represents a challenge in clinical practice. In our
cohort, we confirmed the insufficient correlation between different methods of specific PPV response measurement, and showed
that the S. typhi Vi response was not contributive. Caution in the interpretation of results is warranted until more reliable
diagnostic methods can be validated.

Keywords Pneumococcal polysaccharide vaccine . specific antibody deficiency . polysaccharide antibody deficiency . primary
immunodeficiency . antibody deficiency . Salmonella typhi . SAD . allohemagglutinins

Introduction

Specific polysaccharide antibody deficiency (SAD) is a phe-
notypic entity characterized by deficient antibody production
directed against the capsular polysaccharides of encapsulated
bacteria, such as Streptococcus pneumoniae, Staphylococcus
aureus, andHaemophilus influenzae [1–3]. The production of
these antibodies is essential for optimal host defense. The
typical signs and symptoms of SAD are recurrent respiratory
tract infections (mostly otitis media, sinusitis, and pneumonia)
in the presence of normal levels of immunoglobulin (Ig)G,
IgA, IgM, and IgG subclasses, while more severe infections,
such as meningitis, septic arthritis, abscesses, and sepsis, are
rare [1–4]. SAD can be isolated in patients with an otherwise
intact immune system or make part of more severe inborn
errors of immunity. For example, SAD is a manifestation of
common variable immunodeficiency (CVID), several com-
bined immunodeficiencies (e.g., 22q11 deletion, Wiskott-
Aldrich syndrome, ataxia-telangiectasia), defects of nuclear
factor (NF)-κB signaling pathway (e.g., IKBKG, NFKB1,
NFKB2), cystic fibrosis, asplenia, and Down syndrome [2,4].

The diagnosis of SAD is classically based on the measure-
ment of serotype-specific IgG against pneumococcal polysac-
charide vaccines (PPV) by an enzyme-linked immunosorbent
assay (ELISA), standardized by the World Health
Organization (WHO) in 1995 [5]. The American Academy
of Allergy, Asthma and Immunology (AAAAI) defines a nor-
mal response to PPV as a post-vaccination IgG concentration
≥ 1.3 μg/ml and a two-fold increase of the post-vaccination
concentration when compared with the pre-vaccination con-
centration (unless pre-vaccination IgG > 4 μg/ml) [6]. A
healthy subject should achieve these values for at least 70%
of tested serotypes (50% for children aged 2–5 years).
Multiplex bead-based assays for specific PPV IgG determina-
tion are increasingly being utilized, thanks to their ease of use,
fast turn-around time, and low cost compared with the WHO
ELISA. However, the poor correlation of results from multi-
plex and ELISA assays, low reproducibility between different
laboratories, and lack of standardized thresholds to define a
normal or abnormal response remain problematic [1, 2, 7–9].
Other tests have been proposed as complementary or as alter-
native to pneumococcal polysaccharide response for the diag-
nosis of SAD, such as measurement of allohemagglutinins

(AHA) and of anti-Salmonella (S.) typhi Vi antibodies, which
are both anti-polysaccharide antibodies [6, 10–14].

We previously established cutoff values for anti-
pneumococcal polysaccharide antibodies measured by
WHO ELISA and by an in-house Luminex bead-based
assay, for anti-S. typhi Vi antibodies and for AHA in a
large cohort of healthy volunteers [14]. We demonstrat-
ed that the AAAAI criteria resulted in a 30% of healthy
subjects being defined as SAD, while applying
population-based fifth percentile (p5) values resulted in
only 2–4% SAD, using the WHO ELISA or bead-based
assay respectively [14]. In this study, we applied these
thresholds to patients with symptoms compatible with
antibody defects to determine the proportion of subjects
with SAD as identified by the various methods, and to
study the potential added value of measuring S. typhi
responses. Moreover, we tested the correlation between
the different assays/criteria used.

Materials and Methods

Study Design

We conducted a prospective cohort study in patients referred
to the Pediatric or Adult Immunology Clinic of University
Hospitals Leuven, Belgium. The study was approved by the
ethical committee of the hospital and written informed consent
was obtained from the patients or their parents. Patients were
enrolled when they met the following inclusion criteria: (i)
medical history suggestive of antibody deficiency (including
recurrent lower and upper respiratory tract infections, otitis
with or without otorrhea, skin/soft tissues/invasive bacterial
infections), so that assessment of polysaccharide antibody re-
sponse was indicated for the clinical care of the patient; (ii) age
between 2 and 55 years. Exclusion criteria were as follows: (i)
vaccination with an unconjugated polysaccharide Salmonella
vaccine or pneumococcal vaccine in the previous 5 years; (ii)
previous allergic reaction to any vaccine; (iii) pregnancy at the
time of enrolment. A blood sample was obtained at inclusion
to determine baseline antibody levels against PPV, S. typhiVi,
AHA, and blood group. Typhim Vi™ (Sanofi Pasteur, Lyon,
France) and Pneumovax 23™ (Merck Sharp en Dohme B.V.,
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Haarlem, the Netherlands) vaccines were administered by in-
tramuscular injection at the same visit in two distinct sites
(right and left deltoid muscle). Information on the clinical
history and potential previous contact with S. typhi was ob-
tained by a physician via a standardized case record form.
Four weeks after vaccination, a second blood sample was
obtained for post-vaccination antibody concentrations. Pre-
and post-vaccination blood was separated by centrifugation
and serum was stored at − 20 °C until simultaneous analysis
of specific IgG. Median time in storage was 6 months, with a
range of 1–12 months.

Antibody Response to PPV

Anti-pneumococcal polysaccharide IgG against three sero-
types (8, 9N, and 15B) that are not included in the existing
pneumococcal conjugated vaccines (PCV) were measured by
the third-generation WHO ELISA, incorporating adsorption
of samples with cell wall polysaccharide and capsular poly-
saccharide 22F [13]. Only three serotypes were included
based on standard laboratory practice in our hospital. We pre-
viously demonstrated high precision of the ELISA assay in
our laboratory [15, 16]. Antibody measurement of specific
anti-pneumococcal IgG antibodies to serotypes 1, 3, 4, 5,
6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F (included in both
13-valent PCV and PPV), and of serotypes 8, 9N, 10A, 17F,
20, and 33F (included in PPV but not in any PCV) was per-
formed at the Statens Serum Institute using an in-house
Luminex bead-based assay, based on the procedure described
by Lal et al. [17]. This method permits the simultaneous mea-
surement of all 18 serotype-specific IgG in a single well.
Briefly, pneumococcal polysaccharides purchased from LGC
Standards (American Type Culture Collection, VA, USA) or
from SSI Diagnostica (Hilleroed, Denmark) were conjugated
to poly-l-lysine and then covalently bound to carboxylated
microspheres (Luminex, TX, USA). Serum samples (and the
89SF standard) were pre-adsorbed in adsorbance buffer con-
taining CWPS Multi (SSI Diagnostica, Hilleroed, Denmark)
and then incubated with the conjugated microspheres, follow-
ed by incubation with R-phycoerythrin-conjugated anti-
human IgG (Jackson ImmunoResearch laboratories, West
Grove, PA, USA). Finally, the microspheres were read on a
Bio-Plex 200 system (Bio-Rad, Hercules, CA, USA). Data
were acquired using Bio-Plex Manager 5.0 (Bio-Rad
Hercules, CA, USA). Pneumococcal polysaccharide serum
calibrated to the FDA 89SF reference serum was used as a
reference [18]. Serum IgG concentrations were calculated
using a standard curve of median fluorescent intensity (MFI)
against expected IgG concentration for FDA 89SF and con-
verted to micrograms per milliliter. Pre- and post-
immunization samples were analyzed on the same plate.
Each sample was analyzed in duplicate, and analysis was re-
peated if the coefficient of variation between duplicates was

above 10%. To analyze the results for the serotypes measured
by Luminex bead-based assay, patients were divided into three
groups according to the year of birth, in order to control for
previous vaccination with PCV, offered to all children in
Belgium since 2004 (PCV7) or 2011 (PCV13). For patients
born before 2004, all serotypes were included in the analysis,
for those born between 2004 and 2011, only the 11 serotypes
not present in PCV7, and for those born after 2011, only the 6
not present in PCV13.

Antibody Response to S. typhi Vi Vaccine

Specific antibodies to S. typhiVi vaccine were measured using
a commercially available ELISA kit (VaccZyme™ anti-
S. typhi Vi human IgG EIA kit from The Binding Site
Group Ltd., Birmingham, UK). Samples, standards, and qual-
ity controls were run in duplicate following the manufacturer’s
instructions. Pre- and post-vaccination samples were analyzed
on a single plate in a single run. The results were expressed as
units per milliliter (range 7.4–600 U/ml). Samples resulting in
a value below the lower limit of detection (< 7.4 U/ml) were
set to 3.7 U/ml. Values above the upper limit of detection
(600 U/ml) are reported as 600 U/ml.

Detection of Allohemagglutinins

Blood group and AHA were determined on pre-vaccination
EDTA blood samples. Anti-A and anti-B IgG and IgM (AHA)
were determined by the Immunohematology Laboratory of
the Red Cross Flanders, using column agglutination technol-
ogy (Bio-Rad®) with LISS Coombs columns and neutral col-
umns, respectively, as previously described [13].

Statistical Analysis

Correlation between continuous variables (IgG values, num-
ber of infections) was analyzed by linear regression. Fisher’s
exact test of independence was used to calculate the statistical
significance of the correlation between categorical variables
(S. typhi antibody response, SAD diagnosis, AHA response,
age groups). Statistical analyses were performed with
GraphPad Prism (v. 8.0.0, CA, USA).

Results

Study Population

Ninety-nine patients were included. Five did not conclude the
study: three because they did not receive the Typhim Vi™
vaccine and two because they withdrew voluntarily.
Analyses were thus performed in 94 patients.
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The cohort consisted of 79 children between 2 and 18 years
old and 15 adults between 20 and 52 years old. The median age
was 4 years (range 2–52 years, interquartile range 2–9.5 years)
and themale to female ratiowas 1:0.8 (52males and 42 females).
Most subjects were of European descent, except 3 of North-
African, 1 of Persian, and 1 of Turkish descent. The median
interval between the vaccination and the post-vaccination blood
sample was 28 days (interquartile range 27–31 days).

Most patients suffered from upper and/or lower respiratory
tract infections. Thirty-seven patients (39%) manifested one or
more episodes of pneumonia and one had computed
tomography-confirmed bronchiectasis; recurrent upper respira-
tory tract infections were reported in 91 patients (97%), 77 of
whom (82%) suffered from more than four episodes per year.
Recurrent otitis was present in 44 patients (47%), 34 of whom
(36%) had more than 4 episodes in the last 5 years. Eighteen
patients (19%) suffered from invasive infections, including sep-
sis, meningitis, septic arthritis, deep abscesses, or pyelonephri-
tis; one patient had recurrent severe herpes simplex and
varicella-zoster cutaneous infections; two had chronic mucocu-
taneous candidiasis (CMC); and four patients suffered from
recurrent superficial bacterial infections (abscesses/cellulitis).

Other manifestations included the following (each only
present in a single different subject): chronic fatigue and fi-
bromyalgia, granulomatous hepatitis, severe eczema and al-
lergy, Saethre-Chotzen syndrome (craniosynostosis), and re-
current parotitis.

Further analyses as part of the clinical and diagnostic work-
up of the subjects and not directly related to this study identi-
fied 4 patients with an underlying condition affecting the im-
mune system: one with cystic fibrosis, one with trisomy 21,
one with complement factor 8 deficiency, and one with inhib-
itor of nuclear factor kappa B kinase subunit beta (IKK2 or
IKK-β) deficiency.

No serious or severe vaccine-related adverse events were
reported. Minor adverse events included fever (n = 2), local
tenderness and redness at the site of PPV injection (n = 5),
diffuse skin rash (n = 2), and syncope at the time of injection
(n = 2).

Pneumococcal Polysaccharide Antibody Response

PPVantibody response was determined for all 94 subjects by
WHO ELISA and for 93 subjects by bead-based assay.

Based on the AAAAI guidelines for SAD on WHO
ELISA, 4 subjects responded to 0/3 and 14 to 1/3 tested sero-
types (8, 9N, and 15B), thus falling in the group of SAD
patients (18/94, 19%). Fold increase over post-vaccination
IgG values for serotypes 8, 9N, and 15B are shown in supple-
mental figure S1. Of note, 16/18 of the patients who were
included as SAD due to a fold increase below 2 and pre-
vaccination titers < 4 μg/ml had indeed pre- and post-
vaccination titers > 1.3 μg/ml.

We then applied serotype-specific fifth percentile (p5)
cutoff values for post-vaccination IgG and fold increase
to the bead-based assay results, as previously deter-
mined [14]. Defining a normal response as post-
vaccination IgG value and fold increase ≥ p5 for at least
70% of the included serotypes (50% for children aged
2–5 years), 22 patients (23%) could be classified as
having SAD. Serotype-specific post-vaccination IgG
and fold increase determined by WHO ELISA and
bead-based assay are shown in Fig. 1.

When we applied the previously determined p5 cutoffs to
the WHO ELISA results, two other patients scored as SAD,
but 14 others were instead not identified (SAD proportion
6%). Of these, 9 belonged to the group of SAD patients de-
tected by bead-based assay (supplemental figure S2).

S. typhi Antibody Response

Based on our previously determined p5 values [14], we con-
sidered a normal response as post-vaccination IgG value ≥
11.2 U/ml and fold increase ≥ 2 (unless pre-vaccination titer
≥ 100). These criteria are comparable with those determined
by other studies [11,12,19,20]. Five patients had pre-
vaccination titers ≥ 11.2 U/ml, but none had values ≥ 100 U/
ml (range 15.8–65 U/ml). Applying the aforementioned
criteria, 7 patients (7%) did not respond to the S. typhi Vi
vaccination. Paired pre- and post-vaccination IgG levels and
grouped post-vaccination IgG levels and fold increase are
shown in supplemental figures S3 and S4.

Allohemagglutinins

Blood group and AHA were determined in 91 patients. Two
subjects had blood group AB and no AHA. Forty-one patients
had blood group A, 5 blood group B, and 43 blood group O.
Considering IgG, 10 patients had abnormal AHA titers (de-
fined as anti-B below ½ or anti-A below ¼, as previously
published [14]). Among patients with blood group A, 3 had
no anti-B AHA and 4 had low anti-B titer. One patient with
blood group B had low anti-A titer, and two patients with
blood group O had either low anti-A or anti-B titer.

Comparison of Polysaccharide Antibody Responses:
WHO ELISA vs. Bead-Based Assay

We considered the 93 patients for whom both WHO ELISA
and bead-based assay PPVantibody responses were available.
Of 18 patients with SAD based on WHO ELISA, 10 also fall
in the SAD category according to the bead-based assay results
(Fisher’s exact test p = 0.001, supplemental figure S5). We
then used linear regression to determine if paired results for
the two serotypes analyzed by both methods (8 and 9N) cor-
related, but significant associations were found neither for IgG
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values (r2 0.12 and 0.37 for serotype 8 and 9N respectively)
nor fold increase post-vaccination (r2 0.17 and 0.13). Paired
results are shown in supplemental figure S6.

Comparison of Polysaccharide Antibody Responses:
Can the S. typhi Antibody Response Be Used
to Diagnose SAD?

We assessed whether low pneumococcal polysaccharide re-
sponse (according to WHO ELISA or bead assay)
corresponded to low S. typhi polysaccharide response in our

cohort of patients. All subjects with SAD according to the
ELISA assay or the bead-based assay and the non-
responders to S. typhi Vi vaccination are represented in
Fig. 2 and their clinical characteristics are summarized in sup-
plemental table S1.

Four patients had overlapping abnormal results according
to all three tests. P17 is 44 years old and suffers from recurrent
pneumonia and upper respiratory tract infections. P52 is
43 years old and suffers from recurrent upper respiratory tract
infections and otitis. P76 is 7 years old and suffers from re-
current upper respiratory tract infections. P60 is a 2-year-old

Fig. 1 Serotype-specific IgG levels (a) and fold increase (b) post-
vaccination with PPV, measured by WHO ELISA or bead-based assay
as indicated. Dots represent single patients, solid lines indicate medians,

the dotted line indicates the AAAAI cutoff values for the ELISA, and
dashed lines the p5 cutoff values for the bead-based assay (previously
calculated as in a cohort of healthy controls [14])
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boy (later shown to carry a hypomorphic IKBKBmutation, not
yet published) who manifested S. pneumoniae sepsis and sep-
tic arthritis, S. pyogenes lymph node abscess and suffers from
recurrent upper respiratory tract infections and otitis. He is the
only subject with deficient polysaccharide response to both
PPV and S. typhi Vi to display also an abnormal AHA
production.

Of the remaining 3 subjects with abnormal S. typhi poly-
saccharide response, 2 also have SAD according to the bead-
based assay. Conversely, 6 patients have SAD according to
both WHO ELISA and bead-based assay but normal S. typhi
polysaccharide response.

We wanted to address the question if the determination of
S. typhi antibody response could assist in the diagnosis of pa-
tients affected with SAD. In our cohort, abnormal S. typhi poly-
saccharide response was found in 7 subjects, of whom 4 also
had SAD according to WHO ELISA (4/18) and 6 had SAD
according to the bead-based assay (6/22). Association of abnor-
mal S. typhi antibody response and SAD was significant
(p < 0.001 for the bead-based assay and p = 0.02 for the
WHO ELISA). We calculated the positive (ppv) and negative
(npv) predictive value of S. typhi antibody response using the
WHO ELISA or the bead-based assay as our reference test
alternately. We found ppv 0.57–npv 0.84 for WHO ELISA
and ppv 0.86–npv 0.82 for bead-based assay. This implies that
while an abnormal S. typhi antibody response is mostly associ-
ated with SAD (specificity 96% based on WHO ELISA and
98% on bead-based assay), the test is not sensitive enough to
identify most of the affected patients when relying on the pre-
viously established assays (sensitivity 22% based on WHO
ELISA and 27% on bead-based assay, supplemental figure S5).

Correlation Between AHA and Abnormal
Polysaccharide Response

When AHA results are compared with PPV and S. typhi Vi
antibody responses, only the patient with a defect of IKK-β

results deficient in the production of all tested antibodies.
AHA below normal ranges are present in 5 patients with
SAD: 3/10 subjects with SAD according to both WHO
ELISA and bead-based assay and 2/8 remaining subjects with
SAD according to WHO ELISA (Fig. 3). The test reveals a
sensitivity of 27% or 13% and a specificity of 93% or 89% for
the identification of SAD patients according to WHO ELISA
or bead-based assay, respectively. The association of AHA
results with SAD is not significant according to the bead assay
(p = 0.7) and significant according toWHOELISA (p = 0.02).

Correlation Between Clinical Phenotype, Age
and Abnormal Polysaccharide Response

No correlation with age nor with the clinical presentation
(considering the frequency of total infections or the number
of pneumonia/otitis singularly) could be found for neither
PPV nor S. typhi Vi antibody response.

The group of patients diagnosed with SAD included a child
with recurrent invasive pyogenic infections due to IKK-β de-
ficiency and a child with recurrent pneumonia and early-onset
bronchiectasis, in line with the textbook SAD phenotype.
However, three adults manifested symptoms beyond those
typically associated with SAD: two patients suffered from
CMC in addition to pneumonia and upper respiratory tract
infection, and one patient was diagnosed with granulomatous
hepatitis in the context of CVID.

Discussion

The lack of consensus and of evidence regarding the diagnos-
tic criteria of SAD represents a challenge in daily clinical
practice [1]. The widely adopted AAAAI guidelines were
originally based on personal communications and small pa-
tient samples, rather than large controlled data sets, thus con-
tributing to the controversy on the definition and correct

Fig. 2 Venn diagram showing the
patients (black dots) with
abnormal antibody response
according to the WHO ELISA,
the bead-based assay and the
S. typhi antibody response.
Numbers in the circles indicate
number of patients. Total number
of patients tested, 93
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assessment of SAD [1, 10]. An additional problem is repre-
sented by the fact that many health care providers do not have
access to the WHO ELISA to measure PPV responses and use
bead-based assays instead. We here compared these two
methods as well as the antibody responses to S. typhi and
AHA in a large cohort of patients, including a considerable
share of pediatric patients immunized with S. typhiVi vaccine.

We confirm that different methods of determination
of PPV antibodies do not correlate well [1, 2, 7, 8],
and even if the association between SAD diagnosed
by WHO ELISA and by bead-based assay is significant,
several patients would be considered not-SAD when
using a single method. This observation could be linked
to the fact that the immunogenicity of different PPV
serotypes is extremely variable, and most subjects do
not respond equally to the various serotypes (Fig. 1,
supplemental table S1) [14, 21]. Moreover, different
capsular polysaccharides have age-dependent immunoge-
nicity [22]. Given the younger median age of this dis-
eased population versus the healthy population previous-
ly reported (median age 4 years and range 2–52 years
in the patients vs median age 25 years and range 10–
55 years in the controls) [14], we would have expected
an increased proportion of patients diagnosed with SAD.
As this is not the case, over-interpretation as non-
responders due to younger age is unlikely [22]. To put
the patients’ results in perspective, 11% of the subjects
from the healthy cohort could be classified as SAD
according to the AAAAI criteria on WHO ELISA re-
sults, which reduced to 2% when fifth percentile cutoffs
were applied, while for the patients the proportions were
19% and 6%, respectively. Similarly, the bead-based as-
say detected 4% of SAD in this healthy population and
23% in the cohort of patients [14].

In our study, we performed the WHO ELISA for
only three PPV serotypes, thus limiting the precision
of our detection of non-responding individuals, and pos-
sibly explaining the partial discordance between WHO
ELISA and bead-based assay results. This great inter-
individual variability complicates the search for a reli-
able method for testing PPV antibody response that

ideally requires the analysis of antibodies to a large
number of serotypes. Further complicating matters, the
criteria proposed by AAAAI to define non-responders,
such as a less than two-fold increase of the titers
before/after vaccination unless the pre-vaccination titers
are > 4 μg/ml, are entirely arbitrary [6]. Among our
patients, 16 out of 18 SAD who were identified on
WHO ELISA by the “less than two-fold increase” cri-
terion actually have pre- and post-immunization titers >
1.3 μg/ml, leaving open the possibility of a different
interpretation of their antibody response. An additional
hindrance is represented by the now widespread offer of
pneumococcal conjugated vaccines to young children in
most European and North-American countries, which
elicit a combined immunological response and can thus
mask a polysaccharide antibody deficiency, limiting the
number of serotypes available for diagnostic PPV
challenge.

For this reason, we looked into the possibility that
the polysaccharide response to S. typhi Vi or the AHA
titer could aid in the identification of SAD patients, as
previously indicated in other studies [6,11,12]. We
found that while abnormal IgG production post-
vaccination with S. typhi Vi correlates well with both
WHO ELISA and bead-based assay, and while the assay
has a good specificity for diagnosing SAD, it is not
sensitive enough to be reliably used as a single test
for the identification of patients. One of the explana-
tions of this diversity in response may also lie in the
different nature of the capsular polysaccharides of
S. typhi and of S. pneumoniae. The alleged association
between low AHA and SAD, still cited in textbooks and
clinical guidelines despite only anecdotal evidence [6,
10], is currently not considered to be significant, as
previously shown [13, 23] and confirmed in this study.

We suggest that SAD should be considered an immu-
nological phenotype associated with a broad clinical ex-
pression, and not a well-defined end diagnosis. In our
experience, the clinical manifestations of patients with
SAD are varied and not restricted to the respiratory tract.
In our cohort of patients with suggestive symptoms, the

Fig. 3 Venn diagram showing the patients (black dots) with abnormal antibody response according to AHA determination, S. typhi antibody response
and either theWHO ELISA or the bead-based assay, as indicated. Numbers in the circles indicate number of patients. Total number of patients tested 91
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rate of diagnosis of SAD is 19–23% depending on the
test, in line with most published reports [3, 24–26].
Interestingly, only one patient manifested bronchiectasis,
a trait that was previously found to strongly correlate with
SAD [13,26,27].

To conclude, we suggest caution in the interpretation
of PPV responses, until a reliable method, which may
consist of assessing the function of antibodies and not
only their levels, can be devised, or until more studies
strengthen the evidence in support of a single assay or a
combination of existing assays, e.g., the bead-based as-
say with p5 cutoffs and the S. typhi antibody response.
Moreover, as molecular diagnoses gain further impor-
tance with time, it is probable that assays such as the
measurement of polysaccharide antibody responses will
become redundant or less relevant for clinical care. In
line with other recommendations [1, 2], patients’ care
should rely on the correlation of the results with the
clinical phenotype and evolution to determine the best
therapeutic strategy, on a case-by-case basis. From a
research point of view, in-depth molecular analyses of
the B cells and immune system of these patients could
be useful to finally unveil the origin of specific poly-
saccharide antibody deficiency, especially by comparing
subjects with deficient responses to all or only a specif-
ic group of microbial polysaccharides.
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