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Summary
Unlike immunoglobulin (Ig)G pneumococcal polysaccharide (PnPS)-antibodies, PnPS
IgA and IgM-antibodies are not routinely determined for the assessment of immunocompetence. It is not yet known whether an isolated inability to mount a normal IgM or
IgA-PnPS response should be considered a relevant primary antibody deficiency (PAD).
We studied the clinical relevance of anti-PnPS IgM and IgA-assays in patients with
suspected primary immunodeficiency in a large teaching hospital in ’s-Hertogenbosch,
the Netherlands. Serotype-
specific-
PnPS IgG assays were performed; subsequently,
23-valent-PnPS IgG assays (anti-PnPS IgG assays), and later anti-PnPS IgA and IgM
assays, were performed in archived material (240 patients; 304 samples). Eleven of 65
pre-and six of 10 post-immunization samples from good responders to PnPS serotype-
specific IgG testing had decreased anti-PnPS IgA and/or IgM titres. Of these, three pre-
and no post-immunization samples were from patients previously classified as ‘no PAD’.
Determination of anti-PnPS IgA and IgM in addition to anti-PnPS IgG did not reduce the
need for serotype-specific PnPS IgG testing to assess immunocompetence [receiver operating characteristic (ROC) analysis of post-immunization samples: anti-PnPS IgA + IgG
area under the curve (AUC) = 0.80, 95% confidence interval (CI) = 0.63–0.97; anti-PnPS
IgM + IgG AUC 0.80, 95% CI = 0.62–0.98; anti-PnPS IgA + IgG + IgM AUC = 0.71,
95% CI = 0.51–0.91; anti-PnPS IgG AUC = 0.93, 95% CI = 0.85–1.00]. Our data show
that patients classified as having an intact antibody response based on measurement of
serotype-specific PnPS IgG can still display impaired anti-PnPS IgM and IgA responses,
and that the additional measurement of anti-PnPS IgA and IgM could not reduce the need
for serotype-specific IgG testing. Future studies are needed to investigate the clinical relevance of potential ‘specific IgA or IgM antibody deficiency’ in patients with recurrent airway infections in whom no PAD could be diagnosed according to the current definitions.
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I N T RO D U C T ION
Specific antibody deficiency (SPAD) is defined as the inability
to mount an immunoglobulin (Ig)G antibody response to purified Streptococcus pneumoniae capsular polysaccharide antigens in the presence of normal immunoglobulin concentrations
and normal antibody responses to protein antigens [1]. SPAD
was first reported in a small group of patients in the early 1980s
[2,3]. Patients with SPAD suffer from recurrent ear–
nose–
throat (ENT) and airway infections with encapsulated bacteria.
Pneumococcal polysaccharide (PnPS) antibodies can be measured as the cumulative titre of antibodies to all 23 serotypes
present in the PnPS vaccine (hereafter called ‘anti-PnPS IgG
assay’), or as individual serotype-specific antibodies (hereafter called ‘serotype-specific PnPS IgG testing’) [4–6]. Such
serotype-specific PnPS IgG testing is expensive, not widely
available, and interpretation of the results has proved to be challenging [7,8]. The anti-PnPS IgG assay has been shown to be
a reliable screening test for poor [9] as well as for good [10]
serotype-specific PnPS IgG responders to PnPS vaccine in
conjugated pneumococcal (Pn-C) vaccine-naive patients. This
reduces the number of patients needing serotype-specific PnPS
IgG testing, thus reducing the costs while maintaining the quality of the diagnostic assessment for potential SPAD.
The cumulative PnPS antibody response can also be
measured for IgM-and IgA-type antibodies, but this is not
routinely performed for the assessment of immunocompetence or risk of pneumococcal infection [11–14]. Anti-PnPS
IgA and IgM antibody responses have been investigated in
healthy donors [12–14], patients with common variable immunodeficiency disorders (CVID) [11,15], patients with
primary antibody deficiency (PAD) [16] and children with
transient hypogammaglobulinaemia of infancy (THI) [17].
The anti-PnPS IgA and IgM assays identify CVID patients
with greater risk of infectious and non-infectious (autoimmunity, enteropathy) complications [11,15,16,18] and predict
the disease course in young children diagnosed with antibody
deficiency [19]. However, it is unknown whether an isolated
inability to mount a normal IgM or IgA PnPS response should
be considered a clinically relevant PAD. Theoretically, such
specific IgM or IgA antibody deficiencies could be clinically
relevant, because IgM and IgA are predominant immunoglobulin isotypes in the upper and lower airways with different effector mechanisms to IgG [20,21].
In this study, we investigated the clinical relevance of anti-
PnPS IgM and IgA assays in addition to the anti-PnPS IgG
assay when analysing patients for potential PAD in a general hospital population. Our first objective was to investigate whether there were patients in our cohort with recurrent
ENT and/or respiratory tract infections labelled as ‘no PAD’
based on a good response in serotype-specific PnPS IgG assays [10] with a reduced anti-PnPS IgA and/or IgM response.
Secondly, we investigated whether adding anti-PnPS IgA
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and/or IgM assays to the anti-PnPS IgG assay could reduce
the need for serotype-specific PnPS testing.

M ATERIAL S AND M ETHODS
Study design
Anti-PnPS IgA and IgM assays were performed on 304 blood
samples, obtained from 240 patients in regular patient care
who were analysed for the potential presence of primary immunodeficiency (PID) in the Jeroen Bosch Hospital (JBZ) in
’s-Hertogenbosch, the Netherlands, between February 2012
and December 2018. Of these, 61 samples were from 49 patients who were previously vaccinated with the Pn-C vaccine.
Residual samples were stored at ≤−80°C and later retrieved
from the laboratory to perform anti-PnPS IgA and IgM assays between September and November 2019; anti-PnPS IgG
assays were previously performed (and published) between
August and September 2018 [10]. Most patients (n = 84)
were diagnosed with unclassified primary antibody deficiency (unPAD): deficiency of IgG, and/or combination(s) of
deficiency of IgG-subclass(es), IgM, IgA or specific antibodies. Thirteen patients were diagnosed with common variable
immunodeficiency disorders (CVID), four with selective IgA
deficiency (sIgAdef), three with selective IgM deficiency
(sIgMdef), two with transient hypogammaglobulinaemia of
infancy (THI), four with another type of PID than PAD, one
with human immunodeficiency virus infection (HIV) and
eight with secondary immunodeficiency. In 87 patients it
was concluded that they did not have a PID; in 34 patients
there was no definitive diagnosis because of incomplete data.
High-resolution CT (HRCT) scans were available for 68 patients; these were scored by a thoracic radiologist according
to the ‘chest CT in ADS’ criteria [22]. The study was granted
ethical approval by the local medical ethics committee and
written informed consent was obtained from all adults and
parents of the children.

Methods
ELISA for the quantification of anti-PnPS IgG,
IgM and IgA
Commercially available ELISA kits [VaccZymeTM pneumococcal capsular polysaccharide enzyme-linked immunosorbent assay (ELISAs), The Binding Site Group Limited, UK]
were used to measure anti-PnPS IgG, IgM and IgA, according to the manufacturer’s instructions. Absorption of interfering anti-cell wall polysaccharide (anti-CWPS) antibodies
was incorporated into these assays. Cut-offs used for Pn-C
vaccine-naive patients were the lower limit of the normal

   

45%
62%

#See under ‘*’; statistical analysis not possible because of too few samples (n = 2). These patients were both female.

*Statistical analysis not possible because of too few samples (n = 2). These patients were aged 6.7 and 3.9 years at the time of measurement.

20%
31%
Gender (% female)

Abbreviations: IQR, interquartile range; Pn-C, pneumococcal conjugated.

49.4 (16.2–68.0)

#

64%

26

49.0 (36.5–65.8)
42.2 (21.8–61.2)
4.6 (4.5–6.8)
*

175
5
2
54

4.7 (2.7–6.1)

Number of samples

4–8 weeks
post-immunization
Pre-
immunization

Pn-C pre-vaccinated patients
Baseline characteristics
TABLE 1

Data were analysed using SPSS version 27.0 software (SPSS
Inc., Chicago, IL, USA) and GraphPad Prism version 6.0 software (GraphPad Software, La Jolla, CA, USA) for Mac. The
Mann–Whitney U-
test was used for unpaired comparisons
of anti-PnPS IgG, IgA and IgM titres in: (1) pre-and post-
immunization samples (often both were not available from the
same patient), (2) poor and good responders to PnPS vaccination, as determined by the serotype-specific assay, (3) patients
with and without PAD and (4) patients with and without bronchiectasis. Separate analyses were performed for patients who
were previously immunized with Pn-C vaccine. Spearman’s
correlation coefficient (r) was estimated to determine the linear
association between the anti-PnPS IgG, IgM or IgA titres and
serum immunoglobulins. The results were interpreted according to the degree of association as strong (r = 0.7–1), moderate
(r = 0.5–0.7) or low (r = 0.3–0.5) after taking significant correlation values (P < 0.05) into consideration. In order to be able to
compare anti-PnPS IgA and IgM titres (U/ml) with anti-PnPS
IgG titres (µg/ml), these values in our data set were standardized by converting them into Z-scores. To determine whether
the sum of anti-PnPS IgG, IgA and/or IgM titres could better
predict whether that patient was a good or a poor responder to
PnPS vaccination as assessed by the serotype-specific assay,
compared to the anti-PnPS IgG titre alone, receiver operating
characteristics (ROC) curves were plotted and the areas under
the curve (AUCs) were calculated. This was performed separately for pre-and 4–8 weeks post-immunization titres. All tests
were two-tailed and P-values < 0.05 were considered statistically significant.

> 8 weeks
post-immunization

Statistical analysis

Age at time of measurement (years,
median, IQR range)

Vaccine-naive patients

The Luminex multiplex immunoassay was used to measure
serotype-specific IgG antibodies against PnPS, as previously
described [10], including CPS 22F adsorption to block anti-
CWPS antibodies [4]. For assessing the response to PnPS
vaccination a blood sample was drawn 4–8 weeks after intramuscular vaccination with one dose of 23-valent PnPS vaccine (Pneumovax 23; Merck, Sharp & Dohme BV, Haarlem,
the Netherlands). A good response to PnPS vaccination was
defined according to the international consensus response
criteria [23].

Pre-immunization

Quantification of serotype-specific anti-PnPS
IgG antibodies

4–8 weeks
post-immunization

> 8 weeks
post-immunization

range (LLNR), as determined by Parker et al. in healthy
adults (pre-immunization: anti-PnPS IgG 10 µg/ml, anti-PnPS
IgA 6 U/ml, anti-PnPS IgM 16 U/ml; post-immunization:
anti-PnPS IgG 77 µg/ml, anti-PnPS IgA 78 U/ml, anti-PnPS
IgM 60 U/ml) [13].
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RE S U LTS
The baseline characteristics of the 304 blood samples, obtained
from 240 patients, are summarized in Table 1. The age-specific
responses to PnPS vaccination are shown in Supporting information, Figure S1 for vaccine-naive patients and in Supporting
information, Figure S2 for pre-immunization titres of Pn-C pre-
vaccinated patients. In vaccine-naive patients, the anti-PnPS
IgM titres pre-immunization and > 8 weeks post-immunization
were lower in patients aged 61–80 years, compared to patients
aged 0–20 years (P = 0.0001 and P = 0.0002, respectively).
Age did not influence the anti-PnPS IgA or IgG response in
this vaccine-naive patient cohort with suspected PID. In Pn-C
pre-vaccinated patients with suspected PID there was no significant difference between the pre-immunization anti-PnPS
IgM, IgA and IgG titres at 1–2 years of age and ≥ 8 years
of age (P = 0.546, P = 0.497 and P = 0.999, respectively).
Because of too few data for post-immunization titres in Pn-C
pre-vaccinated patients, this analysis could not be performed
for post-immunization titres in this group.

Comparison of all cumulative antibody tests in
all samples
Spearman’s correlation analysis revealed a moderate correlation between anti-PnPS IgG and anti-PnPS IgA (r = 0.52,
P < 0.0001), while a poor correlation was observed between
anti-PnPS IgM and anti-PnPS IgA (r = 0.39, P < 0.0001) and
anti-PnPS IgG and anti-PnPS IgM (r = 0.23, P < 0.0001;
Supporting information, Figure S3). There was a moderate
correlation between anti-PnPS IgM and the serum IgM level
(r = 0.54, P < 0.0001; Supporting information, Figure S4).
Poor correlations were found between anti-PnPS IgA and
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serum IgA (r = 0.38, P < 0.0001) and anti-PnPS IgG and
serum IgG (r = 0.03, P = 0.665). As expected, IgA-and IgM-
deficient patients did not produce anti-PnPS IgA or IgM,
respectively.

Patients previously classified as no-PAD based
on their IgG response only
To investigate whether patients from our cohort with recurrent airway infections who had been classified as ‘no PAD’,
based on normal serotype-
specific PnPS IgG vaccination
response and normal serum immunoglobulin levels, could
have defective anti-PnPS IgA and/or IgM responses, pre-
and post-immunization anti-PnPS IgA and IgM titres were
divided into four groups (IgA/IgM both decreased, only IgA
decreased, only IgM decreased and IgA/IgM both normal;
Figure 1a,b). Eleven of 65 pre-immunization samples and
six of 10 post-immunization samples from patients with a
good response to PnPS serotype-specific IgG testing had decreased anti-PnPS IgA and/or IgM titres. Of these, three pre-
immunization samples and none of the post-immunization
samples were from patients who were previously classified
as ‘no PAD’ (Figure 2). The data, therefore, indicate that up
to 60% (six of 10) of patients with an adequate anti-PnPS IgG
response still can display defects in the ability to generate a
sufficient anti-PnPS IgM and/or IgA response.

The added value of anti-PnPS IgA and IgM
assays in Pn-C vaccine-naive patients
The anti-
PnPS IgG, IgA and IgM concentrations pre-
immunization and in response to PnPS vaccination in all

F I G U R E 1 Pre-(a) and post-immunization (b) anti-pneumococcal polysaccharide (PnPS) immunoglobulin (Ig)A and IgM titres distinguished
four immunological groups: (1) IgA/IgM both decreased, (2) only IgA decreased, (3) only IgM decreased and (4) IgA/IgM both normal [the lower
limit of the normal range (LLNR) cut-offs: 6 U/ml for pre-and 78 U/ml for post-immunization anti-PnPS IgA; 15 U/ml for pre-and 60 U/ml for
post-immunization anti-PnPS IgM, according to Parker et al. [13]). Poor serotype-specific PnPS IgG responders are coloured grey; good serotype-
specific PnPS IgG responders are coloured black. In Fig. 1a, the anti-PnPS IgA values of two samples have been rounded from 0.0 to 0.1 U/ml to
make these points visible in the logarithmic scale
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F I G U R E 2 Patients previously classified as ‘no PAD’ based on their immunoglobulin (Ig)G response, with abnormal results in the anti-
pneumococcal polysaccharide (PnPS) IgA and/or IgM assays. Abbreviations: PAD, primary antibody deficiency; PID, primary immunodeficiency;
RTI, respiratory tract infections; sIgAdef, selective IgA deficiency; sIgMdef, selective IgM deficiency; unPAD, unclassified primary antibody
deficiency

F I G U R E 3 Pre-and post-immunisation cumulative anti-pneumococcal polysaccharide (PnPS) immunoglobulin (Ig)M, IgA and IgG titres for
good (black dots) and poor (grey dots; outliers marked as open circles) responders as assessed by serotype-specific PnPS IgG testing. P-values were
calculated with Mann–Whitney U-tests

Pn-C vaccine-naive patients are shown in Figure 3, categorized as either good or poor responders as assessed by the
serotype-specific IgG assay in the same samples. In good and
poor IgG responders, the concentration increase from pre-to
4–8 weeks post-immunization was significant for anti-PnPS

IgG and IgA, but not for anti-PnPS IgM. Even when outliers were omitted (open circles in Figure 3), the anti-PnPS
IgA and IgG response remained significant in poor IgG responders (anti-PnPS IgA: 13.3 versus 27.4 U/ml; P = 0.05,
anti-PnPS IgG: 12.7 versus 21.1 µg/ml; P = 0.02). Also, in

218

|   

JANSSEN et al.

F I G U R E 4 Receiver operating characteristic (ROC) curves of sensitivity versus specificity for the sum of Z-scores of pre-and 4–8 weeks post-
immunization pneumococcal immunoglobulins versus serotype-specific immunoglobulin (Ig)G response to vaccination: (a) anti-PnPS IgG + IgA
Z-scores, (b) anti-PnPS IgG + IgM Z-scores, (c) anti-PnPS IgG + IgA + IgM Z-scores

patients from whom both pre-and post-immunization samples were available, the concentration increase from pre-to
4–8 weeks post-immunization was significant for anti-PnPS
IgG and IgA, but not for anti-PnPS IgM (Supporting information, Figure S5). Only the anti-PnPS IgG fold increase
could reliably discriminate between poor or good responders
to serotype-specific PnPS IgG vaccination [ROC analysis;
AUC = 0.90, 95% confidence interval (CI) = 0.76–1.00],
while the anti-PnPS IgM and IgA could not (ROC analysis;
anti-PnPS IgM: AUC = 0.59, 95% CI = 0.33–0.85 and anti-
PnPS IgA: AUC = 0.75, 95% CI = 0.50–1.00; Supporting
information, Figure S6).
Next, we evaluated whether adding anti-PnPS IgM and/
or IgA assays could reduce the requirement for serotype-
specific analyses, compared to conducting only the anti-PnPS
IgG assay. The sum of the Z-scores of anti-PnPS IgA and
IgG, anti-PnPS IgM and IgG and anti-PnPS IgA, IgG and
IgM were separately compared for pre-and 4–8 weeks post-
immunization titres with the serotype-
specific PnPS IgG
vaccination response. The results of the ROC curve analyses
are shown in Figrue 4a–c. The sum of the Z-scores of post-
immunization anti-PnPS IgA + IgG and anti-PnPS IgM + IgG
could best discriminate between good and poor responders as
determined by the serotype-specific PnPS IgG vaccination
response (ROC analysis; AUC = 0.80, 95% CI = 0.63–0.97
and 0.80, 95% = CI = 0.62–0.98, respectively). However, the
discriminative power of using the anti-PnPS IgG assay alone
was higher (ROC analysis; pre-immunization: AUC = 0.84,
95% CI = 0.76–0.91 and post-immunization: AUC = 0.93,
95% CI = 0.85–1.00 [10]).

Comparison of patients with and without PAD
Pre-immunization anti-PnPS IgG, IgA and IgM titres were
significantly lower in Pn-
C vaccine-
naive patients with

PAD compared to those without PAD (Supporting information, Table S1A). This comparison could not be made
for post-immunization anti-PnPS IgG, IgA and IgM titres,
because only one patient did not have PAD. Pn-C vaccine-
naive patients with PAD had significantly more often pre-
immunization anti-PnPS IgG and IgM titres below the LLNR
compared to patients without PAD (Supporting information,
Table S1B). In addition, a number of PAD patients had post-
immunization anti-PnPS IgG (16 of 23, 70%), IgA (18 of 23,
78%) and IgM (15 of 23, 65%) titres below the LLNR. In
Pn-C pre-vaccinated patients anti-PnPS IgG, IgA and IgM
titres were not statistically different between patients with
and without PAD (Supporting information, Table S1C). This
comparison could not be made for post-immunization titres,
because there were only two post-immunization samples in
the Pn-C pre-vaccinated patient group.

Comparison of Pn-C vaccine-naive patients
with and without bronchiectasis
The prevalence of bronchiectasis was identical in patients
with post-immunization anti-PnPS IgA or IgM titres above
and below the LLNR (75% in all categories). Also, both
pre-and post-immunization IgA and IgM titres were not
lower in patients with bronchiectasis compared to those
without bronchiectasis (Supporting information, Table S2A
and S2B).

Comparison of Pn-C pre-vaccinated with Pn-C
vaccine-naive patients
Pn-C pre-vaccinated patients had significantly higher pre-
immunization anti-
PnPS IgM titres (median = 56 U/ml,
range = 8–
270 U/ml) compared to Pn-
C vaccine-
naive
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patients (median = 35 U/ml, range = 1–305 U/ml, P = 0.001.
Anti-PnPS IgG and IgA pre-immunization titres were not significantly different between Pn-C pre-vaccinated and PnC-
vaccine-naive patients (Supporting information, Table S3).

DI S C U S S IO N
Principal findings
In this study we have expanded our analysis of PnPS antibody levels and response to vaccination by also including,
as well as to IgG, IgM and IgA anti-PnPS antibodies. Our
data show that patients classified as having an intact antibody response based on measurement of serotype-specific
PnPS IgG still can display impaired anti-PnPS IgM and IgA
responses. Isolated decreased anti-PnPS IgM, and in particular the anti-PnPS IgA response, might have clinical relevance. Decreased anti-PnPS IgA and IgM responses have
been reported in healthy adult blood donors [12,13], but
have also been associated with a greater rate of respiratory
infections in patients with CVID [11,15] and PAD [16]. In
patients with recurrent ENT, or airway infections in whom
no PAD could be diagnosed according to the current standards, the clinical relevance of isolated decreased anti-PnPS
IgA and/or IgM responses has not yet been investigated. In
this study we measured anti-PnPS IgA and IgM levels in
order to determine whether –in addition to ‘specific IgG
antibody deficiency’ –‘specific IgA or IgM antibody deficiency’ might be a clinically relevant form of antibody deficiency. None of the patients with a decreased anti-PnPS
IgM or IgA response had been classified as ‘no PAD’ based
on serotype-specific PnPS IgG testing and serum immunoglobulin levels. Therefore, we could not determine its clinical relevance based on our data.
To gain further insight into the clinical relevance of anti-
PnPS IgA and IgM assays, we investigated whether adding
these assays to the anti-PnPS IgG assay could reduce the need
for the more expensive and difficult to interpret serotype-
specific PnPS IgG testing [10]. ROC analysis showed that
the discriminative power of the anti-PnPS IgG assay alone
to detect good responders was superior to any other combination. Therefore, based on our data, it does not seem useful
for a clinician in a general hospital to request anti-PnPS IgA
and IgM assays in addition to anti-PnPS IgG assay in order
to reduce the need for serotype-specific PnPS IgG testing.

Comparison with existing literature
Previous studies have reported conflicting results concerning the correlation between PnPS responses for all three
immunoglobulin isotypes with their respective serum
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levels. Similar to our results, poor correlations were found
in a healthy population by Parker et al. [13] and a PAD
cohort by De Carlos et al. [16]. In contrast, Cavaliere et al.
found a significant correlation in a CVID cohort [11]. By
definition, CVID patients have decreased IgM and/or IgA
concentrations, and a significant proportion would have
decreased anti-PnPS IgM and IgA responses. This might
explain the good correlation between PnPS responses and
their respective serum immunoglobulins in CVID patients,
which is not expected in ‘milder’ PAD patients or a healthy
population.
In contrast to Cavaliere et al. we did not find a higher
bronchiectasis prevalence in patients with impaired anti-
PnPS IgA and IgM responses [11]. However, while our
cohort included patients with unPAD and milder forms of
CVID with an ‘infection-only’ phenotype, Cavaliere et al.
mainly included severely affected CVID patients with immune dysregulation complications. Also, our results might
be biased towards a higher bronchiectasis prevalence,
because HRCT scans were only performed in patients in
whom pathology was expected.
Previous studies have reported on the influence of age
on the anti-PnPS IgM and IgA response in healthy adults
and highlighted the importance of age-specific reference
ranges. Park et al. reported that older adults (> 60 years)
had lower anti-PnPS IgM and IgA responses compared to
younger adults [13,24,25]. We found that with increasing
age the pre-immunization titres of anti-PnPS IgM antibodies were lower, but in our cohort of patients with suspected PID we did not find lower anti-PnPS IgM and IgA
responses with increasing age. Our results, however, represent a mixture of patients with and without PAD with
both normal and impaired anti-PnPS IgG, IgA and IgM responses. Future studies in large healthy adult populations
are needed to improve the evidence on age-specific reference ranges for pre-and post-immunization anti-PnPS IgM
and IgA titres.
The higher pre-immunization anti-PnPS IgM titres in the
pneumococcal conjugate vaccine (PCV)-primed paediatric
group, compared to the unprimed adult group, can be due
to lower age and the different immunogenicity of PCV. In
contrast to the unconjugated PnPS vaccine, PCV induces a
T-dependent, more pronounced memory response. A single
dose of PCV is able to induce a significant IgM response
measurable 1 month after vaccination [26]. It would be interesting to investigate this issue in prospective cohort studies
comparing PCV primed and unprimed groups.

Limitations
Our study has several limitations. First, the time-point to take
post-immunization samples 4–6 weeks after vaccination may
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be adequate for IgG and IgA antibodies, but IgM antibodies could already have been declining. This could explain
our finding that, in vaccine-naive patients, good serotype-
specific PnPS IgG responders showed a significant anti-
PnPS IgA and IgG rise, but not a significant anti-PnPS IgM
rise. Parker et al. also reported a high percentage of healthy
individuals with decreased anti-
PnPS IgM concentrations
4–6 weeks post-vaccination [13]. In contrast, Schütz et al.
found that in healthy adults anti-PnPS IgM titres reached its
maximum 3–4 weeks post-immunization, and remained at a
plateau for 3 months [14].
Secondly, anti-PnPS IgA and IgM were only measured
in blood, not in mucosal tissues or secretions. While the
PCV and PnPS vaccine, after priming with PCV, have been
shown to be able to induce protective mucosal IgA antibodies
[27,28], it is unknown whether this also occurs after immunization with PnPS vaccine alone. Most infectious pathogens enter the host via mucosal surfaces, where mucosal IgA
represents the hallmark of immune responses [29]. In future
studies it would be interesting to investigate anti-PnPS IgA
responses in both blood and mucosal tissues to learn more
about the clinical relevance of a defective anti-PnPS IgA response in the circulation.

Conclusion and implications for
future research
Our study shows that patients classified as having an intact
PnPS antibody response, based on measurement of IgG antibodies, can still display defective anti-PnPS IgA and IgM
responses. In addition, we show that the additional measurement of anti-PnPS IgA and IgM could not reduce the need
for serotype-specific PnPS IgG testing. However, our sample
size was too small to draw any definitive conclusions on the
clinical relevance of our findings. Future studies are needed in
patients with recurrent ENT or airway infections in whom no
PAD could be diagnosed according to the current standards,
to investigate whether –in addition to ‘specific IgG antibody
deficiency’ –‘specific IgA or IgM antibody deficiency’ can
also be a clinically relevant form of antibody deficiency.
ACKNOWLEDGEMENTS
The Care Path in ‘s-Hertogenbosch where these sera were
collected was financially supported by unrestricted research grants from CSL Behring, Breda, the Netherlands
and Sanquin, Amsterdam, the Netherlands. The authors
thank all patients for their participation in the study as well
as the involved staff of the Jeroen Bosch Hospital (JBZ) in
‘s-Hertogenbosch and the immunological laboratory in the
Elisabeth Tweesteden hospital in Tilburg, whose enthusiastic
collaboration made this study possible.

JANSSEN et al.

CONFLICT OF INTEREST
VaccZymeTM Anti-PCP human IgA and IgM ELISA kits
were donated by the Binding Site Group Ltd, Birmingham,
UK. Binding Site Group Ltd had no role in the experimental
design or the analysis of the data. There are no other financial
or commercial relationships to declare.
AUTHOR CONTRIBUTIONS
L. M. A. J., E. d. V. and G. T. R. designed the study. L. M.
A. J. wrote the manuscript. M. H., E. d. V., J. L. M. and A. C.
A. P. L. acquired the data. L. M. A. J. carried out statistical
analyses. E. d. V. and G. T. R. helped with the interpretation
of the data. All authors reviewed the results and contributed
to the final version of the manuscript. All authors approved
the manuscript as submitted.
DATA AVAILABILIT Y STATEMENT
The data sets generated during and/or analyzed during the
current study are available from the corresponding author
upon reasonable request.
ORCID
Esther de Vries

https://orcid.org/0000-0003-4311-3550

R E F E R E NC E S

1. Sorensen RU, Edgar D. Specific antibody deficiencies in clinical
practice. J Allergy Clin Immunol Pract. 2019;7:801–8.
2. Saxon A, Kobayashi RH, Stevens RH, Singer AD, Stiehm
ER, Siegel SC. In vitro analysis of humoral immunity in antibody deficiency with normal immunoglobulins. Clin Immunol
Immunopathol. 1980;17:235–44.
3. French MA, Harrison G. Systemic antibody deficiency in patients
without serum immunoglobulin deficiency or with selective IgA
deficiency. Clin Exp Immunol. 1984;56:18–22.
4. Pickering JW, Martins TB, Greer RW, Schroder MC, Astill ME,
Litwin CM, et al. A multiplexed fluorescent microsphere immunoassay for antibodies to pneumococcal capsular polysaccharides.
Am J Clin Pathol. 2002;117:589–96.
5. Biagini RE, Schlottmann SA, Sammons DL, Smith JP, Snawder
JC, Striley CAF, et al. Method for simultaneous measurement of
antibodies to 23 pneumococcal capsular polysaccharides. Clin
Diagn Lab Immunol. 2003;10:744–50.
6. Marchese RD, Jain NT, Antonello J, Mallette L, Butterfield-
Gerson KL, Raab J, et al. Enzyme-linked immunosorbent assay
for measuring antibodies to pneumococcal polysaccharides for
the PNEUMOVAX 23 vaccine: assay operating characteristics
and correlation to the WHO international assay. Clin Vaccine
Immunol. 2006;13:905–12.
7. Daly TM, Hill HR. Use and clinical interpretation of pneumococcal antibody measurements in the evaluation of humoral immune
function. Clin Vaccine Immunol. 2015;22:148–52.
8. Balloch A, Licciardi PV, Tang MLK. Serotype-
specific anti-
pneumococcal IgG and immune competence: critical differences
in interpretation criteria when different methods are used. J Clin
Immunol. 2013;33:335–41.

PNPS IGM AND IGA ASSAY

9. Lopez B, Bahuaud M, Fieschi C, Mehlal S, Jeljeli M, Rogeau S,
et al. Value of the overall pneumococcal polysaccharide response
in the diagnosis of primary humoral immunodeficiencies. Front
Immunol. 2017;8:1862.
10. Janssen LMA, Heron M, Murk J-L, Leenders ACAP, Rijkers GT,
de Vries E. Focusing on good responders to pneumococcal polysaccharide vaccination in general hospital patients suspected for
immunodeficiency. A decision tree based on the 23-valent pneumococcal IgG assay. Front Immunol. 2019;10:2496.
11. Cavaliere FM, Milito C, Martini H, Schlesier M, Dräger R, Schütz
K, et al. Quantification of IgM and IgA anti-pneumococcal capsular polysaccharides by a new ELISA assay: a valuable diagnostic
and prognostic tool for common variable immunodeficiency. J Clin
Immunol. 2013;33:838–46.
12. Parker AR, Allen S, Harding S. Concentration of anti-
pneumococcal capsular polysaccharide IgM, IgG and IgA specific
antibodies in adult blood donors. Pract Lab Med. 2016;5:1–5.
13. Parker AR, Park MA, Harding S, Abraham RS. The total IgM, IgA
and IgG antibody responses to pneumococcal polysaccharide vaccination (Pneumovax(R)23) in a healthy adult population and patients diagnosed with primary immunodeficiencies. Vaccine 2019;37:1350–5.
14. Schütz K, Hughes RG, Parker A, Quinti I, Thon V, Cavaliere M,
et al. Kinetics of IgM and IgA antibody response to 23-valent
pneumococcal polysaccharide vaccination in healthy subjects. J
Clin Immunol. 2013;33:288–96.
15. Pulvirenti F, Milito C, Cavaliere FM, Mezzaroma I, Cinetto F,
Quinti I. IGA antibody induced by immunization with pneumococcal polysaccharides is a prognostic tool in common variable
immune deficiencies. Front Immunol. 2020;11:1283.
16. Echeverría de Carlos A, Gómez de la Torre R, García Carus E,
Caminal Montero L, Bernardino Díaz López J, Suárez Casado
H, et al. Concentrations of pneumococcal IgA and IgM are
compromised in some individuals with antibody deficiencies. J
Immunoassay Immunochem. 2017;38:505–13.
17. Moschese V, Cavaliere FM, Graziani S, Bilotta C, Milito C, Chini
L, et al. Decreased IgM, IgA, and IgG response to pneumococcal
vaccine in children with transient hypogammaglobulinemia of infancy. J Allergy Clin Immunol. 2016;137:617–9.
18. Carsetti R, Rosado MM, Donnanno S, Guazzi V, Soresina A,
Meini A, et al. The loss of IgM memory B cells correlates with
clinical disease in common variable immunodeficiency. J Allergy
Clin Immunol. 2005;115:412–7.
19. Janssen WJM, Nierkens S, Sanders EA, Boes M, van Montfrans
JM. Antigen-
specific IgA titres after 23-
valent pneumococcal
vaccine indicate transient antibody deficiency disease in children.
Vaccine 2015;33:6320–6.
20. Woof JM, Kerr MA. The function of immunoglobulin A in immunity. J Pathol. 2006;208:270–82.

   

|

221

21. Brandtzaeg P. Induction of secretory immunity and memory at mucosal surfaces. Vaccine 2007;25:5467–84.
22. www.chest-ct-group.eu, accessed January, 20, 2021.
23. Orange JS, Ballow M, Stiehm ER, Ballas ZK, Chinen J, De La
Morena M, et al. Use and interpretation of diagnostic vaccination in primary immunodeficiency: a working group report of the
Basic and Clinical Immunology Interest Section of the American
Academy of Allergy, Asthma & Immunology. J Allergy Clin
Immunol. 2012;130:S1–24.
24. Park S, Nahm MH. Older adults have a low capacity to opsonize
pneumococci due to low IgM antibody response to pneumococcal
vaccinations. Infect Immun. 2011;79:314–20.
25. Ademokun A, Wu Y-C, Martin V, Mitra R, Sack U, Baxendale H,
et al. Vaccination-induced changes in human B-cell repertoire and
pneumococcal IgM and IgA antibody at different ages. Aging Cell.
2011;10:922–30.
26. Simell B, Nurkka A, Ekström N, Givon-Lavi N, Käyhty H, Dagan
R. Serum IgM antibodies contribute to high levels of opsonophagocytic activities in toddlers immunized with a single dose
of the 9-valent pneumococcal conjugate vaccine. Clin Vaccine
Immunol. 2012;19:1618–23.
27. Zhang Q, Arnaoutakis K, Murdoch C, Lakshman R, Race G,
Burkinshaw R, et al. Mucosal immune responses to capsular
pneumococcal polysaccharides in immunized preschool children
and controls with similar nasal pneumococcal colonization rates.
Pediatr Infect Dis J. 2004;23:307–13.
28. Orami T, Ford R, Kirkham L-A, Thornton R, Corscadden K,
Richmond PC, et al. Pneumococcal conjugate vaccine primes mucosal immune responses to pneumococcal polysaccharide vaccine
booster in Papua New Guinean children. Vaccine 2020;38:7977–88.
29. Boyaka PN. Inducing mucosal IgA: A challenge for vaccine adjuvants and delivery systems. J Immunol. 2017;199:9–16.

SUPPORTING INFORMATION
Additional Supporting Information may be found online in
the Supporting Information section.

How to cite this article: Janssen LM, Heron M, Murk
J-L, Leenders AC, Rijkers GT, de Vries E. The
clinical relevance of IgM and IgA anti-pneumococcal
polysaccharide ELISA assays in patients with
suspected antibody deficiency. Clin Exp Immunol.
2021;205:213–221. https://doi.org/10.1111/cei.13605

