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Introduction

Patients with a specific polysaccharide antibody deficiency
(SAD) suffer from recurrent respiratory tract infections
(sinusitis, otitis, bronchitis or pneumonia) with encapsu-
lated bacteria (e.g. Streptococcus pneumoniae). They have
normal serum immunoglobulin levels and mount normal
antibody responses to protein antigens (e.g. tetanus tox-
oid), but have a deficient antibody response to capsular
polysaccharides [1,2]. Antibody deficiency to pneumococ-
cal polysaccharides can also be found as a trait of broader
primary and secondary immunodeficiencies, such as

common variable

post-splenectomy [3].
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Wiskott—Aldrich as a
syndrome and acquired immunodeficiency syndrome or

immunodeficiency,

Summary

During the past 10 years, pneumococcal conjugate vaccine (PCV) has become
part of the standard childhood vaccination programme. This may impact upon
the diagnosis of polysaccharide antibody deficiency by measurement of anti-
polysaccharide immunoglobulin (Ig)G after immunization with unconjugated
pneumococcal polysaccharide vaccine (PPV). Indeed, contrary to PPV, PCV
induces a T-dependent, more pronounced memory response. The antibody
response to PPV was studied retrospectively in patients referred for suspected
humoral immunodeficiency. The study population was divided into four
subgroups based on age (25 years versus > 10 years) and time tested (1998-
2005 versus 2010-12). Only 2-5-year-old children tested in 2010-12 had been
vaccinated with PCV prior to PPV. The PCV primed group showed higher
antibody responses for PCV-PPV shared serotypes 4 and 18C than the
unprimed groups. To a lesser extent, this was also found for non-PCV serotype
9N, but not for non-PCV serotypes 19A and 8. Furthermore, PCV-priming
elicited a higher IgG2 response. In conclusion, previous PCV vaccination affects
antibody response to PPV for shared serotypes, but can also influence antibody
response to some non-PCV serotypes (9N). With increasing number of
serotypes included in PCV, the diagnostic assessment for polysaccharide
antibody deficiency requires careful selection of serotypes that are not
influenced by prior PCV (e.g. serotype 8). Further research is needed to identify
more serotypes that are not influenced.
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ciency, specific antibody deficiency, unconjugated pneumococcal polysac-
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Measurement of the antibody response to pneumococcal
polysaccharide vaccine (PPV) Pneumovax 23, a 23-valent
pneumococcal polysaccharide vaccine, is the current
method to identify a deficiency in anti-polysaccharide anti-
body production. Anti-pneumococcal polysaccharide anti-
bodies are and 2-4 weeks
immunization with PPV [4-8]. The interpretation of the
antibody response to PPV is complex and integrates several

assessed before after

criteria: (i)
(ii) fold-increase in antibody concentration and (iii) per-
centage of serotypes to which there is a good response.
An adequate response to PPV is currently considered
post-vaccination  serotype-specific  antibody
concentration > 1-3 mg/l and a twofold or higher increase

post-vaccination antibody concentration,

in antibody level over the prevaccination concentration for
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more than 70% of serotypes tested (50% for children aged
2-5 years) [4,7].

Pneumococcal conjugate vaccine (PCV) (Prevnar7®,
Prevnar13®, Synflorix®) has become part of the standard
vaccination programe for children. Responses to PCV
(protein-coupled polysaccharides) are T cell-dependent,
whereas responses to PPV (pure polysaccharides) are
T cell-independent. To establish the diagnosis of specific
polysaccharide antibody deficiency, it is important to eval-
uate the antibody response to T cell-independent antigens.
Serotype-specific immunoglobulin (Ig)G to PPV or after
exposure to S. pneumoniae are almost exclusively of the
IgG2 subclass, whereas IgG responses after PCV are of the
IgG1 subclass [9,10]. PCV is more immunogenic than PPV,
and induces long-term protection by inducing a memory
IgG response [11,12]. An influence of previous vaccination
with PCV on the magnitude and nature of the antibody
response to PPV can be suspected. In 33 children with
SAD, previous PCV vaccination led to a higher and faster
antibody response to PPV-PCV shared serotypes 4, 6B, 9V,
14, 18C, 19F and 23F, but not to serotype 5, not contained
in PCV [12]. In contrast, in HIV-infected adults polysac-
charide responsiveness was not biased by prior PCV vacci-
nation [13]. The extent to which previous vaccination with
a conjugated vaccine affects serotype-specific responses to
PPV remains uncertain [14].

The aim of this study was to evaluate the effect of previous
PCV vaccination on serotype-specific antibody response to
subsequent vaccination with PPV. The findings will be impor-
tant to adapt practice guidelines for SAD diagnosis in patients
who have been vaccinated with PCV prior to diagnostic PPV
vaccination. The antibody response to PPV was studied retro-
spectively in a large cohort of patients who underwent diag-
nostic pneumococcal antibody testing in the context of
suspected immunodeficiency. A group aged 2-5 years, tested
between 2010 and 2012 and vaccinated with PCV-7 as part of
the standard vaccination programme, was compared to a
group with the same age, tested between 1998 and 2005, and
thus not vaccinated with PCV-7. Patients of 10 years and
older, tested for PPV antibody response during these same
time-periods, but not vaccinated with PCV-7, served as con-
trol populations to exclude confounding factors.

Patients and methods

Patients

All consecutive patients, aged 2-5 years or 10 years and
older, tested for antibody response to PPV at the University
Hospitals Leuven clinical laboratory from January 1998 to
December 2005 and from January 2010 to December 2012,
were identified retrospectively. All patients in whom paired
pre- and post-vaccination-specific IgG for serotypes 3, 4
and 9N had been determined were included into the study,
independent of clinical status or immunocompetence. The
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study population was divided into four groups, based on
age (25 versus > 10 years) and time of pneumococcal anti-
body response testing (1998-2005 versus 2010—12) (Table
1). The 7-valent PCV (Prevenar®) vaccination was intro-
duced in Belgium in 2004. As a consequence, children aged
2-5 years and tested in 2010-12 (n = 240) had received
PCV-7 before anti-PPV antibody response testing. Vaccina-
tion with PCV-7 was performed at 2, 4 and 12 months of
age at governmentally organized health-care visits. For
infants aged 18-24 months, vaccination coverage of PCV-7
was 89-1% and 96-5% in 2008 and 2012, respectively
[http://www.zorg-en-gezondheid.be/vaccinatiegraad/].

Because PCV was not marketed in Belgium before 2004,
children aged 2-5 years tested for anti-PPV antibody
response in 1998-2005 (n = 159) were not vaccinated with
PCV-7 and none of the patients aged > 10 years received
PCV-7 [neither when tested in 1998-2005 (n = 112) nor
when tested in 2010-12 (n = 58)].

Ethical approval was granted by the local research ethics
committee (University Hospitals Leuven).

Pneumococcal antibody response

IgG antibodies specific to pneumococcal polysaccharide sero-
types were measured by the World Health Organization
(WHO)-recommended enzyme-linked
immunosorbent assay (ELISA), incorporating absorption of
samples with cell wall polysaccharides (CPS) and capsular
polysaccharide 22F [5]. Pooled sera with high antibody con-
centrations were used as a secondary standard and quality
control. Serum lot 89-SF [Food and Drug Administration
(FDA), Silver Spring, MD, USA] was used as the standard and
to assign antibody concentrations to the secondary standard.
The same ELISA protocol was used during both included
time-periods and for the additional testing on historical sam-
ples. For analysis of IgM and IgG2 levels, horseradish
peroxidase-conjugated monoclonal antibodies to human IgM
(Nordic Immunology Laboratories, Tilburg, the Netherlands)
and horseradish peroxidase-conjugated monoclonal antibod-
ies to human IgG2 (Invitrogen, Carlsbad, CA, USA) were
used, respectively. IgG2 levels are expressed in arbitrary units
(U/1) compared to a secondary standard, as no quantifications
of serotype-specific 1gG2 have been assigned to standard
serum 89-SE. When antibody concentration was above the
upper limit of detection of the ELISA, the upper limit of
detection was taken as antibody level for further calculations.
When antibody level was below the lower detection limit of
the ELISA, half the lower detection limit was used as absolute
value for further calculations.

third-generation

Additional testing on stored samples

To assess the effect of previous PCV-7 vaccination on (i)
specific IgG response to three additional pneumococcal
serotypes (8, 18C and 19A) and (ii) specific IgG2 and IgM
response to pneumococcal polysaccharide serotype 4
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(contained in PCV-7), the WHO-recommended ELISA was
performed on stored (—20°C) historical samples from
patients included in the study. Eighteen subjects from each
group were selected randomly (Table 2). Patients older
than 18 years were excluded before random selection to
limit heterogeneity in the smaller groups. A correction of
the randomized groups was applied in order to ensure that
the number of patients with SAD was comparable within
each age group and in accordance with the prevalence of
SAD in a similar patient population [3]. The diagnosis of
SAD was based on the results of the three historically tested
serotypes, using the definition of SAD as described above.

Reproducibility of the ELISA for quantification
of serotype-specific antibodies

A pooled control sample was included in each run. The cal-
culated coefficients of variance (CV) for serotypes 3, 4 and
9N were 12-8, 11-4 and 7-1% at concentrations of 1-4, 1-6
and 2-1 mg/l, respectively, during the time-period 2010—
2012 (n = 137 runs per serotype). For the time-period
1998-2005, CV calculations were not available. For sero-
types 8, 18C and 19A, CVs were 5-1, 3-6 and 11-4% at con-
centrations of 6-1, 3-9 and 4-3 mg/l, respectively (n = 26
runs). For serotype 4-specific IgM and IgG2, CVs were 7-4
and 6-1% at a concentration of 0-8 mg/l and 89-8 units/litre
(n = 26 runs), respectively.

Statistical analysis

Data were analysed using Graphpad Prism software version
5-02 for Windows. Because most data were not distributed
normally, non-parametric tests were used. Differences
between groups were compared by Kruskal-Wallis one-way
analysis of variance (anova) with Dunn’s post-hoc multiple
comparison test. The threshold of significance was set at a
P-value < 0-05.

Results

Retrospective analysis of pneumococcal antibody
response to serotypes 3, 4 and 9N

Results are shown in Fig. 1 and Table 1.

For serotype 3 (present in PPV, not in PCV-7), the pre-
and post-vaccination antibody levels in the age group > 10
years were similar in both time-periods. In the 2-5-year
age group, the pre- and post-vaccination antibody levels
were significantly higher in the 2010-12 cohort compared
to the 1998-2005 cohort. Conversely, however, fold-
increase was significantly lower in the 2010-12 cohort.

Serotype 9N is also contained in PPV but not in PCV-7.
In 2-5-year-old children, significantly higher post-
vaccination antibody levels and fold-increase were found in
the PCV-7-primed group (2010-12 cohort) compared to the
unprimed group (1998-2005 cohort). However, fold-increase

Effect of PCV-vaccination on PPV response

was also slightly higher in patients aged > 10 years tested in
201012 than in patients aged > 10 years tested in 19982005,
although they had not been primed with PCV-7.

For serotype 4 (present in PPV and in PCV-7), post-
vaccination antibody levels were markedly and significantly
higher in children aged 2-5 years who had been primed
with PCV-7 (cohort 2010-12) than in unprimed children
aged 2-5 years (cohort 1998-2005). Also in 2—5-year-old
children, antibody levels increased almost twice as much in
the cohort tested between 2010 and 2012 than in the cohort
tested between 1998 and 2005. There were no significant
differences between the two time-periods in post-
vaccination antibody level and fold-increase in patients
aged > 10 years.

To summarize, a strong increase in antibody response to
capsular serotype 4 (included in PCV-7) was seen in chil-
dren who had been primed with PCV-7 before boost with
PPV. A more subtle increase in antibody response to sero-
type 9N, although not included in PCV-7, was also
observed. For serotype 3, also not included in PCV-7, the
post-vaccination antibody level was higher in the PCV-7
primed group than in the unprimed group. However, the
fold-increase of antibody level upon vaccination was lower
in the primed group than in the unprimed group. To deter-
mine further whether the enhancement of antibody
response was related to previous vaccination with PCV-7,
antibody responses to three additional serotypes were
tested using stored sera of a small subpopulation, selected
in a semi-randomized manner.

Additional testing of pneumococcal antibody
response to serotypes 8, 18C and 19A

Results are shown in Fig. 2 and Table 2.

Capsular polysaccharides serotypes 8 and 19A are con-
tained in PPV but not in PCV-7. For these two serotypes,
no significant differences in IgG post-vaccination antibody
level or fold-increase were found between primed children
(aged 2-5 years tested in 2010-12) and unprimed children
(aged 2-5 years tested in 1998-2005). Also, no differences
were found between the two time-periods for the antibody
responses in children aged 10-18 years. For capsular poly-
saccharide serotype 18C (contained in PVC-7), specific IgG
post-PPV vaccination was significantly higher in the PCV-
7-primed 2-5-year-old children compared to the non-
primed 2-5-year-old children, similar to serotype 4
responses. No significant difference was found between the
two time periods for non-PCV-7-primed 10-18-year-old
children.

IgM and IgG2 response

To study the effect of previous PCV-7 vaccination on the
IgM and IgG2 subclass antibody response induced by
PPV, specific IgM and IgG2 to serotype 4 (present in PCV-
7 and in PPV) were measured in the same subgroup of

© 2016 British Society for Immunology, Clinical and Experimental Immunology, 185: 180-189 183



H. Schaballie et al.

“a01[/sNun A1eniqre, 100-0 > dM[BA xyy 100 PUB [00-0 UIIMIAQ IM[BA ,, 600 PUL [0-( UIIMIA] IMN[EAJ, JUEDYIUSIS JOU = 'S°U sa[nenb paryy
pue 1s1 = ¢ pue [ $392(qns papnpdul Jo Joquinu ay) = u umdeA d)edn(uod [exdodowmndud = ADJ “(UwWn[od £313) /-ADJ YIM PIIBUIIBA 1M Z[—(T0T U PaISA) UIP[IYD P[O-18k-6—7 A[UQ

x su su o (7L1-61) 07 (9-21-1-1) 5T (6:75-9-01) T-¥C (TL~01) LT + 31 ¥

su su su U (1£=L1) 8¢ (£9-81) T¢ (L:6=L€) 9¥ (S¥—0) ¥¢ + WSI ¥

x s U o (s11-67) &€ (66-T1) T¢ (#6T-06) 8-S1 (6L01) T¢ + 081 (€0-10)

su xx su U (§€=TD) 71 (eF¢€1) 1T (O1-0'1) T'T (£:1-80) 0T - Vel 1oad] Apoquue

su su su s (6-62-0'7) ¥:01 (8:11-0-1) 89 (T¥E-T-6) 091 (§61-9-6) T-TT - 8 9SEIIOUT PJO] UEIPI

su su su soxx (16€-61) 96 J(€Ts—€1) 17 1(€00T-97T) 814 1(€9-21) 8¢ + 31 ¥

U su su U (LT90) ST (6:1-8:0) S°1 (T2 71 (9:1-9-0) 11 + WSI ¥

su su su o (9-81-£T) 0-S (5:6-6:0) 8-1 (9:06-6S) §-S1 (6-€=€1) 91 + o8l (1/8w) (€0-1D)

su su su su (6:£-0°T) €€ (96-91) 6T (67=£:0) 91 (€7-60) 91 - Vel uoneudEA-jsod

su su su su (T€1-9:€) §6 (L9¥1) §€ (T€1-2:€) 69 (LT1-€%) 78 - 8 [2A9] Apoqniue ueIpajy
TI-010T  S00T-8661  sIwdA g1-01 stk =g (LIHI) s1wahk 9] (91-21) stead €1 (¥=2) s1eak ¢ (o) steak g¢ L=ADd  dhjorag (€0-10) 28e ueIpay
s1eah §1—-01 snsian ¢=¢ 710102 (81 = u) (81 =u) (81 = u) (81 =u)

sns1an G00T-8661 T1-010C 0078661 7100107 0078661
s1eak Q101 s1eaf G-

*[3591 2014-150d suuN(] pue (VAONV) dUBLIEA JO sisk[eue Aem-ouo Aem-auo siepp\—[exsnny ] sdnoid usamiaq adUaIdMIp Y} 10J dULdYIUSIS [ed1)S1Ie)S

JO [oAd] Yam 73] pue N(S]) urnqoBounwwi] § pue DT VeI ‘g sadA1019s 10) uoneumdeadrd 1940 -1sod [9A3] ApoquUe JO 9SLIIOUT P[OJ URIPIW pUB [9A3] Apoquiue uoneundea-1sod UBIPIA 7 d[qeL

180-189

© 2016 British Society for Immunology, Clinical and Experimental Immunology, 185

184



(a) PS3 pre-vaccination
140+

3

E

PS3 specific lgG (mall)
8

'l-b
(b) PS9N pre-vaccination
604
E
B 40
.
=
g
Fig. 1. Box-plot showing pre-
[left] and post-vaccination
[middle] pneumococcal

antibody concentrations as well
as fold-increase of antibody
level (post- over
prevaccination) (right) for four
groups based on age and time
of pneumococcal antibody
testing. Only 2—5-year-old
children tested in 2010-12
were vaccinated with PCV-7
(grey box-plot). The results are

&

shown for serotype 3 (a) (not

P

included in PCV-7), serotype
9N (b) (not included in PCV-
7) and serotype 4 (c) (included
in PCV-7). *P-value between
0-01 and 0-05; **P-value
between 0-001 and 0-01;
**P-value < 0-001. Median
(horizontal line) and quartiles 94" y’.‘@ 0 \“4“’

PS4 specific IgG (mgfl)

(box) are shown.

semi-randomly selected patients as described above. Results
are shown in Fig. 3 and Table 2. No significant differences
in post-vaccination serotype 4-specific IgM levels were
found between the different groups. Polysaccharide
4-specific IgG2 post-vaccination antibody levels and fold-
increase of antibody level were significantly higher in PCV-
7-primed than in non-primed 2-5-year-old children. This
difference was not found in 10-18-year-old children. This
demonstrates that the PPV-induced increase in serotype

Effect of PCV-vaccination on PPV response
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4-specific IgG after previous PCV-7 vaccination can be
explained at least partially by an increased IgG2 response.

Discussion

Our retrospective study investigated the effect of previous
PCV priming in a large cohort of children in a current clin-
ical setting, in which children are vaccinated with PCV
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Fig. 2. Box-plot showing pre-
and post-vaccination serotype-
specific immunoglobulin (Ig)G
levels and fold-increase for
non-PCV-7 serotype 8 (a),
non-PCV-7 serotype 19A

(b) and PCV-7 serotype 18C
(c). Only 2-5-year-old children
tested in 2010-12 were
vaccinated with PCV-7 (grey
box-plot). *P-value between
0-01 and 0-05; **P-value
between 0-001 and 0-01;

% P-value < 0-001. Median
(horizontal line) and quartiles
(box) are shown.

through the standard vaccination programme and PPV is
administered at variable intervals from PCV immunization
for SAD diagnosis. Our results demonstrate higher anti-
body responses to PCV-PPV shared serotypes (4 and 18C)
after PPV immunization in children who have been primed
previously with PCV-7 than in children who have not been
primed with PCV-7 (median post-vaccination concentra-

186

tion 4.4-fold higher for polysaccharide 4 and 9.7-fold
higher for polysaccharide 18C). Clearly, a pronounced
memory response to PCV serotypes is elicited in children
who have been primed with PCV before boost with PPV.
Some studies have shown that priming with PCV enhances
the magnitude of a subsequent antibody response to PPV
for serotypes that are shared between the two vaccines
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[12,15,16]. These studies were conducted in specific risk
populations: patients with proven SAD, adults aged > 70
years and HIV-infected patients, respectively. However, this
effect was not shown in other studies [17-20]. Bernth-
Jensen et al. concluded that polysaccharide responsiveness
was not biased by prior pneumococcal conjugate vaccina-
tion. They found that in 47 HIV-infected adults, all vacci-
nated with both PCV and PPV, the propensity to trigger a
sufficient antibody response for PCV-PPV shared serotypes
was not different from pure PPV serotypes [13].

Given the observation that PCV vaccination can over-
come the impaired immune response to plain pneumococ-
cal polysaccharides in patients with low response to PPV
[12,21,22], we suspected that non-PCV serotypes were
more suitable to investigate the polysaccharide antibody
response in patients with suspected SAD. Therefore, we
also studied the immune response to 4 PPV-specific sero-
types: 9N, 19A, 3 and 8. Serotypes 9N and 19A belong to
the same serogroup as, respectively, serotypes 9V and 19F,
both included in PCV-7. Serotypes 3 and 8 do not belong
to a serogroup included in PCV-7. The antibody response
to serotypes 8 and 19A was not influenced by previous
PCV priming. Unexpectedly, priming with PCV-7 did
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influence the antibody response to non-PCV serotype 9N
(median post-vaccination concentration 2.5-fold higher).
For serotype 3, results were inconclusive: higher post-
vaccination antibody levels were found in the PCV-primed
group but a higher fold-increase of antibody level was
found in the unprimed group. Previous PCV vaccination
might affect response to non-PCV serotypes through in-
vivo and/or in-vitro cross-reactivity. Rose et al. also found a
higher percentage of responders to non-PCV serotype 5 in
a PCV-primed group than in an unprimed group, although
post-vaccination antibody levels to serotype 5 did not differ
between a primed and an unprimed group [12]. To our
knowledge, cross-reactivity of polysaccharide-specific anti-
bodies with serotype 9N or 3 has not been described. How-
ever, a conjugate vaccine can increase antibody avidity,
thereby increasing cross-reactivity to closely related pneu-
mococcal serotypes [23-25]. Genetic similarity of the
encoding regions for different capsular polysaccharides
does not predict cross-reactivity between serotypes. For
example, serotypes 9N and 9V were classified historically as
one serogroup by their pattern of seroreactivity, but they
differ significantly at the genetic level [26]. Serotypes 19A
and 19F are genetically very similar but, although higher

© 2016 British Society for Immunology, Clinical and Experimental Immunology, 185: 180-189 187



H. Schaballie et al.

19A antibodies may be elicited after PCV-7 vaccination
(some formulations), cross-reactive antibodies induced by
serotype 19F provide limited protection against 19A disease
[27,28].

As expected, post-vaccination serotype 4-specific IgM
levels did not differ significantly between primed and
unprimed groups, as there is no memory response for IgM
production. Serotype-specific antibodies to the bacterium
or to pure polysaccharide antigens are reported to be
largely IgG2 [10], in contrast to antibodies against protein
antigens which are IgG1 subclass. We show that despite
previous PCV, there is still a robust IgG2 antibody response
to polysaccharide 4 after subsequent PPV vaccination.
Serotype 4-specific 1gG2 after PPV vaccination was much
higher in PCV-primed than in unprimed children. This
contrasts the earlier finding of an absent IgG2 response in
children vaccinated with PCV and PPV [9], but confirms
other reports that PPV elicits serotype-specific 1gG2 after
priming with PCV [29,30].

As shown previously, we found that age has a significant
influence on polysaccharide responsiveness, and that there
is a serotype-dependent variation [5,31-33].

We were able to investigate the effect of PCV introduc-
tion in the standard vaccination scheme on the response to
PPV in a large cohort of samples for six different serotypes
in the target population for SAD diagnosis. A control pop-
ulation within this cohort (older age, not primed with
PCV-7), examined during the same time-period, allowed
us to exclude confounding factors such as possible changes
in epidemiology or changes in assay performance over
time. Limitations of the study are its retrospective design
and the smaller number of samples tested for the additional
serotypes. It would have been interesting to assess antibody
functionality by opsonophagocytosis assay, to evaluate
whether PCV priming increases the functionality of
polysaccharide-specific antibodies to PPV-specific sero-
types. Previous studies have consistently shown good corre-
lation of pneumococcal opsonophagocytosis and antibody
concentration [12,34,35].

A limitation of our study is that we studied the immune
response to only a limited number of serotypes that are
PPV-specific (thus not included in PCV). The following
serotypes are contained in PPV but not in PCV-13: 2, 8,
9N, 10A, 11A, 12F, 15B, 17F, 20, 22F and 33F. Therefore,
additional studies need to address whether the antibody
response to these serotypes is influenced by previous PCV-
13 vaccination. It should be noted that if serotype 22F is
used for pre-absorption, then the antibody response to this
serotype cannot be evaluated.

In summary, we show that PCV vaccination enhances
the antibody response to subsequent PPV vaccination and
induces an IgG2 memory response for shared PCV-PPV
serotypes. PCV vaccination can also enhance the antibody
response to non-shared PCV-PPV serotypes (e.g. 9N),
albeit to a lesser extent. With the increasing number of

shared serotypes included in PCV, the diagnostic assess-
ment for polysaccharide antibody deficiency requires care-
ful selection of serotypes that are not influenced by prior
PCV (e.g. serotype 8). This needs further investigation.
Alternatively, future research should focus upon the
diagnostic potential of other methods for measuring poly-
saccharide antibody responses. A sophisticated way may be
to perform serum glycan array — currently, the cost and
complexity of the assay limit its use to research questions
[36]. A less expensive and less complicated assay may con-
sist of determination of antibody responses to Vi capsular
polysaccharide from Salmonella typhii. Research is needed
to investigate the diagnostic usefulness of these approaches
for diagnosing specific polysaccharide antibody deficiency.
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