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Abstract Pneumococcal antibodies represent the acqui-

sition of natural immunity. Determination of pneumococcal

antibodies is an important screening tool for immunodefi-

ciencies. Our study generated reference ranges and cutoff

levels for pneumococcal antibody global serum assays

correlated to a specific pneumococcal antibody ELISA.

Specific pneumococcal antibody levels were measured

from 457 children undergoing elective surgery and 46

healthy adult volunteers (88 with previous pneumococcal

immunization from both groups), 22 severe immunodefi-

cient subjects with ataxia telangiectasia (A-T, negative

controls), and age-matched 36 healthy allergic asthmatics.

We determined a representative panel of serotype-specific

pneumococcal antibodies (serotype 4, 5, 6B, 7F, 14, 18C,

19F, 23F) by ELISA and global pneumococcal IgG and

IgG2 antibodies by EIA. In vaccine-naı̈ve healthy subjects,

initial pneumococcal IgG geometric mean concentrations

of 13.1 lg/ml were low in the first year of life and

increased over the time, reaching adult levels (70.5 lg/ml)

at age 8–12 years. In parallel, IgG2 antibodies increased

from 20.7 % (0.5–1 year old) to adult proportions ([30 %)

in preschoolers. Correlation between the pneumococcal

IgG screening assay and specific pneumococcal antibody

levels was acceptable (Pearson’s coefficient r = 0.4455;

p = 0.001). Cutoff levels showed high sensitivity, whereas

specificity was high to moderate calculated from correla-

tions with the specific ELISA. We provide reference ranges

and cutoff levels for the interpretation of specific antibody

determinations in the clinical setting. The global pneumo-

coccal IgG/IgG2 assay is a suitable screening tool and

correlates with the ELISA serotype-specific pneumococcal

antibodies. However, results below our cutoff values

should be re-evaluated by serotype-specific ELISA testing.

Keywords Pneumococcal antibodies � Cutoff levels �
Immunodeficiency � Reference values � Screening

Introduction

The determination of specific antibody levels is an

important tool to estimate immune competence, as

expressed by the European Primary Immunodeficiencies

Consensus Conference [1], demanding quality assurance

for assays to measure specific antibodies to common

pathogens and immunization antigens. Interpretation of the

results may be difficult. In order to diagnose primary

antibody failure, it is important to show that a patient is

unable to produce antibodies to pathogens, using either

common exposure antigens or those used for immuniza-

tion. This includes patients with primary immune defi-

ciency syndromes (PIDSs), who are particularly

susceptible to infections caused by encapsulated bacteria.

Although patients with congenital immunodeficiencies

(e.g., common variable immunodeficiency, selective

immunoglobulin G subclass deficiency) typically have low
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levels of serum antibodies, also subjects with normal

immune function may have low antibody levels. The

physiological delay of the immune response especially

to polysaccharide capsular antigens in immunologically

immature infants and a decrease in specific antibody

titers with time has to be considered when interpreting

results [2].

Streptococcus pneumoniae is a pathogen that is esti-

mated by the WHO to be responsible for over one million

acute deaths worldwide. Thus, routine immunization of

infants with pneumococcal conjugate vaccine has been

introduced and is recommended in many countries world-

wide. Assays for antibody responses to S. pneumoniae are

of two types: Those that measure total pneumococcal IgG

antibodies to the 23 most prevalent pneumococcal sero-

types 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14,

15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, and 33F (as

included in the 23-valent pneumococcal polysaccharide

vaccine, PPV-23) by EIA (here called ‘‘global pneumo-

coccal assay’’), and those that determine serotype-specific

antibodies by ELISA. The current European Society for

Immunodeficiencies (ESID) guidelines recommend the use

of the PPV-23 for diagnosing PIDSs by monitoring IgG

responses to booster immunizations [1].

Moreover, routine global pneumococcal EIAs became

available that even allow pneumococcal antibodies to be

assigned to IgG subclasses. So far, no threshold antibody

levels could be established for the pneumococcal global

EIA. Existing ELISA reference values also do not consider

antibodies directed against the C-polysaccharide, a variant

form of the pneumococcal cell wall polysaccharide. Thus,

there is a need of reference values controlling for such

antibodies, which can be removed by adsorbing sera

against pneumococcal serotype 22F polysaccharide. In

order to develop quality assurance for pneumococcal

assays and to lay the foundation for a comparison of

available assays for test immunization in the diagnosis of

PIDSs, the present study was designed to establish the

pattern of specific antibody responses to pneumococcal

polysaccharide antigens in a large cohort of immunologi-

cally healthy subjects from Germany. In addition, we

correlated threshold levels from the ELISA with corre-

sponding EIA antibody concentrations in order to provide

calculated cutoff levels for the interpretation of the EIA

results.

Methods

Subjects

The study population encompassed clinically healthy

children who were admitted to the hospital for minor

surgery or healthy adult volunteers. Only subjects who

were free of recurrent infections or chronic disease con-

ditions, as assessed by a standardized questionnaire and a

physical examination, and whose C-reactive protein con-

centrations were within the normal limits were included in

the study. As negative controls, we included a group of

ataxia telangiectasia (A-T) patients, who are characterized

by severe polysaccharide-specific immunodeficiency, and

an age-matched group of immunologically healthy allergic

asthmatics. Peripheral venous blood was drawn after an

overnight fast; sera were separated by centrifugation and

then stored in aliquots at -20 �C until use. In addition,

previous pneumococcal immunizations were recorded. The

study was approved by the Frankfurt University Research

Ethics Committee and registered with ClinicalTrials.gov,

number NCT00567632. Written informed consent from

participants, parents, or guardians was obtained before

enrollment.

ELISA

We determined a representative panel of specific serum

anti-pneumococcal antibodies (serotype 4, 5, 6B, 7F, 14,

18C, 19F, 23F) via a modified ELISA technique using

Nunc CovaLink� microtiter plates (Nunc, Germany) as

described [3]. Our choice included six of the seven PCV-7

serotypes (4, 6B, 14, 18C, 19F, 23F), which represent both

strong and weak immunogenic serotypes, and are among

the most prevalent causing invasive disease. Additionally,

we included serotypes 5 and 7F, which are responsible for

invasive disease in elderly children and adults. They were

meant to show naturally acquired immunity against pneu-

mococci. Serum samples were preincubated with 10 lg/ml

pneumococcal polysaccharide C (CPS, Statens Serumin-

stitut, Denmark) and serotype 22F capsular polysaccharide

(a rare serotype, not included in any conjugate vaccine) to

neutralize antibody binding to CPS and other common

contaminants present in the pneumococcal polysaccharide

coating antigens [3, 4]. Reference serum 89-SF (kindly

provided by Dr. Frash, Rockville, USA) was used for assay

standardization. The minimum pneumococcal antibody

detection level was 0.05 lg/ml; titers below were arbi-

trarily assigned to 0.049 lg/ml.

EIA

For the measurement of pneumococcal IgG and IgG2

antibodies, commercially available test kits (Human anti-

pneumococcal IgG EIA No. MK012, Human anti-pneu-

mococcal IgG2 EIA No. MK013; The Binding Site

GmbH, Schwetzingen, Germany) with precoated microti-

ter plates were used according to the manufacturer’s

instructions [5]. Throughout the procedures pyrogen-free
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water was used to avoid non-specific background binding

[6]. The antigen used in the assay for pneumococcus-

specific antibodies was composed of a mixture of capsular

polysaccharide serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V,

10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F,

23F, and 33F, which is the same composition as that of

the licensed 23-valent polysaccharide vaccine. Standard

sera were calibrated against human affinity-purified anti-

pneumococcal capsular polysaccharide antibodies. Inter-

fering non-specific C-polysaccharide antibodies were

absorbed by prediluting the serum (1:100) in a buffer

containing pneumococcal cellular wall antigen. After

incubation for 30 min and three washing steps, affinity-

purified sheep anti-human IgG or anti-human IgG2 anti-

body coupled to horseradish peroxidase was added. After

a washing step, 100 ll H2O2 and 3,30, 5,50-tetramethyl-

benzidine substrate buffer was added to all wells. Mea-

suring range was 3.3–270 mg/l.

Statistical analysis—data management and presentation

According to WHO recommendations, a threshold-

specific pneumococcal antibody concentration of [0.35

lg/ml was assumed as predictive for seroprotection [7].

Since this level is only valid for invasive pneumococcal

infections in young children and after conjugate vaccine

immunization, we additionally used serum antibody

concentrations of [1.0 lg/ml as estimate for protection

from non-invasive (e.g., mucosal) infections [8]. For both

limits, the percentage of subjects reaching these con-

centrations is presented for each age group. Since anti-

body titers did not conform to a Gaussian distribution,

geometric mean antibody concentrations (GMCs) were

calculated with 95 % CIs by taking the antilog of the

mean of the log concentration or titer transformations.

The U test (Mann–Whitney) or a multi-dimensional

H test (Kruskal–Wallis) was performed for between-

group comparison. Statistical analysis was conducted

with SPSS for Windows (SPSS, Inc., Chicago, IL). For

exploratory immunogenicity comparisons, statistical sig-

nificance was based on the non-overlap of the 95 % CIs.

Probability values (p) \0.05 were considered as statisti-

cally significant. As a negative control, we determined

pneumococcal antibodies with the screening EIA in a

group of A-T patients, who are definitely immunodefi-

cient [9]. Their geometric mean concentrations can be

safely considered as lower limits of the pneumococcal

EIA, where no protection can be expected at all. To

visualize our results, we also provide a color plot,

demonstrating assumed levels of protection via a color

scale. Data from immunodeficient A-T patients were

illustrated in comparison with a group of age-matched

healthy allergic asthmatics.

Results

Study population

The study population encompassed healthy adult volun-

teers (27 females and 19 males; age 18–57 years) or clin-

ically healthy children (178 females and 279 males, age

2 months to 18 years). Among all age groups, a total of 88

individuals had received pneumococcal immunization in

advance (see Table 1). As negative controls, we investi-

gated a group of 22 subjects (9 females, 13 male, median

age 13.0 years (Q25 11.6, Q75 17.5) with A-T, who are

characterized by a polysaccharide-specific immunodefi-

ciency, that is, thus being at a severely increased risk to

acquire infections from encapsulated bacteria. The group of

age-matched healthy allergic asthmatics encompassed 36

subjects (21 female, 15 male).

Serotype-specific and global pneumococcal antibody

assay

For healthy children and adults, the distribution of IgG anti-

PnC and IgG2 antibody concentrations in relation to age and

the putative normal ranges for each of the assays are shown

in Tables 2 and 3. In unimmunized subjects, geometric

mean concentrations of pneumococcal IgG were low at age

0.5–2 years (age 0.5–1 years: 13.1 lg/ml; age 1–2 years:

13.6 lg/ml) and increased steadily to reach adult levels

(70.5 lg/ml) at age 8–12 years (Table 2). These data cor-

respond with a summarized concentration of the eight

serotype-specific pneumococcal antibodies of 3.57 lg/ml

(age: 0.5–1 year), 5.34 lg/ml (age 1–2 years), and 7.56 lg/

ml (age 8–12 years) with a mean percentage of subjects

reaching a protection level ([0.35 lg/ml) of 48.8, 60.0, and

80.5 %, respectively. Subjects with previous pneumococcal

immunization had comparable antibodies against PCV-7-

included serotypes as immunological mature individuals.

Table 1 Subjects with previous pneumococcal immunization

Age

[years]

N Gender Median

age

Vaccine Time since

vaccination

[months;

median

(range)]

0 to \1 11 f = 2, m = 9 0.7 PCV-7 6 (1–6)

1 to \2 30 f = 10, m = 20 1.4 PCV-7 9.5 (1–17)

2 to \3 12 f = 4, m = 8 2.5 PCV-7 9.0 (2–15)

3 to \4 10 f = 3, m = 7 3.4 PCV-7 11 (2–25)

4 to \8 15 f = 2, m = 13 5.6 PPV-23 24 (3–63)

C8 10 f = 6, m = 4 11.8 PPV-23 43 (6–107)

PCV-7 = 7-valent pneumococcal conjugate vaccine; PPV-23 = 23-

valent pneumococcal polysaccharide vaccine
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As expected, antibodies against serotypes not included in

PCV-7 (5, 7F) did not increase after pneumococcal conju-

gate vaccine immunization, but when our subjects grew

older, representing naturally acquired immunity.

Anti-PnC antibodies of the IgG2 isotype also increased

with age. Plateau levels were also reached by 8–12 years of

age (24.4 lg/ml) and maintained thereafter. In young chil-

dren, only about 20 % of the anti-pneumococcal antibodies

belonged to the IgG2 subclass, whereas thereafter the pro-

portion of IgG2 anti-pneumococcal antibodies increased

steadily, reaching adult proportions ([30 %) beyond age 4.

For all specific antibodies measured, there were no differences

between male and female participants. As expected, levels of

global as well as specific pneumococcal antibodies were

consistently higher in immunized young subjects (Table 3).

Comparing both assays, we found an acceptable corre-

lation between the pneumococcal IgG and IgG2 screening

EIA and our specific pneumococcal antibody levels as

determined by ELISA (Pearson’s coefficient r = 0.447 or

0.364, respectively; p = 0.001 each; Fig. 1).

Receiver operating characteristic (ROC)

Subjects with no previous pneumococcal immunization

In pneumococcal vaccine-naı̈ve subjects, logistic regres-

sion revealed an impact of the age of our study population,

resulting in three different putatively protective global IgG-

thresholds (p = 0.002 and 0.018, respectively). The area

under the ROC (AUROC) confirmed these results for

non-immunized individuals: AUROC = 84.0 %, 95 %

confidence interval (CI) 79.8–88.2. When correlating the

estimated threshold geometric mean concentration of

[0.35 and[1.0 lg/ml with the pneumococcal IgG2 levels,

logistic regression excluded an impact of the age of our

study population (p = 0.053 and p = 0.15, respectively).

The AUROC confirmed these results for non-immunized

individuals (83.1 %, 95 % CI 78.8–87.4; Fig. 2a).

Subjects vaccinated against pneumococci

In subjects with previous pneumococcal immunization,

logistic regression revealed that the age of our study
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Fig. 1 Correlation between pneumococcal serotype-specific ELISA

and a global pneumococcal IgG EIA and b global pneumococcal IgG2

EIA (Pearson’s correlation test)

Fig. 2 Receiver operating

characteristic (ROC) of

sensitivity versus specificity of a

global pneumococcal IgG- and

IgG2 assay a for subjects

without and b with previous

pneumococcal immunization.

The area under the ROC curve

was used as a measure of

effectiveness
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population was of no relevance for a putatively protective

global IgG threshold (p = 0.92 and 0.916, respectively).

The AUROC confirmed these results for immunized indi-

viduals (87.0 %, 95 % CI 67.0–100). When correlating the

estimated threshold geometric mean concentration of

[0.35 and[1.0 lg/ml with the pneumococcal IgG2 levels,

logistic regression also excluded an impact of the age of

our study population (p = 0.87 and p = 0.72, respec-

tively). The area under the ROC confirmed these results for

immunized individuals: AUROC = 87.5 %, 95 % CI

67.4–100 (Fig. 2b).

Determination of threshold antibody levels

for the global EIA

We correlated the estimated cutoff GMCs for pneumo-

coccal antibody concentrations of [0.35 lg/ml (surrogate

for protection from invasive disease) and [1.0 lg/ml

(surrogate for protection from non-invasive disease) as

determined by ELISA with the pneumococcal IgG and

IgG2 levels as determined by EIA (see Table 4). Cutoff

levels for subjects without previous pneumococcal

immunization are shown in Fig. 2a, for individuals with

pneumococcal vaccination in Fig. 2b. To evaluate sensi-

tivity and specificity of the determined cutoff levels for

clinical practice, we used serum samples from patients

suffering from A-T as subjects without protection (negative

control) and a group of healthy allergic asthmatics as

positive controls. The two-dimensional color plot displayed

the patterns of the serotype-specific pneumococcal ELISA

(serotype 5-23F) and global IgG and IgG2 EIA of the two

groups (Fig. 3). Color pattern analysis clearly indicated the

insufficient immune response against pneumococcal cap-

sular polysaccharide of A-T patients predominantly in the

IgG2 subclass.

An evaluation of the global pneumococcal assay’s cutoff

values and their individual sensitivity and specificity was

done by confusion matrix analysis. In subjects with pre-

vious pneumococcal immunization, the global IgG assay

performed well with cutoff levels of 27.5 lg/ml (for

ELISA values C0.35 lg/ml) and 55 lg/ml (for ELISA

values C1 lg/ml, respectively). In contrast, in the group

immunized against pneumococci, results for pneumococcal

global IgG-cutoff values varied with age, from 8.0/23.3 lg/ml

Fig. 3 Color plot of specific

and global pneumococcal

antibody levels in

immunodeficient A-T-patients

and house dust mite asthmatics.

Patterns of single pneumococcal

serotype-specific ELISA and

pneumococcal global IgG- and

IgG2 EIA values in patients with

house mite allergy and A-T.

Data are displayed as a two-

dimensional pseudo-color

representation. The x-axis

shows the analyzed parameter.

The color bar along the right

y-axis shows the antibody

concentration increasing from

dark red to dark blue

Table 4 Pneumococcal global assay—cutoff values from correlations with protective ELISA antibody levels

PnC-IgG [lg/ml] cutoff levels (specificity, sensitivity [%]) PnC-IgG2 [lg/ml] cutoff levels (specificity, sensitivity [%])

[0.35 [1.0 [0.35 [1.0

PnC vacc ? 27.5 (80.5, 75.0) 55 (64.3, 76.7) 3.0 (89.0, 75.0) 13.9 (13.9, 76.7)

PnC vacc -

Age \2 years 8.0 (93.5, 79.1) 23.3 (91.7, 76.7) 2.1 (90.3, 75) 5.5 (75.0, 76.7)

Age 2–7 years 42.9 (68.1, 76.5) 60.7 (74.3, 75.2) 14.9 (68.4, 76.5) 22.6 (69.7, 75.7)

Age C8 years 51.5 (51.4, 78.3) 68.5 (78.6, 75.6) 19.5 (65.7, 78.3) 24.2 (80.6, 75.6)

PnC vacc ?(-) = subjects with(-out) antecedent pneumococcal immunization
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(for ELISA values C0.35 or C1 lg/ml, respectively) in

subjects younger than 2 years, over 42.9/60.7 lg/ml in

2–7 year olds, to 51.5/68.5 lg/ml above the age of 8 years.

For detailed specificity and sensitivity results and IgG2

values see Table 3).

Discussion

Measurement of specific antibodies is an indispensable part

of the immunological assessment of patients with sus-

pected immunodeficiency. The putatively protective con-

centration of [0.35 lg/ml for pneumococcal anti-capsular

antibodies to the seven serotypes in the heptavalent pneu-

mococcal conjugate vaccine (PCV-7) has been recom-

mended by a WHO Working Group as applicable on a

global basis for assessing the efficacy of future pneumo-

coccal conjugate vaccines. These principles were applied

to an improvement in the ELISA for anti-capsular anti-

bodies, that is, absorption with serotype 22F pneumococcal

polysaccharide to neutralize antibody binding to C-poly-

saccharide and other common contaminants present in the

pneumococcal polysaccharide coating antigens, particu-

larly with sera from adults [4]. The present study was

designed to establish reference values for this modified

ELISA protocol in a large cohort of age-stratified healthy

subjects.

The results have to be interpreted with regard to the use

of the antigen as vaccines for primary prophylaxis and

considering the nature of the immunological response

elicited by the antigen. The virulence of Pneumococcus

spp. is determined by the polysaccharide capsule, impair-

ing opsonization and phagocytosis [10, 11]. The ability to

produce antibodies to capsule polysaccharide antigens has

been correlated with the appearance of a subset of CD21?B

lymphocytes in the splenic marginal zone, coming up in the

third year of life [12]. This physiological immaturity during

infancy is associated with an increased risk of infection

with encapsulated bacteria (e.g., pneumococci).

In our study, the very young subgroup of unimmunized

infants displayed a low but detectable concentration of anti-

pneumococcal polysaccharide antibodies. These antibodies

found in unimmunized infants might be explained by per-

sisting maternal antibodies or cross-reactive protective

antibodies [13, 14]. However, a value in the normal range

does not necessarily prove an effective protection against

any pneumococci, of which 94 serotypes have been identi-

fied so far. It is also known from vaccination studies that the

immune response does not only depend on the individual

age and immunity, but even varies between individuals of

the same age group [15–17]. Last but not least, pneumo-

coccal antibody assays might also detect non-opsonic anti-

bodies which are directed against the pneumococcal cell

wall. Our results clearly show that even young subjects with

previous pneumococcal immunization had comparable

antibodies against PCV-7-included serotypes as immuno-

logical mature individuals, underlining the importance of

pneumococcal conjugate vaccine immunization.

For clinical routine, a standardized, validated, repro-

ducible, and preferably inexpensive assay is desired which

can be conveniently applied to large numbers of patients.

Such a screening assay exists in form of a global pneu-

mococcal EIA, which detects the 23 most prevalent sero-

types of pneumococcal capsular polysaccharides, reflecting

the natural acquisition of anti-pneumococcal immunity.

However, so far, no threshold levels could be established

for this assay. Our work presents cutoff levels for this

universal pneumococcal antibody EIA as calculated from

the assumed protective antibody levels determined by the

serotype-specific pneumococcal antibody ELISA, which

are directly linked to clinical protection observed in young

children via controlled efficacy trials [7]. In determining

such cutoff values, it is important to avoid choosing levels

that are either too high or too low. If the assumed level is

too high, an unnecessary amount of patients might undergo

additional testing, resulting in costs and waste of medical

resources. If the estimated threshold is too low, individuals

at risk for severe infections might not be detected by the

assay. In order to transfer results from one laboratory

method to another (‘‘bridging’’), it is of critical importance

that the study population for bridging should be the same or

equivalent to the one in which clinical efficacy was dem-

onstrated. We fulfilled this criterion by investigating the

same study population with the EIA and the ELISA in

parallel.

One must keep in mind that the assumed threshold

concentration of [0.35 lg/ml applies only to the preven-

tion of invasive pneumococcal disease (IPD) in young

children and after complete pneumococcal conjugate vac-

cine immunization. Circulating anti-capsular antibody

concentrations required in immunocompromised condi-

tions or for prevention of pneumonia, otitis media, or

colonization are likely to be higher [18–21] and have not

been established. In a particular individual, the outcome of

an encounter with the pneumococcus may vary depending

on multiple host and pathogen factors, in addition to the

circulating antibody level. In order to be on the safe side,

we calculated EIA-threshold concentrations correlating

with ELISA antibody concentrations of[0.35 lg/ml and of

[1.0 lg/ml (which is an even more conservative value and

can be considered as correlate for a protection also from

non-invasive disease such as otitis media). As a negative

control, we determined pneumococcal antibodies with the

screening EIA in a group of AT -patients, who are defi-

nitely immunodeficient. Their values can be safely con-

sidered as lower limits of the pneumococcal EIA, where no
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protection can be expected at all, and our color plot nicely

demonstrates their good differentiation from immunologi-

cal healthy individuals such as allergic asthmatics.

Potential functional differences between the subclasses of

IgG antibodies have renewed interest in determining the

subclass distribution of IgG antibodies to pneumococcal

polysaccharide antigens in adults and children. Pneumo-

coccal conjugate vaccines induce primarily T cell-dependent

IgG1 antibody responses in infants, while pneumococcal

polysaccharide vaccines induce predominantly IgG2

responses. This distribution is also reflected by our data,

with IgG2 being relatively low in subjects with previous

pneumococcal immunization, which was mainly conjugate

vaccine, while total pneumococcal IgG was constantly

higher in vaccinated individuals.

The acquisition of natural immunity is expressed by

pneumococcal IgG2 antibodies. Our reference values con-

firm the observation that natural IgG pneumococcal cap-

sular polysaccharide-specific antibody levels show a slight

decline during the first year of life, presumably due to the

loss of maternal antibodies. They remained low until

3–4 years and reach adult levels at age eight to twelve.

There is a controversy about the natural course of pneu-

mococcal IgG2 antibodies. In line with other published

data, in our study, the proportion of IgG2 anti-pneumo-

coccal antibodies increased from 15 to 20 % in young

infants to adult levels ([30 %) beyond age 4. Specific

pneumococcal antibodies as determined by ELISA dem-

onstrated clearly higher levels in immunized young sub-

jects, where protection from invasive disease due to

capsulated bacteria is critical.

The ability to quantitate IgG1 and IgG2 subclasses is

informative in understanding and evaluating the immune

response(s) to S. pneumoniae polysaccharide conjugate and

non-conjugate vaccines. When comparing the immune

serologic status in adult and pediatric sera obtained from

individuals following pneumococcal conjugate vaccine

immunization, a predominance of IgG1 can be found, while

in adults IgG2 antibodies predominate. Soininen and

coworkers have shown that adults have preexisting sero-

type-specific IgG2 antibody, due to prior natural exposure

to pneumococci, and that both IgG1 and IgG2 responses

may follow pneumococcal vaccine immunization [22, 23].

This goes with our observation of an increase in pneumo-

coccal IgG2 with age also in unimmunized subjects. Dif-

ferent vaccine formulations may elicit preferentially

different subclass responses, or responses of different

magnitudes.

In naıve immune systems, such as in infants, IgG1

antibodies are elicited by effective pneumococcal conju-

gate vaccines, as expected for T cell-dependent antigens.

The ability to measure and characterize the anti-pneumo-

coccal antibody response in all age groups and in

immunocompromised individuals provides a useful tool to

assess immune responses relative to protection from inva-

sive pneumococcal disease. Akikusa and Kemp found that

a low response to serotype 3, post-PPV-23 vaccination, in

combination with a low titer to serotype 4/6B, was sug-

gestive of a severe immune deficiency state in children

being investigated following recurrent upper or lower

respiratory tract infections. Thus, a low IgG response to

serotype 3 significantly correlated with pneumonia [10]. In

children with recurrent respiratory infections, an unsatis-

factory IgG response to more than 50 % of 10 pneumo-

coccal serotypes (1, 3, 4, 5, 6B, 7F, 9V, 14, 15B, 18C, 19F,

23F) following PPV-23 vaccination defined polysaccha-

ride-specific immunodeficiency (PSI). Especially, a failure

to respond to serotypes 4, 9V, 15B, or 23F significantly

increased the risk of PSI, suggesting that these serotypes

might be favorable to assess specific antibody defects [23].

Our calculated EIA screening reference values and

ELISA normal ranges allow identifying individuals who

have very low levels for further study. In patients with

recurrent airway infections, the global pneumococcal EIA

is a valid instrument in search of immunodeficiencies.

Results below our calculated cutoff values should be

re-evaluated by pneumococcal serotype-specific ELISA

testing. In case of this confirmation diagnostics being

positive, pneumococcal conjugate immunization should be

considered irrespective of the patient’s age [24–27]. The

acceptable correlation between the global EIA and the

serotype-specific ELISA underlines the value of the global

pneumococcal EIA as a screening instrument in search of

immunodeficiency. With new and even broader pneumo-

coccal conjugate vaccines being introduced in the future,

the value of these tests especially compared to functional

opsonophagocytosis testing will have to be re-evaluated.
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