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We studied the immunoglobulin (Ig) response to causative serotype-specific capsular polysaccharides in adult pneumococcal
pneumonia patients. The serotypes were grouped according to their degree of encapsulation and invasive potential. Seventy pa-
tients with pneumococcal pneumonia, 20 of whom were bacteremic, were prospectively studied. All pneumococcal isolates from
the patients were serotyped, and the Ig titers to the homologous serotype were determined in acute- and convalescent-phase sera
using a serotype-specific enzyme-linked immunosorbent assay. The Ig titers were lower in bacteremic cases than in nonbactere-
mic cases (P < 0.042). The Ig titer ratio (convalescent/acute titer) was >2 in 33 patients, 1 to 1.99 in 20 patients, and <1 in 17
patients. Patients >65 years old had a lower median Ig titer ratio than did younger patients (P < 0.031). The patients with sero-
types with a thin capsule (1, 4, 7F, 9N, 9V, and 14) and medium/high invasive potential (1, 4, 7F, 9N, 9V, 14, and 18C) had higher
Ig titer ratios than did patients with serotypes with a thick capsule (3, 6B, 11A, 18C, 19A, 19F, and 23F) and low invasive potential
(3, 6B, 19A, 19F, and 23F) (P < 0.05 for both comparisons after adjustment for age). Ig titer ratios of <1 were predominantly
noted in patients with serotypes with a thick capsule. In 8 patients with pneumococcal DNA detected in plasma, the three pa-
tients with the highest DNA load had the lowest Ig titer ratios. In conclusion, a high antibody response was associated with sero-
types with a thin capsule and medium/high invasive potential, although a low antibody response was associated with serotypes
with a thick capsule and a high pneumococcal plasma load.

Streptococcus pneumoniae is the most important cause of com-
munity-acquired pneumonia (CAP) in adults, and it is associ-

ated with significant morbidity and mortality (1). The pneumo-
coccal capsule constitutes an important virulence factor and
provides protection against the host immune response (2). More
than 90 known encapsulated serotypes have been identified (3)
based on the composition of their capsular polysaccharides (CPS).
Pneumococcal infections show a broad spectrum of clinical pre-
sentations, from nasopharyngeal colonization to invasive pneu-
mococcal disease (IPD), depending on host factors and the
causative serotype (4). In vaccination studies, a significant type-
specific antibody response has been found to confer protection
against pneumococcal disease (5–7), but in studies with patients
with pneumococcal infections, the anti-CPS antibody responses
vary considerably (8–11). Therefore, the association between the
immunogenicity of pneumococcal CPS and disease should be in-
vestigated further.

Heavily encapsulated serotypes, as determined by fluorescein
isothiocyanate (FITC)-dextran exclusion, were recently shown by
Weinberger et al. (12) to be associated with resistance to neutro-
phil-mediated killing and an increased prevalence in nasopharyn-
geal carriage. Nasopharyngeal acquisition of pneumococci has
been observed to generate elevated antibody levels in unvacci-
nated individuals (13, 14). If the degree of encapsulation corre-
lates with immunogenicity in pneumococcal disease, we hypoth-
esized that that heavily encapsulated serotypes would induce
higher antibody responses in pneumococcal pneumonia than

would serotypes with a low degree of encapsulation. Furthermore,
in a meta-analysis by Brueggemann et al. (15), an inverse correla-
tion was found between carriage prevalence and the invasive po-
tential for serogroups/serotypes, with the most prevalent carried
serotypes being less likely to cause invasive disease. Thus, we hy-
pothesized that serotypes with a low invasive potential induce a
high anti-CPS antibody response in pneumococcal pneumonia,
which protects against invasive disease.

In this prospective study of adult patients with pneumococcal
pneumonia, we aimed to study the anti-CPS antibody response to
the causative pneumococcal serotype, with the serotypes grouped
according to their degree of encapsulation and invasive potential.
We also aimed to study if this antibody response is correlated with
the pneumococcal DNA load in the bloodstream.

(Data from the manuscript were presented at the ISPPD-8,
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Iquaçu Falls, Brazil, 11 to 15 March 2012, and at the 23rd Euro-
pean Congress of Clinical Microbiology and Infectious Diseases,
Berlin, Germany, 27 to 30 April 2013.)

MATERIALS AND METHODS
Study population and controls. Between November 1999 and April 2002,
235 adult patients with CAP admitted to the Department of Infectious
Diseases at Örebro University Hospital, Sweden, were enrolled in a pro-
spective study. The inclusion criteria and population characteristics were
described previously (16). CAP was defined as an acute onset of illness,
with new radiological signs of pulmonary consolidation and �2 of the
following signs or symptoms: fever of �38°C, dyspnea, cough, pleuritic
chest pain, or abnormal lung auscultation. During the same period, 113
adult controls were enrolled who were hospitalized for skin infections
(n � 14), urinary tract infections (n � 14), arthritis or spondylitis (n � 6),
or planned orthopedic or urologic surgery (n � 79) (16). None of the
controls had been hospitalized for any reason during the preceding month
or had received any antibiotic treatment during the preceding week. Re-
spiratory symptoms were absent in all controls at admission.

Culture for S. pneumoniae and serotyping. Samples from blood,
sputum, and the nasopharynx (nasopharyngeal aspirate [NpA] and naso-
pharyngeal swabs [NpS]) in CAP patients, and from the blood, NpA, and
NpS in the controls were collected at admission. A Bactec blood culturing
system (Becton Dickinson, MD, USA) was used for blood culture. The
sputum, NpA, and NpS specimens were cultured according to standard
microbiological methods (17). A sputum sample was considered repre-
sentative for the lower airways if �5 neutrophils per squamous epithelial
cell were found (18). A detection limit of �105 CFU/ml was used for the
sputum cultures. All isolates of S. pneumoniae were stored at �70°C and
transported in a frozen state to the Statens Serum Institut (SSI) in Copen-
hagen, Denmark, for serotyping by the Quellung reaction (19).

ELISA for pneumococcal antibodies in paired sera. Paired sera col-
lected within 2 days after admission (acute-phase serum) and after ap-
proximately 4 weeks (convalescent-phase serum) were obtained in CAP
patients and controls and stored at �70°C until transportation to SSI
under frozen conditions. The sera were thawed in 2003 to measure the
type-specific total immunoglobulin antibodies (Ig measurement) against
the homologous pneumococcal serotypes by enzyme-linked immunosor-
bent assay (ELISA). At the time of this study, the World Health Organi-
zation (WHO) consensus guidance protocol for using the ELISA to test
the immune response to pneumococcal CPS, measured in �g/ml, was not
yet established (20–22). Instead, we used the ELISA described and evalu-
ated by Konradsen (21) and Konradsen, Sørensen, and Henrichsen (23).
As in the WHO ELISA, the American Type Culture Collection (ATCC)
polysaccharides were used for coating, and all sera were adsorbed by add-
ing cell wall polysaccharides (CWPS) to inhibit nonspecific binding (23,
24). A pool of postvaccination serum samples from 43 healthy adults, who
had been vaccinated with a 23-valent pneumococcal polysaccharide vac-
cine (Pneumovax 23 [PPV23]), was used as standard serum. This in-
house standard serum correlated with the international standard serum
89SF (20–22).

Briefly, polystyrene microtiter plates (MaxiSorp; Nunc A/S, Den-
mark) were coated overnight with 100 �l of ATCC polysaccharide (phos-
phate-buffered saline [PBS] [pH 7.2] plus 0.1% polysaccharide, to a final
concentration of 2.5 �g/ml). The control wells were applied with 100 �l of
PBS. The next day, the plates were washed three times with 300 �l of
washing buffer (PBS [pH 7.4] plus 0.1% Tween 20). A 2-fold dilution
series from 1:200 to 1:25,600 of the standard serum was added to each
ELISA plate. For each patient sample, a dilution series of 1:100, 1:300,
1:900, and 1:2,700 was made. The plates were incubated at room temper-
ature for 1.5 h and washed three times. One hundred microliters of Ig
conjugate (Dako P0212 Ig diluted 1:7,000 in PBS [pH 7.2] plus 1% bovine
serum albumin [BSA] plus 0.5% Tween 20) was added to each well. The
plates were incubated for another 1.5 h, washed four times, and 100 �l of
substrate (TMB Plus; Kem-En-Tec Diagnostics A/S, Denmark) was added

to each well. Finally, the plates were incubated on a microplate shaker at
low speed. The reaction was stopped after 30 min by adding 100 �l of 1 M
H2SO4 to each well. The optical densities at 490 nm were measured using
an automatic ELISA reader (Sunrise; Tecan Schweiz AG, Switzerland). By
comparing the optical density (OD) data from the dilution series of the
patient serum with those of the standard serum, an antibody titer in arbi-
trary units (AU) was calculated for the patient serum (21, 23). On each
plate, the OD of the substrate was measured in blank wells, without anti-
gen or serum, with OD�1,000 values of �100 AU. Also, a low, medium,
and high titer standard serum was added to each plate and compared
between the plates by their OD to demonstrate that no plate-to-plate
variation occurred (25).

PCR for detecting pneumococcal DNA in plasma. Plasma was col-
lected in EDTA tubes at admission and was stored at �70°C before being
thawed for DNA extraction with an automatic NucliSENS easyMAG in-
strument (bioMérieux, France). The purified DNA was then examined
by real-time quantitative PCR for Spn9802 DNA, as described previ-
ously (26).

Serotype groups. All included patients were grouped according to the
isolated pneumococcal serotype with respect to sampling site (blood, spu-
tum, or nasopharynx), degree of encapsulation (low or high), and invasive
potential (low, medium, or high) (12, 15). Based on Fig. 2B in the study by
Weinberger et al. (12), a mean area of 500 pixels for the zone of FITC-
dextran exclusion was used for dividing serotypes into equally large
groups for low (1, 4, 7F, 9N, 9V, and 14) and high (3, 6B, 11A, 18C, 19A,
19F, and 23F) degrees of encapsulation. We included serotype 3 in the
group of heavily encapsulated serotypes, even though no zone area was
presented in the reference study, as it was considered to have already-
identified extensive capsule production. Based on Fig. 3 in the study by
Brueggemann et al. (15), pooled estimate odds ratios of �0.25, 0.25 to 2,
and �2 were used for dividing the serotypes into low (3, 6B, 19A, 19F, and
23F), medium (4, 9N, 9V, 14, and 18C), and high (1 and 7F) invasive
potentials, respectively.

Statistical analysis. To describe the patient characteristics with re-
spect to acute Ig titer, the patients were divided into two groups with acute
Ig titers of �40 AU and �40 AU. This cutoff was used as an estimation for
patients with nonprotective levels of antibodies, based on guidelines for
pneumococcal revaccination with PPV23 (21). To analyze the antibody
response in the patients, the Ig titer ratios between convalescent- and
acute-phase sera were calculated. To describe the patient characteristics
with respect to the Ig titer ratio, the patients were divided into three
groups, with Ig titer ratios of �1, 1 to 1.99, and �2. A titer ratio of �2 was
considered a significant response.

Differences in the results between any three groups were examined by
a one-way Kruskal-Wallis nonparametric analysis of variance (ANOVA)
test and by the Mann-Whitney U test between any two groups. A two-
tailed P value of �0.05 was considered statistically significant, except for
multiple comparisons, for which the P values were adjusted using Holm’s
method (27). In order for each factor to be considered significant, the
smallest P value must be �0.0125 (0.05/4), the second �0.0167 (0.05/3),
the third �0.025 (0.05/2), and the fourth �0.05 (0.05/1). Linear regres-
sion was used to adjust for a potentially confounding factor. Nonnormal
distributed data were first transformed by taking the log10 of the values
before the regression analyses were performed. For groups of proportions,
Pearson’s chi-square test was used, or Fisher’s exact test was used for small
numbers. All statistical analyses were performed with a statistical software
package (IBM SPSS Statistics, version 21).

Ethics. The study was approved by the ethics committee of the Örebro
County Council (686-1999). All participants provided their informed
consent.

RESULTS

Of 235 CAP patients, 70 (35%) with pneumococcal CAP were
included in the study (Fig. 1). A total of 16 serotypes were identi-
fied in 132 isolates, with multiple isolates in 47 (67%) patients
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(Table 1). In two patients, two isolates with different serotypes
were identified. In one patient, the Ig titer ratios were 3.52 for
serotype 23F (NpA) and 0.59 for serotype 11A (NpS). In the other
patient, the Ig titer ratios were 0.58 for serotype 19F (blood) and
0.75 for serotype 14 (NpS). None of the patients included died
within 30 days after admission.

Type-specific antibody titers in all patients. Table 2 shows the
patient characteristics in all patients, divided into two groups of
patients with acute Ig titers of �40 AU (n � 37 [53%]) and �40
(n � 33 [47%]). There were no significant differences between the
two groups with respect to the patient characteristics. For the total
group of patients, the median acute Ig titer was 36 AU (range, 0 to
243 AU), and in 11 (16%) patients, the acute Ig titer was �100 AU
(range, 101 to 243 AU). As noted in Table 3, the median acute Ig
titer was significantly lower in patients with pneumococcal bacte-
remia than that in patients without bacteremia (24 versus 94 AU;
P � 0.042).

The median convalescent Ig titer was 84 AU (range, 0 to 1,754
AU) in the total group of patients (Table 2), 30 (43%) of whom
had convalescent titers of �100 AU.

With respect to the antibody responses in all patients, Table 2
shows the patient characteristics divided into three groups, with Ig
titer ratios of �1 (n � 17 [24%]), 1 to 1.99 (n � 20 [29%]), and
�2 (n � 33 [47%]). Although there were no significant differ-
ences between the three groups with respect to patient character-
istics, the serotype distributions differed (Table 2). Serotypes with
a high degree of encapsulation were noted in 73% of the cases with
an Ig titer ratio of �1 and in 35% of the cases with an Ig titer ratio
of �2 (P � 0.016). Serotypes with medium/high invasive poten-
tial were noted in 29% of the cases with an Ig titer ratio of �1 and
in 70% of the cases with an Ig titer ratio of �2 (P � 0.02). As noted
in Table 3, patients �65 years old had significantly lower median
Ig titer ratios than did patients �65 years (1.38 versus 2.06; P �
0.031). When patients with pneumococci isolated from blood,
sputum, and the nasopharynx were compared, no difference was
observed in the antibody responses (Fig. 2).

Type-specific antibody titers related to bloodstream pneu-
mococcal DNA load. EDTA plasma was collected in 30 (43%)

patients, 10 of whom were bacteremic. PCR for Spn9802 DNA was
positive in eight of 30 samples, including four patients with pneu-
mococcal bacteremia (Table 4). The three patients with the high-
est loads of pneumococcal DNA had the lowest antibody titer
ratios.

Type-specific antibody response with respect to degree of en-
capsulation. Sixty-five (93%) patients were grouped with respect
to a low or high degree of encapsulation of the causative serotype,
according to Weinberger et al. (12). Figure 3A shows that the acute
Ig titers did not differ between the two groups. A high acute Ig titer
(�100 AU) was observed in 11 patients, including three patients
with serotypes with a low degree of encapsulation and eight pa-
tients with serotypes with a high degree of encapsulation. Inter-
estingly, Ig titer ratios of �2 were noted in 3/3 cases with a low
degree of encapsulation and in 1/8 cases with a high degree of
encapsulation (P � 0.024).

As shown in Fig. 3B, serotypes with a low degree of encap-
sulation had a significantly higher median Ig titer ratio between
paired sera compared with those of serotypes with a high de-
gree of encapsulation (2.63 versus 1.25; P � 0.003). Also, after
a log10 transformation of the Ig titer ratios was performed, the
patients with serotypes with a low degree of encapsulation had
a 2.4-fold (95% confidence interval [CI], 1.4 to 4.4; P � 0.003)
higher mean Ig titer ratio than that of patients with serotypes
with a high degree of encapsulation, and after adjustment for
age, this difference was still 2.2-fold higher (95% CI, 1.2 to 3.8;
P � 0.01).

Type-specific antibody response with respect to invasive po-
tential. Sixty-one (87%) patients were grouped with respect to the
low, medium, or high invasive potential of the causative serotype,
according to Brueggemann et al. (15). Figure 4 shows that there
was no significant difference in the Ig titer ratios when serotypes

TABLE 1 Distribution of samples with isolated serotypes in
pneumococcal CAP patientsa

Serotype
No. of
patients

No. of samples fromb:

Blood Sputum NpA NpS

1 2 1 2 2 1
2 1 1 1 1 0
3 11 2 4 7 5
4 2 0 1 2 1
6B 1 0 1 1 0
7F 9 5 1 5 2
9N 3 0 1 2 3
9V 6 2 3 4 5
11A 4 0 2 4 1
12F 2 2 0 1 1
14 9 1 4 4 6
18C 3 0 0 2 1
19A 4 1 2 2 2
19F 3c 1 1 1 3
22F 2 1 2 2 1
23F 8d 3 5 6 2

Total 70 20 30 46 34
a CAP, community-acquired pneumonia.
b NpA, nasopharyngeal aspirate; NpS, nasopharyngeal swab.
c One patient with serotype 19F in blood had serotype 14 in NpS (not included in the
table).
d One patient with serotype 23F in NpA had serotype 11A in NpS (not included in the
table).

FIG 1 Flow chart of community-acquired pneumonia (CAP) patients included
in the study. In 70 pneumococcal CAP patients, the causative serotypes belonged
to the serotypes of the 23-valent pneumococcal polysaccharide vaccine (PPV23),
for which serotype-specific immunoglobulin titers were measured.
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with low (1.31) invasive potential were compared with serotypes
with medium (2.22; P � nonsignificant [NS]) or high (3.70; P �
NS) invasive potential. However, the Ig titer ratio was lower in
patients infected with serotypes with low invasive potential than

that in patients infected with serotypes with medium/high inva-
sive potential in combination (1.31 versus 2.61; P � 0.006) (Table
3). Also, after a log10 transformation of the Ig titer ratios was
performed, the patients with serotypes with a medium/high inva-

TABLE 2 Characteristics and type-specific Ig titers to the causative serotype in pneumococcal CAP patientsa

Characteristicb All

Data for patients with:

Acute Ig titer (AU) of: Convalescent/acute Ig titer ratio of:

�40 �40 �1 1–1.99 �2

n 70 37 33 17 20 33
Mean age (yr) 66.3 67.8 64.6 74.5 63.3 63.8
Age � 65 yr 40 (57) 23 (62) 17 (52) 13 (77) 10 (50) 17 (52)
Female 32 (46) 16 (43) 16 (48) 8 (47) 10 (50) 14 (42)
Comorbidityc 36 (51) 20 (54) 16 (48) 10 (59) 8 (40) 18 (55)
Smoking 22 (31) 9 (24) 13 (39) 3 (18) 11 (55) 8 (24)
CRB-65 score of 2–4 24 (34) 12 (32) 12 (36) 9 (53) 5 (25) 10 (30)
PSI class IV-V 28 (40) 15 (41) 13 (39) 8 (47) 6 (30) 14 (42)
Bacteremia 20 (29) 14 (38) 6 (18) 6 (35) 4 (20) 10 (30)
Serotype with high degree of encapsulationd 34/65 (52) 14/32 (44) 20/33 (61) 11/15 (73) 12/19 (63) 11/31 (35)
Serotype with medium/high invasive

potentiale
34/61 (56) 21/30 (70) 13/31 (42) 4/14 (29) 9/17 (53) 21/30 (70)

Onset of illness to acute-phase serum
(median [range]) (days)

3 (0–36) 3 (0–36) 4 (0–21) 5 (0–36) 4.5 (0–11) 2 (0–21)

Acute- to convalescent-phase serum
(median [range]) (days)

30 (20–96) 29 (20–96) 30 (22–81) 31 (25–82) 28 (22–58) 30 (20–96)

Acute Ig titer (median OD [range]) 36 (0–243) 20 (0–38) 81 (40–243) 35 (8–243) 56 (0–161) 30 (5–183)
Convalescent Ig titer (median OD [range])

(days)
84 (0–1,754) 30 (0–1,230) 118 (12-1,754) 24 (2–215) 77 (0–197) 144 (11-1,754)

Convalescent/acute Ig titer ratio (median
OD [range])

1.68 (0.07–82) 2.33 (0.07–82) 1.43 (12–23) 0.77 (0.07–0.98) 1.29 (1.00–1.90) 4.00 (2.00–82)

a Ig, immunoglobulin; CAP, community-acquired pneumonia.
b All data are presented as number (%) of patients, unless otherwise specified. CRB-65, confusion, respiratory rate, blood pressure, age of �65 years; PSI, pneumonia severity index;
OD, optical density in arbitrary units.
c One or more of the following chronic conditions: chronic obstructive pulmonary disease, heart disease, diabetes mellitus, liver disease, renal insufficiency, neoplasm, and
immunosuppression.
d Serotypes with low (1, 4, 7F, 9N, 9V, and 14) or high (3, 6B, 11A, 18C, 19A, 19F, and 23F) degrees of encapsulation (Weinberger et al. [12]) were based on 65/70 cases with
defined degrees of encapsulation.
e Serotypes with low (3, 6B, 19A, 19F, and 23F), medium (4, 9A, 9V, 14, and 18C), or high (1 and 7F) invasive potential (Brueggemann et al. [15]) were based on 61/70 cases with a
defined invasive potential.

TABLE 3 Acute type-specific Ig titer and Ig response to the causative serotype in subpopulations of pneumococcal CAP patientsa

Subpopulation factorb

No. with factor/no.
without factor

Median acute Ig titer (range)
(AU):

P valuec

Median convalescent/acute Ig titer
ratio (range):

P valuecWith factor Without factor With factor Without factor

Age �65 yr 40/30 31 (0–185) 48 (6–243) 0.62 1.38 (0.07–22) 2.06 (0.16–82) 0.031
Female 32/38 39 (5–243) 31 (0–183) 0.84 1.47 (0.16–16) 1.91 (0.07–82) 0.39
Comorbidityd 36/34 31 (5–185) 39 (0–243) 0.74 1.84 (0.07–44) 1.56 (0.16–82) 0.64
Smoking 22/48 59 (0–243) 31 (5–185) 0.48 1.41 (0.16–30) 2.13 (0.07–82) 0.82
CRB-65 score, 2–4 24/46 40 (0–150) 31 (5–243) 0.32 1.56 (0.07–22) 1.95 (0.16–82) 0.14
PSI class IV-V 28/42 36 (0–185) 35 (6–243) 0.72 1.91 (0.07–44) 1.59 (0.16–82) 0.85
Bacteremia 20/50 24 (0–112) 94 (6–243) 0.042 1.73 (0.07–82) 1.68 (0.5–30) 0.73
Serotype with high degree

of encapsulatione

34/31 56 (5–243) 31 (6–183) 0.20 1.25 (0.07–16) 2.63 (0.16–82) 0.003

Serotype with low invasive
potentialf

27/34 60 (5–243) 31 (6–183) 0.058 1.31 (0.07–16) 2.61 (0.16–82) 0.006

a Ig, immunoglobulin; CAP, community-acquired pneumonia.
b CRB-65, confusion, respiratory rate, blood pressure, age of �65 years; PSI, pneumonia severity index.
c Values in bold type represent statistically significant differences at a P value of �0.05.
d One or more of the following chronic conditions: chronic obstructive pulmonary disease, heart disease, diabetes mellitus, liver disease, renal insufficiency, neoplasm, and
immunosuppression.
e Serotypes (n � 65) with low (1, 4, 7F, 9N, 9V, and 14) or high (3, 6B, 11A, 18C, 19A, 19F, and 23F) degree of encapsulation (Weinberger et al. [12]).
f Serotypes (n � 61) with low (3, 6B, 19A, 19F, and 23F), medium (4, 9A, 9V, 14, and 18C), or high (1 and 7F) invasive potential (Brueggemann et al. [15]).
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sive potential had a 2.4-fold (95% CI, 1.3 to 4.4; P � 0.006) higher
mean Ig titer ratio than that of patients with serotypes with a low
invasive potential, and after adjustment for age, this difference was
still 1.9-fold higher (95% CI, 1.55 to 3.65; P � 0.036).

Type-specific antibody level ratios in controls. Paired sera
were collected in 90 of 113 enrolled controls, four of whom (4.4%)
(median age, 64 years; range, 39 to 75 years; 50% female) had S.
pneumoniae isolated in the nasopharynx with serotypes covered
by the PPV23. These four patients were admitted for elective sur-
gery (n � 2; serotypes 3 and 11A), spondylitis (6B), and urinary
tract infection (19F). The median time duration between acute-
and convalescent-phase sera in the four controls was 46 days (range,
29 to 59 days), the median acute Ig titer was 101 AU (range, 15 to
226 AU), the median convalescent titer was 120 AU (range, 25
to 351 AU), and the median Ig titer ratio was 1.29 (range, 0.76 to

2.25). One control (11A), who developed airway symptoms be-
tween serum samplings, had an Ig titer ratio of 0.91. None of the
other three controls developed respiratory symptoms during the
hospital stay.

DISCUSSION

In this prospective study, we observed the greatest antibody re-
sponse in pneumococcal CAP patients infected with serotypes
with a low degree of encapsulation, as well as serotypes with me-
dium/high invasive potential. These findings were opposite of our
hypotheses. However, the results could not be explained by age or
other patient characteristics. With few exceptions, these immuno-
genic serotypes, with thin capsules (1, 4, 7F, 9N, 9V, and 14) and
medium/high invasiveness (1, 4, 7F, 9N, 9V, 14, and 18C), are the
same serotypes.

Antibodies to CPS are naturally acquired through colonization
and infection, with elevated titers often detected in healthy indi-
viduals (14, 28, 29). However, naturally acquired antibodies may
lack in functionality, which might explain why such antibodies
appear to lack in protection against disease (30). In the evaluations
of the ELISA used in the present study (21, 23), the median Ig titer
(geometric mean [GM] Ig titer to serotypes 1, 4, 7F, 14, 18C, and
19F) in 15 healthy individuals prior to vaccination was 32 AU
(range, 8 to 61 AU), and 4 weeks after vaccination with the PPV23,
the median Ig titer was 63 AU (range, 20 to 113 AU). In the present
study of patients with pneumococcal pneumonia, we observed a
median acute Ig titer of 36 AU, similar to that of the nonvacci-
nated population in the evaluation study, and a median convales-
cent titer of 84 AU after 4 weeks (Table 2). The WHO Collaborat-
ing Center for Reference and Research on Pneumococci at the SSI
(Copenhagen, Denmark) previously used this ELISA for an eval-
uation of vaccine effectiveness and as a guide for pneumococcal
revaccination (21, 23). Revaccination was recommended if the
GM titer was �25 AU or �40 AU, with more than one of the six
type-specific antibody levels being �25 AU. A GM titer of �40
AU was considered to be protective (21, 23). In our study of pa-
tients with pneumococcal pneumonia, we found that 47% (33/70)
had acute Ig titers of �40 AU (Table 2). In comparison, Musher et
al. (31) observed that one-third of patients with pneumococcal
pneumonia were considered to have protective antibody titers at
admission. However, we found no differences in the patient char-

FIG 2 Serotype-specific immunoglobulin (Ig) response (convalescent/acute
Ig titer ratio) to the causative serotype in pneumococcal pneumonia patients
with respect to culture site. Only one site per patient is presented. The patient
was included in the blood category if the blood culture was positive, the spu-
tum category if the sputum culture was positive and blood culture was nega-
tive, and the nasopharynx category if the culture from nasopharyngeal secre-
tions was positive and no blood culture or sputum culture was positive. ns,
nonsignificant.

TABLE 4 Characteristics of pneumococcal CAP patients with pneumococcal DNA (Spn9802) detected in plasma at admissiona

No.
Age (yr)/
sexb Comorbidity Smoking

PSI
scorec

Blood
culture
positivity

Days from disease
onset to acute-
phase serum

Days from acute-
to convalescent-
phase serum

Serotype/degree
of encapsulation

Spn9802
DNA
copies/ml

Ig titer ratio
(convalescent/acute)d

1 83/F No 93 Yes 6 26 19F/high 1.0 � 1010 0.58 (33/57)
2 79/F No 97 Yes 8 24 9V/low 3.0 � 109 1.33 (64/48)
3 89/F Lung disease No 79 Yes 7 58 7F/low 1.8 � 104 1.05 (21/20)
4 23/M No 78 No 11 34 7F/low 6.2 � 103 2.89 (528/183)
5 54/M Liver disease,

lung disease
Yes 115 Yes 4 31 3/high 4.5 � 103 2.12 (172/81)

6 58/M Yes 88 No 10 34 3/high 5.8 � 102 1.45 (122/84)
7 31/M No 31 No 4 29 7F/low 4.0 � 102 6.86 (48/7)
8 74/M Heart disease,

tumor
No 124 No 2 25 3/high 1.8 � 102 2.35 (87/37)

a CAP, community-acquired pneumonia.
b F, female; M, male.
c PSI, pneumonia severity index.
d Ig, immunoglobulin.
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FIG 3 Serotype-specific immunoglobulin (Ig) titers at admission (A) and response (convalescent/acute Ig titer ratio) (B) to the causative serotype in pneumo-
coccal pneumonia patients, with respect to the degree of encapsulation of the serotype. In 65 of the 70 included patients in the study, a low (1, 4, 7F, 9N, 9V, and
14) or high (3, 6B, 11A, 18C, 19A, 19F, and 23F) degree of encapsulation of the serotype was defined, based on Fig. 2B in the study by Weinberger et al. (12). ns,
nonsignificant.
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acteristics between the groups with Ig titers of �40 AU and �40
AU (Table 2).

Surprisingly, only 47% (33/70) of the patients responded with
a �2-fold increase in Ig titer to their infective serotype, and as
many as 24% (24/70) of the patients showed a decrease in Ig titer
between paired sera (Ig titer ratio, �1; Table 2). In previous vac-
cination studies, repeated and high doses of bacterial antigens
have caused hyporesponsiveness, presumably due to the depletion
of the reactive B-cell pool (32). Accordingly, in adult patients with
pneumococcal pneumonia, Coonrod and Drennan (9) noted a
reduced and/or delayed production of anti-pneumococcal anti-
bodies in cases with detected pneumococcal antigenemia, al-
though a significant antibody response was often noted in cases
without detected antigenemia. In the present study, the three pa-
tients with the highest levels of pneumococcal DNA in plasma had
the lowest antibody responses (i.e., the lowest Ig titer ratios; Table
4). In addition, serotypes with a high degree of encapsulation were
predominant in the group of patients with an Ig titer decrease
between paired sera (Ig titer ratio, �1; Table 2). These results
indicate that a high load of pneumococcal antigen, caused by in-
fection with highly encapsulated serotypes or a large burden of S.
pneumoniae cells, is associated with a low antibody response
and/or decreasing antibody titers in pneumococcal pneumonia.

During an episode of colonization, the immunogenic capsule
may interact with the mucosal surface in the nasopharynx and,
thereby, induce anti-CPS antibodies in healthy subjects (14, 28).
These antibodies may be protective against IPD (4). Also, existing
antibodies might allow the rapid elimination of circulating bacte-
ria, resulting in negative blood cultures in pneumococcal disease.
We observed that nonbacteremic patients had higher acute Ig ti-
ters than those of bacteremic patients (median titers, 24 versus 94
AU, respectively; P � 0.042) (Table 3), suggesting that previously
acquired antibodies may provide protection against bacteremia.

In this study, we considered a positive nasopharyngeal culture

for S. pneumoniae to be a possible true etiology of CAP, as recom-
mended by Swedish guidelines (33). Cultures of blood and repre-
sentative sputum are not sensitive enough to identify the etiology
in the majority of cases of pneumococcal pneumonia (34). Thus,
sensitive methods using nasopharyngeal samples for enhanced di-
agnostic yields might be useful (35). This approach is supported
by a low pneumococcal carriage rate in healthy adult populations
in northern Europe (36, 37), as well as in our control group (38).
Furthermore, we found no difference in antibody responses with
respect to the sampling site, as noted in Fig. 2.

We grouped the serotypes according to previous findings by
Weinberger et al. and Brueggemann et al. (12, 15) to enable ap-
propriate statistical analyses, as the numbers of each serotype were
too small for individual comparisons. Therefore, the results of this
study could not be transferred to individual serotypes but should
be used for understanding common characteristics for groups of
serotypes. We used the ELISA described by Konradsen (21), which
was a validated method for pneumococcal antibody measurement
prior to the establishment of the WHO ELISA (20–22). The guid-
ance protocol of the ELISA used in the present study is similar to
that of the WHO ELISA, using ATCC polysaccharides for coating
and a standard serum that correlates with the international stan-
dard serum 89SF, and it was used for patient evaluation in another
recent study (25). However, the presentation of antibody concen-
trations in AU instead of in �g/ml is a difference between the two
guidance protocols, but it should not negatively affect the reliabil-
ity of the results of the present study. Furthermore, in the ELISA,
all sera were adsorbed with CWPS alone, but adsorption with 22F
was not performed, as this was not the internationally accepted
standard procedure at the time of the study. However, the 22F
adsorption effect has been shown to be inferior to the CWPS ad-
sorption effect (39). The absence of 22F adsorption was general-
ized in all sera in the study population, as well as in the standard
serum; therefore, the impact of nonspecific binding should be
equal in both groups, and the correlation between OD measure-
ments is not likely to be influenced.

In conclusion, a high anti-CPS antibody response was noted in
patients with pneumococcal pneumonia caused by serotypes with
a low degree of encapsulation and/or medium/high invasive po-
tential. A low antibody response and/or decreased antibody titers
were associated with serotypes with a high degree of encapsulation
and low invasive potential, as well as a high pneumococcal DNA
load in plasma. Furthermore, patients with nonbacteremic pneu-
mococcal pneumonia had higher antibody titers at admission
than those of patients with bacteremic pneumococcal pneumonia,
indicating that the antibodies are probably protective against in-
vasive disease.
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