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Abstract The role of Streptococcus pneumoniae in the
etiology of respiratory tract infections has been studied
serologically using microbe-specific antibody and immune
complex assays. Serological methods are sensitive in the
bacteremic pneumococcal pneumonia of adults. In children,
however, pneumococcal pneumonia is seldom bacteremic,
and, thus, in the absence of a gold standard for the detection
of pneumococcal infection, serological methods are still
insufficiently validated. We report here indirect evidence
for the sensitivity and specificity of pneumococcal serology
in children. Serological evidence of pneumococcal infection
has been found in 27% to 38% of children with
radiologically confirmed pneumonia, in 7% to 8% of
children with viral wheezy bronchitis, and in <1% to 5%
of children and young adults with viral upper respiratory
infection. Serological findings for pneumococcal infection
have been dependent on the study venue, whether in
hospital or ambulatory subjects, and on the test panel used.

Where both antibody and immune complex assays have been
available, the proportion of children with pneumococcal
infection has been 32% to 37% in inpatients and 27% to
28% in outpatients. The respective rates have been 10% to
18% by antibody assays alone. Pneumococcal acute otitis
media, when present with pneumonia, may confound
findings in pneumococcal serology, but pure nasopharyngeal
carriage of S. pneumoniae has little effect. In contrast,
carriage acquisition of a new serotype may induce significant
antibody production. Thus, understandably, significant rises
between paired sera in antibodies to pneumococcal capsular
polysaccharides and pneumococcal pneumolysin have been
found in <1% to 3% of non-symptomatic children and young
adults. Findings from the last 20 years indirectly suggest that
pneumococcal antibody and immune complex assays are
sensitive and specific enough for the detection of pneumo-
coccal infection in children. However, the methods are too
complex for routine clinical practice, and, so far, serological
methods for S. pneumoniae infections have only been used
for research purposes.

Introduction

Streptococcus pneumoniae is the most important bacterial
cause of respiratory tract infections in children. Either alone
or as a co-pathogen, pneumococcus causes at least a third of
community-acquired pneumonia (CAP) in children [1, 2].
The clinical manifestations vary from mild to severe with
complications [1, 3, 4]. S. pneumoniae is also common in
mixed viral–bacterial infections [5].

Microbe-specific etiological diagnosis of bacterial CAP
and other acute lower respiratory infections (ALRI) is
difficult. S. pneumoniae grows in blood culture in less than
5% of pediatric CAP cases [1, 2], and in pleural fluid, when
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present, in less than 20% [1, 2]. Invasive methods allowing
the direct detection of pathogens from the infection focus,
such as bronchoalveolar lavage, transtracheal aspiration, or
transthoracic aspiration, are justified in severe cases only.
The carriage of S. pneumoniae, especially in young
children, is so common that upper respiratory tract samples,
whether studied by culture, antigen detection, or DNA
detection, have no role in the investigation of the etiology
of lower respiratory infections [1, 2, 6].

In the last 20 years, bacterial antibody and immune complex
assays have been used to determine the pneumococcal etiology
of CAP and ALRI in children [7–16]. These methods have
also been applied to upper and lower respiratory infections,
such as the common cold [17], laryngitis [18, 19], and
bronchiolitis and wheezy bronchitis [20, 21]. The assumption
is, like in the case of many other microbes, that the
production of pneumococcal antibodies or the formation of
circulating pneumococcal antigen–antibody complexes, indi-
cate that the infection is caused by S. pneumoniae [16, 22,
23]. In these serological studies, the pneumococcal antigens
used have been capsular C-polysaccharide, capsular type-
specific polysaccharides, and a protein antigen, pneumolysin
[24–27]. However, antibody and immune complex assays are
still incompletely validated for the microbe-specific diagnosis
of pneumococcal infection.

This review summarizes pneumococcal antibody and
immune complex findings in studies on the etiology of
pediatric CAP and ALRI. The findings are compared with
those obtained from children and young adults with viral
upper and lower respiratory tract infections. In addition, the

available validation data in relation to blood, pleural fluid,
and lung aspirate cultures, mainly derived from adults with
severe pneumonia, are presented. According to current
knowledge, common cold, laryngitis, and wheezy bronchitis
in children, as well as bronchiolitis in infants, are caused by
viruses. In addition, wheezing may be associated with
atypical intracellular bacteria [28–30]. In both viral and
atypical bacterial cases, pneumococcal co-infections may
occur, but clinically significant serological findings are
expected to be rare [31, 32].

Methods for detecting specific pneumococcal antibodies
and antigens

Table 1 summarizes the serological methods for S. pneumoniae
used in the studies included in the present review [7–15, 33,
34]. In the antibody assays, IgG antibodies to capsular C-
polysaccharide, to capsular type-specific polysaccharides
(the 11 most common strains in children), and IgM and IgG
antibodies to a protein antigen, pneumolysin, have been
measured by enzyme immunoassay (EIA). On the basis of
measurements in healthy children, the cut-off limit has been
a ≥3-fold increase in antibodies to C-polysaccharide and
type-specific polysaccharides and a ≥2-fold increase in
antibodies to pneumolysin between paired sera [7–15, 27,
33–35]. In the immune complex assays, the circulating
complexes must first be precipitated, then dissolved, and,
thereafter, the antibodies can be measured by EIA [16]. The
concentration of ≥2 SD over the mean of samples from

Table 1 Antibody, antigen, and immune complex methods used in the studies of pneumococcal etiology in children

Author (reference) Antigens in antibody assays Antigen assays Immune complex assays

Claesson et al. [7] C-polysaccharide Type-specific
polysaccharides Pneumolysin

No No

Nohynek et al. [8] Pneumolysin Urine antigens Serum
antigens

No

Ruuskanen et al. [9] Pneumolysin Urine antigens Serum
antigens

No

Korppi et al. [10, 33] C-polysaccharide Type-specific
polysaccharides Pneumolysin

Urine antigens Serum
antigens

C-polysaccharide Type-specific
polysaccharides Pneumolysin

Wubbel et al. [13] C-polysaccharide Pneumolysin No C-polysaccharide Pneumolysin Surface
protein

Heiskanen-Kosma et
al. [12, 35]

C-polysaccharide Type-specific
polysaccharides Pneumolysin

Urine antigens C-polysaccharide Type-specific
polysaccharides Pneumolysin

Juvén et al. [11] C-polysaccharide Pneumolysin No C-polysaccharide Pneumolysin
Michelow et al.
[14, 34]

C-polysaccharide Pneumolysin Urine antigen C-polysaccharide Pneumolysin

Don et al. [15] C-polysaccharide Pneumolysin No No

Antibody assays: IgG antibodies to C-polysaccharide, to capsular type-specific polysaccharides (the 11 most common strains in children), and
IgM or IgG antibodies to a protein antigen, pneumolysin, by an enzyme immunoassay (EIA)
Immune complex assays: circulating complexes with C-polysaccharide, capsular type-specific polysaccharides (the 11 most common strains in
children) and/or pneumolysin, and with IgG antibodies to polysaccharides and/or IgG or IgM antibodies to pneumolysin.
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healthy children, present in either acute or convalescent
serum samples, has been used as a diagnostic limit [10–14,
16]. Pneumococcal surface adhesin A is an immunogenic
protein common to all serotypes of S. pneumoniae, and, in
some recent studies, antibodies to and immune complexes
with adhesin A have been used to diagnose pneumococcal
infection [36, 37].

In this review, findings by methods for serum and urine
pneumococcal antigens are not reported in detail, since
these tests lack sufficient sensitivity and specificity for
application to clinical practice or clinical studies in
children. The Binax NOW immunochromatographic test
detects pneumococcal C- polysaccharide in urine, and has
had promising results in adults with pneumonia. Sensitiv-
ities of 66% to 100% and specificities of 82% to 100%
have been reported from many studies [38–42]. The results
in children have been less promising [43–47]. In a study of
346 children, the test was positive in 95% of children with
pneumococcal bacteremia, in 15% of children with non-
bacteremic infection, and in 8% of controls with no current
or recent infection [45]. The main problem in children is
that the test has been positive in 25% to 55% of pneumo-
coccal carriers [43, 44, 46, 47].

Pneumonia

As seen in Table 2, evidence of S. pneumoniae infection
has been found in 16% to 38% of hospitalized children with
CAP [7–15, 33, 34]. Only studies of western child
populations with assays of antibodies to S. pneumoniae,
atypical bacteria, and respiratory viruses available were
included.

The lowest rates (16%) for S. pneumoniae etiology come
from the two oldest studies [7, 8], in which chest

radiographs were not obtained. Thus, the findings represent
all ALRI cases, including both pneumonia and other lower
airway infections. In later CAP studies, pneumococcal
antibody assays were supplemented by immune complex
assays, and serological evidence of S. pneumoniae infection
was documented in over 30% of cases [10, 14, 33, 34].
When the proportions of pneumococcal etiology were
calculated from those with any etiology detected, the rates
were 23% to 52% in hospital studies and 19% to 63% in
ambulatory studies (Table 3).

Serum and urine antigens were measured in four hospital
studies, whose approaches increased the proportion of
pneumococcal findings by 4% to 16% [7–10, 14, 27]. In
the only population-based CAP study, the detection of urine
antigens did not increase pneumococcal findings [12, 35].

Vuori et al. [48] studied pneumococcal antibodies and
immune complexes in 79 children hospitalized for pneu-
monia and in 30 children hospitalized for ALRI with no
pneumonia. Only severely ill patients requiring parental
antibiotic therapy were included. Pneumococcal antibodies
or immune complexes were present in 36 (46%) and 9
(30%) of the cases, respectively [48]. Esposito et al. [49]
measured capsular type-specific antibodies to S. pneumoniae
and antibodies to atypical bacteria, but not to viruses, in 196
children hospitalized for CAP, and found evidence for
pneumococcal infection in 25% of the cases [49].

Juvén et al. [50] compared clinical and laboratory
findings in 38 children with serologically indicated pneu-
mococcal pneumonia, in 26 children with respiratory
syncytial virus (RSV) pneumonia, and in 85 children with
bacteremic pneumococcal pneumonia. The serological
diagnosis of pneumococcal infection was made by measur-
ing IgG antibodies to pneumolysin and C-polysaccharide,
and immune complexes containing these antigens and
respective antibodies. Serologically indicated pneumo-

Table 2 Pneumococcal findings by antibody, antigen, and immune complex assays in community-acquired pneumonia in children

Author (reference) Mean age
(number)

Any etiology
detected

S. pneumoniae
infection

City/district, country (year)

Hospital studies
Claesson et al. [7] 1.0 yrs (N=167)a 42% 16% Gothenburg, Sweden (1989)
Nohynek et al. [8] 1.8 yrs (N=121)a 69% 16% Helsinki, Finland (1991)
Ruuskanen et al. [9] 4.4 yrs (N=50) 88% 38% Turku, Finland (1992)
Korppi et al. [10, 13] 2.7 yrs 62% 32% Kuopio, Finland (1993, 1997)
Juvén et al. [11] 3.8 yrs (N=254) 85% 37% Turku, Finland (2000)
Michelow et al. [14, 34] 2.8 yrs (N=154) 79% 32%# Dallas, USA (2002, 2004)
Ambulatory studies
Claesson et al. [7] 5.0 yrs (N=169)a 53% 10% Gothenburg, Sweden (1989)
Heiskanen-Kosma et al. [12, 35] 5.6 yrs (N=201)b 72% 28% Savo district, Finland (1998, 2003)
Wubbel et al. [13] NR (N=168)c 43% 27% Dallas, USA (1999)
Don et al. [15] 4.7 yrs (N=101)d 65% 18% Udine, Italy (2005)

a Chest radiograph was not required; b 21% were treated in the hospital; c 47% were <2 years old; d 27% were treated in the hospital
# For comparability with other studies, only diagnoses by pneumolysin-based polymerase chain reaction (PCR) were not included
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coccal pneumonia was significantly associated with alveo-
lar infiltrates on the chest radiograph (76% vs. 15% in RSV
pneumonia), elevated white blood cells (20.8×109/L (mean)
vs. 12.0×109/L), and elevated serum C-reactive protein
(137 mg/L (mean) vs. 28 mg/L) [50]. The results offer
indirect evidence for the specificity of pneumococcal
serology. However, only 34% of the patients had typical
pneumococcal pneumonia (acute onset, high fever, leuko-
cytosis, and lobar infiltrates), compared with 70% of
patients with bacteremic pneumonia [50].

Etiological findings from CAP studies in children seem
to depend at least on four factors: study design, age
distribution, severity of disease, and the microbe-specific
test panel used. In hospital studies, young children and
severe cases are over-represented, emphasizing the role of
viruses and S. pneumoniae [9–11, 14, 50]. In ambulatory
studies, performed in outpatient clinics [7, 13, 15], and
especially in population-based studies carried out in
primary health care [12, 51], the disease is milder and the
patients are older, stressing the role of atypical bacteria,
such as M. pneumoniae and C. pneumoniae. Different
serological tests for pneumococcal infection seem to find
different cases [11, 27, 35]. This may be due to insufficient
test sensitivity and specificity. In addition, the timing of

sampling may play a role [22, 23]. Finally, the rates of
diagnostic findings may simply depend on the size of the
test panel used [11, 27, 34, 38].

Common cold, laryngitis, bronchiolitis, and wheezy
bronchitis

As seen in Table 4, pneumococcal infection was serolog-
ically diagnosed in only one case (0.5%) of 199 young
adults with the common cold [17]. S. pneumoniae was
cultured from the nasopharynx in an additional eight cases.
An antibody response to S. pneumoniae was found in 5% of
the 65 children with laryngitis [18]. Another study found no
cases of pneumococcal infection in 24 children with acute
laryngitis caused by parainfluenza viruses, which are
typical causative agents of laryngitis [19]. The figure was
slightly higher, 7%, in 188 preschool children hospitalized
for infection-associated wheezing [20]. In that study, 42%
of the patients had mainly interstitial infiltrates on chest
radiographs, and no significant differences were seen in
bacterial serology between cases with and without radio-
logical findings. In a recent study, viral etiology was found
in 88% of 220 wheezing children [52], and serological

Table 4 Serological detection of pneumococcal infection in upper and lower respiratory tract syndromes in children

Author (reference) Mean age (number) Etiology detected S. pneumoniae infection Clinical syndrome City and country

Upper respiratory syndromes
Mäkelä et al.c [17] 24 yrs 69% 1 (<1%) Common cold Turku, Finland
Korppi et al.d [18] NRe 46% 3 (5%)a Laryngitis Kuopio, Finland
Lower respiratory syndromes
Korppi et al.d [20] ≤6 years 39% 14 (7%)b Wheezing Kuopio, Finland
Lehtinen et al.c [21] NRf 88% 17 (8%) Wheezing Turku, Finland

a No pneumococcal findings in the 24 laryngitis cases caused by parainfluenza viruses; b 43% had an interstitial infiltration on the chest radiograph
Pneumococcal methods: c Antibody assays to C-polysaccharide and pneumolysin; d Antibody assays to capsular C-polysaccharide and capsular
type-specific polysaccharides
e 55% were <24 months of age; f 77% were <36 months of age

Table 3 Antigen-specific responses in antibody and immune complex assays to pneumococcal antigens in pediatric community-acquired
pneumonia in the five studies with both antibody and immune complex assays available

Authors Antibody responses to Immune complexes with

(Number of pneumococcal cases) C-polysaccharide Pneumolysin Other antigens C-polysaccharide Pneumolysin Other antigens

Korppi et al. (N=45) [10, 33] 6 3 15a 4 22 16a

Juvén et al. (N=93) [11] 36 46 – 3 41 –
Wubbel et al. (N=35) [13] 10 12 – 2 11 16b

Heiskanen-Kosma et al.
(N=57) [12, 35]

4 4 19a 6 21 21a

Michelow et al. (N=50) [14, 34] 26 12 – 13 11 –

The antibodies to C-polysaccharide were IgG antibodies, and the antibodies to pneumolysin were either IgG or IgM
Other antigens: a Capsular type-specific polysaccharides to serotypes 1, 3, 4, 6, 7, 8, 9, 14, 18, 19, and 23; b Capsular surface protein A
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evidence of pneumococcal co-infection was present in 17
(8%) cases [21]. The figure was 10% in 40 RSV, 11% in 54
rhinovirus, and 9% in 44 enterovirus-positive cases. Chest
radiographs showed interstitial infiltrates in 43% and
alveolar infiltrates in 4% of the patients, with no significant
association with findings in pneumococcal serology. Pneu-
mococcal infection was found in 9% of the 85 bronchiolitis
and in 5% of the 103 wheezy bronchitis patients. Acute
otitis media was diagnosed in 96 children, with no
association with serological pneumococcal findings [21].

Acute otitis media

Acute otitis media induces both local and systemic antibody
production against the causative agent. Koskela et al. [24,
25, 53] found that responses to pneumococcal capsular
polysaccharides were rather common, from 21% (IgG
responses to C-polysaccharide) to 36% (IgG and/or IgM
responses to type-specific polysaccharides) in 114 children
with acute otitis media. However, antibody responses to
pneumolysin were rare, <10%, and nearly all were IgA
responses. Another study found an IgG response to
pneumolysin in 2% (IgA in 7%) and an IgG response to
capsular polysaccharides in 14% (IgA in 7%) in 121
children with acute otitis media [54].

In a recent study, 329 children were followed from 2 to
24 months of age, and antibodies to capsular polysaccha-
rides, pneumolysin, and surface adhesin A were measured
6 months apart [55, 56]. In addition, the children were
examined for otitis media, and paired sera were obtained for
antibody measurements during all respiratory infections.
Pneumococcal antibodies showed no association with the
otitis history [55, 57]. The number of children with acute

otitis media was 185, and, among them, 22 (12%) had a ≥2-
fold increase in antibodies to type-specific capsular poly-
saccharides [56], 25 (14%) to surface adhesin A and 17
(9%) to pneumolysin [58]. In the subgroup of children with
pneumococcal otitis media, 28% had an antibody response
to pneumolysin, and 21% had a homologous and 6% a
heterologous antibody response to capsular polysaccharides
(Table 5). Thus, the presence of pneumococcal otitis media
may confound the serologic diagnosis of pneumococcal
CAP.

Healthy children

The data on antibody and immune complex responses in
healthy children originate from vaccination studies [24, 25,
53]. Children with ongoing or recent respiratory infections
have not been included in these studies. Table 6 shows the
validation data of healthy controls. Significant antibody
responses to C-polysaccharide and capsular polysaccharides
(≥3-fold increase between paired sera) were seen in less
than 1% of 200 children and young adults [32], and a
significant antibody response to pneumolysin (≥2-fold
increase between paired sera) was seen in 2–3% of 188
children attending the studies [23]. Circulating immune
complexes with C-polysaccharide, capsular polysaccharides
and/or pneumolysin, and respective IgM or IgG antibodies
were each seen in 1–2% of 89 non-symptomatic children
[16].

The carriage of S. pneumoniae and development of
pneumococcal antibodies were prospectively monitored in
329 children, aged <24 months [55–58]. Nasopharyngeal

Table 5 Antibody responses to pneumococcal capsular polysacchar-
ides and to pneumolysin in children with acute otitis media and
pneumococcal carriage

Antibodies
(reference)

Pneumococcal
acute otitis media

Pneumococcal
carriage

To capsular polysaccharides [56]
Homologous
≥2-fold rise 17/82 (21%) 3/41 (7%)#

≥4-fold rise 11/82 (13%) No
Heterologous
≥2-fold rise 5/82 (6%) NR
To pneumolysin [58]
≥2-fold rise 13/47 (28%) 5/50 (10%)#

# All were new carriers (carriage acquisition)
The patients were <24 months old, S. pneumoniae etiology was
confirmed by the culture of middle ear fluid, pneumococcal antibodies
were studied in paired sera obtained four weeks apart, and children
requiring hospital treatment were not included.

Table 6 Validation data of pneumococcal antibody and immune
complex assays in healthy subjects

Method Number Positive Reference

Antibodies to:
C-polysaccharide 200# <1% 32
Capsular polysaccharides 200# <1% 32
Pneumolysin 188 2-3% 23
Immune complexes with:
C-polysaccharide 89 1–2% 16
Capsular polysaccharides 89 1–2% 16
Pneumolysin 89 1–2% 16

# Both adults and children, sera obtained during vaccination projects.
The cut-off limits were a ≥3-fold increase in IgM or IgG antibodies to
C-polysaccharide and to capsular type-specific polysaccharides, and a
≥2-fold increase in IgM and IgG antibodies to pneumolysin.
The cut-off limit for circulating immune complexes, measured as
antibody concentrations after the dissolution of complexes, was ≥150
EIA units for IgG to polysaccharides and IgG or IgM to pneumolysin
in acute and/or convalescent serum samples
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aspirates were obtained for culture during respiratory
infections, and in addition, throat swabs were obtained
and serum antibodies to capsular polysaccharides and to
protein antigens pneumolysin and surface adhesin A were
measured at ages of 6, 12, 18 and 24 months. The
concentrations of antibodies to all these antigens increased
with age. Earlier contacts with S. pneumoniae, either
documented carriage or pneumococcal otitis media, had a
significant association with the concentrations of antibodies
to protein antigens but not with those to polysaccharide
antigens [55, 56]. Pneumococcal carriage was infrequently,
in 7% to 10% of the cases, associated with significant
increases of pneumococcal antibodies in paired sera
(Table 5). Since all children were new carriers, the
responses seem to be associated with carriage acquisition.

Validation by blood culture

Serological findings in bacteremic, blood culture-positive,
pneumococcal pneumonia have been mainly studied in
adults. As Table 7 shows, the sensitivity of bacterial
serology, when compared with positive blood culture,
seems to be good, from 68% to 92% [26, 59–61]. However,
the available data are based on low numbers of patients,
and in the absence of a gold standard for non-bacteremic
pneumococcal pneumonia, the final performance of pneu-
mococcal serology cannot be calculated. In the four adult
studies, pneumococcal serology was positive in 21% to
61% of non-bacteremic pneumonia cases [26, 59–61].

The etiology of infection was studied by blood and lung
aspiration cultures and by serology in 74 Gambian children

hospitalized for severe pneumonia [62]. The sensitivity of
pneumolysin antibodies and immune complexes when
compared with 17 culture-positive cases was 47%. In 222
Australian Aboriginal children with 322 ALRI episodes,
blood culture was positive for S. pneumoniae in only six
cases [63]. Of them, either pneumolysin antibodies or
immune complexes were found in four cases (67%).

In the study of Michelow et al. [34] from the USA,
paired sera were available from 119 children hospitalized
for CAP, and 12 (10%) of them were blood or pleural
culture-positive for S. pneumoniae. Eleven (92%) of them
were correctly identified by pneumococcal antibody assays,
whereas immune complex assays detected only 6 (50%)
patients. Antibody assays were negative in 40 (95%) of the
42 controls. These figures mean a 92% sensitivity and 95%
specificity in the diagnosis of bacteremic pneumococcal
pneumonia. On the other hand, pneumococcal infection was
identified by polymerase chain reaction (PCR) as often as
in 44% of all cases, having a 100% sensitivity and 63%
specificity compared with blood or pleural cultures, and
95% specificity compared with healthy controls [14, 34].

Validation by invasive methods in adults

In adult studies, the use of immune complexes for the
diagnosis of pneumococcal pneumonia has been ques-
tioned. Musher et al. [64] compared type-specific anti-
bodies to pneumococcal capsular polysaccharides in adults
admitted for bacteremic and non-bacteremic pneumonia, as
well as in healthy controls, and found that the concen-
trations were similar in all three groups. In another study,
Musher et al. [65] found pneumolysin IgG immune
complexes in 60% of 15 patients with non-bacteremic
pneumococcal pneumonia, in 63% of 16 healthy carriers,
and in 23% of 22 healthy non-carriers. This means a
sensitivity of 60% and a specificity of 61% when carriers
are included, and a specificity of 77% when carriers are not
included. In an older study, Holloway et al. [66] found
pneumolysin IgG immune complexes in 85% of 20 adults
with bacteremic pneumonia and in 33% of other pneumonia
cases. This means a sensitivity of 85% and a specificity of
67%.

In studies from Kenya, serum IgG to pneumococcal
surface adhesin A was measured in the paired sera of 109
adults with pneumococcal pneumonia, diagnosed by culture
in blood, pleural fluid, or lung aspirates, or by the presence
of pneumococcal antigen in urine, and in 47 healthy
controls [36, 37]. By a 2-fold or greater increase in
antibody concentrations, the sensitivity was 70% and the
specificity was 98%.

Serum immune complexes to pneumolysin, C-polysaccha-
ride, and mixed type-specific capsular polysaccharides were

Table 7 Pneumococcal serology in bacteremic pneumococcal pneumonia

Country (year) Number of
patients

Serology positive
(%)

Reference

Adults
Sweden (1987) 22 15 (68%)a, d 59
Sweden (1988) 12 9 (75%)a 60
Finland (1989) 12 11 (92%)a 26
Israel (1997) 25 22 (88%)c 61
Children
Gambia (1991) 17 8 (47%)a, e 62
Australia (1999) 6 4 (67%)a, c 63
USA (2002) 12 11 (92%)a, b, f 34

a Antibodies to pneumolysin; b Antibodies to C-polysaccharide;
c Circulating immune complexes to pneumolysin; d Three patients
with antibodies to capsular polysaccharides only not included; e Seven
patients with growth in lung aspirate only included; f Three patients
with positive pleural fluid culture included.
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measured in 74 adults with pneumococcal pneumonia,
diagnosed by blood, pleural fluid, or lung aspirate cultures,
and in 97 sick controls with non-pneumococcal diseases [37].
At the specificity level of 90%, sensitivities were low; 32%
(pneumolysin), 34% (C-polysaccharide), and 30% (capsular
polysaccharide) for the identification of a pneumococcal
infection.

Validation by invasive methods in children

A study from Kenya included 98 children, aged 1 to
7 years, with pneumococcal pneumonia confirmed by blood
or pleural fluid cultures. The sensitivity of the serological
methods when these children were compared with 97
healthy, age-matched controls was 42% (95% CI 32–
52%), and the specificity was 97% (95% CI 91–99%)
[67]. The results were not dependent on the nasopharyngeal
carriage of S. pneumoniae.

In 350 Philippine children with pneumonia, immune
complexes containing pneumolysin IgG were positive in
39% of cases, those containing capsular polysaccharides in
10%, and those containing C-polysaccharides in 9% of
cases, respectively [68]. However, a 2-fold or greater rise
between paired sera was found only in 4% to 7% of the
patients [68]. The design of the study did not allow any
calculation of the diagnostic parameters.

Limitations

Although the sensitivity of pneumococcal serology seems
to be rather good in bacteremic pneumonia of adults, the
sensitivity in non-bacteremic cases has remained undeter-
mined, mainly owing to the lack of gold standard methods.
Over 95% of CAP cases in children are blood culture-
negative. Likewise, the diagnostic cut-off limits of the tests,
assessed by comparing antibody or immune complex
concentrations in patients with pneumonia to those in
healthy controls, are not sufficiently validated.

In children, the diagnosis of pneumococcal infection may
be even more challenging than in adults, since pneumococcal
carriage, and, consequently, carriage acquisition of a new
serotype is common before school age. The findings ofMusher
et al. [69] in military conscripts support the importance of
carriage acquisition. The carriage of a new pneumococcal
serotype, identified during an outbreak, increased seroposi-
tivity by about 30% compared with non-carriers.

The measurement of antibodies to protein antigens, such
as pneumolysin or adhesins, seems to make better sense than
the measurement of antibodies to polysaccharide antigens.
Protein antigens are more immunogenic than polysaccha-
rides. In addition, 5% to 10% of patients do not adequately

respond to polysaccharide antigens [70], and some type-
specific polysaccharide antigens are weak antigens, particu-
larly in young children [24, 25, 27, 35]. Antibody and
immune complex assays mainly detect different cases [16,
33]. This may be due to the timing of the different phases of
an immunological cascade. The composition of circulating
immune complexes requires both antigens and antibodies in
sufficient amounts, and only excess antigens or antibodies
are measurable as free, soluble antigens or antibodies.
However, the testing of antibodies for capsular polysaccha-
rides, C-polysaccharide, and pneumolysin also seems to
detect separate cases, as also do immune complex tests
specific for the antigens and their corresponding antibodies
[27, 35]. There is no sensible explanation for this, and,
therefore, the specificity of both antibody and immune
complex assays have been questioned. Finally, the measure-
ments, especially those for immune complexes, have been
made in only a few research laboratories, although the
samples have originated from many surveys and countries.

Conclusions

Three conclusions seem to be justified on the basis of the
currently available literature on pneumococcal serology in
respiratory infections in children. First, the proportion of
responses in pneumococcal serology shows a significant
association with the anatomical level of the respiratory
infection. Pneumococcal findings are most common in
children with pneumonia, the next most common in
children with acute lower respiratory infections (ALRI),
rare in children with viral respiratory syndromes like
bronchiolitis and wheezy bronchitis, and nearly absent in
children and young adults with viral upper respiratory
infection. Second, the numbers of pneumococcal findings
are dependent on the study venue, whether in a hospital or
an ambulatory setting, as well as on the size of the test
panel used. Third, studies of pneumococcal carriage,
carriage acquisition, and otitis media caused by Streptococcus
pneumoniae suggest that community-acquired pneumonia
(CAP) studies may be confounded by pneumococcal otitis
media and carriage acquisition, but not by pneumococcal
carriage alone. Carriage acquisition may play a significant
role during outbreaks of S. pneumoniae infections, as seen in
military conscripts, and in preschool children, in whom the
development of type-specific immunity to the 90 serotypes
of S. pneumoniae requires repeated contacts with all of these
strains.

When compared with data obtained from blood cultures
or from samples obtained by invasive procedures like
pleural fluid or lung tissue aspirates, mainly available in
adults, pneumococcal serology seems to be rather sensitive
in the diagnosis of bacteremic pneumococcal disease.
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However, the sensitivity and specificity in non-bacteremic
pneumonia have remained undetermined, mainly owing to
the lack of any gold standard method.
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