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Background: The diagnosis of anti-polysaccharide antibody deficiency is based on the 
presence of normal serum immunoglobulin levels and the lack of specific antibody response to 
polysaccharide antigens, such as the pneumococcal vaccine. However, a normal response to 
pneumococcal vaccine is not well defined. "Modified meta-analysis" was undertaken in an 
attempt to define the normal antibody response to pneumococcal vaccine. 
Methods: Studies identified by a MEDLINE search were selected. Data of the normal control 
groups, rather than the patient groups, were collated for analysis. 
Results: Twenty-three studies fulfilled the selection criteria. Prevaccination antibody titers, 
postvaccination titers, and post- to prevaccination titer ratios varied widely. On the basis of 
weighted mean ratios, serotype 8 appeared to be the most antigenic. It appeared that normal 
subjects do not mount a response of even a twofold increase in antibody titer to all the 
serotypes present in the vaccine. Moreover, no minimal absolute antibody level that could be 
of diagnostic value, either before or after vaccination, was evident. 
Conclusion: Response to pneumococcal vaccine among normal subjects varies widely. Better 
designed and prospective studies are needed to define the parameters of a normal antibody 
response to pneumococcal vaccine so that uniform guidelines of  interpretation can be 
formulated. (J Allergy Clin lmmunol 1996;9&205-15.) 
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Antibody deficiency syndromes have long been 
recognized as a cause of recurrent bacterial infec- 
tions. Traditionally, the diagnosis of antibody de- 
ficiency relied on the documentation of decreased 
serum immunoglobulin levels. 1,2 It has recently 
become apparent that in certain diseases, Wiskott- 
Aldrich syndrome being the prime example, the 
immunoglobulin levels may be normal (or even 
increased), but the patient is unable to mount a 
significant specific antibody response on chal- 
lenge. 3,4 The inability to mount a response to 
anti-polysaccharide antibodies has received partic- 
ular scrutiny. 

It is well established that the ability to mount 
antibody responses to polysaccharides of encapsu- 
lated bacteria matures much later than the ability 
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to mount antibody responses to protein antigens. 5-8 
Adequate anti-polysaccharide antibody titers are 
usually not attained until the age of 24 months or 
later. 5-a Bacterial polysaccharides are believed to 
behave as the so-called thymus-independent type 2 
antigens. The major characteristics of an antibody 
response against thymus-independent type 2 are 
the delayed maturation of response, the restriclLed 
immunoglobulin isotype, and the lack of establish- 
ment of memory. 9, lO It is therefore conceivable 
that a patient may have a normal antibody re- 
sponse to thymus-dependent antigens and normal 
immunoglobulin levels and yet be unable to mount 
an anti-polysaccharide antibody response. 

Anti-polysaccharide antibody deficiency (PAD), 
therefore, is a form of immunodeficiency in which 
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TABLE I. Inclusion and exclusion criteria 

Inclusion criteria 
1. Control group is identified as healthy or immuno- 

competent. 
2. Method of assay used for antibody titers (RIA or 

ELISA) is clearly identified. 
3. Pre- and postvaccination antibody titers to dis- 

tinct serotypes are available. 
4. Time interval between pre- and postvaccination 

titer determinations is ->2 weeks and -<3 months. 
5. The studies that used ELISA should have titers 

for IgG antibody. 
Exclusion criteria 

1. Control group includes subjects <2 years old. 
2. Control group with nonspecified or unclear 

health status. 
3. The study is a surveillance or vaccine trial done 

in a general population with no control group. 

the diagnosis is based mainly on a clinical history 
of recurrent infections, normal serum immuno- 
globulin levels, and the inability to mount  an 
adequate antibody titer response, in vivo, to un- 
conjugated polysaccharide vaccines. This syn- 
drome was first described in a patient with recur- 
rent infections and no detectable antibody 
response after vaccination with unconjugated poly- 
saccharide vaccines, which included meningococ- 
cal, unconjugated Haemophilus influenzae type B, 
and pneumococcal  vaccines. 11 Since that report, 
at tempts to diagnose patients with presumed PAD 
have resulted in widespread use of vaccination as a 
diagnostic tool. Currently, the pneumococcal  vac- 
cine is the only unconjugated polysaccharide vac- 
cine that is readily available for which antibody 
titer determinations are commercially obtainable. 
However, there are no standardized assays to 
measure anti-pneumococcal polysaccharide anti- 
body nor are there uniform criteria for interpreta- 
tion of the response to such vaccines? 2, 13 Our 
present knowledge about postvaccination re- 
sponses to pneumococcal  capsular polysaccharides 
(PCPs) is mostly derived from studies of seroepi- 
demiology, assessment of vaccine efficacy, and 
determination of immune status against pneumo- 
coccal infections. The differentiation between a 
normal and an abnormal specific antibody re- 
sponse remains uncertain. Diagnostic laboratories 
differ in their assay methods (radioimmunoassay 
[RIA] or ELISA), in the number  of selected 
pneumococcal  serotypes (analyzed individually or 
in combination), and in the interpretation (abso- 
lute titer vs fold-increase) of a normal response. 
Indeed, there are no well established criteria for a 

normal antibody response to pneumococcal  vac- 
cine. Because of the lack of such criteria, over- or 
underdiagnosis of PAD may occur. The impor- 
tance of making the right diagnosis is amplified by 
the prolonged and costly t reatment  (replacement 
with intravenous immunoglobulins) used for 
PAD. 1,2 A large, multicenter, prospective study 
involving various age groups, various population 
groups, and a standardized method for measuring 
serotype-specific antibodies would be ideal but is 
unavailable. Numerous publications have focused 
on examining the efficacy of pneumococcal  vac- 
cines as determined by the incidence of clinical 
infections. Numerous publications have also exam- 
ined the antibody titer response to such vaccines in 
an effort to determine the immunocompetence of 
various patient populations. We reasoned that 
most such studies should have examined the anti- 
body response of a control (i.e., healthy, immuno- 
competent)  group. We therefore decided to exam- 
ine such studies and to pool the data from various 
control groups to determine the normal antibody 
response to pneumococcal  vaccine. Although this 
is not meta-analysis in the usual sense of the term 
wherein data from subjects in the experimental, 
rather than the control, groups are examined and 
pooled, we believe that this approach is consistent 
with the definition of meta-analysis. 

METHODS 

A MEDLINE search of the English literature was 
done with the following search terms (alone and in 
combination): Streptococcus pneumoniae, pneumococ- 
cus, vaccine, polysaccharide, and antibody. A literature 
search was done independently by each of the authors, 
and results were pooled. The search was limited to 
studies published between 1977 and 1993, during which 
time the multivalent pneumococcal vaccines became 
available. A total of 86 studies were identified. With the 
inclusion and exclusion criteria listed in Table I, a total 
of 23 studies were selected for analysis. 14-36 Because our 
goal was to determine the antibody response in normal 
subjects, no attention was paid to the experimental 
group. By the same token, we did not think it was 
necessary to use only double-blind studies as a selection 
criterion because our focus was on the normal rather 
than the patient population. 

Data from the control subjects in these selected 
studies were extracted. The data from these subjects 
were grouped into either RIA (studies that used RIA for 
antibody determination) or ELISA (studies that used 
ELISA) groups. The numbers of subjects were then 
pooled according to each of the available pneumococcal 
serotypes. This was done separately for the RIA and 
ELISA groups. To assess as many serotypes as possible, 
and because not all studies determined the response of 
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an identical set of serotypes, analyses were conducted 
only on selected serotypes. We selected 12 serotypes (1, 
3, 4, 6A, 7F, 8, 9N, 12F, 14, 18C, 19F, and 23F) for the 
RIA group. Selection of these serotypes was based on 
the number of pooled subjects. All of these selected 
serotypes had more than 100 (an arbitrary cutoff) pooled 
subjects. Because the number of selected ELISA studies 
and their data were limited, all the serotypes that were 
assessed in three or more of the selected studies were 
used for analysis. Thirteen serotypes (1, 2, 3, 4, 6A, 7F, 
8, 9N, 12F, 14, 18C, 19F, and 23F) were selected from 
the ELISA group. 

Data were analyzed according to each assay group 
(RIA or ELISA). The prevaccination titer, the postvac- 
cination titer, and their ratios were compiled for each 
serotype from the original studies. To measure the 
variability of response to the different serotypes, the 
range of the post- to prevaccination titer ratio of each 
particular serotype was determined. The fraction of 
studies that demonstrated a twofold, threefold, or four- 
fold increase in antibody titer response was also deter- 
mined. The frequency of such fold increase, as reported 
in the original studies (when available), was also collated 
and compared with the data derived from our analysis. 
The range of absolute postvaccination titers was derived 
from the data of individual RIA studies only. This was 
not applicable to the ELISA studies because there was 
no uniformity in the unit of antibody concentration 
reported. We also determined the weighted mean ratio 
(WMR) as a measure of the relative antigenicity of each 
serotype. The WMR of an individual serotype was 
calculated by using the formula: 

/7 

2 NiRi  

W M R t  - i = 1 
~otal 

where t is the serotype in question, N i is the number of 
subjects in each individual study, Ri is the corresponding 
mean ratio of post- to prevaccination titer of the sero- 
type, and Ntotal is the total number of pooled subjects of 
the particular serotype. 

RESULTS 
Data selection 

Twenty-three studies fulfilled the selection cri- 
teria and are listed in Table II. These included 15 
studies that used RIA, seven that used ELISA, and 
one that used both methods for antibody determi- 
nations. Overall, there were 17 groups (two control 
groups in study no. 11) for RIA and eight groups 
for ELISA. The intervals between determination 
of vaccination and postvaccination titer ranged 
from 2 weeks to 3 months. However, the mode was 
an interval of 1 month. The age distribution of the 
subjects varied and overlapped among the different 
studies. The number of pooled subjects (Tables I l l  

and IV) of each serotype also varied and ranged 
(depending on the serotype) from 160 to 271 for 
RIA groups and from 38 to 83 for ELISA groups. 

Fold increase in antibody titer 

The postvaccination to prevaccination titer ra- 
tios of each serotype showed intraserotype (ratio 
ranges), as well as interserotype (difference be- 
tween serotypes as determined in each study) 
variability (Tables III and IV) and ranged from a 
minimum of 1.1 to a maximum of 43.6. The ratio 
range of each corresponding serotype also differed 
between the two assay groups but did not follow a 
certain pattern. No single study consistently 
showed all, or nearly all, of the highest or lowest 
ratios across the different serotypes determined. 

Proportions of studies with two-, three-, or 
fourfold increase in antibody titer to 
selected serotypes 

It is often stated, though not documented, that a 
normal antibody response to vaccination should 
include at least a two-, three-, or fourfold increase 
in antibody titer to all of the serotypes included in 
the pneumococcal vaccine. Consequently, if a ]pa- 
tient responded with a twofold increase to only one 
or some, but not all, of the selected serotypes 
determined, then there is a tendency to label this 
patient a nonresponder. We have determined the 
percentages of studies with two-, three-, and four- 
fold increase in antibody titer to each serotype. In 
the RIA group all of the individual studies showed 
a twofold increase in response to serotypes 3, 6, 7, 
8, 9, 14, and 23. The rest of the serotypes demon- 
strated a twofold or greater increase in 58% to 
92% of the studies. When a threefold increase was 
examined, we found that only serotypes 3 and 8 
showed such a response in all the studies; the 
remaining serotypes showed a threefold increase in 
33% to 90% of the studies. None of the serotypes 
showed a fourfold increase in all of the studies, 
although serotype 8 showed such an increase in 14 
of 15 studies; the other serotypes showed a four- 
fold increase in 17% to 80% of the studies. Similar 
variability was observed within the ELISA group 
(Table IV). The percentage of studies with a 
twofold or greater increase ranged from 25% to 
100%. Serotypes 2, 8, 9, and 14 showed a consis- 
tent twofold increase in titers across all studies. 
Only serotype 2 showed a consistent three- or 
fourfold increase in all ELISA studies. These 
observations imply that normal subjects may not 
always respond to al l  the serotypes even with a 
twofold increase in antibody titer. When the data 
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TABLE II. List of selected studies and descriptions 

Study no. Reference 

Control group 

No. of subjects Age group or range (yr) Vaccine* Intervalt 

RIA 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 

RIA 
16 

ELISA 
17 
18 
19 
20 
21 
22 
23 

& ELISA 

Sullivan et al. 14 27 2-15 
Siber et al. 15 10 7-57 
Minor et al. 16 17 23-62 
Giebink et al. 17 12 5-15 
Simberkoff et al. is 25 545 
Lazarius et al. 19 23 47-85 
Beam et al. 2° 10 <60 
Ammann et al. 2I 20 28-42 
Addiego et al. 22 15 Adults 
Ammann et al. 23 20 <60 
McMahon et al. 24 21(a) 21-73 

23(b) 20-63 
Mufson et alY 12 22-38 
Mufson et al. 26 25 22-49 
Pirovino et al. 27 10 34-63 
Winston et al. 2a 11 26-38 

Chudwin et al. 29 18 Adults 

Barrett et al. 3° 9 22-42 
Ruben et al. 31 17 23-41 
Musher et al. 32 15 20-34 
Giebink et al. 33 10 20-35 
Birgens et al.  34 12 Adults 
Frederiksen et al. 35 12 22-64 
Hosea et al. 36 9 26-46 

13 valent 3 wk 
12 valent 3 wk 
12 valent 3-6 wk 
14 valent 2-6 wk 
14 valent 3-4 wk 
14 valent 4-6 wk 
14 valent 4 wk 
2 valent 2 wk 

14 valent 3 wk 
14 valent 3-4 wk 
23 valent 20-55 days 
23 valent 20-55 days 

3 valent 4 wk 
23 valent 4 wk 
14 valent 1-3 mo 
14 valent 6 wk 

2 valent 2-3 wk 

8 valent 3-4 wk 
14 valent 4 wk 
23 valent 4 wk 
14 valent 4-8 wk 
14 valent 4 wk 
14 valent 3-4 wk 
14 valent 4 wk 

*Number of serotypes included in the pneumococcal vaccine used. 
tTime interval after vaccination when sera were obtained for determination of postvaccination titers. 
~Average age. 

f rom the two assay groups were combined,  only 
serotypes 8, 9, and 14 showed a consistent twofold 
increase in titers across all studies (serotype 2 was 
not  available in the R I A  studies). 

Data  of  i n d i v i d u a l  sub jec ts  f r o m  or ig ina l  
s t u d i e s  

The data presented in Tables I I I  and IV relied 
on geometr ic  mean  of  ant ibody titer repor ted  in 
each study. It would have been  ideal if the pre- and 
postvaccinat ion titers were available for each indi- 
vidual; this would have allowed pooling of  the 
individual data f rom a large number  of  subjects. 
However ,  a l though the raw data o f  individual 
subject responses (post- to prevaccinat ion titers) 
were not  available, the percentages  of  response 
among  these subjects (equal to or  greater  than 
twofold increase in ant ibody titers) were repor ted  
in some of  the studies (Table V). We  used these 

individual response data to compare  our  pooled,  
and hence  indirect data, with the original observa- 
tions. There  were six studies (one of  which had two 
normal  groups)  with such data. The  data of  the 
original studies also suggested a wide variability in 
normal  ant ibody response.  Int raserotype differ- 
ences were also evident f rom one study to another.  
Percentage  of  studies with a twofold or  greater  
increase in titer ranged f rom 10% to 100%. No  
single serotype showed a 100% response across all 
studies. Fur thermore ,  no one study showed 100% 
response to all serotypes. A n o t h e r  interesting ob- 
servation was that  none  of  these studies showed a 
consistent (100%) response to the serotypes con- 
sidered to be very antigenic, namely  serotypes 3, 7, 
8, and 9. s Again, these data indicate that even with 
determinations of  antibodies against some of  the 
most antigenic serotypes, not  all normal subjects will 
respond with a twofold increase in ant ibody titers. 
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TABLE III. Antibody response in studies in which RIA was used for antibody determination 

Percent of studies with§ 

Serotype Groups* No. of subjectst Ratio range¢ >2x Increase >3x Increase >4x Increase 

1 13 201 1.3-5.5 58 33 17 
3 15 271 3.0-23.4 100 100 73 
4 12 194 1.6-7.4 83 58 42 
6 (6A) 9 160 2.4-7.6 100 78 44 
7 13 219 2.2-6.4 100 62 31 
8 15 256 3.2-17.3 100 100 93 
9 10 179 2.4-13.1 100 90 80 

12 12 206 1.4-11.8 67 50 25 
14 14 243 2.0-43.6 100 57 50 
18 12 204 1.7-8.5 92 67 33 
19 13 228 1.1-17.7 69 38 23 
23 12 224 2.1-5.9 100 67 50 

*Total number of control groups from selected RIA studies. 
?Sum total of subjects from the control groups of studies that analyzed the particular serotype. 
~:Range of post- to prevaccination antibody titers. 
§Percentage of control groups with corresponding fold increase in antibody titer. 

TABLE IV. Antibody response in studies in which ELISA was used for antibody determination 

Percent of studies with§ 

Serotype Groups* No. of Subjectst Ratio range¢ >2x Increase >3x Increase >4x Increase 

1 4 50 1.9-7.6 76 50 50 
2 3 38 4.6-19.2 100 100 100 
3 5 63 1.7-11.2 80 60 40 
4 6 83 1.5-4.6 83 33 17 
6(6A) 4 47 1.5-3.1 25 25 0 
7 5 69 1.3-3.7 60 20 0 
8 4 53 2.0-38.9 100 75 50 
9 3 38 2.2-6.8 100 67 33 

12 3 38 1.4-2.7 33 0 0 
14 5 66 2.1-6.3 100 40 40 
18 4 50 1.2-4.5 75 50 50 
19 5 62 1.3-6.9 80 60 40 
23 5 59 1.6-12.4 80 20 20 

*Total number of control groups from selected ELISA studies. 
tSum total of subjects from the control groups of studies that analyzed the particular serotype. 
:~Range of pre- to postvaccination antibody titers. 
§Percentage of control groups with the corresponding fold increase in antibody titer. 

W M R  

From the above analysis of ratio ranges, it 
appeared that serotypes 8, 9, and 14 should be 
included in the examination of the adequacy of 
anti-pneumococcal antibody response. To confirm 
this conclusion and to obtain a more uniform 
assessment of response, we chose to calculate the 
post- to prevaccination antibody ratio as a W M R  
for each serotype (see Methods) in order to give 
weight to the ratio of  each study according to the 
number  of subjects involved. This served as a 
bet ter  method for comparison of the summations 

of the response to the different serotypes. More- 
over, this allowed us to rank the various serotypes 
according to their "antigenicity." As shown in Fig. 
1, serotype 8 had the highest WMRs  and thus was 
the most antigenic in both assay groups. Among 
the R I A  studies, serotype 8 was followed by sero- 
types 3, 9, and 14. 

Among the ELISA studies, serotype 8 also had 
the highest WMR,  followed by serotypes 2, 3, 1, 
and 9. It is known that the polycapsular polysac- 
charide of  each serotype differs in its degree of 
antigenicity and therefore would be expected to 
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Weighted Mean Ratio 

FOLD-RISE IN TITERS 
20 

1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 

1 2* 3 4 6 7 8 9 14 18 19 23 

SEROTYPES 

mRIA 

[~ ELISA 

FIG. 1. Immunogenici ty of various serotypes. A WMR for each serotype of post- to prevaccina- 
tion ant ibody titers was calculated as described in Methods. Data are presented separately for 
studies in which RIA or ELISA was used for ant ibody measurement. 

follow a certain rank order in the degree of its 
antibody response. 5'8 When the serotypes were 
ranked according to their antigenicity (Fig. 1), 
there was no observable similarity in the ranking 
pattern between RIA and ELISA groups, except 
for serotypes 8 and 3. The reasons for this obser- 
vation are not clear, although these findings sug- 
gest either interassay (technical) variability or data 
selection bias. Additionally, in contrast to ELISAs, 
it is well known that RIAs do not distinguish 
antibody response by immunoglobulin isotypes. 
The differences in concentration of isotypes other 
than IgG may be another reason for this apparent 
discrepancy between the two assays? 7 

Absolute postvaccination ant ibody titers 

It has been suggested that most normal subjects 
respond to pneumococcal vaccine with a certain 
minimum titer, which is considered protective. 3s 
We therefore sought to determine whether a min- 
imum titer could be established from the pooled 
data of normal subjects. The distribution of the 
postvaccination titers (geometric means) of vari- 
ous serotypes varied widely. Interstudy variabilities 
were obvious, as shown in Fig. 2. No single study 
consistently showed the highest or lowest level of 
postvaccination titer across all serotypes. The con- 
trol group of study no.  4,17 which consisted of 
subjects aged 5 to 15 years, was the least respon- 
sive, showing the lowest levels of postvaccination 

titers for seven of 11 serotypes. Subjects of study 
no. 6,19 who ranged in age from 47 to 85 years, 
were also less responsive. These findings are con- 
sistent with previous observations that response to 
certain serotypes does not reach adult levels until 
much later in life and also that response to PCP is 
less than optimal at the extremes of age. 39 On the 
other hand, study no.  1,14 with subjects whose age 
range is comparable to those in study no. 4, showed 
higher postvaccination titers. Age distribution 
among subjects overlapped from one study to 
another. Although the majority of the postvaccina- 
tion titers were more than 500 ng of antibody 
nitrogen per milliliter, there was a considerable 
overlap with the prevaccination titers. The wide 
distribution of the postvaccination antibody titers 
and their overlap with the prevaccination titers 
make it almost impossible to determine a biologi- 
cally meaningful absolute postvaccination antibody 
titer as a cutoff level. 

Also apparent in Fig. 2 is that the degree of 
response was independent of the level of prevac- 
cination antibody titers. In other words, the exis- 
tence of a high antibody titer did not neutralize the 
serotype in the vaccine, at least not to a degree that 
precluded a biologic response. 

DISCUSSION 

Since Ambrosino et al. 11 reported a case of 
PAD, the use of vaccination as a tool for diagnos- 
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TABLE V. Incidence of twofold or greater antibody response to individual serotypes in seven 

different studies 

Response* 

Study number 

Serotype 4 7 11a 11b 12 13 14 Range (%)t 

1 33 (4/12) 40 10 17 42 ND 100 10-100 
3 58 (7/12) 70 57 83 83 92 ND 57-92 
4 83 (10/12) 90 29 61 42 ND 80 29-90 
6 67 (8/12) 100 ND ND ND ND ND 67-100 
7 100 (12/12) 90 71 91 92 ND 90 71-100 
8 83 (10/12) 100 71 91 92 ND 100 71-100 
9 83 (10/12) 100 57 74 ND ND ND 57-100 

12 100 (12/12) 50 29 48 33 ND ND 29-100 
14 75 (9/12) 80 71 35 50 80 ND 35-80 
18 83 (10/12) 70 71 83 ND ND 70 70-83 
19 58 (7/12) 70 33 39 25 88 ND 25-88 
23 58 (7/12) 80 43 65 ND 88 ND 43-88 

Original data derived from some of the selected RIA studies. Study numbers are as listed in Table II. 
ND, Not done. 
*Response according to percentage of subjects in the original control groups with response of antibody titer equal to or greater than 

twofold increase. Proportions are given in parentheses. 
?Percent range of subjects with equal to or greater than twofold increase in antibody titer. 

ing immunodeficiency has increased dramatically. 
The pneumococcal vaccine remains the only 
readily available unconjugated polysaccharide vac- 
cine and is thus the most widely used. No clear 
guidelines or data exist for the interpretation of 
the antibody response to this vaccine. In particular, 
there are no clear answers or guidelines for the 
following questions. (1) What is the normal range 
of increase of antibody titer to a particular sero- 
type? (2) Is there a minimal absolute level below 
which a person is considered a nonresponder? (3) 
Should one respond to all serotypes? (4) Is a 
twofold (instead of a three- or fourfold) increase in 
antibody titer to a given serotype abnormal? (5) If 
a subject responded to the "most antigenic" sero- 
type only, does this rule out PAD? In this meta- 
analysis of published studies on the normal anti- 
body response to the pneumococcal vaccine, we 
attempted to answer some of these questions. 

The most conspicuous result of our analysis is 
the wide variability in anti-polysaccharide antibody 
response. This variability is evident regardless of 
the method of antibody determination and regard- 
less of how one chooses to express the data: fold 
increase, absolute level, or number of serotypes 
with a two-, three-, or fourfold increase in titer. 

There was a wide variability in the post- to 
prevaccination antibody ratios, which could not be 
explained by the presence of outliers. It is readily 
apparent that not all serotypes induced even a 

twofold increase in antibody titer. This conclusion 
is strengthened by comparing our meta-analysis to 
the analysis of studies in which the individual 
responses were available. A recent trend has been 
to examine the antibody response to 12, rather 
than four, serotypes. Our data suggest that increas- 
ing the number of serotypes examined may not 
necessarily make interpretation easier. 

Several possibilities may explain this variability 
in antibody response. First, not all studies under- 
took the effort to distinguish antibody response to 
cell wall polysaccharide (CWP) from PCP. Com- 
mercial pneumococcal vaccines and reagents used 
in assays are known to contain varying amounts of 
CWp.12, 40, 41 The concentrations of CWP in these 
preparations (vaccines or assay reagents) may vary 
from 18% to 50%. 32 Because of the presence of 
varying amounts of CWP in the assay reagents, 
falsely high antibody titers, which are nonserotype- 
specific, may be obtained. This type of error is 
known to occur in both RIAs and ELISAs.  32 To 
complicate matters further, normal subjects may 
have varying amounts of anti-CWP antibodies. 13, 32 
Problems caused by CWP and anti-CWP antibod- 
ies have only recently begun to be addressed. One 
solution is to preadsorb serum with CWP before 
the actual assay of serotype-specific antibodies. 
Only one of our selected studies addressed this 
issue. 32 It is highly probable that both the presence 
of varying amounts of CWP in the reagents and the 
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presence of varying concentrations of anti-CWP in 
the sera contributed significantly to the variabili- 
ties of the different parameters that we have 
observed in this analysis. Moreover, the signifi- 
cance of the presence of CWP in the vaccine itself 
is not known. Whether CWP plays a role in the 
stimulation and synthesis of serotype-specific or 
serotype-nonspecific antibody is also unclear. The 
presence of other contaminants in the pneumococ- 
cal polysaccharide vaccines and reagents may also 
influence the anti-pneumococcal polysaccharide 
antibody assays. An example of such contaminants 
is the blood group antigens. 12 Serotype 14 capsular 
polysaccharide has a structure similar to blood 
group A antigen, and thus it may be recognized by 
anti-A isohemagglutinin. 42 How these contami- 
nants influence the outcome of antibody assays is 
still unknown. 

A second possible explanation for this variability 
may be that the degree of response is age-depen- 
dent. Although it is known that anti-polysaccharide 
antibody response may not be detectable before 2 
years of age, it has been suggested that such a 
response may not reach optimal levels until much 
later in life?, s Consequently, any study attempting 
to determine normal response should include ad- 
equate numbers in various age groups (e.g., 2 to 5, 
5 to 10, and 10 to 15 years). Similarly, antibody 
response in older patients may decline, and various 
geriatric age groups need to be examined. 4°,43 
Nevertheless, even taking these problems into con- 
sideration, a wide variability in antibody response 
remains. 

A third possibility for this wide variability is that 
in the RIA studies, the antibody titers are for total 
antibody and not IgG in particular. Although IgG 
was measured in the ELISA studies, not all of the 
studies differentiated between responses to CWP 
and PCP. Moreover, it has been suggested that 
ELISA antibody titers are more likely to be influ- 
enced by the exact time after vaccination at which 
serum is obtained. 37 

Perhaps the most important possible explana- 
tion for this variability is the pneumococcal vaccine 
itself. This may not be the ideal vaccine for exam- 
ination of anti-polysaccharide antibody response. 
It is a multivalent vaccine and thus may not have a 
sufficient concentration of any given serotype. In- 
deed, this drawback is evident even when one 
examines the efficacy studies as determined by 
protection against disease rather than by antibody 
titers. It is estimated that, regardless of the age 
group, the efficacy of pneumococcal vaccine is 
about 47% to 70%. 44-49 Therefore if one assumes 

that clinical efficacy is due to antibody protection, 
then one expects only 47% to 70% of the subjects 
to mount a "significant" antibody response. In 
other words, the multivalent pneumococcal vac- 
cine may not be the ideal vaccine with which to test 
the adequacy of anti-polysaccharide antibody re- 
sponse. 

It is thus apparent that there is a need for a 
prospective, multicenter study to establish the nor- 
mal parameters of anti-polysaccharide antibody 
responses. Such a study should include adequate 
numbers of subjects in each of several age groups, 
should avoid measuring anti-CWP antibody, and 
should measure IgG by ELISA at a set time point 
(e.g., 4 weeks) after vaccination. In the absence of 
such a study, we believe that we can draw certain 
conclusions from our meta-analysis, which could 
serve as guidelines for further evaluation of anti- 
polysaccharide antibody response. The following 
conclusions can be drawn. 

1. It is clear that there is a wide variability in the 
anti-pneumococcal antibody response of nor- 
mal subjects. 

2. There does not appear to be a minimal absolute 
antibody level that could be of diagnostic value, 
either before or after immunization. 

3. It is apparent that normal subjects need not 
respond to all serotypes. 

4. Not all normal subjects will respond to all 
serotypes with a twofold or greater increase in 
antibody titer. 

5. Contrary to prevailing anecdotes, serotype 8, 
rather than serotype 3, appears to be the most 
immunogenic. 

6. Serotypes 2, 8, 3, 9, and 14 appear to be more 
antigenic, compared with other serotypes, and 
should be included in any panel examining the 
anti-pneumococcal antibody response. This 
conclusion from our meta-analysis is in agree- 
ment with previous studies on the antigenicity 
of various pneumococcal serotypes?, 8 

7. Unconjugated polysaccharide vaccines, other 
than the pneumococcal vaccine, need to be 
investigated for their immunogenicity. 

We thank Dr. Leon Burmeister for his invaluable 
assistance with statistical analysis. 

REFERENCES 

1. Chapel HM, Consensus on diagnosis and management of 
primary antibody deficiencies. Br Med J 1994;308:581-5. 

2. Huston DP, Kavanaugh AF, Rohane PW, Huston MM. 
Immunoglobulin deficiency syndromes and therapy. J Al- 
lergy CIin lmmunol 1991;87:1-17. 



214 Go and Ballas J ALLERGY CLIN [MMUNOL 
JULY 1996 

3. Cooper MD, Chase HP, Lowman JT, Krivitt W, Good RA. 
Wiskott-Aldrich syndrome: an immunologic deficiency dis- 
ease involving the afferent limb of immunity. Am J Med 
1968;44:499-513. 

4. Umetsu DT, Ambrosino DM, Quinti I, Siber GR, Geha 
RS. Recurrent sinopulmonary infection and impaired anti- 
body response to bacterial capsular polysaccharide antigen 
in children with selective IgG-subclass deficiency. N Engl J 
Med 1985;313:1247-51. 

5. Koskela M, Leinonen M, Haiva V, Timonen M, Makela H. 
First and second dose antibody responses to pneumococcal 
polysaccharide vaccine in infants. Pediatr Infect Dis J 
1986;5:45-50. 

6. Borgono JM, McLean AA, Vella PP, et al. Vaccination and 
revaccination with polyvalent pneumococcal polysaccharide 
vaccines in adults and infants. Proc Soc Exp Biol Med 
1978;157:148-54. 

7. Lawrence EM, Edwards KM, Schiffmann G, Thompson 
JM, Vaughn WK, Wright PF. Pneumococcal vaccine in 
normal children. Am J Dis Child 1983;137:846-50. 

8. Douglas RM, Paton JC, Duncan S J, Hansman DJ. Antibody 
response to pneumococcal vaccination in children younger 
than five years of age. J Infect Dis 1983;148:131-7. 

9. Mosier DE, Subbarao B. Thymus-independent antigens: 
complexicity of B-lymphocyte activation revealed. Immunol 
Today 1982;3:217-22. 

10. Sanders LAM, Rijkers GT, Kuis W, et al. Defective anti- 
pneumococcal polysaccharide antibody response in chil- 
dren with recurrent respiratory tract infections. J Allergy 
Clin Immunol 1993;91:110-9. 

11. Ambrosino DM, Siber GR, Chilmonczyk BA, Jernberg JB, 
Finberg RW. An immunodeficiency characterized by im- 
paired antibody responses to polysaccharides. N Engl J 
Med 1987;316:790-3. 

12. Siber GR, Priehs C, Madore DV. Standardization of anti- 
body assays for measuring the response to pneumococcal 
infection and immunization. Pediatr Infect Dis J 1989;8: 
$84-$91. 

13. Goldblatt D, Jadresic LP, Levinsky RJ, Turner MW. Antibody 
responses to pneumococcal capsular polysaccharide: What is 
being measured? Immunodeficiency 1993;4:47-50. 

14. Sullivan JL, Ochs HD, Schiffman G, et al. Immune re- 
sponse after splenectomy. Lancet 1978;1:178-81. 

15. Siber GR, Weitzman SA, Alsenberg AC, Weinstein HJ, 
Schiffman G. Impaired antibody response to pneumococcal 
vaccine after treatment for Hodgkin's disease. N Engl J 
Med 1978;299:442-8. 

16. Minor DR, Schiffman G, McIntosh LS. Response of pa- 
tients with Hodgkin's disease to pneumococcal vaccine. 
Ann Intern Med 1979;90:887-92. 

17. Giebink GS, Foker JE, Kim Y, Schiffman G. Serum anti- 
body and opsonic response to vaccination with pneumococ- 
cal capsular polysaccharide in normal and splenectomized 
children. J Infect Dis 1980;141:404-12. 

18. Simberkoff MS, Schiffman G, Katz LA, Spicehandler JR, 
Moldover NH, Rahal JJ. Pneumococcal capsular polysac- 
charide vaccination in adult chronic hemodialysis patients. 
J Lab Clin Med 1980;96:363-70. 

19. Lazarius HM, Lederman M, Lubin A, et al. Pneumococcal 
vaccination: the response of patients with multiple my- 
emma. Am J Med 1980;69:419-23. 

20. Beam TR Jr, Crigler ED, Goldman JK, Schiffman G. 
Antibody response to polyvalent pneumococcal polysaccha- 
ride vaccine in diabetics. JAMA 1980;244:2621-4. 

21. Ammann AJ, Schiffman G, Austrian R. The antibody 
response to pneumococcal capsular polysaccharide in aged 
individuals. Proc Soc Exp Biol Med 1980;164:312-6. 

22. Addiego JE Jr, Ammann AJ, Schiffman G, Baehner R, 
Higgins G, Hammond D. Response to pneumococcal po- 
lysaccharide vaccine in patients with untreated Hodgkin's 
disease. Lancet 1980;2:450-2. 

23. Ammann A J, Schiffman G, Abrams D, Volberding P, 
Ziegler J, Conant M. B-cell immunodeficiency in acquired 
immune deficiency syndrome. JAMA 1984;251:1447-9. 

24. McMahon B J, Parkinson AJ, Bulkow L, et al. Immunoge- 
nicity of the 23-valent pneumococcal polysaccharide in 
Alaska native chronic alcoholics compared with nonalco- 
holic native and non-native controls. Am J Med 1993;95: 
589-94. 

25. Mufson MA, Krause HE, Schiffman G. Reactivity and 
antibody responses of volunteers given two or three doses 
of pneumococcal vaccine (41934). Proc Soc Exp Biol Med 
1984; 177:220-5. 

26. Mufson MA, Hughey D, Lydick E. Type-specific antibody 
responses of volunteers immunized with 23-valent pneumo- 
coccal polysaccharide vaccine. J Infect Dis 1985;151:749-50. 

27. Pirovino M, Lydick E, Grob P J, Arrenbrecht S, Altorfer J, 
Schmid M. Pneumococcal vaccination: the response of 
patients with alcoholic liver cirrhosis. Hepatology 1984;4: 
946-9. 

28. Winston D J, Ho WG, Schiffman G, Champlin RE, Feig SA, 
Gale RP. Pneumococcal vaccination of recipients of bone 
marrow transplants. Arch Intern Med 1983;143:1735-7. 

29. Chudwin DS, Artrip SG, Schiffman G. Immunoglobulin G 
class and subclass antibodies to pneumococcal capsular 
polysaccharides. Clin Immunol Immunopathol 1987;44:114- 
21. 

30. Barrett D J, Ammann AJ. Pneumococcal vaccine in sickle 
cell disease: IgG and IgM antibody response. Rev Infect 
Dis 1981;3:$179-$182. 

31. Ruben FL, Uhrin M. Specific immunoglobulin-class anti- 
body response in the elderly before and after 14-valent 
pneumococcal vaccine. J Infect Dis 1985;151:845-9. 

32. Musher DM, Luchi MJ, Watson DA, Hamilton R, Banghn 
RE. Pneumococcal polysaccharide vaccine in young adults 
and older bronchitics: determination of IgG responses by 
ELISA and the effects of adsorption of serum with non- 
type-specific cell wall polysaccharide. J Infect Dis 1990;161: 
728-35. 

33. Giebink GS, Warkentin PI, Ramsay NKC, Kersey JH. 
Titers of antibody to pneumococci in allogenic bone mar- 
row transplant recipients before and after vaccination with 
pneumococcal vaccine. J Infect Dis 1986;154:590-6. 

34. Birgens HS, Espersen F, Hertz JB, Perdersen FK, 
Drivsholm A. Antibody response to pneumococcal vaccina- 
tion in patients with myelomatosis. Scand J Haematol 
1983;30:324-30. 

35. Frederiksen B, Specht L, Henrichsen J, Pedersen FK, 
Bjergaard JP. Antibody response to pneumococcal vaccine 
in patients with early stage Hodgkin's disease. Eur J 
Haematol 1989;43:45-9. 

36. Hosea SW, Burch CG, Brown EJ, Berg RA, Frank MM. 
Impaired immune response of splenectomised patients to 
polyvalent pneumococcal vaccine. Lancet 1981;1:804-7. 

37. Koskela M, Leinonen M. Comparison of ELISA and RIA for 
measurement of pneumococcal antibodies before and after 
vaccination with 14-valent pneumococcal capsular polysaccha- 
ride vaccine. J Clin Pathol 1981;34:93-8. 



J ALLERGY CLIN IMMUNOL Go and Ballas 2 1 5  
VOLUME 98, NUMBER 1 

38. Landesman SH, Schiffman G. Assessment of the antibody 
response to pneumococcal vaccine in high-risk populations. 
Rev Infect Dis 1981;3:S184-S196. 

39. Immunization Practices Advisory Committee. Pneumococ- 
cal polysaccharide vaccine. MMWR 1989;38:64-8, 73-6. 

40. Musher DM, Chapman AJ, Goree A, Jonsson S, Briles 
D, Baughn E. Natural and vaccine related immunity 
to Streptococcus pneumoniae. J Infect Dis 1986;154:245- 
56. 

41. Sorensen UB, Henrichsen J. C-polysacharride in a pneu- 
mococcal vaccine. Acta Pathol Microbiol Immunol Scand 
1984;92:351-6. 

42. Lee C, Banks SD, Li JP. Virulence, immunity and vaccine 
related to Streptococcus pneumoniae. Crit Rev Microbiol 
1991;18:89-114. 

43. Roghmann KJ, Tabloski PA, Bentley DW, Schiffman G. 
Immune response of elderly adults to pneumococcus: vari- 
ation by age, sex, and functional impairment. J Gerontol 
1987;42:265-70. 

44. Fiebach N, Beckett W. Prevention of respiratory infections 
in adults: influenza and pneumococcal vaccines. Arch In- 
tern Med 1994;154:2545-57. 

45. Shapiro ED, Berg AT, Austrian R, et al. The protective 
efficacy of polyvalent pneumococcal polysaccharide vac- 
cine. N Engl J Med 1991;325:1453-60. 

46. Broome CV, Breiman RF. Pneumococcal vaccine: past, 
present, and future. N Engl J Med 1991;325:1506-7. 

47. Spika JS, Fedson DS, Facklam RR. Pneumococcal vacci- 
nation: controversies and opportunities. Infect Dis Clin 
North Am 1990;4:11-27. 

48. Sims RV, Steinmann WC, McConville JH, King LR, 
Zwick WC, Schwartz S. The clinical effectiveness of 
pneumococcal vaccine in the elderly. Ann Intern Med 
1988;108:653-7. 

49. Fine M J, Smith MA, Carson CA, et al. Efficacy of 
pneumococcal vaccination in adults: a meta-analysis of 
randomized controlled trials. Arch Intern Med 1994;154: 
2666-77. 

Bound volumes available to subscribers 
Bound volumes of The Journal of Allergy and Clinical Immunology are available to subscribers 

(only) for the 1996 issues from the Publisher, at a cost of $80.50 for domestic, $107.54 for Canadian, 
and $100.50 for international subscribers for Vol. 97 (January-June) and Vol. 98 (July-December). 
Shipping charges are included. Each bound volume contains a subject and author index, and all 
advertising is removed. Copies are shipped within 30 days after publication of the last issue in the 
volume. The binding is durable buckram with the journal name, volume number, and year stamped 
in gold on the spine. Payment must accompany all orders. Contact Mosby-Year Book, Inc., 
Subscription Services, 11830 Westline Industrial Dr., St. Louis, MO 63146-3318; phone 1 (800) 
453-4351 or (314) 453-4351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place of a regular 
journal subscription. 


