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ABSTRACT. The functional activity of naturally acquired 
IgG and IgM with specificity for the capsular polysaccha- 
ride of type 111, group B Streptococcus (111-GBS) was 
compared. Sera collected during convalescence from 14 
infants who had developed specific antibodies following 
111-GBS infection were employed for separation of IgG 
from IgM by ion-exchange chromatography. Bactericidal 
killing of 111-GBS was similar for IgG- and IgM-rich 
samples (37 and 4270, respectively) in reactions containing 
a mean of 1.0 or 1.9 pg/ml of 111-GBS specific IgG or IgM 
antibody. Purified IgA lacked opsonophagocytic activity 
for 111-GBS. These results indicate that 111-GBS-specific 
IgG and IgM antibodies in infant sera promote opsono- 
phagocytosis at low concentrations, and that their func- 
tional capacity is comparable. (Pediatr Res 23: 31-34, 
1988) 

Abbreviations 

111-GBS, type 111, group B Streptococcus 
Ig, immunoglobulin 
RABA, radioactive antigen-binding assay 
RIP, radioimmunoprecipitin 
PBS, phosphate-buffered saline 
RID, radial immunodiffusion 
CFU, colony forming units 
QAE, quaternary aminoethyl 

Recently, interest has been directed toward the importance of 
immunoglobulin class in immunity to group B streptococcal 
infections (1-4). It appears that class specificity of antibodies to 
111-GBS may influence functional capacity. In comparing the 
protection provided by class-specific murine monoclonal anti- 
bodies in experimental 111-GBS infection, Shigeoka et al. (3) 
found that approximately 100 IgG molecules were required to 
equal the protective efficacy of one IgM molecule. Although 
placentally derived antibody in neonates is virtually all IgG (5, 
6), Anthony d al. ( I )  described a striking prevalence of IgM 
antibody to 111-GBS in some adult and maternal sera. These 
investigators speculated that, if protective, the presence of IgM 
antibody might in part explain the infrequent occurrence of 
invasive 111-GBS disease beyond infancy. In an intriguing study, 
Boyer et al. (7) have suggested that maturation of IgM antibody 
with specificity for 111-GBS during the first 6 months of life might 
explain the age-limited susceptibility of young infants to GBS 
infection. 
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A functional comparison of naturally acquired, class-specific 
antibodies to 111-GBS has been hampered by the lack of a readily 
available serum source of IgM antibody. We have previously 
shown that IgM comprises a substantial portion of the 111-GBS 
specific antibody among infants who mount a specific antibody 
response during convalescence from invasive 111-GBS infection 
(6). With the availability of new methods for separating IgG 
from IgM utilizing the small volumes of serum obtainable from 
infants (8), the present experiments were designed to assess the 
opsonophagocytic capacity of class-specific antibodies to type 
111-GBS. 

MATERIALS AND METHODS 

Antibody and complement sources. After obtaining parental 
consent, sera were collected at intervals ranging from 5 days to 
3 months after diagnosis in 14 infants recovering from early- or 
late-onset type 111-GBS meningitis (one and 1 l -infants, respec- 
tively) or osteomyelitis (two infants). The infants ranged in age 
from one to 3.5 months when blood was obtained. The protocol 
was approved by the Baylor College of Medicine Institutional 
Review Board for Human Research. Sera were selected from 
infants who had developed at least 2.0 pg/ml of antibody to type 
111-GBS by RABA (9), of which at least 20% was bound by anti- 
human IgM in the RIP assay (6). Serum from an adult volunteer 
in whom the majority of specific antibody was bound by anti- 
human IgG in the RIP was employed for isolation of IgG. 

Antibody-deficient sources of complement included agam- 
maglobulinemic serum from a child with severe combined im- 
munodeficiency (IgG 10 mg/dl; IgM and IgA undetectable and 
normal complement levels except Clq, which was 30 to 40% of 
normal levels) (lo), and sera from a 2-month-old infant and an 
adult, each with undetectable (>0.3 pg/ml) antibody to 111-GBS 
by RABA and no opsonophagocytic activity against 111-GBS 
strain, M732. All sera were allowed to clot at room temperature, 
centrifuged at 4" C, aliquoted, and stored within 1 h of collection 
at -70" C. 

Chromatographically purified human serum IgA (lot 26499) 
was obtained from Jackson ImmunoResearch Laboratories, Inc. 
(West Grove, PA) and from Cappel (lot 59 18, Cooper Biomedi- 
cal, Inc., Malvern, PA). These products contained no preserva- 
tives and had demonstrated the appropriate reactivity when 
assayed by immunoelectrophoresis. Purity was confirmed for 
each preparation by the lack of detectable IgG or IgM by RID 
using low concentration plates (LC-Partigen, Calbiochem-Behr- 
ing, La Jolla, CA). As reconstituted, the two products contained 
6.0 and 5.5 mg/ml total protein and 2.7 and 1.7 pg/ml of III- 
GBS specific antibody, respectively, in 0.1 M PBS, pH 7.4. 

Separation of IgG from IgM using small volumes of serum. 
Small QAE-Sephadex A-50 chromatographic columns (Quik- 
Sep IgM Isolation System, Isolab, Inc., Akron, OH) with a bed 
volume of approximately 6.5 ml were used for immunoglobulin 
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separation (8). A 200-p1 serum sample was diluted 25-fold in 
EDTA buffer, pH 7.0, and applied to a column equilibrated in 
the same buffer. The first 5 ml of IgG-rich eluate containing 
IgG,, IgG2, and IgG, (8) were collected. The column was rinsed 
extensively with EDTA buffer, the IgM fraction was eluted with 
2.5 ml of acetic acid-sodium acetate buffer, pH 4.0, and the pH 
of the IgM-rich eluate was neutralized immediately with 2.5 M 
NaOH. Immunoglobulin subjected briefly to pH 4.0 should 
retain functional integrity (1 I). The IgM-rich eluate contained, 
in addition to IgM, IgG,, and IgA (8). The IgG- and IgM-rich 
samples were then dialyzed against 0.15 M PBS, pH 7.4, and 
concentrated to their original volume of 200 p1 in clinical sample 
concentrators (Minicon B15, Amicon Corp., Danvers, MA). 

The concentration of total IgG and IgM in samples was 
determined by RID with Tri-Partigen kits (Calbiochem-Behring). 
Low concentration RID plates (LC-Partigen), were used to de- 
termine the quantity of IgM remaining in the IgG-rich pools or 
IgG remaining in the IgM-rich pools. The concentration of 
antibody to the type 111-GBS capsular polysaccharide in sera and 
in the IgG and IgM-rich fractions was determined by RABA (9). 

Opsonophagocytic assay. The assay used routinely in our 
laboratory (12) was modified minimally to assess functional 
activity. Type 111-GBS strain, M732, was grown to early log phase 
in Todd-Hewitt broth, centrifuged, and resuspended in minimal 
essential medium with Earle's balanced salt solution to approxi- 
mately 4 x lo7 colony forming units (CFU)/ml. Leukocytes were 
isolated after sedimentation of peripheral venous blood and were 
washed and resuspended in minimal essential medium contain- 
ing 1 % bovine serum albumin to achieve an approximate con- 
centration of 4 x 107/ml. When required due to small volume, 
samples were diluted in isotonic, pH 7.5, veronal buffer with 
0.1 % gelatin, 0.15 mM CaCl,, and 0.5 mM MgC12 combined 
with an equal volume of 0.15 M NaCl. 

The reaction mixture consisted of 100 ~1 of an antibody 
preparation, 50 ~1 each of bacterial suspension (2 X 106 CFU) 
and neutrophils, and 100 ~1 of antibody-deficient human serum 
as a complement source. The complement sources had no func- 
tional activity for 111-GBS in vitro. Each experiment included 
serum from an adult with high opsonophagocytic activity for III- 
GBS. Control tubes lacking either leukocytes, complement, or 
antibody were included in each assay and these consistently had 
a bactericidal index of zero. Aliquots of the reaction mixture 
were removed, diluted, and plated for determination of CFU 
before and after a 40-min incubation, as described previously 
(12). The bactericidal index was calculated as the percent reduc- 
tion in initial inoculum. 

RESULTS 

Efficiency of IgG and IgM separation. A mean yield of 65% of 
initial IgG (range 31-93%) and 79% of initial IgM (range 62- 
100%) were obtained with the small QAE-Sephadex columns 
(Table 1). IgM in IgG preparations averaged 5.6 + 4.0%. A 
similarly low level of IgG (4.0 + 1.5%) was detected in IgM 
samples concentrated to the starting volume. The mean 111-GBS 
specific antibody in IgG-rich samples was I 1.1 ~ g / r n l  (range 1.4- 
47.7 ~ g / m l )  and in IgM-rich samples was 6.2 pg/ml (range 1.3- 
15.8 pg/ml). 

Functional activity of class-specijic antibodies to type 111-GBS. 
Opsonophagocytic activity in samples rich in 111-GBS specific 
IgG or IgM and for two purified IgA specimens was compared. 
Among the infant sera processed, the volume was sufficient for 
testing 1 1 IgG and nine IgM preparations. In the opsonic reaction 
mixture, the concentration of IgG 111-GBS specific antibody in 
IgG-rich samples was 1.0 + 1.2 Fg/rnl while that of IgM-rich 
samples was 1.9 + 1.6 wg/ml (Table 2). The bactericidal index 
for the two groups of samples was not significantly different. 
Although the bactericidal index did not achieve a level sufficient 
to provide theoretical "protection" (12), these results indicate 

that, at low concentrations of specific antibody, the bactericidal 
capacity of IgG and IgM is similar. In contrast, purified IgA did 
not promote opsonophagocytic activity. 

For some individual IgG- and IgM-rich samples, the volume 
was sufficient to evaluate a potential dose-response relationship 
between bactericidal index and the concentration of specific 
antibody (Table 3). Decline in bactericidal index with dilution 
was observed for both IgG- and IgM-rich samples. Excluding 
one IgG-rich sample that exhibited bactericidal activity at ex- 
tremely low antibody levels, the correlation between the IgG 
content of IgG-rich samples and bactericidal index was signifi- 
cant ( r  = 0.864, p > 0.01). Due perhaps to small numbers, the 
correlation between IgM content of IgM-rich samples and bac- 
tericidal index was less striking ( r  = 0.429, p = NS) even with 
exclusion of one disparate value. 

Serial dilutions using the column-purified IgG and IgM stand- 
ard sera in serial dilutions are depicted in Table 4. Similarity in 
bactericidal efficiency and a dose-response relationship is evi- 
dent. Both of these standard sera were representative of the 
maximum bactericidal activity observed among the class-specific 
antibodies in neonatal sera. 

DISCUSSION 

Inasmuch as transplacental passage of 111-GBS specific IgG 
antibody in sufficient concentration confers protection against 
invasive neonatal 111-GBS disease, our previous studies and those 
of others have focused on the opsonic activity of this class of 
immunoglobulins (13-15). Recently, immunospecific murine 
monoclonal IgM antibodies have been viewed with interest as 
potential immunotherapeutic agents for infants born too pre- 
maturely to receive IgG in a theoretically "protective" level (16). 
The efficacy of murine monoclonal class-specific antibodies for 
protection in invasive 111-GBS experimental infection is well 
documented (2, 17- 18). Lack of availability of a suitable source 
of IgM has previously prevented a functional comparison of 
naturally acquired class-specific antibodies to type 111-GBS. 

The experiments described herein indicate that at low concen- 
trations, naturally acquired IgG or IgM with specificity for the 
capsular polysaccharide of 111-GBS have comparable opsono- 
phagocytic activity. For both IgG- and IgM-rich samples, the 
mean bactericidal index was less than the 90% value we have 
previously proposed as a correlate for protection (12). The pres- 
ent experiments were designed to compare functional activity by 
antibody class in samples that, after purification and in some 
cases dilution, contained low concentrations of specific antibody. 
The experimental conditions were intended to allow a compari- 
son of antibody by class rather than to define the concentration 
which theoretically promotes protective efficacy. 

The preceding results must also be qualified in the light of 
several methodologic aspects unique to the use of human serum 
as a source of specific antibody. First, polyclonal preparations, 
by definition, contain large quantities of nonimmunospecific 
antibodies, whereas monoclonal antibody preparations have a 
single immunospecificity. It is feasible that the large quantities 
of nonspecific antibody in our polyclonal preparations partici- 
pated in phagocytosis which had been initiated by binding of III- 
GBS specific antibody (19, 20). Second, although the sample 
preparation method was designed to separate IgG from IgM, 
absolute purity was not achieved. Thus, despite the technical 
adequacy of the separation, the specimens were designated as 
"rich" in the respective predominant immunoglobulin class. 
However, since class-specific functional activity was similar, the 
effect of the heterologous class of antibody should not have 
substantially influenced the results. Finally, the isolation proce- 
dure used yielded an IgM pool containing some IgA. Although 
IgA is classically considered a nonopsonic class of antibody (2 l), 
Egan et al. (18) have shown that type 111-specific monoclonal 
antibody of the IgA class provides protection in a murine mucin 
model of 111-GBS infection. In contrast, the inability of IgA to 
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Table I. Separation of IgGfrom IgM in 14 infant sera 
- 

Mean (range) 
% + SD 111-GBS 

Mean (range) Mean contamination antibody 
immunoglobulin (range) with heterologous level 

Pool (mg/dl) % yield immunoglobulin* (I*g/ml) 
-- - 

IgG rich 483 65 

I (2 17-783) (3 1-93) 

IgM rich 8 5 79 4.0 + 1.5 6.2 
(48-143) (62- 100) (1.3-15.8) ' * Based upon original serum concentration. 

Table 2. Opsonophagocytic activity of class-specific antibodies 
to III-GBS 

Table 4. Opsonophagocytic assays using column-purified 
standard sera in serial dilutions 

Mean + SD III- 
Predominant No. GBS antibody Mean + SD 

antibody samples (~*g/ml) bactericidal 
class tested in reaction mixture index (%) 

IsG 11 1.0 + 1.2 37 + 32* 
IgM 9 1.9 + 1.6 42 + 30* 
IgA 2 0.7 0 

* t = 0.3, p = NS, unpaired t test. 

Table 3. Relationship between bactericidal index and 
concentration of class-speclfic antibodies 

111-GBS antibody 
Predominant concentration (I*g/rnl) Bactericidal 

Specimen antibody class in reaction mixture index (%) 

1 IgG 1.3 44 
0.7 3 1 
0.3 0 

protect against systemic infection in a neonatal rat model was 
attributed to its capacity to delay invasiveness of GBS without 
decreasing their viability (4). Antibodies of the IgA class do 
contribute to the total 111-GBS antibody detected by RABA and 
can be elicited in response to 111-GBS infection (6). The contri- 
bution by total IgA in the samples used for the present studies 
was considered of minimal consequence since IgA levels in 
infants less than four months of age are only 10 to 12% of adult 
normal levels (22). Furthermore, purified IgA containing III- 
GBS antibody had no opsonophagocytic capacity. However, the 
quantitative detection of functionally inactive IgA in our IgM- 

% Bactericidal index 
(pg/ml 111-GBS antibody 

in reaction) 

Reciprocal dilution IgG IaM 

rich samples could have led to our underestimating the functional 
capacity of specific IgM. 

The finding that naturally acquired, polyclonal IgG and IgM 
antibodies to type 111-GBS each are active opsonically and that 
neither class is clearly superior functionally has potential impli- 
cations for strategies of disease prevention by passive immuno- 
therapy. IgG modified for intravenous use is now available and 
infusion of a sufficient amount may provide an adjunct to 
standard therapy for GBS infant disease. Since 111-GBS levels in 
most of these preparations are modest (23, 24) it might be 
prudent to develop suitable hyperimmune preparations. Either a 
hyperimmune human immunoglobulin preparation or a stand- 
ard immune globulin in sufficient amount would circumvent the 
potential immunological toxicities inherent in monoclonal prep- 
arations from heterologous species until such time as human- 
human monoclonals with 111-GBS specificity become available. 
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