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Previous studies have demonstrated that mouse antibodies to phosphocholine (PC) can protect mice against
fatal infection caused by several, but not all, mouse-virulent laboratory strains of Streptococcus pneumoniae.
Because the pneumococcal strains used in previous studies had been mouse passed and were propagated for
many years outside of humans, it was not known whether antibody to PC would be able to protect mice against
S. pneumoniae freshly isolated from humans. In the present study, we examined the ability of an immuno-
globulin G (IgG) monoclonal antibody (MAb) to PC to protect against infections in mice caused by 14
pneumococcal strains of capsular types 3, 4, 6A, and 6B. Nine of these strains were selected as the most virulent
strains for mice from a group of 69 fresh clinical isolates. Five were mouse-passed laboratory strains. Mouse
IgG3 MAb to PC was able to exhibit protective effects (survival or increased time to death) against infection
with virtually all of the strains injected intravenously and against infection with 70%o of the strains injected
intraperitoneally. The protective effects of antibody to PC appeared to be partially dependent on capsular type.
MAb to PC was most effective against capsular type 3 strains and least effective against type 4 strains. With type
3 and type 4 strains, MAb to PC could frequently protect against larger numbers of CFU injected intravenously
than intraperitoneally. For capsular type 6A and 6B strains the reverse was true.

It is been long recognized that antibodies to capsular
polysaccharides can be efficacious in the prevention of
serious pneumococcal infection (3,5). In the 1920s and 1930s
it was also recognized that somatic antigens of pneumococci
could elicit protective immune responses (20, 23). In spite of
the development of a pneumococcal vaccine based on the
capsular polysaccharides (3) and the susceptibility of pneu-
mococci to penicillin (19), pneumococcal infection has re-
mained serious in both developed and underdeveloped coun-
tries (33, 36). The renewed awareness of the continuing
morbidity and mortality resulting from pneumococcal infec-
tions (4, 33) has encouraged many laboratories to extend
earlier studies of pathogenic mechanisms of pneumococci
and host defenses against pneumococcal infection.
These studies have included investigations of the ability of

somatic antigens to elicit protection (2, 7, 15, 27, 29, 31).
Mice can be protected from fatal pneumococcal infection
with mouse monoclonal antibodies (MAb) to the phospho-
coline (PC) and non-PC determinants of pneumococcal tei-
choic acids (9, 11, 14, 15, 28, 30, 39, 43). Antibodies to PC
isolated from human serum have been shown to protect mice
against fatal type 3 Streptococcus pneumoniae infection
(11). Human C-reactive protein, which also reacts with the
PC determinant of pneumococcal teichoic acids, has also
been shown to extend the life of mice infected with pneu-
mococci (11, 25, 32, 44).

Antibodies to other somatic antigens can also protect
against pneumococcal infection. Mouse MAb reactive with
pneumococcal surface protein A (PspA) can protect mice
against otherwise fatal infection with S. pneumoniae (11, 29,
31). Immunity to the pneumococcal enzymes pneumolysin
and neuraminidase have been shown to extend the life of
infected mice (7, 27, 35).
The most protective mouse antibodies to PC are of the T15
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idiotype (12, 41). Among T15 antibodies to PC, the immu-
noglobulin G (IgG) MAb were more protective against fatal
sepsis than those of the IgM isotype. IgA antibodies were

not protective (9). T15 IgG MAb of the IgGl, IgG2b, IgG2a,
and IgG3 subclasses all exhibited similar protective capaci-
ties (11, 13, 14). It has been shown that antibody to PC can

protect mice against fatal pneumococcal infection following
intraperitoneal (i.p.) or intravenous (i.v.) challenge (11, 39,
42). It was demonstrated that MAb to PC could protect
against three of three capsular type 3 strains, a single type 4
strain, and a single type 6A strain. Protection was not
observed against individual type 1, type 5, and type 6B
pneumococcal strains (39, 43). The discovery that antibodies
to PC could protect against pneumococcal infection (9) was
intriguing because PC is present on all pneumococci (17).

In spite of the studies described above, the degree to
which antibodies to PC might contribute to resistance
against pneumococci in general was not known. The studies
with the type 1 and type 6B strains utilized only an IgM MAb
to PC (39). Whether protection against these strains might
have been observed with a more protective IgG MAb to PC
(9, 28) was not known. Most of the studies that have
examined the protective effects of antibody to PC have used
X-linked immunodeficient (XID) mice, raising the possibility
that antibody to PC may be more important in these unusual
mice than in immunologically normal animals. Furthermore,
the strains used in previous studies were all mouse-passed
laboratory strains selected for their ability to cause fatal
bacteremia in mice. Since most pneumococcal strains are

not highly virulent in mice (10) it was possible that mouse

passage might select for traits not commonly expressed in
fresh human isolates. If mouse passage selected for traits
that increased the likelihood that the strains would be
susceptible or resistant to the protective effects of antibody
to PC, then the results observed with mouse-passed strains
might not be representative of human isolates in general.

In the present study, we evaluated the ability of IgG3 MAb
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TABLE 1. Ability of antibody to PC to protect against individual pneumococcal isolates injected i.v.

Median day of death
Type

Strain _____Tp Origin of isolate Buoyant CBA/N (300 CFU) BALB/cJ (106 CFU) LD50 inStrain (siteb/diagnosisc) density" BALB/c mice
Caps/PspAa No at-CNo anti-PC Peantibody anti-PC pe antibody

ATCC 10813 3/PA3 mp 1.013 2 (0) >21 (100) 0.0005 2 (0) >21 (75) 0.025 <102
A66 3/PA13 mp 1.019 2 (10) >21 (100) 0.0005 2 (0) >21 (100) 0.025 ND9
EF10197 3/PA18 N/C 1.016 2 (17) >21 (100) 0.01 3 (0) >21 (75) 0.0005 103
WU2 3/PA1 mp 1.016 2 (0) >21 (100) 0.025 2 (0) >21 (100) 0.025 105
BG7649 4/PA9 B/S 1.026 2 (0) 5.5 (0) 0.025 2.5 (0) 3.5 (0) NS
BG9739 4/PA26 B/S 1.028 2 (0) 2 (0) NS 3 (0) 14.5 (50) 0.0005 <102
EF3296 4/PA20 N/O 1.029 2 (0) 3 (0) 0.01 3 (13) 3 (0) NS <12
L81905 4/PA23 B/P 1.023 _h 2 (0) 2 (0) NS <102
BG5-8A 6A/PAO N/U 1.022 5.5 (0) 5.5 (0) NS 1-03
DBL6A 6A/PA19 mp 1.021 9 (0) 20 (50) 0.0025 4 (0) 9 (0) 0.05 <102
BG25-9 6B/PAO N/C 1.033 2 (0) >21 (100) 0.025 - ND
BG7322 6B/PA24 B/O 1.019 3 (0) 14.5 (25) 0.001 - ND
BG9163 6B/PA21 B/O 1.031 4 (21) 16 (50) 0.01 <102
DBL1 6B/PAO mp 1.030 6.5 (0) >21 (83) 0.0025 6 (23) 11 (42) 0.05 <102

Capsular type/PspA type; all PspA types are designated by the prefix PA.b Site of isolation of pneumococcal isolate. B, Blood; N, nasopharynx; C, cerebrospinal fluid; mp, mouse passed.
c Clinical diagnosis. C, carriage; M, meningitis; 0, otitis media; P, pneumonia; S, septicemia; U, upper respiratory infection; mp, mouse passed.
dThe density of rough S. pneumoniae Rxl is 1.058.
e Statistically different from no antibody at P less than the value shown; NS, not significant at P < 0.05. Statistics calculated by two-sample rank test and

expressed as one-tailed P values.
fNumbers in parentheses indicate percent mice alive at 21 days postinfection.
g ND, not done.
h -, Strain was not highly virulent in the mouse strain infected (less than 76% mortality) (10), and a protection study was not conducted.

to PC to protect against fatal infections caused by type 3, 4,
6A, and 6B pneumococci. Nine recent human isolates of S.
pneumoniae virulent for mice and five mouse-passed labo-
ratory strains were examined. The nine recent human iso-
lates were selected as the most virulent strains for mice from
69 clinical isolates of type 1, 3, 4, 6A, 6B, 14, 19, and 23
pneumococci (10). Immunologically normal BALB/cJ mice
and immune deficient (XID) CBA/N mice were used in these
experiments because they represent extremes of resistance
and susceptibility to pneumococcal infection (10, 14).

In the first half of our study we examined the ability of
IgG3 MAb to PC to prevent fatal infection following i.v.
inoculation of all 14 isolates. Parenteral inoculation of mice
with most virulent pneumococci results in blood bacteremia
and generalized sepsis. We felt that i.v. challenge would
avoid potential complications that might arise from bacteria
growing in sites not exposed to the filtering action of the
reticuloendothelial system.

Since i.p. infections have classically been used in mouse
protection studies, 12 of the isolates were also studied by
using i.p. challenge so that we could compare results ob-
tained by the i.v. and i.p. routes. We previously observed
that passive MAb to PC could protect against type 3 strain
WU2 whether the pneumococci were injected by the i.p. or
i.v. route (11).

MATERIALS AND METHODS

Pneumococcal strains. Fourteen capsular type 3, 4, 6A,
and 6B strains of pneumococci were used in this study. Nine
of the 14 strains were the most virulent strains identified
among 69 recent fresh human isolates of pneumococci (10).
All of these strains killed greater than 76% of CBA/N or
BALB/cJ mice infected with 300 or 106 CFU, respectively.
Five laboratory strains (DBL1, serotype 6B; DBL6A, type
6A; A66, type 3, ATCC 10813, type 3; and WU2, type 3) that

had been mouse passed and were already known to be
virulent in mice (10, 15, 42, 43) were also examined. Deter-
mination of capsular and PspA types for these strains was
described previously (10, 18). Two strains (DBL1 and
BG25-9) were capsular type 6B and PspA type PAO. Their
DNA was cut with HindIII and examined by Southern
blotting with a full-length pspA probe at a stringency of
about 98% (37) to see if the strains might be members of the
same clone. Detected restriction fragments of BG25-9 were
3.5 and 4.6 kb long, and those of DBL1 were 3.0 and 4.0 kb
long. Thus, on the basis of capsular type, PspA type, and
Southern blotting, the strains were all observed to be differ-
ent and were assumed to be clonally distinct (Table 1). The
buoyant densities of these pneumococci was determined in a
previous study (10) by a procedure modified from that of
Hakansson et al. (22). Comparisons of density among strains
of the same capsular type should be related to the degree of
encapsulation (10, 22). However, since the extent of hydra-
tion is dependent on the composition of the capsule and not
just the amount of polysaccharide, differences in density of
strains of different capsular types may not necessarily be an
indication that the strains differ in the amount of capsular
polysaccharide.
Pneumococci for injection were prepared as previously

described by growth in Todd-Hewitt medium containing
0.5% yeast extract. Pneumococci were harvested in late log
phase and suspended in lactated Ringer's solution. Numbers
of bacteria injected were estimated byA420 and confirmed by
plating (15).
Mouse protection experiments. Female 6- to 8-week-old

BALB/cJ and CBA/N mice were obtained from Jackson
Laboratory, Bar Harbor, Maine. Mice were kept in our
animal facilities for 2 to 4 weeks prior to use. Except as

indicated, groups of 4 to 15 mice were infected i.v. or i.p.
with 0.2 ml of lactated Ringer's solution containing the
indicated numbers of pneumococci 1 h after i.p. injection of
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20 pLg of the IgG3 anti-PC MAb 59.6C5 (1, 11) or sterile
saline. Deaths were recorded daily for a period of 21 days.
All mice alive at the end of this period were considered to
have survived the challenge infection. Fifty percent lethal
dose (LD50) determinations were made by first injecting
small numbers of mice with 5, 50, 102, 103, 104, 105, 106, 10,
or 108 S. pneumoniae cells and monitoring the mice for 21
days. Next, groups of at least five mice were injected with
the two doses adjacent to the suspected LD50. LD50 values
were determined graphically by the method of probits from
the percentages of mice surviving at the doses just above and
just below the LD50 (8).

Statistics. Comparisons of the time of death of groups of
mice were made using the two-sample rank test (45). The P
values were calculated by using a one-tailed table since we
were testing a previous hypothesis that antibody to PC
protected mice. In no case did anti-PC antibody decrease the
time to death. Comparisons of protection against death used
the chi-square test corrected for continuity by the method of
Cochran (45).

RESULTS

i.v. route of challenge. The ability of IgG3 MAb to PC to
protect against i.v. pneumococcal infection was examined
by using both CBA/N and BALB/cJ mice. CBA/N mice were
injected with 300 CFU. BALB/cJ mice were injected with
106 CFU to compensate for their greater resistance relative
to that of CBA/N mice to pneumococcal infection (10, 14, 15,
43). Not all 14 pneumococcal strains were highly virulent in
both mouse strains, and as a result not all of the 14 strains
were tested in each of the mouse strains. Passive protection
with MAb to PC increased the percentage of mice surviving
and/or the median survival time of mice infected with most
of the 14 strains (Table 1). For 10 of the 12 strains used to
infect CBA/N mice and 6 of the 9 strains used to infect
BALB/cJ mice, the increase in median survival time was
statistically significant. LD5Os were determined for nine of
the strains. For eight of them the LD5Os were observed to be
103 CFU. For five of these eight strains, MAb to PC

resulted in an increase in the LD50 of at least 1,000.
The extent of protection appeared to be related to the

capsular type of the isolate (Table 1). The MAb to PC always
protected mice infected with type 3 strains against death.
With the capsular type 4 strains, passive MAb to PC
generally either had no measurable effect or resulted in only
a slight increase in survival time. The only exception was
infection of BALB/cJ mice with type 4 strain BG9739, when
half of the anti-PC antibody-treated mice lived. The effects
of MAb to PC on the survival of mice infected with type 6A
and 6B pneumococci were variable and frequently interme-
diate to the results obtained with type 3 and type 4 pneumo-
cocci. There was no significant difference in the ability of
MAb to PC to protect against recent clinical isolates versus
mouse-passed laboratory strains of the same capsular type.
In no case was treatment with anti-PC MAb associated with
higher mortality or more rapid death of the infected groups
of mice.
Nine of the strains were tested in both CBA/N and

BALB/cJ mice. For six strains (ATCC 10813, A66, EF10197,
WU2, DBL6A, and DBL1) MAb to PC resulted in increased
survival time and protection against death in both inbred
lines of mice. For two strains (BG7649 and EF3296) passive
MAb to PC was protective in CBA/N but not in BALB/cJ
mice, and for one strain (BG9739) it was protective in
BALB/cJ but not in CBA/N mice (Table 1).

TABLE 2. Protective effects of antibody to PC in BALB/cJ mice
challenged i.v. with pneumococci

Median day of death

Strain Capsular PspA (300 CFU)-type type No Anti-PC
antibody (20 mg)

EF3296 4 20 2.2 (13)b 4C (20)
L81905 4 23 2.5 (0) >30c (57)
DBL6A 6A 19 10 (0) 14.5c (0)
BG9163 6B 21 13.5 (0) >30c (75)

a Data based on four to six animals per group.
b Numbers in parentheses indicate percent alive at 21 days postinfection.
c Significant increase in days to death or survival with antibody at P < 0.025

by two-sample rank test.

Relationship between virulence after i.v. injection and pro-
tective effects of anti-PC antibody. Since the isolates most
difficult to protect against were among the strains with the
lowest LD50s in BALB/cJ mice, it was possible that our
failure to protect against some of the S. pneumoniae strains
was because they were more virulent than the strains we
could protect against. Since several of the strains used to
infect BALB/cJ mice were virulent at doses far less than 106
CFU, we examined the possibility that even strains we could
not protect against when injected into BALB/cJ mice at 106
CFU would be affected by MAb to PC when injected into
mice at lower numbers. To test this, BALB/cJ mice were
infected with 300 CFU of four strains whose LD50s were less
than 100 CFU (Table 2).
One strain examined was type 6A strain DBL6A, which

when injected at a dose of 106 CFU had killed anti-PC
antibody-protected mice but only after an anti-PC-mediated
extension of survival of about 5 days. When only 300 CFU of
DBL6A was injected, anti-PC MAb still failed to protect
against death and the anti-PC-mediated extension of time to
death was still only about 5 days. Another strain examined
was type 6B strain BG9163, against which MAb to PC had
protected only half of the mice infected with 106 CFU.
Antibody to PC provided complete protection against death
following injection of 300 CFU of BG9163. The two remain-
ing strains were type 4 isolates that had completely resisted
the protective effects of MAb to PC when 106 CFU was
injected into BALB/cJ mice. Antibody to PC provided
complete protection against death caused by infection with
300 CFU of one of the type 4 strains and significantly
extended the time to death of mice infected with the other.

Protection against i.p. infection. Experiments using i.p.
challenge were performed with BALB/c mice and 12 pneu-
mococcal strains. These strains had been identified previ-
ously as being virulent when injected i.p. into BALB/cJ mice
(10). Because the i.v. injection experiments discussed above
had revealed strong effects of challenge dose on the ability of
anti-PC MAb to protect, the i.p. studies included challenge
with a range of doses and LD50s were determined in the
presence and absence of MAb to PC. For 9 of the 12 strains,
administration of MAb to PC was associated with an in-
crease in the LD50 (Table 3). For eight of these strains the
protective effects of MAb to PC were statistically significant.
For six of the strains, the increase in the LD50 was 100-fold
or more.
For capsular type 3 and type 4 strains the protective

effects of anti-PC MAb were more apparent with i.v. (Tables
1 and 2) than i.p. (Table 3) challenge. With all three capsular
type 3 strains injected by both the i.v. and i.p. routes we
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TABLE 3. Ability of antibody to PC to protect BALB/cJ mice against S. pneumoniae injected i.p.

SnsPLoJglo LDs a Log1O CFU Median no. of days No. alive/totala Pi
Strain Capsular PspA Lg0D5Oa Logl0 CFU todeathaPI

type type injected (+ vs-)
+++

ATCC 10813 3 3 <1 4 2 1.5 >21 2/12 4/6 0.05
6 1.5 2 0/4 0/4

A66 13 13 <2 4.5 2 2 >21 0/9 8/9 0.001
6 2 2 0/5 0/4

EF10197 3 18 <1 4.4 2 2 >21 0/9 9/9 0.001
4 2 >21 2/12 5/6 0.05
6 2 2.5 0/4 1/4

WU2 3 1 2 5.2 2 12C >21 2/4 4/4
4 3 >21 4/13 10/12 0.025
6 2 2.5 0/4 0/4

BG9739 4 26 <2 <2 2 2 2 0/2 0/6
EF3296 4 20 <1 1 2 2 3 0/4 1/4
L81905 4 23 <2 <2 2 2 2 0/4 0/4
DBL6A 6A 19 <2 >4 2 6 >21 3/9 6/11

4 13 >21 1/9 7/9 0.005
BG25-9 6B 0 6 >8 2 12 >21 1/5 4/4 0.05

6 13 >21 3/9 6/7 0.05
BG7322 6B 24 <2 >6 2 7 >21 0/5 4/4 0.025

6 3 >21 1/6 5/6 0.05
BG9163 6B 21 2_7d >7 2 5.5 >21 1/4 4/4 0.05

6 10 >21 3/7 7/7 0.025
DBL1 6B 0 2-6d >6 2 13 >21 3/7 4/5

6 20 >21 2/4 4/6
a Without (-) and with (+) antibody to PC.
b Difference is survival of mice with and without antibody to PC at P less than the value shown. Statistics calculated by Cochran-corrected chi-square test.

Where no P value is shown the result was not statistically significant (P > 0.05).
c Of the four mice in this group, two died by day 3 and two were alive at day 21.
d About 50% of the infected mice died over the range of doses indicated.

were able to observe protection against death with higher
numbers ofCFU injected i.v. than i.p. For the three capsular
type 4 strains injected by both routes there was no evidence
of anti-PC antibody protection with i.p. challenge, whereas
MAb to PC protected against death or extended survival
when mice were infected i.v. with the same three strains.
The opposite was seen with the type 6A and 6B strains: MAb
to PC appeared to be more protective when injections were
given i.p. rather than i.v. With i.v. challenge, MAb to PC
caused some increase in the number of survivors of 6A and
6B infections but generally only extended days to death,
whereas with i.p. challenge MAb to PC protected mice from
fatal infection with four of the five strains examined.

Differences in amount of capsule do not explain the differ-
ences in resistance to the protective effects of MAb to PC. The
specific gravity of pneumococci is largely dependent on the
amount of hydration of the capsule, which for any capsule
type is a function of the amount of capsular polysaccharide
(10, 22). We have found no associations between the specific
gravity of the individual strains (Table 1) and the ability of
MAb to PC to protect against fatal infection by either the i.p.
or i.v. route (Tables 1 and 3).
Lack of association between protective effects of anti-PC

antibody and disease of patients. We knew the disease
diagnosis of the patients and the tissue source (Table 1) for
the nine recent isolates described in Tables 1 and 3. No
association was observed, however, between the abilities of
the isolates to resist the protective effects of MAb to PC and
either the tissue sources or the disease diagnoses of the
patients from which the isolates were obtained.

DISCUSSION

Antibody to PC was able to enhance the survival of mice
infected with most of the pneumococci tested. Its effects
were dependent on route of infection and capsular type, as
well as on unknown variables associated with individual
strains. Of the four capsular types studied, type 3 pneumo-
cocci were most readily protected against death and type 4
pneumococci were the most refractory to the protective
effects ofMAb to PC. We were able to protect against higher
numbers of type 3 and type 4 pneumococci when they were
injected i.v. than when they were injected i.p. The opposite
was observed with type 6A and 6B pneumococci: protection
against death was more readily demonstrated following i.p.
rather than i.v. challenge.
No differences were observed between the ability of MAb

to PC to protect against infection with laboratory strains and
clinical isolates of the same capsular types. By combining
the present results with the results of previous studies that
examined individual laboratory strains (11, 15, 29, 39, 43), a
broader picture of the protective effects of antibody to PC is
obtained. Protection with MAb to PC has been observed
with strains of capsular types 2, 3, 4, 6A, 6B, and 27. In the
case of type 4 strains the protective effects of anti-PC
antibody were observed only with low numbers of CFU
injected i.v. No protection has been observed against a
single type 5 strain (39, 43). C-reactive protein, which
recognizes the PC epitope of pneumococcal teichoic acids,
has been shown to protect against type 3, 4, and 27 pneu-
mococci (11, 25, 32, 44). In type 27 pneumococci, the PC is
a component of the capsular polysaccharide (6). In all of the
other capsular types, the capsular polysaccharide does not
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contain PC (26) and the protective antibodies must react with
the PC on the teichoic and lipoteichoic acids of the pneumo-
cocci (16, 17).
The differences in the protective effects of MAb to PC are

probably not differences in the ability of antibodies to PC to
bind pneumococci in the presence of different capsules.
Earlier studies showed no effect of capsule type on the
binding of MAb to PC and no relationship between the
amount of anti-PC MAb bound and the ability of the strain to
resist the protective effects of MAb to PC (14, 43). Although
the reason that antibodies to PC show different abilities to
protect against different capsular types is not known, one
possibility is that complement fixed by antibodies binding
the teichoic acids of some strains may be more exposed to
phagocytes by some capsular types than others. Another
possibility is intrinsic differences in the abilities of the
different capsular types to bind active complement compo-
nents or inhibitors of complement activation.
The present study revealed no association between pro-

tective effects of MAb to PC and the degree of encapsulation
(as measured by buoyant density) of the mouse-virulent
strains. Thus, the virulence of the strains tested was proba-
bly not limited by their amounts of capsule. Presumably,
differences in noncapsular pneumococcal virulence factors
(possibly including PspA, pneumolysin, or neuraminidase)
are able to have an effect on the relative ability of antibodies
to PC to protect against different strains of the same capsular
type.

Past observations that MAb to PC can be protective
against pneumococcal infection (9, 11, 14, 15, 28, 30, 39, 43)
have not been universally accepted (24, 34, 38), and not all
studies have reported a protective effect of antibodies to PC
(5, 34, 40). We suspect that the failure of some studies to
detect protective effects of antibodies reactive with PC is
largely because higher concentrations of antibody to PC than
antibody to capsule are required for protection (9, 11, 28, 39,
42) and antibody to PC results in much slower blood clear-
ance of S. pneumoniae than does antibody to capsule (11,
28). The reason that anti-PC antibodies are generally less
protective than antibodies to the capsule is thought to be
because the PC determinants are largely buried by capsular
polysaccharides (38, 43). Unlike antibodies that react with
the pneumococcal capsule, antibodies to PC are not very
effective in a blood bactericidal assay (where neutrophils
effect antibody-dependent killing of pneumococci), even
though the same antibodies can protect against death (11).
We have interpreted this to mean that the killing mechanisms
mediated by antibodies to PC are much more efficient in vivo
than in vitro (11).

In mice it is clearly possible to produce nonprotective
antibodies to PC. Murine antibodies to PC exist in three
major idiotype families (T15, M603, and M511) that are
distinguished by the VL region used in the formation of the
antibody binding sites (1, 21). Only antibodies of the T15
idiotype are highly protective (12). Since it is clear that not
all antibodies reactive with PC are protective, it seems quite
possible that not all species would necessarily make antibod-
ies to PC that could protect against pneumococcal infection.
Although antibodies to PC are not as protective on a

weight basis as antibodies to capsule (9, 28), antibodies to
PC present in normal mouse sera have been shown to be a
major factor in the resistance of mice to infection with
pneumococci (9). Antibodies to PC may be able to retard
pneumococcal infections long enough to permit the host to
make an effective immune response to other pneumococcal
antigens or to permit a physician to administer antibiotics.

Whether antibodies to PC actually play such a role in
humans is not known. The single demonstration that natu-
rally occurring human antibody to PC can protect against
pneumococcal infection revealed that the isolated antibody
was only about 1/10 as protective as the mouse IgG antibody
to PC (11). The isotype of the human antibody to PC was not
determined, and it is not known whether humans can make
binding sites for PC that result in antibodies as protective as
mouse IgG antibodies of the T15 idiotype.
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