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Pneumococcal opsonic activity and concentrations of pneumococcal capsular
polysaccharide antigen, C3, C4, factor B, C3, and factor B breakdown products
were measured in the serum obtained acutely from 12 patients with serious
pneumococcal disease. One patient showed markedly reduced pneumococcal
opsonic activity, borderline-low C3, and the presence of C3 and factor B break-
down products and died. Although eight additional patients showed depressed
levels of C3 or C4 or the presence of C3 or factor B breakdown products, none
had reduced pneumococcal opsonic activity. All of the three remaining patients
had normal opsonic activity and C3 and C4 levels. Covalescent serum was
obtained from eight patients; six had normal C3 and C4 levels, and two had
persistent C4 depression. These data show that complement is activated during
pneumococcal disease and suggest that extensive complement activation may
impair pneumococcal opsonic activity in certain patients and thereby compromise

an important host defense mechanism.

The introduction of effective antimicrobial
agents for the treatment of pneumococcal dis-
ease has reduced the mortality of these once life-
threatening infections. Yet bacteremic pneumo-
coccal pneumonia continues to be a frequent
cause of death, especially during the first 24 h of
hospitalization, and the prognosis for patients
infected with certain pneumococcal serotypes
has improved significantly less than other types
(1). Pathogenesis of pneumococcal disease may
be due in part to impaired killing of invading
pneumococci. Lethality has been associated with
the number of microorganisms in the blood (11)
and reduction in serum complement levels (3, 4,
12-14). Depletion of C3 in mice by cobra venom
treatment produced a marked increase in sus-
ceptibility to pneumococcal challenge (17). The
means by which complement becomes activated
is not known, although recent clinical (3, 14) and
in vitro studies (6) have suggested an association
between pneumococcal capsular polysaccharide
(PCP) antigenemia and complement activation.
To determine the role of complement in the
pathogenesis of pneumococcal disease, pneu-
mococcal opsonic function, PCP antigen, C3, C4,
factor B, and C3 and factor B breakdown prod-
ucts were measured in the sera of 12 patients
with serious pneumococcal infections.

(This paper was presented in part at the
American Society for Clinical Investigation, San
Francisco, 29 April to 1 May 1978.)

MATERIALS AND METHODS
The study population consisted of nine patients

with pneumococcal pneumonia, four of whom were
bacteremic, and three patients with bacteremic pneu-
mococcal meningitis, one of whom also had endocar-
ditis (Table 1). Two of the five nonbacteremic patients
with pneumonia had Streptococcus pneumoniae iso-
lated in pure culture from a transtracheal aspirate,
and the remaining three patients had pneumococci
isolated in pure culture from purulent sputum. All
pneumococcal isolates were typed with group-specific
antisera (Statens Serumsenstrate, Copenhagen, Den-
mark) and frozen at —70°C in buffered albumin. Six
patients had underlying illnesses, including chronic
alcoholism (patients 4 and 7), diabetes mellitus (pa-
tients 2 and 9), multiple myeloma (patient 1), and
chronic obstructive pulmonary disease (patient 12).
Six patients had no known underlying disease. Three
patients expired during hospitalization. Death in each
was attributed directly to pneumococcal disease and
its complications.

Serial serum samples were obtained from these
patients after informed consent was obtained and were
stored at —70°C for the immunological studies. The
initial acute serum was obtained within 48 h of admis-
sion. Subsequent sera were obtained every 24 to 72 h
during hospitalization. In this report, the convalescent

-serum refers to the sample obtained after hospital day

4. Control sera were obtained from 15 healthy adult
volunteers.

Serum opsonic activity was measured with a sensi-
tive phagocytosis assay (5a, 7). Serum was tested for
its ability to opsonize the patient’s own pneumococcal
isolate, which was mouse-passed immediately before
the opsonic assay to ensure maximal capsulation. S.
pneumoniae were grown in Mueller-Hinton broth
(Difco Laboratories, Detroit, Mich.) or in a synthetic
medium lacking thymidine and adenine (5a) to which
[methyl-*H]thymidine was added. Live radiolabeled

1062



VoL. 29, 1980

pneumococci were incubated with 40% unheated and
heat-activated (56°C for 30 min) patient and control
sera for 60 min. The bacteria were washed and added
to human polymorphonuclear leukocytes separated
from the heparinized blood of healthy adult volunteers
at a polymorphonuclear leukocyte:bacteria ratio of 1:
10. The phagocytosis mixture was divided into aliquots
and incubated with agitation for 30 min. After differ-
ential centrifugation, the percentage of pneumococci
phagocytized was determined by the percentage of
bacterial radioactivity in the neutrophil fraction. As
such, serum opsonic activity was directly related to
the percent phagocytosis of the test organism.

Serum PCP antigen was detected, typed and quan-
titated by counterimmunoelectrophoresis as described
by Dee et al. (3). Minimum PCP antigen quantities
detected for types 3, 4, 6, 9, 12, and 25 were 0.025, 0.5,
0.025, 0.1, 0.05, and 0.05 ug/ml, respectively. Assay for
type 7 PCP was performed by Gerald Schiffman (State
University of New York, Downstate Medical Center,
Brooklyn, N.Y.) by using a type-specific radioimmu-
noassay with a sensitivity of 0.010 pg/ml, since it is
poorly detected by usual counterimmunoelectropho-
resis methodology due to its neutral charge.

Serum complement components C3, C4, and factor
B were measured by the radial immunodiffusion tech-
nique of Mancini (Behring Diagnostics, Sommerville,
N.J.) as described previously (3). Inmunoelectropho-
resis for C3 and breakdown products (C3c, C3d) was
performed in 1.5% lonagar with barbital buffer with
0.01 M ethylenediaminetetraacetic acid (pH 8.6). Im-
munoelectrophoresis was run for 2 h under constant
voltage of 7 V/cm measured across the plate (10).
Immunoelectrophoresis for factor B and breakdown
products (Ba, Bb) was performed in 2% Noble agar
with barbital buffer with 0.01 M ethylenediaminetetra-
acetic acid (pH 8.6) and run for 2 h under the same
conditions.
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RESULTS

Eight pneumococcal types accounted for the
pneumococcal infections in the 12 patients stud-
ied (Table 1). Four patients had PCP antigen
detected in their acute serum sample in concen-
trations from 0.2 to 32 pg/ml. Patient 4 with
type 4 pneumococcal endocarditis and meningi-
tis had the highest serum PCP concentration.
Antigen was detected in the acute serum from
three of seven bacteremic patients and in one of
five nonbacteremic patients. All three patients
who died were antigenemic on admission,
whereas only one of nine survivors was antige-
nemic on admission (P = 0.018, Fisher exact
test). Too few patients were studied to deter-
mine whether there was an association between
particular serotypes and the presence of antige-
nemia.

Heat-labile and heat-stable opsonic activity in
the patient’s acute serum against that individ-
ual’s infecting organism was compared with the
opsonic activity of 15 control sera tested simul-
taneously against the patient’s organism. Eleven
patients showed heat-labile pneumococcal op-
sonic activity comparable to normal, and all
showed negligible heat-stable opsonic activity
(Fig. 1a and b). There was insufficient serum
from patient 6 to test heat-stable activity. Pa-
tient 3, who had type 12 pneumococcal bacte-
remia and meningitis, 0.8 g of capsular antige-
nemia per ml, borderline-depressed serum C3,
and the presence of C3c, C3d, Ba, and Bb frag-
ments, showed markedly depressed heat-labile
pneumococcal opsonic activity and died.

TABLE 1. Pneumococcal types and acute serum concentrations of antigen, C3, C4, factor B, C3, and factor
B breakdown products in patients with pneumococcal disease

Pneu- C3 (55- Factor Breakdown products
. PCP C4 (20-
Focus olfn ;faencetlinomnococcal Pal::)ent mzﬁ]"c' Outcome antigen / 50 mg/ 4B5 (r:::/
type (ug/ml) dly* d) d)* Ci3c C3d Ba Bb
Bacteremic meningi- 1 6 Survived ND* 114 9 30 ND + ND ND
tis 2 3  Died 0.2 112 68 31 ND + ND ND
3 12 Died 0.8 56 39 2 + + + +
Bacteremic pneumo- 4 4 Died 32.0 44¢ 26 15 ND ND ND +
nia 5 4  Survived ND 128 23 4 ND ND ND ND
6 7  Survived ND 64 43 17 NTY NT NT NT
7 25  Survived ND 98 36 32 ND + ND ND
Nonbactermic pneu- 8 3  Survived ND 96 38 28 ND + ND ND
monia 9 3  Survived ND 98 66 38 ND + ND ND
10 9  Survived ND 58 29 19 ND + ND ND
11 9  Survived 9.0 88 40 42 NT NT NT NT
12 33  Survived ND 64 15¢ 13 ND ND ND ND

“ Normal range.

» ND, none detected
“ Below normal range
4 NT, Not tested
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F16. 1. Heat-stable and heat-labile serum opsonic
activity in the acute serum from 12 patients with
pneumococcal disease tested with 40% serum and the
patient’s pneumococcal isolate. Results are compared
with 15 normal control sera tested simultaneously.

Serum complement components, C3, C4, and
factor B were measured in the acute and con-
valescent sera from these patients to determine
whether opsonic deficiency might be related to
complement depletion. Three patients had re-
duced concentrations of C3 or C4 in serum, and
two additional patients (no. 3 and 6) had bor-
derline-low C3 levels. Convalescent sera ob-
tained from eight of the nine survivors showed
increasing C3, C4, and factor B concentrations
in most patients, although two patients had per-
sistently depressed C4 levels (Fig. 2). Comple-
ment breakdown products were measured to
detect evidence for persistent complement acti-
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F16. 2. Serum C3, C4, and factor B concentrations
in 12 patients with pneumococcal disease including
nonbacteremic pneumonia, bacteremic pneumonia,
and bacteremic meningitis. Acute serum was ob-
tained during the first 48 h of hospitalization, and
convalescent serum was obtained after hospital day
4. Three patients died. The shaded area indicates the
normal range.

vation. Of the 10 sera tested for complement
breakdown products, 10 showed C3d fragments,
and one of these (patient 3) showed C3c frag-
ment. Two sera showed Bb fragment, and one
of these (patient 3) showed Ba fragment (Table
1). Although patient 3 died, serum obtained on
hospital day 9 showed normal C3 (174 mg/dl)
and presence of C3d fragment without C3c, Ba,
or Bb fragments.

DISCUSSION

Despite the use of highly effective bactericidal
drugs, the mortality of bacteremic pneumococ-
cal pneumonia remains high (20%) and is even
higher in patients with extrapulmonary foci of
infection (1). Mortality increases significantly
after the sixth decade of life and in patients with
complicating illness. In the present study all
three patients who died were bacteremic, and
two had extrapulmonary foci of infection.

Patients with lethal pneumococcal disease
have higher levels of serum PCP antigen, as was
found in our patients (3). The quantity of antigen
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may reflect an increased number of organisms in
the blood of these individuals, since there is a
direct relationship between fatality and number
of circulating pneumococci in experimental ani-
mals (11). Patients who die also have lower
levels of antipneumococcal capsular antibody
and lower serum complement levels (3). Activa-
tion of the alternative complement pathway has
been found in both bacteremic and nonbacte-
remic patients, although activation of comple-
ment has been greater in bacteremic individuals
(2).

Efficient killing of pneumococci requires the
participation of serum opsonic factors, including
complement and immunoglobulin, and of poly-
morphonuclear leukocytes. Studies in rodent
sera have shown that the interaction of pneu-
mococci with complement results in activation
of C3 and fixation of C3b, the opsonically active
fragment, on the surface of the pneumococcus
(9, 15). Although immunoglobulin participates
in the interaction of pneumococci and comple-
ment, it is not known whether immunoglobulin
is required for this interaction (16). Most pneu-
mococcal serotypes activate C3 via the alterna-
tive pathway (5), are efficiently opsonized in
human serum in the absence of a functional
classical pathway, and can be moderately opso-
nized in the absence of immunoglobulin G (7).
Experimental complement depletion in mice has
been shown to reduce serum opsonic activity
and increase mortality (17). Serum opsonic ac-
tivity against the infecting pneumococcal sero-
types was assayed in this study to determine the
biological consequences of complement activa-
tion in patients with pneumococcal bacteremia.

Serum obtained acutely from 9 of the 12 pa-
tients showed evidence of complement activa-
tion, including depressed levels of C3 and C4 or
the presence of C3 or factor B breakdown prod-
ucts, but only one patient showed reduced pneu-
mococcal opsonic activity. The frequency of re-
duced pneumococcal opsonic activity may have
been underestimated, since 40% serum was em-
ployed in the opsonic assay and lower serum
concentrations might have magnified subtle op-
sonic deficiencies. Although evidence of comple-
ment activation was found in most patients, C3c
and Ba fragments were detected only in the
single patient with reduced pneumococcal op-
sonic activity who died. Because the measure-
ment of C3c is less sensitive than C3d, this
patient may have had greater complement acti-
vation than the others. C3 and factor B break-
down products were present irrespective of the
absolute serum levels of C3 or factor B. Since
serum was used in this study, one cannot abso-
lutely exclude the possibility of accelerated in
vitro breakdown of factor B or C3 by storing,

PNEUMOCOCCAL OPSONIC AND COMPLEMENT ACTIVITIES 1065

freezing, and thawing. However, in our experi-
ence, normal sera stored at —70°C for as long as
3.5 years, and frozen and thawed up to five times,
do not show any detectable breakdown products
of these complement components (10).

Evidence of complement activation was found
as often in antigenemic and nonantigenemic pa-
tients, suggesting that comp!ement activation
may have been due to other subcellular compo-
nents of the pneumococcus. Pneumococcal cell
wall, and in particular cell wall teichoic acid, has
been shown to activate complement more read-
ily that PCP-(18). We have found that C carbo-
hydrate extracted from type 7 pneumococci also
activated complement via the alternative path-
way but less efficiently than does type 7 PCP
(G. S. Giebink, unpublished data). Circulating
PCP antigen-antibody complexes have been
found in patients with both complicated and
uncomplicated forms of pneumococcal disease
(T. H. Dee, G. Schiffman, C. K. Dham, J. Boud-
realt, and M. W. Rytel, unpublished data). Re-
ports of acute glomerulonephritis with hypo-
complementemia and immune complex deposi-
tion in the glomeruli of these patients suggest a
pathological role for the immune complexes (9,
14).

These data suggest that reduced pneumococ-
cal opsonic activity may be important in the
pathogenesis of serious pneumococcal disease in
certain patients. Prolonged complement activa-
tion may result in depletion of the opsonic sys-
tem and fresh plasma might help correct this
host defense deficiency.
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