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COMPLEMENT ACTIVITY IN PNEUMONIA 1

By DAVID D. RUTSTEIN AND WILLIAM H. WALKER

(From the Pneumonia Service, Department of Medicine, Albany Medical College; the Division
of Laboratories and Research, and the Bureau of Pneumonia Control,

Neew York State Department of Health, Albany)

(Received for publication December 31, 1941)

In the evaluation of the immunity mechanism in
man during pneumococcus pneumonia, comple-
ment studies have received little attention. Pub-
lications concerning the level of antibody in rela-
tion to recovery from pneumonia have been sum-
marized up to 1939 by Heffron (1), and other
studies have been published since that time (2 to
6). The few studies regarding complement ac-
tivity in pneumonia which have been published
present conflicting conclusions. Dick (7) studied
4 pneumonia patients and 2 controls and reported
that complement activity increased during pneu-
monia and returned to normal after crisis. Veil
and Buchholz (8) stated that complement activity
did not decrease during pneumonia but presented
no data. Robertson, Sia, and Cornwell (9) re-
ported without specific data that "little evidence
was obtained to show that the activating effect of
fresh animal (including human) serum undergoes
any significant alteration during the disease."
Taplin (10) noted that 6 patients who failed to
respond to adequate and specific serum therapy
were found to be deficient in serum complement.
Dingle (11) studied 73 patients with many dis-
eases, 9 of whom had pneumonia. Only 2 of the
73 patients had diminished complement activity,
and both of these were pneumonia patients.

It has been demonstrated in vitro by Robertson,
Sia, and Cornwell (9) that the addition of fresh
normal serum increased the pneumococcidal-pro-
moting action of Type I antipneumococcus serum,
and Ward and Enders (12) have reported that the
opsonic effect of Type II type-specific antipneumo-
coccus antibody is enhanced by the addition of
complement, even though complement, in the ab-
sence of antibody, has no effect. Also, comple-
ment activity in the blood of normal individuals,
as reported in the medical literature (9, 12 to 16,
17 to 21), is remarkably constant within a com-

1 This study was aided in part by a grant from the
John and Mary R. Markle Foundation.

paratively narrow range. These findings, particu-
larly those of Taplin, suggested the need for
further study of complement activity in pneu-
monia.

Accordingly, complement activity was studied in
the blood serum of 75 patients admitted to the
Albany Hospital from February 1940 to June 1941
for the treatment of pneumococcus pneumonia.
This report presents the observations of that study
with particular reference to outcome, pneumo-
coccus type, bacteremia, serum administration,
drug administration and serum sickness, although
not every case was included in each series.
The diagnosis of pneumonia was confirmed in

every case by an x-ray photograph of the chest
and by demonstration of type-specific pneumo-
cocci on direct examination of the sputum (Neu-
feld).

METHODS

Blood specimens were collected, allowed to clot, centri-
fuged, and the sera pipetted off in the usual fashion.
Sterile dry equipment was used throughout. The speci-
mens were numbered and allowed to stand at refrigerator
temperature overnight. They were then transferred, with-
out any accompanying information other than the name
of the patient and the date of bleeding, to the laboratory
of Dr. Frank Maltaner 2 at the Division of Laboratories
and Research of the New York State Department of
Health. Specimens were kept at refrigerator temperature
from the time of separation of the serum up to the time
of testing, with the exception of the time required for
transfer of the specimens to the laboratory. The distance
between the hospital and the laboratory is but a few
hundred yards, and it is believed that no appreciable effect
on complement activity would be caused by the time re-
quired for that transfer.
The titrations were usually performed within forty-

eight hours of the time that the blood was collected,
although a few specimens were titrated as long as
seventy-two hours after bleeding. Studies will be re-

2 We wish to acknowledge the cooperation and advice
extended to us by Dr. Maltaner, and express our thanks
for the technical assistance of Miss Loretta Dugan who
performed the laboratory tests.
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TABLE I

Distribution of apparently healthy individuals according
to complement activity*

Apparently healthy
Volume of serum* individuals

ml.
0.0028-0.0029........ 1
0.0030-0.0039........ 4
0.0040-0.0049........ 23
0.0050-0.0059........ 19
0.0060-0.0067........ 7

Total........ 54

* Complement activity is inversely related to the volume
of serum required to produce 50 per cent hemolysis in a
standardized system. Therefore, an increase in volume
indicates a decrease in complement activity, and a decrease
in volume indicates an increase in complement activity.

ported elsewhere showing that the time interval between
bleeding and testing was not a factor in the changes in
complement activity discussed in this paper.

The titrations were performed according to the technic
of Wadsworth, Maltaner and Maltaner (22), with ad-
justment of the dilutions to correct for the fact that com-

plement activity of human serum is approximately half
that of guinea pig serum (16, 23). The advantages of
this method, the end point of which is the amount of
serum required to effect 50 per cent hemolysis in a stand-
ardized system, as compared with those dependent upon

the choice of the one tube in which hemolysis begins or

ends, have been reported by Wadsworth, Maltaner and
Maltaner (22). The chemical method of Heidelberger,
recently published (24, 25), could not be used in a study
of this nature because of the large amount of human
serum required for that test.

Complement activity is reported in this study in
terms of the volume of blood serum in milliliters
required to produce 50 per cent hemolysis. Since
the volume required is inversely related to com-

plement activity, the larger the number of milli-
liters indicated, the lower the complement activity
in the specimen of the blood serum, and vice versa.

Range of normal complement activity

The normal range of complement activity of
human blood as determined by this method con-

firms the marked constancy of complement activity
in normal individuals as measured by other meth-
ods (9, 12 to 16, 17 to 21).

Blood specimens were obtained from 54 appar-

ently healthy individuals and the largest amount
of serum required to effect 50 per cent hemolysis
in this group was 0.0067 ml. (Table I). This
will be considered as the lower limit of the range

of normal complement activity for purposes of
discussion in this paper and volumes of 0.0068 ml.
or greater will be referred to in this study as
indices of low complement activity.

Complement activity during pneumonia
Of the 71 pneumonia patients from whom blood

specimens were collected on admission to the hos-
pital, 12, or 16.9 per cent, were found to have low
complement activity varying from 0.0069 ml. to
complete failure of hemolysis in the largest amount
of serum tested, i.e., 0.2 ml. of undiluted serum.
However, the specimens collected from these pa-
tients following recovery were found to have nor-
mal complement activity with a range of 0.0030 to
0.0051 ml. The percentage increase in comple-
ment activity on recovery was largest among those
with the lowest complement activity at the time
of admission to the hospital (Table III). There
was no apparent trend in either direction among
the 51 recovered cases with normal complement
activity on admission to the hospital.
The case fatality rate among the 71 patients

tested on admission to the hospital was 14.1 per
cent. There were 8 deaths among the 59 patients

TABLE II

Distribution of pneumonia patients at time of admission to
hosptal and folowing recovery from pneumonia,
according to complement activity* and outcome

Pneumonia patients

Volume of serum* At time of admission
Following
recovery

Recovered Died

Normal
0.0023-0.0029.... 3 1 3
0.0030-0.0039.... 18 3 27
0.0040-0.0049.... 17 2 16
0.0050-0.0059.... 11 1 14
0.0060-0.0067.... 2 1 1

Total ... 51 8 61

Low
0.0068-0.0069.... 1 1
0.0070-0.0079.... 1
0.0080.0089.... 1 1
0.0090-0.0099....
0.0100.2000.... 7t

Total ... 10 2
Grand total. 61 10 61

* See footnote on Table I.
t Specimens from two of these showed less than 50 per

cent hemolysis with 0.2 ml. undiluted serum, the largest
amount of serum tested.
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with normal complement activity on admission, as
compared with 2 deaths among the 12 cases with
low complement activity on admission (Table II).
It is therefore evident that complement activity
at the time of admission to the hospital could not
be used as an index of prognosis in this series of
patients. However, it is important to note that
complement activity was lower prior to death than
at the time of admission to the hospital in 6 of the
7 patients on whom more than one determination
was performed (Table IV). The results of the
final tests indicated low complement activity in 6
of the 9 patients from whom specimens were
collected within seventy-two hours of death.

All specimens of low activity at the time of
admission to the hospital were obtained from pa-
tients with either Type I, III or VII pneumococcus
infections (Table V). The sera of all of the 31
patients infected with types other than I, III and
VII were within the normal range of complement
activity at the time of admission to the hospital.
The distribution of Type I patients was striking,
since 9 of the 12 cases with low complement ac-

tivity on admission were Type I cases, whereas
only 12 of the 59 cases with normal complement
activity on admission were found to be Type I
infections.

Blood cultures were done on all patients at the
time of admission to the hospital and no correla-

TABLE III

Complement activity* of sera of pneumonia patients with
low complement activity at time of admission to hospital and
complement activity of same patients following recovery

Volume of serum* Percentage
Case increase

number During pneu-
in volume*

monia at time of Floig at time of

numbamonadmttission recovery admission

ml. ml.

2 0.0069 0.0044 + 56.8
59 0.0069 Died
40 0.0083 Died
64 0.0087 0.0036 + 141.7
12 0.0077 0.0030 + 156.7
66 0.0100 0.0038 + 163.2
55 0.0110 0.0030 + 266.7
39 0.0230 0.0031 + 641.9
52 0.1000 0.0030 +3233.3
21 0.2000 0.0051 +3821.6
47 >0.2000t 0.0045 > +4344.4
15 >0.2000t 0.0031 > +6351.6

* See footnote on Table I.
t Less than 50 per cent hemolysis with 0.2 ml. undiluted

serum, the largest amount tested.

TABLE IV

Complement activity* of sera of pneumonia patients at time
of admission to hospital and on final test before death

At time of admission Final test before deathto hospital
Case

number
Volume of Interval to Volume of Interval to
serum* death serum* death

ml. days ml. days
72 0.0028 1 0.0041 0
27t 0.0040 1 0.0040 1
45 0.0049 2 >0.2000fl1 2
40t 0.0083 2 0.0083 2
5 0.0060 3 0.0085 1

57 0.0030 5 0.0204§ 3
33 0.0039 7 0.0030 3
60 0.0051 22 0.1778 0
17t 0.0036 30 0.0036 30
59 0.0069 33 0.0202 2

* See footnote on Table I.
t Only one test performed.
t Two specimens taken on the same day, one before and

one following serum administration. The final specimen
was taken two hours after serum administration (Table
VI).

§ Specimen taken one day following serum administra-
tion (Table VI).

11 See footnote on Table III.

tion could be found between the occurrence of
bacteremia and the presence of low complement
activity, since bacteremia occurred in 16 of the 59
patients with normal complement activity, and in
4 of the 12 patients with low complement activity.
Age and sex had no effect on complement ac-

tivity in this group of patients, either on admission
to the hospital or after recovery from the disease.
These findings with respect to age are in agree-
ment with those of Gunn (14) who reported that
there were no differences in complement activity
in normal individuals according to age.
The frequency of low complement activity

among alcoholic patients at the time of admission
to the hospital (3 in 20 patients) was similar to
that among non-alcoholic patients (9 in 51 pa-
tients).
The occurrence of a diminished complement

activity in the blood serum of certain pneumonia
patients at the time of admission to the hospital
is striking when compared with the marked uni-
formity of complement activity in normal indi-
viduals, but the significance ef this change is not
clear. A study of antigen, antibody and comple-
ment relationships in the blood of pneumonia
patients may yield important information regard-
ing the mechanism of recovery or death from
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pneumonia. It would also be desirable to study
complement activity in other diseases, especially
during the days immediately preceding death, in
order to discover whether the decrease in com-
plement activity is a specific effect of the pneu-
monia or a general biological phenomenon which
becomes manifest in many diseases in the period
prior to death.

Complement activity after intravenous serotherapy
and chemotherapy

The complement activities of specimens of blood
serum taken immediately preceding and following
intravenous administration of antipneumococcus
horse serum, antipneumococcus rabbit serum, so-
dium sulfathiazole, and sodium sulfadiazine were
compared.

There were decreases in complement activity
after serum administration in 16 of 19 patients
who received either horse or rabbit antipneumo-
coccus serum (Table VI). These results are in
marked contrast to those observed in patients who
received approximately equal sized intravenous
injections of 5 per cent solutions of sodium sulfa-
thiazole or sodium sulfadiazine in distilled water.
Seven of the 14 patients who received these drugs
demonstrated decreases in complement activity
(Table VII), but the degrees of change were less
marked than among those patients who received
serum (Table VI).

In this series of patients, there were no differ-
ences between the changes occurring after the injec-
tion of antipneumococcus horse and rabbit serum
(Table VI). This differs from the results ob-
tained in vitro by Zinsser and Parker (26), and
confirmed with purified specific polysaccharides by

TABLE V

Distribution of pneumonia patients at time of admission to
hospital, according to complement activity and

predominant type of pneumococcus

Pneumonia patients

Pneumococcus type Normal Low
Total complement complement

activity activity

I........... 21 12 9
III........... 14 12 2
VII ........... 5 4 1
All other.. 31 31

Total....... 71 59 12

TABLE VI

Complemen activity* of sera of pnmonia patients immedi-
ately preceding and immediately following intravenous

antipneumococcus serum administration

Volume of serum* Percentage increase
CasePor decrease inCase Serum Preceding Fvolume* followingnumber Precedng Following serum adminis-

serum ad- serum ad- tration
minigtration ministration

ml. ml.
36 Rabbit 0.0977 0.0091 - 90.7
42 Rabbit 0.0047 0.0042 - 10.6
58 Rabbit 0.0035 0.0035 No change
60 Horse 0.0051 0.0054 + 5.9
48 Rabbit 0.0033 0.0035 + 6.1
43 Horse 0.0065 0.0070 + 7.7
54 Horse 0.0056 0.0061 + 8.9
49 Rabbit 0.0057 0.0064 + 12.3
63 Horse 0.0041 0.0050 + 22.0
69 Rabbit 0.0055 0.0070 + 27.3
68 Rabbit 0.0048 0.0062 + 29.2
56 Rabbit 0.0056 0.0081 + 44.6
75 Horse 0.0036 0.0056 + 55.6
64 Horse 0.0087 0.0148 + 70.1
66 Horse 0.0100 0.0186 + 86.0
52 Horse 0.1000 >0.2000t > + 100.0
55 Rabbit 0.0110 0.0881 + 700.9
45 Rabbit 0.0049 >0.2000t > +3981.6
57 Rabbit 0.0030 0.1445 +4716.7

* See footnote on Table I.
t See footnote on Table III.

Goodner and Horsfall (27), showing that anti-
pneumococcus rabbit serum "under proper condi-
tions" after union with pneumococcus antigen will
fix complement, whereas antipneumococcus horse
serum under the same circumstances will not do so.
The decreases in complement activity following

serum administration may possibly explain the
occasional failure of huge amounts of antipneu-
mococcus serum to control the disease in certain
patients. Such failures occurred in the era prior
to chemotherapy. This explanation is a likely one
considering the experimental evidence of the en-
hancement of the opsonic and bactericidal effects
of antipneumococcus serum by the addition of
complement (9, 12). Moreover, the tendency of
complement activity to decrease during the period
prior to death (Table IV) may be one of the
reasons for the relative failure of serotherapy
when administered late in the course of the disease.

Complement activity during serum sickness

Serum sickness, for purposes of this study, is
defined as a delayed reaction occurring at least one
day following the administration of antipneumo-
coccus serum and tonsisting of any one or a
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TABLE VII

Complement activity* of sera of pnmumonia patients immedi-
ately preceding and immediately following intravenous

drug administration

Volume of serum*
Percentage increase

Case or decrease in
number Drug Preceding Following volume* following

drug ad- drug ad- drug administration
ministration ministration

mi. ml.
74 S. Sd. 0.0033 0.0029 -12.1
56 S. Sth. 0.0040 0.0038 - 5.0
57 S. Sd. 0.0030 0.0029 - 3.3
73 S. Sd. 0.0043 0.0042 - 2.3
75 S. Sd. 0.0039 0.0039 No change
70 S. Sd. 0.0031 0.0031 No change
60 S. Sd. 0.0051 0.0051 No change
53 S. Sth. 0.0065 0.0068 + 4.6
59 S. Sd. 0.0069 0.0075 + 8.7
65 S. 5th. 0.0063 0.0070 +11.1
62 S. Sd. 0.0048 0.0054 +12.5
67 S. Sth. 0.0052 0.0063 +21.2
71 S. Sd. 0.0033 0.0041 +24.2
61 S. Sth. 0.0033 0.0041 +24.2

* See footnote on Table I.
S. Sth. =Sodium Sulfathiazole.
S. Sd. =Sodium Sulfadiazine.

combination of the following symptoms: urticaria,
arthritis, and lymphadenopathy. These are fre-
quently accompanied by fever, but in patients
recovering from pneumonia it is not feasible to
consider fever alone as diagnostic of serum sick-
ness. Therefore, individuals presenting fever
alone are not included in the serum sickness study.
The severity of the disease varied from a few
wheals lasting for a few hours to severe urticaria,
arthritis, and lymphadenopathy lasting for six
days. Only patients who recovered from pneu-
monia prior to the onset of serum sickness are
included in Table VIII.
The blood specimens used in determining com-

plement activity during serum sickness were taken
during the first day of that disease and the results
obtained were compared with those of blood
specimens taken before serum sickness, during
pneumonia at the time of admission to the hos-
pital, and after serum sickness, following recovery
from that disease.

One-half of the patients studied during serum
sickness showed marked decreases in complement
activity at that time (Table VIII). These changes
could not be correlated with the nature or the
severity of the symptoms presented, but further
studies are being made in an attempt to discover

why striking decreases in complement activity oc-
curred in only half of these patients.

These results in patients with serum sickness
are not inconsistent with the evidence of the lit-
erature: the decrease in complement activity in
4 animals with experimental serum sickness, as
reported by Miura (28), and in the single human
case, as reported by Francioni (29).

CONCLUSIONS

The blood serum of apparently healthy individ-
uals had remarkably constant hemolytic comple-
ment activity within a comparatively narrow range.
At the time of admission to the hospital, the

blood serum of one-sixth of the pneumonia pa-
tients studied had low complement activity. No
correlation could be found between complement
activity and age, sex, bacteremia or alcoholism.
No specimens of low complement activity were

found on recovery from pneumonia.
Complement activity could not be used as an

index of prognosis at the time of admission to
the hospital in this series of pneumonia patients,
but there was a tendency for complement activity
to diminish in the period prior to death.
There was an unusual incidence of Type I in-

fection among patients with low complement ac-
tivity at the time of admission to the hospital.

TABLE VIII

Compkment activity* of sera of pneumonia patients pre-
ceding, during, and following serum sickness

Volume of serum*
Case

number Preceding serum During serum Following serum
sickness sickness scns

"l. Mi. ml.
22 0.0032 0.0025 0.0039
14 0.0037 0.0026 0.0055
10 0.0046 0.0040 0.0036
36 0.0977 0.0042 Not done
21 0.2000 0.0049 0.0051
18 0.0034 0.0051 Not done
75 0.0039 0.0068 0.0038
68 0.0048 0.0068 0.0042
6 Not done 0.0120 0.0074
26 0.0041 0.0123 0.0053
30 0.0037 0.0200 0.0046
64 0.0087 0.0200 0.0036
25 0.0049 0.0400 0.0048
20 0.0054 0.1122 Not done
63 0.0041 >0.2000t 0.0030
66 0.0100 >0.2000t 0.0038

* See footnote on Table I.
t See footnote on Table III.
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Complement activity of specimens of blood col-
lected immediately following intravenous admin-
istration of antipneumococcus horse and rabbit
serum was, in most cases, lower than the activity
of specimens obtained from the same patients
prior to serum administration. In contrast, the
changes which occurred following the injection of
sodium sulfathiazole and sodium sulfadiazine were
not remarkable.

In one-half of the individuals studied, comple-
ment activity was lower during serum sickness
than before or after serum sickness.

The authors are indebted to Dr. John W. Fertig, Pro-
fessor of Biostatistics, DeLamar Institute of Public
Health, Columbia University, and to Miss Isabel Mc-
Caffrey, Assistant Statistician, New York State Depart-
ment of Health, for their statistical advice and assistance.
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