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Report of Dr. Avery (assisted by Drs. Adams, Beeson, Cattaneo,

Daddi, Dublin, Dubos, Goebel, Goodner, Heggle, Hoagland, Hotchkiss,

MaclLeod, Reeves and Stillman,

Treatment of pneumonia with antipneumococcal rabblt serum (MacLeod,

Beeson, Dublin, and Heggle). One hundred patients suffering from pnewnonia

due to pneumococci comprising 12 different types, nave been treated in the
Hospital with unconcentrated antipneumococcal rabbdit serum since this tnera-
peutic agent was first used taree years ago. The total mortality was 1l per
cent, but if pneumonia due to Pneumococcus Type III is excluded, the mor tall ty
is only 5.4 per cent of 74 cases in which tne infeotion was caused by other
types of pneumococcus,

Unconcentrated antipneumococcal rabbdit serum is a very satisfactory
and effective therapeutic agent except in the cases of Type III pneumococcal
pneumonia. 26 patlents who suffered from Type IIIl paeumonia were treated
with serum, and of these 7 died. Of the patients wita Type III pneumonia who
died only three could be considered as having received adequate dosage of
serum by our present standards, but the fact that these patients died despite
intensive treatuent, indicates that specific antiserum alone is not an en-
tirely adequate ;herqpeutic agent in Type III pneumonia,

The patients who dled, other than those in the Type IIl group, num-
bered only 4. In two of tnese empyema was preseat associated with severe
bacteremia; one patient had meningitls, and the fourth patient was an elder-
ly man with Type II pneumonia who had jnvolvement of four pulmonary lobes
when admitted to hospltal.

During the past 2 years aa attempt has been made in each case to
administer the required amount of antibody within as short a period as pos~

sible. This hes resulted in more rapid defervescence in the patients 80
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treated, and is a more advantageous method of treatment than that of giving
the serum in divided doses over a 12 to 24 hour period, 18 patients with
Type I pneumonia were given the required amount of serum within a 2 hour
period. In these patients, the time required for defervescence, as calculated
from the time serum treatment was degun, was only 9.3 hours. This is less
than half the time required for defervescence in Tvpe I patients who were
treated with concentrated horse serum in divided doses (22.6 hours)e

The administration of serum has been greatly facilitated by the use
of the skin test with the homologous type specific polysaccharides. The
test has beea used as a guide to dosage of both horse and rabbit antipneumo-
coccal serum in patients with pneumonia caugsed by Pneumozoccus Types I, 1I,
111, V, VII, VIII. In 77 per cent of the 104 patients upon whom skin tests
were done, the reaction was found to be entirely satlsfactory in determining
when a sufficient amount of serum had been given. 12.5 per cent of the
patients showed a positive skin reaction before the administration of specific
antiserum and at a time when the disease was advancing, In this group the
test could not be used as a guide to therapy. Patients who die of the in-
fection (10 per cent of thnis group) do not develop a positive skin reaction
despite the presence of specific antlbody in their circulating blood, In
such individuals the skin test canaot .be used as a gulde to serum dosage, dut
is a valuable prognostic aid.

The skin test is of greatest value in patients who show a negative
reaction before serum administration, and in whom serum is effective in
initiating recovery, for oa the appearauce of a positive test, serum can be
safely discontinued.

Treatment of paeumococcal infections with sulfapyridine. 2-(para

aminobenzenesulfonamido)-pyridine or sulfapyridine has been advocated recently

as a therapeutic sgent in pneumococcal infections. Preliminary observations
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indicated a definite protective action against intraperitoneal infections of
mice with pneumococci Types I, II, III, V, VII and VIII, and a curative
effect in patients suffering from tneumococcal infections. Consequently, the
study of the action of this new sulfanilamide derivative was undertaken both
in the laboratory and in the clinic patients with pneumonia.

Effect igﬁzitro of sulfapyridine on the Pneumococcus (MaclLeod and Daddi )

Sulfapyridine exerts a definite bacteriostatic effect on the Pneumococcus in
vitro in high dilutions. The lag phase is prolonged and growth 1s less pro-
fuse than in the absence of the drug. Higher concentrations of drug may
innibit growth entirely. However, if transferred repeatedly in serum broth
containing sulfapyridine, Pneumococcus Type I will tolerate gradually in-
creasing concentrations of the drug until finally it is able to grow in con-
centrations which inhibit entirely the growth of orgaiisms not so accustomed.

The’sulfapyridine-fast Pneumococcus is encapsilated, and retains its
virulence for the mouse. Indeed, snlfapyridine in amounts sufficient to pro-
te ¢t mice against infection with Type I pneumococcl fails to protect mice
infected with the drug-fast strain derived from the parent culture. Prelimin-
ary observations indicate that the type specific serological and antigenlc
properties of the drug-fast organisms are not altereds The Neufeld reactlion
is positive, indicating that the function of capsnle formation is not impaired
and Type I serum protects mice infected with the strain resistant to the ac-
tion of the drug. Investigation of the biochemicel activity of this drug-
fast strain fs being undertaken.

Effect of sulfapyridine on paeumococcal infections of mices The

effect of sulfapyridine on the outcome of infection induced in mice with
Pneumococcus Types I, II, and III differs markedly in each instance.
Mice iafected intraveritoneally with 1,000,000 lethal doses of

Pneumococcus Type I respond well to sulfapyridine administered by stomach tube.
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Practically all of the treated mice survive infection if the administration
of the drug is continued over & two day period. The mice which survive are
found to be immune to re-infection with Pneumococcus Type 1. With the same
jnfecting dose of Pneumococcus Type II, even though treatment is prolonged
for 4 days, approximately only 60 per cent of the mice will survive. In the
case of Type III Pneumacoccus, the survival rate 1s very low even though
treatment is carried out for as long as seven days.

If normal mice are immunized intraperitoneally with a single injectlion
of heat-killed pneumococci of tnesse three types, and infected four days later
with the homologous organism tie survival rate is approximately the same as
in the above experiments where sulfapyrldine was used. In otner words, the
gurvival rate in mice infected with Pneumococcus Types I, II and III and
treated with sulfapyridine appears to be related to known differences in the
antlzenic potency of tnese three types of pneumococcust the better the
jmmane response to the infecting inoculum, the nigher the survival rate.

In tne case of infection of mice with Type III, synergism exists
between the action of specific ;htiserum and sulfapyridine, Amounts of serum
and drug, which by themselves fail to protect mice, exert a high degree of
protective action when used in combinations

Treatment of pneumonja with sulfapyridine (MacLeod, Beeson, Dublin and
Heggie). On the basis of experimental observations the treatment of pneumo-
coccal pneumonia wita sulfapyridine has been undertaken, With all infections
other than those due to Pneumococcus Type III, treatment has been carried out
with the drug alone, 1f tals was possi te, but serum has been used as an
adjunct when the outcome of the infection has appeared doubtful. However,
in the case of Type iII pneumoaia, treatment with the drug alone has not been
considered to be justified, so that in these infections a combination of

sulfapyridine and Type III unconcentrated antipneumococcal rabbit serum has
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been used.

A beneficial action of the drug on the outcome of pneumococcal pueu-
monia seems undoubted. Crisis within 24 hours from the beginning of drug
administration has occurred in the majority of patlents even though treated
at all stages of the disease and despits the presence of bacteremia.

In the cass of Type III pneumonia, synerglsm avpears to exist between
the action of sulfapyridine and specific aatiserum, Ia three instances
sulfapyridine alone has failed to i.:duce sterilization of the blood of the
jnvading orgaaisms, but this has occurred prouptly with subsequent serum
treatment. However, the amount of serum used has been considerebly less than
has been necessary previously in treatlag patients with Type III pneumonie.

Nausea and vomiting have been an almost invariable accompaniment of
sulfapyridine administratioa, and have been ssvere saough to necessitate
the parenteral administration of fluid in about one half of the patients so
affected.

Hemolytic anemia has occurred ia three patients, all of whom subse—
quently recovered. This phase of tne toxicity of sulfapyridine has been
investigated in collaboration ﬁith Dr. C. P. Rhoad's department. In the
cases studied, the occurrence of hemolysis, as measured by the excretion of
_urobilinogen, has not occurred unless a total dosage of 20 gms. of sulfa-

. pyridine has been givens

Acute azotemla has occurred in three patients, in one of whom acute
hemorrhagic Bright's disease has supervéned. The problem of the effect of
sulfapyridine on renal physiology is being investigated in collaboration with
Dr. D. D. Van Slyke'!s departmeat.

The primary toxicity of the compound may limit seriously its use

unless means are found of reducing tie nocuous effecte.
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The conversion of creatine into creatinine by a bacterial euzyme

(Dubos). A bacterial enzyme capable of oxidizing creatinine to urea, and the
use of this enzyme as a specific reagent for the quantitative analysis of
creatinine, have been described in earlier reports. It has now been found
that the same bacterial species which produces this oxidizing enzyme also
produces another enzyme which converts creatine into creatinine. This
reaction offers an opportunity for the study in vitro of (a) the enzymatic pro-
duction of a biologically important cyclic compound from an aliphatic one, and
(b) the enzymatic combination of an amino and a carboxyl group to form the
important CO-NH linkage.

The new enzyme has been obtained in aqueous solution, free of the cellu-
lar structure. It exhibits a nigh degree of specificity for creatine, since
it does not convert the closely related compound glycocyamine into glycocy-
amidine, nor does it change hydantoic acid into its anhydride, hydantoin.

The enzyme is not produced when the bacterial cells are grown in a
medium which does not contailn creatine or creatinine; it belonsgs, therefore,
to the group of "adaptive enzymes" which are produced only in the presence of
their specific subgtrate, or related compounds. The mechanism of the forma-
tion of adaptive enzymes has often been discussed in the past and it has been
sugzested in particular that the adaptation serves a useful purpose to the
organism. The fact that creatinine - the end product of the reaction - 1s as
effective as creatine in stimulating the formation of the enzyme under con~
sideration is convincing evidence that the "adaptiveM response cannot be ex-
plained on teleological grounds. It is apparent that the presence in the
culture medium of some linkage or structure common to both creatine and
creatinine is necessary and sufficient to cause the formation by the micro-
orgenism of the enzyme which catalyses the reaction creatine - creatinine,

irrespective of whether or not this reaction is of any use to the organism.
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Properties of a nucleonistone antigen extracted from pneumococcl

(Dubos). The preparation of a nucleochistone fraction, present in R and §
pneumococci, has been described in the preceding report. The serum of rab-
bits immnized with this soluble fraction is capable of protecting mice against
infection with virulent pneumococci. Although the protective action is not
entirely specific since it 1is effective against several types of pneumococci,
it 1s always of a much higher degree against the type of pneumococcus from
which the antigen has been prepared.

In recent experiments, the nucleohistone antigen has been prepared fram
R pneumococci derived from Type II. The sera of rabbits immnized with this
antizen sometimes protect mice against Eﬂﬁll doses of Type I pneumococci;
tne same sera, on the other hand, always protect against large doses of Type
II organisms. Interestingly enough, these sera fail to sgglutinate suspen-
sions of pneumococel {living or heat-killed) of any type tested, nor do they
precipitate soluble fractions extracted from them, not even the nucleohistone
used as antigen in the preparation of the immune sera. The sera do not appear
to exert any bacteriostatic or bactericidal effect on pneumococci and in fact,
the mechanism of the protection which they induce is still unexplalned.

It is usually considered that, among proteins, histones and protamines
are peculiar in not being antizenic. It is true that the Pneumococcus nucleoQ
histone considered in the present report fails to produce any antibody
detectable by the precipitin reaction, but the protective effect exhibited by
the sera of rabbits immunized with this substance seems to indicate that the
latter possesses antigenic activity. 1t appears possible, therefore, that
1like the pneumococcus nucleohistones other histones and protamines may in
reality act as antigens, but that the antibodies to wnich they give rise are

not detectable by the classical precipitin reaction.
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Bactericidal effect of an extract of a soil bacillus (Dubos). It is

well known that most living cells are resistant to the action of common
enzymes; tuls is true in particular of pathogenic microorganisms which are
not affected by any of the known tissue enzymes.

During the past few years we have made a number of attempts to dis-
cover whether certaln microbial specles are endowed with enzymes which per-
mit them to cause the lysis of the living cells of Gram positive cocci. To
this end, suspensions of 1living pneumococci, streptococci and staphylococci
were repeatedly added to different samples of soil over a period of three
years in the hope that a soil flora would develop, capable of specifically
attacking the living cells of the same bacterial species repeatedly added as
specific substrate. From these soils, an unidentified spore bearing bacillus
has recently been isolated which is capable of causing the lysis of living
Gram positive coccl; the lvsis takes place through the agency of a soluble
substance which is produced by the goil bacillus in the course of its growth.
The soluble factor has been separated from thne bacterial cells and can be
purified by precipitating it at its isoelectric point (pH 4.6).

The purified bacterial extract exerts a bactericidal effect on all
Gram positive coccl so far tested and prevents tnelr growth in laboratory
media. The phenomenon of 1ysis, however, is not observed with all the
species which are XKilled by the extract; many species of streptococei, for
instance, fall to undergo lysis in the presence of amounts of extract far
in excess of the amount required to destroy their viability. In fact it
appears that, in the cases where 1t js observed, lysils is only a secondary
phenomenon due to the action of the autolytic eazymes of the affected cells
following the primary ilnjury jnflicted upon the 1living pacteria. Although

i1t is not yet possible to form an opinion as to the nature of this ptimary
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injury, it has been found that the glucose denydrogenase of the bacterial
cell is inactivated by the extract before any morphological alteration can
be recognized.

The extract is effective in vivo as well as in vitro and protects mice
against infection with virulent pneumococci and streptococci. For instance,
a daily dose of 1 mgm. administered by the intraabdominal route on three
consecutive days protects mice against 10 million fatal doses of pneumococcl.
The extract also exerts a curative effect when administered several hours
after infection, The degree of protection afforded, and the minimal amount
of extract required, are the same irrespective of the type of prieumococcus
used as infective agents; experiments hava so far been conducted with
pneumococcl of Types 1, 11, III, V, and VIII.

Tests carried out in collaboration with Dr. R. C. Lancefield have
shown that the protective effect of the extract against virulent hemolytic
streptococcl is of the same order as that against pneumococcl; experiments
have been instituted with 10 strains of group A and 2 strains of group c
hemolytic streptococcus, gll with successful results.

1t is worth emphasizing again that the amounts of extract required
for protection against infection are the samp irrespective of the types of
pneumocoeci or hemolytic streptococcl used as infective agents. It is clear,
therefore, that the extract exerts its effect by altering some gtructure, Or
interfering with some function which is common to all Gram positive coccl and
which is essentlal for maintaining their metabolic activity.

Finally it may be mentioned that, in spite of many attempts, it has
been impossible to observe any effect of the extract ageinst any of the

Gram negative bacilll so far tested.

















































