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I. ABSTRACT

PNEUJOCOCCIC PNEUMONIA

John A. Layne

Definition

An acute specific, infQctious disease,
incited by the pneumococcus, and char
~cterized clinically by a sudden onset
with chil1 4 pleuritic pain, increased
respiratory rate, high temperature, and
cough with the expectoration of rusty,
tenacious mucopurulent sputum. Pathologi
cally, it is ch~racterized by a diffuse,
inflarr~atory exudate involving, in part
or whole, one or more lobes of the lungs.

Pneumonia taking about 100,000 lives
a year in this cOlmtr;y, is the most
devastatin~ of tne respiratory infections
~nd the third commonest cauSe of death in
the United States registration area. For
generations, of every 100 persons ill
with lobar pneumonia about 25 have died,
~nd the pneumococcus is the causative agent
in about 96<Jb of all cases.

The pneumococcus was first definitely
associated with pneumonia by Fraenkel,
in 1884, and by Weichselbaum, in 1886.
In typical morphology, the organism is a
+ancet-shaped gr~ positive diplococcus,
slJrrounded by a definite capsule; it
often grows in chains, especially on arti
ficial media. The organism has no flagel
lae and is not motile. It is stained by
all the usual dyes. The pneumococcus being
more strictly parasitic than ma~7 other
bacteria, consequently presents greater
difficulties in its cultivation. It grows
best on medi~ prepared with meat extract
enriched by the addition of fresh blood or
serum, and a carbohydrate, at a pH of 7.6.
.The optimum temperature is 37 0 C, and
growth may occur both aerobically or
anaerobically. Within 24 hours, growth
appears on solid media as small, round,
moist, translucent and sharply circum
scribed colonies. On blood agar plate,
the colonies are surrounded by a slight
halo of greenish or brownish hemolysis.
The solubility of the pneumococc~s in
bile, its rapid autolysis in physiological
saline solution, and its virulence for
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the white mou~e, all serve to distinguish
it from othel organisms, particularly the
streptococcus viridans.

There are now 32 well
establ~$hed types of pneumococci, plus
an "xU group into which fall a small
perc.ertt~ge (1-3%) of these organisms root
agglutinated by any of the 32 types.
Th~ identity of these types has been
verified by studies in various parts of
the world and their distribution is
quite constant wherever studied.

The type specific pneumococci all
possess a capSUle. Chemically, this
is a polysaccharide which varies
slightly in its composition according
to the specific type of the organism.
This capsule yields a soluble substance
which may be demonstrated in the serum
and the urine of a patient ill with
pneumococcic pneumonia. It is this sub
stance which combines with or is neutral
ized by the antiserum and tl~refore ap
pears to have the properties of an
antigen.

The bodies of the bacteria, excluding
the capsular substance, are a protein
material which, from the standpoint of
its action as an antigen, appears to be
simila.r in all the types of pneumococci.
Antibodies prepared against this protein
act equally well against the protein of
all types of pneumococci.

A third substance has been recovered
from cultures of pneumococci which is
COIT~on to all types of pneumococci and
which, when injected intradermally, pro
duces a red reaction at the site of the
injection. ~r.is material also acts as
all antigen, and a antiserum has been
produced against it. Its importance, as
well as its mode of action, have not been
thoroughly lnvestigated as yet.

As it has been shown that pneumococci
possess a heterophile antigen -- i.e.,
their injection into rabbits produces
antibodies in the form of lysins against
sheep cells. (Sera containing hetero
phile antibody have been marketed. The
value of this serum will be discussed
later under the heading "Therapy. II)
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B. ~ Distribution

C~cil has reported 1913 cases
with the follOWing type distribution:

In 1,200 cases of pneumonia
studied at the Hospital of the Rockefeller
Institute, the following type distribu
tion occurred.

I. Fo.ctors involving the individual

E. Other ~tioloeical Factors

D. Irmnunity

C. Virulence

This depends to a large extent
upon the presence of the capsule. Under
certain experimental conditions, pneumo
cocci may be made to lose or regain their
ability to elaborate a capsule. However,
when once established, the virulence of
the fixed types of pneumococci are quite
constant.

.., (Done during 1931-33 before all sera
were available.)

This may be procured eithe r
actively or passively. Active immunity
against any specific type of pneumococcus
can be induced only if the whole organ-
ism of that specific type, either living
or heat killed, is used as an antigen.
As shown by Stillman, the route of the
irnmu.~ization is important. If the anti
gens are injected, intravenously or
intra-peritoneaUy, both a humoral immuni
ty and protective antibodies are produced,
whereas intramuscular or subcutaneous in
jections stimulate agglutinins and pro
tective bodies less regularly. The immun
ity conferred by an attack of pneumococcic
pneumonia is not permanent; but rather it
has been estimated that this irnmm1ity laFts
for 6 to 12 months. A low grade of immun
ity ma;r be established against types ('If
pneumococci other than that inciting the
orieinal infection. In a series of 607
cas~s, Cole stated that 22% gave a history
of ~ne or more preVious attacks of pneu
monia. T,ypes I and II infections produce
a more durable and a higher grade immunity
tr~n any of the other types.

Man apparently has some degree
of natural resistance to pneumococcic in
fection, as immune bodies have been demon
strated in the Sera of many individuals
who have never had pneu~ococcic pneumonia.
This specific immunity is probably acquir
ed by frequent contact with pneumococci
without infection ensuing, or by acquiring
some mild pneumococcic infection other
than pneumonia. Individuals in sparsely

No. of Cases
31

5
17

4
7
1
1
3
2
1
2
1
1
2
2
2

17
99

Type of Number of Per-
Pneumococcus Cases centage

I 431 30.9
II 311 25.9

III 123 10.0

Gl'OUp IV (Type IV-XXXII) 273 22.7

Undetermined 62 5.1

1,200 99.6

Type of Number of Per-
PneL;ffiococcUs Cases centage

I 644 33.6
II 368 19.1

III 268 13.3
Group IV 633 33.1

1,913 99.1

Total

Type of Pneumococcus
I

II
III

IV
V

VI
VII

VIII
IX

XIII
XVI

XVII
XIX

XX
XXII

XXX
Group 1V*

The following is the incidence in a
serieS of 99 cases, occurring in the
University of Minnesota Hospitals during
a 4k year period.
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populated rural districts presumably have
had but little chance of exposure to
pneumococci and are unusually susceptible
to these infections.

A number of factors are considered
as playing a role in the lowering of re
sistance.

(a) Predispos~tion to infection,
as represented by individuals having a
low grade of natural immunity or those
in whom there is a constitutional inabil
ity to evoke antibodies against the
pn8umococcus, or in those who are unusl~l

ly hypersensitive to this organism.

(b) Changes in local resistance,
as suggested by the frequent occurrence
of pneumonia following upper respiratory
infections.

(c) Changes in general resistance
may be brought about by chilling, ex
haustion, fatigue, exposure, starvation,
other acute or chronic conditions, surgi
cal operations, etc. It is well-knoml,
however, that pneu~onia does occasionally
att~ck apparently healtbJ' individuals.

(d) .Age. Pneumococcic pmnlffionia
is more co~~on in adult life. In our
series from this hospital, Cases were
distributed according to the decades as
follows:

Age of Patients ~ of Cases

16 to 19 years 10
20 to 29 " 30
30 to 39 " 21
40 to 49 II 13
50 to 59 l\ 8
60 to 69 II 10
70 7

99

(e) Race. Negroes are distinctly
more suscertible to pneumonia than the
white race.

(f) Sex. Males are more frequently
attacked than females, due probably to the
factors of added exposure, fatigue, etc.
The proportionate mortality rate between
the two sexes is approximately equal. In
our series, here, there were 67 males and
32 females, a ratio of males to females
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of approximately 2 to 1. Of 22 deaths,
there were 15 males, and 7 females,
again a ratio of approximately 2 to 1.

(g) Occupation, That pneumonia
is more cammon in cities than rural
districts can not be attributed entirely
to occupation, but ratber mord to dif
ferenCes in modes of living. Sailors
and laborers, particularly steel workers,
are said to have the highest incidence.

I I • Fac t or~ in.YQ.l ,:i ns the
pneumococcus

These are less important
and less variable than those involving
t~e host. However, Cole has shown that
under certain favorable conditions,
avirulent pneumococci residing as sapro
phytes in the nose and throat may sudden
ly acquire virulence and invasiveness,
particularly when the resistance of the
host has been lowered.

F, Pathogenesis

The actual mode of invasion
in man is uncertain. Three theories have
been advanced to explain the introduction
of the pneumococci into the lung.

I. The hematogenous theory, which
assu~es that the pneumococci penetrate
the mucosa of the respiratory tract and
enter the blood stream to cause a gener
alized infection, and then later the
infection localizes in the lung. How
ever, all experimental attempts to pro
duce lobar pneumonia by intravenous in
jection of pneumococci have failed.

II, The bronchogel..ic theory.
which assumes that the pneumococci are
carried bJ· the air currents directly
into the alveoli. where they cause the
initial inflammation.

III. The lymphogenic or broncho
lympr:ogenic theory - assumes that the
pneumococci first invade eitcer the
mucosa of the trachea or bronchi, the
lymph nodes or the lung tissue near the
hilum. and from these foci the pneumo
cocci or their products are then spread
throug~out the lobe which is drained by



the area first involved.

G. Allergic Rypersensitiveness

The sudden onset of pneumonia
with chills and fevGr resembles the vio
lent reaction which follows the injection
of a foreign protein into a hyparsensitive
individual. Recent experimental work
would indicate that this factor nGeds
greater emphasis.

n. Epidemiology

Because maIlY acute lung infec
tions are collectively reported a.s pneu
monia, accurate statisti.cs on a large
sc~le in regard to the incidence of pneu
mccoccic pneumonia are not obtainable.
However, it is certainly one of the most
serious infectious diseases contracted by
man. Its contagiousness has long been
recognized and instances of infection of
the same type being transmitted from per
son to person constantly occur. Generally
sreaking, it is an endemic disease; but
under certain favorable circumstances, it
may take on an epidemic form. Type I and
II pneumococci, which are responsible for
about 60% of pne1JInococcic pneumonia, are
seldom found in the buccal secretions of
human individuals. This disproves any
theory that pneumonia is entirely an auto
genous lnfection. However, it is quite
probable that a considerable portion of
the higher types (III to XXXII) are caused
by organisms which the patient has been
carrying in his nasopharynx for some time.
Pneumococci are spread by transfer from
person to person, chiefly by droplet in
halation. Carrier~ of virulent pneumococci
undoubtedly play an important role in the
dissemination of the disease. Although
the infecting organism usually disappears
from the mouth and nasopharynx of the
patient in from 3 to 4 weeks after the
illness, carriers and convalescent pa
tients may harbor the type specific pneumo
cocci up to 5 months.

I. Pathology

This is both so well-known and
established that little discussion of it
js war~anted here. The four classical
stages occurring in the lungs are:
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(a) Stage of engorgement: This is
characterized by the outpouring of an
inflammatory exudate of serum, fibrin,
few red cells and leucocytes into the
alveoli.

(b) Stage of red hepatization:
so-called because of its resemblance to
liver tissue. The red color is due
chiefly to distended capillaries and.
alveolar hemorrhage. Microscopically,
the alveoli are distended with leuco
cytes, fibrin, erythrocytes and sarum.
A few pneumococci may be seen. This
stage passes rapidly over into the next.

(c) Stage of gray hepatization: The
lung is now solid and friable. The
capillaries are compressed and contain
very little blood. The alveoli are
distended with leucocytes, chiGfly
polymorphonuclears and fibrin. Erythro
cytes ara no longer present 1:1 the alveo
li. PnelJInococci are numerous.

(d) Stage of resolution is char
acterized by a softening and liquefaction
of the exudate. The solution of the
exudate is accomplished by proteolytic
enzymes liberated by the leucocytes. The
digested exudate is absorbed by the blood
and very little is coughed up. In from
8 to 14 days, the alveoli become normal
ly patent and air-containing, and all
microscopic evidences of the damage
disappear.

J. Lesi~ in Other Organs

The spleen is moderataly en
largad. Cloudy swelling may occur in
the liver and kidneys. Rarely metastatic
abscesses are formed. Acute pericarditis.
pleuritis, empyema, ulcerativa endocar
ditis, meningitis and arthritis are com
plications.

K. Lobes Involved

It has been said tbat the
right lower lobe is involved most fre
quently. An analysis of 1,898 cases by
Cecil, Baldwin and Larsen has shown, how
ever, that the left lower lobe is the one
most frequently involved. This is in
agreement with our series of cases in
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The type of pneumococcus does not
have any relation to the lobe involved.

The incubation period in the average
case is usually short, varyin~ from a
few hours to seldom more than 48 hours.

Physical signs of pulmon~y congestion
rna;,' be present ver;r early, but more often
aro somewhat delayed, in.certain cases

Prognosis is rendered difficult be
cause sudden changes for better or worse
often take place. In unfavorable cases,
the course may be progres$ively downhill
from the beginning and the patient dies
from toxemia, exhaustion or cardiac
failure. The signs indicative of an
unfavorable turn of events are an in
creas0d, irregular or weak pulse, to
gether with increasing cyanosis and fall
in temperature. Nervous symptoms with
delirium and insomnia may res1)1 t in ex
haustion in some cases. Death may be
due to any of the complications, as
empyema, septicemia, meningitis, endo
carditis or spread to other portions of
t:e lung.

for severa.l days. Frequently, the
appearance and behavior of the p!ltient
suggest the diagnosis.

M. Clinical Course with R.egard to
Specific Pneumococcus Type

The course of the diSease in most
cases of moderate severity extends from
4 to 10 days, during which time there
m~v be a continuation, remission or
aggravation of any of the various exist
ing sJ~ptoms. In favorable caSes after
the infection has run its course, a
sudden and striking improvement occurs.
If a crisis occurs, the temperature may
drop rapidly, the patient perspires
profuselJ-"' and the distressing s~1Uptoms

disappear. In other cases, a step-like
fall of temperature by lysis occurs and
the improvement progresses more grad
1Jally.

Type I pneumococcus pneu
monia usually runs the most typical and
In!iform course. The percentage of com
plications occurring in this type, how
ever, is nearl;r double the peI'centA.ge
occurring in any of the other types.
It usually occurs in the you-~g, previous
ly healthy adults. Septicemia of this
type is not as grave as that occurring
with the other tJ~es.

Type II pneumonia is caused by a more
virulent type of pneumococcus, with a
death rate of 90% in caSeS with positive
blood cultures.

60
58
56
41
19

Times In
volved

Lobe of Lung

Left lower
Right lower
Right upp:l I'

Right middle
Left upper

The actual onset is sudden, in most
caSes with a single severe chill, follow
ed by a rapid rise in temperature of
which the patient soon becomes conscious.
The pulse and respiratory rate incre~se

proportionately with the temperature.
The face becomes flushed and anxious, the
tongue coated and dry. Pleuritic pain
then occurs and as is frequently the
caSe this is the initial symptom. It
is often Je.ncin!lting and agonizing and
CaUSeS sn0rt, jer~T respirations. The
pain may subside early or persist.
Cases of severe and continuous pleuritis
Seem liable to develop empyema. An ex
piratory gr:mt and dilation of the alae
nasi may occur with ea.ch breath, Cough,
which is cry at first, soon becomes pro
ductive of bloody or blood-streaked,
tenacious, mucopurulent sputum. Cyanosis
may develop early or late. Dyspnea fre
Quently occurs early. Herpes are often
present nn the lips.

These vary somewhat according
to the type of pneumococcus inciting the
infection, so that there is no single
RjCmtom that is present in ever;)' case.
In ~he great majority of cases, however,
the clinical picture is quite typical.

Prodromal synlptoms appear in about
one-fifth of the cases. Frequently a
history of previous upper respiratory
infections can be elicited.



Type III infections are very frequent
ly preceded by a history of upper respir
atory infection and have a more gradual
onset. Although believed to occur rela
tively unco~~only in people under 50
years of age, 8 of the 17 cases of Type
III infection studied in this hospital
were under 50 years of age.

Type V. This has been but recently
recognized as one of the more virulent
types. Of 10 cases observed here, 7
deaths occurred. A high incidence of
septicemia and complications is to be
expected in this type.

Type VIII. Finland and Sutliff have
recently described the characteristics
of this type and have compared it with the
infection caused by type III.

The remaining types constitute a group
atypical with signs, symptoms, course
and termination.

N. Individual S;anptoms

1. Chill is one of the most char
acteristic features and is usually the
first symptom. A definite chill occurs
in about 2i3 of the patients, the remain
ing having chilly sensations.

2. Fever. The temperature rises
rapidly following the chill. The highest
point is usually reached between the
4th and 6th days. At first, the level is
maintained near 103 to 1040 F., with little
fluctuation. Toward the end of the
course, the variations become greater and
remissions may occur. In very old or
debilitated persons, the temperature is
often much lower or may even be normal.
The temperature elevation is not a relia
ble guide to the seriousness of the in
fection. Some evidence has even been
adduced to show that a high temperature
is a distinct advantage to the patient.
However, a rapid rise of fever in severe
cases often indicates approaching death.
The temperat1.ll'e elevation may fall either
by lysis or crisis.

Persistence of fever after the usual
time is due chiefly to complications or
sequelae. In cases treated with serum,
serum sickness may cause this persistent
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temperature.

3. Pleuritic pain often occurs
shortly after a chill and is present in
about 3/4 of the cases at some time dur
ing the infection. It occurs most com
mordy in the lower anterior axillary
region. In upper lobe infections, it
may be absent or be referred to the
shoulder. In children, it is frequently
referred to other parts of the bo~. The
pain is probably due to the stretching
of the inflamed membrane during each
respiration rather than to the rubbing
together of irritated surfaces.

4. Respirations are increased in
rate, but the depth of each breath is de
creased. The degree of respiratory
embarraSSment is roughly proportional to
the extent of the consolidation but
striking exceptions do occur.

5. The cough, which is dry and un
productive at first and which frequently
di.sturbs the sl clep and exhausts the
patient, soon becomes productive of the
typical bloody or blood-streaked sputum.
The amount varies greatly with the
individual case. Microscopically, there
are seen many fresh or degenerated pus
cells and erythrocytes. The predominat
ing organism is a gram positive diplo
coccus, althoueJ1 in poor specimens of
sputum, as those mixed with saliva, a
variety of other organisms may be seen.

6. The circulation. The pulse is
almost always increased in rate, from
90 to 130 per minute. The blood pressure
in favorable caSes does not vary from
normal, although a drop of 15 to 20 rom.
of mercury is not unusual and should not
be considered with alarm.

7. Jaundice is occasionally observed.
Its cause is imperfectly understood, and
is probably due to the same factors
responsible for jaundice in other acute
infections.

3. Gastro-intestinal symptoms. In
children, nausea, vomiting and diarrhea
max occur at the onset and SuggdSt an
erroneous diagnosis. Anorexia is preval
ent. Constipation is the rule. Hic
cough which may be very persistent as
well as troubl~some is probably due to

. :1



involvement of the phrenic nerve or the
diaphragm.

9. Nervous symptoms which are re
latively common rapidly disappear after
the crisis.

O. Laborator~ Findings

1. The urine is scant, highly
colored wld has a high specific gravity.
Albumin and casts are usually present.
It is believed by some (Hill) that the
albuminuria is due to the specific at
tack of the organism upon the kidney.

2. Blood. As a rule, there is no
marked reduction in the hemoglobin or
number of erythrocytes during the short
course of the di5ease, anemia being more
likely to occur in cases followed by
complications which prolong the illness.
A polymorphonuclear leucocytosis is the
rule. The average is 25,000 per cu. mm.
with wide variat ions from 350 to 100,000
per cu. mm. No constant relationship
can be drA.wn between the number of leuco
cytes and the severity of the infection.
At the time of the crisis. the leucocy
tosis usually tcB,ils ~)ff slowly. A con
tinued or increased leucocytosis with
a high polymorphonu~lear cell proportion
after the crisis sugge~ts a complication
or sequela, notably one with pus formation.

3. ,Blood Cultu~es. Pneumococci may
be demonstrated in the blood stream in
from 25 to 33% of patients ill with
pneumococcic pneumonia. The invasion of
the blood stream usually occurs early
but may occur up to the 6th day. In these
latter cases, the. prognosis is uSU8,lly
more grave. l:n :'ny 8'rent, a bacteremia
means a mue:l TID1':) g:'C'Ja infection with a
resul tant hi gneJ,' mort.aJ.ity in cases un
treated (with serum).

p. Physical Sig~

The general a,r;eara.nce of the
pa.tient, as well as the local findings
over the lungs, are SJ well known and
establiShed that they do not require dis
cussion here.
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~. Diagnosis

Very little doubt of the diag
nosis exists in a patient previously
well, who suddenly develops a chill,
high fever, pain in the chest, cough
and expectorates the typical bloody or
rusty sputum, particularly if there
are signs of consolidation in the lungs
demonstrated either by physical findings
or on x-ray. In the atypical cases,
however, the findings may be much slower
in their appearance. But, regardless of
whether the onset m~ be termed typical
or not,it is important to determine at
once the organism responsible for the
pneumonia, and if a pneumococcus is the
specific type, this must be done whether
the consolidation has been interprested
as being either lobar or bronchial in
its distribution. For the purpose of
simplification the method employed in
this hospital will be outlined:

1. A direct Smear of the sputum is
first made, fixed in heat, stained by
Grams method and examined microscopically
with the oil immersion lens.

2. If the predominating organism is
found to be a gram positive diplococcus
haVing the morphol~gy noted above, a
specimen of the sputum is streaked on
a sterile blood agar plate, incubated at
37oC. for 24 to 48 hours. It is to be
exa;YI:ned later as confirmatory evidence.

3. Tbe Neufeld test is then performed.
This is done by mixing on a cover glass
a droplet of the sputum with homologous
rabbit serQm (to which standard alkaline
methylene blue has been added), permitted
to stancl 10 to 15 minutes, and then
8xamineJ as a hanging drop preparation
with the oil imrr.ersion lens. Tr.is may
be done with any number of sera although
at the present time only the following
are used: I, II, III, V, VIr and VIII.
When mixed with homologous serum, the
capsules of the pneumococci swell, often
from 2 to 3 times their normal size. Wher
mixed with heterologous serum, none or a
very minimal swelling occurs. Conse
quently, when swelling does occur in any
one sera, the other preparations m~ be
used as controls for comparison. Although



fresh sputum is desirable, the Neufeld
test may be successfully obtained using
sputum preserved for some time on ice or
even with formaldehyde, tricresol or
phenol. One pneumococcus having a def
initely swollen capsule is indicative of
a positive test. Only the above 6 tYFes
of serum are used as they are the only
types of pneumococci for which a specific
antiserum has been marketed.

4. As an addi t ional check on the
above met~od and also to determine the
incidence of those types not included
above, a specimen of the sputum (1/4 to
112 cc.) is injected intraperitoneally
into a white mouse. At the end of 4 to
12 hours (depending on rate of growth),
a specimen of peritoneal exudate is
removed by aspiration with a hypodermic
needle and a drop of this mixed with a
drop of homologous serum. These two
drops are thoroughly mixed, dried in air,
fixed in a flame and stained by Grams
method. Definite agglutination or clump
ing of the individual bacteria occurs
when mixed with specific antisera: where
as" no clumping OCCurs when mixed with
non-specific antisera.

If there is no hurry in obtaining the
specific type, the mouse may be allowed
to die which usually occurs in from 24
to 30 hours. The peritoneal cavity is
then opened and washed with normal
saline solution. Using this suspension of
bacteria thus obtained, the agglutination
reaction carried out is as described
above.

5. Blood cultures should be taken
routinely in all cases of pneumococcic
pneumonia because of the information they
afford, both as to diagnosis and prognosis.
Occasionally, the patient will not be
able to expectorate. In these cases, the
organism may be grown directly from the
food in type if a bacteremia is present~

As can be easily adduced, the cost of
this procedure does not forbid its adop
tion in any hospital laboratory. The
technique may be easily acqUired and
when once mastered requires very little
time. As will be shown later, the bene
tits to the patient from specific serum
therapy, from a viewpoint of prognosis
as to life, as well as from an economic
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viewpoint, are sufficiently well
eatablished to warrant the universal
adoption of specific pneumococcic typing,
Too much emphasiS cannot be placed upon
the collection of a good specimen of
sputum as this frequently saves invalua
ble time in obtaining a quick typing.

(Note: The above description of
the Newfeld method of typing is taken
from the literature. Experience both
at this institution and other labora
tories in the city requires us to make
reservations' regarding the ..general
application of the method.

In the hands of well-trained tech
nicians, the accuracy of the procedure
is not sufficiently high to recommend the
method without confirmation by the stand
ard mouse-method. It is sometimes diffi
cult to recognize the increase in the
size of the capSule and very frequently
the sputum does not contain an adequate
number of organisms. Experience has
shown that errors in typing by this
method may be frequent. The time saved
by the method is only 3 to 6 hours and
the gain is not equal to the 10ss.1)

The laboratory findings have been
described above. Determination of the
leucocytes, both qualitatively and quant
itatively, should always be done when
the patient is first seen and in inter
vals during the course of the disease if
the course of the infection is to be
followed adequately.

R. X-ray Diagnosis:

Whenever possible, it is well to
substantiate the impressions obtained
from physical findings by x-ray examina
tion of the chest. In the usual case,
some x-ray shadows will appear within
12 to 18 hours after the onset of the
s;ymptoms and wi thin 24 hours the x-ray
picture may be diagnostic. A detailed
account of this diagnostic method is
not within the ~copeof this abstract.

s. Differential Diagnosis:

The conditions most apt to be
confused with this condition a.re acute
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pleuritis or pericarditis with effusion, in
farcts of the lung, acute massive collapse,
acute tuberculous pneumonia, appendicitis
and cholecystitis.

T. Prognosis:

Pneumonia must always be regard
ed as serious and predictions regarding
the outcome'" are unsafe as changes for
better or worse may occur suddenly. The
chance of recovery is said to be somewhat
better for men than for women. The age
of the patient is of importance as the
fatality rate rises steadily from about
6~ in the 6th to the 20th year, to over
60% in the 7th decade. The physical con
dition is of importance. The fatality
rate is low for individuals in vigorous
health and higher for debilitated sub
jects--those with chronic disease or
obesity, in pregnant women, and alcoholics.
The most significant, but less readily
measured factors in recovery, are the de
fensive factors of the host, and their
reaction to the invading organism. The
infection is less serious when the pro
cess remains localized in one lobe.
Septicemia may occur in pneumococcic
pneumonia of any type and always renders
the prognosis more serious. In a series
of cases at Bellevue Hospital, the
death rate was almost 8 times as high in
the cases with septicemia as those in which
the blood remain sterile.

U. Complications:

Although OslBr stated that pneu
monia has "few complications and fewer
sequelqe," Cecil has reported the occur
rence of serious complications in 9% of
a series of 1913 cases. Type I infections
give rise to the highest incidence of
complications. Antiserum appears to have
little or no effect in reducing the
incidence of complications although ob
servations made in Great Britain suggest
that the incidence of empyema may be re
duced by the administration of serum. In
analyzing the cases in thi s hospital, it
is noted that patients who developed com
plications entered the hospital later on
an average of 1.6 days after the develop
ment of definite pneumonia symptoms and
those who did not develop complications.
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The average for the group which
developed complications was 5.1 days,
for the uncomplicated group 3.5~days.

The most common complications are:
empyema, meningitis, phlebitis, peri
carditis, and endocarditis. Pleuritis
occurs often enough to be considered
part of the disease. In our series here
empy~ma occurred in 4 cases; otitis
media, in 2; and a bilateral parotitis,
in 1. Three of the pAtients had a slow
resolution of the pneumonic process and
2 had a persistent low ~ade temperature
elevation which subsided only after
several weeks. From an economic stand
point as regards the days stay in the
hospital, the latter two conditions may
be regarded as complications.

V. Treatment

A. Prophylaxis. Mild respiratory
infections or colds should not be ig
nored or neglected. Fatigue, exhaustio~

overheating or chilling should be
avoided, especially during the winter
months. Postoperative or debilitated
persons should be protected from
draughts, colds or respiratory infec
tions. Pneumonia patients should be
isolated and cared for by attendants
using isolation technique,

B. The symptomatic treatment aimed
at the relief of cough, dyspnea, cyanOSis
pleuritic, pain, insomnia, abdominal dis
tention, etc. is sufficiently well under
stood so that discussion of these types
of therapy is not warrented in this
abstract.

c. The Serum Treatment of
Pneumococcic Pneumonia.

Washburn attempted the
treatment of lobar pneumonia with serum
in 1897, but his as well as other at
tempts were unsuccessful because the
type specificity of the pneumococcus
had not been recognized. The first re
port on the use of type specific anti
pneumococcic serum was made by Neufeld
and Handel in Germany in 1910. Its use
in this country was first reported by
Cole and Dochez in 1913. In 1924,
Felton developed a method of concentrat-



ing and refining antipneumococcic horse
serum, permitting the intravenous ad
ministration of a potent solution in
small volume.

Th~ most concentrated serum for use
is for the Type I and II pneumococci.
Monovalent antibo~ solutions for these
and certain types, namely V, VII, VIII
and XIV. have been prepared. Type I and
II mixed sera (bivalent) is available.
In t~e preparation of the serum, healthy
horses are injected intravenously at
varying intervals over a period of several
months with increasing numbers of organ
isms of that specific type. When the for
mation of antibodies is sufficient, the
horses are bled at regular intervals, the
blood allowed to clot, the serum syphoned
off, bottled and stored at low tempera
ture. Felton's antibo~ solution is pre
pared by various methods (salting out of
proteins) designed to separate the anti
body from other fractions of the serum.
After separation, a preservative is
added to the antibo~ fraction. The
material is then filtered and bottled for
use.

Undue apprehension rHgarding the haz
ards of specific therap~:'in pneumococcic
pneumonia has deprived patients of the
benefits of treatment. Although the in
jection of horse serum intravenously is
attended by more risks than administra
tion by other routes, the danger is
small. In a series of 956 cases reported
in the Massachusetts pneumonia study.
death occurred ~s a consequence of the
use of serum in only 4 (0.4%).

There are 3 groups of patients to whom
the administration of horse serum may be
dangerous. The first and most dangerous
group includes spontaneously sensitive
individuals, usually those subject to
hay fever or asthma. The sec'md and less
dangerous group comprises th()se who h.!3.ve
had a previous injection of!1e:<fse serum.
The third group includes thosep~tients
in whom the history is a~pat\:mtl~T negative.
both for allergic diseaBes .~' the pre
vious administration ofh~i~e serum.

;. ..,". .....

Two precautions shoPld always be taken
before serum is given; namely. the history
of the patient in relation to allergic
manifestations should be elicited, and,
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secondly, he should be tested for sen
sitivity to horse serum by means of the
conjunctival or intradermal tests. In
patients giving a positive history of
allergic disease, both the conjunctival
and intradermal tests should be made,
and serum not given unless both are nega
tive. Inquiry should also be made con
cerning any previoue serum administra
tion (diphtheria, tetanus, anti-menin
gococcic and antipneumococcic). Diph
theria toxoid contains no horse serum
but diphtheria toxin-antitoxin contains
a small amount. The distinction between
serum and vaccine is often not under
stood, and previous vaccine treatments
are not of importance in this connection.

A first injection of horse serum
ordinarily causes no immediate s~~ptoms,

amd injections can be repeated within
7 (to 10) days without danger. After
this interval, which is known as the
incubation period, sensitiveness to
serum develops and serum reaction may
appear. Repetitions of intravenous in
jections after 7 to 10 days from the
first dose, or in the presence of serum
disease, may be dangerous and should not
be attempted. Instructions and precau
tions as to the performance of the con
junctival and intradermal tests are in
cluded with the directions accompanying
the commercially marketed serum.

Attempts to desensitize a sensitive
patient is of uncertain value and are
often accompanied by accident. All in
jections of serum should be given slowly,
and the serum previously warmed before
giving the injection. Do not heat!
Cnncentrated serum car"not be diluted
with normal salt solution without the
formation of a precipitate.

The required dosage of anti-pneumococ
cic serum is unknown and varies with
each case. In general, patients with
the disease should be treated as early
as possible and given the necessary
amount of antibody within as short a time
as consistent with safety. In Great
Britain, it was found that a.total dosage
of 80,000 units with variations from
50,000 to 120,000 units wasgener~lly

required for TJ~e I infection, and a
larger dosage on Type II infections. In
the Massachusetts pneumonia study, 429



Type I cases received serum during the
first 4 days of illness with 47 deaths
(ll~). These cases received an average
dosage of 95,976 units, These observers
concluded that an average dosage of
about 95,000 units within the first 4
days of the onset, in divided doses, at
short intervals, to be the most effective,
However, of this latter series, 164
cases were treated with 54,412 units
(average) with only 12 deaths, a case
fatality rate of 9.8%,

At present, in T;rpe II infections,
100,000 units in divided doses at 2 hour
intervals is recommended, The required
specific antiserum should never be given
in one dose but always in divided doses,
The first dose is a test injection and
should consist of only a small amount of
serum, given very slowly to guard against
the possibility of an unforeto1d reaction.
An interval of 2 hours should elapse
between doses, as reactions, if they oc
cur. are likely to take place within this
period, It is advisable never to give
more than 50 cc, of the antiserum at any
one dose. Anti-pneumococcic Serum should
always be given intravenously. Subcutan
eous or intramuscular injections are
only slowly absorbed and are of doubtful
value.

Before administering any serum, read
any enclosed instructions, noting that
the serum is the desired specific type,
and warm the serum to body temperature,
However, if warmed too much, the sclrum
will coagulate and be unfit for use,
The serum should be injected with the
usual sterile technique and with extreme
slowness, at a rate not faster than 1 cc.
per minute by the watch. Following the
first dose, an interval of about 2 hours
should be allowed to elapse before the
second dose is given, The third dose
should be given at the end of another 2
hour interv&. These 3 doses total
about 30 cc, of serum and contain 60,000
units and which will probably be sufficient
for the early treatment of Type I infec
tion.

For TYpe II pneumococcic infection,
additional doses of 20,000 units each
should be given at 2 hour intervals to
bring up the total units to 100,000.

If the first blood culture is positive
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and if progress is unsatisfactory, fur
ther blood cultures should be taken daily,
as these may be a guide to further dosage.
In pregnancy and irrnnediatel y following
delivery, more than the usual amount of
specific serum should be given as the
death rate from pneumonia is higher under
these conditions.

Within 8 to 24 hours after the first
dose of serum, there is usually marked
improvement. This favorable response is
apt to be more pronounced in Type I than
in Type I I infections. The temperature
and pulse fall, the toxemia lessens, and
a previously positive blood culture may
become negative. The most reliable
guides to the need of further dosage of
serum are the level of the temperature
and the persistence or disappearance of
the bacteremia. In severe cases, and
in the presence of the above indications,
additiona. injections of 20,000 to
40,000 units may be given at 2 to 6
hour intervals.

Treatment of Type VII or VIII in
fections may require a total of 60,000
to 120,000 units or more of the antibody,
Type V antiserum has been but recently
marketed and sufficient data has not
yet been accrued from which to draw
reliable conclusions,

At times, patients fail to respond
to treatment. If serum has been given
persistently for 72 hours without any
obvious effect, its administration should
be di scont inued.

Following the injection of specific
antiserum, tw) types of reactions may
occur at once or within a short time.
Because such reactions may occur, the
physician should be present or readily
available up to 45 minutes following the
injection. The first tjrpe of allergic
reaction is characterized by flusning
of the face, dyspnea, cyanosis, lumbar
or abdominal pain, rapid weak pulse, and
apprehension. This type of reaction '
occurs in about 8% of the cases, and is
usually transient. Treatment consists of
the injection of 0.5 to 1.0 cc. of
epinephrin. The second type of reaction
of any of the above symptoms combined
with cutaneous reactions and an acute
asthmatic attack. The treatment is the
same as in the above, The occurrence of
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urticaria or an asthmatic attack contra
indicates further injections of the anti
serum.

The immediate or allergic reactions
of an acute fatal shock-like type which
may come on at once or within a few min
utes after the injection of the antiserum
can probably be almost entirely eliminated
if the precautions outlined above are fol
lowed.

A chill or thermal reaction occurring
within 20 to 30 minutes after the sdrum
injection may be expected in about 20%
of the cases. These reactions are not
ordinp.~ily serious and may be due to
rapid administration, failure to warm the
serum, or the presence of a precipitate.
The treatment of these reactions is symp
tomatic. Epinephrin is of no value.
The milder thermal reactions need not
modify the usual regime with respect to
serum therapy unless very severe. It is
well, however, to postpone the next
dose for 3 to 4 hours, and give a de
creased dosage.

Following the injection of an alien
serum, there frequently occurs a group of
symptoms called serum sickness or serum
disease. This was noted in 18% of the
cases in the Massachusetts Pneumonia
stu~. These symptoms are mild, consist
of joint pains, skin rashes or edema,
fever, and generr'.2.i zed glandular enlarge
ment. The attacks usually occur between
the 7th and 10th d~ys after the first in
jection of the ser~n. The condition is
annoying, thoug.... Lot serious. Treatment
is symptomatic. Lpinephrin or ephedrin
may give relief.

The crucial test of the value of an
antiserum is its effect on the case fatal
ity rate. The expected case fatality
rate without specific therapy for T~~e I
infections is 25%. Heffrin showed that
in 2458 cases of Type I infection treated
with antiserum only l5.6~ died. When the
treatment was begun within the first 4
days, the mortality rate may be further
decreased to 11.1% (Massachusetts"Pneumonia
St~). Of 377 cases of Type I infection
from the same study treated within the
first 3 days, only 8.5% died.

-234

In Type IIpneumonia, the untreated
fatality rate is 41%. Heffron collected
670 caSes treated with Type II serum
with a mortality of 30.6%. In 136 cases
treated within the first 96 hours, 27.2%
died.

The case fatality rate is 22% without
and 8.3% with specific treatment in the
age group of 10 to 50 years, and 60.7%
without and 30.8% with Spacific serum in
the age group of over 50 years, having a
Type I infection, illustrating the unfav
orable influence of age upon pneumonia.

Serum against Type VIII pneumonia is
to be placed on the market wi thin a few
weeks. Finland and Sutliff, who have
studied 125 cases of this type, have
shown that the clinical features of this
type were qUite similar to those of Type
I and II. Its frequent occurrence has
made it recognized as one of the more
important clinical types.

Bullowa has reported a series of
cases of Type XIV infections and their
response to serum. This type appears
to select infants and youn~ children par
ticularly, and causes infection of lon~

duration. It is especially p~one to
invade the blood, the result in a high
case fatality rate. It involves the
pleura, pericardium and meninges with
greater frequency than many other types
of pneumococci.

The question of using serum before the
pneumococcus type is known, or even with
out determining the type, is frequently
raised. This is probably unnecessary as
well as inadvisable where adequate facil
ities for proper rapid typing are availablf
Although a number of patients with pneumo
coccic pneumonia of the proper type are
thus benefited by the arlier use of serum.
Large numbers are treated unnecessarily.
Among the latter group, a certain"number
of undesirable reactions will occu~. The
use of serum before or without speCific
typing will be less objectionable if re
stricted to patients fulfilling the fol
lOWing criteria.

1. Between the ages of 20 to 50 years.
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2. The infection is an acute typical
primary pneumonia.

3. Treatment started before 72 hours
after the onset of definite symp
toms.

4. Patients Should not be allergic
or serum sensitive.

5. No other serious organic ailment
is present.

6. The sputum is typical and the pre
dominating organism is a Gram positive
diplococcus having the morphology of a
pneu~ococcus. It cannot be over-empha
sized that when seeing a pati~nt with
pneumonia for the first time, it is as
important to examine the sputum both
microscopically and macroscopically as
it is to examine the chest by physical
me thods or x-ray.

Specific treatment lowers the death
rate in bacteremic cases, Type I infec
tions from 64.6 to 31.0%, and Type II
infections from 76.2 to 52.9%. These
figures were taken from the Massachusetts
Pneumonia Study and are in approximate
agreement with most of the observers.

Certain avoidable causes for failure
in the application of specific therapy
are: (1) delay before gett ing treatment,
(2) elapse in t~me in determining the
type of infecti~~, (3) error in typing,
(4) inadequate dosage, (5) low potency
of the serum, and (6) a too long inter
val between doses.

Unavoidable causes of failure are:
(1) presence of complications, (2) mixed
infections with more than one type of
pneumococcus or other organisms, notably
the hemolytic ~treptococcus, and (3) the
intense severity of the infection may
overcom~ the eXhausted patient.

Anti-pneumococcic serum containing
heterophile antibody has been marketed.
To fate, there are not sufficient favor
able reports in the literature to warrant
its use.

D. Non-specific Protein TheraPl

In an infection of such com
paratively short duration as pneumonia,

235

the interpretation of this type of
therapy is very difficult, unless the
injectians are given very early in the
course of the disease. Cecil concurs
with the majority of observers when he
states lilt is too drastic a form of
treatment for routine use. II Fatal re
actions have occurred.

E. Artificial Pneumothorax was
apparently first used in the
treatment of pneumonia during

the influenza pandemic of 1918-19 by
Rood. This type of treatment consists
in giving from 1 to 4 injections of
from 300 to 500 cc. of air into the
pleural cavity of the affected side.
The 4 most frequent clinical effects
which appear following this are prompt
relief of pleural pain, relief of dysp
nea, lessened toxicity of the patient,
and a critical fall in temperature.
The latter, however, is often only
temporary. Clear evidence is lacking.
however, that the artifici",l pneumo
thorax serves to cure the disease. It
is recommended in early cases, prefer
ably within 24 hours after nnset; also
in those cases in which there is per
sistent and excruciating pleural pain.
Patients having a bacteremia do not
respond favorably. It is indicated only
when the involvement is unilateral. The
lnvolved lobes cannot be selectively col
lapsed and not infrequently it may remain
uncollapsed although the normal lobe
collapses. Its use is hazardous in the
hands of the inexperienced. The most
serious objection to its use is that it
call detract from the recognition of the
type specificity of the pneumococcus so
that typing is often altogether ne
glected or type specific antiserum is not
given.

W. Economics

In a series of 99 cases 'of
pneumococcic pneumonia studied in this
hospital during a 4i year period., there
were 22 deaths, a case fatality rate of
22.2%. These include 18 cases of pneumo
coccic pneumonia observed in the Health
Service, among which no deaths occurred.
The average hospital days of those pa
tients dying was 6.5. The cases recover
ing were divided into two groups: the
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uncomplicated and the complicated. The
former remained in the hospital on an
average of 16.3 days, the latter (com
plicated group) remained in the hospital
on an average of 36.0 days.

The cases recovering were then divided
into 2 groups, those which did not re
ceive antiserum, and those which did.
The former group which did not receive
antiserum were in the hospital on an aver
age of 24.5 days. The group which re
ceived antiserum was then further sub
divided into 4 groups.

1. Those who received specific anti
serum. The average hospital dars for
this group was 14.3.

2. Those who received antiserum of
a type other than tr~t inciting the in
fection. The average was 18.1 days
per this group.

3. Those who received antiserum, the
type of pneumonia, for various reasons
having not been determined. The average
was 18.1 days for this group also.

4. Two deaths occurred in cases to
which the antiserum were given. In one,
a Type I pneumococaus was found in the
sputum, and 50,000 units of Type I anti
serum was given. However, a Type III
pneumococcus was recovered in pure cul
tures from the lungs at postmortem. In
the other case, 20,000 units of Type I
and II were given. Typing of the sputum
later revealed a Type IV pneumococcus.
There had been no deaths in this hospital
during this period in cases where anti
pneumococcic serum was given specifically.

The relative importance of pneumonia
as considered to other diseases has al
ready been mentioned. The cost of this
disease to the individual and the Com
munity from the viewpoint of case fatality
rate, disabling complications, and working
days lost are not to be dealt with light
ly. Rapid strides in the treatment of
this disease have been made with the de
velopment of antiserum and more are to
follow. Diphtheria antitoxin is now
available to all. It has already been
suggested (Massachusetts Pneumonia Study)
that antipneumococcic serum can be made
available to all people. Laboratories
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equipped to do rapid accurate typing
can be established at selected hospitals
which would carry out all typings within
a definite radius. The study of pne~

monia in Massachusetts has already demon
strated that the treatment of pneumonia
by specific therapy can be carried out
by the general practitioner. Consequently,
such a suggestion merits consideration.

Impressions

1. Pneumococcic pneumonia is an acute
specific infectious disease incited by
the pneumococcus of which 32 distinct
types have thus far been isolated and
ident i fi ed •

2. Three substances with distinct
antigenic properties have thus far been
isolated from the pneumococcus. From the
capsule has come a polysaccharide which
varies slightly in its composition ac
cording to the type of organism. From
the bodies of the bacteria has been iso
lated a protein material similar in its
antigenic properties in all types of
pneumococcus. The third substance is
still being investigated.

3. Man apparently has some degree of
immunity to pneumococcic infection.

4. Pneumococcic pneumonia induces only
a temporary active immunity. A passive
immunity for several types of infection
has been accomplished by the intravenous
injection of type specific sera.

5. A number of factors playa role in
the lowering of resistance against the
disease.

a. Some individuals have a diminish
ed grade of natural immunity.

b. Upper respirator,y infections
appear to lower local resistance.

c. Changes in general resistance may
be brought about by chilling,
exhaustion, fatigue, exposure,
starvation, surgical procedures.
etc.

d. The disease is more common in
ad.ul t life.
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e, Negroes are more susceptible
than the white race.

f, Males are more frequently at
tacked than females due probably
to added factors of fatigue,
exposure, etc.

g. Pneumonia is more com~on in the
rural districts.

6. The actual mode of invasion of the
pne~nococcus in man is uncertain. Three
theories have been introduced to explain
this, none of which explains all obser
vations. They are: (1) hematogenous,
(2) bronchogenic, (3) lymphogenic, or
broncho1ymphogenic theory.

7. The sudden onset of pneumonia with
chi:ls and fever, resembling the violent
reaction following the injection of a
foreign protein into a hypersensitive
individual, suggests that the question of
allergic hyperseusitiveness in pneumonia
needs further investigation.

8 Pneumococcic pneu~onia is a con
tagi2us, CC~lJmunicn:.:le (l.lsease. Although
ord :'nar ily pr.d"':o1i (:, it, may taJ.ce on an
ep:i.d.emic fo:n:l. (l2,rri ers and convalescent
patients Ulldoutted.ly play an i:nportant
role in its spread,

9, During the courie of the disease,
the 4 well-known stages of engorgement,
red hepatization, gray hepatization and
resolution occur in the lungs. During the
latter stage, the digested exudate is
absorbed by the blood, not coughed up.

10. The left lower lobe is most frequent
ly involved, followed in close order by
the right lower and right upper lobes,

11. The incubation period varies from a
few hours to (seldom) more than 48 hours,

12, The disease is characterized clin
ically by sudden onset with chill,
pleuritic pain, increased respiratory rate,
high temperature, and cough with the ex
pectoration of rusty tenacious mucopurulent
sputum, The disease itself is limited,
and in favorable cases terminates abruptly,
or by a step-like descent of temperature
beginning as a rule from the 7th to the
9th days,
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13. The course of the disease varies
somewhat according to the type of
pneumococcus inciting the infection.

14. Invasion of the blood stream
occurs in from 25 to 33~ of patients ill
with pneumococcic pneumonia. The pres
enCe of a bacteremia always renders the
prognosis more grave.

15. The diagnosis is not, as a rule,
difficult. It is very important to
examine the sputum, both macroscopically
and microscopically, at the time of the
first visit to the patient,

16. Typing of the sputum should be
done whenever possible in every case.
Facilities for rapid accurate typing of
the Sput1~ are becoming quite ~enerally

available.

17, In the differential diagnosis, one
must exclude: acute pleuritis or peri
carditis with effusion, infarct of the
lung, acute massive collapse, acute
tuberculous pneumonia, appendicitis and
cholecystitis,

18, Pneumonia must always be regarded
as a serious infectior:., and cilanges may
suddenly occur for better or worse.
Predictions re£arding the outcome are
unsafe.

19. The more common complications
are: empyema, meningitis, phlebitis,
pericarditis, and endocarditis.

20. Antiserum appears to have slight,
if any, effect in reducing the number of
complications, or in the treatment of
complications,

21, Undue apprehension regarding the
hazards of specific serum therapy is all
too prevalent. If the proper precautions
are taken, this hazard is very small,

22, Before giving serum, the history
of the patient as regard allergic mani
festations should always be carefully
elicited, He should also be tested for
sensitivity by the conjunctival or intra
dermal tests, or both. One should also
Inquire carefully in regard to previous
serum injections,
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23. Attempts to densitize a sensitive
person are of uncertain value and are
often accompanied by accident.

24. The serum should always be given
intravenously, Intramuscular or sub
cutaneous injections are of doubtful
value,

25. The serum sho-ald be warmed to body
temperature before giving. (Do not heat.)
It should be administered very slowly,
and the concentrated (Felton) serum can
not be diluted with normal salt solution
without the formation of a precipitate.

26. The required dosage of anti
pneumonococcic serum is unknown, and
varies with each case. In genclral,
60,000 to 100,000 units are required for
Type I infection, and 100,000 to 140,000
units for Type II. For Type V and VIII
infection, 60,000 to 120,000 units or
more may be necessary.

27. The first dose should be small and
given very slowly. The following doses
are best given at 2 to 4 hOUl' intervals.

28. If there is no response to treat
ment within 72 hours, the administration
may be discontinued.

29. Mild or severe allergic reactions
may occur. The former, although annoying,
are not serious, and do not contra
indicate further antiserum. The severe
or shock-like allergic rqactions may be
reduced to a very small minimum if all
the precautions are carefully followed.

30. An abundance of statistics from
well controlled material has accumulated
so that the value of specific serum
therapy in pneumonia needs no reiteration.

31. Where typing facilities are not
available, the use of Typ~ I and Type II
bivalent antiserum is justified when the
infection occurs in young, preViously
healthy adults who do not demonstrate an
allergic hypersensitiveness or have
other serious organic disease; when the
pneumonia has a typical acute onset and
when specific antiserum is started within
72 hours after onset,

32. Certain avoidable causes for failure
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in the application of specific therapy
are:

1. Delay before beginning treatment.

2. Errors in typing.

3. Inadequate dosage.

4. Low potency of the serum.

5. A too long lnterval between
doses.

33. Unavoidable causes for failure ars:

1. Presence of complications.

2. Mixed infection.

3. The intense severity of the
infection itself.

34. There is not sufficient evidence
at this time to warrant the use of
heterophile antibody.

35. Non-specific foreign protein
therapy is "too drastic a form of
therapy for routine use."

36. The use of artificial pneumothorax
in experienced hands is indicated in
selected early cases of unilateral in
volvement. Its use does not warrant dis
regarding typing of the infection or
the failure to administer type specific
antiserum.

37. Pneumonia, being the 3rd most
co~~on cause of death in the registration
area of the U. S., presents a definite
economic problem. In Massachusetts,
Types I and II antisera have been made
available to all. Adoption of a similar
plan in other states merits consider
ation.
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