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VOLUME 2.

Chapter I : Introductery. pp. 124134,

A preliminary discussion of some factors governing a study of
the treatment of Pneumonia.

The problen 1nvoived in the assesament of a new method of treatment
in pneumonia is discussed under four headings:-

(1) The pmbiem of classification.

(ii) The etiologiéal égent end eny variations in its 'yimla:ce.

(111) The host attacked and any variations which may occur in
bis susceptibility.

(iv) The complications of the disease.
It 13 declded that the best method of investigation is to treat

a series of cases in as nearly a similar menner as possible, end to

analyse the results (&) in respect of such attributes as the infecting
' type of pneumococcus, the presence or absence of bacterisemia and the
age of the patient; end (b) by carefui comparison with those obtained

‘in a similar serles of cases observed in 1931-1934.

Chapter II : The Plan of the Experiment. pp. 135-138.

Chepter III : A Preliminary Analysis of the Cases pp. 129-171.
of Pneumonia.

Before the results of treatment are discussed, the series of
cases 1s analysed 1nl regard to certain factors known, or suspected, to
modify the course of the disease'.‘ It 15 shom that the type distribution
in Glasgow differs from that of England in the high proportion of type
II infections in the former place. The sex and age distribution is

/



(11)

is next dealt ﬁth, when 1t 18 en important observation that the
presezft serles of cases conj.a.ins a higher proportion over tl{e age
of forty years than that obsewéd in 1931, |

A very detalled analysis of tl/xe incidence of bacteriaemia is
then made. It is showm that age is of prime importance in determining
i1t8s occurrence; as age advénces the incidence increases.  The figures
for type II pneumococcus infections are subjected to further scrutiny
- which shows that as age advances, not only does the likelihood of
bacteriaemia occurring increase, tut cases tend to be adnmitted later
in the disease, emd to sh&m a more extensive consolidation.

Comment 18 made on the low rate of bacteriaemia in infections
due to types IV-XXXII. The latter cases (and those due to imixed
types and other micro-orgenisms) are less fullj analysed and form
an sddendm to the chapter. o

| This survey.of the cases which comp‘rj.se the experiment

shows that they form a',suitable sample for clinical trial, since the
type and age groupings would suggest that there is no lack of severe

infections.

el i na®

Chapter Iv: Results of Treatment. © pp. 172-235.
This chapter records the effect obtained by the treatment adopted.
Since the greatest proportion of cases was due to 1nfection'by
types I, II or III pneumococci, this group is more particularly analysed.
First, the résnlts are discussed in respect of what might broadlyr
be termed the outcome. Three factors are dealt with in detail:
(a) Recovery or death, including a detailed déscription of those who
died; (b) The duration of the acate infection in those who recovered,

by measuring the duration of primary pyrexia in hospital; and (c)



(111)

(e) The occurrence of complications. )

Second, the results obtained in 1939-1940 ‘are coinpared with
those obtalned in 1931-1934. This analysis is rendered more precise
by showing the two mein differences which characterised the more
recent cases: a change in type distzibutién by an increase in
type II1 and d decrease in type I infectiions: end a change in
age distribution so that an older population was observed in 1939;
1940. By comparing the two periods (after allowing for these
changes) it 15 shown that there has been 2 distinct fsll in
mortality in the latter time~-interval. Compa}rison is &lso made
between the two periods in regard to the duration of fever in
‘hospital..

Third, sn experiment is described in which a groﬁp of type II
infections, chc;sen for their clinical severity, is glven a
combination of chemotherapy and semtﬁerapy. '

Finally, those cases due to other pneumococcal types and other
micro-orgenisms are analysed in somewhat less detall,

The record contuined in this éhapter suggests that, the results
which were obtained were good. It draws atteation to certain
limitations -of treatment; in particular (a) to the less satisfactory
reduction in the mortality among those cases over forty years of age;
end (b) to the high proport.ion of cases (again in the older age group)

which show a delay or failure of the process of resolution.

T

Chapter V : A Study of the Effect of Chenotherapy pp. 236-27%9.
upon the Pneumonia Mortality in the City of
Glasgow,

The conclusion reached in the preceding chapter regarding the
lessened efficacy of chemotherapy oirer' forty years of age is further

/
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further studied in relation to the pneumonisa statistics for the

whole City. The clinical finding is corroborated.

Chepter VI : A Summing-Up. PP. 240-2%0.
| Attentlon is directed to two aspects of the clinicel results.

Pirst, the apparent difference in mortality between types I, II
and IIT infections is di scussed and reasons adduced which, at least
partially, explain this.

Second, attention is directed to certaln broad distinctions
between different groupings of cases of pngzxmoco_ccal pnewnonias.

It 18 reasoned that these groupings, founded on an etiological
baslis, assist not only in und_erst&mding the ep;ldemiology of the
disease,. but also in'interpreting the results of chemo therapy.
Chapter VII : Discussion. - pp. 251-257.

The discussion again returns to the o'bser\(ed' difference in_
the efficacy of chemotherapy in the younger and older age groups.
It 18 argued that the cwmlati‘ve effect of the different analyses
18 to drew attention to the importance, for successful chemotherapy,
of & healthy, resistant host; & resistance which 1s not concerned
with the repid mobilisation of the humoral antibodies but with the

less well-defined non-specific defences.
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CHAPTER I.

The Investigation of the Effect of

Sulphepyridine

in Pneumonia.

" INTRODUCTORY.
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During an investigation of the effect of the sulphonamides in the
treatxﬁent of measles (subsequently reported to the Therapeuti; Triels
Committee of the Medical Research Council; Anderson 1939) I noted the
shorter duration of bronchopneumonia complicating measles iﬂ those cases
which received sulphanilamide. Accordingly, .a few cases of primary
pneunonia in adults were treated with sulphanilamnide, but the results
were not encouraging and prolonged investigation seemed unwarranted.

It must be appreciated that, at this time, the breakdown of the origi;lal
sulphonamido-chrysoidine to sulphanilanide in the treated enimal, eand
the success of the latter (in the same group of infections) when used
alone, tended to suggest that the achievement of‘ this radicle represented
a peak achievenent. It seemed very likely that compounds formed from'
sulphanilanide by addition would be broken down in like manner, the
radicle‘ remaining in the tissues as the activé agent. |

During the period 1931-19%4 I.had carried out an exténsive investigation
of the pnemnococcﬁs types in the primary pneumonias occurring in Glasgow.
A start had been made in 1931 wlith the use of type-specific horse serums
but, apart from its effectiveness in Type 1 infections, the result.s, were
not encouraging in m;r hands and their use was therefore stopped. The
tyéing of the causative pneumococcus was, however, continued and certain
valuable lessons regarding prognosis were learned.

| My failure to obtain satisfactory results in the treatment of
primary pne\imonia ﬁith type-specific serums hed frequently puzzled me;
for, in succeeding yesars, report upon report came from America attesting

their velue. Although the severity of ﬁneumonia in Glasgow appeared to /
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to be less than that.recorded in the United States, nevertheless the
Glasgow fatality rate was high. As a result of my own experiences
yith sulphonamides in treating erysipelas and the continued confidence
of the American workers in type—specific serun in treating pneumonis, it
seemed to me that a combined treatment with these substances was worthy
of trial. I decided early in 1938 that if the treatment of pneumonia
in Glasgow were to be investigated properly thenia preliminary study
should be made of the methods adopted_so‘successfuliy by the American
workers. Accordingly, in March 1938, I went to the United States of
America and to Canada and fhére visited the principal centres of
pneumonia study in New York, Boston, Béltimore'and Toronto. I was

just ending my visit when Evens and Gaisford (1923) made their
renarkable report upon the use of a new drug,which was styled "M & B 693"

in the treatment of pneumonia.
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Before turning to the immgdiate problem of the assessment. of
the value of a method of treatment for pneumonia, some of the factors
involved may be discussed. These may be briefly summarised as (i) the
problen of classification, (ii) the etiologicel agent and any
variations in its virulence, (iii) the host attacked and any variations
which may occur.in his susceptibility, end (iv) the complications of
the disease. All of these are intimately linked in the larger
préblem of attempting to evaluate a new method of treatment.

" (i) Classification. Pneumonia is a well defined clinical entity

and in the typical case presents no great diagnostic problem. The
physical signs in the chest constitute a fairly clear-cut plcture, the
cases falling into two broad classes. The first, end commoner form,

is that in which the major portion of the lobe is involved in the -
coﬁsolidative process; the second, where the progress of the disease
is less orderly, so that different areas i:hrdughout the lungs may show
consolj.dative changes. 'In Grest Britaip great emphasis is placed upon
what might be called this "anatomical® or "pathological" classification;
thet is, a sub-division of the clinical forms into lobsr pneumonia
end bronchopneumonia. 'Although‘ such a classification has its important
aspects which one should hesita;ce to decry, neverthéless in this respect
pneumonia rémains one of the few acute infections in which classification
depends upon the anatomical or pathological description of the disease.
In almost all other infectious diseases, the tendency is to emphasise

the etiological classification and upon this basis meny of the advances

in their management have been made.
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Many ihvestigators have reported studies which show that, in
between 90 end 96 per cent. of cases of pneumonia the causative
organiém is a pneumococcus. In the following table (Table I) which
is summarised frbﬁ Heffron (19%9), fhe results of certain large

surveys in America are showm.

TABLE I.

Bacteriological Classification of 3,319 cases of Pneumonia.

Pneumococcus Others Totel
Avery, Chickering,
Cole and Dochez cesseesras 454 26 480
Cecil, Baldwin and Larsen .... 1,913 87 - 2,000
SUtLiff end Finlend weseeesse 822 17 829
Totals .vees 3,189 130 3,319
Per cent. 96.1 2.9 100.0

The majority of the cases in Table I were of the form classified
as lobar pneumonia., Bullowa (1937) has reported 4,416 cases of lobar
and brbnchopneumonia in'8113 per cent. of which pnéumococci-were
respopsible for the infection. The importahce of an "Yetiological™
classification when treatment with specific serums was under .
consideration needs no emphasis; and, since it is apparent that with
chemqtherapy too we are dealing with ageﬁts which may be capable of
handling a limited range of organisms, the tracking down of the
causative organism also assumes importance. In my previous work with

-pneumonia I had been impressed with the large number of pneumonias from

the sputum of which a pnéumococcus could be recovered. At this time,

/
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time, however, the isolation of the infecting pneumococcus from the sputun
was a time-consuming matter which involved the injection of the material
into a mouse end, later, isolating the organism from the peritoneal exudate
~or heart blood of the mouse — &n operation which usually required from
12-24 hours. The introduction of the Neufeld method of exemination
directly upon the sputum not only allowed a greater accuracy put glso in
the great majority of’examinations, permitted an exact diagnosis within

a few hours.

(ii) The Etiological Agent. As early as 1910, Neufeld and Haendel

. had shown definite serologicel differences between certain strainé of
-pneumococci. This work was later elaborated by -Dochez and Gillespie (1913)
in America and by Lister (1913) in South Africa. As a result of these
studies three main types were described (Types I, II eand III) end subsegnent
work showed that these threg main types were of world-wide distribution |
and were encountered in a lafge proportion of cases of pneumonia., Those
pneumocbcci which did not agglutinate with specific serums prepared against
the three meain types were classed as "Group IV" in the first place, hut
painstaking.wo?k by Cooper and her co-workers eventually showed that "Group
IV" comprised some 29 serologicel types, thus making a total of 32 well
‘recogniSed types.- Heffron (19%9) in an extensive review of the subject
showed that these 32 types accounted for the gfeat majority of
pneumococcus strains. -

Subsequent investigations have shown that the typing of pneumococci
has more then acaaemic importance. To take.the first three types &lone, it

has been found that the incidence of each in any series of cases of

pneumonia varies from place to place and from time to time. Of more /
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more importancé, however, has been the diseovéry that the infections
"caused by these three types show considerable differences. Crui ckshank
(1933) showed for example that ﬁhe fatality rates of pnegmonias due to
Types I, II and'III were different; that of Type I was the lowest, that
of Type IIT usually the highest, while Type II occupied an intermedisate
position.: The reason for this difference is not clear. It is knom
that the type specificity of the pneumococcus is due to the production '
of a capéular pol&saccharide and that the amounts of this substance
produced is least in Type I, greatest in Type III and intermediate in
Type II (Heidelberger.and Avery, 1923, 1924) and (Heidelberger, Goebel
‘and Avery, 1925). As the specific polysaccharide inhibits phagocytosis,
such a relationship might well account for differences in the rates of
recovery. Furthermore, it has been suggested that the entigenicity of
the types has a similar order (Schmidt end Hilles, 19%3); Type I having
the strongest antigenic pover and Type III the least. The importance
~of this in promoting recovery is apparent.

(iii) Differences in the Host. One of the factors which is well

known to affect the course of pneumonia is the age of the person attacged.
Osler's description of pneumonia as "the old men's friend" serves to
emphasise that the outloék has always been worst in the older age groups.
Such-a point is of particular importence in considering municipel hospitel
.cases, & conciderable proportion of which are drawn from such ;ge groups,
particulerly from the lower working cless community. The increasing
severity of pneumonia in older persons is no doubt associated with
accompenying degenerative changes. ilany of the patients in the municinal

hospital class may be affected by nutritional disturbences and s great /
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great meny adults suffer from the effects of chronic alcoholism, both
of which must seriously prejudice the final issue.

(iv) Complicetions. Even after the disease in the lungs has

subsided, post-pneumonic complications may add additional hazards which
in themselves prove fatal. They are recognised as occurring in the
severest cases, often those in which invasion‘of the blood stream hgs
occurred. The importance of the letter happening cennot be overstressed.
Bullowa (19%7) has emphasised the difference between the.fatality rates
in bacteriaemic and non—Bacteriaemic cases. In 1,638% cases in which

the blood was sterile the fatelity rate was 13 per cent; but in 408

cases with bacterieemia the rate was 73 per cent.

The ,report of the investigation of erysipelas has slready shown

the grcat velue of a concurrent control by the administration of

chemotherapeutic drugs only to alternate cases. In erysipelaé,such a’
method was effective becsuse the variable. factors between different
patients were relatively.few so that in a reasonably large szmple they
could be presumed to balance. Further, the turnover.of cases was more
repid, @nd their clinicel supervision much easier/than was possible’
with cases of pneumonia. The typing of the pneumococcus slone entailed
additional work which consumed a lerge amount of time, so that over a
year it was unlikely that more than 200 cases could be undertaken. ¥hen

the type incidence alone was. teken into effect in such a reletively /
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relatively smell series of ceses it was &t once obvious that the comparison
of two groups (trested and untreated) of about 100 cases might well
produce evidence et once unconvincing and uninformative. In these
circunstances, therefore, I decided that two considerations should be
borne\in mind:~

- (i) Previous experience had shown that elthough variatioﬁs in the
type-specific fatality rates occurred, they were sufficiently small to
allow of comparison of two groups of cases of the. ssme type. In other
words, the cases collected in the éarlier period (19%1-1924) would serve
_asva usefﬁl~yardstick,to assess the velue of chemotherspy. Study.of the
fatality rates in the City of Glasgow over a period of years did not
support a view that the disease was lessening in its severity.

(ii) One of the first necessities quite apart from any new méthod of
treatment was to obtain as quickly\as possible in a series of British
cases,4type—specific fatality rates for the different types, more
especiglly for those types previously classed as "Group IV", for the

individual members of which no British figures existed.

It was, therefore, decided that in a disease like pneumonia (bearing
in.mind the main factors alread& di scussed) thé best method of investigation
was to treat, in as nearly a similer manner as‘possitle, a series of
_éases in which the type of infecting pneumococcus and the incidence of
bacterisenia were known ana to produce fatelity rates specific for age,
type, end bzcteriaemia. In this wey, if the treatment.ﬁere unsuccessful,

a body of evidence upon the behaviour of pneumonia would be smassed which

would be of velue in-later studies. If, on the other hand, the /
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the trestment were successful, knowledge would be acquired of its
reletive efficacy at different ages and on thé di fferent type

infections: &nd from a study of any failures future investigations

might be planned.
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over the age of eleven years
All patients/admitted to the wards in whonm a diagnosis of

pneunonia was made, received the following treatment:-

(a) On_admission. After receiving a blanket bath, the patient
was given a simple saline wash-out. Thereafter he was encouréged to
void sputum into a stérile glass vessel. As soon as was convenient
a blood culture was made by inoculating 5 c.c. of blood into 25 c,c.
of veel broth. These specimens were sent immediately to the laboretory.

(b) Diet. All patients received & simple fluid diet until the
temperature hadvbeen normal for twenty-four hours. Large amounts of
fluid were administered; as a rule from four to six pints were taken
in the twenty-four hours. As clinicel improvement occurred the diet

was gradually increzsed,

(¢) Symptomatic Treatment.

(i) Pain. In genersal the use of llorphine was discountensnced
except in the very early stages of the disesse. Doverts
Powder (10-15 grains) was used where necessary.

(1i) Insomnia, The nurses vere trained in the necessity of

using simple nursing measures in securing natural sleep.

These included e cooling bath in the late evening; end
the administration of blend, warm fluids, such as milk
or Horlick's Melted Milk or Allenbury's Food. When
necessary, Dover!'s Powders (10-15 grains) or Syrup of
Chlorel (3-2 fluid drachms) were the drugs most
frequently used.

(iii) Delirium. Hyoscine (gr.1/100), Paraldehyde in Whisky
(1-4 fluid drachms) end occasionally Morphine (gr.:)
were used. Vihisky was not given to eny case except
as en adjuvant hypnotic with Dover's Powder or
Paraldehyde.

(iv) Cyenosis. Oxygen was used for even minor grades of
cyenosis. As Heldene's apparatus hed been in use in
the hospitel for some years, the nurses had gained
-conciderable experience in its working and when oxygen
was required it was usually §iven by this method.,
When this method was unsatisfactory, oxygen was given
by a double nassl catheter.

(v) /
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(v) Supportive. As a rule, cases in which a rising pulse
rate indicated weakening of the cardio-vascular
system were given Strychnine Sulphate (1/120-1/60 gr.) at

four-hourly intervels. True analeptics were reserved
for definite failing of the heart when Coramine (5-15 minims)
was used. Digitalis was given only when the ususl medical

indicetions for its use were present.

(d) Specific Treatment. - Sulphepyridine was given only after the

preliminary physicsl examination and the collection of sputum end/or
blocd had been completed. After en initial dose of 2.0 grams, 1.0 grem
was given at fbﬁr—hourly intervels, day end nights If a dose were
missed because the patient was asleep, the subsequent dose was doubled.
This treatment was continued until the temperature had been nomsel for
twenty-four hours, after which the dose was reduced to 1.0 gram tﬁ;ice
daily. This treatment was continued for a further fhree to five dsys.
In the great majority of the patients the admninistration of the drug
wasistopped by the time the patient had been seven days in hospitsl.
Ssve in certain caces discussed later, no othér specific treatment was
given. |

Laboratory Investigations.

1. Sputum. On arrival at the laboratory the sputum was submitted
to the Neufeld Capsule Swelling Test. This was carried out in the
following way. Six small drops of gﬁitable sputum wergnplaced on two
glass slides, three on each slide. To each of these one or two drops of
grouped serums (A to f) were added. A loopful of strong methylene blue
was finally added to each and after thorough mixing the drop was covered
by & coverslip. It ‘was found thet the reaction was best read some
1520 minutes after mixing. The slide was then placed on the microscope,
the condenser having been thrown out of focus, eand each mixture in turn

examined for pneumococci showing capsule swelling. If capsule swelling

/
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swelling was noted in one of the groups, the sputum was then tested
in the same manner ageinst the individual types contained in that
group and asgain examined miémscopically. If capsule swelling was
" not found at this "direct" examination, a portic;n of rustjr sputum
was emulsified in 2.0 c.c. of veal broth and 1.0 c.c. injected -
intrsperitoneally into a mouse. If not elready dead, the mouse
was killed in 18—_24 hours. . The peritoneel exudate was washed out
with saline and the. procedure described for sputum was repeated.

At the mouse autopsy the heart blood of the mouse was cultured.

2. Hlood Cultures. In the early stages of the experiment,

after incubation at 37°C. for 24 hours, 1.0 c.c. of the mixed blood
culture was injected intraperitoneally into a mouse and a loopful
spresd on blood agar, The mouse peritoneal washings were examined
twenty-four hours later by the "Direct" Neufgld Test. Later, as
experience_was geined with the examination of blood cultures,

a "'Direct" exemination was carried out on the contents of the cuiture
flask, since the presence of growth in the bottle could be readily
sppreciated. Only in doubtful cases, in this later stage, was

the injection of a mouse necesssry.
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The experiment was begun in Jenuary 1979 and continued until
I left the hospital in December 1940, It includes preectically &all
notified cases of primary pneumonia admitted to the hospitsl above
the age of eleven years, in whom the notified diagnosis was confirmed.
During this period the pneumonia wards in the hospital were under
the care of my junior colleagués, Drs. E.D. Cooper, J,G. Caims
qnd D.R. Brom. Every case, however, was exemined by me within
twenty-four hours of admission and their preliminary diagnosis
confirmed: the caées renained under my élinical supervision
throughout fheiz: stey in hospital. N1 bacteriologicel investigations
were done by myself vith the technicel assistence of Mr. T.B. Gallie.

To all of these collaborators I wish to record my indebtedness.



CHAPTER ITI.

A preliminary anelysis of the cases of

pneunonia.
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The series of pneumonias about to be analysed comprises
501 ceses. From each of these cases.a presumptive etiological
pathogen was isolated from sputum, blood or other source. The

cases can thus be classified as follows:—

1. Pneumococcuss:

(2) Single type only obtained cee  ees 464 92.8
# (b) More than one type obtelned ces  ees 13 2.6
(c) Pneumococcus obtained untypable ..  «.. 1 0.2
Total pneumococcus cee 4B 95.6
2. Streptococcus pyogenes ces see ses  eee 9 1.8
3. Streptococcus viridens
(non—bile—SO].uble) ‘ ® 0 o0 e s e 8 lo 4
4:. Friedlgnder's bacillus ese see oee see 2 004
5. Staphylococecus ces see see  eas 4 0.8

Total ... 501 100.0 per cent.

2 In two of these cases there was isolated a pneumococcus end a
streptococcus.

The finding of such a high proportion of pneumococcel casés
~is in keeping wifh published reports. As has elready been. stated of
3,139 cases collected by Heffron (1939), 96.1 per cent. were
pneumococcus cases, 2f8 per cent. streptococcus cases, 0.5 per cent.
Friedlgnder's bacillué cases, and 0.6 per cent. were due to influenza
bacilli, staphylococci of mixed infections. |

Before proceedlng to discuss the results obtained by treating
this series of cases with sulphapyridine, I propose to analyse each

etiological group in respect of certain factors which might be thought

to influence the course of the disease.
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Four lundred and seventy-eight cases of pneumococcus pneumonia

were distributed among the thirty-two types of pneumoéocci, as shown

in Table 2.
TABLE 2.
Distribution of Pneumonies
According to Pneumococcus Type.
Cases Cases Cases Cases

Type I|! 70 |Type IX| 3 Type XVII| 2 Typé XXV 4
II| 198 X{ 5 XVIII| 2 XXVI{ O
III 49 XI! 2 IX| 9 XXVII; 1
IV 20 XII| 5 X} 4 XXVIII| 2
v 8 XII] 6 XXI| O XXIx; 1
VI 9 vy 6 XXIT} 2 XX\ o
'VII 8 V] 1 CXXIII} 2 L(. IXXT| 1

VIII a XVI{ 3 XXIV| O |[Mixed types
, etc./ 14

Total Cases 478.

(% Where more than one type was isolated from sputun ewsisssshesslbmmeal the
material was injected into a mouse. The heart blood of the mouse was

cultured and in the great majority of cases only one type was isolated,
although both might be present in the peritonesl exudate. The heart :
blood organlsm was eccepted as the more invasive and therefore
presumably the pathogenic strain., "iixed types" refers to those
cases where the above technique gave no clue as to the presumptive
pathogen.- They will be separately anslysed in a later part of
this chapter.)

The order of frequency of the types of pneumococct is int;aresting.
In the present series this was Type II, I, III, VII, VIII, IV, XIX, VI
end V, the remesining types each contrihlting en insighificent proportion,
together forming but 12 per cent. of the total. The percentage frequency

of the main ‘types was: Type I, 14.9 per cent., II, 42.4 per cent., III,
10.5 per cent., IV, 4.3 per cent., V, 1.7 per cent., VI, 1.9 per cent.,
VIiI, 5.9 pér cent., VIII, 4.5 per cent.; Types IX-XXXII, 13.0 per cent.;
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and mixed typés, 0.9 per cent. The most important aspect of these
figures is the high incidénce ofvapes II and III. Table 3 cdmpares
the results of some of the investigations of fype incidence in
different parts of the country. - The high incidence of_type 1T
pneumococcus pneumonia is a notew;rthy feature of the disease in |
Glasgow (see chart). |

TABLE 3.

The Results of Pneumococcus Typing in some large
series of British cases of Pneumonia.

Name of Author. Period. Total Cases. Incidence per cent of

I II ITI

lacgregor, A.S.M. | 1920-32 | = 1,077 B | 26 | 39
(Glasgow) ... ,

Gaisford, W.F. 19%-329 188 50 14.4 | 14.9
(Birminghen)

Snith, G,Stewart 1979-42 . 514 44.8 12,8 1 11.3
(Manchester) ’ '

st Anderson 1931-34 498 35.5 | 3.7| 5.4
(unpublished) .
Present series 19739-40 | 478 14.9 | 42.41{10.5

* A proportion of these cases (122) is included in Macgregor's figures
which were accumulated from various vorkers in Glasgow.

The comparison of the Glasgow figures for the earlier period with.
those of the present series shows that although’ there has been a slight
rise in the incidence of Type II infections, this rise is not significantly

grest. Type II has been in the past and remained at the time of this

inves tigation responsible for the largest‘proportion of the Glasgow

pneunonias. The striking difference between the two periods is in the /



HISTOGRAM SHOWING THE. DISTRIBUTION PER CENT OF

TYPES I,E, AND IE PNEUMO-COCCUS PNEUMONIA IN
GLASGOW 11931~ 34- AND 1939-~40
MANCHESTER . 1939 - 194*2

TYPE I, TYPE E. TYPE IE.
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the incidence of Type I amd Tiype ITII infectioms. Formerly, Type I was
s prevelent as Type II: sintce the previous survey in 19%1-34 the |
incidence has dropped from 265 to 15 per cent. When it i remembered
that the i‘a*talityr rate in Glaisgow of Type I infections was frem one-
half’ to ome-third that of Typete II infections (Macgregor, 1933), it cen
be realised that such a changee might have a distinct effect on the
gross fatality rate of the diisease. The high i;ncidénce of the more
severe Type Il infectioms durring the period under review is almost a
fortunete circumstance, since: it imdicates that. the drug has been
investigated against the werys infection that has been in the past
responnsible for Glasgow's higih death rate from pneamonia. It is no
disadwvamtage that @ new drug should have been tested under the most
rigorous conditions,

II. The Age end Sex Distribatiion.

The age and sex distribmitiom of the cases is shown in Table 4.
I have shown the figures for :individual types up to Type VILI:
Types IX-XXXII have been growiped together since, singly, the numbuef's are
too s@all. for valuable aﬁtaljssi:s. Qf the whole series, %200 were males
(69 per cent.) and 144 were ffemsles (3L per cent.). The higher

inclidence smong males is & wesdll-known feature of the disease, but. it
nust be remembered that the poresent ’serie‘s; is selective in so far as it -

refers only to hospitalised crases.
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" TABLE 4.

The Age and Sex of 464 cases of Pneumococcus Pneumonia

in which a single type of pneumococcus was obtained

from the sputum and/or blood.

Female Cases.

Type | Type | Type Type Type’ Type { Type | Type | Types
Age 1 II III | IV v VI. | VIT | VIII |IX-XXXII
R ulr | mlrl ulr{ulr lulrfulr lulr{ulr|u |F
11-20 5(®PRo| 22 4|3 |ofo 1| |3f2]1]|217 |2
.9_1-30 1617|2912 3|3 02 1'0‘%0 610 [ 3|3]5 |4
%-40 [12(1 {26}9f{1f0 [2]|2 |1 (o 272414'24J
41-%0 (100 {3315 7{3 (3|1 |1 |ojojo |11 |01 |3 |8
51-60 | 7(2]18| 6|14 |7 1|21t {ofr 12|10 |5 |1
-0 |2lo|3la| al2]olt [2]o]olo |2 2116 |3
over70|0lo|3lol21]ofofofofolofololololz]o |2 |
Pyeesey |63]57[75|66| 71169 |59 163 |69 |52 | 3|54 | 64166 | 6677 | €8 |73
Totels [0 115 [142]56 | 32|17 |10]10| 7|1 | 54 | 0|8 |1 |l0]| B |23
70 | 198 49 ) 8 28 21 61
M = Mele Cases.



different common types (I-VIII) attack the two sexes (Table 5).
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There 1s a slight variation in the frequency with which the

This

finding, although not of immediate importance, will be referred to again

at a later stage in the thesis.

TABLE 5.

Sex Incidence of Pneumonie Types I-VIII.

I II III IV v VI VII | VIII | Totels

‘ 55 142 32 . 10 7 5 20 11 282
idele | (78.5)| (72.6)| (65.2)  (50)| (87.5)| (55.8)| (7.5)| (52.4)| (70.0)
Femalel 15 56 17 10 1 4 .8 10 121
(21.5) | (27.4) | (34.8) (50)] (12.5)| (44.2)] (28.5)| (47.6)| (20.0)

Both 70 198 49 0 | 8 9 8 21 403
Sexes| (100.0) {(100.0) {(100.0)} (100.0){ (100.0){(100.0)| (100.0)| (100.0) 100’.0)

(The figures in brackets are percentages).

Table 6 shows the age distribution, agein for the common types I-VIII;

the cases are grouped into those below and those above 40 years, vwithout

regard to sex.
TAELE 6. ‘
Distribution of Pneumococcus Pneumonias (Types I-VIII)
- -into Age Groups above and below 40 years.
I 11 III IV v VI VII VIII | Totals
Under 49 | 116 11 13 2 8 20 14 233
40 | (70.0)| (58.6)| (22.5)| (65.0) | (25.0) | (88.9)| (71.8)| (é6.6)| (57-8)
Over 21 82 B 7 . 6 1 8 7 170
40 (30.0) | (42.4)| (77.5) | (35.0) | (75.0) | (11.1) (28.2)] (33.3)] (42.2)
- 70 198 49 20 8 9 8B 21 403
fotals (100.0) (100.0) {(100.0) {(200.0) {(100.0) {(100.0)}(100.0) | (100.0){ (100.0)

(The figures in brackets are percentages).
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The table shovs that for most types the diseese is commoner under
40 (the figutes for Types V and VI are too smell for relience). Type
ITI is, however, aﬁ exception. Here more then three-querters of the
cases are-over 40 years. Wﬁen it is remembered thet these.cases are
drawvn from the poorer section of the comnunlty and that acconpanylng
degenerative changes are comnoner with advﬂn01ng years, ve see one
of the reasons for the high fatality rate that is usuelly encountered
vith this type. '

Owing to the known effect of age upon the fatality rate in
pneumnonia, the age incidence encountered in Types I, II and III
inféctions in 19741-24 is compared with that of the present series in

Table 7.
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Study of the figures in Teble 7 suggests {:hat‘in the period
19%9-40 the cases studied belonged to en older age-grouring then
those in 19%1-%24.  This "shift" in the distribution is shovn in
the form of & histogram (Fig. 6, p.214) where 40 years of age is
used as & broad dividing line. Vhen statisticel tests are
epplied to the figures in the teble (groﬁped below and above 40
years) the following results are obteined,

(8) For difference in age—dis‘tribution of type I cases

X° = 1.74 : P approx. 0.2.
(b) For difference in age—distribution of type II cases
g2 - 5.3 : P approx. 0.02.

(¢) For difference 1ﬁ age-distriution of type ITI ceses

x2 = 15.9 : P less than 0.01. '

(d) For difference in sge-distribution of all cases

X2 = 22,41 : P less then C.0.

In the case of type I infections the difference is not
statisticelly significant. In both type II end fype IIT infections
there hes been & significant trend in 1939-40 tovards an older age-
grouping then that encountered in 1971-%4, Later in the thesis a

returm will be made to this point.
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III. The Incidence of Beacteri.zemia.

Teble 8 shows the number- of blood cultures performed in the
three main types &nd in "Grouip IV" and the resu.lts' obtained. The
bacteriaemia rate in the Type: I éases was 22.%5 per cent.;. in the
Type IL cases it was 33.7 perr cent.; and in ‘the Type III cases it -
was 28.6 per cent. The influmence of certain factors upon bacteriaemia

may be analysed.

TPAELE 8.

Record of the Ilncidence of Bacteriasemia
in Pneumococcuss Pneumonia Types I-XXXII.

Pneumococcus Type :
I II TII1 IV VvV VvI VII VIII IX-XXXII
]f .
Bumber | 49 1166 | 42 | 16| 6! 4| 25! 14 45
performed
Number 1|8 | 12 | o sl o 5 3 5 ¥
positive
- =~
Incidence|. '
ber cent. 22.5133.7| 8.6 15.4
3*

XIII One Case.
XIv Two Cases.

XXV Two Casese.



- 149 -

(2) The Effect of type of Pneumococcus.

Bacteriaemia is more frequently obser;red in Type II than in

Type I infections according to most American workers. For example,
Bullowa and Wilcox (1935) reported bacteriaemic rates of 27.4 anci
28.7 per cent. in__-468 Type I amd 194 Type II cases reSpectivély.
Agein, of 2,032 Type I ceses collected by Heffron (1939) 28 per cent.
showed bacteriaemia, whereas in 722 Type II cases the equivaient rate

was 4Z.7 per cent.  Cruickshank (19%3%), on'the other hand, reported
rates of %2.4 and 25.0 per cemt. in i.'nfections due to Types I and II1
pneumococci. It seems, bowewver, that the incidence of bacterisenia
in the different types may vary from‘year to yeai' (Bullowa and
Wilcox, 19%5). In the present; series, although the recorde& rate in
Type II cases is higher than thst in Type I case.s, the percentage
difference (11.2) is less tham twice its standard error (+ 6.98), so

that the difference is not sigmificant.

TABLE 9.
Incidence of Bacterisemia in Type I, II and III
Infections. '
Type I|Type II|Type III| Combined
Bacteriaemic 11 56 12 v
Non-bacteriaemic 3 110 20 18
Total s: 49 | 166 | 42 257

X2 =246 = n=2 : P = approx. 0.%0.
Further, a chi square test has been carried out on the figures shown in

Table 9. The result indicates that the distribution is one which might
well have arisen by chance. : ’
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The low incidence of bacteriaemia in "Group IV" infections is
no less interesting end worthy of comment. For the combined cases
'Vdue to Typés I-III the bacteriaemic rate was 3.9 per cent.; for the
"Group IV" infectionsl the equivalent rate was 15.4 per cent. The
| difference is %.46 times its standard error (% 4.48) so that it is

significent. | Clearly "Group IV"infections are less liable to glve rise

to invasion of the blqod stresam.

'(b) The Effect of Sex.

Table 10 shows the bacteriaemic rates in the two sexes for Types
I, IT and III infections.

TABLE 10.

Bacterisenic Rates per «ent. for Males and Females
in Types I, II, III Pmeumococcus Pneumonia.

Type I | Type II | Tyve III | Combined
Mele 22.6 26.'5 Z1.1 33
Female| 18.2 27.1 23.1 25

Difference of combined figures = 8.0 per cent.

Stendard error of difference =1 6.16.

Although with each type the rates are slightly higher in meles then in
females, when statistical tests .are applied it is found that the
observed differences are not sigmificant.

The complete figures for bacteriaemia in respect of sex and age-

group are shown in Table ll.
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TABLE 11.

Age and Sex Incidence of Bacteriaemia, Types I, II

snd III.
- Type I. Type I1 Type III
Age Group Bacter.| Non-Bact.| Bacter.| Non-Bact.| Bacter.| Non-Bact.
(Years)
" M. Fo Iﬂ. Fo M’ Fl Mo Fo Mo FQ M. Fo
11-20 _ 1 0 7 3 6 0 |19 9 0 011 2
21-20 2 1118 5 110 11151 10 20! 1} 1
21-40 |1 016 1 8 1113} 7 0 01 0
41-%0 4 0 2 0 10 5116 7 2 015 2
. . L '
51-60 |1 | 114} 0 61 3110} 2 4 | 2110 4
€1-70 0 0 2 0 1 31 2 0 1 111 1
71+ 0 01{o0 0 2 010 0 0 ol 1 0
9 |22 9 |43113]55]3 |} 9| 3|20 10
Totals -
49 166 , 42
Bacter. = Bacteriaernic.
Non-Bact. = Blood culture sterile.

il = dale cases : F = Female cases.

(¢) The Effect of Age.

Table 11 indicates that bacteriaemia is more frequent vith advancing
age. Heffron emphasiees this effiect in the following table teken from

his monogreph (Teble 12).
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TAELE 12.

Number of Cases, end Number end Percentage with Positive

Blood Cultures

Age Groups

es I, IT snd V.

10-49 Years of Age. A 50 Years of Age and over.
Nuzber of Cases with Positivel Number of Cases with/
Cases Cultured.|Calture. Cases Cultured.| Positive Culture
Number Per cent. Number Per cent.
Type I 441 109 24.7 91 D |32.0
Trpe 1% » | B a 15 |36.6

From Heffron (1939), p. 559.

The subdivision into the age groups above and below the age of %0 years

makes & somewhat uneven division end is, I think, made at rather too high

en age.

are shown in Table 13.

Type I, II and III Pneumococcus Pneumonis;

 TAELE 13,

Nunmber of Cases

blood cultured, number positive and negative, and combIned

results in the three types.

I have divided my cases at 40 years of age and the relevant figures

ey

Type ¥ Type 11 Type IIT _

Bact. ggg;. Total.{ Bact. g:lé;. To fal. Bact. g:ﬁ;. Total Zgg’ |
11-40 5 kY 35 26 73 99 2 6 8 {142

(14.3) | (?6-3) (25)
4 & 6 8 14 2 3?7 67 10 24 24 |115
over | (42.9) (44.8) (29.4)] - '

11 3B - 49 56 | 110 165 12 42 |2
(22.4) (32.7) (28.5) ? 77

(The figures in brackets are rates of bacteriaemia per cent.).
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In Type I cases the observed percentage difference is 28.6 with a
standard error of }14.63:. in the Type II cases the difference is
~18.5 with a sténdard error of I 7.52: &and in the Type III cases the
difference is 4.4 with a standard error of il?.l{i. A‘chi square test
" was carried out on the combined figures and the result indicates
that the uneven distribution is unlikely to have arisen by chance

(x2 = 8.3 P = less than *0l). The findings are therefore in
agreement with other observers, namely that the incidence of

bacteriaenia rises as age advances.

(d) The Effect of the Extent of Pulmonary Involvement.

One might expect the rate of bacteriaemia to increase as the
extent of pulmonary involvement increases. My ovn results in this
respect are shown in Table 14. For the sske of simplifying the

comparison, the figures for Types. I, II and III have been combined.

TABLE 14.

The Incidence of Bacteriaemia correlated with Extent of
' Pulmonary Involveament.

Bacteriaemic Non-Bacterisenic Combined
One lobe 46 124 10
Two lobes 22 43 . 65
Three lobes 11 8 19
Totals: ) 175 254

The table shows that one lobe only was involved in 67 per cent.; two
lobes in 25.5 per cent., and three lobes in 7.5 per cent. of the cases.
The rate per cent. of bacteriasemia in cases with one lobe involved was

27 per cent.; with two lobes 34 per cent., and with three lobes 8
per cent. The gradual ascent qf the rate with increasing extent of
consolidation 1s suggestive; a chi sqgiare test shows X% = 3,67 and
P = *05. 'This result indicates that the observed rise in the incidence

/
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incidence of bacteriaemia with increasing extent of consolidation
is significant. -

(e) The Effect of the duration of Illness on Admission.

Ali patients had their blood removed for culture on admission.
Repeated 'culture-s were not made. Table 15 shows the cases, in whom
& blood culture was made, arranged according to the duration in days
of illness prior to admission. | The subdivision has been made at the
fourth day (i.e. three days ill prior to gdmission) merely because this
represented with symptomatic treatment about the mid-stage of & case
of pneumonia. |

TABLE 15.

Results of Blood Culture in Cases less than and more than
2 days 111 prior to admission to Hospltal.

(Types I, IT and III).

Admitted before the Admitted after the

4th day of illness. 4th day of illness.
Bacteriaemic| Non-Bact. Bacteriaenic | Non-Bact.

Type 1 9 . 24 2 12

Type II EZ o 26 »

Type III 3 7 8 - 20

42 101 , 36 y: !

The bacterlaemic rate in patients admitted early is 29.4 per cent.;
in those admitted later in the disease the equivalent rate is 33.6 per

cent. The difference (4.2 per cent.) has a standard error of g 5.94

end is not therefore statistically significant.
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(f) A Study of the Incidence of Bacteriaemis in
.Type II Pneumococcus Pneumonia.

Before concluding this eelysis of bacteriaemis in pneumonias due
to Types I, II sand III pneumococci, it should be emphasized that there
may be danger in drawing éonclusions from the comblned figures for the
three types. | It has been pointed out already (p. 145) that in respect
of age alone there is a significant difference in the distribution between
Types I and II and Type iII. This section may be concluded, ‘therefore,
by a simple statement of the incidence of bacterlaemia in Type II
pnetundcocg:u‘s pneumonia, and the effect of various factors upon it: the
figures for this type elone &are large enough '_t.o permit of reasonabl'e
conclusions. Table 16 gives the relevent deteils and 1hcludes the ratio
of the standard error of differemce to the observed difference.

This anglysis of what must be regerded es & moderately large series

of cases suggests that the mein influence affecting the occurrence of
bacterisemia is that of age. This would further suggest'that the
differences (insignificant statisticeally) in respect of the other factors
investigated might also result from differences in age distribution.

Such a possibiiity may be examined further.

Table 17 éives for 164 cases (which formed the basis of the
enalysis discussed in the last paragraph and for which the relevant
details were known) a correlation table for age group &nd the extent
of consolidation: Table 18 shows the correlation between age z;nd the

- duration, in days, of illness prior to admission.
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®

TABLE 16.

Exsmination of the Bacteriaemic Rates (per cent) in
~Type II Pneumococcus Pneumonia in respect of certain
factors thought to influence it.:

Bacter- ' $
— | Non-—
pecter o tote | sei [cvmdand | SED.
_ . Rate %. TOT. Diffced
For the complete series 56 110 | 166 | 33.7 |X 3.67 -
For Male Cases 43 75 | 118 36.5 :
_ 8.2 1.14
For Femsle Cases 13 35| 48 27.1
For Cases 11-40 years 26 731 99 ‘ 26.3 + _
. - 5 2 7.5 2.45
or Cases years &nd Co .
over. X 37 67 44.8
For Cases i1l 3 days or +
less on admission. 0 70 | 100 2.0
‘ - tra 1.3
For Cases ill 4 days and
longer on admission. 26 E) 65 | 40.0
For Cases in which only *%
one lobe was involved. 23 811114 | 29.0 N
, - 8.16 1.86
For Cases in which more , :
then one lobe was
involved. 23 - 45.1
t = one case undefined.
= one case undefined.
S.E. D, = ratio Standard Error of Difference

Diffce.

Difference.
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TABLE 17.

Age and the Extent of Consolidation.

Age Groups in Years

%gfigition -0 |- |- |-50 |-60 | -0 |70+ | Totals
one Lobe only{ 8 | 27| 2o | 18 | 14 4 {1 113
Two lobes 5 8 4 | 16 4 1 |1 k)
 Three lobes 1 1 3 3 3] 1 |o 12
Totals: 4| 36| 8| 3| a 6 |2 164
TABLE 18.

Age end the Duration, in Dﬂs, 111 lmor |

to_Admi ssion.

Tze Days 111 prior to Ad@iSsion _
?;‘zlalf.s) 0 1 H 2 3 . 5 ov5er Totals
11-20 0 5 7 9 |5 5 3 *
21-30 o |7 9|9} 6] 3 2 36
31-40 2 4 5 |10 1 1 5 B
41-%0 0 9 5 4 7 6 6 37
51-60 1 2 3 6 3| 4 2 2
61-70 0 0 2 0 2 0 2 3

7+ 0 o | o 0 1.1 0 2

Totals: 3 127 |2 |38 |25 |2 20 164
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TABLE 19.

An Exsmination of 164 Cases of Type II Pneumococcus
Pneumoni a.

The Sex, Duration,in days,of illness prior to
admission, and the extent of comnsolidation in
patients under and over 40 years of age.

Sector Sector Sector
A g B c
‘1043 days 4 or One [More
age Male | Female | BB 47 o |7oTe AL Lobe |than | A1
N e EE T g LR s O
prior invol-
to ved.
admi ss,
Under A B 99 || 67 31 98 76 37 113
40 yrs. { (0) (29) (59) ‘ (39) (63) {(45)
41 yrs. | 47 20 67 32 4 | 66 22 |2 51
& over. | (48) | (19) | (40) (26) (%) (&)
a1 ,
Ages 118 48 166 99 65 164 93 66 |164

(The figures in brackets represent the "expected" number which would
have been noted had the cases in each sector been distributed by
chance) .
The figures contained in the two correlation tables are summarised
in Table 19 which in addition shows the sex distribution. Chi square
tests have been applied to the three sets of figures in Table 19. The

results of the tests and the conclusions to be dramn are as follows:-
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Sector A;

XQ =0.13: n =1l: P = approx. 0.90.
The distribution of age groups in the two sexes is essentislly similar.
Sector B.

X°=6.71: n=1: P =1less than 0.0l.
The distrihztion of age groups in respect of the duration in days of
1llness prior to aduission is dissimilar. There is ‘& significsnt trend

towards the admission, rather later in the disease, of the older

age group.

Sector C.

¥ =793 n=1: P =less than 0.0l.
The distribution of age groups in respect of the extent of consolidation
is dissimilar. There is a significant trend towards a more extensive

pulmonary involvement in the older age group.

To attempt to reduce to a single one the factors which may affect
the incidence of bacteriaemia would be absurd. The figures which have
just been given do tend perhaps to emphasise the factor common to each
enalysis of age. That is not my purpose. It is more my desire to

show that, although age is of great importance, there is a close inter-

relationship between all three factors.

It is clear that, over the age of 40 years, cases of Type II
pneumococcus pneumonia tend to be admitted later in the disease, to
show a more exténsive consolidation, eand to run a greater risk of the
occurrence of bacteriasemia. The analysis possibly supplies the reason

for the greater mortality characteristic of the older ége groups. It

might, however, further be used to infer that resistance to /



- 160 -

to pneumococcal infections is lowered in the 6lder age group. That
the cases are, on the average, admitted later, might suggest that the
onset is not so characteristic in the older subject. Conditions
primarily diagnosed as bronchitis and pulmonary catarrh may later
‘develop into true consolidations. When added to the greater amount
of lung tissue involved and the lessened ability to localise the
infection to the lungs, these all favour the view that as age advances
man loses his capacity to resist pneumococcal infection.

(g) Bacterisemia in Infections due to Types IV-XXXII.

The analysis of the bacteriaemic cases may be concluded by briefly
referring to the more important features of the "Group IV" infections

in which blood invaslon occurred (Table 20).

TABLE 20.
The Incidence of Bacteriaenia in "Group IV Pneumococcus
Infections.
Type Number of Blood Number of Poslitive
Cultures examined. Blood Cultures.
v 16 0
v 6 4
VI 4 0
VII 25 5
VIII 14 3
IX-XXXTI 45 5
(XIII - 1)
(xIVv - 2)
(XXV - 2
Totals: 110 17
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Table 20 shows that only seventeen (15.4 per cent.) of 110
patients showed bacterisemia. The individual numbers are too small
for effective comparison: but the rather higher incidence of bacteriasemia
in Types V and VII pneumococcus pneumonia confirms a clinicel impression
that these types tend to produce more typical consolidations, the
illness bearing a strong resemblance to pn_eumonias due to Types I and
II pneumococci. From the lower incidence of bacteriaemia in infections
due to these higher types (to which reference has already been made) it
might be argued elther that these organisns have a diminished invasiveness
or that man has a greater natural resistance to them. Neither of these
suppositions will be discussed at present. A third possibility, however,
must be met — that the absence of bacteriaemia might suggest that the
pneumococci of these types found in the sputum were frequently not the
actual etlological agent. The only method of examining such a
possibility is to find out if, in sny case from which a "Group IV"
pneumococcus was isolated from the sputum, pneumococci were at some
time obtalned from any other source; end if so, the extent of agreement
which existed between the two examinations. It can be stated that in
each case in which a pneumococcus was isolated from a second source, there
was agreement in type with that isolated from the originel sputum. This
is at least suggestive evidence that the sputum type may be accepted
as tlhe etiological agent.

In regard to this question it is interesting to record the results
of the examination of specimens of sputum from a series of 55 patlents
who were admitted, erroneously diagnosed as pneumonia, and in whofn the

diagnosis was not confirmed clinicelly or radiologicelly. They /
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They comprised in the meain, persons with plenral effusions or
congestive cardiac failure. The micro-organisms isolated from

the sputum were as follows:-

Pnemmococcus: Type IIT  +es’ oes  +eo 14 (25.5 per cent.)

n VIII [ N ] LU I L X Y 9 (1604 " ’" )
" XvI [N ) o..‘ L N ) 5 ( 9'1 " " )
" VI XX see es e 4 ( 7-2 n n )
‘." XI seo s LR ceee 3( 5.4 n " )
" OXIIT see ass ese Z2(54 " " )
Types IX, X, XXVII, XXXT .. 2 ( 36 ® n )

1 o.f each

" II, XVII, XVIII, XX

XXIII, XXXII o« <. 1(18 » r )

of each
StreptoCOCCUS DYOLENES:  see  see  ses 2(3%6 n n )
Staphylococcuss. cee  see ses 1(1.8 noom )

It will be observed that a Type III or a Type VIII pnewmococcus was
isolated from 42 per cent; of the cases. I have already pointed out
that Type III pneumococcus pneumoniag tend to occur in older persons.
I have also shown a higher incidence of bacteriaemia to be

associated with advancing years. The finding of & high percentage
of Type III pneumococci in sputum from non-pneumonic sources suggests
that infection, with this type at least, may be associeted with a
lowered resistance on the part of the patient which enables his own
pneumococcus to assume pathogenicity. The otlier interesting feature
of the figures is that only one Type II organism and no Types I, V or
VII were isolated. I have already stated that Types V and VII have in

ny experiencé usually been responsible for typical consolidations with

/
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witiz a typical onset and course. The infrequency of Types I, II, V
and VII in the sputa examined suggests that they are responsible for
an exogenous pulmonary infection. Types IX-XXXII are found in 41.
per cent. of non-pneumonic sputa, but in only 13,2 per cent. of
pneumonic specimens. It seems to me reasonable to Suggest that
before accepting these organisms as the etiologicel agent we should
satisfy ourselves (i) that the diagnosis of consolidation of the lung
is correct, (ii) that the sputum contains only this higher type by
passing the specimen through a mouse and demonstrating its virulence,
and (iii) by repeating the examination of the sputum on a succeeding
day, testing the organism again through the complete range of types.
It would seem further that a more extended examination of the
bacterlological flora of pneumonic sputa might yield fruitful results

in some of these cases.

IV. The Presence of Associated Diseases and Degenerations.

Teble 21 shows the figures relating to the numbers of cases in
Types I, II, III end Group IV infections in which other diseases or
degenerative conditions were noted.

TAELE 21,

Incidence of Assoclated Diseases and Degmeraﬁons in-
464 Cases of Pneumonia. i

Site Type I | Type II | Type III | Group IV
Pulmonary System 6 15 13 14
Cardiovascular System 4 16 3 8
Central Nervous System 1 2 0 0
Urinary Systen 1 1l 0 0
Melignasnt Disease 0 1 0 0
Various 0 1 1 0
Chronic Alcoholie History 0 3 1 1
Pregnancy 2 4 0 2
Totals: 14 43 18 25

~ (20) (21.8) |__(36.5) (17)

(The figuresin brackets are percentages)
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The only feature worthy of special note is the rather higher incidence
of associated conditions in Type III pneumococcus pneumonia., This is in
keeping with the observation ealready made that this type infection more
frequéntly occurs in older persons. The figures against "Chronic

M coholic History" must be regarded as indicating those patients who
showed delirium tremens. A very large proportion of the patients
imbibed alcoholic beverages regulsarly, although it was usually difficult

to gain sny accurate statement regarding the amount consumed.

The above record supports a belief that the sample of pneumococcus
pneumonias which was admitted during the period under review represented
a satisfactory selection for theraspeutic triel. It contained a high
proportion of pneumonias due to Type II pneumococcus, which has been
known in the past to carry a high fatality rate. The age incidence was
satisfactory in containing a good proportion of cases over 40 years of
age in whom the disease 1s usually more severe. The high incidence of
bacteriaemlie, end the presence of an accompanying associated disease
in more then 20 per cent. of the cases lends additional weight to the
belief that the new drug wes tested against ceses of pneumonia which
showed many of the features usuélly assoclated with a severe form of

the disease.
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The cases due to mixed pneumococcus types,
streptococcus, stephylococcus, and Friedlander's
bacillus.
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The following brief description of the remaining cases in the series
is included &s en addendum, since less significence 1s atteched to the
results of treatment; it is felt that they form an interesting group

from a clinical end bacteriologicel point of view.

1. Mixed and Untypable Pneumococcus Infectlons.

Table 22 gives in summery the main clinicel details of 14 cases from
the sputum of which more than one type of pneumococcus, or & pneumococcus

and streptococcus, or en untypable pneumococcus, was isolated.

TABLE 22.

Clinical Details of Cases from which more than a
Single Type of Pneumococcus was icsolated.

No. Age Sex. Dg:riﬁ (!:'om ifdaﬁ ) Result of Exeminetion of _

(Years) I.;dmission. agrc;S(E)‘.xtent.o Sputum Blood Other
1 18 3 8 Atypical: R3 II 1 0
2 17 M Lobar: 33 VIII: XXX Neg. 0
3 72 r 2 Lobar: L, {VIII:B.H.S,] N.D. o
4 27 ) 2 Lobar: R2 B3 IVITY: XX Neg. 0
5 56 M 9 Atypical: L, | X:XVII N.D. 0
6 45 M 7 Atypicel: Lo | XVII:XXII Neg. 0
7 33 M 2 Lobar: L, R.,’ ITI: XX Neg. 0
8 43 M 1 Lober: R R, | XV:XXITI Neg. 0
9 54 M 6 Lobar: By (I:VI N.D. 0
10 57 M 7 Lobar: L, |XXIII:XXV N.D, 0
11 66 r 5 Lobar: L] {VII:XX Neg. 0
12 40 M 5 Atypicel: Lo |VII:X Neg. 0
13 64 3 3 Atypical:R Ry} XX:N.H. 8, Neg. . 0
14 16 M 3 Lobar: Rz |Untypable Neg. o

M = Male: = FPemale: Lj = Left upper lobe: L, = Left lower lobe, etc.

B.H.S. = Strept. pyogenes: N.H.S. = Strept. viridsns:

+ = Positive tlood culture: Neg. = Negative blood culture:
N.D. = Blood culture not made: 0O = No specimen available:
Atyplicel means that the consolidation did not conform to the
classical lobar distriution.
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The correct emphasis to be placed on this group of cases is
hard to define.

Case 1 was undoubtedly a double infection. (When the Type I
pneumococcus was isolated from the blood culture on the morning after
admission, it was at first concluded that en error had been made with
the earlier sputum exemination. Throughout the subsequent four days,
however, three sputa were exsmined against both Types I and II, but
only in Type II was cspsule swelling observed). From the fact that
Types I and VII pneumoccccl were ususally associated with cases showing
good lobar consolidations, end, as has already been noted, were never
encountered in non-pneumonic sputa, I am inclined to think that in

Case 9 the Type I, and in Cases 11 and 12 the Type VII pneumococci

were the actuel cesusative agents. The sbsence, however, of any
confirmatory evidence in the shape of bacterisemia or purulent
complication for eny of the cases, mekes me unwilling to be dogmatic.
I wish to emphasise, however, that ell of these sputa were carried
through mice and that in nearly &1l of them the exemination was
repeated with similar results. The cases were undoubtedly cases of
pneumonia, meny admitted iﬁ the early stages of the disease when good
specimens of sputum could be ohteined. There is no reason to doubt
the possibility of the occurrence of double or even multiple

pneumococcel infections.
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2. Streptococcus.

(2) In Table23 are listed the importent clinicel details regarding

the nine cases from which B-haemolytic streptococcus (S. pyogenes) was

i solated.
TABLE 25_._

Clinicel Deteils of Ceses from which S. pyogenes was isolated.

No. (IAgf-s) Sex. Dgs ilti Consolidetion | Results of Examination of |
e prior end Extent. Sputum Blood | Exudate
dpission.
1 50 r 5 Lobars L2 + Neg. 0
B F * 9 Atypicel ? N.D. N.D. {+Empyema.
+HNeck
abscess.
25 M 5 Lobar: B3 + N.D. {HEnpyena.
62 r 6 Atypicel: L, + N.D. [+Empyena.
5 21 r 7 Lobars: R3 + N.D. 0]
(also from
lung
puncture)
6 2 r 7 Lobar: L, + N.D. {+Empyena.
7 20 M 1l Lobar: B3 + + 0
8 16 F 4 Lobar: L2R2R3 - - +Empyene.
9 LY M 2 Lobar: L, + + 0

Legend as for Table 22.

#* The absence of details is due to loes of record. The case was
actually admitted in the acute stage of her pneumonia.
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more precise regarding the pathogenic nature of the organisms isolated.

It wlll be noted from Teble 2% that in no less than eight of the nine

cases the streptococcus was 1solated from enother source as well as from

the sputum.

exceedingly interesting one.

Clinical Details of Cases from which a Non-

TAELE 2¢.

B-hsemolytic Streptococcus (S. viridens)

was isolated. =

In fact, the high incidence of empyema makes the group an

No. | Age. | Sex. | D&Y 11 Results of exeminations of ]

prior to 1 Comsolldetion | T Hood | Exudate |
Admi ssion. | and Extent. P

1 47 + N 6 Atypicel: L, + - 0

2 57 M 3 Atypicel: L 5 N.D. + 0

3 23 F 5 Lobar: R3 + - 0

4 48 | M 3 Lobar: H3 + N.D. 0

51 6 | M 0 Lobars: L, + N.D. 0

6 16 M 2 Lobar:LeP—leRZ + + 0

7 8 M 5 Lobar: L2 N.D. - +Empyene.

8 5 | M 3 Atypical: R3 + - 0

* These orgenisms were shown not to be bile-soluble.

Legend &s for Table 22.

(b) In Table 24 are listed the eight cases from whom a non-B-haemolytic,

green-producing, non-bile-soluble streptococcus (S. viridans type) wes

isolated.

In three of the cases we are entitled to be definite regarding

the etiological significance of the orgsnism, for in two it was isolated .

from the blood streem and in one from the pus from an empyena.
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3. B, friedlinderi

This orgenism was isolated from only two cases, snd the relevent

detseils are shown in Table 25.

TABLE 25.

Clinicel Details of Cases from which B. friedlénderti
was isolated.

Days 111

No. | Age. | Sex. prior to Consolidation Results of examinations oil

Admi ssion.| 2nd Extent. Sputum Blood | Exudate

1121 {u 4 Atypical: By ,| + N.D. 0
b4

2 35 r 1 Lobar: L 2 + N.D., | +Empyewns]

Legend as for Table 22.

4., Staphylococcus.

A stephylococcus was isolated from four cases. The staphylococcus
was in each case shown to be haemolytic: in addition, a test for the
production of coagulase was performed, the result of which was positive.
The relevent deteils are shown in Table 26.

TABLE 26.

Clinicel Deteils of Cases from which a Staphylococcus
was isolated.

No. | Age. | Sex. ggsriﬁ Consolidation { Results of examimstions of
Admission. | end Extent. Spu tum Blood | Exudate
1 kY F 2 % R3 N.D. N.D. |+Empyena.
2 % | T é Atypical: Ry + N.D. {+Empyems.
2 44 M 2 ?*: R@B N.D. Neg. |"Empyema.
4 48 r 8 Lobar: L233 + N.D. 0

Legend as for Table 22.
% Empyema present on admission.
In three of the cases the stephylococcus is definitely incriminated
as the etiological agent in view of the fact that the organism was
isclated from empyema fluid.
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These ceses are particularly worthy of record for the following
reason. So much attention is paid to the commoner pneumococcus cases,
that on few occasions sre the less common etiologicel agents enumerated.
It is interesting to be sble to confirm the fact that the "other orgeniems®
are, in fact, less common csusative factors, accounting for less than
five per cent. of the totel.

Now there is little doubt of the ubiquity of at least two of these
less common lung pathogens; namely, the B-haemolytic streptococcus and
the staphylococcus. Is it not surprising that these organisms are
respongible for so few cases of pneumonia? It elmost suggests that
the lung is relatively resistent to invasion by these micro-organisms.
The high proportion of cases of empyema in the haenolytic streptococcus
cases is ample evidence of the invasive character of the pathogen, once
entrance has been established.

Al though, therefore, of little importance in the epidemiology of
pneamonia, the picture of the disease 18 rendersd more complete by the

inclusion of this small group.
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Results of Treatment.
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Genera:l._._

Thefe were 71 deaths emong the %01 patients who form the seﬁes.
This represents a crudev fatslity rate of 14.2 per cent. The preliminary

details are shown in Table 27.

TABLE 27.
Pneumococcus es Strep.
r Steph- {B.
IX- |Mixed}] S.pyog-|S. vir- .
I} ITITITIIVIVVI{VII|VIII lococHfried-
xxxl L] d * y O
I|Types| ©1€? idans cus. Heander.
Total ' -
Cases. (0198 | 49!20(8] 9| B8} 21 | 6L 14 9 8 4 2
Total _
Deaths. | 2} 27{15]| 4]1{1] 4} 1| 9 2 2 1 2 0
Deaths
within
24 hrs.
ofad—1104200203 0] 0 0 1 0
mi ss~
ion. _' l

It must be emphasised at the outset that, elthough the above figﬁres permit
‘of the statement of crude fa_tality retes, 1t 1s obviously necessary to carry
out a fuller analysis. It is cleer vtha’c in some types the number of cases is
too smell to permit subdivision. In only Mes I, II &and III infections are
the cases numerous enough. It is, therefore, ny intention to dwell
particularly on the results obtained in these three infections: it is felt
that certain general deductions can be drawn from‘ them which may be applied
to the whole seriés. Further, as these infections i'epresent a large

proportion of the cases of endemic pneumonia, there will be some advantage /

i
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 advantage in elaborating their anselysis.
The subsequent =nalysis, therefore, will be made under the follcwing
headings:-

A. The results of sulphapyridine treatment of Types I, II and
II1 pneumococcus pneumonia.

1. In respect of outcone.

2. In respect of the duration in days of primery pyrexie.
'3, In respect of the occurrence of complications.

B. A comparison of the results obtained in 1979-40 with those
of 19%1-374.

’ C. Type II pneumococcus pneumonia: the effect of combined
chemotherapy and serotherapy.

D. A more general analysis of the results of sulphapyridine
therapy of pneumonia due to micro-organisms other than
Type I, II or III pneumococci.
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A. Results of the Treatment with Sulphepyridine of Type I, II
and IIT Pneumococcus Pneumonia.

(1) In respect of Outcome.

TABLE 28.

‘Fatelity Rates per cent. of Type I, II and III
Pneumococcus Pneumonia treated with Sulphapyridine.

Cases not ’ {Deaths: eX— +
{Totel | rpeceiving Total cluding those |Crude Corrected
Typed | Sulphepyridine| Deaths occurring Fatelity | Fatality
Cases | excluded. Observed.|within 24 hrs.{Rate. %. | Rate.%.
' ' of admission.
TJI’PB 0 64 1 o2 1 3.1 1.6
T3I’II’° 165 | 160 % 20 10 12.5 6.7
Tﬁf 49 @8 15 1 3.1 25.0

$
* The cases ercluded were considered to be cured on admission; one

case (Type II) which died within en hour of admission, before
receiving any drug, is elso omitted.

* That is, excluding deaths occurring within 24 hburs of edmission.

The figures in Table 28 show that the lowest rete of mortality wes
encountered in Type I pneumococcus infections: the highest in Type III.

This renges the fatality rates of the three importent types in the same

order as existed prior to the introduction of sulphapyridine. Even
when deaths occurring within 24 hours of admission are excluded, the
order remains the seame.

Before proceeding further, it may be stated that in the remainder of
this analysis in respect of outcome, no exclusions of deaths ‘w11l be /
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be made. There may be precedent for the exclusion of such deaths
as occurred within 24 .hc'>urs of admission, po_ssibly after receliving
only two or three doses of the.drug; but such treatment of the
statistics may have a very real danger. Pneumonia has been, end
still is, & severe disease: no attempt should be made to under-estimate
1ts mortelity. Patlents who died within 24 hours of adni ssion may not
have received adequate therapy in hoépital: they did, however, die
from pneumonié. Their exclusion mey tend to lower a hospiteal or &
"series® fatality rate but such deaths will still be recorded in the
vitel statist;cs of the city or country as pneumonia deaths. It
should not be the purpose of the investigator to record his figures so
as to show the best result: in the testing of new methods of treatment
it is perhaps en advantage if the scales are welghed slightly against
the new method. It has been my experlence tht;lt in any therapeutic
experiment the greater attention to detail of the clinicel investigator —
the fact that the cases recelve, on the whole, more accurate and
thorough clinical investigation - tends of itself to have a beneficiel
effect upon the outcome. The inclusion of "twenty-four hour deaths"
18 a wise precaution ageinst meking the fatality rates appear to have
susteined a greater reduction than the general mortslity of the City.
The appncauon of a chl square test to the figures in Table 28
suggests that there is a significant difference in the three type-

fatelity rates (X2 = 18.82 : P is less than +0l). In other words, even
when chemotherapy is used, the distribution of deaths among the three

‘typ'es differs significently from a random one.  Such & difference may be
further investigated by enalysing the results in bacterisemic and

non-bacteriaenic cases.
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TAELE 29,

The outcome in respect of the occurrence of bacteriaenis,
aend the type of pneumococcus.

Total Total Total Total Tot&l
Type Blood Cases | Deaths |{ Cases Deaths
Cultures |Bacter-| Bacter- | non-bacter- | non-bacter-
performed{ieemic. | jaemic. | 1zemic. iaemic.
I | % 11 0 9 2
II | 132 36 8 96 - 5
ITI 42 12 8 D 6
Totals| 224 59 16 165 13

The combined figures for Type I, II and III infections are shown
in Table 29. In bacterisemic infections the fatality rate was 27.1
per cent.: in non~bacteriaemic infections it was 7.9 per cent. So far |
as individuel types are concerned, Type I seems to be an exception
in that both deaths occurred in non-bacteriaemic cases. 1In Types II
end III, however, the fatality rates in bacteriasemic cases are much
higher than in non-bacteriaemic cases. It has already been noted
that the rates of bacterisemic ‘in the three types are not greatly different.
The difference in the type fatality rates cammot be explained by a |
difference in the freguency of blood invasion in the three types.
The clinical detalls of the patients who died are shown in Table 20.
Study of the .deaths in Type II and III infections shows that the
outcome was the resul\t of a severe infection, often complicated by some
pre-existing Adisease or degeneration, or by some extension of the

pneumococcel infection. Type I is agein the exception: here one patient
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patient dled from the unusual occurrence of a primary laryngesal

diphtheria which necessitated tracheotomy. At the time of death

(as was shown at au‘topsy) the pneumonia was entirely cured. The

other death occurred before the patienf had been 24 hours in hospiteal.
The most striking feature in Table 30 is undoubtedly the age

of the patients who died: of thirty-seven deaths, no less then

thirty-one were over the age of 40 years. The results are

summari sed 3_1’1 Table 31 which shows, for the three types combined;

e fatslity rate over 40 years ﬁrhicﬂ is about six times that of the

rate under 40 years.
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TAELE 20,
Clinicsl Details of Deaths from Type I, II and III Pneumococcus Pneumonia.
Duration .
in Result | Assoc- Days |
Typg No.| Age|Sex prior to of fc;nzl— iated in Remarks.
: admi ssion| Blood #LLon| Con- HD?{‘
(days) |Culture ditions. |ital.|
I ‘ : .
‘ 1| 26| 7 1 Neg. R Pregnancy| 10 Developed laryngeal
3 diph.: tracheotomy.
* Pneumonia cured
at post mortem.
2 62| M 5 Neg. L2 Chronic | 1 Acute pulmonary
. myo card- oedema.
: itis:
har.
____| fibrilln, o
II
1] 42| M 10 N.D. L2R3 0 1 Meningitis on adnm.
2| 42| F 10 + L, 0 1 | Acute Pulmonary
‘ oedema.
3 43| F 9 N.D. R2B3 0 1 Acute Pulmonary
_ oedema.
4 M N.D. L R Ch ] -
) 8 ooz |Chre myo-| 1 | Acute Pulmonary
Mar. oedema&.
fibrilln.
"5 1 H M 7 + Ino Syphilis 9 Pulmonary Abscess.
7 | 44| M 6 Con- - 0 1 -
_ N N T
: 8 | 661 F 6 N.D. LR_ Chr.myo- 1 -
g 223 carditis: :
Mar. ,
fibrilln.
9|49 |F 5 + 33 0 1 Meningitis on adm.
|10 | 26 [ M 2 - R Epilepsy 8 Sterile effusion:
_ : 3 Acute dilatation
of heart.
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Daration
111 | Result sssoc- | Davs |
'e No. |Ace IS pI‘iOI‘ to of Consol-| . ay
Typ &e |°ex Admi ssion| Blood idation. éj;fd Hin Remarks.
(deys) | Culture. a1 tlons. | 1tels
II
contd :
11,4\ r 2 N.D. R3 0 22 Syn-pneumonic
empyema.
12} 66| r 2 + | L, 0 9 | Pulmonery Embolus.
131 49 | M 2 - ? 0 1 Meningitis on adm.
14| 57| M 3 - R3 0 10 |.Pulmonary Embolus.
15| 26| i 3 + Rz Epilepsy| 13 | "Status Epilep-
’ ticus"
16| 50 | M 4 + 3123 0 2 Acute Pulmonary
oedena, :
17| 62| F 4 + R23‘ Chronic 8 _
myocard.
Aur.
fibrillnd
18| 75| M 4 + L1 » Chronic | 1 Acute Pulmonary
myocard. oedema.
Aur.
fibrilln,
191 37| p) - R3 Mcohol-| 4 Delirium Tremens.
igm.
20| 59 |M 1l - L2 0 10 Spread of
Consolidation.
I1I .
1(22|HM 5 + L, 0 9 | Syn-pneumonic
|empy emé.
2| 44| M 4 + L, 0 3 -
3| 48| M 4 - L, Chronic | 11 -
Asthma.
4| 52| F 3 - R, 3 High 5 Enpyema Syn-
Blood pneunonics
Pressure Cerebral haem.
5| 531 M 8 - 323 0 8 Absence of

J Resolution.
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TABLE 30 (contd.)

4 Duration
in Result
Trpe|No. | Age {Sex [prior to of Consol- f::og— D;gs Remarks
Admi ssion| Hlood | idation. Cor: gl . Renm .
(days) |Culture. ditions. |itsl.
II .,
coxtd -
6| 54| M 3 + Chronic 1 —
Bl 23 Asthna
715|4 .4 + R, 3 ] 13 | Empyena: Pulmonary
Enbolus.
M - + ) -—
8 | 55 5 1-12513 0 1
9| 55| XM 3 + 33 0 4 | Acute Pulmonary
oedena.
10 | 591 7 - R Alcohol- | 4 -
3 ism.
¥ ? - —
11 | & . L1R2 3 0 1
12 .4 + L —
é1 5 2R3 0 3
13 | 63| M 14 - L, 0 5 Fmpyena present on
admnission.
14 | 64| M 3 N.D. R, Chronic 9 Spread of pneumonia
3 myocard-
jtiss
15 | 65| M 2 + -
5165 R, 3 0 1
Notes: g
- N.D. = Blood culture not done. + = Bacteriaemia present
- = Blood culture sterile.
Ly 2 =  Site and extent of consolidation
Rl 23 1 lob
_ = upper lobe
L =Left % - piddle lobe
R = Right 3 = lower lobe.
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TABLE 21,

Distribution of Cases and Deaths in two main Age Groups:
- Types I, II and III Infections.

-

*

11-40 Years 41 Years and over.

: Fatality Fatality
Type |Total | Total |Rates. Total | Total Rates
Cases | Deaths. %. Cases | Deaths %
I 44 1 2.1 20 1 5e
II |96 4 4.2 6 16 25,
III 11 | 1 9.1 27 14 37.8
Totals| 151 6 2.9 - | 12 g} 25,7

The inter-relation of age and bacteriaemia masy be studied by combining

the figures for Type II and IIL.as shown in Table 32.

TABLE 32.
Combined Results and Fatality Rates — Type II and III
Pneumococcus Pneumonia: Effect of Age and Bacterlaemia.

A Total Total Total Total non- Total non-
a ge Cases Bacter-| Bacter- bacteriaemic bacteriaenic
Irguﬂ' Blood igenic | ieenic Cases. Deaths.
earsS. | Ccultured. | Cases. | Deaths. | .
- 90 20 3 7 2
' (15.0) (2.9)
40 + 84 8 13 56 9
(46.5) _ (16.1)

(The figures in brackets are fatality rates per cent.).



- 182 -

The steady advance in the'fatality rate from 2,9 per cent. in those
under 40 whose blood is sterile,to a level of 46.5 per cent. in those over
40 who show becterisemia, is striking. I have already shown (p. 155)
that bacteriaemia is significantly correlated with age. The present results
emphasise the importence of these two factors in the prognosis of pneumonia,
even when sulphonanides are used in treatment. This point may be
stressed by referencé to the deaths from Type III pneumococcus pneumonia,
which (as I have already shown) is isolated more frequently from those in
~ the older agelgroups: of ten cases over 40 years who showed bacteriaenia,
no less than seven died.

Table %3 shows for the three types the duration, in days, of illness
prior to admission, for all cases admitted and for those who died. |

. TARLE 33,
Duration, in days, of Illness prior to Admission — All Cases

admitted and Deaths:
Types I, IT and I1I Pneumococcus Pneumonia,

Type Duration in Days . Totals
0 1 2 3 4 1.5 6 |7 |3 9 {over
9
Total
Cases 14{12 |15 |10 6 5 6 2 {1 0 1 6L (a)
I
Deaths {0 | 1 0 0f{ 0|1 0o |0 [0 O} O 2
Total '
Cases 3122 {37 {Bf27 |15 9 9 2 | 3 4 | 159 (b)
II -
Deaths {0 1 | 4| 2| 3| 2 |3 |1 |1 |1 21 2
Total
III Cases | O 4 3 é 7 18 5 13 |3 2| 3| 44 (¢)
Deaths {0 | O 0 4| 3 (3 |0 {1 |1 ]o0]) 1] 13(d)

Note: (a): 3 cases, duration not ascertained.
b): 1 case, " " -
¢): 4 cases, " " "
d): 2 deaths, " " "
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These figures are combined in the form of & cumulative frequency -

distribution: in other words, the cases and deaths for each successive

day are added to the total for the preceding day or days.

Thuse
Duretion in days Cases. Deéihs. Fatality Rate
(cumulative) — _— per cent.

0 4 0 0

0-1 42 2 4.8

0-2 - 97 , 6 6.2

0-3 142 12 8.5

0-4 182 18 9.9

0-5 | 210 24 11.4

0-6 2% 27 11.8

0-7 245 29 11.8

0-8 251 | 12.4

- 0-9 256 32 12,5

A1 days 264 35 13.3

"I amn aware that such figures must be accepted with reserve. The
apparently greater severity of casés admitted late in the disease may be
due to & process of selection. There may be a tendency for certain
doctors to treat a case of pneumonia at home for a day or two before it
is sent to hospitél. Some of these cases may, in that time, recover:
others, while not entirely recovered, may remain sufficiently mild to be
treatéd successfully at home: it is only the severe case which does not
improve and. which becomés, perhaps, impossible to manage uhder home
conditions, that is Bgnt to hOSpital.‘ Other practitioners, however, feel
that cases of pneumonia should only be sent to the hospital iﬂ’the early
stages of the disease: they, therefore, tend to seek the admission of
2ll their cases as soon as the diagnosis is made. Such cases will, thus,
include a proportion which, had they remained at home, would have made

’

a rspid recovery.

It /
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It is impossible to discover how much welght should be attached
to such reasoning. It should, perhaps, be remembered that the policy
of admitting cases of pneunonia to the fever hospitels has now been
in operation in Glasgow for many years and that it is a policy heartily’»
endorsed by the general practitioners. The great bulk of my cases come
from that class of the community whose housing conditions often meke
1t.impos$ible to consider the treatment of pneumonia at home. The
tendency is for practitionérs to send in all such cases &as soon as
possgible. They do, in fact, send in & large proportion of “presumptive"
cases in which the diagnosis is incorrect. (In 1940 the primary
diagnosis was not confirmed in 46.5 per cent. of the pneumonia admissions).
These considerations make me feel that most of the cases are, in fact,
admi tted on' the strength of the diaénésis made at the doctor's first
visit, and that, therefore, the fatality rates do r'eﬂeet an increasing
mortality as specific treatment is delayed. |

It will be observed that for cases admitted before the fourth day
of illness, the fatality rate is 8.5 per cent.; for éaSes admitted
thereafter the equivalent rate is 18.9 per cent. The difference of

10.4 per cent. has a standard error of :4.2 which makes it significant.
That too great emphasis must not be placed upon the finding has ‘already

been argued. Nor must it be forgotten that evidence has been adduced
which shows that those admitted after the fourth day of illness tend to

be older and to show & more extensive consolidation. Such features

would of themselves tend to increase mortelity; so that the apparent
benefit of early treatment, which might on theoretical considerations

seem an attractive conclusion, must be accepted with caution.
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(ii) In respect of the duration of primary pyrexia in hospital.

The duration of primary pyrexia will be discussed with reference to

recovered cases only. The inclusion of cases that died would serve no
y

useful purposte and might convey a wrong impression. The duration of fever
is a reasonably obj éctive observation which is eésily measured: 1its main
interest, however, is in those cases that recover. In measuring the
length of the pyrexia, ‘the day of admission 1:1&8 been counted as one day,
even if the patient was admitted late on that day. This may to some
extent have the effect of apéearing to lengthen the durstion of fever,
since very few of the cases received treatment in hospital during the
whole of that day.

Table %4 shows the duration in)days of primary pyrexla of the
three types of infection under-. discussione.

TAELE 34.

Results in respect of the duration, in days, of
primary pyrexia in hospitel : Pneumococcus type.

Duration in Days )
Type 1] 2] 3] 5 16 17 18 |o | 10 o]‘-,gr Totals
I s5{27 (175 (2 (1 (1 |o |1 of o 59 ¥*
I 11165140 |13 |3 |2 (4 |2 |0 |oO 0] 140
111 21122t 9}t5 {2 |1 {o {o }{o 1 1 33
Combined | 18 {104 | 66 | 23 7 4 5 2 1 1 1 232

* 2 cases not recorded.
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From thevfigures in Table 34 the following mean durations of

primary pyrexia have been calculated:

Type 1 : 2.75 days.

i1 3 2.74 "
IIT 2.2z "
Combined : 2.83 n

These meén durations are élosely similar, especially in Type I and
II infections. The higher figure for Type III may be due to the'presence
of two cases (in a small series) which showed a prolonged fever. When
these are excluded the mean becomes 2.87 — a figure very simiiar\to that
of the other two types. It is clear that the infecting type of
pneunococcus has no effect upon the duration, in days, of primary
pyrexia in recovered cases treated with sulphapyridine.

' The effect of bacteriaemia upon the duration of primary pyrexia

is shown in Table %5. The figures for the three types can conveniently

be combined, since type apparently does not affect the length of fever.

i

TAELE 35.

The Duration, in days; of Primary Pyrexia in Hospital:
Results in respect of the presence of Bacteriaemia.

Duration in Dafs.
1] 2] 3] 4] 516171819 |10 over 10 | Total
Bacteriaenic| 0 1915 41 1|{2{0]1}|o0 0 1 43
g Non-Bacter- .
iasemic. P20 424131 6 |2 |4 |1 |1 0 0 151

* One case (Type I) omitted — no record.
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The mean duration in days of primary pyrexia in bacteriaemic cases
was 3.16: in non-bacterisemic cases the mean was 2.76. The difference
is small and as the series of ba&teriaemié cases is small, too'much sﬁress
cannot be laid upon it. It may be noted that only 44.1 per ceat. of
bacteriaemic cases‘were afebrile after two deys in hospitel; the '

" equivalent percentage in‘non—bacteriaemic cases was 54.3% per cent.
It must be remembered that an asspciation betweén the presence of
bacteriaenia and subsequent death has already been shown. ‘'In fhe present
tables the bacteriaemic group has, by the exclﬁsion of fatalities, lost
its most severe cases. This may have had the effect of improving the
result in those.bacteriaemic cases which récovered. The figures suggest
that fever ié prolonged by the presence of bacteriaemia at the initiation

of treatment.

TABLE 36.

The Duration, in days, of Primary Pyrexia in hospital:
Results in respect of Age.

Duration in Days.

1] 21 3] a4 5] 6| 71 8] 9| 10 |over
10

Totals

¥ {nder ’
40 years |12 é1 46 | 14 21 2 2 1 1 1] 1 143

41 years . : : o
and over 6| 43| 20 9 51 2 311 0 0 0 89

'*'3 cases (Type I) omitted — no record.
The duration of primary pyrexia in respect of age is shown in Table
%6: in those under 40 years the mesn was .2.81 days: in those of 41 years

and over it was 2.87 .days. In recovered casés,,age has no effect upon the

/
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the duration of primary pyrexia. Again, it may be assumed thet death

has excluded cases more particularly from the older age group, since age
and outcome have been shown to be closely related. The fact remains

that the older age group of recoveries should still contain & considerable
nﬁmber of severe cases: and it is the more surprising that the means

ax"'e so closely alike.
TABLE 37.

The Duration, in days, of Primary Pyrexia: Results in respect
of the Duration, in days, ill prior to admission.

Duration in Duration in Days of Primary Pyrexia
days ill prior ] Totals
to admission. 1 21 31 4 51 6 7 8 9 110 jover 10 _
0 -t 2]l 21-)'=-1=-t1=-1- J-1- - 4
1 31911711113 1-t- |11} - 1 26
2 4124 14l 611 -1 41 {-14- - 51
3 212t {11y 4 |- =111}~ |-}~ - 39
4 el17) 7142 f-{1 1 |-{-]| - 34
5 1j10f{5{3{2}-1{-1-|-11 - 22
6 4l 813} 2-1-1t1-1-1|-1- - 17
7 1} 6{z3t2il1 |- |- |- {-1- - 13
8 - 2} -{1qy=-11{- = |-1}- - 4
9 S A N N T B R R T P - 2
10 SSR R NS A I DR N R P - 1
over 10 1y 11l -f-t-qrd-l-j-7 - 4
~ hs {101 64 |23 17 |4 |5 {2 j1 |1 1 227

* Z cases omitted — no record.

+2n n - n
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Table X7 shows the correlation between the duration, in days, of
1llness prior to admission and the durdtion, in days, of primary pyrexia
in hospital for the combined series of Type I, ‘II and III pneumococcus
infections. From the table it is clear that no matter how long ill when
admitted, the commonest duration of fever in hospitel is between two and |

three days. The following grouping of the cases mzkes this plain.

. : Mean Duration in days
Duration in days of illness - of primary pyrexia in

prior to Admission. hospitel.
0Oeandl - 323
2 ‘ 2.71
4 2.88
5 and 6 2.69
7 days or over 2.08.

For €11 cases the mean duration, in days, of illness before
admission was %.5l; the mean duration, in days,of primary pyrexia after
admission was 2.83. The mean duration of the whole illness, ss judged
by the duration of fever wes thus 6.34 days. It has ususlly been stated-
in the past that the pyrexiel period of pneumonia lasted from 7-9 days.

A more careful comparison of past and present results in this respect -
will be made leter. For the present it is sufficient to suggest that
no very obvious correlation exists between the duration of illness prior
to admission end the duration of fever after admission: a result which

mast be regarded as surprising.,
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(11i) In respect of the Occurrence of Complications.

In this part of the analysis of results it is obviously important
that those who died (often as a result of the developmen£ of a .
complication) should be included. Table 3B lists the actusl complications

which occurred in the Type I, IL and III infections under discussion.
TAELE 8.

The Occurrence of Complications in Type I, II and
III Pneumococcus Pneumonia.

o i
| I II III

olal samperaef 64 | 160 48

Totel Total Total

Compli- Compli~ Compli-

coted Deaths| cated Deaths ceted Deaths

_ Cases Cases Cases

Number of compli-
cated cases: 16 0 63 14 22 8
Enpyema 2 0 5 1 5 4
Delayed Resolution 6 0 8 0 9 1
Sterile Effusion 6 0 13 1 2 0
Spread of Pneumonia 2 0 3 1 1 1
Acute Pulmonary Oedema 0 0 4 4 1 1
Venous Thrombosls 0 0 2 0 1 0
Severe Delirium 0 0 1 1 2 1
Pulmonary Thrombosis 0 0 2 2 1 1
Corneal Ulcer 0 0 1 0 0 0
Meningitis 0 0 3 3 0 0
Pulmonary Abscess 0 0 1 1 0 0
Acute Cardiac Dila’c,&t.ion1 0 0 1 1 -0 0
Cerebral Haemorrhage 0. 0 0 0 1 1
Decubitus Ulcer 0 0 0 0 1 0
Number of Compliceations |16 0 64 15 24 10
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The totel number of complicated cases has been analysed in respect
of type, bacteriaemia, age end the duration, in. days, i1l prior to

adnission. The relevant figures have been summarised thus:-

Complicated Case Rates per cent.

1. Typel infections 25.0
‘ Type 11 " 9.4
Type III " 45.8
2, Bacteriecemic cases 45.9
Non-bacteriaemic " 32.1

Z. Patients 40 years of
age and under . 22.5

Patients 41 years of
age &nd over 432.1

4. Patients admitted

three days or less
i1l prior to
admission 24.5

- Patients admitted
four days or more
111 prior to
admission ‘ 40.9
A chi square tést has been carried out upon the figures for the
three types ("1" above): P = *02 which 1s suggestive of an associatic;n.
For bacterizemia, age and duration, in days, prior to admission, the
observed percentage differences are not greater than twice thelr standard
errors of difference so that their significance may be questioned. Such
a result is not perhaps surprising. By combining &ll complications, it
is clear from a study of the table that & rather wide variety is
collected, some of which,' a priori, one woﬁld not expect to have.a
definite association with the severity of the illness. Some were in fact

"eccidents" which might have occurred in a pneumonia of eny degree of
severity. It is clear that, for accurate deductions to be drawn, the
important complications must be considered separately.
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(2)_Empyema.

Twelve empyemata were encountered, tmb due to Type I and five each to
Type II end III pneumococci. It is first necessary to point out that
the high incidence of empyemata in Type III infections (10.4 per vcent.)
is quite unusuel. I had, in the ten previous years, seen only one exemple.
When Type I aﬁd Type II are compared, we find that in both the incidence
was the éame, namely '3.1 per cent. It is clesr that the rate for Type I
is closel;} similar to that previously recorded in similar series of
cases. Cruickshenk (1932) reported 3.9 per cent. of empyemata in 255
cases, while Heffron (192%9), who compiled the results of 2,528 cases
fr§m the literature, recorded a rate of 6.4 per cent. My own unpublished
experience in 19%1-24 was the occurrence of eight empyemata in 172 cases —
a rate of 4.7 per cent. A rate of between 3 and 6 per cent. may thus be
expected in eny series of Type I pneumonias: the incidence may perheps
be influenced by the age-constitution of the cases at risk. The rate
of 3.1 per cent. in the present series does not suggest that the incidence
of empyema has been influenced by the introduction of sulphapyridine.

}It must be remembered, however, when we turn to Type II infections |
that sulphepyridine hes effected & considerable reduction in the fatality
rate. I shall preseantly show that this rate in Type II cases has been
helved. Now, even prior to the introduction of sulphapyridine, Type I
showed a much lower fatality rate than Type II, the respesctive figures in
my own experience ;being roughly 8 and 28 per cent. It will be obvious
that if sulphapyridine is equally effective in both types of infection (that

is, if it halves the fatality rate), many more lives will be saved in

Type II infections than in Type I. Thus, using the above zpproximate

figures, when 100 cases of these two infections are treated with /
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with sulphaepyridine, fourteen Type II cases will be saved against only
four Type I cases. In Type I infections this will mesn that 2,500
c'aSes’ must be treated before 100 lives are saved: these 100 persons
nay be expécted to add some three to six cases of empyema. Such & small
addition would little affect the empyema rate of the whole large sgries.
In Type II'infections,.n however, & series of only 700 cases will add 100
unexpected recoveries, end, therefore,a few additiona:'!. empyemata. Further,
casés which did eventuelly die, possibly becsuse of’ poor resisting powers,
" might, with sulphapyridine, live long enough to de\}elop an efnpyema.
Such reasoning has a practical.spplicetion in that it might ceuse us to
expect a successful chemotherapy to have little effect upon the empyeme~
rate in Type I infections, but a possible and perhaps unpredictable effect
upon the occurrence of the complication in Type II pneumonias.

Cruickshank (19%3) reported a rate of‘1.2 per cent. in 253 cases of
Type II pneumococcus infectioné. Agein, in Heffron's (19%9) collected
series of 1,570 cases ( Type II ) the incidence was 4.0 per cent. In
1931-74 my own experience was twelve empyemate in 198 cases — a rate
of 6.1 per cent. In the present series the rate of %.1 per cent., therefore,
may be regarded as‘equivalent (within the limits of chsance gampling error)
to the rates observed in Type II pneumococcus pneumonia before the
introduction of chemotherapy.

No comment can be ventured regarding the Type III infections. I have
elready pointed out that I saw more Type III empyemata in the present series
then I had ever encountered before. Heffrou's (1939) rate for B6 Type III

infections was 4.4 per cent. The figure of 10.4 per cent. in the present

series has a standard error of 14.% per cent., so that it is clear that the

difference between it and the rate reported by Heffron is not significant

agd might easily reflect the usuel difference arising from random seampling.
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It may be concluded, therefore, that, when account is taken of the
type of pneumococcus, there is no indication that sulphapyridine has
effected any change in the incidence éf empyemata.

The pumber of empyemata is too =mall to permit detailed examination

but the following figures are given for the sake of completeness.

Total Cases Cases of e _per
- Empyema. cent.
1.7 Bacterisemic Cases 59 4 6.78
Non-bacterisemic Cases 165 4 2,42
2. Cases under 40 years. 15 6 2.97
Cases 41 years and over. C 12 : 6 4.96
3. Cases less than 3% days
111 prior to admission. 142 5 2.52
Cases 4 days or more ill
prior to admission. 122 7 5. 72

In 4 cases blood culture was not done.

Perusal of these figures does not suggest that the differences

are of sny statistlical significence.
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(b) Delayed Resolution.

From the facf that delayed resolution was scarcely mentioned in pre-
sulphapyridine days, it may be deduced that it was not & complication which
gave rise to much enxiety. Heffron (1939), who devotes but one page to
the condition, descrlibes it as occurring "uricommonly". McCrae (1910)
rt;ported a rate of 2.7 per cent. ‘ Discussing the possible causative
factors, he showed that the incidence varied in different years: but that
age, sex, elcoholism and the site of consolidation were not particuiariy
associated wiyth its occurrences.

My own earlier experience was in conformity with these findings:
fhere are unfortunately no accurate records available since the consolidatioﬁ,
slmost invariably, returned to normal in a very short time, so that no
notes of the duration of the pfocess were made. During a period of two
years (19%1-%2) it was my custom to exemine the pneumonia apatients daily
for 10 days after sdmission and I am quite clear that delayed resolution
waé a véry infrequer.lt occurrence. |

The chenge which occurred in 19%9-40 was tlus all the more strik‘ing.
In one respect elone I can speak to its increased incidence.‘ Previously
the demonstration of the physicsl signs of pﬁeumonia to classes of medicel
students had been exceedingly difficult. The patients were often too
i1l during the acute stage to permit extensive handling.  Since the

introduction of chemotherapy, however, it has often been possible to

demonstrate the signs of consolidation in convalescent patiehts ten to
fourteen days after the temperature had returned to normel. The figures

which will now be given for delayed resolution, therefore, do not refer

merely to cases in which resolution progressed at a very slow but none /



- 196 -

none,thé less steady pace.. In these cases the physical signs of
‘consolidation were still present three weeks after admission: the
solidity belng so great in some as to have caused the patiént to be
aspirated on the suspicion of fluid. _

There were in all 44 euch cases, which were distributed among the
three types as follows: Type I, 6 (9.4 per cent.); Type II, 28 (17.5
per cent.); .Type III,'lO (20.8 per cent.). AA chi square test carried
out on the figures for those who did end those who did not show delayed
resolution, in the three main types, gives X% = 46.2 end P less then -01;
in other words, there is a significant assogiation betweeﬁ the type of
infection and the occurrence of delayed resolution.

The incidence of delayed resolution in bacterisemic end non-

bacterieemic cases is shown in Table 3.

TAELE 29.
The Occurrence of Delayed Resolution in Type I, II

) end III Pneumococcus Pneumonias.
Bacteriaemic end Non-Bacterisemic Cases.

1 11l 11l Combined I-II1
Total] Delayed Totel Delayed Totgl| Delayed| po1q1| Deleayed
Cased Resol- | oo o ol Resol- | cages| Re80l= | noqes| Resol-
aseq ytion. ution. ution. . ution.
Bacter-
iaemic. 11 4 36 8 12 3 59 15
(25.5)
Non-bacter- :
iaenic. K 1 96 | 15 0 5 165 A
A ] - (12.8)

The incidence of delayed resolution in bacteriaemic cases is 25.5 per

cent.; the equlvelent figure for non-bacteriaemic cases is ]:2,8 per cent.
The difference (12.7 per cent.) has a standard error of ¥6.2, so that it

may be regarded as ﬁgnificant.
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The effect of age is shown in Table 40,

TABLE 40.

The Occurrence of Delayed Resolution in Type I, II
end IIT infections:

Age Grouping under and over 40 years.

age I II II1 Combined I - IIT
Group Total Delayed Total Delayed| g 401 Delayed Total Delayed
Cases|BeS0l— |(oges| ReSOl- | opges| RESOL- Cases Resol-
ution. ution. ution ution.
40 years . ‘
end under | 44 4 96 | 11 1 2 151 17
(11.3)
41 years .
and over 20 2 64 | 17 371 8 121 27
(22. 3)

In the combined cases the incidence of delayed resolution in the younger
age group is 11.3 per cent.,; in the older age group it is 22.3 per cent.

The difference (11.0 per cent.) has a standard error of }4.57 so that it may
be regarded as significant. It may be argued that in the two age groups

in Type I and IIT iﬁfections the incidence of delayed resolution is not
eppreciably different. Here the figures are much smeller and must, therefore,
be accepted with reserve. If attention is focused on Type II alone, however,
we find that there is a percentage difference of 15 per cent. with a stendard
error of ¥6.4 There seems little doubt, therefore, that in Type II
infections, at least, the occurrence of delayed resolution is associated

with age.
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In Table 41 are the figures.relating to the duration, in days, of
illness prior to admission and the occurrence of delayed resolution.
TABLE 41.

The Incidence of Delayed Resolution in Type I, II and III
Infections: .

Duration, in days, ill prior to Admission.

I II . IIT Combined I - III

_ Delayed Delayed - _ |Delayed Delayed
Totel posol- Total jgegol- |Totel Resol- |Totel | Resol- .
Cases| tion. (025€Sjution. [Cases|,tjon, |Cases | ytion.
Cases
admitted
0-3 days ~ :
111.... | D 5 90 | 11 |13 4 | 142 20
' (14.1)
Cases
admittéd
4 days
or more. | 22 1 & 17 | & é 122 24
(19. 6)

Delayed resolution occurred in 14.1 per cent. of those admitted
early, as ageinst 19.6 per cent. of those admitted late. The difference
is not stati‘stically significant. |

These findings mey be summed up thus. The incidence of delayed
resolution is higher in Type III than in Type II infectioﬁ: and both
are higher then in Type I infections. Its occurrence is significantly
associated.-with the age of the patient and with the occurrence of
bacteriaemia. (A relationship between these "two latter factors, it will
be recalled, has slready been shown). It would sppear that delayed

- resolution is not dependent upon the time at which chemotherapy is begun.
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(c) Sterile Pleural Effusion,

As Heffron (193%9) affirms "in practicvally every case of pneumonia
there is some increased formation of fluid on the #ffected side, although
the amount is small in most cases". Cole is reported by Heffron as -

" finding en incidence of 3.8 per cent. (28 of 770 .cases of pneumonis).

In these cases the fluid was demon.strablerby physlcal signs and could be
aspirated. The casee; to be described in the following analysis were
likewise cases in which large-amounts of fluid were diagnosed‘clinically
and in which aspiration produced without difficulty a considerable amount -
of straw-coloured fluid, always sterile, and showing a mixed polymorpho-
nuclear and lymphocytic cellular content.

There were 21 such cases, a general incidence of 7.7 per cent.

They were distributed emong the types as follows: Type I, 6 (9.4

per cent.); Type II, 13 (8.1 per cent.); Type III, 2 (4.2 per cent.).
In contrast to the occurrence of delayed resolution we find here the
highest incidence in Type I infections and the lowest in Type III

infections.

»
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Table 42 shows the occurrence of the complication in bacteriaemic and

non-bacteriaemic cases.
' TABLE 42.

Sterile Pleural Effusions in Type I, II and III Pneumococcus
Pneunonia.

Effect of Bacterisenia.

I II III Combined I-III
Totel |Pleural | Totel |Pleural | Total |Pleural | Totel |Pleural
Cases|Effusion | Cases | Effusion | Cases |Effusion!| Cases {Effusion.
Bacter- . , ,
jaenic. | 11 1 36. 1 12 0 59 2
Non-
bacter- i
igemic, | 2 | O 96 12 D 1 165 18

The incidence of sterile effusion in bacterlaemic cases was 3.4 per\cent.;

in non-bacterlaenic cases it was 10.9 per cent. The difference (7.5 per cent.)
has & standard error of ¥ 3.4, so that it may be regarded as significant.

Table 43 shows the cases arranged according to age group.

TABLE 43.
Sterile Pleursl Effusions in Type I, II and IIT Pneumococcus
Incidence according to Age.
: I II I1I Combined I-III

Total | Pleural | Total| Pleural | Total | Pleural | Total |Pleural

Cases | Effusion| Cases| Effusion] Cases| Effusion| Cases |Effusion
Cases 40
years of
age and | 44 5 96 1 11 - 2 15 18
under. (11.9)
Cases 41
years of | o 1 64 2 37 0 121 3
age and : (2.5)
over. I °

It will be observed that the incidence was higher (11.9 per cent.) in

those under 40 than in those over 40 (2.5 per cent.). The difference (3.4
per cent.) has a standard error of 13,05 which suggests that it i1s significent.
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Table 44 shows the incidence of the condition in respect of the

duration,in days, of illness prior to admission.

Sterile Pleural Effusion in Type I, II and III Pn

TAELE 44.

*  Pneumonisa.

Incidence in respect of Duration of Illness prior

to onset of Treatment.

eumococcus

Combined I-IT

I Il ITI

Total |Pleural | Total | Pleural | Total [Pleural |Total [Pleural

Cases | Effusion | Cases | Effusion | Cases |Effusion{Cases |Effusion
Cases 0-3
deys i1l : '
prior to 29 5 90 11 13 1. 142 17
admi ssion. (11.9)
Cases 4 .
days and
over 111 22 1 69 2 3 1 122 4
prior to (3.3)
admission.

The incidence of pleural effusion is higher in those cases that coue

under treatment early (11.9 per cent.) than in those that come late (3.3 per

cent.). The difference (8.6 per cent.) has a standard error of 13.16 and is,

therefore, likely to be significant.

It would tims seem that sterile pleural effusions show a slight

tendency to occur more frequently in the least severe type — Type I.

It is a complication more frequently noted in non-bacteriaemic cases and

treatnent early in the disease.

it is, as it were, the mirror image of delayed resolution.

.in the younger age group. It is noted more often in cases that come under

In these respects it will be observed that
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The other complications occurred too infrecuently to pgrmit
enelysis. Continued clinical experience of the chemotherapy of
pneumonia convinces me that these three complications remsin the most
frequent. It is convenient at this point to discuss the poésible

relationships between them.

(d) Empyema &nd Sterile Effusions.

I do not intend to enter into prolonged discussion of the gxistence
of a relationship between these two con@itions.y The following observations
are, however, relevant. Gaisford (1929) made the suggestiop that the
sterile effusions so common in pneumonia treated with sulphepyridine
were eborted empyemats. This suggestion cannot be regarded as more
then a guess, for, in his cases, there waes a lack of knowledge of the
type of pneumococcus which was cesusing most of his empyemata: and of
the type of pmeumococcus responsible for th; pneumonies which developed
sterile effusions. | -

I have slready shown that the empyema‘rates per cent, in Type I
end Type II infectioné are very similar to those previously reported:
end thet the rate in Type III infectlons, though high, is not higher
then that previously recorded,by more then might occur from the errors
of chance sampling.. I have further adduged reasons for suggesting thsat
one might expeét & slight rise in the empyema rstes Qf Type II and III
infections, due to the occurrence of empyemata in cases thet would have
died before the complication could develop. Such a slight rise, however,
must obviously bear & relation to the number of lives saved. We have
no reason. to expect that sulphapyridine will cause sn absolute incresse

in the number of empyemata; "aborted" or otherwise.

Now /
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Now in the present series there were 160 cases of Type II
pneumococcus pneumonia: of these, thirtéen developed sterile effusions
and five, empyema — & total of eighteen cases with effusion. Let us
first suppose that these 160 patients had been subject to a pre—sulphohamide
fatelity rate éf 25 per cent. (which would not have been a high rate).
Forty patients would have died. In the second place, an empyema fate of
from 2-5 per cent. would have been noted: in actual figures tﬁree to
eight empyemats might have been found emong the 160 céses. Finally, let
us suppose that by our new treatment we cured &ll of the 40 deaths.

Such unexpected recoveries would account for the addition of & further
one to two empyemata. In the most févourablevcircumstances, thefefore,
for the new treatmen£ we might expect from our 160‘patients a minimum of
four or & maximum of ten patients to develop émpyema. Actually, five
occurred. But if sterile effusions are to be reckoned as empyemata
which have been aborted by the efficacious treatment, then the total actuel
experience of eighteen effusions is well sbove that which exberience
would csuse us‘to expect. In other words, the new treatment has caused
not cnly a relative but an absqlute increase in the incidence of a
complication which reflects the invasiveness of the pathogen. Such a
conclusién seems on the face of it absurd. It seems more reasonable to
conclude that the incidence of empyemsata, recorded above, is a fairly
accurate picture of the dccurrence of this complication: and that its
incidence had sltered little as a result of chemotherapy. Sterile
effusions, which seem commoner since the introduction of sulphonamides,

must reflect an occurrence unrelated to that of empyenma.



- 20 4 -

(e) Delayed Resolution and Sterile Effusion.

- —

This discussion may well be concluded by compering the incldence

of sterile effusion and delayed resolution.

TABLE 4°.
The Incidence of Delayed Resolution and Sterile Effusion

in respect of Factors thought to influence their Occurrence.

Total Cases showing Cases showing
Characteristic. Cases Delayed Sterile
in Resolution. Effusion.
. Series : —
Type I 64 6 S
(9-4) (9-4).
Type II 160 P 13
(17.5) (8.1)
Type III 48 10 2
A (20.8) (4.2) ]
Bacteriaemic Cases 59 15 2
(25.5) - (3.4)
Non-becterizemic Cases 165 21 18
». (12.7) (10.9)
Cases under 40 years 151 17 18
of &age. (11.2) (11.9)
Cases 41 years of age 121 27 3
end over. (22.5) (2.5)
1 Cases 3 days and less 142 20 " 17
i1l prior to admission. (14.1) (12.0)
Cases 4 days or more 122 24 4
ill prior to admission. (19.6) . (2.3)

'

(Note:- The figures in brackets represent percentages).
From the figures in Table 45 we may draw thé following conclusions:-

(a) The incidence of the two complications is closely similar in:-

(i) Infections due to Type I pneumococci.
(i1) Non-bacteriaemic cases.
(iii) Cases under 40 years of age.
(iv) Cases admitted, end therefore treated, in the first
three days of illness.

(b) /
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(b) Delayed resolution is much commoner than sterile effusion in:-

(1) Infections due to Type II and IIT pneumococci.
(1i) Bacterisemic Cases.
(iil) Cases more than 41 years of age.

(iv) Cases admitted, end therefore treated, late in the
illness (i.e. after four days or mores.

Now both of these complications must be regarded as the result of the
presence of an acuté inflamﬁatory process. The exudation of excessive fluid,
however, must repfeSeﬁt sn unusual reaction at en early stage of
inflemmation, whereas delayed resolution is an aberrant end-result. Both,
it is clear, are departures from normel which may complicate even:the
simplest inflemmatory process. To define the reasons why the inflammatory
reaction develops in this way,'_h‘owever, is quite another matter.

It wuld be a reasonable argument that in mild cases either abnomal
reaction might occur with similar frequency, whereas an absence of the
resolution process might occur more frequently in the severe infectibns. The
figures in Table 45 support geuch a point of view. The groupings of cases in
which the pneumonia was not of a severe nature showed a similar incidence of
the two complications: in those cases where the pneumonia was severe,
delayed resolution was common, whereas sterile effusion was uncommon,
Chemotherapy, by checking the bacterisl infection, mey in the severe case
assist thé patient to overcome the acute séage of the inflemmation; tut
cure is thus obtained in patientsvwho are incapable of supplying the
impetus to achieve resolution of the consolidated area. The increased
passage of exudate is not so evident in these severer groupings, possibl&
because, had it not been for the assistance given by chémotherapy, their

reaction to the inflammatory process would have been inadequate and death

" would have ensued. There is thus a suggestive_negative association between

the occurrence of pleural effusion and delsyed resolution in cases of

pneumonia receiving sulphspyridine.
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B, A Comparison of the Results in 1939-40 with those
obtained in 193%1-34. .

It has alfeady been explained that during 19%1-24 I investigated the
types of pneumococci responsible for 498 cases of pneumonia. Although
due regard must be given to the dangers which are associated with the
comparison of two series of cases investigated at entirely different
periods, it is submitted that there is some value in discussing them;
for all of these cases have one set of circumstances in corﬁmon: they
were &ll examined in one hospitel by one observer. During 19%1-%4,
‘however, the method of pneumococcus typing only extended precisely to
the first three types; those organisms which did not agglutinate when
tested against sera specific against Types I, II and III pneumococci
were classified together as "Group IV", As in the previous section,
therefore, I shall confine the comparison to those cases from which
pneumococcus Type I, II or III was isolated: in these cases one cen
be more exact regarding the identity of the etiological agent. Compzrison
betvieen the two periods will be made in respect of outcome and the
4 duration, in days, of primary pyrexia in hospital.

(i) In respect of outcome.

TAHLE 46.

Type Distribution of Pneumonia due to Pneumococcus
types I, 11 and III. (&) 19%1-24; (b) 19%9-40.

: 1921-324 1929-40

Cases Deaths Cases Deaths

Type I 172 13 64 2
‘ (7-6) (32.1)

Type II 198 58 160 4 20
(29.3) (12.5)

Type III 27 4 48 15
(14.8) (3.2
(18.9) (132.6)
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Téble 46 shows that the difference between the fatality rates for
the two combined groups of cases was only 5.3 per cent.; the standard
error of this difference is£2.85, =0 that it cennot be regaréed as
significant'. Closer examination of the table, however, shows that a
great difference exists between the two series. The distribution of the

cases (per cent.) among the three types is quite dissimilar. Thus:-

Type I  Type II Type III ~  Total.
1931-24 42.3 50.0 6.7 100.0
1939-40 23.5 58.9 17.6 100.0.

Al though Type II infections have changed little in prevelence, Type I has
fallen almost to helf and Type III has risen to more then double in the
later period. Now it is already known that in the ﬁast there has been a
marked difference between the fatality rates of the three types. Clearly,
if this difference still remains (as has already been shown), the

two series are not liable to comparison. Further, a chi-square test has
been cerried out on the figures and since P is leés than -0l the observed
difference in type distribution is greater then might have arisen by

chance (see Table 47).
' TABLE 47.

Distribution of the first three types of
pneumococel in two periods

(a) 1931-24; (b) 1939-40.

1 I1 IIT . Totals
193-24 | 172 198 27 397
T aa) | (a3) (43) |
1939-40 | . 64 160 48 272
(95) (145) (22)
Totals: 236 353 75 669

(The figures in brackets are the "expected" numbers had the distribution
been a chance éne).

X = 333 : n = 2 : P = less thamn *OlL.
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Consideration of the type fatality rates in Table 46 shows that:-

(1) in the case of Type I and II infections the fatality
' rates are lower in 1939-40 than in 1931-34.

(11) in the case of Type III infections the fatality
rate in 19%9-40 is higher thean in 1931-3%4.

(1ii) in 1929-40 the fatality rate is lowest in Type I, highest in
Type III infections: Type II occupying & median positlon.

The third finding is important: for it indicates, as has already been
pointed out, that the type distribution must still be teken into account |
in considering the fetality rate for the series as a whole.
| The second finding is at first sight perplexing; end it cau‘sed me to
exzmine closely the age-distribution of the whole series with the following
result (Tablé 48).

TABLE 48.

The Age-Distritution above and below 40 years of cases
of pneumonia due to pneumococcus Types I-IIT.

, (a) 1931-3¢4; (b) 1939-40.
19731-34 - 1929-40 Toteal
288 1 4
ﬁgdyﬁﬁﬁir. (261) (1%) 39
41 years 109 121 290
and over. (136) (94)
Totals: 297 272 669

(The figures in brackets are the "expected" numbers).
x° = 19.8 ¢ =n =1 : P = less than +0l.
Table 48 shows that there is a marked dissimilarity between the two
periods in the age-distribution around the age of 40 years. '(X2 = 19.8;
P is less then *0l). The differemce is thus greater than might be expected
to occur by chance; in 1939-40 the sample of pneumonia cases contained en

excess of patients in the age group over 40 years of age as compared with /
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with the earlier sample examiped in 1931-74. That the semple examined in
the earlier period was typicel of the age-distritution of the disease, @s
observed in hospital cases at that time can, fortunately, be confirmed.
Macgregor (1933) englysed a series of 1,077 casés of pneumococcus pneumonia
which were investigated by-various hospital workers between 1970-1932,
Unfortunately, he used a different age-grouping which mekes exact comparison

impossible: the following figures are relevent;-

Age Group Number of Cases
(Years) (per cent.)
15-45 693 (83)

45 + 142 (17)
Total 835 (100.0)

Eighty-three per cent. of Macgregor's collected seriesv (1930-32) fell into
‘the ege group 15-45 years; seventy-three per cent. of my own serles
collected over the years 1931-34 fell into the age group 11-40 years.
These figures strongly support one another. |

This finding in itself is of great potential interest. It may, of
course, be quite simply explained: the period 1§39—40 contains elmost
eighteen months of war. The calling-up of men to the forces would
naturally affect mainly the age group 20-40 years. The loss of this age
group in the ciyilian population would result in a relative increase in
the number of cases of pneumonia occurring over 41 years of age. Such
may be the whole éxplanation: and the change may not indicate an actual
glteration in the age incidence of the disease. (It should at once be
made clear that in neither period was there any selection of cases).

But in one respect the change is importent; for it is clear that a series

of pneumonias which contained sn excess of cases in the older age group
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group would be expected to give a higher fatality rate. Table 49
shows the subdivision into the two age groups of the three main type
infectigns in the two periéds.

TABLE 49.

Pneumococcus (Types I, IT and III) Pneumonia.
Fatelity retes specific for type and age group.

11-40 Years 41 Years and over
1931-324 1929-40 1931-24 1939-40

Cases | Deaths | Cases | Deaths | Cases{ Deaths |Cases| Deaths

Type I 133 | 7 44 1 29 6 2 1

R (2.1) (15.4) - (5)

Type II 18| 2 96 4 ) 8 64 16

' (21.8) (4.2) (46.5) (25)

Type III 17 3 11 1 10 1 27 14
(17.7) (9.1) (10.0) (37.8)

Totals: 88| 40 151 6 109 35 121 21
| (13.9) -1 (4.0) : (32.2) (25.6)

(The figares in brackets are fatality rates per cent.).

It is clear from Table 49 that the change in age-distribution affects
all ;:hree types. | | |

Since we now know that the two series of cases afé dissimilar in
respect of two factors knowm to affect the results of treatment, en
attempt may be made to "correct" the 1931-%4 figures, to permit more
accurate cémp‘arison. Sucil an attempt is portrayed in Tafle 0. (The
figures for Type I and II only are used. Type III infections will be
discussed separately). The figures in Table 50 have been prepared in
the following way. The 30 cases of pneumonia examined in 19%1-24 were

apportioned to type and age group in proportions similar to those which
were encountered in 1939-40. The fatality rates actually encountered in /
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in l9j—34 (specific for age and type of infection) were then applied

to the new figures. The calculation shows that (under the conditions
reigning in 1929-40) the fataiity rate in 1931-34 would have been 24.9
per cent. instead of 19.2 per cent. This estimated rate can be compared
with that encountered in 1939-40, nsmely 9.9 per cent.: the difference

(15.1 per cent.) has a standard error of ¥2.01, so that it is highiy

significent. In other words, there is a clear and definite decrease in
the mortelity\ from pneumonia due to Types I and II pneumococei in
1939-40 when comparison is made with & similarly distributed group of
cases treated during 193]_-34.

Before turning to the @nsiderétion of Type III infections, attention
may be directed to one other important feature of Table 49. If the
total figures are considered, we ﬂfind that although the fall in the
fatality rate under the age of 40 years is striking (to about one-third),
{che" fatality rate above lthat age is less obviousiy affected. Since
f;'om the previous discussion it is clear that the infecting type of
pneumococcus might affect the comparison, Type II infections’(where
numbers are greatest) may be considered sei)aratelsr. Below forty years of
age the difference in the two fatality rates for this type is 17.6 1} 4.07
which is significant of chenge: above forty years of age the difference
is 21.5 per -cent.i\’ 8.47, which is again significent. The ratios of the

fatelity rates, however, are as follows:

40 years 19731-24 fatality rate 2.8 = 5.2
and under: 197%9-40 fatality rate 4.2

41 years 1921-34 fatality rate 46.5 _ 1.9
end over: 1929-40 fatality rate 25

These /
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These comparisons suggest that the drug has produced a more
beneficial effect upon the cases in the younger age group. Thié
difference may further be shown by reallsing that in 1931-34 less than
helf of the deaths in Type II infections were over 40 years (28 out
of 58 deaths); in 19%9-40 no less than 80 per cent. (16 out of 20
deaths) were in the older age group. Later in the thesis a return
will be made to this point,

The rise in the fatality rate in Type IIT infections in 1979-40
when compared with 193l-%4 may now be considered.

The low fatality rate in the earlier period was, at that time,
thought to be surprising when it was compared with the high rate caused
by this type in America. Heffron (1939} has reported a fatality rate
of 45.4 per cent. smong 1,214 cases of Type III pneumococcus pneumonis,
but 1t is clear that variations in the severity of Type III infections
froa placé to place and time to time are much greater than are noted
among other types. As Heffron points out, the high case fatality in
Type III infections is at least partly explained by the tendency of
this type to attack individuals over fifty or sixty years of age.
Finland and Sutliff (1934) have in fact noted a low fatelity rate when
younger persons are affected. ilacgregor (1933) recorded 3 Type III
pneumonias, bnly 14 of whom were over the age of 45 years; 9 of these
14 cases died. It is further apparent from Macgregor's collected series
that Type III infections were at that time very uncommon in Glasgow,
forming but 3.9 per cent. of 1,077 cases. A comparison of my own two

series of cases has shown that of the first three types only, the earlier

period produced 6.8 per cent. Type III infections, whereas in 1939-40
the proportion was 17.3 per cent. Further, 62.9 per cent. of my own

-/
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om cases due to this type in the earlier period occurred in persons

under 40 years of age; in the later period only 2?.6 per cent. were
in this age group. It is clear that during 19%9-40 the Type III
cases ﬁore closely accorded with the classical description of an
infection mainly attacking the older person.

It might, of course, be suggeéted tﬁat my experience of Type
II1I pneumococcus pneunonias during 19%9~40 was an unusual one. Ho%ever,
in 1940 I collected the resulté obtained during 1939 with sulphonamide
treatment of‘the first three type infections in &all three Glasgow
féver hospitals (Anderson, 1940). In that series of 501 pneumoniss,
Type III pneumococcel infections numbered 79 (15.8 per cent.) and showed
a fatality>rate of 33 per cent. It would thus seem that during 19%9-
40 this type of ?neumococcus was not only more prevalent in Glasgow
than in the past but was responsible for a high fatelity raté despite
chemotherapy. It may be reasoned that at least part of the
explanation of this high fatelity rate is to be fqund in the advenced age
of the cases.

The age and sex distribution of ijé I, IT and III pneumococcus
pneumonia was tabulated for both periods in en earlier part of the
thesis. Figs. 1 to 6 whiéh follow, show graphically the changes which

have occurred.
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'

TABLE 50.

Mn attenpt to make a statisticelly accurate comparison between

the results of treatment in 1931-34 and 1939-40.

A.  1979-40:

Type I and II cases only.

* B.

Actusl type-and age-distribution.
Age Type I Type II Combined
Group Cases Deaths | Cases Deaths | Cases | Deaths
-40 yrs. 44 1 96 4 64 5
4+ yrs. - 1 64 16 160 17
Total 64 2 160 20 224 22
1971-34: Estimated type- and age-distribution of
‘3% cases (on the basis of distribution shown in part 4).
Grgup Type I Type IT Combined
41+ yrs. 23.4 105.2" 138.6
Total 106.0 264.0 370
C. 193%1-34: Estimated deaths among 370 cases on the basis of
the fatality rates (specific for type- and age-group)
actually encountered in 1931-34 (applied to the
estimated figures in part C). ,
Aoe Type 1 Type II Coabined
€ | 1971-34 1931-34
Group FaZﬁi%y rates g“%‘gated Faz;élli%y rates| Estimated Egtilggted
per cent. eatis. | per cent. Deaths. eatns.
(actual). (actual).
-40 yrS. 503 308 2]..8 34.6 ¥o4
41+ yrs. {15.4 5.1 46.5 48.8 53,9
Total - 8-9 - 83.4 9203
D. Cases Deaths Fatality Rate
e per cent.
Actual Experience 1939-40 224 22 9.9
Estimated Experience 1931-34. 30 92,3 24.9

¥ z.01.

Standard Error of Difference
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FIGURE I.

FREQUENCY DISTRIBUTION (PER CENT) IN AGE GROUPS
PNEUMOCOCCUS PNEUMONIA, 1931 -1934.

AGE GROUP (YEARS) .
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FIGURE 2.

FREQUENCY DISTRIBUTION (PER CENT) IN AGE GROUPS
PNEUMOCOCCUS PNEUMONIA 1939-1940

AGE GROUP (YEARS).



FIGURE 3.

FREQUENCY PER CENT IN AGE GROUPS
TYPE | PNEUMOCOCCUS PNEUMONIA .

1931 - 1934.
1939. 1940

AGE GROUP (YEARYS)



FIGURE 4-

FREQUENCY PER CENT IN AGE GROUPS

TYPE H PNEUMOCOCCUS PNEUMONIA
1931- 1934, e
1939- 1940, v

11-20 -30 ~40 -So -bO

A6E GROUP (YEARS).
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FIGURE 5.

FREQUENCY PER CENT IN AGE GROUPS

TYPE IE PNEUMOCOCCUS PNEUMONIA
1931 1934
1939-1940 e

AGE GROUP (YEARS).
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(ii) In respect of the duration, in days, of primary pyrexia in hospital.

During 1931-3%4 I drew out from some of the cases figures relating
to the duration, in days, of primary pyrexia in Type II infections after
admission to hospital. These cases (65 in number) were selected
entirely at random and represent a fair sample of the cases during
that period. For the present series the fequisiﬁe information is
available for 83 cases due to the same infecting type. Recoveries
only have been used, since the duration of fever is of main

importance in such cases. No case showed a complication,

Table Al shows the highest temperature for each day in hospital
noted in the two groups of cases. The mean daily maximum temperatures

in the two periods were:-

Days in Hospital: 1 2 ks 4 5 6 7 8
1931-34 101.9 |102. 2{101.5 [L00.6 | 99.3 [98.9 |98.5 [98.3
197%9-40 101.7{100.9] 99.3[ 98.598.3

Such a comparison, it will at once be realised, is a very crude one.
It tekes no account of the duration, in days, of illness prior to
admi ssion., The relevant figures for such a comparison are shown in
Tables 52 and 53.

The analyses made in these tables are shown grephically in

Figs. 7, 8 and 9.
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TAELE 51.

Type II Pneumococcus Pneumonia: Highest Temperature at each
day in Hospital: Period 1931-34 and Period 1979-40:

Recoveries only.

Day in . ) Highest Temperature®F.
Hospital.] ' °“T58 55 ] loo | o | 102 | 103 [10& [ 105 | Totels
i 19%-24| 0 | 1 4| 12| 25| 14 | 9 - 65
19%9-40| 1 | 6 | 12| 16| 25 | 2 6 2 88
19%1-24| 0 | © 3 8 26 27 | 1 - &
2 J19z9-0| 5| 9| aa | aa| 2o | 10 | 2| - 88
: 1931-24) 2 | 3 18 24 | 12 1 - 65
3 19%9-40 | 42} 20 11 7 4 3 1 - 88
193-3¢{ 14 | 5| 7| 15| 16| 7| 1| - €5
¢ Jm-|nl s 5 2| 3| 1 1 88
1931-24( 33| 5 8 71 10 2 - - 65
> lim-w| 79| 1| 3| 3| -| 2| -| - 88
6 1931-341{ 44 | 4 51 6 6 - - - 65
1979-40{ 82 | 1 3 1 1 - - - 88
| 192-34( 52 | 5 1 6 - 1 - - 65
7 li9z9-40{83 | 3| -] 1| 1 - | - - 88
5 1921-34 | 60 | 1 3 1 - - - - 65
19%9-40187 | 1 - - - - - - 88
1941-24 | 63 | - 1 1 - - - - €5
> lm-sw0iss | -] - | - | -| - | -] - 83
1 1931-34 | 65 | - - - - - - - 65
1935-40 i .
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' TAELE 52.

Correlation Table: Type 11 Pneunococcus Infections:
Recoveries only. .

Duration, in days, 11l prior to admission end
Duration, in days, of Primary Pyrexia

. in Hospital.
A. SYMPTOMATIC TREATMENT 19%1-34.

Duration : .

in Days Duration in Days ill prior to Admission

of Primary : Totals

Pyrexia in 0 1 2 3 4 5 6 7 8

Hospital.
1 0 0 0 0 0 0 0 0 0 0
2 0 1 o |1 1 0] 0 0 0 3
3 0 212 11 2 1311 o |o 11
4 0 5 1 3 5 o) 3 1 0 18
5 0 6 4 1 1 0 0 0 {0 12
6 0 3 4 {0 0 0 1 0 0 8
7 0 1 1 311 1 1 0 0 8
8 olo |2 |o}l1]0o 0o o {o 3
9 1 0 1 0 0 0 0 0 0 2

'I_‘otals: 1 {18 |14 {10 |11 4 6 1 0 65
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TAELE 53.

Type II Pneumococcus Infections:

Recoveries only.

Duration, in days, ill prior to admission and Duration,

in days, of Primary Pyrexia in Hospital.

B. SULPHAPYRIDINE THERAPY 1929-40.

Duration :

in Days , Duration in Days 11l prior to Admission.

of Primary '

Pyrexia in Totels.

Hospital. 0 |1 2 314 |5 (6|78 :
1 0 1 1 0 2 0 1 1 0 6
2 1 1 |10 (11 7 3 2 2 0 37
3 ol 6|5 |35 |4 |1 2|1 27
4 0 0 3 2 0 2 1 2 0 10
5 0 0 0 0 1 0 0 1 0 2
6 0 1 0 0 0 0 0 0 0 1
7 0 0 1 0 1 0 0 0 2 4
8 0 0 1 0 0 0 0 0 0 1
9 0 0 0 0} o0 0 0 0 0 0

Totals: 1 9 |21 |16 [16 9 5 8 3 83
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From the date in Tables 52 and 53 the following figures canbe |

calculated:~

A 1931-34.

1. Mean duration, in days, of illness

prior to admission cee  eee  eee 2.82
2, Mean duration, in days, of pﬁmary ‘
pyrexia in hospital ... .ee s 4.85.
3. Mean length Of illneSS see xR 7' 67 days.
Bo 1939“40. |
il. Mean duration, in days, of illness
prj.or w admission L N ] *e 0 LI 3.61
2. Mean duration, in days, of primary
pyre}d.a in hoSpital es e X sew 2.88
3, Mean length of illness ... ... 6.49 days.

The first iinportant finding here is that in 19%9-40 the cases are,
on &n aversage, being admitted later in the disease. It is worth
emphasising this longer duration before treatment of the cases in 19%9-
40, since it méy refléct. the admission to hospital of a more severe
type of case. There may be a tendencfy to administer sulphapyridiné "on
trial" before making a decision to send the case to hospital. Such a
policy might eliminate certain mild cases which\ would previously have
been sent into hospital et once. Quite epart from this problematic
change in procedure (in respect of which it is impossible to be dogmatic),
the finding would be disturbing were it to reflect a delay before
adequate specific treatment is administered, for I have already produced
evidence which suggests that the fatality rate may increase as the

period increases before specific treatment is begun.

on /
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On the other hand, an earlier analysis lent weight to two
suggestions which may have relevance in considering‘the question
of duration prior to admission.

(a) The consolidation is more extensive in cases admitted
late in the disease. .

(b) There is a tendency for the older patient to be
admitted later in the disease.

It should not be forgotten that I have already showm that
during 1939-;40 the cases formed an older age distribution vthan in
19%31-34. It may be that the slight increase in the duration prior
to admiseion in 1939-40 is a further reflection of this older
age-grouping.

The comparison may be made more accurate if attention is confined
to those cases in both series in which the duration of illness prior
to admission was three days or less. In 1931-34 the number in this

group was 43%; 1in 1939-40 it was 47. The relevant figures are:-

Duration of Primary Pyrexia in Hospital
Period (Day's) Total
_ 11 2) 3455 }|6] 71819
193.-22 | o] 2| 5|9 |u|7]|5f2]¢2 43
- 19%9-40 2 3 |14 5 0 |1 1 1 0 47
Sumnary: 197-78  1979-40
Mean duration in days i1l 931-3 9%
prior to admission: : 1.8 2.1
Mean duration in deays of
primary pyrexia in hospital: 5.1 2.8
Mean total length of pyrexia: 6.9 4.9

In this selected group of cases,'vthe duration of primary pyrexia

for the whole illness has been reduéed by about two days.
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SUMMARY.

The comparison made between the two groups of cases of pneumonia
due to‘Types I, II and III pneumococci, one of which received expectant
treatmént in 19%1-2%4 and the other sulphspyridine in 1939-40 shows that
in the latter period the fatality'rates of Type I znd II infections
have fallen to a half of the former figurés. There is a more striking
reduction in Type II infections in patients under the age of 40 years
than in those above this age. Finsally, it has been found that cases
in the later period are admitted on average almost one day leter than
those in the earlier period. Despite this the total duration of
fever has been reduced from 7.7 days to 6;5 days. Charts are appended
which.show the mean maximum temperature for each day in hospital, allowing
for the difference in the duration,in days,prior to admission for Typé IT
infections; the length of the illness is also shown in pictorial

fashion.
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C. Type II Pneumococcus Pneumonia:  The Effect of

Combined Chemotherapy end Specific Serotherapy.

»

Wheh a preliminary snalysis of the fesults obtained with sulphapyridine
ﬁas made, the finding which was most impressive was the high incidence
of deleyed resolution; Even in that early analysis the association with
older persons was apparent. On the assumption tﬁat as age advanced
there might be a poorer reSpoﬁse to‘infection wifh a resulting deficiency
of specific antibody, I decided to investigete the effects of a
combination c?f chemotherépy with specific serotherapy.

The group comprises patients who were considered to be severely ill;
they were not selected on &ny other grounds. They were admitted at
intervels during the winter of 1979-40, and were given sulphapyridine
followed by Type I1 entipneumococcus serum, after the administration of
which‘ no further specific trestment was given. A "concentrated and
refined" serum (20,000 units in 3.5 c.cm.) prepared by the immunisation
of rabbits was used. (Horsfell and his colleagues (19%7) believe that
unconceniréted type-specific rabbit serum is at least as effective as
concentrated horse serum. It is readily produced, costs less and is
easy to give. The molecule of the rabbit antibody — being smsller than
that of the horse —-'may possibly be more diffusible).

A general plan of treatment was followed. After & blood culture and
a specimen of sputum for typing had been taken, & 2 gm. dose of
sulphapyridine was administered, followed by doses of 1 gm. 8t %-4 hourly
intervals, so that an average total of 6-7 gm. (meximum 10 gn., minimum
4 gm.) was given within 12-16 hours of edmission. During this time

the patient's sensitivity to rabbit serum was tested by the instillation /
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instillation of a few drops into the conjunctivel sac. - The pneumococci
in the sputum were typed. The patient was then given an initisl dose
of 20,000 units of rabbit serum intravenously, followed 2-4 hourswlater
by the mein dose of serum — usually from 40,000 to 60,000 units. 1In
‘a few cases a third dose (40,000 units) wes given 6 hours later, the
everage totgl dose being 70,000 units (maximum.lin,OOO, minimum 40,000).
No further treatment was given.

Results:

1. Deaths. Five deaths occurred. The clinical features of ‘these
cases thaet died are set out in the subjoined table (Table 54).

TABLE 54.

Type II Pneumococcus Pneumonia: Deaths among Patients
treated with Sulphapyridine end Serum.

, Digs iii Blood ‘Type and Days
prior Extent of |pccoc- 1
No.}Age [Sex | pdmission | Culture| Consolid- jeted Hos;— Remarks.
ation. Disease ital,
14 54u 3 + Lobar LZR3 0 6 Continued
gspreed of
Pneumonia,
2 21 M + ; Lobsr L Chronic Cerebral
2 / onar QRZ Endo- .17 Embolus:
' cardi tis Pneumonia
- lcured et
death.
3|50t 7 + Lobar R3 0 2 {Continued
spread of
Pneumonis.
a | 4aafn 5 + |Lobar LoRz | 0 2{ Nil.
51 241 M 3 + |Lobar L » 0 10 {Purulent
12 Pericerditis.
|
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The fatality rate for the specially treated cases is 15 per cent.
This is & high rate; but it will be noted thet in every death the blood
culture was positive and that four of the five patients were over 40 years
of age end showed a bilateral puimonary involvement. It must be
emphasised that the cases were selected on account of their severity,
so that the fatelity rate for this series is not directly comparable

with that of the larger series that received sulphapyridine elone.

2. The Effect of Age.

" TAELE 55.

The Age Incidence of Cases receiving Drug and Serum.

Age Group. | Cases. Deaths.
11-20 3 0
-%0 8 1
-40 - 6 0
-50 9 2
-€0 6 2
-70 1 0
Totals: 33 5

There were sixteen patients over 40 years of age (Table 55) and of
these four died — a fetality rate of 25 per cent. It will be remembered
that the fatelity rate for patients over 40 years of age who received
sulphapyridine alone was &lso 25 per cent. Serum, it is evident, has not
lowered the fatality rate specific for age.

3. The Effect of Bacterizemia.

The results of tlood culture were:-
Negative, 153 'Déaths, none: Fatality Rate, nil.
Positive, 18: Deaths, 5 : Fatality Rate, 27.8 per cent.

It /
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It is at once apparent that, as a result of choosing severely ill
patients, the proportién of bacteriaemic cases is increased (54.5 ﬁer
cent.): in the serles of Type II éases which received sulphapyridine
alone, the bacterisemic rate was only 27.2 per cent., end the fatality
rate for such cases was 22.3 per cent. It is clear that the bacteriaemic
cases in the present selected group which received serum in addition

fared no better since they showed a fatality rate of 27.8 pei‘ cent.

4. The Duration, in days, of Primary Pyrexia in Hospitel.

TABLE 56.

The Duration of Primary Pyrexie in Cases treated with
Sulphapyridine end Serums: Recoveries only.

Duration in Days of Primary Pyrexia

Days 1 2 | 3 4 5 6
Cases 1 8 15 3 0 1

The meen duration of primary pyrexia was 2.86 days. This figure is
. very similer to that noted in the ceses which received sulphapyridine

slone — namely 2.74 days.

5. The Occurrence of Complications.

Complications developed in thirteen of the patients who recovered.

The individual complications are listed below.

Delayed Resolution 8 (28.6 per cent.)
Enpyeng .ee  ses 3 (0.7  ® g
Sterile Effusion 2 ( 7.2 » v .
TOtal LN ] ev e 13 = (46.5 " " )

It is apparent that the incidence of complications is high. (It

may be noted that among the fatel cases continued spread of the pneumonia /
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pneumonia was noted twice end a puruleht pericarditis once). Combined
the}apy was given to a selected group of' severe patients, so that a
high rate might be expected. In one respect particularly,_the results -

are disappointing, namely, the high incidence of delsayed resolution.

Sunmary. -

An analysis‘of 73 caseé of pneumonia due to Type II pneumococcus,
to whom a combination of sulphapyridine and type-specific rabbit serum
was administered, indicates that in respect of the fatality rates (specific
for age and the presence of bacteriaemia), the dgration in days of primary
pyrexia and the occurrence of complications, the results showed no
improvement over those obtained with sulphapyridine alone., It may
recsonably be concluded that the high incidence of delayed resolution
encountered indicates that this complication cen éccur even when
additional type—specificlantibody has been supplied.

This finding may be pressed further. It has already been shown that
age is a single féctor of great importence in the final outcome of a case
of pneumoniea, even when sulphonamide treatment is used. As age advances
so we have found an increasing fatality rate; a higher risk of the
occurrence of bacteriaemia; a tendency towards greater pulmonary involvement;
end, in the end, a higher incidence of delayed resolution. We now find
that even when specific entibody is administered no appreciable effect
is noted on the fatslity rste or on the occurrence of delayed resolution.

The results accumulate to suggest that as age advances, the "constitution™”

/
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neonstitution” of the host is the telling fector: as &ge advances it is
not some single factor that is lacking, tut the whole response to the
assault of an acute inflammatory process that is deficient, so that
every aspect of the bacterial invasion is worsened;  and, in the end, if
by some method of treatment recovery is obteined, the poverty of thé
defence mechanism 1s finally displayed in the inability of the patient

to carry out the process of resolution.
\
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D. Pneumonia due to Pneumococcus Types IV-XXXII

end other Orgenisas.

I do not intend to discuss the results obtained with
sulphapyridine in pneumonia due to the "higher" types in the
same detail as I have given to those ceses due to the three
mein types. My present purpose is to place the results on
record in such a way that the general effect of sulphapyridine
may be gauged. I have divided them into three groups:  first,
Types IV-VIII, which will be reported in slightly greater
detall than the others, since, in my opinion, these types are
of greaster importence as causative agents: second, Types IX-
XXXII, which will be reported in less detail: and finally, those

few pneumonias due to other organisms. '
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Results in pneumonia due to pneumococcus Types IV-VIII.
1. Deaths.

TAELE H7.

Details of Fatal Cases of Pneumococcus Pneumonia

Types IV-VIIT.

Dn;ation 5
in Days | Blood | Consol-| Assoc- ays
Agd Sex 00 X .
prior to | Culturel idation)] lated in Remark s
Admi ssiong Condi tions.| Hosp-
- ital.
Type IV
1{59 | u 3 0 |Atypical 0 4
L2R3
‘ 2451 | F ? 0 Atypical o 1 Acute pulmonary
’ . L2R3 Oedena.
340 | F 4 Neg. Atypical 0 1
L _
443 M 1 Neg. |Lobar 0 8 Pulmonary
L2 Oedena.
Type V ‘
1{69 | i 7 Pos. |Lobar Chronic 4
Alcohol-
12 3 ism.
Type VI
1428 | M 2 Neg. |(Atypical 0 17 Pulmonary Abscess
LoRz
Type VII
1466 (F 14 Pos. |Lobar 0 1
B oo
{2463 M 4 0 Atypical 0 8
2156 (M 5 Pos. |Lobar 0 ‘1.
LRz |
4440 (U 5 Neg. [|Atypical | Auricular 3
fibrillne.
pe VITT ‘ :
1}62 |F 3 Neg. LoI};)ar 0 3
o .
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The data shown in Table 57 again emphasise the importance of

age;

only two of the eleven deaths were 40 years of age or less.

The table also shows that in four cases death occurred within 24 hours

of admission to hospital.

' TABLE 58.
ratattty |0 R o S
Type [Cases Deaths Rate ation |Delayed Sterile .
per cent.|Primary! Resol- e Empyena | Others
Pyrexiajution. Effusion.
(days) ’
Iv 20 4 20 2.0 5 1 0 0
v 8 1 12.5 2.1 2 2 0 1
128 9 1 11.1 1.4 1 0 0 0
VII 26* 4 15.4 2.3 3 1 0 0
VIII [19* 1 5e3 2.1 1 1 0 0
Total: 82 11 1%.4 2.1 12 5 0 1

¥ In each, two cases shown in the original analysis (Chept.III) are
They did not receive sulphapyridine in hospital.

oml tted.

Table 53 shows the results obtained.

(132.4 per cent.) has a standard error of f3. 75.

There is almost

The fatality rate for the series

certainly no statistical significance to be attached to the variations

between the different types. It will be noted that the mean duration

in days of primary pyrexia is rather lower in these cases than in cases

of Type I, II or III pneumococcus pneumonia.

The complicated case rate

(20.7 per cent.) shows little difference from that of the other types

analysed.

Delayed resolution is again the most frequent complication.
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Pneunonia due to Pneumococel Types IX-XXXII.

There were 56 cases due to these types which received sulphepyridine

'(Table 59): there were nine deaths — & fatality rate of 16,1 per cent.

TABLE 59.

Details of Fatal Cases of Pneumonia due to Pneumococci:

Types IX-XXXII.

Duration Days
Case|Type |Age |Sex|in gays |Blood Consol- | Associated in
prior to |Culturq idation.| Diseases. |p o Remarks.
Admission ital,
1 XII| 63| M 7 Neg. Atypical 0 9 | Spread of
Ry pneumonia,
Pulmonary
oedena.
2 |XxIil| B| F | 1 Pos. Atypicel | Pulmonary 8 | Pulmonary
Lo neoplasm. oedena.
3 | xIv| 18| U 2 Neg. | Lobar  |Spontancous | 2 -
Ll 2R3 Pneumothorax
4 XIV| 9| F 5 Pos. Lobar Chronic 28 [ Reinfection
R2 Indocard- of endo-
3 itis. ‘ cardi tis.
Splenic
v infarction.
5 XIX| 46| i 8 Neg. Atypical 0 12 | Pulmonary
L12R12 3 Abscess.
6 XIX| %0} i 7 Neg. Atypical |Chronic 1 -
L 5 R2 3 Asthna
7 Xvy 7351 F 1 Neg. Atypical [Chronic myo~| 23 | Sudden
113 carditis. collepse.
8 XXV F 5 Pos. Lobar 0 1 -
Ri23
g [XXIX| 40| M 3 0 Atypical 0 1 | Pulmonary
Ll 2R12 3 oeden_la.
I
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In six of the nine deaths the patient was over 40 yéars of age
and in three death occurred within 24 hours of admissiqn. The figures
make it plain that pneumococci of Types.VIII-XXXII may yet be 4
responsible for a pneumonia-with a fairly high fatality rate. Thirteen
of the cases showed delayed resolution and two, sterile effusions.

It is interesting that, in the preéent seriesv(confined as it is to
adults), pneumococci of Types IV-XXXII were not responsible for a
single case of empyema. The relative infreéuency of bacteriaenia
in the acute stage.aud of empyena as a post-pneumonic complication
suggeéts that these organisms are not highly invasive.

Special attention may be directed to case 4 in the Tabie of
Deaths. The occurrence of primary pneumococcal endocarditis is uncommon,
but reinfection of the vegetations of an old endocarditis with
" pneumococci may oécur more frequently (Luxton and Smith, 1943). Sach
was the cetuse in the present cése. Cultures wefe obtained from the
heart valves at post mortem which showed abundant pneumococci Type XIV.

This is the only case of this nature which I have ever seen.

Pneumonias due to Mixed Types.

Two cases in this group died out of the totalbof fourteen. One
wes a male, 57 years of age, admitted on the eighth day of a lobar
pneunonia affecting the left upper lobe.y Pneumococci types XTXIII and
XXV were isolated from the sputum. He died after nine days in hospitel.
Thelsecond was a female, 64 years df age, asdmitted on the fourth day of
an atypical pneumonia affecting the upper two lobes on the right side.

Pneumococcus Type XX end a non-haemolytic streptococcus were isolated /
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isolated from the sﬁutum; blood culture was negative. The: heart
was fibrillating on admission. She died ten days after admission,
the severe myocarditis failing to respond fo fréatment.

Two complicstions were noted:‘ one case develoéed a sebtic

parotitis, while enother developed a severe degree of jsundice.

Pneumonias due to Orgenisas other than Pneumococci.

1. OStreptococcus.

(a) S. haemolyticus:

~

Two of the nine cases died. One, a fenale 78 years of age,
developed an empyema and a large abscess of the neck. She died
after 193 days in'hospifal; ‘Although she made a good recovery
from her pneumonia and empyema, the neck refused to heal satisfactorily
and dismissal was impossible owing to her age. dld age was at least
partly responsible in itself for the fatal issue. The other death
was in a femnale 50 years of age admitted on the sixth day of a
lobar pneumonia affecting the left lower lobe. Ten days after

admission she developed with drematic suddenness a pulmonary embolus

end died in a few hours. Autopsy confirmed the embolus.

(b) S. viridans.
Only one of the eight cases died. He was a mele, 43 years of age,
adnitted on the seventh day of illness with an atypical pneumnonia

affecting the left lower lobe. He suffered from severe asthma and died
28 days after asdmission as a result of a severe asthmatic attack.

In regard to complications it has already been recounted that
empyema was noted in six of these streptococcal cases. Apart from

empyena, however, no other complications were noted.
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2. Staphylo coccus.

Two of the four cases died.- One was a female, 48 years of age,
admitted on the ninth dsy of a iol;ar pneumonia involving both lower
lobes. ©She died after two days in hospital. The other was a female,
30 years of age, admitted on the third day of a lobar pneumonia
involving the right lower lobe. She was found to have a small empyema
on aci'nission end died within 24 houi's of admission.,

It has already been recorded that three of the four cases

developed an empyema. No other complications were noted.

3. B. friedlinderi.

Both cases recovered; one after developing an empyema, the

other showing de;éyed resolution.
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CHAPTER V.
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A Study of the Effect of Chemotherapy

upon the Pneumonia Mortality in the

City of Glasgow. ¥*

* Tnis chapter was orlginally communicated to the Scottish Society
of Experimental Medicine in 1943; and was subsequently published
in the British Medical Journal, December 13, 1943,
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A Study of the Effect of Chemotherapy on the Mortality

from Pneunonia in Glasgow.

. In certein infectious diseases it has not been difficult to show
that the intfdductidn of sulphonamides has had a good effect upon the
general mortelity. Martin (1942) in a str&ightforward comparison was
. able to demonstrate that in cerebrospinel fever and puerperal sepsis
a definite change had occurred coincidentlj with the introduction 6f
thesve drugs. In his exainination of pneumonia, however, he noted that
"although there hgs been &n undoubted decreese in the mortslity rat;e;..
en estimate of its extent is rather speculative," ‘and suggested that in
the period 192%9-41 the expected 'deaths might have been 10 per cent. higher
then those actually recorded. This can scaercely be regarded as a
tremendous achievement, especially since the clinician has recorded
i‘éductions in case fatality rates to about a third of their former level.
Further, chemotherapy has the particular merit of simplicity of |
administration, so that in a general way it should be as effective at
home as in hospital. It has been shown (Anderson, 1943%) that the
efficiency of sulphepyridine is impaired in those 6vér the age of 40 years.
Since pneumonia is zr;ore éévere in the older age groups it seems possible
thet the apparently ’slight reduction in generel mortelity m\ight be
causéd by a continuing high mortality in those past middle life. The
purpose of this analysis is to study such a possibility.

Since 1922 the Medical Officer of Health for Gl’afs?gow has encouraged
the notification of cases of pneumonia, and has annually made aveilable
a considerable amount of accommodation for their treatment in hospital.

Smith (1928) estimated that about 75 per cent. of the cases occurring
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" occurring in the city are notified.  As he pointed out,‘thé-fact-that
the notified cases represent only three-quarters of the total incidence
mekes the figures of little value in estimating mortelity rates. Despite
the validity of this criticism, the notification figufes presumably
reflect the prevalence of the disease, snd they therefore have a value
in assessing the fluctuations in annuel incidence. A further inference,
however, may be drawn — namely, that from year to year the practitioner
will notify similar types of case; end of immediate importance, that the
age-grouping of the ﬁotifications will reflect the age-grouping of the
di sease in the community. Although he may tend to notify more cases |
from those age groups in which the disease is more severe, it seems
~reasonable to suggest that such a tendency will remein fairly constent
from year to year. ’

Now, & cruciel difficulty in assessing pneumonia mortality is
the lack of figﬁres expressing the incidence of the diséase; If the
present argument is sustained, hdwejgr, it should be permissible to
compute the ratio of deaths to notifications for different ége groups
in two periods of time, and, by comparing them, to assess any changes
which had occurred‘between the mortality of these age groups. " The
accompanying table (Teble €0) shows the relevant figures for the pre-
sulphonemide period 1922-28 and for 1929-41. In column 8 the ratios
of deaths per 100 notifications in 13%9-41 have been expressed as a
percentage of thdse encountered in 1922-28., It i1s clear that the change
which has occurred in the last three years is ﬁére marked in certain

age groups than in others, the fall under 1 year end over 45 yéars being /
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being less striking than it is between these ages. It is justifiable

to conclude that the cause of the reduction in mortality noted in

19%9-41 — presumably chemotherapy — has been less effective in those

extreme age groups. The tahble indicates too, &s one would expect, that

the ratios for the total figures in the two
of less then a third in the 1929-4l period:

‘results at the extremes of life do mask the

middle age groups.

time intervals show a fall
in other words, the poor

benefits sustained in the

TABLE €0. ,
Table showing Notifications snd Deaths from Pneumonia in
Glasgow, 1922-41. '
192233 19729-41
Age { Deaths -1 Deaths
Notifica- per 100 | Notifica per 100 | Ratio
(roapsy | tions, | Deethe lig;clilgicai tlons. | DooUR® Hotd flce- b x100
. (4) (B)
0-1 18,224’ 8,920 | 49.02 3,088 1,135 | 36.7€ 75.0
-10 46,693 6,795 |14.45 5,620 375 6. 67 46.2
-0 8,777 586 6. 67 1,34 3l 2.36 3503
-45 13,759 2,760 | 27.33 2,280 264 111.%8 42.3
46 + 12,640 9,038 | A.5% 2,910 1,718 |45.29 63.3
ages [L00,103 29,099 |29.09 15, 222 2,122 | 20.51 7.5

This analysis of the deaths from pneumonia for the whole City adds

much weight to the conclusion reached in the last chepter from the study

of the clinical material.
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CHAPTER VI.

A  Summing—Up.
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Two findings have so far emerged which are clearly of major
iﬁportance in the consideration of the behaviour of pneumonia under -
the influence of chemotherapy. The present chapter will be devoted
to an attempt further to elucidate these problems.

In the first place, it is apparenﬂy true that the type of
pneumococcus still plays en important role in determining the mortslity
of eny series of cases. Now, so far as type III infections ere conceméd,
part of the reason at least may not be hard to seek; for their
association with pneuﬁonia in elderly patients would at once suggest
itself. The difference between the fatality rates of ‘types I end II
cases 1s less easily understood: for the enelysis of the caées in the
present study has shown that these two types are isolated from patients
with a very similar ege-distribtution. Here we must assume that the
difference 1s to be related to the attacking mechanigas of the two
orgsnisms. . '

Experimentally,(it cen be shovn that there are differences between
them. For exsmple, Schmidt snd Hilles (19%9) concluded that the types
very in their ability to stimulate entibody formation; and Cruickshenk
(19%3) drew attention to the fact that at that time the mortality of
the first three types paralleled their capacity for the production of
the capsular substanée or "specific soluble substance". From the
purely clinical point of view, attention may be drawn to one difference
found in the present series, namely, the lowgr bacteriasemic rate in type

I infections. This might infer that type II organisms possess a higher

invasive capacity.

Throughout /
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Throughout the report I have fbllowed'the now usual custom (Heffron,
19%9) in describing the presence of pneumococci in the blood Stream as
a bacteriaemia. This nomenclature serves to emphasise that the primary
infection is in the lungs, from which the pneumococci "spill over", as
it were, into the circulation.l Such a view suggests that the bacteria
reach the blood streem &s much through a bresking down of the host's
‘defences as through the actual invasiveness of the orgenisms themselves.
But that both of these orgenisms are capable of systemic invasion is
shown by their abiiity to cause such complications as empyema and
meningitis.

Now these two complications form an interesting contrast: for
whereas empyema presumably reflects a capacity for locel invasion,
the ocourrence of meningitis must suggest s much more overwhelming
dissemination of the pathogen. It is interesting, therefore, to
contrast the types of pneumococcus isglated by me from these two
conditions in recent years. It must be made clear that the figures
refer entirely to complications in which pneumonia was the underlying
cause. Pneumococcus meningitis, it is well known, may occur as
a complication of infections in the nose and ear; end in such forms
the type of pneumococﬁus must be related to the types mést commnonly
‘present in these sites (Anderson, 1941 ). Table 6l sets out ﬁhe

distribution of such cases sccording to the infecting orgsanism.
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TABLE €1.

The Bacteriology of 42 Cases of
Fopyema and 15 Cases of Meningitis.

Organism Isolated. Empyema. Meningi tis.
Pneumococcus Type I 10 ’ 0
11 5 6
III 5 0
v 0 1
Vil 0 1
Other Types 9 5
Untypsble 0 1

Streptococcus pyogenes
Streptococcus viridans

Staphylococcus

R Y
o O O =

B. friedlanderi

Totel 42 15
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In accord with the findings of BElacklock end Guthrie (1933)
it will be noted that type I pneumococcus is the most -common single
etiological agent in cases of empyemé. In meningitis, however, we
find that no type I infection has been noted, whereas six examples
of type II infection have been discovered. . This, during a time
when there was not a marked disparity in the incidence of the two
types in pneumonia. S

Does such a finding not suggest a broad distinction between
the two pathogens? Type I pneumococci eare dangerous mainly by
reason of local invasifreness rather than their capacity for systenic

~invasion; here, the presencé of -bacteria in the circulation may
more truly be described as & "spilling over". The description
"bacterlaemia® is thus apt; its incidence is lower; and its
correlation with increased mortality, as we have found, less easy
" to show. , With type II infections, however, the condition is more
_properly a "septicaemia", the pathogen itself motivating phe in{rasion.
Under such circumstances the incidence is higher; end a positive
correlation vith a higher fatslity rate would be expected.

Such a view cean at least be put forward on purely clinical
grounds as & partial explanation of the difference in mortality between
the two type infections. For clinical observation slone leaves
little doubt that type II infectior_ls are more severe, even at the

early stagés of the disease: end the obvious clinical severity might
well reflect a more malignent invasion of the tissues of the host.

The /
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The second finding which has been stressed in seversl sections
of the‘theSis is the impoverished capacity of the sulphonamides‘to
cope with the disease in the older patient. . In what wa& can this
question»of age be correlatéd with the infecting type of pneumococcus?

I have elready stated from my own clinicel observation that there
is & general similarity between the form of illness which arices
from infection by types I, II, V or VII. With these four the
clinical picture most ffequen@ly'confdrms to the canonical description
of the disease enshrined in our textbooks. One would particularly
emphasise such points as — the sudden onset, usually wifh severe
shivering or vomiting: the more distinctly lobsr distribution of
the consolidation:‘ the systematic progress (in untreated cases) through

the different stages of consolidation to a sudden emelioration of

/signs end symptomé with & criticsl fall in temperature: and the

presence in almost all cases of the typlcal pneumonic rusty sputum{
Such a composite clinical syndrome should immediately suggest an
infection with one of these four types. Although one does not deny
to the other types the capacity of producing in individual céses Just
such a typical illness, yet it is true that with them the clinical
variation in eny series is much wider.’ The onset 1s less abrupt; a

preceding "cold" or "influenza" maey indeed make it difficult to

' define an exact date of onset. The consolidation often does not

extend to & complete lobe, end & generslised bronchitis may remein
from the initiating illness: termination of the disease by lysis
used to be more common than by crisis: and the tenacious, rusty

sputum may not be noted.

To [/
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To study this broad subdivision more closely, Table 62 has been
complled. It shows ihe cases dividJed into three groups of pneumococcal
types, which are compared with each other in respect of certain factors.
To make the analysis complete, I have included the results of a small
study of the pneumococcus fypes isolated from infants and children
suffering from pneumonia; which I reported to the Scottish Society of
Experimental Medicine in 1942. Finelly, as an appenidix to the table, the
19%1-34 results are given in a sofn_ewhat similaf way. The contrast is
simplified by Table 63, where the broad deductions from Table 62 are
produced in summary. The conclusions which I draw from these tables
can be summarised in the follqwing way.

In the first place it will be seen that types I, II, V end VII are
isolated with increasing freéuency as age advances. This might, of
course, mean that as man matures he loses an inherent defence against
their attack, although such reasoning seems unlikely. It seems more
probable that the proportions reflect an increasing contact, as age
advances, witlf{ the outside "herd": as the individuel's sphere of
contacts with the outside world enlarges, so the chence of an’éxlcounter
with these types incréases. The high proportion of male cases would
also support such an argument: although here, no doubt, occupational
3 hazards will further increase his risks of infection.

Before SuccessfulA infection can occur one must assume a lowering
"of host resistance; but the high capacity for invasion which these
types display might suggesp that’ this reduction need be but slight.

In contrast with this picture the "other typesﬁ group (column 4,

. Tables 62 and 63) attack the more sheltered population to a greater extent,

) | _ | /
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extent, the incidence falling as age advances. Further, they are
frequently found in non-pneumonic sources; and when infection does
6ccur, invasion, as measured by the incidence of bacteriaemia, is less
common. With them, the prpportion'in each sex is more nearly eqﬁal.
These findings would suppprt a hypothesis that infection with such
types is acquired either from the patient's own commensal strainé; or
from immediaté femily contacts who are carrying temporarily such
organisms in the nose or throat. _But before successful infection with
such low-grade pathogens can occur, one must assume a profound prodromsl
lowering of host resistance. Such reasoning would infer that the great
reduction in defence is the primary fault, which permits strains of low
virulence to penetrate further along the respiratory tract, giving rise
to a degree of pulmonary inflammation, though lacking the invasiveness
- to infiltrate far into the tissues of the host.

Type III clearly fealls into a category of its own. (Aithough .a
frequeht finding in sputum from ﬁon—pneumonic cases, I decided to
separate it from the others lest it might be supposed that 1ts own ‘
peculiaritieé had masked the results of the analysis). It>is clear
tha£ infection with this type is most éommon‘and most severe in those
over 40 &earS'of ege. Indeed, when younger persons are attacked the
mortality ﬁay be little different from that of the fother types": as
is well shown in the results obtained in 19%1-3%4. An invasive capacity
| must bevcredited to this typg, although, having consideration to»thé
elderly .age-grouping, one might well have expected the incidence of
bacteriaenia to be higher. It is possible that carriers of type III

pneumococci are more common among elderly persons; my own observations

-/
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observations are t;ao few to permit much subdivision. Clinicz;lly,
there is no doubt that this type is cépable of considersble local
infiltration; for with it a massive c0n801idation‘involving a large
part of one lung is a cqmmdn observation. Fortunately, its incidence

in sny seriés of cases i1s not high.

The problens involved in the understanding of any acute infection
are clearly too cbmplex to be answered in one simple generalisation.
I would suggest, however, that wé have in this last analysis a basis
for the partial understanding of pneumococcal pulmonary inflanmation.
A few pneumococcal types (types I and II certainly, and probably also
V and VIII); it is advanced, are‘rarely to be found apart from actual
pulmonary infection. When infection doés occur, they are, by reason
of their disease-produging capacities, capable of overcoming the
tissues of the host despite his relatively good aefences. Thelr
invasion into the lung parenchyma gives rise to the typical lobar
consolidation. Such tybes might be well termed the "epidemic types'.
On the other hand, the majority of the pneumocdccal types.might be
described as "endo-parasites™; infection with them oceurs only as a
" result of some serious lack in the host's defensive capacity. . Their
low virulence produces but little tissue invésion, so that for the
mo st part the infection remains almost a local one. And, as age
advances, we find a "shift" towards infection by these strains of
low virulence: strains whose attack upon the host is facilitated
by some fault in his defences. With such a picture in mind we may

turn finally to a discussion of the results obtained by chemotherapy.
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"TABLE 62 (Appendiz).

Anglysis of 1931-1934 Cases.

, % %

Types Type "Group

I and II IIT - Iyn
Age Group 11-40 yrs. on 17 74
41 + 99 10 27
Total Cases 11 +yrs. 370 - 27 101
“Total Deaths cee cee oss 71 4 16
Fatality Rate per cent ... | 19.1 14.8 15.9

In 1931-34 the method of typing used only permitted differentiation
of the first three types; the remainder were classified as Group IV.
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. When the results of the chemotherapy of erysipelas were discuissed,

it was pointed out that the major effect of the drugs seemed to be
to combat the inyasivanéss of the .streptococcus. This finding is’
surely underlined by the snalysis of the results of the chemotherapy
~ of pneumonia. For. the apparent anomaly which arises from the argument
of the last chepter is just this — that the efficacy of the drugs is
most marked in those infectj.ons which are csused by the virulent end
invasive types, namely types I, II, V and VII. In an eariier chapter
when a comparison was made between the combined type I and II
iﬁfections in 1931-34 end 19%9-40 (the two series having been "equalised"
in respect of age end type distribution), it was shom that chemotherapy.
in the latter period had océasioned a fall in the fatality rate from
25 per cent. to about lO. per cent.  The figures given in the last
chapter show that the drugs may be assumed to have reduced considerably
the mc;rtality from these "epidemic" typés; that there has been in fact
an increase in the moitality of type III infections, albeit the age-
distribution  has in recent years moved to an older groupir;g, while
with the "endo-parasitic® group (which, apart from the exclusion of
types V end VII corresponds to the old "Group IV") the fatality rate
has fallen only slightly — from 16 per cent. to 14 per cent.

i‘he marked reduction of mortality in those infections which may be
regarded as "invasive" is the more gratifying when it ié recalled that
in an earlier chapter it was shown that a higher proportion of persons
over 40 years was included in those patients studied during 1939-40.

There / '



- 252 -

There can be little doubt that this finding, reached from the
study of two entirely different infgctions, must have 1ts significance
in the understanding of the action of the sulphonamide drugs. In vitro
studies have suggested that the sulphonamides are indifferent ‘bo‘ the
type of pneumocaccus, acting equally well with all (Whitby, 1933).

It would seem that in pneumonia in man, their action is best against
those organisms which have in the past given rise to the most serious
disease.

In the introduction to the thesis, reference was made to the
hypothesis that the action of the sulphonamides was mainly, if not
entirely, due to their interféring action in disPiacing a metabolite
essential for bacterial growth. It would be easy to suggest a
parallelism between the capacity for multiplication and the capacity
for invasion. But such can scarcely fulfill all the re(juirements
of & complete enswer. It has seemed to me that one of the real
dengers in considering the action of the sulphonamides has been the
’ observation of their activity in the test-tube: for it tends to
induce the thought that their action in man must be motiveted by a
similar effect. Now, were the action of the drugs a mere interference
between the organism and some foodstuff, the administration of a
sufficient quantity of drug should invé.riably accomplish the subjection
of the bacterial population (the "vacteriostasis" of the test-tube) to
resulﬁ, apart from accidentsl sequelae, in the recovery of the patient.
Yet, consideration of the general mortality from pneumonia in the City
of Glasgow showed clearly that the effect of the drugs has been less

satisfactory in the very young and in the elderly. From the argument

/
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argument applied in the last chepter one would interpiet this to
suggest a relative failure against those types whose capacity to
attack man is least.

On the other hand, one of the essential differences between
the "epidemic" and the "endo-parasitic" infections, it was argued,
was the difference in the state of the host: in the former, only
slight lowering of his defensive mechanism would permit successful
ihfection; in the lgtter, infection could only be accomplished
after a serious depletion of his defences.

Thus, it might be contended, the improved results in those type
infections whiéh I have termed "epidemic" might be related more to
the underlying healthy state of the host's defences than to a more
effective action of the drigs upon these particular organisms. Such
a view might also suggest that in the body of man bacteriostasis is
not the essential character of the action of the drugs: for even
when the drugs heve been effective, the defences of the host are still
required actively to engage the offender. One wpuld imagine that a
successful bacteriostasis shbﬁld leave 1little for the host to accomplish..
Yet, where these defences are impoverished, as in the infections,
broadly, of the old "Group IV", a chemotherapy effective against type I
and II infections feils of its purpose. I would thus picture the
sulphonamides as curbing a.factor of the pneumococcus which may broadly
be termed invasiveness; thereafter, the host is called upon to perform
what cannot be regarded as the least important part of the bargain, for

should he fail, the most effective use of the drug will likewise prove
unavailing. l

But /



- 254 -

But defence against infection hés two aspects - the formation of
specific antibodiés as well as the less tengible non-specific defences.'
Evidence has been adduced in this thesis which makeé it unlikely that
failure is due to a lack of specific sntibody. For we have found that
even-whenﬁadaitional entibody was supplied in the form of type-specific
rebbit serum (itself knomn to be effective in the treatment of pneumonia)
the resulté were not improved. Suéh a negative result is not unimpd;tant.
It will be recalled that Fleming (1939) produced evidence thaf, in .mice,
vaccines or serum combined with sulphonami@es produced improved rates
of reco%er&. Now, my own results with serum confirm a more extensive
and well—controiled investigation by Plummer and his colleagues (1941)
in America. Clearly, if the ‘experimental work is correct we have here
an excellent example of the dénger,/to %hich I have glready elluded, of
transferring too readily to men the results obtained with these drugs
experimentally. It is not sufficiently appreciated that meny of these
experiments agre of a highly artificiel nature: and that the enimal most
commonl& used in research vith the pneumococcus, namely the mouse, has,
unlike man, little natural resistance to pneumbcoccal infection.

The results of the experiment with specific sérum, therefore, étrongly
support the view that the material which is lacking in the support of
chemotherapy is the host!s n;n-specific defences.

It might, of course, be argued that the difference lay more in the
pathological nature of the pneumonic consolidation; that the drugs were
more effective in lobar pneumonia, which is the characteristic lesion in
middle 1life; and that they were less effective'in bronchopneumonia, which

is the commoner lesion in the very young or the very old. The fact /
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fact that, in broﬁchopneumonia, the infection is more confined to the
bronchisal tree and that invasion of the lung parenchyms is less in
evidence than in lobar pneumonie would perhaps faQour such a view; and
Crui ck shank (194%) hes suggested that the almost "externsl" position
of the pneumococcus in bronchopneumonia.placed it, as it were, outside
of the body and so iess éusceptible to attack by the chemical agents.
' Such an argument seems to me less appealing. Norris (194%) hes shown
that the concentration of sulphadiazine in bronchizal secretion during
oral administration of the drug is about &0 per cent. of the blood
level. His results indicated that such a method of administration
affected the bacteriological flora of bronchiectatic cases favourably:
indeed, in four of his cases,pnéumocécci,’present before treatmeat began,
could not be isolated after treatment. If the effect of chemotherapy
is a bacteriostatic one, the precence of such en smount of drug in the
sputum of pneumonic cases should have s beneficial effect. One might
indeed argue thet the very pathologicsal form of the concolidsticn is
determined by the underlying non-specific resistance of the person
attecked (Anderson, 194%), Vhere this is good, only the more invasive '
types can overcome it, and even then the individusl is able to stem the
infection to some extent by confining it to en area of the lung; where
basic resistance is poor the infectioh is more diffuse and a broncho-
pneusonic process recults. |

One further finding of great relevance must be emphasised in
conclucion. The disturbing feature which hes to be recorded in cases

of pneumonis receiving chemotherapy is the high incidence of delayed /
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delayed~re801ution: a high rate which, it mayibe noted, wes not
affected by the administrstion of type-specific serum.

There cen be little doubt that the termination of the typical
pneumonia by "crisis", in cases receiving expectant treatment, snd
the elmost immediate trensition of the lung from solidity to a state
of resolution constituted one of the most dramatic natursl phencmena
.qf medicine. The failufé of resolution in so m;ny cases treated
vith sulphonéﬁide thus merks a distinct chenge in the sequence of the
pathologicel process. It is not yet possible to advence a reason for
its occurrence. A more deteiled study of the actusl progress bf
the pneumonic process under tfeatment with sulphonamides is still
necessary. | But the pfeSent vork has shown that it is associated with
the severe case-groupings, the correlation with age being the most |
apperent. It might be suggested thet in the study of delayed
resolution end the elucidetion of the causes underl&ing its occurrence
there lies an important clue to the mode of action of sulphonsmides

in man.’
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