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INTRODUCTION

It is with some diffidence that I present a thesis
on chemotherapy in 1954, the year which marks the centenary
of the birth of Paul Ehrlich. It was he who coined the word
chemotherapy to denote the use of a specific chemical substance
for the treatment of human disease. He first used the term in
connection with an attempt to treat malaria with methylene
blue. Encouraged by the success of this experiment he went on
to seek a remedy for trypanocsomiasis. He conceived the idea of
experimenting with a toxic substance like arsenic and so modi-
fying it that it would kill the parasites and yet leave the
host's tissues unharmed. This led to his discovery in 1910 of
salvarsan, later calied arsphenamine. The signal success of
this drug in the treatment of both trypanosomliasis and syphilis
lald the foundation of the modern science of chemotherapy.

The search for other chemobtherapeutic agents continued
but there was an interval until 1935 when clinical reports of a
new drug, Prontosil Red, were published by Domagk in Germany.
In the same year the two Trefoulls and Nitti and Bovet at the
Pasteur Institute showed that the part of the Prontosil molecule
which conferred its staining properties was not essential for

its therapeutic powers. By removing thils portion they produced



the chemically simpler substance, sulphanilamide, which was

the active portion of Prontosil. Subsequently, derivatives

of sulphanilamide were synthesised with greater antibacterial
activity and less toxicity. In 1941 sulphadiazine was produced
and the potency and freedom from toxic effects of this drug
make 1t one of the most widely used sulphonamide compounds.

The next advance came with the introduction of anti-
biotics for the treatment of infection. The story of Fleming's
discovery of penicillin is well knowvn. In 1929 he noticed that
a mould which had accidentally fallen on one of his culture
plates was causing dissolution of the staphylococci in its
nelighbourhood. He realised that the mould, which he later
identified as Penicillium notatum, was secreting a substance
which was lethal to bacteria. This substance he called peni-
¢illin. It was not until eleven years later, however, that
penicillin was sufficiently concentrated and purified by
Florey and his co-workers at Oxford so that its curative pro-
perties in humen infections could be demonsirated.

The success of penicillin led to an intensive search
for other substances with antibiotic properties. The struggle
for survival in the world of microscopic organisms had Dbeen
recognised for many years. The term "antibilosis" to denote

the opposition of one living orgaenism to the life of another



organism had been introduced by Vuillemin in 1889 who called
the active participator the "antibiotie". TIn 1941 Waksman re-
introduced the word to designate the chemical substance pro-
duced by micro-organisms which could inhibit or even destroy
other micro-organisms.

Antiblotic substances are produced mainly from three
types of micro-organisms. These are, in ascending order in
the biological scale, the bacteria, the actinomyces and the
moulds. From bacteria, bacltricin, tyrothricin and polymixin
have been obtained but, because of thelr high toxicity, they
are of limited chemotherapeutic use. Penicillin is the only
important antiblotic which has been discovered from the moulds.
The first observation on the actinomyces was made in 1917 by
Grieg-Smith in Australia. He noticed that some organisms grown
from the soil had the power of inhibiting the growth of certain
bacteria. Waksman chose the actinomycetes as being the most
promising source of antibiotics. He examined a large collection
of stock cultures and eventually found one species, the Strep-
tomyces griseus, which had potent antibacterial activity. 1In
1944 he succeeded in isolating this new antibiotic which he
called streptomycin.

This provided a great stimulus for the systematic

screening of solls for other organisms with antiblotic



properties. 1In the post-war period extensive research programmes
were drawn up and innumerable soil samples from all over the
world were sent to laboratories for mycological investigation.
Nowadays an elaborate routine precedes the introduction of a

new antibiotic. Fungl grown from the soil are tested for anti-
biotic activity against various pathogenic organisms. In order
to study the specific nature of the active agent, the fungi which
seem promising are grown in quantity to get sufficient antlbiotic
in a semi-pure form. Should this substance not be already known
it is studied for its toxicity in animals., If it passes this
test satisfactorily the fungus 1s then grown in larger quantities
for recovery and purification of the antibiotic substance, 1In
its pure form the substance undergoes pharmacological testing

in vitro and in animals before being used to treat experimental
enimal infections. Only after satisfactory results from these
experiments is the antibiotic ready for clinical trials in human
infections.

As a result of this system, over three hundred anti-
blotics have been discovered but only about a dozen are of
clinical value. Three of the most outstanding ones, chlor-
amphenicol, aureomycin and terramycin are used in the present
investigations. Chloromycetin was isolated from Streptomyces

venezuelae by John Ehrlich and his co-workers in 1947, and



aureomycin from Streptomyces aureofaciens by B.M.Dugger in
1948. 1In 1950 a team of workers led by Gladys L. Hobby found
that Streptomyces rimosus produced a new eantibiotic which they
called terramycin.

Once an antibioticbhas been discovered biochemists
determine its chemical structure so that the substance can be
synthesised. This leads to the development of methods suitable
for its commercial production. In 1949 Controulis, Rebstock
and Crooks discovered the chemical constitution of chloromycet-
in and described a method for its commercial production. The
trade name Chloromycetin was registered by Park Davis and Co.
and the name chloramphenicol was subsequently used as the gen-
eric name. In August 1952 the chemlcal structure of terramycin
was elucidated and the descriptive chemical name given it was
oxytetracycline. The corresponding name for aureomycin is
chlortetracycline showing that these two drugs are closely re-
lated chemically. The chemical names are now the official de-
signations for these antibiotics and their original names are
the trademarks of the laboratories in which they were discover-
ed. Thus the trade mark of Lederle Laboratories for chlor-
tetracycline is Aureomycin and that of Charles Pfizer and Co.
for oxytetracycline is Terramycin. For the sake of simplicity

the familiar proprietary names are used for these two antibiotics



throughout this study.

In September 1951, when I was a house physician iIn
Knightswood Hospital, Dr.Anderson, Consultent in Infectious
Diseases to the hospital, was given by Dr.Hobby a supply of
terramycin which at that time was the latest anfibiotic. An
attempt to evaluate this drug clinically forms the basis of
the present work.

In the first place the value of a new drug must be
proved in the treatment of human disease. Accordingly a con-
trolled therapeutic trial of terramycin in pneumonia was
carried out and this forms the first part of the study. If a
drug is to establish a permanent place in therapeutics it must
be relatively non-toxic to the patient. If a drug has serious
toxic effects on the host then, irrespective of its efficiency
in attacking and destroying the infecting organism, its use as
a clinical agent will have to be abandoned. The side-effects
of terramycin in the pneumonia patients were therefore care-
fully examined. Furthermore, to gain a wider experience of the
side~effects of antibliotics the scope of the investigation was
enlarged, While the therapeutic trial was in progress I was
also in charge of a ward of patients suffering from pulmonary
tuberculosis and three groups of these patients were given a

course of chloramphenicol, aureomycin or terramycin. A study



of the clinical side-effects of the antiblotics in both the
pneumonia and tuberculosis patients forms the second part of
the work.

It is well known that chloramphenicol, aureomycin
and terramycin have a wide range of antibacterial activity,
hence the descriptive name "broad-spectrum" antibiotics. When
such drugs are used for the treatment of infection, not only
the specific organism responsible for the infection but all the
sensitive organisms in the bacterial flora of the respiratory
and alimentary tracts are eliminated. This effect on the
microflora is another type of side reaction which antiblotics
may produce. A study of the change in the microflora of the
sputum, throat and rectum which occurred during antibiotic
therapy forms the third part of the work, The usual relation-
shlp between man and his bacterial flora is one of commensal-
ism, that is, the organisms live in equilibrium with the host
without causing the deleterious effects characteristic of para-
sitism. Man may not live so equably, however, with the micro-
flora left him by antibilotlc therapy. In the fourth part of
the study the significance of the alteration in the microflora
is discussed, with specilal reference to its bearing on the

clinical side-effects of the antibiotics.



The following chapter describes the
therapeutic trial of terramycin.

In the first section the results
obtained in the treatment of pneumonia are glven
and discussed. The pneumonia series of patients
included two groups, one consisting of cases
treated with terramycin and the other of the
control cases.

In the second section the effect of
terramycin on the course of the virus infection
herpes simplex, which.commonly accompanies pneu-

monia, is examined.



CHAPTER TI.

THERAPEUTIC TRIAL OF TERRAMYCIN

Section 1. PNEUMONIA

The terramycin, it was considered, could best be used
in treating patients suffering from pneumonia. Despite improved
methods of treatment, pneumonia in the elderly patient remeains
& dangerous infection and consequently the majority of pneumonia
patients seen in hospital belong to the older age group. Al-
though modern therapy has reduced the gravity of this illness in
younger persons to such an extent that most can be satisfactorl-
ly treated at home, in Glasgow the problem of overcrowding fre-
quently renders the care of a sick person in the home imprscti-
cable. ﬁany cases have to be removed to hospital and consequent-
ly, in the city fever hospitels, pneumonia patients account for
a high proportion of cases admitted for treatment of an acute
infection.

In estimating the value of terramycin in the treatment
of pneumonia, the results of therapy in two groups of patients
had to be compared. It was decided that one group would be
treated with terramycin and the other, as similar to the first
group as possible, would be the control group. In selecting
the treatment for the control patients it was thought it would

be helpful to compare this newest antibiotic with one of the
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first of the chemotherapeutic agents, namely the sulphonamides.
| When the sulphonamides came to be widely used in the
treatment of bacterial infections, nowhere more than Iin pneu-
monia was their value more pronounced. They were indeed con-
sidered to be specific for pneumonla. Hitherto the recovery of
a patient from lobar pneumonia had followed a typical clinical
course. Fever continued and the patient was critically 111 un-
t11 the crisis which usually came on the seventh day of illness.
At the crisis the temperature qulckly fell to normal within 12
hours and this was accompanied by dramatic clinical improvement.
Treatment by sulphonamides so greatly modified the course of
the disease that classical cases were only rarely seen. At
whatever stage of the illness sulphonamide was given, the tem~
perature fell to normal in 24-48 hours by lysis, although the
actual process of resoclution was not accelerated. Sulpha-
pyrldine was accompanied fairly frequently by toxic effects,
especlally nausea, vomiting, headache, cyanosis due to methae-
moglobinaemia and by haematuria. It was soon replaced by a
mich less toxic derivaetive, sulphathiazole. Sulphadiazine is
even less toxic although not so potent an antibacterlal drug

as sulphathiazole. Because of its freedom from toxic effects
sulphadiazine was chosen as the control drug in the present

treatment trial.
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Anderson (1948) showed that the sulphonamides were
as beneficial in the treatment of pneumococcal pneumonia as
penicillin and, from a study of 8,000 case records of lobar
pneumonia, Norris (1953) came to the same conclusion. WNever-
theless the action of sulphonamides is bacteriostatic while
penicillin in large doses is bacteriocidal. Furthermore, sul-
phonamides are ineffectual in the presence of pus and a patient
with a leucopenia often does not respond to this form of treat-
ment. Consequently, whenever it was considered to be in the
patient!'s interests, the cases in the control grbup were treated

with penicillin in addition to sulphadiazine.

MATERIAL AND METHODS

The Cases. The patients included in the treatment trial

were the routine admissions to the male pneumonia ward in
Knightswood Hospital during the period September 1951 to
December 1952. The series comprised 176 adult males over the
age of fourteen years. The patients were allocated alternate-
1y in the order of their admission to the two treatment groups.
Only patients whose pneumonia was confirmed radiologically have
been included in the final analysis. Twenty-six patients in

whom the pneumonia was not confirmed have been excluded. The
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reasons for their elimination are shown in Table 1. This

TABLE 1. - REASONS FOR EXCLUSION OF CASES FROM THE FINAL ANALYSIS.

NUMBER OF CASES
FINAL, DIAGNOSIS
Terramycin Group { Control Group

Bronchitis (chest X-ray clear) L 5

Acute exacerbation of Chronic
Bronchitis 1 3
Bronchiectasis 2 2
Pulmonary Collapse 2 1
Pleural Effusion 1 1
Bronchial Carcinoma 1 1
Pulmonary Tuberculosis 1 1
TOTAL 12 14

leaves a total of 150 cases in the pneumonia series of whom 75
were in the terramycin group and 75 in the control group.

Investigations. (a) Clinical: The patient was first seen
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in the ambulance by the receilving doctor. If he was desperate—
ly 111 resuscitation with oxygen and nikethamide was started

at once on arrival in the ward. Otherwise he was glven a
blanket bath on admission and examlined by the doctor half an
hour later. The patient was first asked if he had been given
any treatment prior to admission. A patient was considered to
have had inadequate chemotherapy if he had had less than 6g of
sulphonamide or only one injection of penicillin. Only patients
who were in this category or who had received no previous chemo-
therapy were included in the series. Each patient was question-
ed about the mode of onset of the illness and the day on which
the various symptoms appeared. A routine clinical examination
of each system was then carried out. If the patient's history
and clinical examination were in keeping with the diagnosis of
pneumoniea he was admitted to the trial series.

Each patient had an X-ray of chest taken on the day
after edmission and this was repeated at weekly intervals during
his stay in hospital. When a patient was discharged before re-
solution was complete on radiological examination, he was asked
to report at weekly intervals until the chest X-ray was clear or
showed only residual pleural thickening.

(b) Laboratory: From each patient on admission a speci-

men of sputum was collected into a sterile petri dish and 10ml



14

of blood were withdrawn from the arm by venepuncture. Five ml
were injected into a bottle containing sterile broth and 2ml
were mixed with 20ml of melted agar to make a pour plate. All
culture media contained 0.5% of parsaminobenzoic acid to coun-
teract the inhibitory effect of any sulphonamide given before
admission. The remainder was put in a small bottle containing
heparin. These specimens were taken at once to the laboratory.
A direct film of the sputum was stained by Zell-

Neelsen's method and a search made for tubercle bacilli. The
sputum was then emulsified with 5ml of sterile broth, a loopful
inoculated on to a blood agar plate and 2ml injected into a
mouse. The latter procedure was carried out with the purpose
of rendering any pneumococci typable. The plate was examined
at 24 hours and again at 48 hours for growth of orgaenisms. When
the mouse died, usually within 48 hours, its peritoneal fluid

was examined for pneumococcli. The blood culbure bottle and the

pour plate were incubated at 5700 and examined daily for ten
days for growth of orgenisms. The pour plate was used for'esti—
mating the degree of bacterisemia. Each colony on the plate
was taken to represent a single organism originally present in
the 2ml sample of the patient's blood. The number of colonies
appearing on the pour plate were counted end half this figure

gave the number of colonies present per ml of circulating blood.
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As far as possible the serological type of the pneumococcus
isolated from the sputum or blood of each patient was deter-
mined. The laboratory had a supply of typing srea for pneumo-
coccl types 1 to 42. From the heparinised blood a white cell

count was done and films were made on which, after staining
with Leishman's staln, a differentiel white cell count was done.
The specimens of sputum and blood were collected by the receiv-
ing doctor who also did the white cell and differential counts.
The subsequent examinations of the sputum and blood cultures
were carried out by the senior laboratory technician.
Treatment. (a) Symptomatic: 1In the case of patients who
complained of pleural pain, a hot kaolln poultice was applied
to the chest. On the first night in hospital each patient was
given 2dr of syrup bf‘chloral and this was repeated on the fol-
lowing nights if the patient had insomnia. If the syrup of
chloral proved ineffective 3gr of butobarbitone(Soneryl) were
given., Delirium did not present a serious problem in any of
the patients but the few who were confused and attempted to get
out of bed were controlled with paraldehyde, 4-8dr orally or
2ml intramscularly, repeated as necessary. Patlents with
cyanosis were given oxygen, either by a double nasal catheter
or by a B.L.B. mask., Congestive cardiac failure was treated

with digitalis leaf and other appropriate measures.
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Nikethamide (Coramine) was reserved for the gravely ill whose
pulse was almost lmperceptible.

(b) Specific: Terramycin was given orally for a period
of five days. The dosage was 1lg six-hourly until the temper-
ature had remained normal for 24 hours, followed by 0.5g every
six hours. The total dose ranged from llg to 21g, the mean
being 14.2g. The patients in the control group were given 2g
sulphadiazine at four-hourly intervals for the first 24 hours
aﬁd if their clinical condition was satisfactory this was fol-
lowed by lg every four hours for a total period of five days.
The total dose varied from 28g to 423, the mean being 35g.

In the control group 23 patients were given addition-
al chemotherapy. It was considered that a patient had failed
to respond to sulphadiagine if his condition deteriorated after
admission or it was felt that the duration of fever with its
accompanying symptoms was becoming unduly prolonged. For this
reason 16 patients were given penicillin at varying intervals
after admission, as showvm in Table 2. Penlcillin was given
intramiscularly in a dosage of 250,000 units or 100,000 units
according to the severity of illness, at four-hourly intervals
over a period of five days. The total dose of penicillin
varied widely from 3 million to 15 million units. 1In addition,

three patients who were seriously 111 on admission were given
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a single dose of 500,000 units before the course of sulpha-
diazine. The remeining four patients were given broad-

spectrum antibiotics. Detalls of their treatment will be

TABLE 2. - REASONS FOR CASES IN SULPHADIAZINE GROUP RECEIVING PENICILLIN.

REASON Number of Cases
Severely ill - single dose of penicillin on admission 3
No response to sulphadiazine in 24 hours 2
No response to sulphadiazine in 36 hours 6
No response to sulphadiazine in 48 hours L
No response to sulphadiazine in over 48 hours L
TOTAL 19

found in the section which describes the deaths.
I personally observed the clinical progress and had

control of the treatment of each patient.
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RESULTS
A. SERIES AS A WHOLE

Criteria. In assessing the results of therapy the
following criteria were taken:

(a) Duration of fever: Fever was considered to be unduly ;
prolonged if the patient'!s temperature continued to be elevated
after the fifth day in hospital. Of the 150 patients 21 (14%)
had fever continuing until or beyond the fifth day in hospital.

(b) Complications: None of the complications was

serious, Only delayed resolution and sterile effusion were

noted. Resolution was said to be delayed if the chest X-ray

was not clear after four weeks in hospital. This occurred in
23 patients and 10 developed a sterile effusion, making a total
of 33 patients (22%) with a complication.
(c) Deaths: There were nine deaths in the series giving
a death rate of 6%.
Eleven patients had both prolonged fever and a com-
plication. There remained 98 patients (65%) in the series whose

temperature had subsided to normal by the fifth day and whose

convalescence was uncomplicated. These patients are hereafter

referred to as those who made a good recovery.

Prognostic Factors. 1In the first place T propose to ex-

amine the results of therapy in the light of the factors which

are generally considered to determine the prognosis in pneumonia.
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The standard error of the difference is applied to the results
as a test of significance. When the actual difference is
greater than three times its standard error it is regarded as
significant.

(a) Age: There were 100 (67%) patients in the series
who were over the age of 40 years. 1In this age group were 6
with prolonged fever, 28 who developed a complication and all
the deaths. Forty-one patients, 82% of those under 40 years
made & good recovery compered with 57, 574 of those over that
age. This difference is more than three times its standard
error of*7.3 and is therefore significant. Thus, the age of
the patient is an important factor in influencing the outcome
of pneumonia.

(b) Duration of Illness: In the series 69 (46%) patients
were admitted to hospital after the fourth day in the course of
their illness. In this group were 11 with prolonged fever, 25
with complications and 6 of the deaths. Thirty-four patients,
49% of those admitted after the fourth day made & good recovery

compared with 64 patients (7¢%) who were admitted before the

fourth day. This difference (30%) of four times its standard error

¢7.5) is significant. The length of time which elapses between the
Onset of infection and ﬁhe beginning of treatment is therefore

important, increasing as it does the chance of complications
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and death.

It has been suggested (Flippin 1941) that, generally
speaking, old people are admitted later in the course of their
i1lilness than younger patients. This is especially so if the
patient 1is not a wage earner as there is less urgency in such
a case. Also, old people, particularly those who live alone,
tend to neglect their health and delay seeking medical atten-
tion. In the present series there were 39 patients over the
age of 60 years of whom 21 (54%) were admitted after the
fourth day of illness. This propartion is only slightly greater
than the 46% of the series as a whole.

(c) Bacteriology of the Sputum: The organism most fre-
quently found in the sputum of patients with pneumonlia is the
pneumococcus. There are many different serological types of
pneumococci but types 1 to 8 are mainly responsible for pneu-
monia of sudden onset., Types 1, 2, 5 and 7 are most frequently
associated with typical lobar pneumonia and were isolated from
71 patients in the present series, pneumococcus type 2 alone
accounting for 43 cases. Pneumococcil types 3, 4 and 8 are
less prevalent and 17 patients in the series had pneumonla due
to one of these organisms. Pneumococcl of types higher then 8
may be present in the sputum of patients who do not have pneu-

monia. In the series there were 22 patients with one of these



organisms in the sputum and 7 patients whose sputum yielded a
pneumococcus which could not be typed with the available typing
sera. These 29 patients had pneumonia both on clinical and
radiological examination and an inoculum of their sputum proved
fatal to a mouse. The pneumococci which were recovered from the
mouse were therefore regarded as the aetiological pathogens of
pneumonia in these partlicular patients. There were thus 117
cases of pneumococcal pneumonia in the series. Bacillus

friedl¥%nderi, Staphylococcus aureus and Haemophlilus influenzae,

organisms which may be commensals in the sputum, were consider-
ed to be the asetiological pathogens when they were predominant

in the sputum and the clinical picture was in keeping with such
a finding. There were 8 cases of non-pneumococcal pneumonia in
the series.

Altogether, in 125 of the total 150 cases, bacterio-
logical examination of the sputum revealed the organism regarded
as responsible for the pneumonia. Of the remaining 25 cases, in
17 the sputum yielded a mixed bacterial flora in which either

Streptococcus viridans, Nelsseria catarrhalis or Staphylococcus

albus was predominant, and from 8 patients a specimen of sputum

was not obtained.

It is possible to make a broad distinction between

two "bacteriological” groups of cases. Those with pneumococci
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types 1 to 8 may be regarded as belng infected with "pathogens"
since these organisms are rarely found in the spubum apart from
acute pulmonary infection. There were 88 patients in this
group. The other group consisted of the 37 patients with

pneumococcli of types higher than 8, Bacilllus friedl8nderi

Staphylococcus aureus or Haemophilus influenzae. These,

organisms, for purposes of comparison, are here labelled '"non-
pathogens" because, although pathogenic in the patients under
discussion, they may also be present in the sputum without
giving rise to symptoms and signs of pulmonary infection.

The group infected with pathogens included 10 with
prolonged fever, 23 with complications and 2 of the deaths.
In this group 61 patients (69%) made a good recovery compared
with 21 (57%) of the group infected with non-pathogens. The
difference (12%) has a standard error of f9.5 and is therefore
not significaht. The group with non-pathogens contained 6 of
the deaths. Thus, while a proportionate number of patients in
each bacteriological group made a good recovery, two thirds of
the deaths occurred as a result of infection with a non-patho-
genic organism, and two thirds of the complications arose in
those infected with a pathogen. The inference to be drawn from
these facts is that in determining the recovery of a patient

from pneumonia, the virulence of the infecting organism 1is of
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subsidiary importance to the defence mechaniswms of the host
which enable him to overcome the infection. In those who re-
cover, however, the majority of complications arise in those

infected with a pathogenic organism.

(d) Bacteriaemia: There were 10 patients with a posi-
tive blood culture on admission giving a bacteriaemic rate of
6.7% for the series. The results in these patients were not
good: 1 was febrile after five days, 3 developed a complica-

tion and 2 died; only 4 made a good recovery.

The degree of bacteriaemia is also important. 1In
7 patients the pour plate was positive and in 3 it was nega-~
tive. These three made & good recovery. In two patients the
colonies were so numerous in the pour plate as to be uncount-
able. Of those, one died and the other developed a sterile
effusion. One patient with 90 colonies/ml had delayed re-
solution and one with 15 colonies/ml died. The remaining
three patients had 5 colonies/ml, 4 colonies/ml and 2 col-
onies/nl and the outcome in them was good recovery, pro-
longed fever and delayed resolution respectively. In other
words, while all the patients with a negative pour plate made

a good recovery only one with a calculable number of colonies
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in the circulating blood made a good recovery. It is of in-
terest to note that the bacteridemida in nine patlents was due
to a pathogenic organism, i.e. pneumococcus type 1 to 8 and in
iny one patient was it due to a non-pathogenic orgenism, in

this case Bacillus friedlBnderi. This shows how the invasive

property of the pneumococcus is closely linked with its patho-
genicity. We may conclude that when the causative organism
in pneumonia invades the blood stream in measurable quantities

it influences the prognosis for the worse.

(e} Extent of Consolidation: The consolidation is
usually confined to one lobe in pneumonia hence its name lobar
pneumonia. This was true of 109 cases in the series and for the
site of consoclidation the right basal lobe was the commonest,
followed by the left lower lobe, right upper lobe, left upper
lobe and right middle lobe in descending order. In 15 pabtients
the consolidation was localised to a part of a lobe; 26 had a
broncho-pneumonic type of illness in which the consolidation
was widespread but patchy in the lungs. The process of consol-

idation involved two or more lobes in 32 patients. Among those
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were 5 with prolonged fever, 13 with complications and 4 who
died. In those patients with extensive consclidation only 12
(37%) made a good recovery compared with 86 (72%) of those who
had less then two lobes involved in pneumonic consolidation.
This difference is almost four times 1ts standard error of *2.5
showing that the area of consolidation does have a bearing on
the course of the disesase.

(f) Treatment Prior to Admission: 55 patients (37%) in
tﬂe series had received chemotherapy before admission to hos-
pital. In this group were 6 with‘prolonged fever, 12 with com-
plications and 4 who died. It is of interest to note that three
patients with a positive blood culture were in this group.
Thirty seven patients (67%) made a good recovery compared with
61 (64%) of those who reached hospital untreated. The close
similarity of these figures indlicates that the small amount of
chemotherapy a patient was allowed to have received and still
be admitted to the series had little effect on his ultimate re-
covery.

At this point the particular form of chemotherapy may
be briefly considered. Of the 55 patients, 35 had received sul-
phonamide in an average amount of 4-5g, 16 had received penicil-
lin either as a single intramiscular Injection or a single dose

of 2-3 oral tablets and 4 had received both sulphonamide and
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penicillin. Of the 20 patients who had received penicillin one
had a positive blood culture with a calculable colony count and
one died; 15 (75%) made & good recovery compared with 22 (63%)
of those who had received sulphonamide only. The similarity of
these proportions suggests that penicillin has little advantage
over sulphonamide.

(g) White Cell Count: If the white cell count was over
12,000/cmm and the differential count showed a preponderance of
polymorphs the patient was considered to have a leucocytosis.
This was present in only 81 patients (54%) of the series.

Among the other 69 were 9 with prolonged fever, 17 with a com-
plication and 7 who died. Of the leucopenic patients 58% made
a good recovery compared with 73% of those with a leucocytosis,
Thié difference is only twice its standard error of!7.8 and is
scarcely significant. Nevertheless, in those who died, &
leucopenia on admission was & grave omen.

(h) The presence of associated disease: In the seriles 64

patients (43%) were handicapped by the presence of some other dis-

ease. Chronic- bronchitis-45 patients, and cardio-vascular disease

13 patients, accounted for the majority. Of the remainder, S
patients were chronic alcoholics, 2 had a severe anaemia and 1
had chronic nephritis. Twenty-nine (65%) of the chronic bron-

chitics made a good recovery compared with 69 (66%) of those
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without chronic bronchitis, indicating that the presence of
underlying chronic bronchitis made little difference to the
progress of the pneumonia. In the group of 19 patients, i.e.
excluding those with chronic bronchitis, 3 had prolonged fever,
7 developed a complication and 7 died. This group therefore
fared badly; only 5 (26%) made a good recovery compared with 93
(71%) of the rest of the series. This difference is four times
its standard error of *10.8 and is therefore significant. Al-
though chronic bronchitis is relatively unimportant, other
associated diséases of which cardio-vascular disease is the

commonest are of grave prognostic import.

TABLE 3., = COMPARISON OF THE TWO TREATMENT GROUES.

NUMBER OF CASES

PROGNOSTIC FACTORS
Terramycin Group | Control Group

Age Disgtribution:

14 - 20 years | 5 2
21 - 40 years 23 20
41 - 60 years 28 33
61 years and over 19 20
ALL AGES 75 75
Duration of Illness on Admission:

0 - 2 days 17 15
3 = 4 days 22 27
5 days and over 36 33

o o e g s £ B e ———

MEAN DURATION (DAY) 5.0 4.7




TABLE 3 (Continued) - COMPARISON OF THE TWO TREATMENT GROUES.

NUMBER OF CASES
Terramycin Group | Control Group

PROGNOSTIC FACTORS

Bacteriology of the Sputum:

28

Pneumococcus type 1 12 6
" "2 21 22
" " 3 6 2
"t L] I+ 1 1
[ ] 1 5 0 2
(] " 6 0 0
" "7 4 L
" n 8 3 l;.
Prnieumococcus type 1 - 8 47 41
Pneumococcus type higher than 8 12 10
Untypable pneumococcus s 3
TOTAL PNEUMOCOCCAL 63 5l
Staphylococcus aureus 1 3
Haemophilus influenzae 1l 2
Bacillus friedlinderi 0 1
Mixed bacterial growth 7 10
No sputum obtained 3 5
TOTAL 75 75
Bacteriaemia:
Pneumococcus type 1 1 cdls, uncountable|l 90 cols/ml.

" "2 1 p.p. negative |2 2 cols/ml.

and p.p. neg.

" "5 0 1 cols.uncountable

" "7 0 1 4 cols/ml.

" " 8 1 5 cols/ml. 1 p.p. negative
Bacillus friedlinderi 0 L_1 15 cols/ml.
TOTAL 3 7
Site of Consolidation:

Lobar: Right Upper Lobe 7 12

Right Middle ILobe L L

Right Lower Lobe 22 15

Left Upper Lobe 4 9
o Left Lower Lobe _ 15 17 o
TOTAL LOBAR 52 57
Localised to part of a lobe 10 5

| HBroncho-pneumonda R LS SR N L% M

Extent of consolidation 1.3 1.2

(av. no. of lobes)

Pp.pP. = pour plate



TABLE 3 (Continued)

- COMPARISON OF THE TWO TREATMENT GROUPS.

FROGNOSTIC FACTORS

NUMBER OF CASES

Terramycin Group | Control Group
Treatment prior to Admission:
Sulphonamide 19 16
Penicillin 8 8
Sulphonamide + Penicillin o 0 4
TOTAL TREATED 27 28
White Cell Count:
Leucocytosis present 38 43
Associated Disease:
Chronic bronchitis 21 24
Cardio-vascular disease 8 5
Chronic alcoholism 1 2
Ansemia 0 2
Chronic nephritis 1 0
TOTAL 31 33

RESULTS OF TREATMENT

NUMBER OF CASES

Terramycin Group | Control Group
Duration of Primasry Pyrexia:
Less than 24 hours 21 14
2L - 48 hours 30 25
2 - 5 days 12 22
5 = 7 days 6 L
1 -~ 2 weeks 2 7
Over 2 weeks 2 0
TOTAL 73 * 72 **
Average duration (hours) 60 70
Complications:
Delayed resolution 11 12
Sterile effusion 5 5
Average time for resolution (weeks) 2.8 3.0 |
Deaths: 3 6

# 2 deaths omitted.

¥% 3 deaths omitted.

29
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B. THE TWO TREATMENT GROUPS

When the two treatment groups are examined to discover
if these eight prognostic factors are equally represented in
each it is found that the two groups were comparable in respect
of age, duration of illness and extent of consolidation. Patients
who had received chemotherapy before admission, who had a leuco-
penia and who had an associated disease were equally distributed
in the two treatment groups (Table 3). As regards the bacteri-
ology, however, the control group contained six of the eight
non-pneumococcal pneumonias and seven of the ten cases with a
bacterlaemia.

The results of the two methods of treatment may there-
fore with fairness be compared. Any difference which emerges
may justifiably be attributed to the form of treatment rather
than to a preponderance of poor prognostic factors in one group.
The findings are summarised in Table 3.

(a) Fever: The temperature fell to normel within 48
hours of admission in 51 patients (68%) treated with terramycin
and in 39 patients (52%) who received the control treatment.

The difference (16%), only twice its standard error of 7.9, 1s
barely significant. A composite temperature chart (fig.1l) was
drawn for the two groups taking the mean of the highest temper-

atures recorded in each day during the first week in hogpital.
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It shows a more sharply falling curve in the terramycin group.
The average duration of the primesry pyrexia was 60 hours in the
terramycin group and 70 hours in the control group. Table 3
shows that of the 21 patients with fever prolonged beyond the
fifth day 10 were in the terramycin group and 11 in the control
group.

(b) Complications: The average time taken for resoclution
was 2.8 weeks with terramycin and 3.0 weeks with the control
treatment. In the terramycin group there were 11 patients whose
resolution was not complete after four weeks in hospital and 5
patlients developed & sterile effusion. Ih the control group 12
had delayed resolution and 5 developed a sterile effusion. In
this respect therefore the two methods of treatment gave similar
results,

(¢) Deaths: Of the 9 deaths 3 occurred in the terramycin
group and 6 in the control group. The salient features of these
patients are summarised in Table 4 and more details are given
below.

Case 1. J.McL. 74 years, was admitted on the fourth day of
illness. He had pneumonic consolidation throughout the right
lung. He was allocated to the terramycin treatment group but
died of peripheral circulatory failure 12 hours after admission.

At autopsy areas of suppuration and necrosis were seen in the
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TABLE 2{-. - DEA.TI'IS.
CASE|#GE | D-of |EXTENT OF| g ovnrorocy | TREATMENT |
(ws)| I. | CONSOL. e . COMMENTS
ll
JMcL| Th| & Rl-i-Rz-f-l?3 Nil Terr. 2g. Yes | Peripheral circu-
Jatory failure.
Died in 12 hours.

2.

B.C. pos. .

JOH| 62] 3 R, pneum;g . type Te:c'ri 1lg. Yes Periphe::a} oircu-

1, p.p. un- pen.zmill.u, latory failure.
countable Died in 8 hours.

3.

J.R.| 74| 7 |Extensive|Sputum: Terr. 13g. |No | B.P. 180/100. Died
patc pneuno, pen. 18 of cardiac failure
ﬁgfhsilﬁgs type 10 mill.u. in 11 days.

L. Sputum: and 2o

P.M.| 63| 7 R, +R B.C. pos.B. Pen. Smill.t. |y o | poor myocardium

2 . aureo. 7g. . .
fried. p.p. strept. 9 Died in 5 days.
15 cols/ml, |~ FePt: g-
5. :
Sputum:Staph.| 5.D.34g.pen. Suppurative

P.P.| 56} 5 |Rj+Ry#Rs | Jveus |10 mill.u. |°° | pneumonia. Died

terr. 20g. in 15 days.

6.

H.B.| 62| 8 R;+R, Sputum:Staph. | 8.D.2kg.pen. | | B.P. 170/120,

aureus 2 mill.u. Died in 6 days.
chlor. 12g.

7 Sputum: S.D. 17g

J.c.l 54} 3 R, : e gt No | B.P. 150/100.

preuno. pen. 2z
tvoe 12 mi1l.u W.B.C. 3200/cmn.
yP Died in 4 days.

8. Sputum: S.D. bg. B.P. 180/1C0.

C.D.| 62{ 11 Ry + 1L, |untypsble pen.lmill.u. |No | Died of congestive

pneumo. chlor. 19g. cardiac failure.

9. Sputum;: 8.D. 30g. .

i 1 Poor myocardium

G.W.] 60| 9 |Ry#Rzeliy | preuno. pen. Iz Tes | Died in 12 days.

type 3 mill.u,

Rl = R.U,L. etc.

B.C. = blood culture
D. of I. = Day of TIllness.

p.p. = pour plate
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right lung giving it a honeyéomb appearance. There was moderate
left ventricular hypertrophy. Blood culture was not carried out
but a swab of the lung taken at post-mortem showed Gram positive
diplococcl on the direct film. These organisms, however, falled
to grow on culbture. This patlent's extensive pneumonia had made
him beyond hope of recovery on admission to hospital.

Case 2. J.0'H. 62 years. This patient, also in the
terramycin group, was admitted on the third day of illness. He
had a consolidation of the right upper lobe with a heavy bac-
teriaemia due to pneumococcus type 1. The white cell count was
4800/cmm. He was moribund on admission and died of peripheral
circulatory failure 8 hours later. At autopsy the right upper
lobe was firm with a yellowish consolidation and showed small
areas of suppurative softening and local abscess formations.

The heart showed no abnormality. Death was due to the over-
whelming pneumococcal infection which had taken extensive hold
on the patient before his admission.

Case 3. J.R. %74 years, was admitted on the seventh day
of illness. X-ray of chest showed extensive patchy consolida-
tion in both lung fields. B.P. was 180/100 and his pulse was
soft and irregular. The white cell count was 25,000/cmm with
93% polymorphs and sputum grew pneumococcus type 10 on culture.

He was treasted with terramycin 1g six-hourly and after a slight
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initial improvement his condition began to deteriorate. After
a total dose of 13g terramycin his temperature which never rose
above 100°F was normal but his general condition was very poor
and he had numerous crepitations at both bases. A course of
Intramuscular penicillin was started and this was continued
until his death six days later. There was no post-mortem and
death was considered to be due to the massive pulmonary infec-
tion superimposed on an inefficient cardio-vascular system.
Case 4. P.M. 63 years, was admitted on the seventh day
of illness with consolidation of the right upper and middle
lobes. His heart sounds were of poor quality and irregular
and B,P., was 160/90. The white cell count was 8400/cmm. Blood

culture was positive for Bacillus friedl¥nderi 15 colonies/ml

and this orgenism was also cultured from the sputum. Although
allocated to the sulphadiazine group his illness was of such
severity that he was treated with intramuscular penicillin
250,000 units four-hourly from admission. When the bacteriol-
ogy of the sputum became known treatment was changed to aureo-
mycin lg six-hourly. There was no improvement and strepto-
mycin lg four-hourly was started two days later. His general
condition continued to deteriorate, however, and he died five
days after admission. At autopsy the the right upper and mid

lobes showed mucoid grey hepatisation. The heart was enlarged
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and the left ventricle was hypertrophied. Death in this in-
stance was due to the overwhelming Friedllnder infection in a
patient with cardio-vascular insufficiency.

Case 5. P.P. 56 years, was admitted on the fifth day of
illness. He had extensive consolidation of the right lung.
The heart sounds were soft but regular and B.P. was 130/70.
The white cell count was 11,800/cmm with 93% polymorphs, sputum

was negative for tubercle bacilli and grew Staphylococcus

aureus on culture. Treatment was started with sulphadiazine
but on the day after admission his conditlion was so poor that
intramiscular penicillin 250,000 units four hourly was given.
His temperature remained elevated around 100°F and he became
breathless and cyeanosed. The filrst X-ray of chest showed con-
solidation of the right lung and the second X-ray, taken only
one week later, showed that cavitation had occurred in the
right upper lobe. At this stage penicillin and sulphadiazine
were discontinued and terramycin lg six-hourly started. His
general condition continued to deteriorate, temperature remain-
ed elevated and the right chest very moist. He died after 15
days in hospital. There was no autopsy but death was almost
certainly due to & suppurating staphylococcal pneumonia.

Case 6. H.B. 62 years, also had an extensive pneumonia

in the right lung and a heavy growth of Staphylococcus aureus
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in the sputum. He was admitted on the eighth day of illness,
was hypertensive (B.P.170/120) and the white cell count was
5600/crm. He was allocated to the control group and treatment
was started with sulphadiazine and penicillin. Three days later
his general condition was fair but his tongue was still brown

and dry. The Staphylococcus aureus had been shown to be sensi-

tive to penicillin but because of the lack of clinical improve-
ment treatment was changed to chloramphenicol, a drug to which
also the organism was sensitive. His condition gradually de-
teriorated, however, and he died 6 days after admission. There
was no post-mortem and death was considered to be due to an ex-
tensive pneumonia occurring in a patient with hypertension.

Case 7. J.C., 54 years, was admitted on the third day of ill-
ness with pneumonic consolidation of the right upper lobe. His
general condition was fair, B.P. 150/100, white cell count 3200/cmm
and sputum grew pneumococcus type 12 on culture. Treatment was
commenced with sulphadiazine. Thirty-six hours later the tem-
perature remained elevated at lOBOF and inbtramuscular penicillin
250,000 units four-hourly was given. On the following day the
patient's general condition became worse, his colour dusky and
there were crepitations throughout the right lung and at the left
base. He died four days after admission. In the absence of an

autopsy the only known factor which may have contributed towards
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death was the leucopenia.

Cese 8. C.D. 62 years, had a broncho-pneumonia on ad-
mission. His general condition was poor, pulse soft but regu-
lar and B.P.180/100. The white cell count was 32,000/crm with
89% polymorphs and the sputum grew a pneumococcus which was un-
typable. Treatment was started with sulphadiazine and penicil-
lin. On the following day he was cyanosed and breathless and
chloramphenicol was given. Thls was done because the identity
of the infecting organism was not certain and it was felt that
a broad-spectrum antiblotic would be more effective in combating
the infection. He responded well to treatment and his chest
became clinically quiet. One week later he developed congestive
cardiac failure. This was treated with digitalis leaf and mer-
salyl without benefit. The oedema gradually increased and he
died after one month in hospital. Death in this case was attri-
butable to congestive cardiac failure although the initial re-
spiratory infection doubtless hastened the onset of cardiac
failure.

Case 9. G.W. 60 years, was admitted on the ninth day of
illness. He was sharply i1l and had an impaired percussion
note and crepitations at both bases. B.P. was 164/108 and pulse
regular. The white cell count was 3000/crm and sputum ylelded

pneumococcus type 3 on culture. He was treated with sulphadiazine
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supplemented 24 hours later with intramuscular penicillin
250,000 units four-hourly. He developed a right sided pleural
effusion, pecamé dyspnoeic and cyanosed and died 12 days after
admission. At autopsy the right mid and basal lobes and an
area in the centre of the left lower lobe showed dense grey
hepatisation. In these areas multiple gbscesses had coalesced
to produce gangrene of the lung with much thick, greenish pus.
The heart showed considerable left ventricular hypertrophy and
the myocardium, areas of fibrosis. In this patient both the
type of pneumococcal infection and the poor myocardium contri-
buted towards death.

From these case histories it will be seen that all the
patients who died were over the age of 50 years. Cases 1 and 2
were moribund on admission and chemotherapy was instituted too
late to be of any effect. Of the remaining seven, five had
cardio-vascular insufficiency as well as the respiratory infec-
tion. Only in cases 5 and 7 was the sole cause of death a bac-
terial pneumonia which did not respond to chemotherapy.

Therapy and Prognostic Factors. The results of the two

methods of treatment will now be examined with regard %o some of

the important prognostic factors.
(a) Age: In the terramycin group there were 28 patisnis
under 40 years of whom 23, 827 made a good recovery, 28 patients

. 1 ol A e
between the ages of 41 and 60 yesars of whonm 18, 647 mede z Ziod
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recovery and 19 patients over 60 years of whom 12, 63% made a
good recovery. Thus, while a higher proportion in the youngest
age group had an uneventful convalescence there was no discrep-
ancy in this respect between the other two age groups. There
were 47 patients in the terramycin group and 53 in the control
group who were over 40 years of age. Among these patients 30
(64%) in the terramycin group and 27 (51%) in the control group
made & good recovery. This difference of 13% is not signifi-
cant (its standard error is ¥9.8) showing that terramycin was
no more able than the control treatment to prevent prolonged
fever and complications from occurring in the older patients.

(b) Duration of Illness: We have noted that the devel-
opment of complications was influenced by the length of time
which elapsed between the onset of infection and the start of
treatment. In the terramycin group, 36 patients, and in the
control group, 33 patients, were admitted after the fourth day
of illness. An uneventful recovery took place in 19 (53%) of
the terramycin patients and 15 (46%) of the control patients.
Since this difference is less than its standard error of *12.2
we may conclude that terramycin was not more effective than the
control treatment in those who were admitted later in the course
of their illness.

(¢) Bacteriology of the Sputum: It is interesting to
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compare the results of therapy in the light of the bacteriology
of the sputum. Of the 117 pneumococcal pneumonias, 63 were
treated with terramycin and 54 received the control treatment.
Of these, 45 (71%) in the terramycin group and 34 (63%) in the
control group made a good recovery. The difference (8%) is al-
most the same as its standard error (¥8.7) and is not signifi-
cant. Terramycin, therefore, although effective in pneumo-
coccal pneumonia was not superior to the control treatment.

Infection with pneumococcus type 3 in an older person
is generally regarded as being particularly dangerous. In them
it often causes a severe broncho-pneumonia rather than lobar
pneumonia. There were 8 patients in the series with pneumonia
due to the pneumococcus type 3, 6 of whom were over 60 years of
age. Six, including the two who were under the age of 60 years,
were in the terramycin group and two in the control group. In
the control group one patient died and the other had delayed
resolution while in the terramycin group all the patients made
a good recovery. Although the numbers are too small to justify
a general conclusion these results do indicate that terramycin
was of value in treating this form of pneumonia.

Staphylococcus aureus was responsible for 4 of the 8

cases of non-pneumococcal pneumonia, Pneumonia due to this
organism has recently assumed greater importance. The increas-

ing prevalence of staphylococci which are resistant to penicillin
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make the newer eantibiotics of great value in treating such in-
fections. One of the staphylococcal pneumonias wes in the ter-
ramycin group and three were in the control group. The one in
the terramycin group made a good recovery. Two in the control
group died, one after a course of terramycin and the other dur-
ing a course of chloramphenicol; the third patient had a pro-
longed pyrexia and delayed resolution. These results show that
staphylococcal pneumonia is a serious infection which is not
always amenable to broad-spectrum antibiotic therapy. The three

cases of pneumonia due to Haemophilus influenzae made a good

recovery and the case of FriedlBnder's pneumonia died. In this
small group of 8 patients the benefit of chemotherapy was not
marked since 3 died and only 4 made a good recovery.

(d) Bacteriaemia: The grave significance of this factor
has already been noted. There were 3 patients in the terramy-
‘cin group and 7 in the control group who had a positive blood
culture bn admission. The two who died have been described; of
the 4 with prolonged fever or a complication all were treated
with sulphadiazine and penicillin; of the 4 patients who made a
good recovery 2 were treated with terramycin, 1 with sulphadia-
zine and penicillin and 1 with sulphadiazine only. The specific
form of treatment would seem to be of little import in determin-

ing the outcome in bacterlaemic patients.
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(e) Associated Disease: With the exception of chronic
bronchitis the presence of an associated disease diminished the
likelihood of pneumonia patients making a good recovery. Of 10
patients in the terramycin group (8 with cardio-vascular dis-
ease, 1 with chronlc nephritis and 1 chronic alcoholic) 2 had
prolonged fever, 3 had complications and 3 died; while of 9
patients in the controi group (5 with cardio-vascular disease,
2 with anaemia and 2 chronic alcoholics) 1 had prolonged fever,
4 had complications and 4 dled. The results are similar in the
two treatment groups showing that terramycin was not superior
to sulphadiazine or penicillin in offsetting the disadvantage of
assocliated disease.

Clinical detalls of two representative cases treated
with terramycin are given in Appendix I.

THE PENICILLIN GROUP.

The results in the group of 19 patients who received
sulphadiazine and penicillin therapy may briefly be mentioned.
Only 5 (26%) made a good recovery; 2 pabtients died and the others
either had prolonged fever, delayed resolution or a sterile
effusion. It is impossible to compare these results with the
results of those who received sulphadiazine only, because most
of the seriously ill patients were given penicillin. The only

exceptions were the 4 who received broad-spectrum antibiotics
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instead of or along with penicillin. Since the 19 patients who
received penicillin were all gravely 111 one would expect this
group to be welghted with most of the poor prognostic factors.
This in fact Was the case: 16 patients'were over 40 years, 8
were admitted after the fourth day of illness, 5 had a positive
blood culture and 4 had an associated disease which in 2 was

cardio-vascular disease, 1 anaemia and 2 chronlic alcoholism.

DISCUSSION

Prognostic Factors. The results are in agreement with the

concept that certain factors are of prognostic import in pneu-
monia. Two thirds of the patients were over the age of forty
years and this section contained all the deaths and most of the
complications. This is in keeping with the generally accepted
view that the age of the patient is the most important single
factor in determining the outcome in pneumonia.

The longer the patient has been 11l before he is ad-
mitted for hospital treatment the more liable is he to develop
a complication. This is really the only factor over which we
have any control. If patients could be persuaded to seek
medical advice early in the course of their illness it would
be possible to commence chemotherapy before the infection had
gained a proper hold and before the tissues were extensively

involved. This is particularly desirable in the older patient.
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Bacteriaemia, another important prognostic factor,
was present in 6.7% of the series. A previous therapeutic trial
in pneumonia carried out in Knightswood Hospital was reported by
Eadie, Grist and Landsman in 1951. In thelr series the bacteri-
aemic rate was 7.6%, a figure in keeping with that of the present
series. Landsman (1952) showed that over the last twenty years
there has been a progressive fall in the proportion of pneumonia
patients who have a positive blood culture on admission to hos-
pital. In different series of pneumonia patients investigated
at Knightswood Hospital the bacteriaemic rate was 29% in 1933,
26% during the period 1938 to 1942 and 19% during the period
1943 to 1947. Lendsmen studied 500 bacteriaemic patients and
found that the bacteriaemic rate in those who reached hospital
untreated was almost twice that found in those who had been given
sulphonamide prior to admission. In the present series the bac-
teriasemic rate in the treated patients was 5.5% and 7.3% in the
untreated patients, a difference which is less marked.

It is impossible to judge the value of chemotherapy
given to a patient before admission from a series such as this
one. The patients in this trial who had received chemotherapy
were not cases which had failed to respond to treatment at home
but rather they were patients who had had treabtment to tide them

over until hospital admission could be arranged. It is unlikely
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that the practice of glving chemotherapy before their admission
to hospital has any bearing on the sharp fall in the bacteri-
aemic rate of the 1951 and the present series. The proportion
of patients with previous treatment was 43% in the 1945 serles,
52% in the 1947 series, 41% in the 1951 series and 37% in the
present series. The corresponding bacteriaemic rates were 17.4%,
25.5%, 7.6% and 6.7%. Moreover, 3 of the present 10 bacteri-
aemic patients had received previous treatment. The fall in
the bacteriaemic rate is not parallelled by any corresponding
rise in the proportion of treated cases. One reason for the low
proportion of treated cases in the present series was the small
amount of chemotherapy a patient could have received and still
be included in the therapeutic trial.

The importance of the white cell count is that it is
an index of the adequacy of the patient'!s defence mechanism.
It is significant that of the nine deaths in the series, seven
had a leucopenia. This implies a fallure of the protective re-
action of the patient and it is such patients who are most like-
ly to succumb.

Of the associated diseases, those affecting the cardio-
vascular system are the most important. An impaired cardio-
vascular system reduces the patient's ability to overcome in-

fection. The presence of pneumonic consolidation throws a strain
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on the right side of the heart. The longer this endures, the
more likely 1s cardio-vascular insufficilency to become apparent.
In the elderly arterio-~sclerotic patient who has until then

- managed to remain in a state of cardiac compensation, the strain
of acute pulmonary infection may be sufficient to tip the bal-
ance against him and precipitate cardiac failure., The circula-
. tion of blood through an area of consolidated lung is impeded
and furthermore there 1s a reduction in the lung surface avail-
able for oxygenation of the blood. The main advantage of early
treatment of the older patient is that the infection may be
suppressed before it interferes with the circulation of blood
through the lungs. 1In this way cardiac strain is reduced to a
minimun.

Deaths. The death rate in pneumonia patients in hospital
is higher than in the total number of patients suffering from
pneumonia, This is due to the fact that many of the older
patients and most of the seriously ill patients eventually
come into hospital, while almost all pneumonisa patients whose
treatment is completed at home recover. Chemotherapy has
dramatically reduced the mortallity in pneumonia. The mortality
rate in pneumonia was studied by Flippin (1943). In 1535 cases
during the period 1938-1942 the rate was 10.6% compared with

40.1% in 1,904 cases during the five year period preceding the
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introduction of the sulphonamides. WNorris (1953) from a study
of 8,000 case records of pneumonia found that the death rate
from lobar pneumonia during the period 1934-38 was 20% compared
with 10% during the period 1944-48 but the mortality from bron-
cho-pneumonia remained unaltered. In hospital it is unlikely
that the mortality from pneumonia will ever fall much below 10%.
The death rate in the present series was 6%, a figure similar
to the 6.3% of the 1951 Knightswood series. The close similar-
ity of these figures suggests that modern chemotherapy has
brought the death rate dovn to what may be an irreducible mini-
mum. The death rate of pneumonla patients in any treatment
trial tends to be slightly lower than for all hospital patients
with this condition. Patients who are sent into hospital be-
cause they falled to respond to adequate chemotherapy at home
are excluded from such a trial and a certain number of them die.

Penicillin or one of the new antibiotics can in most
instances rid the patient of the infecting organism but they do
not cure his pneumonia. The process of resolution ultimately
depends on the patient's own recuperative powers. The deaths
of four patients in the control group despite treatment with
antibiotics were due not so much to failure of the drug as to
the inabllity of the patient to rally to his own defence.

Therapy. In terramycin we have an effective drug for
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treating pneumonia. 1In the terramycin group the response to
treatment was excellent as judged by the rapid fall in fever
and the low incidence and mild nature of the complications.
Only two patients in the series failed to recover after an
adequate dose of terramycin ahd one of them had cardio-vas-
cular insufficiency. Whether terramycin is more valuable than
sulphadiazine or penicillin is doubtful. In preventing sterile
effusions or in accelerating the process of resolution, terra-
mycin had no advantage over the control treatment. On the other
hand, the duration of the primary pyrexia was slightly shorter
in the group treated with terramycin. The relief from the sym-
toms which accompany fever and the increased feeling of well-
being of the patient might be considered to justify its use.
Timpanelli (1950) found that terramycin caused a more rapid fall
of temperature in pneumonia than penicillin. Composite temper-
ature curves of 66 patients treated with terramycin and 48
patients treated with penicillin showed a difference in favour
of terramycin of 0.9°F at 24 hours. The standard error of the
difference 18'0.4 so that the difference, although interesting,
is scarcely significant.

A less enthusiastic report was published by
G.G.Jackson et al. (1951) who treated 91 pneumonia patients with

terramycin., They estimated that the drug was of benefit in 68
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(75%) and in the others the effect of terramycin was equivocal.
In the present trial, an additional advantage enjoyed by the
terramycin group was that they were receiving a powerful anti-
bilotic in oral capsules which were easily swallowed, while in
the control group, when a patient failed to respond to oral
sulphadiazine he suffered the discomfort of intramuscular in-

jections of penicillin.
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Section 2. HERPES SIMPIEX

The introduction of the broad-spectrum antibiotics
marked a great advance in the treatment of rickettsial infec-
tions which had hitherto been resistant to chemotherapeutic
agents. The organisms of the rickettsia group are smaller then
bacteria but are larger than the true viruses. Iike viruses
they have attained a high degree of parasitism and require liv-
ing animal cells for their growth and multiplication. In the
host cells both the rickettsiae and viruses enter closely into
the metabolism of the cell and any agent which destroys them
may easily damege the cell also., The best way of attacking
viruses and rickettsiae is to prevent them from reaching & sus-
ceptible cell. During a viraemia or rickettsiasemia the organ-
isms are extracellulaf. If an effective chemotherapeutic drug
is also present in the blood stream the organism will be de-
stroyed and the disease ahorted.

Chloramphenicol, aureomycin and terramycin have a
marked rickettsiostatic effect but are not rickettsiocidal.

The antibiotics suppress the growth of rickettsiae while the
patient builds up his own immunity on which his ulbtimate re-
covery depends. If the antibiotic is discontinued before the
patient's immunity has developed there is a recrudescence of

the disease. Relapses, however, can be prevented by giving
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antibiotics for a long enough period so that control of infec-
tion by immunity takes over as the suppressive effect of the
antiblotic wanes. 1In 1951 E.B. Jackson tested the rickettsio-
static activity of the three new antibiotics on a gravimetric
basis in embryonated eggs infected with various rickettsiae.
She Judged their effectiveness to be terramycin, aureomycin
and chloramphenicol in descending order. In treating human in-
fections there is little to choose between the three antibio-
tics. Good results have been obtained with terramycin in the
treatment of scrub typhus (Smadel, Jackson and Ley 1950), epi-
demic or murine typhus and Rocky Mountain Spotted Fever (Bauer
et 2l 1950), and rickettsialpox (Rose, 1950). The newer anti-
biotics are in fact so effective as to be indeed specifics for
rickettsial infections.

The viruses which are most closely related to the
rickettsiae are the psittacosis-lymphogranuloma venereum group.
These orgenisms also are highly susceptible to the antibiotics
in experimental infections. Few reports on humsn Infections
have been published but satisfactory results have been obtained
in the treatment with antibiotics of isolated patients suffer-
ing from psittacosis, ornithosis and lymphogranulome Venereum
(Smadel, 1951).

The value of antibiotics in the treatment of infections
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due to the smaller viruses is less certain. The virus which
causes trachoma resembles those of the psittacosis - lympho-
granuloma venereum group and aureomycin and chloramphenicol
given locally and systemically have been reported to benefit
patlients with trachoma (Smadel 1951). Viral infections are fre-
quently complicated by the intrusion of bacterial infection and
it is difficult to say if the beneficial result of an antibiotic
is due to its antibacterial effect or its action on the viral
agent. This is especially true of viral or primary atypical
pneumonie but Collins et al. (1950) found that patients with the
clinical findings of primary atypical pneumonia, along with a
rise In cold agglutinin substances and without consplcuous evi-
dence of bacterial infection, responded well to aureomycin ther-
apy. Antibiotics have no effect against the influenze viruses
in experimental animsl infections but in men they do have a
ﬂaace in the treatment of influenza., Their value lies in con-
trolling the secondary bacterisl invasion which is malnly re-
sponsible for fatal influenzal broncho-pneumonia.

In viral infections with dermatological menifestations
the clinical response of a patient to any treatment cannot be
properly assessed since these infections are of variable sever-
ity and irregular duration. Finland et al. (1949) found that lg

aureomycin q.i.d. gave beneficial results to patients with
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herpes zoster. O0Of 24 patients treated there was rapid healing
within 24 hours in 20 cases and in only 4 did new lesions de-
velop after the start of treatment. The immediate effect on
pain was striking and pruritus vanished in 4 days although post-
herpetic pain was not prevented in 6 patients. They tentative-
ly suggested that aureomycin had a virustatic effect on the
virus of herpes zoster.

Herpes febrilis is the most freguent virus disease of
man. The primary infection normally occurs during childhood in
the form of a herpetic stomatitis. The virus preferentially
attacks the tissues of the embryonic ectodermal layers, These
include the skin, mucous membranes, eye and central nervous
system. The visible manifestations are characterised by the
formetion in the epithelium of vesicles which are scattered over
the area surrounding the mouth. The primary infection is also
a blood stream infection and the local lesion is usually accom-
panied by systemic illness which may be severe. Among human
virus infections herpes simplex is unique in its life-long per-
sistence in or near the site of the primery infection. The
patient is liable to recurrent attacks of herpes throughout
life. In these secondary outbreaks the vesicles are usually
grouped closely together around the mouth and the patient re-

mains free from sympboms of systemic upset. The lesions reappear
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during various febrile illnesses and pneumonia is ofteﬁ the
stimilus for such outbreaks.

It was decided to study the occurrence of herpes
febrilis in the patients of the pneumonia series. If terramycin
was effective against the virus of herpes simplex some differ-
ence in the two treatment groups would be observed. The purpose
was.to note the frequency, the duration and the extent of herpes
febrilis in a group of pneumonia patients treated with terra-
mycin and to compare them with a group treated with sulphadia-

zine, supplemented in a few cases with penic¢illin.

METHOD

After the treatment trial had been in progress for
three months, the presence and extent of herpes febrilis in
new admissions to the series was noted. The patient was asked
about its day of onset and the symptoms. Both the terramycin
and control treatment groups were thereafter inspected daily

for new cases of herpes and for fresh spread in those who



55

already had the lesions. The activity of the herpes was de-
termined by its appearance and the amount of pain and pruritus
it was producing. Note was taken of the day on which crust
formation began and on which healing was complete. Thirty-
three patients were studied in this way, 16 of whom were in
the terramycin group and 17 in the control group. The herpes
was regarded as an Incidental finding and at no time did it

influence the prescribed treatment.

RESUITS

In the pneumonia series of 150 patients herpes
febrilis occurred in 53 (35%) but in 20 of these only the fact
of its presence was recorded. The patients were equally dis-

tributed in the two treatment groups and the findings in the
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33 patients whose herpes was specially noted are summarised in

TABLE 5. ~ HERPES SIMPLEX (FEBRILIS) CASES.

Terramycin Control
Group Group
No, of cases with herpes 24 29
No. with herpes specially noted 16 17
Mean day of illness on admission 3.9 4,2
Mean day of onset of herpes ' 3.3 Lo
Herpes at height (Day) 5.1 5.9
Start of crust formation (Dey) 7.5 8.5
Heeling complete (Day) 13 12
No, with spread of herpes during treatment L 3
No. whose herpes appeared during treatment 5 10

Table 5. The average day of illness on admission was similar
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| in each group and it approximated closely to the day of onset of
the herpes. Herpes appeared usually about the fourth day of
illness and ran the same course in the two groups. It reached
its helght in 1-2 days; crust formation began in a further 2
days and healing was complete within 2 weeks;

The most significant findings appear at the foot of
the table. In 5 of 16 cases in the terramycin group the herpes
made its first appearance while the patient was on full doses of
terramycin and in 4 the herpes which had been present before
treatment extended during treatment. The proportion of cases
in which this occurred in the control group is similar. Of 17
cases, 10 appeared and 3 extended during treatment. In the 5
patients whose herpes appeared during terramycin treatment the
mean day of illness on admission was 2.2 which is rather earlier
than the 3.9 for the whole group. The day of onset of the
herpes in these 5 patients was 3.4 which is substantially the
same a3 the 3.3 for the group as a whole. This shows that the
early start of therapy did not even delay the appearance of
herpes febrilis. The extent and duration of the herpes in those
who first showed it during treatment was no less than in those
who had the lesions on admission to hospital. Details of the

individual cases are shown in Appendix TI.
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DISCUSSION

From the findings it appears unlikely that terramycin
has & specific actlon against the virus of herpes simplex. The
size of the infecting organism would seem to be a factor in de-
termining whether an antibiotlc can attack it. The new antibio-
tics are most effective against bacteria and rickettsiae. The
rickettsiae are 475@# in diameter and the psittacosis virus
450@ﬂ. The herpes zoster virus against which the effect of
antiblotics is doubtful is 210x260%ﬂ in length and breadth but
the herpes simplex virus is only 150?ﬂ in diameter.

The other important factor is that the virus must be
exposed to the action of the antibiotic at a stage in infection
when 1t 1s extra-cellular. To stimulate antibody production the
virus must be free in the blood stream. In all viral infections
therefore whiéh are followed by the presence of neutralising
antibodies in the patient's blood stream, there must have been
a viraemia. Herpes simplex is such an infection since the prim-
ary exposure leads to the development of antibodies. The anbi-
body titre waxes and wanes with the first few subsequent out-
breaks of herpes febrilis but once the host-virus relationship
has been established the antibody titre remains static irre-
spective of the number of recurrent attacks (Scott 1954). Many

people with antibodies in theilr blood have no history ol ever
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having had herpetic stomatitis so that the primary infection must
often be subclinical. The recurrent attacks are manifestations
of imbalance between the latent virus and the host and are not
new Infections. The close grouping of the vesicles in recurrent
herpes suggests contiguous spread of virus from cell to cell.
Blood spread is unlikely in the presence of circulating anti-
bodies.and this diminishes the opportunity for a drug to reach
the virus. Nevertheless when local spread is taking place the
virus must be extfacellular just before the new eplithelial cells
are penetrated and at that time it is exposed to the action of the
antibiotic. In the 5 patients whose herpes appeared during
terramycin therapy the drug had a chance to prevent the infection
from emerging. Perhaps also in the 4 patients who had a spread
of hefpes after terramycin treatment had been instituted there
was a period when the virus was exposed to terramycin. Terra-
mycin however did not prevent the outbreak of vesicles.

It is possible to argue that we do not know how many
patients in the terramycin group might have developed a herpes
had they not been given this form of treatment. Since the number
of patients with herpes is approximately the same in the two
treatment groups, which are comparable in other respects, it is
unlikely that terramycin completely suppressed the 1nfection in

many, if indeed any, of the patients. 1In the 7 patients whose
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herpes cleared up quickly after treatment was started, it is
impossible to evaluate the part played by terramycin. Re-
crudescences of herpes are self-limiting and usually mild with-
out any form of treatment. In any event, the findings in these
cases are not significant because they constitute less than half
the total number of patients with herpes in the terramycin group.
No claim has ever been made that antibiotics are
effective in the treatment of infections due to the virus of
herpes simplex. Quilligan et al. (1950) investigated the action
of terramycin on the growth of herpes simplex virus in embryonat-
ed eggs. They found there was no difference in the final anti-
body titre in those treated with terramycin and in the untreated
eggs. Furthermore, Finland et al. (1949) observed 4 patients in
whom herpes febrilis appeared and extended during aureomycin
therapy for acute bacterial infections. Perhaps it is only dur-
ing the primary infection, when the virus is present in the
blood stream that it will ever be successfully attacked by a
chemotherapeutic agent yet to be discovered. In any case, the
existing antibiotics: are of great value in the primary infection
In preventing and contrdlling secondary bacterial invasion. The
ability of the herpes simplex virus to persist in human tissues
makes it unlikely that it can be completely eradicated during

one of its recrudescences.



In the following chapter the clinical
slde-effects usually attributed to antibiotics are
reviewed. Details are given of the toxic reactions
which were noted in the terramycin group of pneu-
monia patients. To accumulate more data on the side-
effécts of terramycin and to compare them with those
of other broad-spectrum antibiotics, chloramphenicol
and aureomycin, the series was enlarged. Patlents
who were available and to whom a course of antibiotic
could be given with impunity were those in the two

sanatorium wards for tuberculosis. Three groups of

tuberculosis patients were studied, one given a course

of chloramphenicol, one given aureomycin, and a third
terramycin. The side-effects which occurred in thess

patients are described.

61
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CHAPTER 1I.

CLINICAL SIDE-EFFECTS OF ANTIBIOTICS

The toxic effects of the broad-spectrum antibiotics
are mainly limited to gastro-intestinal upset in the form of
nausea, vomlting and diarrhoea. Heartburn, flatulence, epigastric
pain and a bad taste in the mouth may also occur. Another type
of side reaction is the development of a sore mouth, throat and
tongue. bBurning, soreness and pruritus of the anus and surround-
ing skin is known as the ano-rectal syndrome. Symptoms of muco-
sal irritation are in general more common in females in whom
vaginal irritation may also occur.

In most patients the gastric upset is confined to a
feeling of nausea with perhaps occasional vomiting. Sometimes
the vomiting becomes persistent and necessitates stopping the
drug. The diarrhoea is usually mild with the passage of 2-4
loose, bulky stools per day. The stools are often odourless
with a green, mucoid appearance but in some patients the odour
increases and becomes foul or sickeningly sweet. When the anti-
biotic is discontinued the stools generally return to normal bub
in a few patients the diarrhoea persists for some weeks. Sig-
moidoscopic examination in these patients shows red bands or

sharply defined areas of reddened mucosa with normal mucosa in
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between.
Some of the diarrhoeas are unusually severe and in-
tractable and are accompanied by dehydration and shock. In many

of these Staphylococcus aureus is the predominant organism in

the stool. It is usually resistant to the particular drug the
patient 1s receiving and even although sensitive to another
antibiotic, treatment with this drug does not always succeed in
controlling the infection. The staphylococcal infections are
contributory if not the actual cause of some deaths during and
after antibiotic therapy. It was the possibility of this com~
plication which prevented Jackson et al. (1951) from wholeheart-
edly advocating terramycin for the treatment of pneumonia. In
their series of 91 cases, 37 had diarrhoea. Cultures of the
stool were made in 18 of these and in 12 resistant strains of

Staphylococcus aureus grew profusely. The staphylococcal

diarrhoea may have contributed to the death of at least three
of these patients. Finland, Grigsby and Haight (1954) found
that the best cure for patients with secondary staphylococcal
enteritis was to stop the antibiotic and instead treat the
primary infection with intramuscular penicillin. This prompt-
1y restored the bowel flora to normal and the staphylococci,

although resistant to penicillin, cleared from the stool.
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Unfortunately this happy result is not always obtained and in
their series of 520 patients treated with eureomycin or terra-
mycin for various infections, mainly pneumonia, two died within
24 hours of the start of a severe staphylococcal enteritis.
Other seven patients died after the diarrhoea had lessened or
stopped but their general condition had failed to improve.

Oral symptoms occur more often when the antibiotic
has been used to treat a sore throat or other local infection.
Ceftain changes in the oro-pharyngeal mucous membrane accompany
these symptoms. In the mouth, the classical picture of thrush
is uncommon. More often there is a red vesico-papular eruption
on the uvula extending to the hard palate, pharynx and buccal
mucosa. When the lips also are involved the condition resembles
perléche or angular stometitis. On the tongue an atrophic or a
hypertrophic glossitis may develop, thé former being more common.
In this condition the normal white coating is lost leaving the
tongue raw, red and smooth with a "beefy" appearance. The hyper-
trophic type of glossitis is due to the hypertrophy of the fili-
form paplillae. The accumulation of matted hair-like processes
gives the tongue the appearance of being brown or black and
hairy.

The ano-rectal syndrome does not develop until the

patient has been receiving an antibiotic for at least 5-7 days
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and it may persist for some weeks afterwards. Proctoscopic ex-

amination in these patients shows perianal erythema with thick-

ening and excoriation of the perianal skin. There may be super-
ficial fissures at the margins of the anus. vAllergic reactions

are rare but drug rashes and drug fever may occur., With chlor-

amphenicol, muscle fatigue with temporary ophthalmoplegisa is

a rare complication and, after prolonged administration, agraru-

locytosis has been reported.

SIDE-EFFECTS IN THE PRESENT SERIES

MATERIAL AND METHODS

Two groups of patients were studied. Firstly, the
pneumonia group of 75 who received an average dose of 14.2¢g
terramycin in five days. The selection of these patients has
been described in Chapter I. Secondly, a series of 80 patients
suffering from pulmonary tuberculosis were given a course of
antibiotic. The only criterla used in selecting patients for
inclusion in the tuberculosis series was that they should not
be having a course of streptomycin therapy and should be well
enough to be up to the toilet. The exposure of patients who
were completely confined to bed with tuberculosis to the risk

of toxic effects from antibiotics was not felt to be jusbified.
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There were two wards of male tuberculpsis patients and two
patients from each were treated simulténeously. The two in one
ward were given one antibiotic and the two in the other ward
received another antibiotic.

Chloramphenicol was given to a group of 35 cases,
aureomycin to a group of 20 cases, and terramycin to a group of
25 cases. The antibiotic was given in a dose of 1g every six
hours for & total dose of 1l6g over a period of four days.

During the course of antibiotic I questioned the
patients about subjective side-effects; inspected their mouths
for mucosal changes and recbrded daily the number and appearance

of the stools.

RESUILTS

In the pneumonia group, remarkebly few patients had

side-effects during terramycin therapy. A few complained of
nausea but none had vomiting and only three had diarrhoea.
Seven patients developed a raw, painful tongue. Other two com-
plained of sore throat and one of these developed a black
tongue. None had the ano-rectal syndrome.

In the tuberculosis series toxic reactions were more
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common (Table 6); 46 patients (57%) had some disturbance. Of

the 19 (24%) who complained of gastric upset, nausea was the

usual feature and 4 had occasional vomiting.

In 2 patients

TABLE 6. - SIDE-EFFECTS DURING ANTIBIOTIC THERAPY IN TUBERCULOSIS SERIES.

CHLOR. AUREO, TERR. TUBERCULOSIS
SIDE-EFFECT GROUP | GROUP | GROUP SERTES
Total 35 20 25 80
Gastric Upset: 6 L 9 19 4%
Nausea L. L 9 17
Vomiting 1 2 3 6
Bad taste in mouth 2 0 0 2
Epigastric pain 1 0 1 2
Di.arrhoes: 17 8 16 41 51%
Average no. of stools per day
Noxrmally 1 1 1
Day 1 1 1 1
Day 2 2.3 2 2
Day 3 2.3 2 2.5
Oral Manifestations:
Atrophic glossitis 3 I 2 9 11%
Black tongue 3 0 3 6 %
Ano-Rectal Syndrome 1 1 2 L 5%
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(1 on aureomycin and 1 on terramycin) voniting was so severe
that the drug had to be discontinued on the third day. Two
patients had a bad taste in the mouth and two had epigastric
pain. The highest proportion with gastric upset was in the
terramycin group, 36% (9 patients), next in the aureomycin
group, 20% (4 patients) and then in the chloramphenicol group,
17% (6 patients).

Diarrhoea occurred in 41 (51%) of the series. In none
of the cases was the symptom severe. 1In the chloramphenicol
and terramycin groups the patients had 2-3 stools per day and
in the aureomycin group 4-5 stools was commoner in those with
diarrhoea. Sixteen patients (64%) in the terramycin group,

17 patients (49%) in the chloramphenicol group and 8 patients
(40%) in the aureomycin group had the symptom.

It seemed of interest to discover at what period of
the éntibiotic course abnormal stools appeared. Table 7 shows
that of 80 patients, the stools were soft in 24, loose in 16
and green in 4 after 8g antibiotic, the number of green stools
rising to 12 at the end of the course. Almost hal? the stools
remained normal throughout the course of antibiotic. The fre-
quency of the stools is shown in Table 6 from information given
by the patients themselves. 1In the average there was a defin-
ite change in bowel habit from one motion each day to two.

In 9 patients (11%) the tongue became raw and painful



and in 6 patients (7%) it became black and hairy.

TABLE 7. - DOSE OF ANTIBIOTIC AND APPEARANCE OF STOOL.
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A photograph

APPEARANCE OF STOOL

ANTIBIOTIC GROUP TOTAL
NORMAIL SOFT LOOSE GREEN
Before Chlor. 35 3L 1 0 0
Aureo, 20 18 2 0 0
Terr. 25 22 3 0 0
Series 80 7L 6 0 0
After 8 g. Chlor. 35 16 9 10 0
Aureo 20 12 3 2 3
Terr. 25 8 12 L 1
Series 80 36 2 16 4
After 16 g. | gqop, 35 1 12 6 :
Aureo, 20 10 3 0 i
Terr. 25 14 8 1 2
Series 80 38 23 7 12
Four patients (5%)

of one of the black tongues is shown.

complained of the ano-rectal syndrome.

These particular
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symptoms were more or less equally distributed in the three

Blaok Tongue.

treatment groups except that no black tongues occurred in the
aureomycin group.

One patient complained of blurring of vision while on
chloramphenicol and he was subsequently given another course
of chloramphenicol. More details of this phenomenon will be

found in Appendix III.
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DISCUSSION
The comparative freedom from toxic effects in the

pneumonia group treated with terramycin is the more remarkable
when we consider that in the tuberculosis series terramycin
cauéed more gastro—intestinal upset than either aureomycin or
chloramphenicol; The dosage employed was relatively high.
Willcox (1951) foundAthat of 38 patients suffering ffom.vener—
‘eal disease and given 5-9g of terramycin in 5-7 days, 13% had
gastric upset and 24% diarrhoea. In this tuberculosls series
36% had gastric upset with terramycin, a figure similar to the
32% of 87 patients treated by Finland et al. (1950) with terra-

mycin for miscellaneous infections. Only 37% of their group
had diarrhoea, however, compared with 64% in the present group.

Both Harris (1950) and Tomaszewski (1951) found
gastric upset more common with aureomycin than chloramphenicol.
In Harris'!s group of 110 patients, 34 who were unable to toler-
ate aureomycin were able to finish the course on chlorampheni-
col. The frequency of diarrhoea in the tuberéulosis series
tended to be higher than that found by other workers. In
Harris's patients chloramphenicol caused only a mild diarrhoea
in a few but the symptom was more severe with aureomycin. In
Tomaszewski's patients the stools became soft or loose without
increasing in number.

On the other hand, relatively few of the present
patients had the ano-rectal syndrome compared with 13% of
Willcox's patients. Oral complications occurred in similar
degree to that found by Finland who noted stomatitis in 6% of
his patients, while 109 of Tomaszewski's patients developed a

black tongue.

The side-effects are discussed further in Chapters
IV. and V.
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In the next chapter the changes which
occurred in the microflora of the respiratory and
alimentary tracts during antibiotic therapy are
studied.

In the first section attention is drawn

to the growths of the yeast Candida albicans which

were found in the sputum, fauces and rectum of the
pneumonia series and in the sputum and faeces of
the tuberculosis series. The results in the pneu-
monia series have already been published in the
Lancet, February 20th. 1954, under the title "The
Growth of Candida albicans during Antibiotic
Therapy".

The second section deals with the effect
of antibiotics on the growth of coliforms in the
intestinal tract of both the pneumonia and the

tuberculosis series.
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CHAPTER ITII.

THE EFFECT OF ANTIBIOTIC THERAPY ON THE MICROFLORA

Section 1. THE GROWTH OF CANDIDA ALBICANS

INTRODUCTION

When & yeast is found in the human body it almost in-

variably proves to be the species known as Candida albicans.

It belongs to the group of Fungi Imperfecti which are character-
ised by the formetion of only asexual spores and in which the

perfect or sexual stage is unknown. In the family Cryptococca-

ceae the yeasts reproduce by the budding off of daughter cells
which in turn mey bud to form & mass of spherical cells. These
function as spores and are called blastospores. In the sub-

feamily Candidoideae, the yeasts characteristically form a

pseudomycelium. This is a structure produced by budding cells
elongating and clinging together in chains, and so reserbling a
true mycelium. Some species also produce, by a process of dls-
articulation of the mycelium, yeast-like cells known as arthro-
spores, The forms which produce blastospores only are classi-

fied in the genus Candida. The species Candida albicans converts

the terminal cells in the pseudomycelium into thick-walled,
round, resting spores, called chlamydospores. These enable the

fungus to exist during long periods of dormancy. Candida

———— e
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albicans is not only the type species of the genus but it is
the specles of outstending importance and interest. In 1931
Benham showed that all the pathogenic candida isolated from

the human body were the same species, Candida albicans. The

differences in the various isolates were unworthy, in her
opinion, of being recognised by a distinctive name.

Yeasts were among the first micro-organisms to be de-
scribed because their relatively large size made them more
readily visible in the days before the compound microscope.
There has been in the past some confusion in the nomenclature

of Candida albicans. In 1839 Langenbeck first found a fungus

in patches of thrush in the mouth and in 1847 Robin described

the thrush fungus in detail. He gave it the name 0Oidium albi-

cans but as it did not belong to the genus Oidium it was re-

named Monilia albicans by Zopf in 1890. The disease caused by

infection with this organism is still called moniliasis. For
a century the term Monilia was used for many orgenisms but it
should properly be restricted to a group of plant pathogens
which cause brown rot of fruit. At the Third International
Microbiological Congress in 1939 the delegates decided to use
the name Candida for the genus and this name is now replacing
the more familiar but invalid one, Monilia.

Although the human body is not the sole habitat for
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the genus Candida the species Candida albicans has never been

found unassociated with man or animals. In different surveys

it has been isolated from 6 to 24% of healthy mouths and throats
and in about 15% of normal faeces. The fungus is usually pre-
sent in small numbers since the normal florse is predominantly
bacterial. The disease it produces, moniliasis, is classified
as one of the superficial mycoses because candida usually pene-
trates only the skin and mucous membranes. It cah, however,
invade the deeper tissues and become a deep mycosis. It is then
that moniliasis becomes a serious and often fatal disease. Cases
with blood-stream invasion (wéssler and Browne 1945), meningitis
(Morris, Kalz and Lobtspeich 1945), endocarditis (Pasternack
1942) and generalised visceral involvement (Gausewitz, Jones and

Worley 1951) all due to Candida albicans have been reported.

Many reports of broncho-pulmonary moniliasis have been published
since the condition was first recognised as a clinical entity by
Castellani in 1905.

A definite diagnosis of moniliasis is fraught with
difficulty. To establish the diagnosls the causal organism,

Candida albicans, must be demonstrated in large numbers in clin-

ically typical lesions. These are:-

1. Oro-pharyngeal moniliasis. In the mouth the classical

lesion is thrush. On the buccal mucosa, plaques of white or
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cream exudate appear which coalesce to form a membrane. This

is easily detached from the underlying reddened mucosa which

is left dry and glazed. The soft palate and surrounding tissues
become red and oedematous. The tongue becomes thickly coated
giving a black hairy appearance. When this coating peels off
the tongue is left red, swollen and tender. The patient com-
plains of burning and soreness of the mouth, throat and tongue.

2. Oesophageal and tracheal moniliasis. The membranous

plaque formation may spread down the oesophagus or trachea
causing an oesophagitis or tracheitis. The symptoms are pain
on swallowing, retro-sternal pain, huskineés and a dry non-pro-
ductive cough. ‘The membrane may also cause'obstructiVe symptoms
like dysphagia and dyspnoea. These are alleviated when the mem-
brane becomes detached and is expectorated.

In all the lesions of these two groups the diagnosis
depends on examination of a patch of membrane. Microscopically
it is seen to consist of numerous yeast cells in a fibrinous
matrix, and culture on Sabouraud's medium yields an almost pure

growth of Candida albicans.

3. Cutaneous moniliasis., Typlcally the lesions here are cir-

cumscribed, erythematous and exudative patches with a papulo-
squamous border, In these, candida is found in abundance. The

condition most commonly occurs where two skin surfaces are in
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contact, as an intertrigo, but generalised forms also occur.
Onychia and paronychia due to candida may develop in people
whose skin has become macerated from frequent immersion in
water.

4, Broncho-pulmonary moniliasis. 1In the bronchial type the

main symptom is cough with a mucoid, gelatinous sputum in which
are grey flakes of budding yeast cells, The patient's health
generally remains good, the physical signs are those of brounchi-
tis and X-ray of the chest may show increase in the peri-bron-
chial markings.

The pulmonary type is less common but more serious.
The patient has a pleural pain, cough with a gelatlnous sputum
which is often blood-stained and the temperature and pulse are
elevated. It is a broncho-pneumonic type of illness and ches?t
X-ray shows patches of consolidation, most marked at the bases
of the lungs.

Broncho-pulmonary moniliasis is the most difficult
type of all to diagnose with certainty. It is not practicable
to examine the parenchyma of the lung for candida during life
and finding the orgenism in the sputum does not warrant the
diagnosis. Candida is a common secondary invader in patients
with another primary lung disease, and meny cases would be more

accurately described as "secondary thrush of the bronchi". This,
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occurring in patients whose general health is alresady poor, may
hasten a fatal outcome. Ormerod and Friedman (1951) reported

a case of moniliasis of the oro-pharynxz spreading to the bron-
chl but the final cause of death was a staphylococcal pneumonia.
In the diagnosis of cases of pulmonary monillasis which have re-
covered reliance has too often been placed on finding candida in
the sputum of a patient with obscure signs and symptoms of chron-
ic chest disease (e.g. Barlass and Akyel, 1951). A very con-
vineing case, however, was reported by Hiatt and Martin (1946)
of a patient who recovered from pulmonary moniliasis after
treatment with immune serum. The patient was given gradually
increasing doses subcutaneously of serum from a rabbit which had

been immunised against Candida albicans.

The occurrence of mycotic infections as a sequel to
entibiotic therapy has recently brought moniliasis into greater
prominence. The original infection for which the antibiotic is
given clears up but the patient subsequently develops symptoms
and signs of moniliasis. Woods, Manning and Patterson (1951)
were among the first to give particulars of such cases. They
described 20 cases of oro-pharyangeal, 3 of intestinal and 2 of
broncho-pulmonary moniliasis and they considered that the yeasts

had either increased in virulence or by sheer increase in numbers
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had assumed pathogenic properties folléwing antibiotic therapy.
The frequency of moniliasis after antibiotic treatment is not
known. Its rarity may be judged by the fact that the occurrence
of a single case still warrants publication (e.g. Browne, 1954).

The difficulty in establishing a definite diagnosis
of pulmonary moniliasis has already been mentioned. It is a
comuon practice to give a course of antibiotic as a therapeutic
test to a patient with symptoms and signs of chronic chest dis-
ease. Should the diagnosis of moniliasis subsequently be made,
it might easily be attridbuted, although without justification,
to the results of antibiotic therapy. |

Most reports on the sequelae of antibiotic therapy
mentlon overgrowths of candida only when they are found in
assoclation with a clinical lesion suggestive of moniliasils.
In this investigation all the patients were examined for candida
during their course of antibiotic whether or not there was

reason to suspect the presence of yeasts.
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PART I. PNEUMONIA SERIES

In conducting a therapeutic trial of terramycin in
pneumonia an excellent opportunity was afforded for comparing
a broad-spectrum antiblotic with sulphadiazine, a chemothera-
peutic agent which was not bacteriocidal. The sputum, fauces
and rectum were examined for candida in the two groups before,
during and after treatment. 1In addition, the sputum was exam-
ined for candida in all patients who were admitted to hospital
with a respiratory illness during the period of the investiga-
tion. |

MATERTAL AND METHODS

During the period September 1951 to December 1952, in
all cases where the sputum was examined routinely on admission
to confirm or refute a diagnosis of pneumonia or tuberculosis,
the specimen was also examined for yeasts. A total of 367
admission sputa accrued. This figure includes sputa from males
and females in whom the diagnosis of pneumonia was confirmed,
those who were found to have some other respiratory disease,
those whose symptoms were attributable mainly to cardiac fallure
and 57 males who were notified by the chest clinic as having
tuberculosis requiring hospital treatment.

Of those, the 176 patients in the treatment trial were
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used to study the growth of candida during chemotherapy. The
26 patients whose pneumonia was not confirmed radiologically
are included as each had the full course of treatment. Of the
19 patients who had penicillin, the 3 who had a single dose of
peniclllin before the course of sulphadiazine are included in
the sulphadiazine group. Six patients who died before the
series of examinations was complete have been excluded and thus
the totals are: terramycin group 85 patients, and sulphadia-
zine group 69 patients. The group of 16 patients who had a
course of penicillin are considered separately.

In the pneumonia series, in addition to the specimen
of sputum, & post-nasal swab and a rectal swab were taken on
admission. After the first 51 patients had been investigated
a throat swab was substituted for the post-nasal swab because
of the infrequent isolation of candida from post-nasal swabs.
(veinfre). From all patients, rectal and post-nasal or throat
swabs were again taken on the third, fifth, seventh and ninth
days in hospital. Further specimens of sputum were obtained
from 61 of the patients (28 in the terramycin group and 33 in
the sulphadiazine group) on the third to fifth days during
treatment and again on the second to fourth day after the end
of treatment.

After being collected from the patient, all specimens
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were taken to the laboratory at once for examination for yeasts.
When this was impossible the specimen was lmmediately put in the
refrigerator until the examination could be made.

Isolation of yeasts. From each specimen of spubtum, after

emalsification with 5 ml. of sterile broth, a loopful was inocu-
lated on to a plate of Sabouraud's medium. Post-nasal, throat
and rectal swabs were inoculated directly on to this medium. The
plates were incubated at 37°C. for 24 hours before being examin-
ed for growth of yeasts. All plates which at this stage were re-
- garded as‘negative were kept at room temperature for a further 3
days before they were finally examined and discarded. The amount
of growth was recorded as "absent": "scanty" when discrete col-
onies of yeasts were present over the site of the original in-
oculum, "heavy" when colonies of yeasts appeared over the whole
of the area inoculated or were densely packed over the site of
the original inoculum. The photographs show typical examples of
the different growths obtained.
The following criteria were used to identify Candida
albicans:
1. Morphology: Typically, colonies -are 1arge,vsmooth,
white or cream in colour with a pasty consistency.
The presence of yeast cells was confirmed by micro-

scopic examination of films made from representative
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colonies,

2. The ability to grow at room temperature. This served
to emphasise their differentiation from cocci which
remained static.

3. Sugar reactions: From each patient, but not from each
specimen, & representative colony was grown in sugar
media and found to give the reactions of Candida
albicans: namely, formation of acld and gas in glu-
cose and maltose; acid only in sucrose; and no acid.
or gas in lactose.

I personally carried out the examinations for yeasts.

RESULTS
A. ADMISSION SPUTA.

Candida was 1solated from 49% of the 367 sputa exam-
ined on admission, and a heavy growth was obtained from 32%.
The patients were analysed with respect to age, presence of
.chronic chest disease and their final diagnosis.

Age of the patient. It seemed possible that the changes

in the lungs associated with ageing might increase the 1iability
to candida infection. Table 8 shows however that candida was

present in 52 (47%) of 110 patients under the age of 40 years
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compared with 127 (49%) of 257 patients over this age.

 TABLE 8. - PREVALENCE OF CANDIDA IN ADMISSION SPUTA.

NO. OF SFUTA WITH CANDIDA

GROUP TOTAL e g

All groups 367 188 60 17% 1119 32%
Aged less than 4O 110 58 |22 20% | 30 27%
Aged more than 40 257 130 38 15% | 89 34%
With chronic bronchitis _ 138 66 25 18% | 47 3u%
With tuberculosis 51 | 26 7 12% | 24 42%
Total with chronic chest disease 195 92 32 17% | 71 36%
Without chronic chest disease 172 95 30 17% | 47 28%
With pneumonia — ‘ 208 113 33 16% | 62 30%
With cardiac failure 33 18 |6 18%| 9 21%

Presence of chronic chest disease. The table shows that of

195 patients with a history of chronic chest disease 103 (53%)
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harboured candida in the sputum, whereas of 172 patients with-
out such a history there were 77 (45%) whose sputum yielded the
organism.

An attempt was made to correlate these two factors by
dividing the patients into the following groups:-

(a) under 40 years without a history of chest
disease - 70 patients.

(b) under 40 years with chronic chest disease - 40 patients.

(c) over 40 years without a history of chest
disease -102 patients.

(d) over 40 years with chronic chest disease -155 patients.
The numbers of patients in these groups from whose sputa candida
was isolated were respectively 30, 22, 44 and 84. When a chi
square test is applied to these figures we find that P = 0.1.
This result indicates that such a distribution might have arisen
by chance. It appears therefore that age and chronic pulmonary
infection bear no relation to the presence of candida in the
sputun.

46% of the patients with pneumonia and 45% of those
with cardiac fallure had candida in the sputum.

B. ISOLATION OF CANDIDA BEFORE TREATMENT.

The disbribution of candida in the various admission
specimens of the pneumonia series is shown in Table 9. It will
be seen that the highest proportion of positive results was

obtained from the sputa. Of these 48% were posltive compared
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150 patients were suffering from an acute pneumonia and almost

TABLE 9. - DISTRIBUTION OF CANDIDA IN SPECIMENS BEFORE ANTIBIOTIC THERAPY.

(Both Treatment Groups)

NO. OF SPECIMENS WITH CANDIDA

NUMBER

Sreen EXAMINED ABSENT SCANTY HEAVY
Post-nasal swab 51 51 0 0
Throat swab 103 76 11 114 16 15%
Sputum 19" 78 22 15% | 49 33%
Rectal swab 154, 149 1 0.5% L 2.5%

#¥ b5 cases with no admission sputum.

half had candida in the sputum, it seemed necessary to compare

the results of routine bacteriology of the sputum with the re-

sults of examination on Sabouraud's medium.

Of the 88 patients

with "pathogenic" organisms (see Chapter I.) 39 (44%) had also

candida in the sputum.

In the group of 37 patients infected

with "non pathogens" 18 (49%) had candida in the sputum.
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similarity of these proportions suggests that the presence of
candida in the sputum could not be regarded as bearing any re-
lationship to the acute disease.

C. ISOLATION OF CANDIDA DURING AND AFTER TREATMENT.

The growth of candida during and after treatment in

the two groups is shown in Table 10,

TABLE 10. - GROWTH OF CANDIDA IN THROAT SWABS, SPUTA, AND RECTAL SWABS
DURING TREATMENT.

DAY IN HOSPITAL
GROWTH :
SPEC IMEN OF Admission |  Third Fifth | Seventh| Ninth TOTAL
g ald alf al|d a8 « 2w
Absent | 44 32 {42 35 |31 29| 30 32 |30 28
Throat | qoomty | 4 71 3 71 2 9| 5 6 |10 10 |57 46
Swab Heavy 9 7112 4|2 8|22 817 8
Absent | 1, 13 | *8 18 ;e o1
Sputum Secanty 5 8 3 5 7 6 28 33
Heavy 9 12 |17 10 15 16
Rectal Absent | 85 67 |70 67 |34 65| 34 58 |33 55
Swab Seanty | 0 o 1 ol 1 of 3 1|1 0 |8 69
Heavy 0 2|1 215 4|48 10 |51 14

% on third to fifth day

¥x on seventh to ninth day
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Post-nasal Swabs. It has been mentioned that post-nasal

~ swabs were taken from 51 patients, 27 of whom were receiving
terramycin and 24 sulphadiazine. Of those 51 swabs only two in
the sulphadiazine group (both taken on the ninth day) grew
candida. As post-nasal swabs did not seem to be a fruitful
source of candida, throat swabs were taken from the subsequent
cases.

Throat Swabs. The number of patients in the terramycin

group with heavy growths of candida rose from 9 (16%), the fig-
ure on admission, to 24 (42%) on the fifth day, falling again
slightly to 17 (30%) on the ninth day. At similar periods in
the sulphadiagzine group the figures were 7 (15%), 8 (17%) and
8 (17%) .

Sputa. In the terramycin group the number of patients with
a heavy growth of candida rose from 9 (32%) on admission to 17
(61%)'during treatment, while, over the corresponding period in
the sulphadiazine group there was no increase. It may be observed,
however, that 2-4 days after sulphadiazine had been stopped, the
number with heavy growths rose from 10 (30%) to 16 (49%).

Rectal Swabs. Perhaps the most striking difference in the

two treatment groups emerges when the results of the rectal
swabs are compared (see also fig.2). In the terramycin group,
the number of patients showing a heavy growth of candida had

risen from nil prior to treatment to 50 (59%) on the fifth day.
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On the ninth day in hospital i.e. 4 days after treatment had
been discontinued, this high figure persisted. On the other
hand, in the sulphadiazine group, the corresponding figures
were 2 (3%) prior to treatment, 4 (5%) on the fifth day and

14 (20%) on the ninth day. Again it will be observed thet
after treatment had been stopped, there was a rise in the num-
ber of positive results in the sulphadiazine group.

Correlation of Throat Swabs end Sputa. The presence of

candida in both the throat swab and sputum collected on the
same day was studied and it was found that out of 118 pabtients
showing cendida in the throat swab and/or sputum, both speci-
mens were positive in 52 (44%). The throat swab only in 5 (4%)
and the sputum only in 61 (52%) was positive. In other words,
of 57 cases whose throat swab was positive, the sputum was
positive in 52, whereas of 113 cases whose spubtum was positive,
the throat swab was positive in only 52. Such a finding might
support & view that the yeasts were actually In the sputum and
not merely present as a result of throat contamination.

Penicillin Group. The growth of candida in the penicil-

lin-treated group is shown in Table 11. As the total number
is small (16), percentages are apt to be misleading but they
are given here to allow comparison with the other groups. The

number - having a heavy growth of candida in the throat swab



90
rose from 1 (6%) on admission to 4 (25%) on the fifth day, and

in the rectal swab from nil to 1 (6%) and then to 3 (19%) on the

ninth day in hospital. The behaviour of this group with regard

TABLE 11. - GROWIH OF CANDIDA IN THE PENICILLIN GROUP.

DAY IN HOSPITAL
GROWTH OF
SPECIMEN CANDIDA TOTAL
Admission Fifth Ninth
Absent 13 ] 7'
Throat Swab Scanty S 2 L 6 16
Heavy 1 L 3
Absent 6 5 g
Sputum Scanty 1 1 1 11
Heavy L 5 6
Absent 15 15 13
Rectal Swab Scanty 1 0 0 16
Heavy 0 1 3

to the throat swabs is similar to the terramycin group but with

regard to the rectal swabs the figures are more closely related

to those in the sulphadiazine group.
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DISCUSSION

The foregoing findings show that, in petients with

respiratory illness Candlda albicans may be isolated from & con-

siderable proportion of admission sputa (49% of 369 sputa).
Although these patients belong to a small and specialised group
of the population they are fairly representative of that section
of the community who have a productive cough, The presence of
candida in the sputum was shown not to be related to the age of
the patient, the presence of chronic chest disease or the par-
ticular form of chest disease from which the patient was suffer-
ing. This would suggest that in the sputum candida is usually

a harmless saprophyte. This is true, moreover, even when it is
present in large quantities in the spubum, since 32% of the
sputa had heavy growths of candida. Skinner (1947) cited differ-
ent series of patients with known or suspected tuberculosis in
whom candida was isolated from 9-36%. He considered that the
wide difference in thevfindings was due to the varying tech-
niques employed by the workers in the isolation of candida.
According to Castellani, candida may be present in the sputum
under three circumstences, - (a) as saprophytes, (b) as second-
ary invaders in other primary diseases of the lungs, and (c) as
the real agents of broncho-pulmonary disease. Candida in the

sputum only acquires significance when it is found constantly
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and in large numbers from & patient who bresents a typical
clinical picture of pulmonary moniliesis. Care must first be
taken to exclude tuberculosis, the disease which moniliasis
most closely resembles.

It is interesting to compare the throat sweb results
with those of other workers. In America, Todd (1937) reported
the isolation of candida from the throat in 3.9% of 1,000
healthy adults, while Marples and di Menna (1952) in New
Zealand recorded a figure of 6.3% from the throat swabs of 351
normal persons. The present figure of 26% is more in keeping
with those of Fisher (1$36) who found that 25% of throats of
48 children and 21% of 28 adults had candida. It must be noted,
however, that my series differed from those reported above in
that all the patients had a respiratory infection at the time
of examination.

When the mouth also 1s examined for candida by rubbing
the swab over the gums and tongue a higher proportion is gener-
ally found to harbour the orgenism than when the swab is rubbed
on the fauces only. Todd found 14% and Marples and di Memnna
18.3% of their series positive for candida by this method. An
even higher proportion of positive results may be obtained by
culturing the saliva. In this way Marples and di Menna found

419 of thelr series positive for candida. Lilienthal (1950)
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- examined the mouths of 109 healthy boys for yeasts. Examination
by gum swabs showed 37% to be positive and by culturing the sal-
ive 47.7% were positive. In a group of adults, he found no re-
lationship between the presence of yeasts and obvious dental
caries but their presence was affected by whether or‘not the
person had teeth. Persons with their own teeth were more likely
to harbour yeasts than the edentulpus but when dentures were
worn the yeasts reappeared. Marples and di Menna‘actually found
the incidence of candida was greatest in those with dentures.

0f 80 persons with natural teeth 45% had candida in the mouth
compared with 68% of 19 persons with artificial teeth.

The present findings would indicate that the rectal
swab may not be as sensitive an indicator as faeces in detecting
the presence of yeasts in the lower bowel. The findings of many
workers in different surveys are closely similar in indicating
that about 15% of normal faeces yield candida on culture.
Schnoor's figure (1939) was 14% of 314 normal persons and Benham
and Hopkins' (1933) was 18% of 100 normal persons while I found
only 3% of rectal swabs to be positive in patiénts admitted to
hospital. As my purpose was to compare the effect of two kinds
of treatment and the method used was the same in both groups,

the examination of rectal swabs proved satisfactory in this

study.
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During the course of treatment comparison of the two
groups ellcited a marked difference in the frequency with which
candida was obtained. With sulphadiazine there was no increase
in the proportion of patients with candida in throat swabs,
spute and rectal swabs, whereas with terramycin there was a
significant increase of candida in all these specimens.

The nearest approach to the present investigation was
reported by Lipnik, Kligman and Strauss in 1952. Mouth swabs
and rectal swabs from three groups of hospital patlents were
cultured on Sabouraud's medium. In the control group the
patients had received no antibiotics and in the therapy groups
swabs were not taken from persons unless they had received anti-
biotics for at least four days. The control group numbered 67
patients, a group treated with aureomycin or chloramphenicol,
63 patients and a group treated with penicillin, 42 patients.

Lipnik's control group of patients were selected at

random from the hospital wards and it 1s permissible to compare
his findings there with the admission findings in the present
series since neither group of patients had recelved chemother-
apy. %.5% of his mouth swabs, 26% of my throat swabs; 1.5% of
his rectal swabs and 3% of mine yielded candida. The incidence
of candida in throat and mouth swabs tends to be less constant

in different surveys. In the faeces, on the other hand, the
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figure 1s fairly constant but Lipnik's results confirm the con-
tention that rectal swabs give fewer positive findings.
It is interesting to compare the presence of candida

in the two broad-spectrum antibiotic groups of patients i.e.

those of Lipnik's who received aureomycin or chloramphenicol
and those of mine on the fifth day of terramycin treatment. In
the former 60% of the mouth swabs were positive, and in the
latter 26 (46%) of the throat swabs. The difference here is
probably due to the fact already pointed out that the mouth is
in general a more fruitful source of candida than the throat.

By rather a remarkable coincidence the 60% of his positive rectal
swabs and the 51 (60%) of mine were the same. In the two peni-
cillin groups of patients 5% of Lipnik's rectal swabs and 1 (6%)
of mine were positive for candida, These figures are in align-
ment but there is a gross discrepancy between the 7% of his
mouth swabs, and the 8 (50%) of my throat swabs which were posi-
tive, although only 4 (25%) of the throat swabs yielded heavy |
growths of candida.

To revert to the present series, the increase of
candida in the sputa and rectal swabs of the sulphadiazine
group after the cessation of therapy is rather surprising. A
similar finding emerged in the rectal swabs of the penicillin
group. It seems possible that these patlents were cross-infect-

ed by others in the terramycin group who were excreting large
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quantities of yeasts. It is noteworthy that this inecrease
after treatment was found in the groups which had shown little
or no increase in candida during treatment. It would be
impossible to detect when a patient who already harboured a
large number of candida was re-infected by another patient.

In the straightforward case of pneumonia which responded well
to treatment the patient got up to sit in a chair in the after-
‘noons of the sixth and seventh days in hospital and thereafter
was allowed up to the toilet and to walk for gradually increas-
ing periods. Consequently when the last two swabs of the
serles were taken, on the seventh and ninth days in hospital,
the patient was more in contact with his fellow patients.
Mingling with them increased the opportunities for cross-in-
fection. It would appear therefore that a person with a heavy
growth of candida in the sputum, throat or rectum mey act as a
source of infection for others.

A review of the findings from the present series of
patients indicates that overgrowths of candida occurred most
frequently during terramycin treatment, less frequently during
penicillin treatment and lesst often during sulphadiazine treat-
ment. Tt 18 of interest that this effect of terramycin was most
marked in the rectal swabs and suggests that a high local concen-

tration of the drug may be an importent factor. After oral
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administration Kraus, Casey and Johnson (1951) showed that
antiblotics are excreted in appreciable gquantities in human
saliva so that the throat is constantly exposed to the action
of antibiotics. Terramycin is readily absorbed from the ali-
mentary tract of man and presumably a therapeutic concentration
in the lungs, the source of the sputum, is obtained. The
greatest concentration of the drug, however, is found in the
faeces. Linsell and Fletcher (1950) in the first report on
terramycin in this country found that on a dose of 1lg six—houblm
up to 4,009Mg/g could be recovered in the faeces, but the aver-
age was around 1,25Q/«g/g. This would account for the effect
of terramycin being more pronounced in the rectum than in the
sputum or throat.

The concentration of drug in the site of origin of the
specimen, however, is not the sole factor in determining whether
or not yeasts will overgrow. The other and equally important
factor appears to be the type of bacterial flora which is nor-
mally found in the areas from which the specimens were taken.

In the throat and sputum the bacterial flora is predominantly
Gram positive while in the lower intestine it is predominantly
Gram negative. Terramycin being effective against both Gram
positive and Gram negative orgenisms was able to inhibit the

growth of most of the orgenisms normally present in the throat,
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sputum and rectum. Penicillin, on the other hand, by its
effectiveness against Gram positive but not Gram negative
organisms was able to exert its fullest effect on the bacteria
of the throat and sputum. Irrespective of the degree of local
concentration obtained in the lower intestine, penicillin could
not eliminate most of the organisms normally found there. CAl-
though sulphadiazine acts against both Gram positive and Gram
negative organisms it is a much less potent drug. Consequently
it causes less upset in the normal microflora of the throat,
sputum or rectum.

The extent to which the normal bacterial flora is
suppressed is faithfully reflected in the frequency with which
candida overgrew during the different methods of treatment.
During terramycin therapy there was an increased proportion of
patients with overgrowths of candida in the throat, sputum and
fectum; during penicillin therapy the increase was mnoted in the
throat but not in the rectum; finally, during sulphadiazine
treatment no increase occurred in any of the three sites.
These findings support the theory that an antagonism exists
between the bacteria and the yeasts in the microflora of the
throat, sputum and rectum. Normally the bacteria are dominant
but when they are exposed to drugs which have the power to in-

hibit or even destroy them, their growth is suppressed. It 1s
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cillin or sulphadiazine are allowed to flourish and become dom-

inant in the flora.

PART II. TUBERCULOSIS SERIES

The extension of the investigation to patients in the
tuberculosis wards enabled a comparison to be made of the effects
of the three antibiotics, chloramphenicol, aureomycin, and ter-
ramycin on‘the microflora. The tuberculosis patients, unlike
the pneumonia patients, usually had reguler bowel movements
which made practiceble the examination of actual specimens of
faeces rather than rectal swabs. This was of special interest
because‘of the discrepancy between the positive findings for
candida in admission rectal swabs and those of other workers who
had sampled faeces. McVay and Sprunt (1951) reported that the
administration of parahydroxybenzoic acid (paraben) along with
aureomycin prevented the overgrowths of yeasts. The substance
is used as a preservative in foods and drugs, the methyl ester
being effective against moulds and the propyl ester active
ageinst yeasts. To repeat their experiments a supply of capsules
containing aureomycin and paraben esters was given by the manu-

facturers, Lederle Laboratories. These were given to a small
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group of patients.

MATERIAL AND METHODS

The series of 80 adult males suffering from pulmonary
tuberculosis was studied. Chloramphenicol was givén to 35,
aureomycin to 20 and terramycin to 25. The supply of aureomycin
hydrochloride which contained 90 mgs. methylparaben and 22.5 mgms
propylparabéﬁ incorporated in each 250 mg. capsule was sufficient
to treat 5 patients. Concurrently, other 5 patients were given
ordinary aureomycin to act as controls. In the aureomycin group
there were thus 15 patients who received ordinary aureomycin and
5 who recelved paraben aureomycin. Because of the possible
effect of paraben on the growth of candida, when this factor
alone is under examination, the patients who received paraben
aureomycin are excluded from the analysis leaving a total of
75 cases in the tuberculosis séries. The patients were not re-
ceiving streptomycin treatment and were allowed up to the tollet.
In the paraben experiment the additional criterion was imposed
that no patient with & heavy growth of candida beforehand was
given paraben aureomycln or used as a control.

Each patient received a total dose of 16 g. antibiotic

over a period of 4 days. Before the drug was given a specimen of

sputum was collected into a small, greased cardboard container and
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a specimen of faeces into a larger carton. Similar specimens
were agaln taken on the morning of the third day of the course
i.e. after 8g of the drug, and on the morning after the day
treatment stopped, 1.e. after 16g of the drug. The specimens
were taken to the laboratory where a note was made of the
naked-eye appearance of the sputum and of the stool. After the
sputum had been emulsified with 5 ml. of sterile broth a loop-
ful was inoculated on a plate of Sabouraud's medium and another
loopful rubbed on a glass slide to make a film. A loopful of
faeces was also inoculated on a plate of Sabouraud's medium then
mixed with a drop of saline on a glass slide to make a film.

The plates were dealt with in the same way and the same criteria

used to identify Candida albicans as in the pneumonia series.

The films were examined microscopically for yeast cells after
‘staining by Gram's method and yeasts were recorded as "absent";
"scanty" when only a few were seen in the whole of the stained

area; '"heavy" when numerous cells were seen.

RESUITS

A. ALY, ANTIBIOTICS.

Growth of candida before and during course of drug.

Table 12 shows that, of the 75 patients in the series.

as a whole, the proportion with a heavy growth of candida in
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the sputum rose from 12% before an antibiotlc course to 32%

after 8g and to 41% after 16g.

The corresponding results from

TABLE 12, - GROWTH OF CANDIDA IN THE SPUTUM OF TUBERCULOSIS SERTES.

the examination of fa

NUMBER OF SPUTA WITH CANDIDA
ANTIBIOTIC GROUP | TOTAL ABSENT SCANTY HEAVY
D/F |S4B. D/F SAB. D/F SAB.
Before Chlor 35 33 1 15 2 1 0 6
Aureo. 15 kA 8 1 7 0 0
Terr 25 25 | 17 0 5 0 3
Series | 75 72 | kO 345 | 26 35% | O 9 12%
After & g. | Chlor. 35 25 | 11 7 1L 3 12
Aureo. 15 13 8 2 3 0 L
Terr. 25 191 13 5 L 1 8
Series | 75 57 | 32 | 1y 19%| 21 28% | & 5% | 2k 32%
After 16 g. | Chlor. 35 22 9 9 12 L 1y
Aureo. 15 12 6 3 5 0 L
Terr. - 25 18 | 10 6 2 1 13
e o e ——
Series | 75 520 | 25 | 18 24%| 19 256 | 5 7% | 31 4%
I/F. = Direct Film,
SAB. = Culture on Sabouraud's Medium.

eces, shown in Table 13 are more striking.
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Here the percentage of specimens showing heavy growths rose

from 3 before the drug to 40 after 8g, then to bl after 16g.

TABLE 13. -~ GROWTH OF CANDIDA IN THE FAECES OF TUBERCULOSIS SERIES.

NUMBER OF FAECES WITH CANDIDA

ANTIBIOTIC | GROUP | TOTAL | ABSENT SCANTY HEAVY
D/F |SAB. D/F | SAB. D/F | SAB.
Before Chlor. 35 321 29 2 4 1 2
Aureo. 15 15 | 11 0 L 0 0
Terr. 25 17122 | 8 3 0 ] 0
| swn ms cov un - prll cve Gl o . G s e St e res Wer Gup Sus A W Y G S S W Y S " — " C S — . = poa tw] r— ———————————————
Series 75 6L | 62 |10 13%{11 15%| 1 1% 2 3%
After 8 g. | Chlor. 35 15 | 17 |16 7 L 11
Aureo. 15 8 6 6 6 1 3
Terr. 25 51 8 (11 1 9 16
_________ AU IS FEPINS SNV VNIRRT S

Series | 75 28 | 31 |33 44% | 14 19% | 14 19% | 30 40%

After Jbg. { Chlor. 35 13 | % |17 8 5 13

Aureo. 15 2 3 6 3 7 9

Terr. 25 L 3 8 6 13 16
————————————————————— r——--————-—t

Series | 75 19 | 20 |31 42%| 17 23% |25 33%| 38 51%

Direct Film.
Culture on Sabouraud's Medium.

D/F.
SAB.

i

]

When we look again at the sputum results we find that
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55 were positive for candida before the drug and 31 had heavy
growths after 16g. One might argue that if the heavy growths
developed from these 35 patients, then no patient who was nege-
tive beforehend developed a heavy growth of candida as a result
of the antiblotic and only 15 who were negative before developed
a scanty growth of the orgenism. It must be noted, however,
that the chloramphenicol group alone contained 20 of the posi-
tive sputa before therapy so that in the other two groups, 15
were positive before, but 17 had heavy growths of candida at the
end of the course. Applying a similar argument to the results
in the faeces we find that while only 13 were positive before
the drug, 38 had heavy growths after 16g. This means that 25
patients who were negative before developed heavy growths of
candida as a result of the antibiotic. All this is based on
inference, but a re-examination of the results in each individ-
val patient would reveal whether or not patients who were nega-
tive were less likely to show overgrowths of candida during a
course of antibiotic than those who already harboured the
orgenism. This was accordingly done end the findings are

shown in Teble 14. It will be seen that 19 patients whose
sputum was negative for candida became positive during enti-
biotic therapy; moreover in 14 of these the growth was heavy;

in 21 patients the sputum remained negative throughout the
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Thirty-five patients whose faeces were negative became

TABLE 1). - DEVELOPMENT OF CANDIDA IN TUBERCULOSIS SERTES.

GROWTH OF CANDIDA DURING NUMBER OF
COURSE OF ANTIBIOTIC SPUTA FARCES
BEFORE - AFTER 8 g.- AFTER 16 g. (TOTAL IN|SERIES 75)
Negative - Negative -~ BScanty 1 L
Negative - Scanty -~ Scanty L L
Negative - Negative - Heavy L 6
Negative - Scanty - Heavy 3 L
Negative - Heavy -~ Heavy 7 17
Negative becoming positive 19 25% 35  47%
Scanty = Scanty ~ Heavy 2 3
Scanty -~ Heavy - Heavy 6 6
TOTAL with increased growth 27 36% 4 5%
Negative ~ Negative ~ Negative 21 27
Scanty - BScanty - Scanty 18 2
Heavy - Heavy - Heavy 9 2
TOTAL with growth unchsnged L8  56% 31 1%

positive and in 27 the growth of candida was heavy; in 27

patients the faeces remained negative.

In other words, of 31
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sputa with heavy growths of candida at the end of a course of
antibiotic 14 had been negative beforehand, 8 had had scanty
growths and the remaining 9 had had heavy growths from the
start. Similarly in the faeces, of 38 with heavy growths of
-candidé at the end of the course of the drug, 27 had been nega-
tive beforehand, 9 had had scanty growths and the remaining 2
had had heavy growths from the beginmning. In short, of the 75
patients whose sputa and faeces were examined, in 36% of the
former and 59% of the latter, the growth of candida either
appeared or became more profuse as a result of giving an anti-
biotic.

The additional point emerges from Table 14 that after
8g antibiotic 13 patients, and after 16g 22 patients, had a
heavy growth of candida in the sputum. In the faeces, after 8g
antibiotic 23 patients, and after 16g 36 patients, had a heavy
growth. In the sputum, therefore, 13 (59%) and in the faeces
23 (64%) of the heavy growths of yeasts developed mid-way
through the antibiotic course.

Comparison of direct film and culture for detection of

candida., Table 12 shows that the number of times yeasts were
seen in the direct film was smaller than the number of times
candida was grown on Sabouraud's medium from the same specimen.
When the freguency with which the direct film was positive 1is
compared with the number of times a heavy growth of candida was

obtained from culture of the same specimen of sputun, the



NUMBER O SPECIMENS

FIG 3

COMPARISON OF POSITIVE FINDINGS
FOR CANDIDA ON DIRECT FILM AND
HEAVY GROWTH OF CANDIDA ON

CULTURE
SPUTUM FAECES
60
40
20
BEFORE BEFORE BEFORE BEFORE
80 |6G 80 (6G
DIRECT  CULTURE DIRECT  CULTURE

FI LM FI LM



107

figures approach one another (see fig.3) although the direct
film positives still fall below the culture ones. This indi-
cates that if the film of a specimen of sputum is positive on
micrbscopic examination then a heavy growth of candide will
’probably be obtained when the same specimen is cultured. With

regard to the faeces, Table 13 shows that after 8g antibiotic

the direct film was positive in 47 patients and culture in 44
patients. After 16g antibiotic the figures again are closely
similar -~ in 56 patients the direct film and in 55 culture was
positive for candida. When the number of times the film was
positive is compared with the number of times a heavy growth of
candida was obtained on culbture and the results charted (see
fig.3) we find that, although the curves are closely parallel,
the direct film figures are actually higher. In the faeces,
therefore, the film may show yeasts cells when only a scanby
growth of candide is obtained on culture of the specimen.
Compariscn of the two methods of examinatlion indicates

that culture is the more sensitive, especially for the sputum.

Appearance of the spubtum and growth of candida. Seeking

some explanation for the absence of yeasts in the film when they
appeared on culture, I wondered 1f candida was more likely Lo he
present in one type of sputum than in another. Often & mucoid
or purulent spubtum was not completely homogeneous after stir-
ring it with broth and the film made from it may not have bheen

representative of the specimen as a whole. On the other hand,
a salivaceous sputum was easily emulsified with broth and

the resultant f£ilm more truly represented the specimen. The
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sputa were divided into groups according to thelr naked-eye
appearance and considered along with the presence of candida

in them.

TABLE 15, -~ APPEARANCE OF SPUTUM AND GROWTH OF CANDIDA,

NUMBER OF SPUTA WITH CANDIDA
APPEARANCE NUMBER OF
SPUTA ABSENT SCANTY HEAVY
OF SPUTUM | (Totel 93) _
D/F SAB | D/F SAB | D/F SAB
Salivaceous 27 18 1 L 6 5 7 26%
Macoid 26 19 10 7 10 0 6 24%
Muco~Purulent 16 14 9 1 5 1 2 13%
Purulent, 2 19 16 3 3 2 5 21%
SAB. = Culture on Sabouraud's medium.

Table 15 shows that in a total of 93 sputa candida grew heavily
in a similar proportion of each type, indicating that the con-

sistency of the sputum has little to do with its content of
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candida. On comparing two kinds of sputum, one consisting
mainly of saliva which was produced from the throat, with the
other types which were produced from the lungs, we find 13 of

27 (48%) of the former and 31 of 66 (47%) of the latter were
positive for candida on culture. Thus, material from the lungs
yielded candida as often as material from the throat. This find-
ing corroborates the point already made that candida found in
the sputum comes from the lungs and is not present solely as &
result of throat contamination. When the appearance of the
sputum is compared with the finding of yeasts in the direct film,
it is seen that the number of positive findings decreases with
increasing tenacity of the spubtum. Of the 8 occasions when
yeasts were numerous on the film, 5 occurred in a sputum consist-
ing mainly of saliva. Examination of a direct film of a mucoid
or purulent sputum was therefore a less satisfactory means of
detecting the presence of candida than culture of the specimen

on Sabouraud's medium.

Appearance of stool and growth of cendida, Correlation

between the appearance of the stool and its growth of candida
is shown in Table 16. It is at once apparent that, unlike the
sputum, the appearance of the faeces is related to its growth

of cendida. Only 15% of normal stools had heavy growths of the
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organism compared with 57% of soft stools, 72% of loose ones

TABLE 16. - APPEARANCE OF STOOL AND GROWTH OF CANDIDA.

APPEARANCE | NUMBER OF NUMBER OF STOOLS WITH CANDIDA
OF STOOL (Tiiﬁi’lfm) ABSENT SCANTY HEAVY
Normal 181 12 30 27 15%
Soft 63 1 13 36 57%
Loose 25 3 L 18 72%
Green 18 3 2 13 72%

and 72% of green ones.
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B. INDIVIDUAL ANTIBIOTICS.

‘The results in each group of patiénts will now be
considered separately. The following figures refer to patients
with a heavy growth of candida in the specimen.

In the sputum the figure rose from 6 (17%) before
treatment to 14 (40%) after 16g chloramphenicol, from nil to 4
(27%) after 16g aureomycin and from 3 (12%) to 13 (52%) after
1l6g terramycin (Table 12). There was an increase, therefore,
of 23% in the chloramphenicol group, 27% in the aureomycin
group and 40% in the terramycin group.

In the faeces the increase is more striking in the
aureonmycin and terramycin groups (Table 13). Here the figure
rose from nil before treatment to @ (60%) after 1lég aureomycin
and from nil to 16 (64%) after 16g terramycin. In the chlor-
amphenicol group, although 2 (67) had heavy growths before
treatment the figure rose to only 13 (37%) after treatment.

That there weas an undue proportion of patients posi-
tive for candida, particularly in the sputum, prior to the
course of chloramphenicol, was already evident after the first
23 patients had been studied. The succeeding 12, therefore,
were chosen so that 6 should be under 30 years and 6 over that
age. Separate analysis of these cases (see Table 17) shows

that 7 were positive at the first examination and that they



were equally distributed in the two age groups. Consequently,

-

this attempt at selecting patients was of no value in reducing

[»)

TABLE 17. = GROWTH OF CANDIDA IN A SUB-SECTION OF THE CHLORAMPHENCOL GROUP.

6 CASES OVER 30 YEARS 6 CASES UNDER 30 YREARS
NUMBER OF SPECIMENS WITH CANDIDA
Absent | Scanty Heavy | Absent | Scanty Heavy
SPUTUM
Before chlor. 3 2 1 2 3 1
After 8 g. 1 2 3 1 1 L
After 16 g. 1 0 5 1 1 L
FAECES
Before chlor, 5 1 0 4 2 0
After 8 g. 1 0 5 4 0 2
After 16 g. 1 0 5 3 0 3

the proportion of positive sputa in this group.

The development of candida in the 5 patients treated
with paraben aureomycin together with the five patients given
ordinary asureomycin as controls is shown in Table 18. With
such a small series it would be unwise to generalise but it
appears that the addition of paraben did have an inhibitory

effect on the growth of yeasts. In the sputum, two patients
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had scanty growths before, and remained scanty during the course

of paraben aureomycin; while in the controls, where none had

TABLE 18, -  PARABEN EXPERIMENT.
ANTIBIOTIC BEFORE AFTER 8g. |AFPTER 16 g.
 NUMBER OF SPECIMENS WITH CANDIDA
Absent] Scanty |Heavy |Absenti Scanty |Heavy | Absent |Scanty|Heavy
SPUTUM:
Paraben Cases(5) 3 2 0 L 1 0 3 2 0
Controls (5) 5 0 0 3 2 0 3 0 2
FAECES:
Paraben Cases (5) L 1 0 2 0 3 3 0 2
Controls (5) 4 1 0 1 0 L 1 0 A

been positive before, two had heavy growths of candida at the

end. The occurrence of candida in the faeces was the same in

the two groups before treatment, one in each having a scanty

growth, while at the end, two of the paraben group and four

of the controls had heavy growths.

C. COMPARISON WITH PNEUMONIA SERIES.

Before treatment, candida was present in the sputea of

48% of the pneumonia series and 47% of the tuberculosis series.

Candida appears to be associated with each of these illnesses
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to a similar degree. This also is borne out by the subsequent
increase in the number of patients with heavy growths of yeasts
during antibiotic therapy. In the terramycin group of pneu-
monia patients the percentage with a heavy growth of candida
in the sputum rose from 32 before to 61 after an average of
14.2g, while in the tuberculosis series the rise was from 12 to
41 after 16g. This increase of 29% in both groups indicates
that whether the illness is acute or chronic makes little
difference to the growth of candida.

It is interesting to compare the results of the rect-
al swabs of the terramycin-treated pneumonias with the faecal
examinations of the tuberculosis patlients. In the former the
rise was from none to 59% with heavy growths of candida after
14.2g and in the latter from 3% to 51% after 16g. The differ-
ence here is slight and suggests that, in fact, the rectal swab
is just as sensitive an indicator as culture of the faeces for
detecting heavy growths of candida., This would appear to be at
variance with the previous supposition that culture of a rectal
swab was the less satisfactory method. Perhaps the answer to
this problem is to be found when we consider the positive find-
ings i.e. when those with scanty as well as heavy growths before
antibiotic therapy are included. 1In the pneumonia series &s a

whole the proportion of positive rectal swabs was 3%, while in
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the tuberculosis patients, culture of the faeces was positive in
13(17%) This latter figure is comparable to the 18% found by
Benham and Hopkins and the 14% found by Schnoor. We may con-
clude that 1f a heavy growth of candida 1s obtained on culture
of a speclmen of faeces, then the rectal swab from that patient
will also be positive but if only a scanty growth is obtained

from the faeces, then the rectal swab will probably be negative.

DISCUSSION

The proportion with candida in the sputum of this
series of 75 tuberculosis patients was 47%. This figure is
fairly high compared with that of Schwarting and Skinner (1949)
who found candida in the sputa of 20% of 500 patients in a tub-
erculosis sanatorium. They found that the degree of tubercu-~
losis had no influence on the incidence of candida nor was there
any evidence of diseasse due to candida in any of the patients.
In their series, 28 sputa of 100 newly admitted patients to the
sanatorium were positive, a figure which was higher than the 20%
of the larger series. In this present investigation, from the
admission sputa of 57 patients with tuberculosis, 54% were found
to be positive. This is also a slightly higher figure than the
479% of the tuberculosis series. An explanation for the discre-

pancy in their own figures is put forward by Schwarting and
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Skinner. They suggest that on admission to hospital, a tuber-
culosis patient is "regressing" and his resistance to candida
infection is low. After a period in hospitel, his resistance
gradually increases with rest in bed and good food, and thus he
i1s able to overcome candida infection. They admit, however,
that the difference is hardly big enough to justify drawing
definite conclusions.

The proportion with candida in the present series of
patients who suffered from chronic chest disease is almost the
same as in the group of patients with no history of previous
chest illness on admission (45%). This, together with the
absence of negative sputa in the younger patients in the chlor-
amphenicol group, bears out a statement previously made that
chronic chest disease and age bear no relation to the presence
of candida in the sputum. To this we may add that the presence
of a chronic debilitating disease like tuberculosis does not
raise the susceptibility of the patient to candida infection,
It seems unlikely therefore that the improvement in a tubercu-
losis patient's general condition after admission will influence
the presence of candida in his sputum.

From culture of the faeces, 17% of the series had
candida before antibiotic was given and in 3% the growth was

heavy. This is in keeping with the results of Schnoor (1939)
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who found candida in 14% of 314 normal stools but a signi-

ficant number of colonies on each plate in only 1%.

During the course of antibiotic it was observed that
heavy growths of candida could develop in those in whom the
organism was not demonstrated beforehand. There are two ex-
planations for this. Either the yeast was originally present
but 1its growth on culbure plates was suppressed by the growth
of the other organisms or the patient became cross-infected
from another patient with candida. The constant presence of
candida in the ward was maintained by the admission of new
patients who harboured the organism. Many of the patients
were ambulant and there was therefore ample opportunity for

cross~infection.

When candide is the casual agent of pulmonary dis-
ease the typical spubtum is mucoid. In the tuberculosis series
there was no undue preponderance of patients with this type of
sputum nor was broncho-pulmonary moniliasis considered a likely
diegnosis in any of the cases. This would indicate that the
yeasts which were present were saprophytes, or at the most,
secondery invaders in these patients. Heavy growths of candida

were most frequently associated with a soft, loose or green
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stool. The relationship between candida and abnormal stools

is discussed more fully in the next chapter.

The results show that the three antibiotics, chlor-
amphenicol, aureomycin and terramycin were each of them
associated with an increase in heavy growths of candida. The
sputum findings show that thls increase was most marked with
terramycin. Consideration of the faecal results shows that
the greatest proportion of heavy growths of candida appeared
during terramycin treatment, next with aureomycin, and the
lowest with chloramphenicol. 1In a study of the absorption of
the three drugs, Werner, Knight and McDermott (1950) found
that after a single dose of 50mg/Kg of body weight, maximum
serum concentrations of antibiotic in man occurred in 4 hours.
These were, 25-59yg/ml for chloramphenicol, 12—19ug/m1 for
terramycin, and 5.5—12.§yg/m1 for aureomycin, showing that
chloramphenicol was the drug most fully absorbed from the
gastro-intestinal tract. Welch (1950) found that relatively
large amounts of all three antlbiotics were inactivated in
the body but this was especially high with chloramphenicol.

In faecal excretion, terramycin had the greatest concentration
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in/ag/g of faeces; aureomycin came next, and chloramphenicol
had the lowest. This might explain why the increase in heavy
growths of candida in the faeces was less marked in the chlor-

amphenicol group than in the other two.

In view of the close chemical kinship between
aureomycin and terramycin, one would expect their effects in
the human body to be very similar. It has, however, been
suggested that certain antibiotics actually stimulate the
growth of candida and aureomycin especially has been incrim-
inated. It is on record that this antibiotic directly stim-
ulates fungus metabolism and thereby increases its rate of
growth. The evidence, however, is conflicting. In an in
vitro experiment Moore (1951) found that aureomycin hydro-
chloride in solution of 0.2mg/ml stimulated the growth of
candida on Sabouraud's medium. Pappenfort and Schnall (1951)
demonstrated a marked in vitro growth enhancement of candida
by a solution of aureomycin made up from the contents of the
aureomycin capsule normally used for oral administration.
Crystalline aureomycin failed to give this effect. On the
other hand, Huppert (1953) who compared the effect of various
antibiotics on the growth of candida, found that both the
oral and parenteral preparations of aureomycin caused a

definite increase in growth while penicillin, streptomycin,
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chloramphenicql and terramycin had no effect. Seligmann (1952)
experimenting with mice, found that the antibiotic activity of
aureomycin solutions was parallelled by their faculty for en-
hancing the growth of candida. In 1953 he reported that the
same was true of terramycin solutions. ILipnik, Kligman and
Strauss (1952), repeating Pappenfort and Schnall's experiment,
confirmed that aureomycin solutions from the oral capsules had
a stimulant effect on the growth of candida which none of the
crystalline preparations had. The inert diluent or carrier in
aureomycin capsules contains dibasic calcium phosphate. When
Lipnik and his co-workers used this relatively insoluble salt
alone, it increased the growth of candida. They concluded that
the agent responsible for this was the phosphate ion and not
aureomycin., Furthermore, they pointed out that Sabouraud's
medium is deficient in phosphorus, an element required by the
fungi. The addition of the phosphate salt merely corrected
this deficiency. When 1% dibasic sodium phosphate was incor-
porated in Sabouraud's medium, there was no longer any stimulant
effect from the capsule form of aureomycin. It is doubtful,
therefore, if the overgrowths of candida in man are the result
of direct growth stimulation by aureomycin. In the patients
which I studied during antibiotic therapy, the aureomycin group

did not have an excessively high proportion of persons with
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overgrowths of yeasts.

There was an increase from nil to 60% with heavy
growths of candida in the faeces during a course of aureomycin.
McVay and Sprunt (1951) found an increase from nil to 67% with
candida in the faeces in a group of 30 patients given aureony-
cin for seven days. On the other hand, in a group of 15
patients given aureomycin with paraben, only 13% became posi-
tive for candida. 1In keeping with this is my finding that the
addition of paraben to aureomycin tended to inhibit the growth
of candida in the sputum and faeces. When McVay and Sprunt
gave 800mg of both esters of paraben daily for 4 days to
patients who had overgrowths of candida as a result of aureomy-
cin therapy, they found that the yeasts persisted. Paraben
therefore cannot remove yeasts once they are established in the
microflora. Siegel (1953) found that paraben inhibited the
growth of candida in vitro in low concentrations. It had a low
toxicity and did not interfere with the antibacterial action of
aureomycin. Paraben, therefore, has a placevas a prophylactic
agent against the overgrowth of candida during antibiotic ther-
apy. 1In developing this idea McVay and Sprunt (1953) showed
that the long term administration of the broad spectrum anti-
biotics was both practicable and profitable to certain patients.

Using aureomycin to which paraben had been added they gave 500mg



122

dally for an average of eleven months to 21 patients with
chronic bronchitis. In these patients the frequency of fresh
respiratory infectlons was greatly reduced. Moreover, in the
4 patients whose sputum yielded candida, the growth did not
become heavier,

Even if aureomycin 1is a growth factor for candida,
1t does not explain the growth of the organism which appeared
during chloramphenicol or terramycin therapy. It has not so
far been demonstrated that chloramphenicol encourages the growth
of candida. The reason for the overgrowths must lie in some
property common to all three antibiotics. An experiment was
carried out by Paine (1952) in which when equal quantities of
coliforms and candida were mixed in a flask, culture of the
mixture resulted in a heavy growth of coliforms and yeasts were
suppressed. On addition of antibiotic to the mixbure, culture
showed that the coliforms were eliminabted and candida grew
abundantly. In this experiment the effects of chloramphenicol,
aureomycin and terramycin were more or less identical. The
three drugs have a similar antibacterial spectrum and are
essentially the same in pharmacological behaviour. It is more
likely that herein lies the explanation for the overgrowths
of yeasts. They are the result of the suppression of entibio~

tic sensitive organisms. The present investigation strengthens
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the previous argument. When adequate concentrations of anti-
biotic are maintained in an area where the normal microflora

contalns susceptible orgenisms, then candida may overgrow.
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Sectlon 2. THE GROWTH OF COLIFORMS

For the surgeon one of the advantages afforded by
modern chemotherapy is the increased safebty with which he can
undertake major operations. Antibiotics are widely employed as
prophylactic agents against post-operative infection. 1In this
comnection it must be borne in mind that the antibiotic is a
two-edged weapon. Antibiotics do not always entirely suppress
post-operative infection and the infection may pursue such a
mild course that its familiar signs and symptoms are not only
modified but even quite absent. This low grade infection may
be the result of the bacteriostatic rgther than the bacterio-
cldal effect of the antibiotic on highly virulent organisms or
the infection may be due to resistant organisms of low pathogen-
icity. In 1952 Lake drew attention to the masking effect by
antibiotics of the appearance of post-operative sub-phrenic
abscess. There may be a collection of pus under the diaphragnm
even when abdominal palpation reveals no abnormality and of
course ill-health persists in the patient until the pus is
evacuated,

The other sphere in which the surgeon uses antiblotles
prophylactically is in the preparation of patients for surgery
of the bowel. The intestinal organisms are not pathogenic as

long as they remain in the bowel but 1f they gain access to
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other tissues in large quantities they can cause an infection.
This is particularly liable to happen during and after resection
of part of the bowel when the peritoneum may be soiled by many
intestinal organisms resulting in peritonitis. The broad-spec-
trum antiblotlces by their effectiveness against Gram negative
as well as CGram positive organisms are pecullarly suitable as
pre-operative antiseptics.

The organism most numerous in the colon and pathogen-
ic when it gains access to the peritoneal cavity in large numbers

is Escherichia coli. 1In 1886 Escherich isolated the organism

from normel faeces and named it Bacterium coll commune. The

name Escherichia coli (E.coli) is now replacing the older name

Bacterium. The orgenisms in the coliform group are character-
ised by the fact that they are Gram negative bacilli which fer-
ment lactose broth with the production of acid and gas. The

group includes both E.coli and Aerobacter aerogenes. This

latter orgenism was first described in 1885 by Escherich who
found it in souring milk. It is also a common intestinal
orgenism but, unlike E.coli, is not uncommon in nature outside
the alimentary tract. It differs from E.coli in its total
absence of flagellaf {.e. it is non-motile and it is almost

never pathogenic in men.

In both the pneumonia and tuberculosis series the
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disappearance of coliforms from the faeces was noted during

therapy. Since no attempt was made to distinguish between

E.coll and Aerobacter aserogenes, these organisms are referred

to as coliforms.
METHOD

BEach rectal swab from the pneumonia series and a
loopful of faeces from each specimen ffom the tuberculosis
series were lnoculated on to MacConkey's medium, incubated for
24 hours at 37°C and coliform colonies were identified by their
morphology and microscoplc appearance. Typlcally the colonies
were moist, pink and opaque. In the Gram film of the faeces
of the tuberculosis patients Gram negative bacilll were record-
ed as "absent", "scanty" or "heavy".

I personally carried out the examinations for coli-

forms.
RESUITS

A. PNEUMONIA SERIES. The findings in the two treatment groups

are shown in Table 19. The figures include the patients admit-

ted to the series but in whom a diagnosis of pneumonla was not
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confirmed; patients who died before the full series of swebs

TABLE 19. - PNEUMONIA SERTES - DISAPPEARANCE OF COLIFORMS FROM RECTAI, SWABS.

GROWTH OF THIRD FIFTH | SEVENTH | NINTH
corTFoRMs |ARMISSION | “ry DAY DAY DAY
TERRAMYCIN Absent 2h 36 37 27
GROUP Scanty 9 2 3 1 0
(85 cases) Heavy 76 59 L6 L7 58
SULFHADIAZINE Absent 0 15 20 16 22
GROUP Scanty 7 2 1 0 2
(69 cases) Heavy 62 52 48 53 45
PENICILLIN Absent 0 2 5 3
GROUP Scanty 0 1 2 1
(16 cases) Heavy 16 13 12 11 12

were taken are excluded.

In the terramycin group coliforms

disappeared from the intestinal tract in 36 (43%) of the cases

by the fifth day compared with 20 (29%) in the sulphadiazine

group. Two days after treatment had been stopped, i.e. on
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the seventh day in hospital, coliforms were absent in 37 (44%)
of the terramycin group and in 16 (23%) of the sulphadiazine

| group. In the small group receiving penicillin in addition to
sulphadiazine, in 2 cases (12.5%) on the fifth day, 5 (30%) on
the seventh day and 3 (19%) on the ninth day coliforms failed
_to grow. As penicillin has no effect on Gram negative organ-
isms one would not expect this group to differ from the group
receiving sulphadiazine only.

B. TUBERCULOSIS SERIES., Table 20 shows the findings of micro-

scopic and culture examinations for coliforms in 35 patients
during a course of chloramphenicol; 20 patients during a course
of aureomycin (the 5 patients who received paraben aureomycin
are included here), and 25 patients during a course of terramy-
cin.,

In the series of 80 patients, no coliforms grew on
MacConkey's medium in 21 (26%) after 8g of antibiotic nor in
17 k21%) after 16g of antibiotic. Coliforms were reduced or
absent on culture of the faeces in 32 (40%) after 8g and in
31 (39%) after 16g. This indicates that no advantage was gain-
ed by prolonging the course beyond 8g of antibiotic. In the
direct film examination, coliforms were reduced or absent in
42 (52%) after 8g and 39 (49%) after 16g. These figures are
all slightly higher than those obtained on culture of the
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specimen,

TABLE 20, = TUBERCULOSIS SERIES -~ DISAPPEARANCE OF COLIFORMS FROM THE FAECES.

NUMBER OF FAECES WITH COLIFORMS
ANTIBIOTIC GROUP TOTAL ABSENT SCANTY HEAVY
D/F | McC /F | McC D/F | McC
Before Chlor. 35 0 0 0 0 35 35
Aureo. 20 0 0 0 0 20 20
Terr. 25 0 0 0 0 25 i 25
Series 80 0 0 0 0 80 80
After 8 g. Chlor. 35 1 2 7 L 27 29
Aureo. 20 8 5 6 2 6 13
Terr. 25 15 i 5 5 5 6
Series 80 2 21 18 11 38 L8
After 16 g. | Chlor. 35 2 L 4 6 29 25
Aureo. 20 7 t+ 2 7 3 6 15
Terr. 25 15 11 L 5 6 9
—— - _— —
Series 80 2h. 17 15 1 L1 49
D/F. = DIRECT FILM.
McG. = CULTURE ON MacCONKEY'S MEDIUM.

Comparison of the three antibiotlcs shows that in
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eliminating coliforms from the bowel, terramycin was most
effective, aureomycin next and chloramphenicol least effective.
After 8g of terramycin, coliforms were reduced in 19 (76%) and
absent in 14 (56%); the corresponding figures for aureomycin
were 7 (35%) and 5 (25%) and for chloramphenicol 6 (17%) and

2 (6%).

In considering the results in the pneumonia series
together with those in the tuberculosis series, it must be re-
membered that cultures from rectal swabs are being compared
with culture of actual specimens of faeces. In the two terra-
mycin groups the proportions in which coliforms disappeared
from the lower bowel are similar. In the pneumonia group after
14.2g, the figure was 36 (43%) compared with 11 (44%) after 16g
in the tuberculosis group. Comparison of sulphadiazine, aureo-
mycin and chloramphenicol shows that sulphadiazine was indeed a
more active drug against coliforms than either of these two
antibiotics. After 35g sulphadiazine, coliforms were absent in
20 patients (20%); after 16g aureomycin in 2 patients (10%) and

after 16g chloramphenicol in 4 patients (11%).
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DISCUSSION

The finding that coliforms may not be seen on micro-

scoplc examination of a Gram stained film of faeces, even al-
though these organisms may be grown on culture of the same
specimen, is of interest. It is well known that bizarre forms
of coliforms appear during antibiotic therapy. The bacilli be-
come elongated and curving with swellings along their course.
It may be that some which undergo this change lose their stain-
ing propertlies and become indistinguishable as organisms in the
Gram negatlve debris of the faeces and yet are capable of grow-
ing in favourable media.

The use of any one of the four drugs was not dramatic-
ally effective in reducing the numbers of the intestinal flora.
Although terramycin was the best, in about half of the patients
coliforms persisted. The probable reason for the poor results
lay in the fact that as the patients were not being prepared for
surgery, no adjuvants in the sterilisation of the bowel were
used., The reduction of the total number of bacteria in the
large intestine greatly enhances the effectiveness of terramycin.
When terramycin is given in adequate dosage to patients with a
smaller concentration of bacteria in the intestine its action
becomes bacteriocidal. Baker and Pulaski (1950) gave 1l patients

a low residue diet and aided the mechanical emptying of the colon



132

by the use of saline purgatives or enemata. When terramycin
was subsequently given in a dosage of 2g followed by 0.5g six-
hourly for 5 days, coliforms were eliminated in all but 1
patient, maximal suppression occurring in 72 hours.

The conclusion on the superiority of terramycin is in
keeping with that of Di Caprio and Rantz (1950) who claimed that
terramycin was the best drug in the preparation of patients for
sufgery of the bowel. They gave 7 patients 3g of terramycin
daily, in 5 of whom coliforms were eliminated in 48 hours and
in the other 2, diminished. Linsell and Fletcher (1950) found
that on a dose of lg terramycin six-hourly coliforms were dim-
Inished within 24 hours and absent by the third day. Less en-
thusiastic reports have been published concerning the efficacy
of aureomycin. Metzger and Shapse (1950) giving 5 patients 1lg
aureonycin t.i.d. for 5 days, found that the'degree of suppres-
sion of coliforms obtained was inferior to results using sulph-
onamides or streptomycin. Pulaski and Connell (1949) obtained
Similar results on giving 2g aureomycin daily to their patients.
E.coli was reduced but less so than with sulphonamides or strep-
tomycin and other organisms were not at all affected. They con-
cluded that aureomycin held no promise as an intestinal antisep-
tic.

The reagon for the differences in results from the use
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of the three antibioctics may lie in their pharmacology. After
a single dose of 1lg all three antibiotics are excreted in large
amounts in the faeces in the following descending concentra-
tions - terramgcinfssgﬂg/g; aureomyc in 409ﬂg/g and chloramphen-
icol 459#8/8 (Weleh, 1950). Again, greater amounts of chlor-
amphenicol are inactivated in the body and consequently the con-
vcentration of active drug in the faeces may be even lower.
Herrell, Heilman and Wellman (1950) pointed out that the concen-
tration of antiblotic in the urine bears no relation to its
ﬁherapeutio efficacy in urinary infections. A similar principle
may govern the concentration in the faeces. Although chlor-
amphenicol 1s very effective in the treatment of typhoid fever,
the causative organism here is not confined to the intestinal
tract. Chloramphenicol was found by Woodward, Smadel and Ley
(1950) to be ineffectual in treating typhoid carriers.
Sulphadiazine is a drug readily absorbed from the in-
testine and is excreted in small amounts in the faeces.
Hawking (1942) found that the concentration of sulphadiazine
was 5.7mg/100ml of faeces compared with 900mg/100ml for sulpha-
guanidine after the same dosage. Sulphadiagzine, by its greater
potency, can overcome to some extent the disadvantage of its
low concentration in the faeces. The rélatively insoluble sul-

phonamide derivatives such as sulphaguanidine and sulphasuxidine,
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however, have a higher degree of local activity against intest-
inal coliforms even although they have less intrinsic antibac-
terial activity (Poth, 1944). Possibly these sulphonamides
should be preferred even to terramycin for reducing the boﬁel
flora pre-operatively. Finland (1953) emphasised the import-
ance of choosing as a prophylactic a drug other than the one
which may have to be relied on in the treatment of the infec-
tion should it arise. The development of organisms which are
resistant to the less potent prophylactic drug allows the more

potent drug to be used with greater effectiveness later.




1356

In the following chapter an attempt is
made to estimate the significance of the overgrowths
of candida, especially in those patients who had

toxic reactions from antibiotic therapy.
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CHAPTER IV,

THE RELATIONSHIP BETWEEN THE CLINICAL SIDE-EFFECTS OF
ANTIBIOTICS AND THE GROWTH OF CANDIDA ALBICANS

Table 21 shows how often overgrowths of candida were

found in association with the side-effects noted in the patients.

TABLE 21. - RELATION OF SIDE-EFFECTS OF ANTIBIOTICS TO GROWTH OF CANDIDA.

GROWTH OF CANDIDA

SIDE EFFECT TOTAL Absent|Scanty |Heavy | Site
Pneumonlia Series | Diarrhoes 3 0 o 3 Rectum
Terramycin Group | Atrophic Glossitis 7 4 0 3 Throat
(75 cases) Black Tongue 1 0 1 Tongue
Tuberculosis Gastric upset 19 3 3 13 Faeces
Series Diarrhoes 4 3 8 30 Faeces
(80 cases) Atrophic Glossitis 9 5 3 1 Tongue
Black Tongue 6 0 2 L Tongue

Ano~Rectal Ly 1 2 1 Anus

Syndrome

It is unlikely that gastric upset was in any way related to the
ovéfgrowth of candida., The high acidity of the normal gastric
contents does not permit the establishment of a microflora
either of bacteria or yeasts. When the covering of the oral
capsule dissolves in the stomach the antibiotic is liberated

in high concentrations. The direct irritant effect of the anti-

biotic on the gastric mucosa seems the most reasonable explanation
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for the nausea, vomiting and epigastric pain. In support of
this is the finding by Finland, Grigsby and Haight (1254 %that
there was less gastro-intestinal upset during terramycin znd
aureonmycin therapy if smaller individual doses were used.
Furthermore, gastro-intestinal upset was less frequent in
patients on & six-hourly than on a four-hourly dosage reszgime.

Antibiotics are excreted in fairly high conceniraiicns
in the faseces and here again, irritation of the intestinal
mucosa by the antibiotic may result in diarrhoea. Nost of 3hse
drug, however, has been absorbed and the remainder thorcugnlT
mixed and diluted with the intestinal contents by The Time I3
reaches the lower bowel. Alsc, many of the patients with
diarrhoea did not have gastric irritation, suggesting %that some
other factor contributes towards the diarrhoea. Table 21 shows
that 38 patients (93%) with diarrhocea in the tuberculcsis seriss
had candida in the stocls, in 30 (73%} of whom the growth wss
heavy and in the three patients in the pneumonia group with
diarrhoea heavy growths of candida were obtained from the rectal
swabs.

Woods, Manning and Patterson (1651} considered that
the diarrhoea during antibiotic therapy was due to the over-
growtns of yeasts in the bowel. The connection hetween yesstis

and diarrhoea has long been recognised. In 18924 Fleisher and
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Wachowalk Investigated the stools of 32 patients with diarrhoea
and found yeasts in 63%. They tentatively suggested that the
vyeasts were the cause of the diarrhoea and in 1929 Ashford con-

sldered that infectlon with Monilia psilosis, now known to be

identical with Candida albicans, was the cause of tropical

sprue. Yeast extract is believed to increase the functional
activity of the intestine and people taking brewer's yveast med-
icinally often complain of diarrhoea.

More recently, Merliss and Hoffman (1951) suggesbted
that the yeasts were the result rather than the cause of diar-
rhoea, which was due to the rapid passage of the intestinal con-
tenta through the lower bowel. This resulted in ofganisms nor-
mally found higher up in the alimentary canal being excreted in
large quaentities in the faeces and candida may have been such
an orgenism. |

The third possibility 1s that candida in the stool is
merely an incidental finding and of no significance. In support
of this is the fifty pneumonia patients in the present investi-
gation who had heavy growths of candida in the rectum as a result
of terramycin therapy, yet only three had diarrhoea. It cannot
be disputed, however, and my findings are in agreement with this,
that a person with diarrhoea is more likely to have candida in

the stools than a normal person. Whether candida has any
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aetiological relationship to the diarrhoea has by no means been
established.

Among the other slde-reactions found, the one with
which candida is associated in the minds of most physicians,
is black tongue. Even here, the relationship is not thorough-
ly clear, although in five of the seven patients with black
tongue, heavy growths of candida were obtained from culbture of
tongue swabs. Tomaszewski (1953) examined microscopically
tongue scrapings from patients with black tongues after anti-
biotic therapy and found candida in 60%. 1In all cases the anti-
biotic had diminished the bacterial flora and in 40% it was
absent. His investigation showed that there was no special
type of flora associated with black tongue andkhe considered
that the presence of candlda was merely incidental.

Even if infection with candida is not the aetiologic-
al factor in black tongue it is possible that it ig the factor
which keeps the condition going after antibiotic therapy is
stopped. Unlike diarrhoea which usually ceases when the anti-
biotic is disconbtinued, black tongue does not clear up so
quickly. In the present seven patients, the tongue eventually
reverted to normal but the process was slow and gradual over a
period of one to four weeks. Rubbing the tongue four hourly

with a swab soaked in Collute Thymol Co B.P.C. improved the
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condition. A special mouth wash of paraben esters dissolved in
50% glycerine and water was prepared for these patients and this
élao was found to be of benefit.

Tomaszewski examined tongue scrapings from people with
idiopathic black tongues and again found candida in 60%. He
made the interesting observation that antibiotic lozenges or
troches can actually be a cure for black tongue. By their local
action they denude the surface of the tongue of the accurmilated
debrls. It seems reasonable that it is the same local action
which causes the atrophic type of glossitis. Even after swal-
lowing the capsules, sufficient antibiotic 1s excreted in the
saliva (Kraus, Casey and Johnson, 1951) to cause this local
irritant effect. Fisher and Leider (1951l) found that patients
given troches containing as little as 15mg of antibiotic were
more liable to have oral symptoms of mucosal irritation than
patients who swallowed the full dose in capsules. In the present
series no relation was found between atrophic glossitis and the
growth of candida 1n tongue swabs.

The ano-rectal syndrome is possibly a result of the
overgrowth of candida within the rectum but the relationship is
not constant. In 3 of the 4 patients with this syndrome, candida
was present in the skin round the anus and all of them had heavy

growths of candida in the stools. Harris (1950) and Tomaszewski
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found candida in the exudate or skin round the anus in some of
their patients with symptoms of anal irritation and Willcox
(1951) in 2 of his 5 patients with the syndrome. They thought
that local infection with candida might be responsible for the
symptoms but Lipnik, Kligman and Strauss (1952) considered that
the symptoms could be more readily attributed to local irrita-
tion by the antibiotic. Its high concentration in the recbum
caused rectal irritation and leakage of small asmounts of fluid
laden with antibiotic caused irritation of the surrounding skin.

In the mouth, only the appearance of typical thrush is
diagnostic of monilial infection. None of the present cases
showed this but Woeds, Manning and Patterson found it in their
20 cases of oro-pharyngeal moniliasis following antibiotic ther-
apy.

Another side-effect which I did not observe and which
is possibly related to candida is perldche. It occurred in 11%
of Harrig's patients and in 2 of them he found candida in the
lesion. He considered, however, that the alteration by antibio-
tics of normal intestinal life interfered with the synthesis of
vitamin B. Although the mucous membrane lesions developed too
rapidly to be due to avitaminosis he thought that candida was a
secondary invader in patients, the resistance of whose tissues

had been lowered by vitamin B deficiency.
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The clinical course of candida infection appears to
be governed, not by any property of the organism itself but by
the general state of health of the host. Many people harbour
small numbers of yeasts in the respiratory and alimentary tracts
and in them the organism has been incorporated in the commensal-
ism typical of the normal microflora. The finding that candida
is the)predominant organism in the microflora implies that the
other components have been eliminated and the agents most often
responsible for this are the antibiotics. Even these over-
growths of candida seldom give rise to signs of clinical infec-
tion.

Patlients who are heavily infected with candida may be
classified as falling into one of three categories. In the first
the overgrowths of candida remain harmless saprophytes and are
only known to be present when they are deliberately sought.

This is by far the commonest and in it fall most of the patients
in the present investigation. In the second category, candida

gives rise to symptoms and signs of a superficial mycotic infec-
tion which does not endanger the patient's life. 1Inbto this fall
the seven patients with black tongue. The third category is one
where the superficial moniliasis goes on to become a deep myco-

sis which may be fatal. This rare occurrence did not befall any

of the present patients.
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In concluslion, it must be admitted that T found little
evidence that candida has a significant bearing on the side-
effects of antibiotics, We are on fairly firm ground in be~
lieving that candida in the mouth plays an important role in
maintalning the condition of black tongue. The mere isolation
of candida from the lesions of patients with other side-effects
does not establish it as the cause of the symptoms and signs.

We must take into account the patients with toxic reactions from
whom candida was not obtained and also, the other patients with
overgrowths of candida who did not have side-effects. Lipnik,
Kligman and Strauss believed that the local maintenance of a
fairly high concentration of antibiotic was the main factor in
causing side-effects. That it does this through the medium of
candida infection is very doubtful. It appears that candida,
even when it overgrows during antibiotic therapy, remains for

thg most part a harmless saprophyte.
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In the first section of the next chapter
the symptom of diarrhoea is investigated. Since it
did not appear to be the result of candida infection
of the intestinal tract and it was the most constant
side-effect of antibiotic therapy, it seemed possible
that it was due to some other change in the intestinal
tract wrought by antibiotic therapy. The effect of
antibiotics on fat absorption and then on intestinal
transit time is studied.

In the second section the effect of antibi-
otic therapy on the pH 6f the saliva 1s examined. The
pH findings are then examined further to discover if
any relationship exists between the pH of the séliva
or sputum and the growth of candida in the throat or

sputum.
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CHAPTER V.
FURTHER INVESTIGATIONS ON THE SIDE-EFFECTS OF ANTIBIOTICS

Section 1. THE CAUSE OF DIARRHOEA

The ocecurrence of diarrhoea in 51% of the tuberculosis
series was the more surprising since so few of the pneumonia
patients on terramycin treatment had complained of it. Admit-
tedly their dose of terramycin was smaller, 14.2g in five days,
compared with the 16g in four days which the tuberculosis
patients recelved. The difference, however, was not felt to be
sufficiently great to account for the absence of diarrhoea in
~the pneumonia patients.

One disparity in the two groups lay in the diet. For
the first 48 hours, the pneumonia patients were mainly on fluids
and then on light diet while the tuberculosis patients were on
a generous full diet. It was possible that during antibiotic
therapy there was defective absorption of food from the bowel
thus accounting for the bulky stools. Since fat absorption is
a good indication of absorption of foodstuffs generally, 1t was
decided to control the fat intake in a group of tuberculosis
patients and measure the fat output before and during a course

of antibiotic.
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MATERIAL AND METHODS

3ix patients were studied. With the help of the
College of Domestic Science a diet containing 90g fat was made
up. This rather generous amount of fat was allotted because
the patients were suffering from pulmonary tuberculosis, but
nothing outside the diet was allowed. The patient was on the
diet for 24 hours before the collection of stools was begun.
A commode containing a lid-covered tin was used by the patient
and at the end of each 24-hour period, the tin was removed and
a fresh one substituted. The diet and collection of stools
were continued for 14 days. After the first four days, terra-
mycin 1lg six-hourly was given for a further four days up to a
total dose of 16g. Accordingly the duration of the test can
be divided into three periods:-

D1-4 oo before terramycin
D56-8 cee during terramycin
D9-14 eee after terramycin

The appearance of each collection of stool was noted
and a loopful inoculated on to Sabouraud's medium for the de-

tection of yeasts.

Estimation of Faecal Fat. The total higher fatby acids

in the faeces were estimated by the method described by van de
Kamer et al, (1949). The details of the method which I follow-

ed were adapted from van de Kamer by Professor A.C. Frazer,
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Department of Pharmacology, Birmingham University.

On a mechanical mixer (Kenmix) of just under 1 litre
capacity the level reached by 750ml of water was marked. The
24-hour colleétion of stool was poured into the empty mixer and
the volume made up to the mark 750ml with tap water from a
measuring cylinder. The volume of faeces was estimated by the
difference. The 1lid was screwed on tightly and the mixer run
at full speed for one minute. Before sedimentation or creaming
occurred, a 1O0ml aliquot of the emulsified faeces was trans-
ferred with a 10ml syringe fitted with an enlarged exit tube
Into a 2560ml ground glass stoppered conical flask. To this was
added 47ml of alcoholic 3% potassium hydroxide containing 0.4%
amyl alcohol. A few chips of porous pot were placed in the
flask which was fitted with a reflux condenser and the mixbture
was boiled on a steam bath for twenty minutes, The flagk was
cooled under running tap water and 15ml of aqueous hydrochloric
acid (2 water:1l concentrated acid) added. The digest was well
cooled before the addition of the hydrochloric acid to prevent
esterification of the fatty acids, The flask was cooled again
and 50ml petroleum ether were added. The mixture was shaken
vigourously for one minute and allowed to settle. Using a
pressure pipette a 1Oml aliquot of pebroleum ether was trans-

ferred into a 50ml flask and, after the addition of 2ml of
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neutral absolute alcohol, this was titrated with N/50 tetra
methyl ammonium hydroxide. The neutral absolute alcohol was
added to improve the mixing of the two solutions and thus enable
direct titration to take place in the petroleum ether. The al-
kali was standardised against a known solution of benzoic acid.
The indicator used was thymol blue and if any hydrochloric acid
had been carried over with the petroleum ether aliquot the indi-
cator first showed red. Allowance was made for the quantity of
alkali needed to change the colour from red to yellow as this
was only titration of mineral acid. The end point was taken as
the first change of the solution after shaking from yellow to
green,

Calculation

Daily excretion of fatty acid (as stearic acid M.Wt, 284) =

(284 x N x V x 50)
v x(1,000 x 10 x 10) in grams

284 x 1 x 750 x 50 .
=V T;000x 50 % 10 X 10 v = titration figure

N = normality of
- v. 2.13g standard alkali
v total volume of
emulsified faeces.

For ten days the amount of fat in samples of ordinary
milk was estimated and then in three 24-hour collections of

stools from patients on ordinary diet. When I was satisfied
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that the method was giving accurate results and when titration
figures cquld be duplicated within 0.5ml of each other, the

patients, two at a time, were started on the controlled diet.

RESULTS

For each of six patients a daily record for 14 days
was obtained of the volume of faeces, the excretion of fatty
acid in g, thence the excretion of fat in g per 100ml of faeces,
the appearance of the stools and their growth of candida. These
records are given in full in Appendix IV. but the findings have
been summarised in Table 22 which shows the mean readings for
one day for each patient during the three periods, before, dur-
ing, and after terramycin. Each patient conformed to the same
pattern; the daily output of faeces increased in volume during
the terramycin period and remained high until the end of the
“two weeks; the dally excretion of fatty acids remained fairly
constant but it followed that the excretion of fat in g per
100ml of faeces fell when terramycin was started. The mean
daily results for the six patients expressed as three-day aver-
ages to give & sliding graph are shown in fig.4.

The stools became abnormal and although indivicdual.

findings are not shovn in the table many became green, odourless
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TABLE 22, - RESULTS OF FAECAL EXAMINATIONS
(six cases)

MEAN DAILY %D%OENY EXCRETION | APPEARANCE |  GROWTH
PERIOD VOL. OF | o mapry | OF FAT OF OF
FAECES (ml.) ACTDS (g.) g./100ml. STOOL CANDIDA
DL - 4 110 3.6 3k Normal Absent
130 243 2,0 " Scanty
220 o 1. " Absent
Before 170 g.g 1. 25 " "

. 210 Ly 2.2 Soft "
Terramycin 80 2.6 3.25 Normal "
Mean 152 3ol 2.3 Normsl Absent
D5 - 8 210 3.1 1.6 Loose Heavy

270 2,9 1.25 Soft "
. 2 9 5 3 . 0 1 R 1 " 1t
During 270 2,2 0.8 " Scanty

. 2 .0 1.6 Lo H
Terramycin 21{8 'Z 6 11 gse eavy
Mean 308 3.1 1.24 Soft-Loose Heavy

217 3.7 1.7 Sof't Scanty
D3 - Lk 282 2.0 0.7k " Heavy
303 3.0 1.28 Normal "
After 202 2.0 1.34 " Scanty
548 4,1 0.8 Sof't Heavy
Terremyein | 599 2.5 0.97 Normal Scanty
Mean. 309 2.9 1.1 Soft-Normal | Scanty~Heavy
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and contained excess mucus. All the patients but one had heavy
growths of candida during the course of terramycin.

The results indicate that the absorption of fat re-
mained normal during terramycin therapy but the volume of
faeces did increase and candida flourished in the abnormal
stools. Accordingly, it was concluded that the increasse in

bulk of the stools was not due to unahsorbed foodstuffs.

LA A B LR A B BN BN I N BN B )

It seemed advisable to ensure that the dierrhoea was
peculiar to the tuberculosis patients and was not occurring un-
observed in the pneumonia patients. In an attempt to measure
the symptom objectively, the faeces excreted during the first
week in hospital, i.e. including the five days of therapy, were
weighed in the case of ten pneumonia patients receiving terra-
mycin and, as controls, in the case of ten patients receiving

sulphadiagzine.

METHOD
This was carried out by the ward sister or staff nurse
during the day and by the nurse in charge during the night.
Each bed-pan, after use, was drained of any urine and weighed
on scales, By subtracting the weight of the bed-pan, the weight

of faeces was obtained and recorded in a book. At the end of =
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week these were added to give the total weight of faeces excret-

ed during the week.

RESUITS
Table 23 shows that the mean weight of faeces for one
weék was more or less the same whether the patlent was on terra-

mycin or sulphadiazine therapy. Increased output of faeces

TABLE 23. - WEIGHT OF FAECES

(10 cases)
TERRAMYCIN | SULPHADIAZINE

GROUP GROUP
Weight of faeces 56 82
exoreted during 59 23
first week in 62 16
hospital (oz.) 57 530
17 27
7 40
28 23
34 30
18 20
26 2

MEAN (0z.) 354 34.8

therefore seemed to occur only in patients who were well enough
to be on full diet and who did not have to contend with such
constipating factors as fever, low residue diet and complete

confinement Lo bed.
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If the bulky stools were due to an irritant effect of
the antibiotic on the intestinal mucosa, it was hoped that in-
’téstinal hurry might be demonstrable in the patients with diar-
rhoea. The only method of measuring trensit time in the small
intesﬁine is radlological (French, 1952). The time after
swallowing in which the head of a simple barium meal reaches
the caecum is observed. Although there are wide variations,
about 2 hours is considered normal in adults. If the barium
reaches the caecum in less than an hour, the intestine may be
regarded as hypermotile but if the barium with the stimulus of
food has not reached the caecum In 5 hours then hypomotility is
present. This investigation was carried out in six of the tub-

‘erculosis patients.

METHOD

Six patients, two at a time, who had been starved for
12 hours were glven a small barium meal of 2 oz. at 8.30 a.m.
and X-ray films were taken at % hour intervals starting at
9.30 a.m, untlil the barium appeared to have reached the caecum.
No food was given during this time. The films were scrutinlised
by the hospital radiologist and the time taken for the meal %o
reach the caecum noted.

The patients were then given terramycin 1lg sixz-hourly.

If they had an increase in number or bulk of stools, then after
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the last dose at 6 a.m. to complete the course of 1l6g, a further
2 oz. of barium were given at 8.30 a.m. and the time when it

reached the caecum noted as before.

RESULTS
Table 24 shows that there was little alteration in the

small intestine transit time before and after 16g of terramycin.

TABLE 24.. - SMALL INTESTINE TRANSIT TIMES
(six cases)

BEFORE | AFTER 16 g.
TERRAMYCIN | TERRAMYCIN
Time after swallowing for 2% 23
2 0z. Barium to reach 2% 2
Caecum (Hours) 23 3%
3% 3%
23 b
2% 2
MEAN (Hours) 22 3

Intestinal hurry, if present, must then occur in the large in-
testine but unfortunately it was not practicable to measure the

large intestine transit time in the patients.

® 69 ¢ 0 2000000000
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DISCUSSION

The foregoing results indicate that diarrhoea during
antiblotic therapy is not assoclated with decreased absorption
ofvfat, nor presumably with defective absorption of any other
foodstuffs. I was also unable to demonstrate any evidence of
intestinal hurry when measured by the transit time of a barium
meal through the small intestine.

) These findings are in disagreement with those of
Merliss and Hoffman (1951) who investigated diarrhoes subsequent
to antiblotic treatment in four patients. They found an in-
creagsed amount of fat in the stools and a tendency for the
diarrhoea, which was of a mild nature, to be aggravated by fat
ingestion., All are features of steatorrhoea and they considered
that the\diarrhoea closely resembled that of the sprue syndrome
and might even be identical with i1t. Since this condition arises
from dysfunction of the small bowel, they concluded that the
cause of diarrhoea following antibiotic therapy lay there. X-ray
films of the small bowel in their four cases showed a deficiency
pattern in one and considerablg hyperactivity in another. This,
together with the increased excretion of fat led them to believe
that the origin of the diarrhoea was acute steatorrhoea. They
postulated that the steatorrhoea resulted from deficiency of

vitamin B complex due to destruction by antibiotics of the



156

intestinal bacteria which normally synthesise the vitanmin. In
Chapter III. it was shown that antibiotics were not very effi-
cient in destroying coliforms in the intestine. It is therefore
uniikely that the synthesis of vitamin B was disturbed to any
extent in the present cases. Altogether and particularly in
view of the normal fat absorption findings in these patients,

it is difficult to believe that the dierrhoea 1is in any way
related to that of the sprue syndrome.

Aﬂ irritant effect of the antibiotic on the intestin-
al mucossa causing intestinal hurry still seems the most likely
explanation for the bulky and frequent stools. Although
measurement of the transit time in the small intestine did not
show evidence of this, the artificial barium meal of small bulk

was perhaps not such an effective stimulus %o peristalsis as

normal food.
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Section 2. THE pH OF THE SALIVA

From the study it has emerged that patients treated
with the newer antibiotics frequently had heavy growths of
candida in the fauces and sputum. Some incidental change within
the body secondary to antibiotic therapy may have encouraged the
growth of yeasts. |

It has been postulated that the unusually acid secre-
tion in the mouth of the young infant may be the principal reason
for the high incidence of oral thrush in infancy (B.M.J. 1950).
In an investigation of neo-natal thrush, Ludlam and Henderson
(1940) found that the pH of the saliva of the new-born infant
was around 5.2 which, they said, was the optimum pH for the
growth of the thrush fungus. Lilienthal (1950) showed that some
synergistic activity occurred between lacto-bacilli and Candida
albicans in experimental conditions and that this resulted in
increased acid formation. A similar conclusion was reached by
Fosdick and Hansen (1936) who incubated a mixture of saliva and
powdered dental enamel. They found that saliva containing Lacto-

bacillus acidophilus alone did not dissolve the enamel but when

"a yeast isolated from the mouth" was added, sufficient acid was
produced to dissolve it.
It was decided to find out if the pH of the saliva

changed during antibiotic therapy and if there was any relationship
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between the salivary pH and the presence of candida in the
fauces. In the pneumonia patients, along with taking 391

throat swabs, T estimated the pH of the saliva with B.D.H. in-
dicator papers and the results were correlated with the growth
of candida from the corresponding throat swab. In the 112 swabs
which were taken from patients on terramycin therapy, the sali-
vary pH was correlated with the amount of terramycin the patient
had received and, for purposes of comparison, the 113 swabs taken
from patients on sulphadiazine therapy were dealt with in the

same way.

TABLE 25, = pH OF SALIVA AND DOSE OF TERRAMYCIN,

PERT NUMBER OF MEAN SALIVARY

0D pH READINGS pH
Before Terramycin 26 6.
Before Sulphadiazine 31 6.4
After 10 g. Terramycin 41 6.3
After 25 g. Sulphadiazine L2 6.3
After 14.2 g. Terramycin 45 6.3
After 35 g. Sulphadiazine 40 6.3

The results show that the saliva did not becomg more
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acid during terramycin (Table 25). Furthermore, there was no
undue prevalence of candida with any particular pH (Table 26).
The slight differences noted are not statistically sipgnifi-
cant (P = 0.,1). In the pH range 5.5 to 6.1, 57 (30%) of the
189 throat swabs furnished a heavy growth of candida while in
the pH range 6.4 to 7.0, only 35 (17%) of 202 swabs had heavy
growths. Since this

TABLE 26, - pH OF SALIVA AND CANDIDA IN THROAT SWABS.
SALIVARY NUMBER OF NUMBER OF THROAT SWABS WITH CANDIDA
H THROAT SWABS

P (Total 391) Absent Scanty Heavy
5.5 Ly 26 L 9% 1 32%
5.8 99 60 8 8% 31 31%
6.1 46 29 5 11% 12 26%
6.4 63 45 9 % 9 1%
6.7 75 49 13 17% 13 17%
7.0 6l 37 L, 22% 13 20%

difference is only 1% times its standard error of*9 it is not

significant,
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On 185 occasions the estimation of the salivary pH
coinclded with the collection of a specimen of spubtum from a

patient. Table 27 shows that the presence of candida in the

TABLE 27. - pH OF SALIVA AND CANDIDA IN SPUTUM.

SALIVARY NWIBSPIEJTRAOF NUMBER OF SPUTA WITH CANDIDA

pH (Total 185) Absent Scanty Heavy

545 19 5 7 36% 7 36%
5.8 51 26 13  26% 12 23%
6.1 21 10 5 2% 6 28%
6.1 29 9 11 38% 9 31%
6.7 36 15 11 31% 10 28%
7.0 29 15 6 21% 8 27%

spubtum was not associated with any particular salivary pH.

In the pH range 5.5 to 6,1 25 (27%) of 91 sputa yielded a heavy
growth of candida compared with 27 (29%) of 94 sputa in the pH
range 6.4 to 7.0. In the passage of sputum through the mouth
one would not expect the saliva to affect its content of candida.

The pH of the sputum itself, however, might have varied
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according to the presence of candida, The pH was estimated
directly in 48 sputa whose yileld of candida was then compared
with its pH. These pH readings extended into a more alkaline
range than those of the saliva, 32 (67%) of them being higher
than 7.0, As the numbers of sputa were rather small, the results

have been grouped in pH ranges as shown in Table 28. In the pH

TABLE 28. -~ pH OF THE SPUTUM AND CANDIDA IN SPUTUM.

SPUTUM NUMBER OF | NUMBER OF SPUTA WITH CANDIDA
PH RANGE (Tingl;.S) Absent | Scanty | Heavy
5.5 - 6.1 A 2 0O 0% | 2 50%
6.4 = 7.0 12 3 1 8% | 8 6%
7.3 - 7.9 16 9 4 25% 3 19%
8.2 - 8.8 16 8 L 25% | b 25%

range 5.5 to 7.0, 10 (63%) of 16 sputa had heavy growths of
candida while in the range 7.3 to 8.8, only 7 (22%) of 32
sputa had heavy growbths. Thus more than half the sputa
with heavy growths of candida had a pH which fell within
the rahge of that found in the saliva in the mouth. As no
salivary pH was found above 7.0, it suggests that a change

occurred in the pH of some of the sputa after
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their collection., Perhaps it was the presence of large numbers
of yeasts which prevented the pH of the other sputa from becom-
ing alkaline also.

The foregolng results indicate that the pH of the
saliva - 1s not altered by oral terramycin and also that heavy
growths of candida may be obtained over a considerabls range of
salivary pH. The range of salivary pH in the patients was from
5.5 to 7.0. Young, Resca and Sullivan (1951) found that the pH
of the saliva in 584 normal persons ranged from 5.0 to 7.5 and
that most were between 6.0 and 7.0. They found, too, on culture
of the saliva that 248 (48.6%) were positive for candida and the
percentage of positive yeast cultures was higher in those with
more acid salivas. The bresent findings are more in keeping with
those of Karnaky (1946) who investigated 41 cases of monilial
vaginitis and found that alteration of the vaginal pH had no
effect on the growth of candida. He also demonstrated that can-
dida grew well at any pH on Sabouraud's medium. It seems unlike-
ly that the pH of the body fluids has eny influence favourable or
adverse on the growth of candida.

Diarrhoelc stools which are acid are a feature of
tropical sprue and large numbers of yeasts are frequently found
in these stools. In this condition the stools are acid because

of unabsorbed fatty acids but in this series of patients the
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excretion of fatty acids did not increase during antibiotic
therapy. The relationship, therefore, between aclid stools and
- their yield of candida is probably incidental rather than direct.
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CONCLUSION

In the short space of 44 years since Ehrlicht's dis-
covery of salvarsan the scope of chemotherapy has expanded tre-
meﬁdously. The most recent impact on it has been the discovery
of the broad-spectrum antibiotics. The field of antibiotic
therapy alone 18 now so vast that it is impossible for any one
person to do more than scratch its surface.

The present investigation has shown that in terramycin
we have a valuable addition to the list of chemobtherapeutic
agents, It is an effective drug in the treatment of pneumonia.
Its action 1s reliable; it can be administered easily in orsal
capsules and beneficial results are obtained in all age groups.
Its main advantage over treatment with sulphadiazine and peni-
cillin is that it produces a more rapid subsidence of fever.
The low incidence of complications, the low death rate and the
length of time taken for the pneumonic consolidation %o resolve
were all satisfactory, although equally satisfactory results in
these respects were obtained with the control treatment.

The results have shown that adequate therapy alone,
however, does not ensure recovery from pneumonia. Certain
factors which influence the outcome in pneumonia are more impor-
tant than the specific drug used in its treatment. These prog-

nostic factors are, the age of the patient, the length of time
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which elapses between the onset of infection and the institution
of chemotherapy, the presence of a bacteriaemia, the extent of
the consolidation and the presence of associated disease, par-
ticularly the degree of efficiency in the cardio-vascular system.

One disadvantage of treating patients with terramycin
is the high cost of the drug compared with that of sulphonamides
or penicillin. Another objection is that a straightforward case
of pneumococcal pneumonia scarcely warrants the use of such a
potent drug as terramycin. Sulphadiazine, supplemented by peni-
cillin where necessary, is perfectly adequate for the majority
of cases. Terramycin, however, with its wider range of anti-
bacterial activity is preferable when the identity of the in-
fecting organism is in doubt.

Terramycin, from the experience of this study, is free
from serious c¢linical side-effects. 1In the pnéumonia series
toxic reactions were uncommon but comparison of the side-effects
in the tuberculosis series during an antibiotic course showed
that terramycin was rather more toxic than either chloramphenicol
or aureomycin. Gastrlc upset occurred in about one third and
diarrhoea in two thirds of the terramycin group of tuberculosis
patients. The gastric upset was usually limited to a feeling of
nausea and the diarrhoea, which was mild, cleared in all cases

within a few days of discontinuing the drug.
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One effect which arises from the very efficiency of
the newer antibiotics against both Gram positive and Gram nega-
tive organisms is the frequency with which the normal microflora
of the respiratory and alimentary tracts is replaced by over-

growths of Candidea albicans. Elimination of the sensitive bac-

teria allows the insensitive yeasts to grow freely in the micro-
flora., The growth of candida in the patients was shown not to
be related to the age of the patient or to the presence of
chronic chest disease. During and after antibiotic therapy over-
growths of yeasts were most marked in the rectum where before
treatment it was rare to find a heavy growth of candida. Al-
though heavy growths of candida were not unusual in the sputum
and throat before treatment, the proportion of patients with
such growths was greater after a course of antibiotic.

Secondary infection with reslistant staphylococci, still
another example of the results which may follow a disturbance of
~the normal microflora by antibiotic therapy, did not appear in
any of the patients.

In diminishing the growth of Intestinal coliforms
terramycin was found to be more effective than either chloram-
phenicol or aureomycin but its action was not constant. This may
have been due to the fact that the patients received none of the

adjuvant measures which reduce the concentration of bacteria in
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the intestine and thereby increase the effect of antibiotics.
The significance of overgrowths of candida in the

patients who had side-effects to the antibiotics is a matter
foﬁ speculation. The development of black tongue is probably
the result of candida infection. Diarrhoea is related to yeasts
but in view of the many pneumonia patients who had large quan-
tities of yeasts in the rectum yet did not complain of diarrhoea,
it is unlikely that the overgrowth of candida has any aetiolo-
gical bearing on diarrhoea.

| Fat absorption from the intestine was not defective
during antlbiotic therapy. Although unable to prove it, a dir-
ect irritant effect of the antibiotic itself seems the most
reasonable explanation for its cliniceal side-effects. This
effect on the mucosa of the alimentary tract would account for
the gastro-intestinal upsets. A similar effect on the tongue
and pharynx would explain the sore tongue and sore throat, and
the irritation caused by fluid containing antibiotic could cause
the ano-rectal syndrome.

The investigation has shown that a short course of a

single antibiotic is unlikely to be followed by any serious clin-

ical effects, even when it leaves Candida albicans as the predom-

inant organism in the microflora. In a total of 160 patients

who received a course of antibiotic, the only clinical evidence
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of infection with candida was black tongue which occurred in 7
(4.5%). After the course of antibiotic heavy growths of candi-
da, however, were present in 24 (42%) of the 57 throat swabs
examined, 48 (47%) of the 103 sputa and 88 (55%) of the 160
rectal swabs or specimens of faeces. Moreover, 75 of those
patients suffered from the debilitating disease, pulmonary tub-
erculosis, which might have been expected to render their tissues
more susceptible to invasion by candida.

It is one of the principles of medical mycology that
a fungus which is endogenous like candida is ofllow pathogenicity
and only invades the tissues of the host when his resistance to
infection is lowered by some other factor. Thus thrush is found
particularly in premature or marasmic infants, in adults with an
underlying disease and in the elderly and debilitated.

In the more widespread manifestations of moniliasis
the same principle generally holds. Before the days of chemo-
therapy, patients with a fatal illness such as cancer commonly
succumbed to a bacterial infection like pneumonia. HNowadays the
practice of giving an antibiotic to a patient with signs of in-
fection whether or not he already has a fatal 1llness, makeg it
unlikely that he will die of a bacterial infection. The newer
antibiotics eliminate the infecting organism but the yeasts which

remain may cause the terminal infectlon to be fungal rather then
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bacterial. A close parallel to this type of illness is the in-
fection with Gram negative orgenisms which occasionally follows
penicillin treatment. The Gram positive organisms responsible
for the primery infection are eliminated by penicillin but the
resistant Gram negative organisms which remain cause a secondary
infection. This form of re-infection occurred in four patients
reported by Sommer and Favour (1949) and resulted in the death
of two of them.

Similarly, moniliasis is rarely a sequel to a straight-
forward case which has been treated with antibiotiecs. A recent
report was published by Brown et al.(1953) on three cases of
fatal moniliasis after antibiotic therapy. These patlents were
typical of those who die of moniliasis in that they did not
suffer from a simple bacterial infection in the first place and
all had received several courses of antibiotic treatment. The
first patient had aplastic anaemia and the second had a peri-
nephric abscess secondary to a perforation of the duodenum which
was found at autopsy. The third patient had suffered chronic
i1l health for thirty years and was admitted in coma. In estab-
lishing conditions favourable for the overgrowth of candida, the
antibiotics no doubt contributed towards the fatal issue. The
main responsibility for death, however, must lie with the primary

disease which aﬁtibiotic therapy alone could not have been
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expected to cure. The patient with a grave underlying disease
and with overgrowths of candida in the microflora is unable to
resist invasion of the tissues by the fungus. In them, moni-
llasis merely hastens a death which was already inevitable.

In conclusion, it may be stated that candida rarely
becomes a pathogenic organism. Nevertheless, the continuing
widespread use of the antiblotics must result in an increasing

prevalence of antibiotic resistant organisms such as Candida

albicans. Many of the present pneumonia patients were dismissed
from hospital as early as the fourteenth day when they must still
have been heavily infected with candida. Although the organism
appears to be generally harmless, the exposure of young children
-in the home to candida infection is not without risk. Perhaps

in them, and especially in debilitated children, candida could
more readily assume its invasive properties.

The broad-spectrum antiblotics are extremely powerful
weapons with which to combat disease. In their beneficent
potency lies also their potential danger and consequently the
administration of these drugs should be restricted to infections
which warrent their use. The mere possibllity of moniliasis
should be a warning against their indiscriminate use as prophy-

lactics or for minor infections.



171

APPENDIX I.

DESCRIPTION OF TWO CASES OF PNEUMONIA

Clinlcal details are given of two typical cases of
pneumonia treatéd with terramycin.

Case 1. The patient was an elsctrical engineer of 23 years
who was admitted on the first day of illness. He complained of
a sudden onset of pleural paln, headache and rigors and had
vomited twice. He pgave no history of previous chest illness and
had received no treatment prior to admission.

On admission his temperature was 1020F, pulse rate wag
108 and respirations 40 (Chart 1). He was sharply 11l and his
tongue was dry and coated. Examination of the chest revealed
signs of consolidation at the right base. X-ray of chest showed
pneumonic congolidation of the right basal lobe. Sputum culture
yielded pneumococcus type 2. Blood culture was sterile. White
blood cells numbered 19,000/cmm with 94% polymorphs. Treatment
was commenced with lg terramycin six-hourly. After 6g the dose
was reduced to 0.5g six-hourly, the total dose being 13g.

After 24 hours his temperature had fallen to 99°F and
he felt much better. By the third day his tongue was clean,
cough was loose and the pleural pain had almost gone., On the
sixth day he got up to sit in a chair and on the eighth day he

was allowed up to walk. By the eighth day his chest was
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clinically clear and he was discharged on the fourteenth day.
X-ray of phest, however, did not show resolution to be complete
until three weeks after the onset of the pneumonia.

Case 2. A retired ship's carpenter aged 69 years was ad-
mitted on the third day of illness. Two days previously he had
developed an unproductive cough and had had several rigors. He
had suffered no previous chest trouble and had been given two
tablets of oral penicillin before admission.

On admission his temperature was 100.2°F, pulse rate
was 84 and respirations 24 (Chart 2). He appeared to be fairly
i1l and his tongue was lightly coated. Clinical examination of
the chest showed signs of an early consolidation in the left
upper zone. Consolidation of the left upper lobe was confirmed
on radiological examinstion. Pneumococcus type 8 was grown from
the sputum and blood culture was also positive for this organism;
the pour plate showed 5 cols./ml. The white cell count was
5,000/cmm, 60% of which were polymorphs. He was given terramy-
cin 1lg six-hourly for 8g then 0.5g six-hourly to a total dose of
15g.

On the day after admission his temperature was normal
and his general condition had improved. His chest was clinically

clear on the sixteenth day and he made an uneventful recovery.
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He was discharged after 24 days in hospital but his chest was

not clear radiologically until he reported back one month after

discharge.

APPENDIX 1II.

The table on the following page gives details of the

herpes febrilis in the pneumonisa serles.
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: Spread . L
Age I?iﬁegg Day of He:ges or Onset Dgzagf Day Extent of Herpes ]
Cased vyagpg on Admis-|Onset of Height- after Forme- | Healing! . Treatment
sion Herpes day start of| .. = |Complete Upper|Lower Angle of|Nose|Chin|Tongue
Therapy - ILip | Lip | Mouth
1. 25 2 1 4 Yes 6 14 X b4 - - - X Terramycin
2. 46 3 4 5 Yes 7 14 X b4 - x - - "
3.| 56 7 2 6 No 9 21 - x - X - - "
4, 38 2 3 4 Yes 6 11 X X - - - - "
5. 33 8 8 8 No 10 15 - - - X - - "
6. 57 5 4 5 No 7 11 - - b'd - - - "
7. 37 2 3 6 Yes 8 14 X X - - X - "
8. 48 5 3 5 No 9 15 X - - - - - n
9. 57 2 3 5 Yes 9 156 x x - - x - "
- 10, 35 2 4 5 Yes 9 12 x x - - x - n
C 11, 38 3 3 4 No 5 10 X - - - - - "
12, 52 5 2 3 No 5 v X - - - - - n
©13. 46 5 4 7 Yes 9 14 b d - x x - - "
P14, 35 2 2 4 Yes 7 12 X - x - - - n
P15, 46 4 4 6 Yes 8 16 b'd X - x - - "
160 41 4 3 4 No 6 9 - - X - - - "
- 17. 52 1 D-2 4 Yes 7 14 - x x - - - "
18. | 67 4 2 3 No 6 10 x x - x - - S.D.
19. B3 1 4 5 Yes 7 10 - X - - - - S.D, + Pen.
- 20. | 62 4 6 7 Yes 10 18 x - - x - - S.D.
| 21, 51 5 1 3 No 8 13 X - - - - - S.D.
22, | €8 8 11l 12 Yes 15 21 X X - b4 x - S.D.
| 23, | 52 5 7 8 Yes 11 15 x x - - - - S.D. + Pen.
| 24, 37 1 3 3 Yes 5 11 X X - - - - S.D,
' 25.| 22 4 4 4 No 6 8 - X - - - - S.D,
. 26. | 31 3 4 5 Yes 7 14 X X - x X - S.D.
- 27. 62 11 7 12 Yes 14 21 b4 X - - - - S.D.
28. 52 8 6 8 No 11 16 X - - X - - S.D. + Pen,
29, | 28 2 2 3 Yes S 12 X - - - - - S.D. + Pen,
30, 21 3 4 5 Yes 10 17 X - X - - - S.D,
' 31.| 59 4 5 6 | Yes 8 13 x x - - - - S.D.
. 32.| 58 5 7 7 Yes 8 12 - - x - - - S.D.
33. ] 30 2 4 5 Yes 6 12 - x - - - - s.D.
X involved

not involved

1
wan
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APPENDIX  III.

OPHTHAIMOPLEGIA WITH CHLORAMPHENICOL

One patlent in the tuberculosis series, when ques-
tioned about the side effects of chloramphenicol mentioned that
towards the end of the course he had experienced difficulty in
reading. The words became blurred and although he was able %o
resume reading after resting the eyes, the print soon became
blurred again. |

The syndrome of muscle fatigue with transient ophthal-
moplegia as a side-effect of chloramphenicol was reported by
Gray (1950). It was decided to repeat on this patient some of

Gray's investigations.

METHOD
The patient was given a second course of chloramphen-
icol, lg six-hourly for a total dose of 16g in four days. The

following observations were made before, during and after the

course.

1. Near point. With one eye covered, a card with two pin

pricks, 2mm apart, was placed in front of the other eye. A
pencil point held some distance away from the eye was gradually
brought nearer until its image appeared double. The distance

between the pencil and the eye was measured. The mean of three
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readings was taken as the near point.

2. Skelebtal muscle fatigue. A 141b. weight was placed in

the palm of the hand at arm's length and the period during which
the patient could maintain this position before dropping his arm
was timed with a stop watch. A mean of three readings was re-
corded.

At the same time as these tests were being made, the
patient was asked to read from a newspaper and any subjective

changes in vision were discussed.

RESUILTS

These are shown in the table. The increasing distance

MUSCLE FATIGUE DURING COURSE OF CHLORAMPHENICOL.

NEAR POINT TIME OF HOLDING

1 1b. WEIGHT SUBJECTIVE
PERTOD (Inches) (Secs.) |
THghE TaTT RAght Tort SENSATIONS
Eye Lye Arm Arm
Before Chlor. 8 8 2 15 Vision Normal
After 5 g. 14 1 12 12 Vision Normal
After 8 g. 15 21 9 6 Blurring of small print
on concentration
After 11 g. 23 31 8 6 Blurring of near and
distant vision
2 Days after Vision normal 15 hours
discontinuing 10 8.5 12 1 after discontinuing

Chlor. drug




of the near point from the eye indicated that there was weak-
ness of accommodation of the eye during the course of chlor-
amphenicol. Similarly the diminishing time which the patient
could hold a 141b. weight showed that there was wealmess of the
arm muscles. Although the experimentel error in the second
test is probably quite large there does appear to be evidence
that the fatigue affected the skeletal muscles as well as the
ciliary muscle of the evye.

Gray found that this toxic reaction of chlorampheni-
col coincided with chloramphenicol blood levels of 59pg/ml and
over and he considered that the antibiotic interfered with
muscle metabolism. The effect on vision is merely annoying and
on skeletal muscles is unimportant in a patient who is confined
to bed. Nevertheless, as Gray pointed out, should the condition
extend to the myocardium then 1ts effects could be serious,

especially in old or dangerously ill patients.
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THE FAECAL FAT RESUITS
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Details of the faecal fat results are given below.

The daily readings are expressed as three-day averages. The

mean of each day and the two succeeding days was calculated,

assuming that food and drug taken on one day were still being

excreted on the two following days.

Volume of TFaeces bxcretion ol Excretion of Fat
Case| Day ml. Fatty Acid g. | g/100ml. faeces
I. 1 90 3.29 3.65
2 120 3.83 3.3
3 160 4,04 2.83
4 187 3.62 2.00
5 253 3.26 1.7
6 213 2.41 1.27
7 213 2.94 1.5%7
8 147 2.94 1.97
9 _ 193 3.69 1.97
10 203 3.67 1.85
11 250 3.92 1.55
12 240 3.7 1.5
13 240 3.7 1.5
14 232 3.65 1.42
— . - ==
II. 1 120 2.59 2.37
2 110 1.52 1.43
3 107 1.45 1.4
4 20 1.49 1.6
5 135 1.91 1.40
6 225 2.85 1.75
7 325 3.28 1.1
8 320 - 3.01 0.97
9 267 2.69 0.7
10 260 1.84 0.75
11 327 2.55 0.72
12 275 1.89 0.72
113 350 2.5 0.70
14 290 2.2 0.69

= e
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olume of Faeces | Excretion of |[Bxcretion or Fat
Case| Day ml. | Fatbty Acid g. | g/1l00ml. faeces
IITI. 1 227 3.89 1.4
2 230 3.61 1.57
3 277 3,68 1.47
4 217 2.94 1.37
5 290 3.19 1.27
6 327 2.75 0.90
7 4907 3.11 0.67
8 453 3.15 0.77
9 393 3.5b 1.43
10 193 2.91 1.40
11 163 2.51 1.68
12 213 2.31 1.12
13 240 2.29 0.92
14 280 2,88 1.0
Iv. 1l 197 2.56 1.37
2 170 1.99 1.27
3 125 1.70 1.4
4 175 1.97 1.25
5 285 2.08 0.75
6 270 2.20 0.83
7 297 1.88 0.8
8 237 2.31 0.97
9 297 2.38 0.83
10 230 1.78 0.87
11 233 1.89 0.8
12 107 1.46 1.85 .
13 90 1.49 2.27
14 40 1.38 3,45

W
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Volume ol PFaeces| Excretion of bxcretion ol Hatbt
Case| Day ml. | Fatty Acid g. | g/100ml. faeces

V. 1 187 4,60 2,43
2 220 3.91 1.80
3 137 3.43 2.42
4 340 4,48 2.12
5 547 5.03 1.85
6 703 5.31 0.8
7 693 5.05 0.77
8 587 4.33 0.77
9 530 3.87 0.77
10 530 3,79 0.73
11 517 4,11 0.8
12 575 4,42 0.75
13 540 4,37 0.8

14 520 4.35 0.78 |
VI. 1 80 2.59 3.33
2 80 2.34 3.00
3 120 2.87 2.67
4 197 3.05 2.00
5 . 227 2.69 1.27
6 260 2.06 0.83
7 193 1.63 0.93
8 263 2.34 0.97
9 210 2.27 1.18
10 317 2.83 0.98
11 303 2.48 0.88
12 430 2.71 0.65
13 440 2.45 0.6
14 410 2.42 0.57
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