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INTRODUCTION.

The problem of tuberculosis is one which is inti-
mately concerned with the general well being of the
population. It, perhaps more than any other disease,
is a reflex of the environmental conditions under which
people live. A study of the statistical data shows that
during the last 60 years the death-rate from this dis-
ease has declined in a striking fashion, and it would
seem that the measures adopted during that period for
the raising of the standard of living, hygienic as well
as economic, were bearing fruit.

During this period the death-rate from all forms
of tuberculosis occurring in the British Isles shows
approximately a 70 per cent reduction: and the credit
for this has been given to many factors. Of these
factors social and economic improvements have undoubt-
edly played their part but probably the most beneficial
power has been the application of medical knowledge to
the health problems of the people.

When medicine laid aside mediaeval conceptions of
disease and its causes and adopted in their place con-
cise scientific facts the problem of the spread of
disease by infection became evident. Praotical ex-
perience had shown that certain diseases occurred and
spread more readily in certain circumstances and steps
were taken to minimise this spread by eradicating these
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adverse circumstances. To this end reforms and improve-
ments were being carried out in housing, sanitation,
water supplies and other essential services.

In a word, the responsible governing bodies became
'Public Health conscious'. This quickening of the
national interest resulted in the formation of Public
Health organisations now scattered throughout the world;
organisations staffed by specially trained men and
women; whose particular duty it is to see that every-
thing may be done to combat the conditions giving rise
to, and helping, the spread of infectious disease.

As it happened, tuberculosis was one of the ear-
liest diseases in which a specific infection was proved
but its significance was not appreciated by the admin-
istrative authorities, and fully thirty years elapsed
after Koch's discovery, before it became a notifiable
disease. This order intensified the upward trend which
had already begun in the housing conditions and personal
hygiene of the people. By providing hospital accommoda-
tion for segregation of those suffering from the dis-
ease or, at least training them to destroy contagious
discharges, the way was further paved towards the im-
provement which now exists. Claims have been made that
these efforts alone are not responsible for the improve-

ment but that there are other factors also, yet what-

ever the cause, the fact remains that in tuberculosis
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there has been a marked improvement in both incidence
and mortality returns within a short number of years.

As it affects man this disease is roughly divided
into two great groups, the PULMONARY and NON-PULMONARY
forms and it is the latter which is the subject of this
investigatione

Non-pulmonary tuberculosis is often called surgical
tuberculosis because of its distribution and because,
in contrast to the other, it lends itself particularly
to surgical treatment. In addition it is a major pro-
blem only in the first ten to fifteen years of life;
becoming distinctly rare at the ages when the pulmonary
type takes its toll. The accompanying graph demons-
trates the difference between the two types.
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Philip, quoting figures for Scotland showed that
the most substantial reduction in tuberculosis fatality
took place In the first year of life and the least at
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ages of 35 years and over. In view of the tables an
inference may be drawn that an improvement occurred in
the results of cases of non-pulmonary tuberculosis re-
corded and treated. This improvement may have been due
to a change in the type of infection following tubercu-
lisation of the population with a lowered fatality as
suggested by some or, at the other extreme, to improved
methods of treatment. One other potent factor is the
supervision of the milk supply to the general public
and 1t 1s also possible that earlier and more accurate
diagnosis of the disease by trained observers, glided by
modem radiology, plays a large part.

Despite this improvement tuberculosis of the bones
and joints in children is still a grave problem and pre-
sents to the person treating i1t many ginomalies. A pat-
ient with a simple lesion of this nature treated on
modem lines may give a good result demanding no treat-
ment other than rest and general care. On the other
hand an apparently similar case may develop an absoess
and eventually form a sinus. This complication may re -
sult in the development of amyloid disease and death;
or, at the best It may be healed after much trouble with
a residual crippling deformity. Complications of this
type oocur frequently and their importance cannot be
over-rated. Fraser, in his book on Tuberculosis of
the Bones and Joints, says that "abscess formation is
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serious in so far as it is so often the precursor of
the next danger, viz. septic infection. In itself it
increases the gravity of the disease and by its tendency
to burrow it may open up to infection wide areas of
soft tissue". In another part of the same book he says,
"Mixed infection is the most serious complication which
can occur. It follows abscess formation or imperfect
surgical interference and its danger lies in the appar-
ent impetus which it gives to the tuberculous process".
Another author, Dudgeon, refers to the importance of
mixed infections in bone and joint tuberculosis, re-
marking, "In the old days of mixed infections, due to
errors in the surgical treatment, pyogenic vaccines
were sometimes of use, but I have not employed such a
vaccine since 1912" (Bact. vaccines and their post,

in therapeutics, Dudgeon 1927).

Fraser is dealing with pre-war tuberculosis and
Dudgeon's remark Implies that some change has taken
place in this form of tuberculosis since 1912. This
change may have resulted from better methods of treat-
ment or from a change in the type of the lesion.

With present day methods of treatment in use a
superficial survey of a number of cases seemed to show
that secondary infection of sinuses was not so im-
portant a factor as in former days. Yet certain

sinuses developed complications and refused to heal
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while others rail a short course and healed quickly.
Information was sought upon the matter in the litera -
ture but it wa3 found sadly lacking. Abscesses and
their treatment received a full measure of care in all
books but, in most, the question of sinuses, the reason
for their troublesome course and the factors governing
their formation and healing was not available. Even
information relating to their effect upon the course of
the primary focus of disease were lacking. One refer-
ence was found giving the infecting organisms in
sinuses to include streptococci, diphtheroid bacilli
and staphylococci but no evidence was given as to their
relative importance.

It was thought, in view of the similarity between
sinuses and wounds that some information might be found
in works dealing with wound infections. Douglas,
Fleming and Colebrook in an M.R.C. report on this sub-
ject state that "almost every seoondary infection com-
plication of any seriousness is caused by Strep, pyo-
genes, e.g. the persistence of sinuses, fever etc.*

A3 a result of random observations made upon sinuses
suspicion had already fallen upon steptococci as the
mischief making secondary infection and an investi-
gation was planned primarily to answer the following

questions.

I. The determination of the presence or absence of
streptococci in sinuses.
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THE HISTORY OF THE STREPTOCOCCI IK RELATION

TO DISEASE IN MAH

Streptococci were first described and named by
Billroth in 1874 and their existence was confirmed by
other observers in the years which followed. Doubt
lingered regarding their role in the tissues from which
they were recovered and it was not until almost ten
years had elapsed that Ogston of Aberdeen was able to
prove their pathogenic power towards human beings.
Coincident almost with this investigation was that of
Cheyne who held that these organisms were non-patho-
genic as he had found them in healthy wounds. Later
investigations upheld these statements and the genus
was enlarged by patient research and acknowledged to
contain members which were widely different in their
pathogenic powers. Even physical characteristics were
found to vary and Veillon in 1893 described a strain
which would not grow in the presence of air, the nu-
cleus of a group which was similarly increased as time
passed. Eventually, therefore, the genus was enlarged
to contain strains which were very different in their
biological requirements and pathogenic powers and which
were widespread throughout nature particularly in
reference to man.

A list of pathological conditions in man from
which streptococci have been recovered would be very
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great and the following is only representative of les-
ions in which it is the sole causal organism or in
which it is a common causal organism.

1. Scarlet fever.

2. Puerperal sepsis.

3. Erysipelas.

4. Cellulitis.

5. Acute rheumatic fever.

6. Sub-acute uloerative endocarditis.

7. Primary and secondary broncho pneumonia.

8. Tonsillitis.

9. Septic sore throat.
10. O titis media, intracranial abscess, meningitis
11. Various skin lesions.

12. Peritonitis.
13. Septicaemia.

Unfortunately from the view point of simplicity
it was found impossible to say that a certain strain
would bring about a certain lesion, as virulence, even
over several generations of a particular strain, was
found to vary. Reaotion on the part of a host also
varied and many interesting experiments have been
carried out upon the immunity resultant from infection.
This immunity was found to be of two forms, one local
and the other general and these forms were sometimes
developed separately. (Gay and Rhodes 1922). The
existence of a general antitoxic immunity was first
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demonstrated by the Dicks (1924) to occur in scarlet
fever and on the basis of this discovery a diagnostic
test was postulated and found successful.

A more widespread application of its general principles
elicited several interesting facts regarding immunity
in general to streptococcal infections. These were,
(I) that the natural immunity to streptococcal infec-
tion was low (2) that variation in this immunity occur-
red from time to time (e.g. during pregnancy partur-
ition and the puerperium) and (3) that exposure or ill-
ness reduoed immunity.

Local immunity was found to vary in different sites
of the body and was found to be purely transient in
nature. A combination of these variable features and
the variable virulence of streptococci makes it evident
why no clear cut action could be ascribed to a partic-
ular strain. A general statement may be made that this
genus contains many of the most dangerous pathogens
of man.

Of particular interest in the present investiga-
tion was the problem of wound infection and with it,
several of the cutaneous and general lesions caused by
streptococci. The importance of these organisms in
wounds of the skin and mucous membranes was brought out
very forcibly during the Great War. During this time
the possibilities for such an infection were enormously
enhanced by the conditions under which the troops were

living/



living and furthermore, ample facilities were present
for adequate investigation. As a result of these in-
vestigations streptococci were given a place of import-
ance in wound infections. Levaditi (1918) pointed out
that delay in the healing of war wounds resulted if a
streptococcal infection occurred. Bruce, Berlin and
Lawrence (1918) found these organisms present in 24#
of a series of 985 wounds and regarded their presence
as the chief cause of the failure of secondary suture.
In 1920 Douglas, Colebrook and Fleming reported that
although often not present initially, S. pyogenes was
found in practically every septic wound and was respon-
sible for many of the complications and sequelae such
as erysipelas and persisting suppurating sinuses.
Anaerobic streptococci were also recovered in a percent-
age of cases but were assessed to be of low virulence
and relatively unimportant. One exception to ttiis was
a fatal case reported by Marrwedel and Wehrsig in 1915.
It was thought that these organisms were very pro-
bably present as secondary infections in tuberculous
sinuses although, as ha3 already been remarked, no
evidence exists regarding their role in this type of
lesion. The probability is further enhanced by the
widespread nature of the genus as was shown earlier in

the chapter.
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CHAPTER I1.

THE HISTORY OF THE CLASSIFICATION OF STREPTOCOCCI.

Presenting many problems regarding their patho-
genic powers these organisms presented still greater
problems with regard to their classification and, it
is safe to say, that more effort has been expended to
this end than to investigating their relation to dis-
ease 1n recent yearse

The first attempted classification of these organ-
isms was on a morphological basis. When Fehleisen and
Rosenback isolated the two strains, which they called
the S. erysipelatis and the S. pyogenes respectively,
the belief was that these strains were clearly differ-
entiated and Rosenback made an attempted classification
based on their growths on gelatin and agar. This method
was found Inadequate by Fraenkel (1889) and V. Lingel-
sheim (1891) and the latter and Kurth separately in
1891 produced papers attempting a classification on
the appearances of streptococci broth media. In the
years which followed the field was enlarged by the work
of Veillon (1893) who described an anaerobic strepto-
coccus while other investigators recovered other, and
supposedly different, strains from various sources.
Further confusion was caused by the work of Koch and
Petrushky (1896) who proved that streptococci from a
variety of sources were capable of producing erysipelas
in animals provided the virulence was exalted suffic-
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sufficiently by passage.

By now it was obvious that morphological tests as
suggested were inadequate, and further tests were de-
vised. Hiss (1902) introduced fermentation reactions
and Schottmuller (1903) made a classification of a
number of strains based on their action on blood agar.
With improvement in knowledge and technique immuno-
logical tests were introduced, and now all these methods
are in use for the classification of streptococci when
recovered. For descriptive purposes, these tests may
be dealt with under the following headings™-

I. Morphological and Cultural.

II. Biochemical* (A) Action on Blood.

(B) Fermentative Powers.

ITI. Immunological.
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I. MORPHOLOGICAL AND CULTURAL.

When differentiating streptococci on the above
grounds a primary division of the genus was made into
those organisms which were aerobic and facultatively
anaerobic and those whioh were strictly anaerobic.

To these two groups, of which the former was the larger,
further tests were applied. Strains which were aer-
obic or facultatively anaerobic were shown to have a
relationship morphologically to their haemolytic powers
and were further subdivided into Schottmuller's div-
isions of haemolytic and viridans strains and those

which were inert towards blood.

IT1. THE HAEMOLYTIC STREPTOCOCCI.

Strains of this type were usually observed as well
rounded cocci in chains of moderate length and were
found to grow readily on agar and to yield cultures of
good viability. It was further claimed that these
organisms had the elements of the chain compressed so
as to be longer in the axis at right angles to the
chain (Holman 1916j Kinsella & Smith 1918;and McLeod).
Morphological variations were noted by Tadder (1909)
who described giant forms and Norton, Rogers and
Georgieff (1921) described a bacillary form which they
obtained under abnormal conditions. It was shown that
the morphology varied in accordance with the recent
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environment as illustrated by the diplococcal form of

a strain in an early superficial lesion as compared
with the long chain form of a similar organism in a
well-formed abscess. Capsule formation was shown to

be absent with the exception of Baile & Kleinhans)1912)
who claimed that a capsule may be observed irregularly
around streptococci in the animal body but became
visible 'in vitro' when the organisms were exposed
simultaneously to the action of leucocytes and semrn.
When stained the organisms were shown to be Gram posi-
tive with occasional variations in intensity, especially
in old cultures. Two strains were reported by Jaffe
(1912) which gave Gram negative subcultures and Kinsella
noted a tendency to loss of Gram positive 3talning when
the strains increased in virulence.

The appearances when grown in 'broth media' were
either a general turbidity or a granular deposit, and
this feature was shown to be of no value in a differ-
ential sense. Weissenback (1918) showed that the pre-
sence of bile in fluid media inhibited growth and
Wheatley proved that 40 per cent bile in agar inhibited
the growth of S. haemolyticus whereas it had no effect
on the S. faecalis.

The general observation was that haemolytic strains
gave a distinct but not copious surface growth on the
usual nutrient agar plate and a distinctive feature was
the tendency for these colonies to remain discrete and
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to stop growing after 24 hour3. Colony form and its
variations were intensively studied and some interest-
ing observations were made. In strict chronological
order those of Cowan (1922) come first. She maintained
that by the repeated plating and selection of colonies
it was possible to split several strains of strepto-
cocci into rough and smooth variants, the one with a
translucent bluish flat colony and the other with a
more opaque and roughly granular formation giving rise
respectively to a diffuse turbidity and a granular de-
posit when grown in broth media. Secondly, Walker(1023)
noted one or two colonies of a mucoid appearance occur-
ring in a culture taken from the pleura of an animal
into which a haemolytic streptococcus had been Injected
and observed that the strains grown from these colonies
were more virulent and actively haemolytic than strains
grown from the normal colonies. These hyper--virulent
strains, however, lost their properties after a few
generations. Thirdly - Eagles (1924) was of the
opinion that two colony forms existed: (1). a small
greyish pin point colony and (11) a flat scale like
colony. In the fourth place Griffith (1927) described
3 morphological types of colony, (i) an opaque,flat,
rough and coherent colonyj (i1) a colony with raised
opaque centre and a thinner translucent margin which
was never coherent and (iii) a large, more translucent,

mucoid/



mucoid colony.

In contrast to Cowan, Ms rough colony on solid
media gave rise to the uniform turbidity in broth
characteristic of Cowan's smooth variant. He further
olaimed that, when Ms strains were classified on an
antigenic basis, a degree of correspondence was shown
to exist between the grouping so obtained and the
morphology of the colonies. To cap these observations,
Lancefield and Todd growing these organisms on blood
agar, were able to differentiate morphologically a
rough and a smooth colony form and came to the con-
clusion that a given strain could vary In colony form.
Investigating further on an antigenic basis, they
showed that 1t was only the rough colony which was
capable of giving rise to a type specific antigen, arri
with this view F.W. Andrewes agreed. This last observa

tion is the one most generally accepted.

THE VIRIDAJS GROUP.

The viridans group may be subdivided into two: (I)
streptococci whose habitat is the mouth and (ii) those
whose habitat is in the bowel.

The mouth streptocooci were shown’to have the
general characters of the genus under the microscope
but formed chains intermediate in length between the
haemolytic strains and the true bowel strains. When
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freshly isolated strains were grown in liquid media,

a deposit was formed, but this feature was lost on re-
peated subculture. The Individual cocci within the
chains were found to occur either singly or in pairs
and were either spherical or slightly elongated and
showed considerable variation in size. In solid media,
small discrete colonies were formed which showed little
tendency to coalesce as did the bowel streptococci and
which grew less luxuriantly than S. haemolyticus.
Capsule formation was not found to occur, and once
again bile was found to inhabit growth in fluid media
(Weissenbach).

The Bowel Streptococci. Under the microscope
this organism was found to be a lanceolate dlplococcus
and which occurred in this form in broth cultures al-
though occasional short chains of 6 to 8 elements were
reported. The appearance of a broth culture was found
to be that of uniform turbidity and growth was not
interfered with if bile was present. On this feature
Weissenbach suggested that these strains could be
differentiated by using a 10 per cent bile peptone
broth test medium. Growth on agar was found to be very
good and colonies were produced larger than those of
S. haemolyticus, sometimes 1 mm. in diameter after 24
hrs. growth. The presence of bile in solid media also
was inhibitory and the organism was found to grow well
on media like McConkeys.

Generally/
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Generally speaking, the bowel streptococci were
by far the most easy to keep in culture.

One final outstanding feature of this group was
demonstrated by Dible in 1921 when he proved that the*e
organisms were capable of surviving exposure to a
temperature of 60°C. for 30 minutes, in distinction to
the other streptococci which were killed by such a
temperature after five minutes exposure.

The streptococci inert towards blood were found to
have no particular morphological features and lastly

the anaerobic streptococci remains to be described.

THE AMAEROBIC STREPTOCOCCI.

The existence of such organisms was, as has al-
ready been mentioned, shown by Veillon in 1893. Subse-
quent investigators, Rest, Halle & Guillemot, Kronig
and Menge, Lewkowicy, etc., described other strains and
a considerable morphological variation was shown to ex-
ist within the group. Certain of these strains viz:
the M. foetidus of Veillon, the S. anaerobius and the
S. putridus in special circumstances formed gas. Split
into those which formed gas and those which did not, it
was found that the gas formers strictly resembled the
appearance of S. pyogenes and that in the case of the
others the size of the coccus was the variable feature,

all being small. When grown under anaerobic conditions
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on solid media, colonies were produced which were
smooth, flat and semi-transparent with an occasional
revised papilla in older colonies. In poured cultures
the colonies appeared white or yellowish grey and were
finely granular under the microscope - and in fluid
media, under appropriate conditions, a slight general
turbidity with a flocoulent white deposit was noted..

The organisms of this group were found to be non-
resistant to heat.

In conclusion it may be said that the features
described above are of a certain value in differentia-
tion but only as a preliminary step in the identifica-
tion of a strain. It would seem to be a necessity to
make a note of colony form under the microscope when a
further immunological study is intended and the neces-
sity is clear for a uniform technique in dealing with

these organisms.

The following is a short resume of the position

with regard to Biochemical tests.

A. AOTIOH OH BLOOD.

The action of different strains of streptococci in
producing certain changes when grown on fresh blood agar
plates is a factor of primary importance in any attempt

to/



21.

to classify these organisms. These changes are not

limited to solid media but take place when a suspension
of washed red blood corpuscles are exposed to the act-
ion of a filtrable substance called Haemolysin found

in early broth cultures of certain strains of strepto-
cocci. It has been shown that a definite relationship
exists between the reactions obtained by these two
methods.

Historically, the haemolytic power of streptococci
was first recognised by Knoor in 1893, when he observed
evidence of this change in the blood of animals experi-
mentally infected with strains of this organism. Three
French investigators, .(Bisredka, 1901; Marmorek, 1902;
Breton, 1903) also showed that highly pathogenic strep-
tococci had this power but the first classification of
these changes was made by Schottmuller.

In a classical work published in 1903, the latter
differentiated the streptococci into 3 main types
basing his classification on pathogenic power, source
of origin, morphology and the appearance of growths
on fresh blood agar plates. Briefly, these types were
as follows:- Type 1: streptococcus longus pathogen-
sive-erysipelatos, which included all highly pathogenic
strains and was characterised by the development of
clear colourless haloes around the colonies; Type II:
Strep mitior sive viridans; which included strains
mainly derived from the respiratory or digestive tracts,
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of low pathogenicity and chiefly distinguished by
their tendency to produce a green discolouration of
the blood agar In the immediate vicinity of the
colonies. In this case certain fallacies were found
to exist, and they were the presence of narrow rings
of cleaning around the colonies on agar of low blood
content or when blood specially susceptible to dis-
integration was used in making the plates. Type III
Streptococcus mucosus, of rarer occurrence than the
foregoing, mainly characterised by its abundant col-
onies, and by the well-defined capsule seen in micro-
scopic preparations even from cultures on solid media.
This method received general acclaim, especially
when it was found to yield a separation into groups
which corresponded to a degree with that obtained when
the organisms were examined serologically. Dissatis-
faction was expressed, however, and the subject re-
ceived further study. As a result of this a monograph
was produced by Brown (1915) in which the original
classification was elaborated and wherein the necessity
for a fixed and careful technique was stressed. Brown
differentiated 3 types also which he named A, B, Y.
Of these, his A &B. types corresponded with the Type
I and Type I of Schottmuller respectively but in his
Y type he laid stress upon a type which gave neither

haemolysis nor green pigmentation when grown on blood
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agar, a fact which was not made sufficiently clear by
Schottmuller. Elaboration of Brown’s classification
finally yielded a differentiation of the A type Into
two groups and a later worker still (Bryant, 1927)
claimed the existence of a type which gave green
oolouration around its colonies in the depths of a
blood agar plate. Whether these elaborations were
necessary is doubtful in view of the results which
were obtained by others investigating the phenomenon
in fluid media.

Using fluid media Lyall (1914) was able to split
the streptococci Into 3 groups: (I) those which pro-
duced haemolysin; (II) those which produced methaemo-
globin and (iii) those which produced no changes in
blood, thus corresponding with the classification
arrived at by Brown using solid media. Confirmation
of Lyall's views was received from Mishulow (1921) and
Cumming (1927). Other investigators when comparing
the two methods for determining haemolysis found dis-
crepancies to exist between them in which respect it
is interesting to quote conclusions made by Cumming
in 1927. He found that all streptococci from frankly
suppurative lesions were equally haemolytic on human
blood agar plates and on rabbits blood by either the
plate or the tube method of observation but that a
number of strains Isolated from sputum were haemolytic

only/
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only on human blood agar plates. It was his suggestion
that these strains should be termed pseudo-haemolytic
and that this irregularity was the possible explanation
of some of the discrepant results.

The observations of these gross changes were sup-
plemented by an investigation into the chemical re-
actions bringing them about as a result of which it
became apparent that many complex and, within limits,
variable factors entered into their causation, thus
again stressing the need for a fixed and careful tech-
nique. Claims were made that certain strains had been
observed to change in haemolytic power from A to B, and
vice versa, but no proof was advanced, and this change
is considered unlikely.

Thus it may be said that in a classification of
streptococci, it is important to know the haemolytic
power of the strains and that this feature may be de-
termined by either the plate or the fluid method but
that this test in itself is not sufficient to render
an identification of a strain possible. It does act,
however, as a pointer to the virulence of the strain

under observation (McLeod, 1923).
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B. FERMENTATION REACTIONS.

The possibility of differentiating the strepto-
cocci by means of their fermentative reactions was
first suggested by Hiss in 1902. Employing various
sugars, glucosides and alcohols, he showed that these
organisms were possessed of wide fermentative activities.
His experiments were repeated by Mervyn Gordon in 1903
who employed many different strains and succeeded in
establishing a form of classification. The position
was clarified to a considerable extent by an investi-
gation conducted by Andrewes and Horder as a result

of which they were able to indicate six main groups

which they named as follows:- (i) S. equinsis; (11)
S. mitis; (1i11) S. pyogenes; (iv) S. salivarius;
(v) S. anginosus and (vi) S. faeoalis. This grouping,

which they obtained by the application of fermentation
tests, was found to relate the fermentative powers of
the organism to the source from which it was recovered.
In addition the groups were not clearly defined but
were found to merge into another with an intermediate
series of strains which gave modified reactions under
test conditions. These reactions were examined as to
their reliability and both Hopkins and Lang working in
collaboration and Lyall independently in 1914 reported
favourably on this aspect. This mode of investigation,
with its origin in England, was not pursued on the
Continent with the same avidity, but the general opinion

expressed/



expressed in France and Germany was unfavourable with
regard to its differential value. In America, however,
the subject attracted considerable attention and out-
standing amongst the work done was that of Holman in
1916. He began by dividing the streptococci to be
examined into those which were haemolytic and those
which were non-haemolytice Having determined this
feature he applied to each group the fermentation of
3 'sugars’ eventually producing a total of sixteen
types, evolving a classification which became widely
known and used.

The various investigations detailed above had all
been favourable to the tests as a means of different-
iation, but in the meantime strong criticism had been
levelled at them. In France and Germany, as already
quoted, the method was regarded with disfavour.

Burnet and Weissenbach (1918) stated that after ex-
cluding the pneumococcus and the enterococcus from the
field to be investigated, the remaining forms fell into
two main categories, haemolytic and viridans strains,

a classification which was supported by immunity re -
actions which is never the case in any grouping obtained
by the fermentation tests. In Germany, Maass (1913)
stated that there was no correspondence between group-
ings by sugar fermentation tests and the source of

the pathogenic importance of the organisms. Blake(1917)
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was practically of the same opinion as Burnet and
Weissenbach but observed that he would reserve these
fermentation tests for a further differentiation among
the non haemolytic strains. Similar observations were
made by Kinsella and Swift (1918) am Howell in the
same year, who controlled their investigations by com-
plement fixation tests. Another blow was struck by
Douglas, Colebrook & Fleming in the M.R.C. Report No.
48 in which they pointed out that no serological dif-
ference existed between mannite fermenting streptococci
of pyogenic type and those which did not ferment mannite.
Ritchie (1908) and Ainley Walker (1911) amongst
others stated that in their opinion the fermentation
reactions were not given constantly enough to serve as
a basis of differentiation and Buerger (1907) showed
that it was only necessary to give the streptococci
more favourable conditions in order to enable them to
ferment test substances previously unattacked. Taking
secondary strains picked from separate colonies of a
streptocoocus Thro (1914) demonstrated that these
varied in their reactions from time to time and
McLachlan (1927) reported that he was unable to differ-
entiate scarlatinal streptococci from other haemolytic
strains by these methods. Holman’s classification was
criticised by Dible (1921) who stated that he found
the former’s fermentative types distributed equally

in/



in different lesions.

It will be seen from the above account that there
is a considerable difference of opinion as to the value
and significance of fermentative tests in the classi-
fication of streptococci. They are of doubtful value
in relating the organism to disease and do not appear
to agree with the results of serological tests. The
consensus of opinion would appear to be in favour of
their use as a subsidiary means of differentiation,
supplementing for example, serological tests if neces-

sary.
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IMMUNOLOGICAL.

The fourth and last method of attempting to
classify the streptococci is based on serum reactions.
In the late nineteenth and early twentieth century
bacteriologists, headed by Marmorek (1895) and Aronson
(1896), discovered various properties in sera from
animals which had been artificially infected with
various organisms. Investigation into these properties
revealed the presence of opsonins, bacteriotropins,
precipitins, agglutinins, bacteriolysins and bacteri-
cidinsj specific factors which were the animal response
to the invading organism. Bacteria varied in their
power to produce these substances, but it was determin-
ed at an early date that the streptococcus was capable
of producing a serum in which these immunological sub-
stances were present in a fairly high degree. Tests
were devised whereby the presence of these substances
could be ascertained and estimated and of these the
test most commonly used was that which dealt with the
phenomenon of agglutination, supplemented later with
the fixation of complement.

Using these tests, either singly or combined in
some manner many investigators attempted to classify

streptococci recovered from a variety of sources with,
in many cases, confusing and incompatible results.

During/
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During the inception of this method of investigation
the validity of a classification of streptococci based
on sugar fermentation reactions was being bitterly
fought but the concensus of opinion was that a classi-
fication based on the immunological properties of
strains was more certain and approximated more closely
to the grouping obtained by haemolysis than that ob-
tained by fermentation tests. This placed the value
of the method on the highest plane as yet attained and
the trend of investigation was to ascertain first of
all the haemolytic power of the strain in question and
then to examine i1t from a serological point of view,
with, as an aid if required, an investigation into its
sugar fermentation reactions.

In view of this it will be convenient to describe
the serological properties of the streptococci under
the following headings:-

I. STREP. HAEUOLYTICUS.

IT. S. VTRIDANS: (a) MOUTH STREPTOCOOOIL.
(b) BOWEL STREPTOCOCCI.
(o) THOSE WHICH PRODUCE NO
CHANGE IN BLOOD.

IIT. ANAEROBIC
STREPTOCOCCI.

I. S. Haemolytlcus: This group contains the true
haemolytic streptococci and following McLeod's state-

ment/



statement that, although not all haemolytic strepto-
cocci were virulent, few virulent streptococci were
not haemolytic, it may be taken to contain most of the
highly pathogenic strains. The organisms within this
group have been proved to give rise to scarlet fever
and other acute infections such as puerperal fever,
erysipelas etc. Attempts were made to relate each
disease to a specific strain, but such specificity is
still doubtful. Statements such as those of Bliss
| (1920) and Dochez (1925) who were of the opinion that
'80% of scarlatina streptococci were of one group, were
;disproved by Griffiths (1926, 1927) and Smith (1927)
who claimed that there were similar serological forms
of haemolytic streptococci recovered from other sources.
McLachlan and Mackie (1928) in a more recent ana-
lysis found that, while strains presenting certain sero-
logical characteristics were more frequently associated
with scarlatina than other lesions, haemolytic strepto-
cocci with common serological properties occurred both
in scarlatina and in various other conditions. When
investigation was extended to examining toxin formation
for specificity, it was found by a number of workers
(Rosenow 1924; Williams 1925; Birkhaug 1926; Eagles
11926) that culture filtrates of strains isolated from
jerysipelas, puerperal fever etc., produced reactions

similar/



similar to those yielded by filtrates of scarlatina
streptococci and McLachlan (1928) stated that the
scarlatinal strains resembled each other mainly in
their almost uniform power of producing a toxin active
in high dilutions whereas only a minority of non-
scarlatlnal strains produced toxin in a similar degree
and that these originated mainly in the throat.

The organisms isolated from cases of erysipelas
were claimed to be highly specific and Birkhaug (1925)
stated that 97/.2% of erysipelas strains which he
studied could be distinguished by agglutination tests
from scarlatinal and puerperal strains. In this claim
he was supported by Tunnicliff (1920) and Eagles (1924,
1926).

A gainst this there was the disproving of a similar
claim with regard to scarlatinal strains and the obser-
vations of Stevens and Dochez (1926) who stated that
no clear distinction could be made between erysipelas
and scarlatina streptococci by agglutinin absorption
tests.

In their opinion the antigenic individuality of
each strain was a more marked feature than any group
characteristic. Apart from these attempts to prove
specificity attempts were being made to split the

entire/



entire section into groups, but here again opinions
were varied. Smith (1927) defined two groups by
agglutination methods and described an association
between the source of each strain and the group in
which 1t was ultimately placed. In distinction was
the statement of Douglas, Colebrook and Fleming in
the M.R.G. Report No.57 who found that 24 haemolytic
streptococci from war wounds were identical on examina-
tion, also by agglutination methods. Similarly, em-
ploying the complement fixation test, Kinsella and
Swift (1918) claimed that all the Haemolytic strepto-
cocci which they examined were identical. Intermediate
between these diverging results were those of Dochez,
Avery and Lancefield (1919) while using agglutination
methods. They examined 100 strains of haemolytic
streptococci, mostly from the respiratory tract, and
showed the existence of 4 well defined immunological
groups in which the majority of these strains could be
placed. A number of unclassified strains were found
to remain, and where these strains were sufficiently
virulent, it was found that animals were protected by
the prophylactic injection of homologous serum but not
by the Injection of a serum belonging to another group.
The position, to a large extent, was clarified by
the work of Lancefield in 1928. She applied to this
group of organisms the method of preliminary chemical
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separation of antigens followed by the testing of the
separated fractions by the precipitin reaction and
succeeded in demonstrating that at least 3 antigenic
components existed in various strains of S. haemoljrt-
icus. One of these was a nucleoprotein which showed a
wide range of cross reactions with antisera prepared
against related types, extending into the haemolytic
group. Another was apparently a polysaccharide in
nature and was specific for the species S. haemolyticus,
but was shared in common by all the serological types
within that species. The third was protein in nature
and showed type specificity. A structure such as this
would explain many confusing results particularly in
view of the following observations. Todd (1928) showed
that recently isolated, virulent strains of S. haemo-
lyticus usually gave granular, coherent 'matt' colonies
when grown on blood agar and that these strains could
lose much of their virulence while retaining their
colonial form but that after prolonged sub-culture
these innate strains gave rise to 'glossy' or smoother
variants which were permanently attenuated. Joint
observations were made by Lancefield and Todd (1928)
and i1t was shown that the change from the 'matt' to
the glossy type was associated with the loss of the
type specific acid extractable protein constituent.
This was mentioned before when describing the morpho-
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morphological features of streptococci and a note was
made that these should be carefully recorded before
departing on an antigenic classification. It is ob-
vious that two antigenically dissimilar strains migftt
be one and the same originally although one of them
has deteriorated and lost the type specific factor.
Investigations bearing this in mind,may finally enable
the haemolytic streptococci to be differentiated among
themselves, but at the present there is no proved
grouping, and they are regarded by some as a large

group of heterogenous strains.

S. YIRIDABS;

Mouth Streptococci.

These organisms were found mainly living a sapro-
phytic existence in the mouth although pathogenic
powers were ascribed to them in Rheumatic fever and
sub-acute infective endocarditis. The technical dif-
ficulties of antigenic classification were less in
this group than in the haemolytic group and the sera of
animals immunised against these organisms contained
considerable amounts of the ordinary antibacterial
bodies.

In contradistinction to the results obtained in
the S. haemolyticus group, it was the experience of
many investigators that the members of this group

showed/



showed considerable heterogeneity. Using agglutina-
tion tests (Klegler (1915) found that strains were to
a large extent individual and did not form groups, an
opinion which was confirmed by both Gordon (1922) and
Norton (1923) using absorption agglutination tests.
Kinsella and Swift (1917) using the complement-fixation
test were also of the opinion that the group consisted
of a large number of heterogeneous strains but thought
that they were justified in dividing them into 2 large
groups, the right and left hand groups as they appeared
on their tables. These investigators at a later date
claimed that a relationship existed between the haemo-
lytic streptococci and their left hand group, and in
1925, Hitchcock, who was of the opinion that the re-
lation between groups of streptococci depended upon
the protein or protein lipoid fraction, confirmed this
and further showed that the right hand group was appar-
ently related to the pneunococous. Lancefield (1925)
showed that sera prepared against the protein fraction
precipitated the proteins derived fro* the other green
streptococci, haemolytic streptococci, pneumococci and
to a certain extent staphylococci but not B coli or
C. diphtherias. Utilising absorption tests she demons-
trated that the protein fraction of the non-haemolytic
streptococci consisted of 3 elements, one of which was

common to all such organisms and peculiar to them; a

second/



second which was also found in haemolytic streptococci
and a third which was present in all streptococci and
also in staphylococci. There was some evidence to show
that the protein of the individual strains differed
slightly and the precise relation to the pneumococcal
protein was undetermined. The non protein substance

in each group was considered to be a polysaccharide

and was strictly specific although it could not pro-
duoe antibody when dissociated from the other constitu-
ents of the baoterium. It was only when the whole
bacterium was injected that antibodies were produced
which reacted with the carbohydrate to produce a typical
precipitate as in the case of the pneumococcus. Sera
produced against whole bacteria, contained a predomin-
ant amount of specific anticarbohydrate substance and

a varying amount of antiprotein substance which gave
rise to the oross reactions with memhers of the other
groups.

In conclusion it may be said that, although there
is some relationship among the organisms in the group,
individuality is a marked feature.

(b) The Bowel Streptococci>

These organisms, as was shown by Dible (1921),
have definite morphological, cultural and biochemical
features associated with a very low virulence and a
tendency to lead a saprophytic existenoe.

From a serological point of view Bagger (1926)

found/



found that attempts at agglutination were unfruitful
and that absorption agglutination experiments were
equally valueless in attempting to classify the members
of this group. These methods are unnecessary as the

group is easily recognised.

THE ANAEROBIC STREPTOCOCCI.

Prevot in 1924 worked out the agglutination re-
actions of these organisms and arrived at the conclusion
that, so far as we know its members, the individual
strains were distinct but that some relationship to
each other was in existenoe. Comparatively little is
known of this group as their role in the causation of
disease in the human subject is a limited one. Summar-
ised, the antigenic picture may be put: I. A nucleo-
protein antigen which is widely distributed yielding
no means of serological identification; II. Various
polysaccharide antigens which mark off the S. haemo-
lyticus group as a whole from S. Viridans; III. Cert-
ain protein antigens which differentiate various sero-
logical types within the species S. haemolyticus.

By serological methods it Is possible to determine
the relationship of one strain of coccus to another
and its place in the group generally but other criteria
must be employed. In a classification, certain feat-

ures/



features of the organism must be known. These are,
morphological and cultural appearances, action on
blood and serological reactions with, on occasion,
particularly in the non-haemolytic group of strepto-
cocci, the sugar fermentation reactions. That is, all
methods to hand may have to be used in a complete

classification.



THE OASES FORMIHG THE BASIS

OF THE INVESTIGATION.

The complete Investigation dealt with 132 patients
of both sexes. These patients ranged from one to seven-
teen years of age and were all suffering from non-
pulmonary tuberculosis. That no doubt should exist
regarding the tuberculous nature of the primary lesion
bacteriological proof was obtained wherever possible.
Tubercle bacilli were cultured from 81 patients and
in the remaining 51 in which the specific organism was
not recovered, the clinical and, in some cases, radio-
logical data were considered adequate. All doubtful
cases were excluded.

When the cases were divided into sexes and classi-
fied as simple 5 year age groups it was seen that the
distribution over the first 15 years of life was good

and that the sexes were equally represented.

TABLE 1.
Age Group. Hale. Female.
0 -5 yrs. 14 19
5-10 yrs. 34 26
10 - 15 yrs. 17 17
15 yrs. + 1 4
Total 66 66

This last feature was purely fortuitous as no
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selection of material was made. It will also be seen
from the table that the greatest number of cases occurs
in the 5-10 year age group a feature which may be ex-
plained when it is remembered that the age of greatest
incidence of major non-pulmonary lesions lies on the
young side of this group, which, by the time sinus
formation occurred, generally brought the patients
within this later group.

In order to facilitate statistics the cases were
classified in groups according to the site of the
primary lesion.

These groups were:-

I. TUBERCULOSIS OF THE VERTEBRAL COLUMN: including
all cases of disease involving the vertebrae,
the sacrum and the sacro-iliac joints.

I1. TUBERCULOSIS OF THE HIP JOINTS: including bone
and soft tissue lesions involving the joint and
those bone lesions of the pelvic girdle, ex-
cluding the sacrum and the sacro-iliao joints.

IIT. TUBERCULOSIS OF THE KNEE JOINTS: including soft
tissue and bone lesions involving the joint.

IV. TUBERCULOSIS OF ANKLE JOINTS: including so ft
tissue and bone lesions involving the joint and
lesions of the os-oalcis.

V, TUBERCULOSIS OF LONG BONES: inclivling lesions

of all long bones in so far as they did not in-

volve a joint,

VI./



VI. TUBERCULOUS DACTYLITIS: including bone lesions
of the carpus>tarsus, metacarpus, metatarsus
and phalanges but excluding lesions of the os-
calcis.

V II. TUBERCULOSIS OF GLANDS AND OTHER SOFT TISSUES:
including all glandular lesions except mesenteric
and retroperitoneal and all soft tissue lesions
not arising from joint capsules, and

V III. MISCELLANEOUS; a heterogeneous collection in-
cluding lesions of ribs, maxilla, mandible,
mesenteric and retro-peritoneal glands and other
structures not included In the first seven groups.

The number of cases in each of these groups is seen

in Table I1.

I. Tuberculosis of Vertebral Column. 32.
IT. Hip Joint3. 25.
ITI. Knee * 8.
2. Ankle * 9.

V. Dactylitis 11.
VI. Long Bones. 15.
VII. Glands and Soft Tissue. 20.

VIII. Miscellaneous. 12.

Examples of disease in the Vertebral Column and
Hip joints preponderate because abscesses in relation
to them were common in the hospital during the investi-

gation. Glandular and soft tissue lesions were also

common/



43.

common but only a representative number were taken.

Abscesses in relation to the knee and ankle joints were

rare which accounts for their poor representation in

the series.

In order to obviate written case histories and to
obtain pertinent data from the cases under observation
their various features were tabulated under the follow-
ing headings.

I. AGE: This was divided into 4 groups, viz.
0 -5 years. 5-10 years. 10 - 15
years and 15 years +

IT. SEX.

IT1T. FAMILY HISTORY of Tuberculosis whether positive
or negative.

Iv. Presence or absence of bacteriological PROOF of
tuberculosis and where possible the type of
bacillus isolated.

V. Presence or absence of SINUS formation.

VI. The ACTIVITY of the primary tuberculous lesion.

No emphasis was laid upon the result of the Mantoux
test as this was positive in every case.

The first five factors are self explanatory. The
sixth and last was estimated from the history, clinical
and radiological features presented by each case under
observation up to the time of sinus formation. In
some oases this observation period extended over one

year/



year. Purely arbitrary divisions were made and the
activity of each primary lesion was described as either
ACUTE, SUB-ACUTE OR CHRONIC. U tilising these factors

the Tables were prepared and are included as an

Appendix for reference.



Dealing only with the activity of the primary
tuberculosis lesion i1t was found that in 132 patients,
this feature was classified as ACUTE in 46, SUB-ACUTE
in 51 and CHRONIC in 35. That is, primary lesions
classified as acute and sub-acute seemed to form more
abscesses than those classified as chronic which is
in accordance with expectation.

When comparative figures for each sex were taken
it was seen that they approximated closely except in
the lesions classified as 'sub-acute' where females had
a majority. This majority was by virtue of the pre-
ponderance of female soft tissue lesions over male in
which form of tuberculosis the activity was most commonly

sub-acute.

TABLE 1V.
Age Acute -acute Chronic
Group
M F M. F M F
0-5 4 4 6 12 4 3
5 -10 13 11 12 10 9 5
10 -15 7 6 4 5 6 6
15 + - 1 1 1 - 2
. Total 24 22 23 28 19 16

Table IV shows these gross figures divided into
age groups when it becomes apparent that the activity
of the primary lesion varies in each group. From this

the percentage of patients with acute, sub-acute and

chronic/



chronic disease were calculated with results shown in

Table V.
TABLE V.

Age Acute Sub-acute Chronic
Group % % %
1-5 yrse 24.2 54.5 21.3
5-10 yrs. 40.0 36.6 23.4
LO-15 yrs. 38.2 26.5 35.3
15 yrs. + 20.0 40.0 40.0

In view of the small numbers of patients over 15
years of age it was decided to neglect their results
in a general consideration. Of the remainder, acute
primary lesions were at their lowest between 0-5 years
of age, reaching a maximum between 5-10 years of age
and declining very slightly between 10-15 years of age.
Tuberculosis graded as sub-acute was at its maximum
in the youngest age group and deolined steadily whereas
chronic primary disease increased in incidence as the
patients grew older. These figures relate only to the
series under observation but no surprising feature was
presented. Normally, it was expected that as age ad-
vanced the primary tuberculous lesion would decrease
in acuity and such was the case with the exception of
the phenomenally low figure for disease of an acute
character in the first five years of life.
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Even this exception was capable off explanation
when the sites attacked by tuberculosis in the dif-
ferent age groups was considered. Thus, it was found
that lesions of long bones, of glands and soft tissue
and dactylitis occurred mainly in the first ten years
of life, in contradistinction to ankle joint lesions
which occurred mainly between 10 and 15 years of age.
Lesions of the knee joints were scattered between 0
and 15 years of age with a slight increase in fre-
quency between 5 and 15 years of age and lesions of
the vertebrae and miscellaneous parts were mainly found
between 5 and 10 years of age. Lesions of the hip
joints were greatest between 5-10 years of age, but
there were many sufferers between 10 and 15 years of
age. This distribution was graphed (see graph) and
an attempt made to indicate the relative proportion of

acute, sub-acute, and chronic lesions forming each

total.

_ * age - dKoups

Site §-tissue O-Syr? 5-10 y« .0-15-yp lifyrs 4—.
JOINTS
Jo/NTS.

Dnc7yi_,ri5

tygCEjijinEtijs

VERTICAL 30°**E. EQOA|_5
ACrrsJi-r/ *f AT EACH

SHAOCD THUS



From the graph it is clearly seen that tubercu-
losis of the ankle joints was mainly acute in character
and was followed closely in this respect by lesions of
the hip joints and dactylitis. In the knee joints and
long bones a good balance between acute and sub-acute
primary disease occurred with chronic disease in the
minority. With glandular and soft tissue tuberculosis
the predominating activity was sub-acute which degree
of activity was also present, although overshadowed
by acute disease, in dactylitis and long bones and to
a lesser degree in the hip joints. Tuberculosis of
sub-acute and chronic type predominated in disease
affecting the vertebrae and miscellaneous parts with,
in the case of vertebral lesions, a curious spate of
acute disease between 5 and 10 years of age. It was
this tendency for tuberculosis affecting different
areas to do so mainly within set age groups and the
fact that the activity of the disease varied so mark-
edly for each site which restated in the curious per-
centages obtained when the general figures for the
activity of the primary lesions in age groups was taken.

General conclusions were drawn frcofa these facts
regarding the activity of primary lesions which give
rise to abscess formation. It would appear that it
requires an acute primary focus in the main to give
rise to abscess formation in relation to hip joints,

ankle joints and knee joints although in these sites
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sub-acute or chronic disease may originate a similar
process. On the other hand when tuberculosis occurs
on the hands or feet (Dactylitis), in the long bones,
or in soft tissue sites generally, all degrees of act-
icity may give rise to abscess formation although the
greatest number arise from disease classified as acute
or sub-acute. At the other end of the scale come
lesions of the vertebral column and miscellaneous parts
where abscess formation may occur from tuberculosis of
all grades of activity but where lesions classified as
sub-acute and chronic have a greater tendency to do

so than in any other area.

The effect of sex on all factors was considered
and it was found that the activity of the tuberculosis
in age groups was comparable except for the high in-
cidence of sub-acute disease in females under 5 years
of age and the high incidence of chronic disease in
males between 5 and 10 years of age. In the female
under 5 years of age sub-acute disease occurred in the
hip joints, long bones, glands and soft tissue and
dactylitis in greater numbers than in males. Similarly
there was more disease of a chronic nature amongst
males between 5-10 years of age with lesions of the
vertebrae and miscellaneous parts than amongst females.

Taking each region separately it was found that
more females than males were suffering from tuberculosis
of the vertebral column under 5 years of age a feature

which/



which was reversed within the next 5 years when the
females also had lesions of a more acute character and
that, between 10 and 15 years of age, the lesions were
closely similar in activity. In the hip joints there
was a tendency for the primary lesion to be more acute
in males than in females at all ages but most markedly
between 5 and 10 years of age. No distinguishing
feature was noted between the sexes in the activity
when the disease occurred in the knee and ankle joints,
but tuberculous dactylitis affected more girls than
boys at a younger age and the lesion in the male was
of a more acute character. The next group, tubercu-
losis of the long bones, showed more males than females
with a more acute lesion in the former, a series of
facts which was completely reversed when the disease
attacked the glands and soft tissues. The activity
of the primary focus as it occurred in miscellaneous
lesions was disregarded as the lesions were barely
comparable. From the above it was Impossible to gener-
alise regarding the effect of sex upon incidence, site
or activity of the primary lesion by virtue of the
small number of cases.

The formation of sinuses was then considered.
It was found that abscess formation did not inevitably
lead to sinus formation although in 113 instances (86%)
it did. This total comprised 56 males and 57 females
which meant that 10 male and 9 female children had

abscesses/
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abscesses which healed without sinus formation and
the following table shows the number and percentage

of cases in each area in which this took place.

TABLE VI.
I. Vertebrae. & + 32 25%

II. Long bones. 3 ¢ 15 20%

IIT. Hip Joints. 4 . 25 16%

IV. Knee joints. 1 ¢ 8 12.5%

B. Ankle Joints. 1 +9 11.1%

VI. Miscellaneous lesions. 1 ¢ 12 0.5%o0
VII. Gland and Soft Tissue. 1 % 20 5.0%
VIII. Dactylitis 0 % 11 0%

Total 19 :152 14 Approx.

Of these 19 cases 3 were classified as having
acute tuberculous processes, 4 sub-acute and 12 chronic.
The acute lesions which did not form sinuses were com-
posed of two cases where death occurred a short time
after the onset of the disease and only one case which
ran throughout its course and eventually healed. The
lesions when death occurred were situated in the long
bones and experience of infection of this site tended
to the belief that, had the cases lived longer, sinus
formation would have occurred inevitably. The residual
case wa3 one where the lesion was in the hip joint and

in/



in this instance healing occurred. That is, only one
example can be shown where a patient with an acute
primary lesion and abscess formation did not form a
sinus. Where the disease was sub-acute in nature sinus
formation did not occur in 4 instances, a figure in-
creased to 12 where the primary lesion was of a chronic
type, although all these cases had a sufficiently long
course to exclude the contingency of death preceding
sinus formation. In short the greatest number of
sinuses were formed where the primary lesion was of an
aoute nature, followed closely by lesions sub-acute in
character and at a greater distance by lesions where
the activity was classified as chronic.

The observation was also made that the great maj-
ority of sinuses were formed in the younger age groups.
For example, excluding those cases where death inter-
vened; 3 abscesses did not form sinuses under 5 years
of age, 5 between 5 and 10 years of age and 9 between
10 and 15 years of age. Each of the few cases over
15 years of age formed sinuses but here, as was men-
tioned before, there are too few cases for a conclusion
to be drawn. When percentages were calculated it was
seen that the order of the age groups with regard to
their tendency to sinus formation was 7/ between 5 and
10 years of age. II under 5 years of age and IIl be-
tween 10 and 15 years of age. The outstanding feature

was/



was that as the patients grew older the number of
chronic primary lesions increased and that it was this
grade of activity which had the least tendency to sinus
formation.

Sex appeared to have no effect upon this occurrence
as 10 Males and 9 Females did not form sinuses.

The next factor investigated was the family history
of the patient as It was thought that a child with a
positive family history might tend to form a sinus more
readily than one in which this sinister omen was absent.
The figures revealed that in those patients where sinus
formation occurred the family history was positive in
22,1% of cases compared with 20./% in those where
sinuses were not formed. Thus the possibility of a
hereditary predisposition to tuberculosis was shown
to have no influence on sinus formation.

Reverting once more to the activity of primary
lesion which gives rise to sinuses a similar result
was obtained when the entire series of cases investi-
gated was analysed.

For example.

TABLE 7./



TABLE. 7.

Site of
Tuberculosis.

Vertebrae
Long Bones
Hip Joints
Knee Joints
Ankle Joints
Miscellaneous
Glands

etc.

Dactylitis

From the above it

irrespective of age or sex, where the primary lesion

was acute,

followed by sinus formation.

was 1n lesions

explained, death

of the

54.

ACUTE PRIMARY LESIONS.

Sex of Patient.

Male
Abscess- Sinuses No Sin- Abscess-
es . No. uses €s .
No. No. No.
2 2 0 3
5 4 1 2
8 7 1 4
1 1 0 2
4 4 0 3
0 0 0 1
1 1 0 4
3 3 0 3

was seen that in each site,

abscess formation was almost inevitably

A notable exception
long bones but,

in these cases occurred first.

7ABLE 8./

as was already

Female
Sinus - NF-Sin-
69 uses
lo- No.
3 0
1 1
4 0
2 0
3 0
1 0
4 0
3 0



TABLE 8. SUB-ACUTE PRIMARY LESIONS.

Site of Sex of Patient.
Tuberculosis. Male Female . .
Abscess- Sinuses No Sin- Abscess- Sinus- No Sin-
es. No. uses €s. €es. uses
No. No. No. No. No.
Vertebrae 8 8 0 5 4 1
Long Bones 4 3 1 2 2 0
Hip Joints 3 3 0 4 3 1
Knee Joints 2 2 0 2 2 0
Ankle Joints - - - 1 1 0
Miscellaneous 3 2 1 3 3 0
Glands etc. 3 3 0 8 8 0
Dactylitis 3 3 0

As in the case of acute disease, sinus formation

was almost invariably the result of abscess formation.
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'"Site of
Tuberculosis.

Vertebrae
Long Bones
lip Joints
Knee Joints
Ankle Joints
Miscellaneous

Glands etc.

i"ex of Patient.

Male. Female.
Abscess- Sinus- No Sin- Abscess- Sinus-
es . es uses €s €s
No. No. No. No. No.
7 4 3 7 3
2 2 0 - -

3 2 1 3 2
1 0 1 - -
- - - 1 0
3 3 0 2 2
3 2 1 1 1
*' — 2 2

Dactylitis

CHRONIC PRIMARY LESIONS.

In contrast to

that there was a greater tendency for abscesses to heal

without sinus formation.

the previous tables it was noted

the tuberculous process attacked the

cellaneous parts

or the hands

noticeable was the

long bones, mis-

and feet. Particularly

Notable exceptions were when

low incidence of sinus formation 1in

relation to chronic disease affecting the vertebral

column, a feature

seen also

lation to the hip joints. Thus,

to a lesser extent in re-

taken from another

aspect, it again became evident that

was dependent upon the activity of the tuberculous pro-

cess giving rise

Certain/

to

the abscess.

sinus formation

No Sin-
uses
No.

4



57.

Certain exceptions to this rule were seen in the
above table. For example, chronic primary disease sit-
uated in the long bones, miscellaneous parts, the hands
and feet and to a lesser extent in glands and soft
tissue formed sinuses in a number far greater than
lesions of similar activity in the vertebral column
or hip joints. The question arose, were there other
factors which influenced sinus formation as well as the
activity of the primary lesion? Examining many feat-
ures i1t was decided that the site of the abscess aris-
ing from the primary lesion was of importance.

A tuberculous abscess is not merely a collection
of inert material. Its walls are lined by a pyogenic
membrane and it is in the walls that the tubercle
bacilli are found in greatest number, actively en-
larging the abscess by involving healthy tissue. When
such an abscess approximates to the skin surface then
that surface will be involved and eventually break
down thus giving rise to sinus formation. Various local
features may aid an abscess in its spread to involve a
skin surface. Obviously abscesses originating from a
primary bone or soft tissue lesion almost immediately
subcutaneous will involve the skin early. Examples of
this will be found when tuberculosis attacks the long
bone3 such as the tibia, the bones or ligaments of the
ankle and knee joints or the bones of the hands and
feet. On the other hand those abscesses arising from

tuberculosis of the vertebrae or the hip joints have

a/



a considerable amount of healthy soft tissue to trav-
erse which forms a buffer and so hinders sinus forma-
tion. Thus site of the primary tuberculous lesion is
a factor in sinus formation.

But abscesses are not disregarded when they form.
Strenuous efforts are made in order to prevent their
growth and these efforts take the form of aspiration of
the abscess contents before they have had time to
gather in great quantity and, in many cases, replacing
them with various remedial solutions. No tuberculous
abscess is aspirated through its central point unless
an attempt is made to form a valve as is often illus-
trated in the text books of surgery. Even this can
be bettered if a long needle is used and the abscess
aspirated through a large area of healthy tissue.
Employing this technique there is still a considerable
risk of abscess material tracking through the needle
puncture and it is obviously impossible to utilise
this technique in an area where soft tissue 1is scanty
and the abscess is almost subcutaneous. Finally, in
an attempt to clean out the primary focus of the dis-
ease or where the skin is irreparably involved the
abscess is incised. That is, abscesses may fora sinus-
es naturally by extension and eventual erosion of a
skin or rauoous surface; by spreading through apertures
left by an aspirating needle;, and lastly by being in-
cised. Details regarding the methods of origin of
sinuses were taken for the cases under observation and

have been tabulated as follows:-



TABLE 10..

Site of Site of No. of Method of Sinus Formation.
Disease Abscess. Cases Incision Needle Erosion
Puncture
Vertebrae Neck 2 - 1 1
Loin 3 . 3 -
Back 1 - 1
Groin and
Upper Thigh 6 1 4 1
Hip Joint Perineum 1 1 - -
Thigh (Ant.) 10 1 2 7
Thigh (Lat. « 6 1 — 5
Post.)
Knee Joint Around Joint 5 2 - 3
Ankle Joint Around Joint 4 4 - -
Heel 2 1 - 1
Long Bomes Suboutaneous 1 - - 1
In deep tissue 5 1 2 2
Glands eto. All subcutaneous 6 5 - 1

TOTAL - 52 17 13 22



It was found that many sinuses were caused by
indiscriminate incision of abscesses before the cases
reached hospital. Of those which came under treatment
with abscesses or developed them in hospital sinuses
were formed in a variety of ways. For example in
lesions of the vertebral column the majority of sinuses
were formed by pus leaking along aspiration needle
tracks, whereas in lesions of the hip joints the most
common method of sinus formation was by the abscess
eroding the skin surface. Lesions of the knee joints
and long bones were similar to hip joints in that
erosion was the commonest method of sinus formation but
in the case of disease in the ankle joints or the
glands and soft tissues most sinuses were formed as a
result of incision.

Why a certain manner of sinus formation should pre-
dominate in each group of cases was capable of explana-
tion. Tuberculosis of the vertebral column we saw
earlier was mainly sub-acute and chronic in activity
thus tending to slow abscess formation and slow re-
filling of the abscess cavity when aspirated, con-
ducive to many aspiration punctures and a consequently
greater risk of leakage through the needle punctures.
Added to this was the site of the abscesses. Those
in the neck followed the fascial planes and were often

close to the skin surface before their presence, as

indicated/



indicated by swelling, was suspected. In view of the
numerous structures within the neck a long aspiration
track was often impossible and no great variety of
puncture sites were available so that the tissues

around the abscess were damaged and a loophole for

the escape of pus was presented. Similar conditions
pertained in the back and loin. With psoas abscesses
the position was different. They required aspiration

at long range at first but, if the abscess was pro-
gressive, it led to very near the skin surface in which
the punctures were most conveniently made and either
spread through old needle tracks or through the later
and, of necessity, shorter ones.

Abscesses arising from the hip joint were differ-
ent. They were found to point almost impartially
around the upper thigh with a slight preference for the
front. Here the conditions for perfect aspiration were
all present, long needle tracks were obtainable and
bandaging was possible. But in these lesions we saw
that the tuberculous process was mainly acute resulting
in the steady progress of the abscess despite repeated
aspiration and the eventual erosion of the skin surface.

With the remaining groups, excepting lesions of
long bones, the abscesses were formed almost subcut-
aneously in the first place and involvement of the skin
surface was early. As this surface when Involved merely
sloughed off, in order to save it incisions were made

and/



and an attempt made to clean out the diseased tissue.
That is, incision was merely to prevent erosion. This
might have been done in the case of the hip joints but
sinus formation in relation to this joint was feared

so much more than in relation to these other areas that
no opportunity was neglected in order to avoid its
occurrence. Thus, sinuses relating to the knee joint
were formed in two cases by incision and in 3 cases

by erosion whereas needle puncture played no part.

All sinuses arising from lesions of the ankle joints
were formed by incision with one exception, which formed
by erosion. Sinus formation as a result of incision
with erosion as an alternative second was also the
commonest method in lesions of glands and soft tissue
and in dactylitis. Glandular and soft tissue tubercu-
losis giving rise to absoess formation was often
treated by incision and scraping to obtain beneficial
results rather than on conservative lines. With abs-
cesses arising from lesions of the long bones sinus
formation occurred in 3 cases by erosion, 2 cases by
needle puncture and in 1 case by incision. The three
sinuses formed by erosion and that which was formed

as a result of incision all arose from abscesses which
were immediately subcutaneous in origin and involved
the skin surface early in their course. The two sinuses
formed by needle puncture arose from deep-seated but

progressive/



progressive abscesses resulting in the pus finding its
exit in the easiest manner.

Therefore it may be said that the site of the
primary tuberculous focus, its activity and the tissue
through which abscesses track influence the particular

manner in which sinus formation will occur.



THE TECHNIQUE EMPLOYED FOR EXAMINING THE SINUSES.

The investigation, dealing largely with the re-
covery of organisms from purulent discharges, necessi-
tated a technique which would enable these organisms
to be isolated readily and without fail. In a number
of cases the secondary infection was purely strepto-
coccal but in the majority of cases the infection was
multiple and isolation of the various organisms was
effected in the following manner.

When a dressing which had been in use for a period
of from 4.to 24 hours was removed, the area of skin
around the sinus was carefu