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THE CHARACTERISTICS OF TUBERCLE BACILLI
IN HUMAN BONE AND JOINT TUBERCULOSIS.

BY ARTHUR EASTWOOD, M.D., AND FRED GRIFFITH, M.B.

INTRODUCTION.

THE material on which this enquiry is based consisted of tuberculous
tissue, pus, or fluid obtained from the sources specified in Table II,
pp. 260-268.

To the surgeons and pathologists attached to the Institutions there
named and to the practitioners who have provided us with specimens
from private cases we wish to express our cordial thanks for the trouble
they have taken in collecting the material, forwarding it to us, and
informing us of the essential clinical facts pertaining to it.

During the period of collection, which was from August 1st, 1913,
to May 31st, 1914, we have endeavoured to comprise as wide a range
of cases as possible without restriction as to age, locality, or other
circumstances.

In determining the characteristics of the various strains of tubercle
bacilli isolated we have adhered to the methods described in our previous
reports on " The Incidence and Bacteriological Characteristics of Tuber-
culous Infection in Children" and "Localised Tuberculosis in Swine"
(Reports to L. 6. B. on Public Health and Medical Subjects, New Series,

•Nos. 88 and 91).

GENERAL RESULTS.

In Table II, pp. 260-268, the cases are set out in the order in which
they were received, with the omission of 47 cases yielding negative1

results; and the type of bacillus obtained from each is stated.
1 In 23 of these negative eases, egg tubes were inoculated from the spleens, 40 in all,

of guinea-pigs killed six weeks after intraperitoneal inoculation with original material.
The tubes remained sterile in every instance. This precaution was taken since tubercle
bacilli of reduced virulence sometimes fail to produce macroscopic lesions in guinea-pigs,
though the bacilli inoculated survive and are recoverable from apparently normal tissues.
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In each of the 261 cases which form the basis of the appended
statistics, the specimen sent to us consisted of material directly removed
from an affected bone or joint, or from an abscess in the neighbourhood
of such lesion.

Five additional cases are included in Table II, viz. Nos. 1, 27, 37,
109 and 216. In these, though there was some disease of bone or joint,
material directly connected therewith was not available, but specimens
from more distal affected sites were sent for examination. We have
considered that these five cases are worth putting on record, but have
not included them in our statistics as to the types of bacilli found in
cases of bone and joint tuberculosis.

The bacilli are described as being either of human or bovine type,
or, in a few cases, as atypical, i.e. not completely conforming to either
of these types. The evidence on which this classification is based,
and the characteristics of the "atypical" strains will be found in the
subsequent sections of this report.

The results of the investigation are summarised in the following table:

TABLE I.

Types of Tubercle Bacilli at Different Age Periods.

Age period
0-5 years
5-10 „

10-16 „
16-25 „

Over 25 „

Number
of cases

47
108
62
15
29

Human
31
75
52
12
26

Bovine
14
31
7
3

—

Atyp
2
2
3

—
3

Total 261 196 55 10

The percentages of "bovine" cases are:

All ages (55 out of 261) 21-1 per cent.
Under 10 years (45 out of 155) ... 29-0 per cent.
Over 10 years (10 out of 106) ... 9-4 per cent.

Only three of the above patients were over 16, the ages of these
being 17, 22, and 17 years.

In two cases typical "bovine" strains were obtained from different
sites of the body, viz., from a psoas sinus and an empyaema in No. 104,
and from a gluteal abscess and an abscess of the zygoma in No. 136.

It will be observed in Table II, in which the cases are presented in
the order of receipt, that "bovine" cases crop up irregularly. Percen-
tages computed from a short series might be misleading.
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CHARACTERISTICS OP THE TUBERCLE BACILLI OP HUMAN TYPE.

(1) Cultures.

The tubercle bacilli of this group are characterised by the production
of luxuriant growth on media containing 5 per cent, of glycerin. On
glycerin-agar they produced in from two to three weeks a thick, con-
fluent, wrinkled layer; and the growth on glycerinated potato was
abundant and pigmented. Sixteen of the viruses were also grown upon
glycerin-broth. They all covered the surface with thick, wrinkled
pellicles.

All the strains of tubercle bacilli here included ultimately attained
to uniformity in type of growth, though in some cases considerable
repetition of the tests was necessary to ensure that a strain had produced
the best growth of which it was capable on the test media.

(2) Virulence for Experimental Animals.

The original material was always inoculated into guinea-pigs and
produced general tuberculosis in almost every case. In the few
exceptional cases where the tuberculosis was found to be localised at
autopsy, guinea-pigs were tested with culture, the invariable result
being the production of generalised tuberculosis.

Each virus was tested on rabbits by the subcutaneous inoculation
between the shoulders of 10 mg. (or more) of serum culture. As will be
seen from Table III, pp. 272—292, the usual result was that the rabbits,
on being killed 100 days after inoculation, were in good health and
only slightly affected, showing some deposits of tuberculosis in the
lungs but little evidence of dissemination in other organs.

In a relatively small number of cases the rabbits showed disease of
a definitely severer type. The lungs were enlarged and extensively
replaced by caseous tissue, and in 10 instances the disease proved fatal
in less than 100 days. The manifestations of severe infection were
confined to the lungs. The lymphatic glands, apart from those directly
connected with the site of inoculation, were not affected; neither was
the spleen; and there was only slight tuberculosis of the kidneys.
In these respects the anatomical features of the disease differed
markedly from those produced by inoculation with equal quantities of
bacilli of "bovine" type.
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As will be seen from Table III, the cultures which had produced
exceptionally severe lung disease in rabbits were recovered, with the
object of ascertaining whether this relatively high degree of virulence
was maintained or possibly increased. The results show that this
was not the case. Cultures made from severely affected lungs and
tested on fresh rabbits usually produced a much slighter amount of
disease; rarely was the disease as severe as before, and never of greater
severity.

It has often been found that, when two or more rabbits were inocu-
lated with the same quantities of the same strain, the disease in the
lungs might be severe in one case but slight in the companion animals.

The question arises whether there are intrinsic differences in virulence
between different viruses of human type. On the one hand, it may be
argued that such differences do exist but, being relatively slight, are
only brought into prominence when rabbits of somewhat exceptional
susceptibility are used. On the other hand, the exceptionally severe
results may be regarded as attributable to rupture of small vessels in
the subcutaneous tissues during the operation of inoculation and imme-
diate access to the bloodstream of some portion of the material injected.
In support of the latter hypothesis it may be pointed out that the
lesions produced correspond with the normal effects of intravenous
inoculation of cultures of human type, and that the apparently higher
virulence was not maintained after passage in the rabbit.

Whichever of these alternative explanations be adopted, the experi-
mental facts afford no cause for doubting the value of the rabbit as a
means of differentiating the human from the bovine type. They
serve, however, to emphasise the importance of repeating the experi-
ments when a eugonic culture, inoculated subcutaneously, produces
lung disease of exceptional severity.

We here take the opportunity of remarking that our tabulated
results of experiments on rabbits, which form the evidence upon which
our conclusions are based, may also be found of use in considering the
wider practical question, How far can this work of differentiating
between "human" and "bovine" tubercle bacilli be incorporated
as part of the routine of the general clinical laboratory? Bacterio-
logical work on the tubercle bacillus is always long and tedious, and in
routine work it is desirable to make as many short cuts as can be made
without sacrifice of accuracy. One common difficulty with the tubercle
bacillus is that a "human" strain may not be in full vigour when
implanted on the glycerinated test media, and, in consequence, the
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resultant growth may be poor. If such a strain happened to produce
fairly severe lung disease in a rabbit, there might be a temptation, in
hurried work, to make the diagnosis "bovine." It is therefore im-
portant to call attention to this danger and to show how it can be
guarded against. In view of this object, the lengthy series of ex-
perimental data which we have provided will enable other investigators
to form their own opinions as to the validity of the rabbit test and the
care requisite for its accurate interpretation.

(3) Effects of Passage in Rabbits.

In 41 instances cultures were recovered from rabbits which had been
used for the virulence tests, and the characters of these passage strains
were compared with the characters of the original cultures. With three
exceptions, they were found to be identical with the originals. Eighteen
of these cultures were also tested on rabbits and, with the same three
exceptions, were found to correspond with the human type as regards
pathogenicity.

The exceptions were the cultures from the kidneys of Rabbit 527
(virus 37), Rabbit 17 (virus 208) and Rabbit 144 (virus 199). Rabbit 527
was killed 100 days after inoculation and showed a cystic local lesion,
moderately severe tuberculosis of the lungs, a tubercle in the spleen, and
a few tubercles and projecting nodules in the kidneys. A culture made
from one of the kidney nodules was dysgonic in character and fully
virulent for two rabbits, which died from typical bovine tuberculosis in
41 and 30 days. The companion to Rabbit 527, inoculated with the
same dose, developed only slight disease. Further experiments were
instituted. The culture used for inoculation of Rabbit 527 not being
available, that from the fellow guinea-pig inoculated with original
material was tested on three rabbits, with slight results. A culture from
the kidney of one of these rabbits was again passed into two rabbits,
again with slight results.

Rabbit 17 (virus 208) was killed 100 days after inoculation and
showed only slight tuberculosis. A culture was made from one of two
small tubercles in the kidneys. This culture, when tested, was found
to be dysgonic and fully virulent for two rabbits which died in 34 and
41 days with typical bovine tuberculosis. Rabbit 18, companion to
Rabbit 17, showed similar slight infection; a culture was made from
a kidney tubercle and proved to be eugonic, like the original; it was \
not tested in rabbits. The original guinea-pig culture was re-inoculated
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into two rabbits and produced only a small amount of disease; cultures
from the lungs and a kidney of one were eugonic.

The culture from Eabbit 144 has been found to be fairly luxuriant
but not equal to the human type; in a dose of -01 mg., inoculated
intravenously, it has produced in a rabbit generalised tuberculosis
resembling the "bovine" disease. The characters of this strain are
not yet fully elucidated.

There are three possible explanations of the exceptional results
obtained with the kidney cultures of Rabbits 527, 17, and 144, viz.
(1) modification in the rabbit, (2) an admixture of bovine with human
tubercle bacilli in the original material, (3) accidental infection of the
rabbits with bovine tubercle bacilli. The experiments recorded above do
not afford basis for a definite decision between these three alternatives.

A NOTE ON TABLE III.

In a few cases broth cultures were used for inoculation instead of
serum cultures; and the site of inoculation was the subcutaneous
tissue over the abdomen instead of between the scapulae. This is the
method employed by some of the German investigators, who have
rarely obtained severe lesions in rabbits inoculated with bacilli of
human type. We tried it for the purpose of comparison with the method
we have usually followed. As will be seen from the table, no tangible
differences can be made out.

As we were dealing with eugonic cultures we have often exceeded
the dose of 10 mg., which is the recognised dose for comparison of
"bovine" with "human" virulence. This was done purposely, as it
was theoretically possible for the eugonic culture to contain an admixture,
perhaps scanty, of dysgonic and highly virulent bacilli; and the larger
dose would give the latter element, if present, a better opportunity
of manifesting itself. With human tubercle bacilli, subcutaneously
inoculated, increase of dose makes little difference to the final result.

Twenty-five rabbits inoculated with one or other of the cultures
of human type have been omitted from this table. Of these, 22 died
prematurely, from intercurrent disease or other cause, in from 1 to 50
days after inoculation. The tuberculous lesions were only slight,
except in one rabbit, inoculated with virus 44, where the lungs were
somewhat severely affected.

The remaining three, Rabbits 617, 738 and 93 exhibited post-
mortem evidence of accidental infection. The first, which died 24
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days after subcutaneous inoculation with virus 21, showed generalised
peritoneal tuberculosis, complete tuberculous solidification of the lungs,
and advanced renal tuberculosis of bovine type. A culture from the
kidney was dysgonic. As will be seen from the table, the companion
rabbit, 618, developed only slight disease. The second and third
rabbits showed advanced, generalised tuberculosis of intestinal origin.
The former died 62 days after subcutaneous inoculation with virus 132,
and yielded a dysgonic culture; the latter was killed 104 days after
subcutaneous inoculation with virus 164. In both cases the companion
animals, recorded in the table, showed only slight disease.

CHARACTERISTICS OF THE TUBERCLE BACILLI OP BOVINE TYPE.

Cultures.

The tubercle bacilli in this group were identical with bacilli of bovine
origin in their growth on glycerinated media. The majority of the
viruses were markedly dysgonic, in the usually accepted sense of that
term. Whilst a few others yielded better growths, none grew so
profusely as the "human" strains.

Virulence for Experimental Animals.

All the viruses were highly virulent for guinea-pigs and produced
typical generalised tuberculosis in these animals.

Each virus was inoculated subcutaneously into at least two rabbits,
in a dose of 10 mg. of culture (see Table IV, pp. 296-300). When both
animals died in less than 100 days from typical generalised tuberculosis,
we considered that the bovine type of the virus was definitely established.
This was the case with 43 out of the 55 viruses. The remaining 12
called for some further investigation.

With regard to these 12, it will be observed from the table that,
in every instance, (1) one rabbit (or more) died in less than 100 days
with typical generalised tuberculosis of organs and lymphatic glands,
but (2) one or more companion rabbits inoculated with culture of the
same virus showed somewhat less severe infection. Cultures recovered
after a single passage through a rabbit usually proved to have regained
full virulence when tested in another series of rabbits. Whilst
recognising that these differences in the results of inoculation may
be attributed to variations in susceptibility of the rabbits, it must be
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pointed out that similar differences rarely occur in rabbits inoculated
with the same quantity of bacilli derived from the ox.

These experiments therefore show that the twelve viruses in question
were appreciably, though only slightly, below the standard of "bovine"
virulence for the rabbit. The age of the patients from which these
viruses were derived ranged from 5 to 22 years and averaged 9-9 years.
The age of the patients from which the 43 fully virulent viruses were
obtained varied from two months to 17 years and averaged 6-2 years.

Four rabbits are omitted from Table IV. They all died prematurely
from intercurrent disease in from 21 to 39 days after inoculation. In
each case the amount of disseminated tuberculosis found at the time
of death was compatible with the "bovine" character of the virus.

CHARACTERISTICS OF THE ATYPICAL TUBERCLE BACILLI.

Whilst we have found no difficulty in classifying all the preceding
viruses as belonging either to the human or the bovine type, there
remain the following, which differ from each of these types as regards
the inter-relationship between cultural characters and virulence. In
the present investigation we have found 10 such strains; to our records
of these we have added notes on three others, which we met with in
enquiries previously reported.

Of these 13 strains, six are indistinguishable culturally from bovine
bacilli, viz. viruses 29, 32, and 262 obtained from bone and joint tuber-
culosis and viruses H 99, P LXXI, and P LXXVII discovered in two
previous enquiries. But for rabbits the virulence of these six is that
of the eugonic human bacillus.

The remaining seven strains are also of low virulence for the rabbit,
but culturally they differ from both the human and the bovine type in
one or other respect. They grow well on bovine serum, generally

, producing bright yellow pigment on suitable batches of serum; on
glycerin-agar the growth is extremely slow and is in the form of very
numerous, almost microscopic colonies, upon which a few large, con-
voluted, pigmented colonies ultimately supervene; on glycerin-potato
the growth is slow but prolonged, resulting in the formation of large,
peculiarly shaped, pigmented colonies. Growth on glycerin-broth has
occurred only in the form of a few isolated islands.

The atypical characters of the above 13 viruses have been found
to be permanent features and have not been altered by passage through
rabbits.
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The following is a detailed account of the characteristics of these
viruses. Their pathogenicity for rabbits is set out in Table V.

Virus 29.
From psoas abscess of boy, aged five years, through guinea-pig.
Tested on culture media up to the 15th generation. No pigmenta-

tion observed in serum cultures1. On glycerin-agar a quickly growing,
translucent, finely wrinkled, moist layer; sometimes small warty
colonies developed subsequently; the growth always remained inferior
to the eugonic "human" bacillus; on glycerin-potato a thin layer of
growth, beset with discrete colonies.

General tuberculosis produced in guinea-pigs inoculated with original
material. Slight virulence for four rabbits (Table V, p. 306) killed
100 days after inoculation. A fifth rabbit died from intercurrent disease
53 days after inoculation and showed only slight tuberculosis. A sixth
rabbit, not included in the table, died from intercurrent disease in 22
days, with only slight evidence of tuberculosis.

Virus 32.
Direct culture from spinal caries of girl, aged 10 years.
Tested on culture media up to the 24th generation. No pigmenta-

tion observed in serum cultures. On glycerin-serum a moist, greasy
layer, rather better than on pure serum. On glycerin-agar similar to
Virus 29. On glycerin-potato a scanty growth, consisting of discrete,
warty colonies.

Two guinea-pigs were inoculated intraperitoneally, each with -1 mg.
of culture; they died from general tuberculosis in 74 and 75 days.
Two, also, were inoculated subcutaneously, each with 1 mg. of culture.
The first died in 153 days. There was no visible local lesion, and, with
the exception of purulent foci in both inguinal glands and one sternal
gland, no tuberculosis of lymphatic glands; there were grey fibroid
areas in the liver and spleen; the lungs were normal. The second
guinea-pig died from chronic fibroid tuberculosis in 224 days. Virulence
was slight for six rabbits.

Virus 34.
Direct culture from sacral abscess of man, aged 50 years.
Tested on culture media up to 19th generation. No pigmentation

observed in serum cultures. Growth on glycerin-serum a uniform
1 Subsequently, A. S. Griffith, making an independent investigation of the same virus,

has obtained pigmentation on serum.
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layer inferior to that on pure serum. On glycerin-agar after several
weeks a thin layer composed of numerous microscopical colonies, upon
which there was subsequent and slow development of a few large,
opaque, convoluted, pinkish colonies. On glycerin-potato growth slow
and persistent, giving rise to large colonies resembling the cast of
earthworms. Growth dysgonic on broth, in form of delicate grey
islands.

Virulence of cultures high for guinea-pigs; low for rabbits and not
raised by passage through a second series of rabbits. The characters
of the cultures were unaltered by passage through rabbits. In addition
to the nine rabbits shown in the table, one rabbit died from diarrhoea
42 days after intravenous inoculation with -01 mg.; there was only
slight tuberculosis of lungs and kidneys.

Virus 42.
Direct cultures from (1) sacro-iliac abscess and (2) lumbar abscess

of woman, aged 40 years.
Cultural characters of both strains identical. Thick growth on

serum with marked yellow pigmentation. Growth on glycerin-serum
similar to that on pure serum. On glycerinated agar, potato, and
broth, identical with Virus 34.

Virulence of both strains identical; high for guinea-pigs, low for
rabbits, and not increased by passage through rabbit. No change in
cultural characters by passage through rabbits.

Virus 67.
Direct culture from psoas abscess of man, aged 36 years.
Tested on culture media up to 18th generation. Identical in every

detail with cultures of Virus 42.
Virulence high for guinea-pigs, low for rabbits, and not increased

by passage in the rabbit. In addition to the seven rabbits in the table,
a rabbit died from intercurrent disease, 17 days after inoculation; there
was no tuberculosis beyond the glands nearest to the local lesion. No
change in cultural characters by passage through rabbits.

Virus 83.
Culture from lumbar abscess of boy, aged five years, through guinea-

Pig-
Cultural characters identical in every respect with those of Viruses

67 and 42.
Fully virulent for guinea-pigs; of low virulence for rabbits.
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Virus 138.

Culture from abscess of hip of boy, aged four years, through
guinea-pig.

Tested on culture media up to the 14th generation. Thick growths
on pure serum and glycerin-serum, the latter with yellow pigment.
Very minute colonies on glycerin-agar slowly becoming confluent but
not raised. No growth on glycerin-potato. Dysgonic on glycerin-
broth, a small grey island alone being formed.

Fully virulent for guinea-pigs; of very low virulence for rabbits.

Virus 183.

Culture from ankle of boy, aged three years, through guinea-pig.
The boy afterwards died from tuberculous meningitis.

Highly pigmented on serum. Delicate, confluent colonies on glycerin-
agar, a few becoming subsequently large, convoluted and pinkish.
Discrete, irregular colonies on glycerin-potato. Dysgonic on glycerin-
broth, like Viruses 67 and 42.

General tuberculosis produced in guinea-pigs inoculated with original
material and with culture. Slightly virulent for two rabbits.

Virus 192.

Culture from hip of boy, aged 12 years, through guinea-pig.
Tested on culture media up to the 11th generation. Markedly

pigmented on serum. Delicate, confluent colonies on glycerin-agar,
a few becoming raised, large, convoluted, and opaque. Eaised, pig-
mented colonies on glycerin-potato. Dysgonic on glycerin-broth.
Identical with Viruses 67 and 42.

The original material produced general tuberculosis in guinea-pigs.
Slightly virulent for rabbits; virulence not increased by passage
through rabbits.

Virus 262.

Culture from psoas abscess of girl, aged 12 years, through guinea-pig.
Tested on culture media up to the 10th generation. Not pigmented

on serum. A typical dysgonic "bovine" growth on glycerin-agar.
A few minute opaque colonies on glycerin-potato.

Of somewhat lower virulence for guinea-pigs than the ordinary
human or bovine bacillus. The two animals inoculated subcutaneously,
each with 1 mg. of culture, survived 128 and 135 days, respectively.
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Only slight disease was produced in two rabbits inoculated sub-
cutaneously and in one inoculated intravenously with the original
culture. Generalised tuberculosis with death in 77 days was caused
in a second rabbit intravenously inoculated, a companion to the former.
Virulence was not increased by passage through rabbits.

Of cultures obtained from three of the above mentioned rabbits,
the culture from the severely affected intravenous rabbit produced only
slight disease in a second pair of rabbits. The characters of the cultures
remained unaltered.

The above atypical viruses may be compared with the following
three, which have already been recorded in our previously published
reports on the incidence of tuberculosis in children and tuberculosis
in swine.

Virus H99.

Culture, through guinea-pig, from mesenteric glands (obtained
Dec. 6th, 1912) of male child, 9f years, showing, post-mortem, spinal
caries, ascites, and tuberculosis of the mesenteric glands and spleen.

Culture retested, November, 1914, in 16th generation. No pig-
mentation on serum. A thin grey layer on glycerin-serum. On
glycerin-agar, after several weeks delay, numerous minute, almost
microscopic colonies. On glycerin-potato discrete, large, raised and
contorted colonies.

General tuberculosis was produced in a guinea-pig inoculated with
the original human material. Tested on seven rabbits, with slightly
virulent results. No increase of virulence after passage in a rabbit.

Virus P LXXI.

Direct culture obtained from the submaxillary lymphatic glands
(obtained April 19th, 1912) of a pig. A case of localised tuberculosis.

Culture retested, November, 1914, in 22nd generation. Grey growth
on serum. Very poor growth on glycerin-agar, consisting of three
opaque, raised, umbilicated, slightly pink colonies. A crop of minute,
raised colonies on glycerin-potato.

General tuberculosis produced in guinea-pigs after inoculation with
original material and culture. Only slight virulence for nine rabbits.
No increase of virulence after passage in rabbits.
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Virus P LXXVII.

Direct culture obtained from the submaxillary lymphatic glands
(obtained May 15th, 1912) of a pig. A case of localised tuberculosis.

Culture retested, November, 1914, in 21st generation. No pigmen-
tation on serum. On glycerin-agar numerous discrete colonies, after-
wards becoming raised, opaque, and confluent. Opaque, raised colonies
on glycerin-potato.

General tuberculosis produced in guinea-pigs, but duration of life
longer than the average. Of relatively low virulence for 11 rabbits-
No increase of virulence after passage in rabbits.

20—5.
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