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TUBERCULOUS DISEASE IN CHILDREN. 

IT has long been known tbat tuberculosis in children may be due to the 
bovine or to the human type of bacillus. It has also been recognized that 
bovine bacilli derived from milk may invade the abdominal organs and 
cause much tuberculosis in children under 15 years of age. But Dr. Stanley 
Griffith has shown that the bovine type is not responsible for the chief 
mortality from tuberculosis in childhood. Only about one··third of tuber
culous meningitis in children is bovine; in bone and joint disease the 
human type preponderates over the bovine; while pulmonary tuberculosis 
in childhood is almost invariably human in origin. 

Much controversy has arisen as to the paths by which infection enters 
the body. Whether the disease is air-borne or food-borne has been much 
debated. It has been asserted that pulmonary tubercuiosis is primarily 
food~borne and a disease of childhood, which may lie latent for years and 
then flare up in adolescence under the strain of rapid growth, fatigue or 
malnutrition. 

Dr. Blacklock has had the opportunity of investigating a large series of 
cases of tuberculosis in infancy and childhood and of ascertaining to what 
extent death could be attributed to the various types of bacilli, and the 
particular pathological lesions with which they were associated. By 
combining pathological and bacteriological findings he has been able to 
give a more definite opinion as to the portal of entry of the invading 
bacilli. A Report of his investigations has been published by the Medical 
Research Council. 

Dr. Blacldock's researches extended over eight years and have be<!lll 
mainly concerned with the evidence of tuberculosis in infants and children 
up to 13 years of age dying in the Royal Hospital for Sick Children at 
Glasgow, either from illness or the result of accident. In a series of 1,800 
consecutive post-mortems, tuberculous lesions were found in 283, or 

. 15'7 per cent. III all of them the situation of the most advanced lesions, 
either in the organs themselves or in the related lymphatic glands, was 
as far as possible decided. In the first 216 tuberculous cases, in 3 of which 
there was a double portal of entry, an attempt was made to isolate the 
infecting organisms from the lesion at the primary site, or more often from 
the related tuberculous glands. In 36 specimens the infecting bacillus 
could not be isolated. From the remainder 183 strains were obtained, 
while in 6 cases bacilli were also isolated from secondary lesions as well, , 
making a total of 189 strains obtained from autopsy material. From 
the surgical wards 65 specimens were sent for examination, and from this 
material 52 strains were isolated. Direct culture was used with all the 
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specimens, and inoculation of guinea-pigs was reserved for cases in which 
cultur-e alone seemed likely to fail in isolating the infecting organism. 

As most of the material was obtained post mortem it was treated with 
7'5 per cent antiformin for a period of twenty to thirty minutes in order 
to destroy contaminating organisms. The tissue-antiformin mixture was 
centrifugalized and the sediment washed twice with distilled water before 
being injected into guinea-pigs or used for culture. 

Egg media, with and without the addition of 6 per cent glycerine, 
prepared according to Wilson's method, were chosen as standard. Of the 
152 human strains studied 132 were obtained by direct culture and 20 
were isolated through guinea-pigs. Of the 89 bovine strains 50 were 
obtained directly by culture and 39 through guinea-pigs. Human strains 
were found to be easier to isolate by cultural methods than bovine, 
particularly when the bacilli were present in small numbers in the 
material. 

In the determination of the type of ~acillus the morphological 
characters were noted to be uncertain. The majority of the strains 
(78'3 per cent) typed as human were long and beaded, while 60 per cent 
of those typed as bovine were short and showed no beading. 

The differential diagnosis of eugonic from dysgonic types was based 
on the cultural characteristics and in particular on the amount and rapidity 
of growth in primary and subsequent four cultures, when necessary, with 
corresponding transfers to media containing glycerine. For this purpose 
glycerine egg and glycerine potato were found to be better than. glycerine 
serum. Of the 152 human strains 134 were typically eugonic ·and the 
majority of these produced pigment as well. The other 18 strains were 

. less eugonic, but all produced pigment. Of the 89 bovine strains 77 were 
typically dysgonic in transfers made to glycerine media from the primary 
growth and from the subcultures. It was found that while sharp differentia
tion was possible in most cases, it failed with a few strains which had some 
cultural similarities. The differentiation of slowly growing human strains 
and rapidly growing bovine strains gave rise to some difficulty, but repeated 
subcultures usually enabled a classification to be made. Griffith found it 
necessary to subculture certain human strains as far as the twentieth 
generation before deciding that they were human. Dr. Blacklock found 
that strains showing eugonic characters with yellowish or reddish pig
mentation in primary cultures and early subcultures were always human, 
while strains which were dysgonic and did not produce pigment in 
primary and subsequent subcultures were bovine. Of the 89 bovine strains 
85 showed marked virulence for the rabbit; 0'01 mg. of a bovine culture 
injected intravenously produced generalized tuherculosis, the lungs being 
riddled with small lesions. A similar dose of a human strain usually 
caused only minimal lesions. In the case of variant strains the rabbit 
virulence test was always regarded as the chief test for differentiation. 

Dr. Blacklock found that in 61 per cent of the cases with tuberculous 
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lesions the primary infection was iri the thoracic tissues (lungs or lymphatic 
glands). He points out that Villemin, in 1868, was the first to suggest that 
pulmonary tuberculosis was caused by the inhalation of material coughed 
up by phthisical subjects. Iu 1886 Koch declared that infection was 
caused almost solely by the inhalation of dried pulverized sputum which 
contained tubercle bacilli. In 1906, however, Von Behring stated that 
infection occurred commonly in infancy and that the portal of entry of the 
tubercle bacilli was by the alimentary tract. rfhe bacilli passed through 
the mucous membrane of the pharynx or intestines and related lymphatic 
glands, without producing any lesions, and eventually reached the lungs or 
bronchial glands, where they might produce tuberculosis at once, or lie 
latent for years until the resistance of the subject was reduced by illness or 
other cause. Calmette supported Von Behring, adducing animal experi
ments to prove the theory. Many experiments have been made by other 
observers in support of these views. Animals were fed with enormous 
doses of tubercle bacilli without sufficient precautions, and experimenters 
were oblivious of the fact that these doses swamped the animal's normal 
resistance. Cobbett, working with B. prodigiosus and also with tubercle 
bllcilli, found that infection occurred more readily by inhalation than by 
feeding .. Kossel, Weber and Reuss, Findel and Reichenbach used esti
mated doses of tubercle bacilli and found that much larger doses were· 
required to infect an animal by the alimentary tract than by inhalation. 

Dr. Blacklack points out that all these animal experiments are subject 
to the criticism that in the human subject there may be modifying influences 
at work; such as mild inflammatory conditions of the lungs and bronchial 
glands which, by lowering the body resistance, render them more open to 
attack by the tubercle bacillus. 8imilarly, the mesenteric glands and. 
bowel might be infected by a smaller number of bacilli if there was 
enteritis present. Findley has shown this to be the case with rabbits. 

In view of the unsatisfactory evidence obtained from animal experi
ments, Blacklock looked for the characteristic lung lesion described by 
Parrot and Kuss as corresponding to the primary lesion in the human 
subject. They found the primary focus was composed of a patch of tuber
culous broncho-pneurnonia, which showed a tendency to heal. The 
lymphatic glands at the hilum of the lung were the seat of a similar 
lesion. The alveolar walls were swollen and the air spaces filled with fibro
cellular exudate in which there were numerous tubercle bacilli, but no 
endothelial or giant cells. The primary lung lesions showed no relation to 
vessels and the authors concluded that the foci were due. to the inhalation 
of the infecting organism. At a later stage there was a tendency to 
encapsulation and repair, which was peculiar to the primary focus and 
distinguished it from the secondary lesions which were progressive. 

For a better understanding of the mechanism of. infection and the 
spread of infection, Dr. Blacklock states that it is necesRary to understand the 
anatomy of the lymphatic system of the lung. The res;earches of various 
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authors and his own studies have shown that the lungs are fairly sharply 
marked off into definite lymphatic territories which drain into the related 
tracheo-bronchiallymph glands at the hilum. These glands are strictly 
regional and have no direct connection with the lymphatic glands in the 
neck or abdomen. The efferents from these glands drain almost directly 
into the blood-stream and so tuberculous infection can be readily spread 
throughout the body by this means. 

In his research into the eXIstence of a primary lung lesion, Dr. Blacklock 
found the site of infection was thoracic in 148 out of 173 cases. In most 
cases the primary foci were single, and in eighty per cent were the size of, 
a hazel nut or smaller. The primary lesions were most often in the right 
upper lobe, then, in order, in the right lower, left upper, left lower, and 
lastly in the middle lobe. The tracheo"bronchial glands in direct anatomical 
relation to these foci were al ways diseased. Both on naked-eye and 
microscopic examination, the lesions in the primary focus and related 
lymph glands were of the same age, or those in the glands more recent, so 
that on this account a lymphogenous origin of the pulmonary focus was 
unlikely. 

A study of the histology of these primary lesions showed that they were 
of the nature of a localized P!1tcb of broncho-pneumonia and thus were 
probably due to inhalation of tubercle bacilli. N one of them could be 
demonstrated to have a vascular origin. Unlike the secondary broncho
pneumonic patches, the primary lesions always showed..,attempts at healing. 
'l'he lEisions in these primary foci were obviously similar to those described 
by Kuss and other workers to which we have already referred. 

Dr. Blacklock asks, What is the significance of these single primary 
foci? If they were aerogenic, as the evidence seemed to show, one would 
have expected multiple foci to be found in a susceptible child inhaling 
large numbers of bacilli from co~tact with an H open" case of pulmonary 
tuberculosis. Other unknown factors must be at work in localizing the 
lesion. It is possible, of course, that only the tubercle bacilli which reach 
the alveoli are capable of producing a lung lesion j those which are arrested 
in the bronchi being destroyed by phagocytes or passed to the lymph glands 
for destruction. 

As further evidence that the primary foci in the lungs are not of 
hrematogenous or lymphogenous origin, Dr. Blacklock points to the fact 
that from these lesions, or from the lymph glands in direct relation to 
them, only human types of bacilli were' isolated. If the foci were of 
hrematogenous origin bovine bacilli should have been frequently found j as 
there were numerous cases with primary abdominal lesions in the same 
series as the lung cases, and from eighty per cent of the abdominal cases 
bovine bacilli wereiscilated. Further, from cases with tuberculosis of the 
bones and joints bovine bacilli were obtained, and these lesions are known 
to be of hrematogenous origin. Some eighty-six per cent of the cases with 
primary lung lesions of human origin were city children; who, therefore. 
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from conditions of housing, &c., ran greater risks of air-borne infections. 
In primary abdominal tuberculosis severe lung lesions are often found, but 
these are of a secondary nature. 

From three cases considered as primary lung infections Dr. Blacklock 
isolated bovine bacilli from the tracheo-hronchial glands. No primary lung 
lesions were found, but the distribution in the lymph glands corresponded 
to the primary lesions in which. human bacilli were found, and it seemed 
probable that the infection came from the lung. " Open" respiratory 
carriers of the bovine type are known, and are commoner in Scotland where 
they constitute 3'8 per cent of patients expectorating viable tubercle 
bacilli, as compared with 1 per cent in England- and 0'3 per cent on the 
Continent. 

In only five children, all of whom were over two years of age, out of the 
173 with primary lung infections had the tuberculous lesions not been the 
cause of death. Thus in Scotland it seemed that nearly all the children 
with lesions in the lungs or tracheo-bronchial glands died in childhood as 
the result of tuberculous disease. Dr. Blacklock's finding is in marked 
contrast to the cases reported by American and Continental workers, and 
against the conclusion of many foreign workers that pulmonary tuberculosis 
in the adult is due to a recrudescence of the tuberculous lesion in the 
lung contracted in infancy. 

The higher mortality from tuberculosis of the lungs in Scottish children 
is difficult to explain.. The racial resistance in Scottish people, owing to 
difficulties of communication in the past, may be less than that of other 
countries. In New York City the mortality rate from tuberculosis is much 
higher in Scots tpan in French, Germans and Russian Jews. Other factors 
such as diet, climate, and housing conditions may also play a part. 

In 101 cases (35"7 per cent) of the total 283 cases with tuberculous 
lesions the pathological evidence pointed" to the site of the first infection 
being abdominal. Of these, 18 showed evidences of intestinal ulceratIOn; 
in the remaining 83 cases no ulcers were noted, but the mesenteric glands 
were the seat of tuberculous adenitis. 

The greatest number of primary abdominal lesions was found in the 
second year of life, at the period when children are consuming large 
amounts of raw milk. There were fewer secondary lesions and less exten
sive glandular involvement in the abdominal cases than in the thoracic. 

From the abdominal lesions twelve human and fifty":four bovine strains 
were isolated. The greatest number of abdominal infections ,with the human· 
type of bacillus was found in children aged 9 to 18 months, viz., when 
children commence to crawl and walk, and are liable to pick up infection 
from the ground and floors. In more than half the abdominal infections 
with human bacilli there was a family history of tuberculosis . 

. The high incidence of the bovine type of infection in abdominal cases 
is thought to be due to the ingestion of infected milk. In breast-fed infants 
there was only one. case of abdominal tuberculosis-and that with the 
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human type-while at corresponding ages in bottle-fed babies there were 
two human .and fourteen bovine infections. Country children were slightly 
more infected with the abdominal bovine type than Glasgow children, as 
in Glasgow the milk is pasteurized and under strict sanitary and veterinary 
control. 

Blacklock has compared the. frequency of the two types of tubercle 
bacilli found in different countries in children's tissues. In· Berlin the 
percentage of bovine strains was 4'3, in Christiania 7'8, in London 18'2, 
and in Glasgow 32'3. He considers the greater percentage in Glasgow to 
be partly due to the greater incidence of primary abdominal tuberculosis 
in Scottish children, due to bovine bacilli .. 

On comparing the lesions found at autopsy due to infection with human 
strains with those d)le to bovine strains, generalized miliary tuberculosis, 
cerebral tuberculosis, and bone lesions were more commonly associated 
with the former type of bacilli than with the latter. 

From surgical material taken during life, Dr. Blackloek obtained fifty
two strains, and from autopsy cases ten other strains. Of 28 cases of 
tuberculous cervical adenitis, 10 were infected with the human type of 
bacillus and 18 with the bovine. In 26 cases of tuberculosis in bones and 
joints, 17 were due to infections with human strains, and 9 with bovine. 
The incidence of bovine infection in bone and joint tubercle is slightly 
highe!, than that recorded for English children, and much higher than that 
given for Continental children. 

In 1,000 of the cases in the series of children, von Pirquet tests had 
been performed, and in 466 of the cases Mantoux tests had also been 
performed under similar conditions. The percentage of positive results 
was found nearly the same as the percentage incidence of tuberculous 
lesions found at autopsy in the first and second years of life, so nearly all 
the children with positive tuberculin reactions in the first two years of life 
must have succqmbed to the tuberculous infection. These results confirm 
the finding of Dr. Hart, to which we referred in an Editorial in 1931 ; 
that in the infant a positive tuberculin reaction must be regarded as a 
grave prognostic sign. 

• 
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