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My aim is to present a picture of tuberculosis as I have seen it in the 

pathological department of the Royal Edinburgh Hospital for Sick 

Children. It may be thought that it is in some respects a distorted 
picture. The apparent distortion is due to two factors, both of which 
are indicated in the title of this address. Firstly, the material is taken 
from a general children's hospital, and therefore includes an undue 

proportion of cases of the more acute types of tuberculosis, of cases 
that come to hospital undiagnosed, especially of meningitis ; while 
cases of those types that would naturally gravitate to the tuberculosis 
or orthopaedic hospitals are unduly few. Secondly, the picture is a 

pathologist's view of tuberculosis, and so the darker colours may be 

exaggerated. 
I have reviewed the autopsy records at the Royal Edinburgh 

Hospital for Sick Children for a fourteen-year period, from 1934 t0 

1947. I stopped at 1947 because after that year, with the introduction 
of streptomycin treatment for meningitis and the removal of most 
such cases from the hospital, the picture presented by the records 
ceased to be representative. During the fourteen-year period, 2559 
autopsies were carried out on children under twelve years of age. 
Tuberculous lesions were found in 355 cases (about 14 per cent.), in 

324 of these (about 12*5 per cent.) tuberculosis was the cause of death. 
In 31 cases (1*5 per cent.) the tuberculous lesions were an incidental 
finding when death was due to another cause. 

These 31 non-fatal cases require some comment. The small number 
of them should be noted. It is surprising how seldom tuberculous 
lesions are found in children who have died from other causes. 

Blacklock (1932) observed the same thing when he was working at the 

Glasgow children's hospital. To explain this it may be suggested :? 

(1) That lesions are present in more cases than the figures indicate, 
but are missed at autopsy. Assuming a careful pathologist, if this 

happens it must be because the lesions are so inconspicuous that they 
are not detected in the course of an ordinary careful autopsy- 
Admittedly, a very small primary focus, unaccompanied by caseous 
or calcified lymph glands, could, in most situations, very easily be 
missed. If the lymph nodes are enlarged, caseous or calcified, they 
would not often be missed. It may be taken, therefore, that if 

tuberculous lesions are missed, it is when the infection has failed to 

Presidential Address read at a meeting of the Tuberculosis Society of Scotland 
held in Glasgow on 27th October 1950. 
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Progress beyond the primary focus, or when the lymph nodes, if 

involved, have healed without permanent enlargement or calcification. 
(2) That tuberculous lesions are present in only a relatively small 

number of children who die of other diseases because a tuberculous 

infection in a child usually progresses to a fatal issue. One is reluctant 
to believe this and it is contrary to accepted teaching, although some 
clinicians take this view. But it does look as if the lesions that are 

TABLE I 

Age Incidence 

Birth to Twelve Years. 355 Cases 

Years. 0-3. 3-6. 6-9. 9-12. Total. 

Fatal ... 196 76 29 23 324 

Non-fatal 15 7 8 1 31 

arrested are arrested at an early stage ; and as if a tuberculous infec- 
tion that progresses to gross involvement of the regional lymph nodes or 
spreads beyond the primary complex is rather apt to fail to be arrested. 

Especially is this so in the young children, for among the non-fatal 
cases there was none under seven months and only 4 were under a 
year old. 

TABLE II 

Age Incidence 

First Two Years. 166 Cases 

Months. 0-6. 6-12. 12-18. 18-24. Total. 

Fatal ... 18 61 49 28 156 

Non-fatal o 4 2 4 10 

Another rather ominous fact concerning these non-fatal cases is 

that in many of them the primary lesions were active?in only 8 of 
the 31 were they calcified or otherwise well healed?and in 5 cases 

miliary spread had occurred. It seems probable, therefore, that had 
some other illness not intervened, tuberculosis might have killed at 

least a few of these children, and some before long. 
A few matters concerning the whole series may now be considered. 

(1) Sex Incidence.?Among the fatal cases there were 180 boys and 
J44 girls. Among the non-fatal cases there were 21 boys and 10 girls. 

(2) Age Incidence is shown in Tables I and II. 

It is shown that the heaviest toll of life was in the age group from 
birth to three years, and especially in the year from six to eighteen 
Months. 
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(3) The Site of the Primary Lesions.?This was determined with 
reasonable certainty in all but 6 of the fatal cases and in all the non-fatal. 
The result is shown in Table III. 

The preponderance of the primary lung infection in the fatal cases 
is constant and has tended to increase in recent years. If the fourteen- 

year period under review is divided into two periods of seven years, 
each containing approximately the same number of cases, the percentage 
having primary lesions in the thorax is found to have risen from 60 

in the first period (1934-40) to 72 in the second period (1941-47)* 
This probably reflects the combined effect of a decrease of bovine 

type infection due to improved milk supply, and an increase of human 

type infection during the war and since. 

TABLE III 

Sites of Primary Lesions 

Thoracic. 

Site. 

Per cent. 

Fatal . . 220 69 

Non-fatal . 11 36 

Total . 231 66 

Abdominal. 

Number. 

28 

ii 
106 30 

Cervical. 

Number. Per cent. 

(4) The Principle Secondary Lesions.?The only secondary lesions 
that occurred with any great frequence were miliary spread (287 cases), 
meningitis (259 cases), and intestinal ulcers secondary to pulmonary 
lesions (69 cases). Chronic renal tuberculosis, bone and joint lesions, 
and secondary tuberculous oto-mastoiditis each occurred in only a few 
cases. There were 9 pulmonary cases with pleurisy, 3 being cases of 

empyema. 

Miliary Tuberculosis and Meningitis.?The figure of 287 for miliary 
spread includes all cases in which miliary tubercles were found either 
macroscopically or microscopically, and in many the miliary spread 
was very slight. A division of the cases into two categories of severity 
classifies 154 of them as very slight or slight, and 133 as moderately 
or very severe. 

The figure of 259 cases of meningitis reveals the dreadful prevalence 
of this condition in this series. Even allowing for the exaggeration 
of the incidence of meningitis that results from the selection of cases 
in a general hospital, it is a grim and terrible picture. 

The Primary Lesion in Meningitis Cases.?The percentage of 

primary lung infections that ended in meningitis was 81, and of 

primary abdominal infections 57. Among the fatal cases only, the 

percentage for primary lung cases was 85, and for primary abdominal 
cases 68. This seems to indicate a greater risk of blood dissemination 

from a primary lung complex. 
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The Relation of Meningitis to Miliary Spread.?This matter has 
interested pathologists since Rich and McCordock (1933) advanced 
the view that meningitis is caused by direct infection of the subarachnoid 
space from an older focus in the brain or meninges, and is not a part 
of a general miliary spread. This view has not been universally 
accepted. It is true that meningitis and miliary spread very often 
accompany each other, but this is not as constant as it ought to be if 
they are both part of one and the same process. In this series, meningitis 
occurred without detectable miliary spread in 23 cases : and miliary 
spread occurred without meningitis in 51 cases. In 25 of the cases 

without meningitis, miliary spread was moderately or very severe ; 
this number included 14 cases of exceptionally severe miliary tuber- 
culosis in which meningitis did not develop. This is not what would 
he expected if meningitis is a direct result of miliary spread. 

Some years ago (1937) I published the results of an investigation, 
which largely supported the view of Rich and McCordock. I have 

further direct evidence to present on this question. The search 
for the so-called Rich foci is too time-consuming for a routine procedure, 
and unless it is done consistently with the most scrupulous care and 
Patience, any statement that may be made about the incidence of these 
f?ci is much worse than useless. 

Until recently, this question of the pathogenesis of tuberculous 

^eningitis and the Rich hypothesis was almost purely of academic 
interest. But since the introduction of streptomycin in the treatment 
of tuberculous meningitis, these foci have acquired a certain practical 
significance, because they may be a reservoir of infection, not readily 
Accessible to the drug, from which the meninges may continue to be 
infected ; and thus they may be responsible for some failures of 

treatment. 
The Primary Lung Infection.?Among the fatal cases there were 

22o in which the primary infection was in a lung, and among the 
non-fatal cases 11. In all but 14 of the whole 231 cases it was possible 
to identify the site of the primary lung focus. Most of those in which 
the primary focus was not found were cases in which massive pulmonary 
disease had made it impossible to identify the starting-point. In 
7 cases there were multiple primary foci. It is surprising that the single 
Primary lung focus is so very much the rule. It is, of course, possible 
that a pathologist, satisfied with finding one obvious primary focus, 
^ight miss others. But the existence of additional foci is often obvious 
from the condition of the root lymph glands, especially when foci 
occur in both lungs, for then, and only then, the root glands will be 
affected on both sides. 

The Site of the Primary Lung Foci? The 237 primary lung foci 
that were recorded in this series were distributed among the 5 lobes 
as shown in Table IV. 

It is to be noted that the focus may be situated anywhere in any 
lobe. There is no special preference for the apical region. An 
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immediately subpleural position is common but not as constant as is 
often asserted. 

The Character of the Lung Lesions.?In many cases with meningitis 
the primary lesions were at an early stage : the lung focus small and 

compact; the regional lymph nodes enlarged and acutely caseous ; 

secondary lesions represented by meningitis and more or less miliary 

spread. This is the classical picture of fatal childhood tuberculosis. 
But it was not unusual to find that the primary complex had become 

progressive locally and produced localised pulmonary infiltrations, or 

cavities, or bronchopneumonic spread. This had happened in 71 cases. 

Among these 26 had infiltrations without cavities, and 45 had cavities. 
There were 18 cases of advanced pulmonary tuberculosis without 

meningitis, and a few others similar but with meningitis as a late 

TABLE IV 

Sites of Primary Lung Foci. 237 Foci 

Right upper lobe . . . . -75 

Right middle lobe . . . . *25 

Right lower lobe . . . . -5? 

Left upper lobe . . . ? -35 
Left lower lobe . . . . 52 

terminal event. But in many cases of meningitis a progressive 
lung lesion was found where its presence had not been previously 
suspected. 

In nearly all these cases with progressive pulmonary lesions, 

features characteristic of the primary infection were still present: 
the primary focus, if identifiable, was active ; the regional lymph 
nodes were enlarged and acutely caseous. Such cases may be interpreted 
as resulting from progressive spread from the primary complex, of 

from exogenous reinfection, probably repeated, and occurring so soon 
after the first infection that the primary complex is still active and 

participates in the disease process. This is not a true " adult type 
of pulmonary tuberculosis, in which reinfection typically occurs after 

healing of the primary complex, and the features of the primary 
infection are absent. Cases of true " adult type 

" do occur in children- 

In this series there were two that could legitimately be said to be of 

adult type. 
Healing of the Primary Complex by fibrosis or calcification of the 

lung focus and lymph nodes to such an extent as to suggest that the 
lesions had become or were becoming quiescent, was not a common 
occurrence in this series. It was found in 11 fatal cases, in all of which 

meningitis caused death, and in 2 non-fatal cases. It is noteworthy 

that in 9 of the 11 non-fatal cases with primary lung lesions, the primary 
complex was still active. 

Intestinal Ulcers in Primary Lung Infections.?Ulcers in the bowel 
were found in 69 cases of the primary lung group. It is recognised 



Fig. i.?Wall of bronchus adjacent to small primary lung focus. Wall replaced by 
tuberculous tissue; caseous material exposed to lumen. H. and E. xS5. 

Fig. i.?Wall of bronchus adjacent to small primary lung focus. Wall replaced by 
tuberculous tissue; caseous material exposed to lumen. H. and E. X85. 

* '/Jc 

!? 
Fig. 2.?Bronchiole invaded from without by miliary tubercle. Caseous 

material exposed to lumen. H. and E. X 85. 

Fig. 2.?Bronchiole invaded from without by miliary tubercle. Caseous 

material exposed to lumen. H. and E. X85. 
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that when a young child has an open tuberculous lesion in a lung, 
intestinal ulcers are very prone to be caused by the swallowing of 
infected discharge. This was abundantly borne out in this series of 
cases. In most of the advanced cases of pulmonary disease with cavities 
or bronchopneumonic tuberculosis, intestinal ulcers were very numerous 
and often affected the whole length of the small and large bowel. 
There were also cases in which ulcers were present when the lung 
lesion was at the early stage of a compact small focus not apparently 
breaking down. This is interesting, because it is fairly certain that 
the ulcers must have been caused by a leakage of tubercle bacilli 

from the lung or bronchi. It means that the primary lung complex 
cannot be regarded as a closed lesion, even at this early stage. For 

the primary lung focus is always initially in communication with a 

bronchus, and even when it does not appear to be breaking down, 
there may be a caseous bronchitis spreading a little way along the 
bronchial wall, with caseous tubercles exposed to the lumen (Fig. 1), 
?r an unsuspected infection of a larger bronchus from an adherent 
root gland. Intestinal ulcers were often present in cases of severe 

and relatively long-standing miliary tuberculosis. In such cases, 

miliary tubercles often erode the walls of small bronchi and discharge 
into the lumen (Fig. 2), when the way is open for an air-passage spread 
and the swallowing of bacilli. This is the cause of the ulcers in such 

cases, rather than the occurrence of miliary tubercles in the bowel. 
The Primary Abdominal Infection.?The primary lesions were 

abdominal in 88 fatal and 18 non-fatal cases. The primary abdominal 

complex is essentially the same as the primary lung complex : a small, 
usually single lesion, an ulcer, at the point of entry of the tubercle 
bacilli into the bowel wall, and caseous enlargement of the related 
mesenteric lymph nodes. The constant presence of a lesion at the 

point of entry has not been as universally recognised as in the case 
of the primary lung complex. It is true that even careful search does 

not reveal an ulcer in every case, but that does not prove that there 

may be no ulcer and that the primary lesion may be in the lymph nodes. 
A small tuberculous ulcer in the bowel can heal very inconspicuously. 
It may do so while disease is still active in the mesenteric glands. 
Unless the affected glands give an accurate indication of the 

exact site of the ulcer, the discovery of the healed ulcer may be 

impossible. 
In this series a primary ulcer was identified in 59 of the 106 primary 

abdominal cases, and in 53 of the 88 fatal cases. As there were many 
cases in which peritonitis or other gross abdominal disease made 

identification of a primary ulcer impossible, the figure represents a 

fairly high proportion of those cases in which there was a reasonable 
chance of finding a primary ulcer. 

The Site of the Primary Ulcer.?It is always taught that the site 
of election of tuberculous ulcers is the lower ileum. In this series, 
of the 59 primary ulcers, 26 were in the ileum, by no means always 
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at the lower end, and 33 were in the jejunum, often in the upper part. 
The textbook dictum is true of secondary but not of primary ulcers. 

They may be anywhere, including the duodenum and the large bowel. 
It is interesting that the primary intestinal lesion resembles the primary 
lung focus in having no site of election. This difference between 

primary and secondary lesions is a puzzling problem. Many attempts 
have been made to explain the special susceptibility of the lung apex 
to tuberculous infection. The special susceptibility of the lower ileum 
is said to be due to its wealth of lymphoid tissue. But any acceptable 
theory must take into account that in neither situation does the special 
susceptibility manifest itself until the patient's reactivity to infection 
has been altered by the development of acquired resistance and 

hypersensitivity. 
The Progressive Abdominal Complex.?When meningitis does not 

end a case while the primary complex is still at an early stage, local 
extensions from the primary complex may produce progressive 
involvement of mesenteric and other abdominal lymph nodes, or 

multiple intestinal ulcers, or general tuberculous peritonitis. In such 

cases, as in those of progressive pulmonary disease, repeated infection 
from without, occurring while the primary lesions are still active, is 

probably an important factor. 
General Tuberculous Peritonitis.?Among the fatal cases there 

were 25 of general peritonitis. Five of these ended with meningitis. 
In 10 perforation of an intestinal ulcer produced faecal peritonitis 
or fistula. It is always taught that tuberculous ulcers are not prone 
to perforate. This is probably true as a general rule. Apart from 
the cases of peritonitis, this series contained only two in which an 
ulcer, either primary or secondary, had perforated. But in the presence 
of peritonitis, perforation of an ulcer is not so uncommon, as is evident 
from the 40 per cent, perforation rate in this series of fatal cases. 

The victims of peritonitis were mostly young. Ten were under 

one year old. Sixteen were under two years. The youngest was five 

months, the oldest four and a half years. 
The peritonitis was always of the plastic type. This is the type 

most often seen in fatal cases. In some cases, when adequate examina- 
tion was not made impossible by universal adhesions, the origin of 
the peritonitis was obvious in the rupture of a caseous mesenteric 

lymph node into the peritoneal cavity. This is probably the usual 

pathogenesis of general tuberculous peritonitis, and the outcome in 
any case in which it happens will depend on the infectivity of the 
material discharged from the burst gland. If this be heavily infected 
it will produce first a quantity of tuberculous exudate on the serous 
surfaces, and later, when this undergoes organisation, masses of 

tuberculous granulation tissue, with adhesions, which ultimately 
become fibrous, dense and inseparable, if time be allowed. If, however, 
the discharged material should contain few living bacilli or none, 

the result might be little worse than a hypersensitive reaction to 
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tuberculo-protein in the caseous material, with fluid effusion but no 
progressive disease. 

These cases of general tuberculous peritonitis nearly always begin 
with a primary abdominal complex. This is because, as a rule, only 
the glands of a primary complex become enlarged and caseous enough 
to rupture and infect the peritoneal cavity in this wholesale way. 
Tuberculous peritonitis arising in the course of a pulmonary tuberculosis 
was, in this series, always a comparatively limited affair, mostly in 
the upper abdomen and on the serous coat of the bowel in relation to 

secondary ulcers. 
The Primary Cervical Complex.?The most interesting fact about 

this group is the small number of cases it contains : in this series 12, 
?f which 2 were not fatal. It is not that primary infections in the neck 
region are uncommon. In the biopsy department we see any number 
?f tuberculous cervical glands, tonsils, adenoids and mastoids. But 

among the fatal cases there are but few. It would appear, therefore, 
that the primary cervical complex is a comparatively benign lesion, 
and this requires an explanation. To suggest that it may be because 
about two-thirds of the cases are of bovine type infection is not a 

satisfactory explanation, for it applies equally to the primary abdominal 
complex, which appears so much more often in a lethal role. The 

reasons may rather be anatomical. Infection entering by this route 
encounters a long chain of lymph glands, well adapted to hold it in 

check. The disease in the glands quickly becomes visible, so that 

treatment is likely to be instituted much sooner than in the case with 
deep-seated lesions in the thorax or abdomen. If a cervical gland 
bursts, it discharges not into a bronchus to produce caseous pneumonia, 
nor into the peritoneal cavity to produce general peritonitis, but into 
the subcutaneous tissues of the neck to produce an abscess that is 

readily accessible to the surgeon or, at the worst, discharges through 
the skin. 

The Site of the Primary Focus, in cases of cervical complex, often 
eludes discovery. It is often in the faucial tonsils, sometimes in the 
ear ; but it may be anywhere in the mucous membrane of the area 
that drains its lymph to the cervical glands, and much of this area 
Js not readily accessible to the pathologist and difficult adequately to 
examine. In this series the primary focus was believed to be in a tonsil 
in 4 cases, in an ear in 3, and it was not found in 5, including one 
non-fatal case. 

It is important to understand that the conspicuously enlarged 
tuberculous cervical glands so familiar in children's necks are, as a 

rule, part of a primary cervical complex. They are not secondary to 
tuberculous infection elsewhere, save only in exceptional cases. It was 

formerly taught that this cervical route was often the way by which 
infection reached the lungs. This view has been gradually, though 
Perhaps not yet completely, discarded. Sir Robert Philip, who was 
an ardent exponent of the cervical route of infection to the lungs, 
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used to teach that a child with a chain of small shotty cervical glands 
was more likely to develop pulmonary tuberculosis than one whose 
cervical glands were large and caseous. This is true, not because 

the big caseous glands hold back the infection, while the small shotty 
ones let it through to the lungs ; but because the small shotty glands, 
if indeed tuberculous, are often secondary to a primary lung infection, 
while the big caseous glands are part of a much less dangerous primary 
cervical complex. 
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