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The discussion of the question of whether BCG vaccination may do
harm by producing, activating, or aggravating tuberculous disease, has
at times and in certain areas been of an emotional nature, unworthy of
a scientific discussion. The question can hardly be considered as definitely
settled in every detail. Obviously many opponents of the extensive use
of BCG have been uncritical; having carefully studied most of the papers
issued concerning the possible harmful effects of BCG, I feel that, on the
whole, very little evidence is presented to support the theory of a harmful
effect. On the other hand, in my opinion, an emotional bias on the part
of the " defenders " of BCG can certainly not be disregarded either. It
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does not promote scientific thinking and writing when doctors, and even
scientists, are divided into " opponents " and " defenders " of a medical
cause. The arguments on which the innocuousness of BCG has been
based have not always carried the stamp of sober science. There are,
of course, exceptions among the authors, and in this connexion I would
like to mention Dr J. B0e. Even in scientific papers of a high quality,
however, one may find put forward as an argument for the innocuousness
of BCG, the fact that well-known medical authorities, mentioned by name,
feel justified in stating from practical experience that BCG has not in a
single case done any harm to the subject vaccinated ; such an argument
possesses very slight, if any, scientific value. Several epidemiologists
seem to be of the opinion that there is no more need for discussion of
the possible harmful effects of BCG, and I am afraid that this attitude may,
to a slight degree, have crept into the minds of some of the doctors working
in the Joint Enterprise.

In my opinion it is necessary to re-examine the question, not from
the point of view of either a " believer " or a " heretic ", but by impartially,
and as carefully as possible, looking into the facts presented. The Joint
Enterprise was launched by doctors convinced that BCG is, generally
speaking, harmless, and I would like to state at the outset that I do not
consider that any observations published in the literature or collected
during the work of the Joint Enterprise have refuted this basic assumption.
This does not however exclude the possibility that application of BCG may
under certain circumstances, in exceptional cases, do harm to the indi-
vidual vaccinated. If this is confirmed, we shall have to find out how such
circumstances could be avoided. If the danger involved cannot be ruled
out entirely, it should at least be reduced as far as possible. Nearly every
therapeutic and prophylactic procedure used in medicine may, under
special circumstances, involve some danger, and we have to decide how
much there is to lose and how much to gain.

The assertion that BCG may do harm, either by itself producing a tuber-
culous disease, or by influencing the tuberculous infection in the body
in such a way that a latent infection is activated or an active disease is
aggravated, has been based on assumptions, analogies, and theories, on
evidence from bacteriological and immunological observations, on the
results of animal experiments, and on clinical and statistical observations
made in BCG-vaccinated human beings. Some assumptions are purely
hypothetical, and of minor interest, whereas more important data have
been obtained through laboratory and clinical work. With regard to the
clinical observations, a field in which I feel a little less incompetent than
in the field of bacteriology and pathology, I would like to make a few
elementary remarks on the diagnosis of tuberculous disease.

It is astonishing how, in most countries, many doctors, including tuber-
culosis specialists, underestimate the importance of the finding of tubercle
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bacilli for the diagnosis of tuberculous disease. In some countries the
facilities for bacteriological diagnosis are certainly insufficient because of
postwar conditions ; but even where facilities are ample, they are not by
any means sufficiently utilized. When a case of tuberculous disease is
suspected in a BCG-vaccinated subject, everything possible should be done
to ascertain whether tubercle bacilli are discharged or not-a requirement
which is neglected to a distressing degree.

Another point which is of extreme importance in this connexion is that
many difficulties are involved in making an etiological diagnosis from
an x-ray photograph of the chest. It is evident from the findings of
Yerushalmy 134, 135 and others that the problem of inter-individual and
intra-individual variations in film interpretation is much greater than has
been understood. Even though certain manifestations on the x-ray films
are fairly characteristic of tuberculosis, there are very few, if any, features
that could not also be produced by other diseases. To diagnose pulmonary
tuberculosis from one chest film, in a case where no tubercle bacilli can be
found, is very seldom justified. The levity with which clinicians break
this rule is often appalling.

To diagnose tuberculous disease in an individual who has been vac-
cinated with BCG is always a serious matter, but to claim that this tuber-
culous disease has been caused or aggravated by the BCG vaccination
is indeed very serious. In such cases it is of the utmost importance to make
repeated bacteriological examinations, using the best possible technique,
to record the clinical and radiological findings very carefully, with as many
details as possible, and, finally, in cases of death to have a postmortem
performed by a trained pathologist who should also take care of the
bacteriological side of the question. These requirements have been stressed
in a letter from Dr Holm to the different health-authorities in the countries
where the Joint Enterprise is giving assistance, and the chiefs of missions
have been instructed accordingly.

1. CLASSIFICATION OF CASES

When a case of tuberculous disease is presumed in an individual who
is supposed to have been vaccinated with BCG, we may, starting from
theoretical reasoning and practical experience, consider the following
possibilities:
1. The person concerned was not vaccinated with BCG:

(a) A tuberculin-test was mistaken for a BCG injection.
(b) The person was vaccinated with a vaccine other than BCG
(diphtheria, typhoid, smallpox, etc.).
(c) No tests or injections were given to the person concerned and
there has been a complete misunderstanding.

9
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2. The person concerned was given BCG, but the disease is not of tuber-
culous origin.
3. The symptoms may be caused by the local and general reaction to
the BCG vaccination itself, and are therefore symptoms of " BCG-itis"
and not of tuberculous disease.
4. The BCG may have increased in virulence and produced tuberculous
disease of a kind similar to that produced by normal virulent tubercle
bacilli.
5. The person concerned has a tuberculous disease, but it was caused by
infection with virulent tubercle bacilli and not with BCG. In this case
it is possible that:

(a) Vaccination was carried out after infection, but before the con-
version of the tuberculin-sensitivity, i.e., during the pre-allergic phase.
(b) Infection (superinfection) took place after vaccination, but before
sensitivity to tuberculin had developed.
(c) A healthy person with a latent tuberculous infection was vac-
cinated : either because the sensitivity to tuberculin was so slight that
it was not detected with the test-method used ; or because the sensi-
tivity to tuberculin had waned, although a certain degree of allergy
still persisted (revertors).a
(d) A person who had previously had tuberculous disease and whose
sensitivity to tuberculin is so slight that it is not detectable by the
test-method used, or who is completely insensitive to tuberculin, was
vaccinated.
(e) A person without tuberculous disease, but infected with tubercle
bacilli, and temporarily suffering from a non-tuberculous disease and
therefore having a lowered degree of sensitivity to tuberculin, was
vaccinated.
(f) A person with active tuberculous disease, but with a lowered
sensitivity to tuberculin, or completely insensitive to tuberculin, was
vaccinated.
(g) A healthy reactor to tuberculin was vaccinated by mistake.
(h) A reactor with active tuberculous disease was vaccinated by
mistake.
(i) A reactor with no tuberculous disease, but suffering from a disease
of non-tuberculous origin was vaccinated by mistake.
(j) An uninfected person was vaccinated, but did not develop sensi-
tivity to tuberculin, was superinfected, and contracted tuberculous
disease.
(k) An uninfected person was vaccinated, developed sensitivity to
tuberculin but lost it again, and was then superinfected and became
ill with tuberculosis.

a See also article on p. 441 of this number of the Bulletin.
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(1) An uninfected person was vaccinated, developed a permanent
sensitivity to tuberculin, and nevertheless was superinfected and became
ill with tuberculosis.

This classification may seem a little complicated. to my mind, how-
ever, for a proper evaluation of the cases it is necessary to take the circum-
stances mentioned into account as far as possible. Of course, in many
cases, sufficient information is not available to place the case in exactly
the right category. All the classification-groups are certainly not of equal
importance. Most of the cases will be found in groups (j), (k), and (1).
The information concerning 'he sensitivity to tuberculin in the period
elapsing between the vacciration and the onset of the disease, is very
often incomplete.

I will now con--der each of the groups mentioned in the light of know-
ledge obtained from the literature and of experience gathered in the Joint
Enterprise campaign. At present, written information from the different
countries is fragmentary, and we possess only very few detailed clinical
descriptions of cases. Information about tubercle bacilli is often lacking,
probably partly because of difficult laboratory conditions in many places.
Rumours and even short oral reports by doctors are of no value in this
connexion. Most of the cases reported have been so incompletely described
that they yield little or no information. I cannot refrain from remarking
that I am astonished by the ease with which even qualified medical men
draw conclusions on this very complex subject from very meagre material.
However, we are grateful to the health authorities in the different coun-
tries who have made every effort to ensure a thorough examination of
suspected cases of tuberculous disease in BCG-vaccinated individuals.
In some countries, special forms for reporting have been distributed and
special institutions have been charged with the task of examining the
cases. It is hoped that a great deal of valuable information will emerge
from these efforts.

1.1 No BCG Vaccination

1.1.1 Tuberculin-test mistaken for BCG
This is certainly no rare occurrence. Cases of tuberculous meningitis,

for instance, have been ascribed to BCG vaccination, but further inquiry
has shown that a Mantoux test was made which was positive, so that no
vaccine was given. This brings us, however, to the important question
of whether the tuberculin-test itself may have a harmful effect on a tuber-
culous infection or a tuberculous disease.

The local effect of cutaneous, percutaneous, or intracutaneous applica-
tion of tuberculin (erythema, induration, occasionally blisters, necrosis,
oedema, lymphangitis, and lymphadenitis) may cause an uneasy feeling
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for some days, but does not in itself constitute any danger. The important
thing is the possibility of a general and focal reaction. From the data
collected during the first period of the Koch tuberculin-treatment of tuber-
culous disease, and from incidental observations, we know that, when
excessively strong doses are used for testing, both general and focal reactions
may occur. Even though some authors still believe in the beneficial effect
of slight focal reactions caused by tuberculin, there is no doubt that focal
reactions may be harmful. The factors involved are the dose of tuberculin
and the degree of sensitivity of the individual. There is little doubt that
the doses commonly used, and certainly the doses used in the Joint Enter-
prise campaign, can be considered so moderate that the chance of producing
a general and/or focal reaction, even in individuals with a very high degree
of sensitivity to tuberculin, is very small. In this connexion the importance
of using standardized tuberculin should be stressed ; unfortunate complica-
tions have been observed from the use of ordinary doses of an excessively
*strong tuberculin. The harmful effect of tuberculin-testing has been
proclaimed, especially in German literature, without the necessary support
from valid observations. A slight increase in temperature is probably
not uncommon when highly-sensitive individuals are tested with relatively
large doses, but this does not seem to cause any harm in normal cases.
We do not know how frequently this rise in temperature occurs, because
we do not search for it in healthy individuals. Attention should be paid
to it, however, in cases of primary tuberculosis, especially shortly after
the conversion of the tuberculin-sensitivity, and most of all in cases with
erythema nodosum. It is well known that the tuberculin-test may provoke
a new eruption of nodules in a patient with erythema nodosum, and may
also provoke the erythema in patients with primary tuberculosis, who did
not show any erythema before the test was made. L0fgren 87, 88, 89 has
clearly stressed the importance of provoking-agents in nodal fever. The
local tuberculin-reaction is at the same time usually very strong. Very
little evidence has been brought to show that the provocation of erythema
nodosum has any influence on the prognosis of primary tubercu-
losis,87, 88, 89, 105 but tuberculin-testing should nevertheless be carried out
with caution in primary tuberculosis with clinical symptoms. During
the Danish campaign in Germany, Hein observed a case of erythema
nodosum possibly provoked by the patch-test.

Ophthalmologists often show more caution in tuberculin-testing than
other specialists, and claim to see the appearance or aggravation of
phlyctenules as the immediate result of tuberculin-testing. One case of
choroiditis miliaris occurring after a Mantoux 3 tuberculin units (TU) b
has been reported from Nuremberg. The causal relation to the Mantoux
test seems very doubtful.

b I international unit of Old Tuberculin (ITU) = 0.01 mg., but the changing of the unit to expression
in terms of millilitres is under consideration by the Expert Committee on Biological Standardization of
the World Health Organization. - ED.



TUBERCULOUS DISEASE IN BCG-VACCINATED INDIVIDUALS

A very small number of cases of exanthemata of different kinds has
been reported in connexion with tuberculin-testing. I have personally
seen, in several cases, an exanthema of the type of lichen scrophulosus in
the area around the Pirquet reaction. A general eruption of lichen follow-
ing immediately upon a Moro patch-test has been described, and revival
of lichen scrophulosus has been reported by several authors, including
Kristjansen.80 A haemorrhagic-necrotic tuberculide which appeared
5 days after a Mantoux 0.01 mg. has been reported by Keiser-Nielsen.73

Shock-like reactions to tuberculin seem to be extremely rare. I have
once seen general urticaria with collapse 10 minutes after a Pirquet test,
which on reading two days later showed no reaction. Urbach & Gold-
burg 118 have reported a necrotic-haemorrhagic local reaction to 0.000002 mg.
of purified protein derivative (PPD), with septicaemia, thrombopenia,
and death from haemorrhage, and discuss the possibility of an Arthus
phenomenon or a Shwartzman phenomenon. A somewhat similar case
has been described by Mueller,95 with purpuric spots in the extensive
local reaction, general exanthema, and gangrene of the nose-tip and two
toes. The Shwartzman phenomenon might certainly be considered in
connexion with this case.

A very interesting case has been reported to Dr Palmer by Dr Aronson,
and I quote it with Dr Palmer's permission.

A child aged one year, a non-reactor to 0.005 mg. PPD, was injected unintentionally
with an unknown amount of BCG in the form of a salt solution from a syringe which
had been used for BCG vaccine. Seven weeks later a definite nodule 3 mm. by 4 mm.
was noted; six weeks after that the nodule had reached 14 mm. in size and was ecchy-
motic. One year after the injection of the vaccine the child received 0.00002 mg. of
PPD. It was noted that the child at that time was febrile and listless. Death occurred
about 18 hours after the tuberculin was given. Dr Aronson performed the autopsy
and found extensive tuberculosis with markedly enlarged and caseous hilar-nodes
showing areas of haemorrhage. Microscopically the haemorrhagic areas resembled
those observed in animals dying from tuberculin shock.

Heppner 56 has reported the occurrence of severe shock symptoms
five hours after an intracutaneous tuberculin-test with 0.1 mg. was carried
out. The skin showed an eruption of lichenoid papules.

In view of the enormous number of tuberculin-tests given every day
throughout the world, the number of cases of serious complications is
astonishingly small, and cases such as those just mentioned do not play
any significant role.

No serious accidents attributed to tuberculin-testing have been reported
to the Joint Enterprise. Dr Triantaphyllou mentions in his report on
the campaign in Greece the occurrence of fever after a Mantoux test in
a child who three years earlier had had spondylitis. From Milevsko,
Czechoslovakia, 2 cases of especially strong reactions to Mantoux 10 TU
have been reported. The testing was done during epidemics of influenza,
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measles, and pertussis, and attention should be paid to the inconvenience
resulting from giving the first dose at a time when the tuberculin-sensitivity
is lowered because of disease, and the second dose when sensitivity has
reappeared. From Debrecen, Hungary, a case is mentioned where pains
in the joints and a possible hilar adenitis were attributed to a Mantoux
1 TU. The case is insufficiently described, however, and the physician
of the University Clinic in Debrecen denies that there was any causal
connexion with the Mantoux test. In Ludwigsburg, Germany, a general,
transient exanthema was observed in one case shortly after the Mantoux
test, which was positive, had been carried out. In a case reported from
Liibeck, Germany, the connexion between a negative tuberculin-test and
a presumed focal reaction in an old coxitis, with pains only, is extremely
questionable. These cases open up the complicated problem of distinguish-
ing between the shock-producing and the skin-affecting substances in the
tuberculin, a question which cannot be discussed here.

Even if slight general reactions to tuberculin (especially a slight increase
in temperature) are probably often overlooked, there seems to be no reason
for believing that the methods and doses used for tuberculin-testing by
the Joint Enterprise produce harmful effects. Very few contraindications
to tuberculin-testing exist. The question of carrying out tuberculin-tests
and BCG vaccination during epidemics, particularly of measles, pertussis,
and influenza, will be discussed in section 1.5.5.

1.1.2 Vaccination with vaccine other than BCG
This happens occasionally, especially in areas where a vaccination

campaign with another vaccine (diphtheria, smallpox, pertussis-less often
typhoid and other vaccines) is also being carried out. In Genoa, a case
of disease was first attributed to BCG, but it was eventually found that
it had started after smallpox immunization, and that the child had not
been given BCG. Wasz-H0ckert (personal communication) has reported
a case of tuberculous meningitis where the symptoms started the day after
a pertussis inoculation ; no BCG was given.

1.1.3 Complete misunderstanding
The most peculiar forms of misunderstanding may arise in this con-

nexion. For instance, inquiry into the circumstances has elicited the informa-
tion that it was the brother of the person concerned who was vaccinated,
or that a vaccination was planned but not carried out. An impressive
example is reported from Niirtingen, Wiirttemberg, Germany, by Dr
W0rner: It was decided that a child two years old, whose mother had
open tuberculosis, should be vaccinated with BCG six weeks after the
mother had been admitted to hospital. A few days before, however, the
child died, probably of tuberculous meningitis, without having been
vaccinated.
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1.2 BCG Vaccination, but Non-Tuberculous Disease

It is quite natural, in view of the lively discussion concerning BCG,
that disease in BCG-vaccinated children has been looked upon with
suspicion, and that parents and physicians have felt the need of a thorough
investigation to exclude the possibility of tuberculosis. From this it follows
that several cases of non-tuberculous disease in BCG-vaccinated indi-
viduals have been treated in hospitals and dispensaries, and this has given
us valuable information with regard to the differentiation between tuber-
culous and non-tuberculous chest diseases. Less fortunate is the circum-
stance that some doctors have very readily labelled cases of pneumonia
or bronchitis as tuberculosis, without making the necessary examinations.

With regard to chest disease, I would like to stress once more the
necessity of using more reliable criteria for diagnosis than a shadow seen
on one chest film, especially when, as is often the case, this film is of poor
quality. Birke 8 and Wasz-H0ckert 127 have shown how primary atypical
pneumonia (virus pneumonia) may be mistaken for tuberculosis in BCG-
vaccinated children. Of course, bronchopneumonia is more liable to be
confused with tuberculosis than lobar pneumonia, but the latter is also
sometimes mistaken for tuberculosis.
A considerable number of the cases of " lung infiltrations " reported

from the Joint Enterprise campaign cannot be evaluated because of the
lack of sufficient information, especially with regard to tubercle bacilli.
If the chest film shows a lung infiltration and, at the same time, a definite
enlargement of the hilar glands on the same side, a primary tuberculosis
should, of course, be suspected. It should be remembered, however,
that non-tuberculous diseases of the respiratory tract may also be followed
by a definite hilar adenitis. This may, for instance, be seen in primary
atypical pneumonia. The intensity of the tuberculin reaction, and espe-
cially a conversion from a negative to a strongly-positive test, or a definite
increase in sensitivity from the weak reaction, typical of the so-called
"vaccination-allergy ", to a very strong reaction, is also of diagnostic
value. A difficult question is how to evaluate the rapidity with which
the shadows on the chest films disappear. We are accustomed to consider
rapidly-disappearing shadows as being caused mostly by non-tuberculous
disease, whereas primary tuberculosis in children is characterized by long-
standing shadows. However, the possibility can hardly be denied that
BCG may change the course of primary tuberculosis in a still more benign
direction. Dr Stein, in a personal communication to Dr Aronson, has
called attention to the fact that, in the study on the Wind River reservations,
Wyoming, USA, the number of lesions that were difficult to interpret was
significantly higher among the vaccinated group. This raises the question
as to whether tuberculous lesions may not be modified by a previous
immunization.
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Lung infiltrations with eosinophilia are among the conditions which
are from time to time mistaken for tuberculosis. Such cases have been
reported by Dr Osterskov-Jensen from the campaign in the US Zone of
Germany. In Genoa, a case, recorded as pleurisy, which occurred after
vaccination turned out to be a simple bronchitis. T0rnell observed a case
of non-tuberculous spontaneous pneumothorax among his vaccinated
group. Both T0rnell 116 and Malmros92 have reported cases of sarcoidosis
in vaccinated subjects ; this is a question which has many aspects.

Even more important than the mistakes with regard to chest disease,
are the cases of non-tuberculous disease of the central nervous system,
which are reported as tuberculous meningitis. Malmros has reported a
case where tuberculous meningitis was diagnosed, and where the post-
mortem examination showed a cerebral tumour. Aronson 3 reports that
three cases of non-tuberculous meningitis, one case of poliomyelitis, and
one of cerebral abscess occurred among his vaccinated subjects, and
T0rnell 116 observed one case of pneumococcal meningitis. Such cases,
if insufficiently examined, may easily be taken for cases of tuberculous
meningitis, especially if they are handled by doctors who are sceptical
of or actually hostile to BCG.

From the US Zone of Germany, two interesting cases of this kind have been reported:
(a) A child was admitted to hospital eight weeks after BCG vaccination. The chief
of the hospital diagnosed tuberculous meningitis. The autopsy showed a glioma cere-
belli. (b) Another child was admitted to the same paediatric hospital 8 weeks after
BCG vaccination. A diagnosis of tuberculous meningitis was made. The autopsy
showed epidemic encephalitis. In both cases attempts to obtain cultures of tubercle
bacilli from the cerebrospinal fluid failed.

I cannot mention here all the possibilities of error in the diagnosis
of tuberculosis in BCG-vaccinated individuals. To the data reported to
us, I will only add the observation that about 30 % of the children vac-
cinated in schools in Pisek, Czechoslovakia, showed increased temperature,
general prostration, and vomiting, which were possibly due to an epidemic
of acute gastritis, and are certainly not phenomena of a tuberculous nature
or caused by the BCG.

One other non-tuberculous disease, namely, hepatitis, should finally
be mentioned, not because it may be mistaken for tuberculosis, but for
other reasons. In a report from Bohemia and Moravia which Dr Bouzova
has kindly submitted to me, it is stated that in Nova Pava several cases
of jaundice were observed at the time of vaccination. No exact figures
could be given either for vaccinated or non-vaccinated persons. The
information given is vague, and the evidence of the jaundice having any
connexion with the testing or vaccination is certainly not strong. Atten-
tion should be paid, however, to the possibility of transmitting virus
hepatitis through the needles. The platin-iridium needles used for vaccina-
tion are heated red-hot, and this procedure certainly destroys the hepatitis
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virus. The passing of the steel needles used for tuberculin-testing through
the flame, however, is certainly more of a symbolic gesture. It is known
that virus hepatitis can be transmitted through intracutaneous injection,
and that the dose of virus necessary is extremely small (as little as 0.01 ml.
blood-serum). However, to infect the needle with the virus, it is necessary
that the former should come into contact with blood. As the probability
of this must be considered very small in superficial intracutaneous injec-
tions, the risk of transmitting virus hepatitis through the steel needles is
probably minimal, and no alteration of our technique should be required.
Attention should nevertheless be paid to the occurrence of hepatitis some
months after testing and vaccinating; the time interval should be recorded,
and it should be ascertained whether the cases occurred only among the
BCG-vaccinated subjects or if those who had only been tested with tuber-
culin were also affected.

The question of whether BCG vaccination can do harm to an individual
infected with tubercle bacilli and suffering from a non-tuberculous disease,
and whose tuberculin-sensitivity is temporarily lowered, is discussed in
section 1.5.5. With regard to the question of BCG vaccination of indivi-
duals who are not infected, but who are suffering from non-tuberculous
disease, it may be stated that no evidence has been brought forward to
show that BCG has a deleterious effect on non-tuberculous disease. In
this connexion it should be mentioned that Calmette21 postulated a " para-
specific immunity" produced by BCG, meaning that BCG increases the
resistance not only against tuberculosis but also against other diseases.
Calmette & Saenz 22 have claimed this for streptococci, pneumococci,
and other pathogenic organisms in animals. Calmette's theory has been
supported by Kostic-Yoksic7 on the basis of observations concerning
the frequency of occurrence of pertussis and chicken-pox in children
vaccinated orally with BCG. It has also been maintained that the lower
figures for total morbidity and mortality seen, in some studies, in the
vaccinated group might be explained by such a paraspecific immunity.
As far as I can see, however, no valid observations in human beings can
be said to support the theory.

1.3 " BCG-itis " Mistaken for Tuberculous Disease

The local and regional reaction to BCG inoculation (so-called " BCG-
itis ") is described in the preceding paper.c Even though, from a patho-
logical point of view, it certainly represents a " disease ", it is in most
cases hardly perceptible to the individual vaccinated. Here we are con-
cerned with the question of whether either the local (and regional) or the
general symptoms, called forth by the BCG vaccination, may simulate
a tuberculous disease.

c See p. 441 in this number of the Bulletin.
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The local induration and ulceration are very similar to' the maculo-
papular or papulo-necrotic tuberculides which are seen in rare cases of
scrophuloderma gummosa,58 but the fact that a BCG vaccination was
given at exactly the place concerned ensures the diagnosis " local reaction
to BCG ". Only one case of lupus appearing in the BCG local-reaction
has been reported. This must be an extremely rare complication without
any practical importance, but from a theoretical point of view it is of
the greatest interest. In this case, described by Lomholt,90 the local ulcer
which developed after intracutaneous vaccination continued to spread
slowly for six months, attaining then a size of 6 cm. by 7 cm. The lesion
regressed to a certain extent, but " later tHere was again necrosis and
ulceration, with typical formation of nodules, especially along the
margins ", and, 13 months after the vaccination, a typical lupus vulgaris
was seen to cover the left-shoulder region. The Mantoux test showed
a positive reaction to 0.01 mg. Exactly when the first lupus nodules appeared
is not stated, but it seems that no lupus was to be seen when the patient
was examined at the dermatological clinic six months after vaccination.

It is well known that lupus may appear in ulcers caused by inoculation
of tubercle bacilli. A large number of cases has been reported since
Jadassohn 70 published his famous case of lupus in a tattooing made on
a girl by her phthisic lover, who used his sputum for diluting the Indian
ink. During the last decades, cases of primary cutaneous tuberculosis
with appearance of lupus in the ulcers have been described.27 The lupus
nodules do not appear in the primary stage, and have not been noticed
until several months after the infection. With regard to the pathogenesis
of these cases of lupus, the question is whether the tubercle bacilli, which
live and multiply in the tuberculous primary ulcer, provoke that special
type of tissue reaction after the body has become allergic, and the tissues
react in another way to the tubercle bacilli than they do in a non-allergic
body, or whether the lupus nodules are the result of a haematogenous
dissemination of tubercle bacilli, which settle down preferably in the ulcer
which is a place offering very little resistance. The dermatologists do not
seem to have been able to settle this much discussed question. The latter
possibility is favoured by the fact that most cases of lupus seem to have
a haematogenous origin, and that lupus shows a certain tendency to be
located in skin areas which have been exposed to trauma of different
kinds, without any inoculation of tubercle bacilli. Holland 59 has reported
a case of lupus where an intracutaneous tuberculin injection was followed
after seven days by typical lupus nodules at the site of reaction. The most
probable explanation is that circulating tubercle bacilli settled at the site
of the tuberculin-test, and that the tuberculin contributed to some extent
to the occurrence of the lupus nodules.

This discussion about " inoculation-lupus " or " haematogenous lupus"
is not only of academic interest, but has a special bearing upon our problem
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here. The question is whether the lupus in Lomholt's case was caused
by the BCG itself living in the local ulcer, or whether it resulted from a
haematogenous dissemination of virulent tubercle bacilli, which entered
the vaccinated organism through superinfection. The case-history does
not afford any evidence for or against the possibility of superinfection.
The patient, a workman aged 16 years, certainly may have been exposed
to infection. Lomholt states that the patient was a reactor to Mantoux
0.01 mg. (1 TU) and calls this sensitivity "relatively weak ". In our
experience, many individuals vaccinated with BCG do not react to Man-
toux 1 TU, and the fact that the patient did react cannot be taken as evi-
dence against superinfection.

The most interesting point, however, is that tubercle bacilli, which are
cultured from cases of lupus vulgaris, are usually of low and sometimes of
very low virulence-so low, in fact, that, according to various authors,
they may be said to approach BCG. Theoretically, therefore, it does
not seem unnatural that, in an individual with a certain predisposition,
BCG might produce tissue reactions which resemble or are identical
with what is seen in lupus vulgaris. It must be remembered that it may
be extremely difficult to distinguish both clinically and histologically
between lupus and other forms of tuberculous tissue alterations. There
has been discussion as to whether the diagnosis of lupus in Lomholt's
case is correct. In my opinion, it is of little consequence whether it is
called lupus or a lupoid type of tissue reaction. The interesting point
is the possibility that BCG may, under extremely rare circumstances,
call forth such a reaction. This has nothing to do with BCG " becoming
virulent ", and should not create any fear. It is simply a question of the
possibility that BCG and the tubercle bacilli of very low virulence which
are cultured from cases of lupus are so intimately related that they may
call forth tissue alterations of exactly the same type. However, only
this one case has been published, and, in my opinion, the theory that the
lupus was caused by haematogeneous dissemination of virulent tubercle
bacilli is stronger than the " BCG-theory ".

Similar reflections arise in connexion with a case of sarcoidosis, published
by Lemming,84 in which the development of Boeck's sarcoid occurred at
the place on the skin where a BCG vaccination had been made.
A 56-year-old female with lupus pernio was given an intracutaneous injection of

0.2 ml. of BCG (double dose); two months later the local reaction measured 15 mm.
by 28 mm. and, according to the description given, seems to have shown the appearance
of an ordinary but extensive local reaction. During the subsequent months the lesion
progressed and assumed the typical appearance of Boeck's sarcoid.

This is not the place to discuss the difficult question of distinguishing
pathologically between tuberculosis and sarcoidosis. It seems evident
that Lemming's patient reacted to the injection of BCG with a tissue
reaction of exactly the same type as that which produces the lesions found
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in sarcoidosis. It has been found that in special cases of sarcoidosis there
is also a tendency for the cutaneous manifestations to occur at the site of a
trauma, even if neither virulent tubercle bacilli nor BCG are there. In
my own data on sarcoidosis there is such a special case. The etiology
and pathogenesis of sarcoidosis is obscure. The recent work done by
American authors on the tissue reactions to beryllium compounds should
certainly warn the advocates of the theory of a tuberculous origin against
regarding the matter as settled. It is certainly preposterous to consider
the appearance of a sarcoid-like reaction to BCG as an indication that
sarcoidosis is caused by tubercle bacilli of low virulence. I will return
to the question of sarcoidosis later.

The glandular reactions to BCG inoculation may certainly resemble
clinically an ordinary glandular tuberculosis. As cases of isolated axillary,
supraclavicular, and infraclavicular glandular tuberculosis are rare, the
chance of confusion arising in this field is very small, and the same applies
to isolated tuberculosis of the inguinal glands, which are of interest in
connexion with BCG vaccination made on the thigh. The cervical adenitis,
which is seen after oral vaccination and has been described repeatedly in the
French literature and by Kostic-Yoksic' and others, is more liable to create
diagnostic difficulties. The enlargement of the glands may reach a consi-
derable size. The clinical course of suppurating glands which occur as
part of the " local reaction " to BCG vaccination does not deviate appreci-
ably from the course of glandular tuberculosis, even though, according
to Rekling,103 the glands usually heal in a shorter time in the former case.
The histological picture is the same, with tubercles and caseification. The
important point is to isolate the bacilli for culturing and inoculation into
animals, which will be a possible means of distinguishing between BCG and
virulent tubercle bacilli. It should be remembered that calcification may
occur in glands which have been the site of pure " BCG necrosis ", and
cannot be taken as evidence of superinfection with virulent tubercle bacilli.

When glands which are the site of reaction to BCG vaccination are
infected secondarily with pathogenic organisms other than virulent tubercle
bacilli, the clinical picture may be more serious and the suspicion of tuber-
culous disease stronger. Lignieres 85 has published such a case, where
death occurred in a child who had shown a serious cervical adenitis, and
where the pus contained acid-fast bacilli, streptococci, and staphylococci.
In spite of the results of inoculation into animals, which showed that the
acid-fast bacilli behaved like BCG, Lignieres concluded that the BCG
was pathogenic under special circumstances, a conclusion which is cer-
tainly not justified by the facts presented.

In the preceding paper d the question was raised of whether hilar
adenitis may be a link in the chain of events following intracutaneous

d See p. 441 in this number of the Bulletin.
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BCG vaccination without any superinfection with virulent bacilli. Rekling's
investigations point to this possibility, and the question should be elucidated
by systematic x-ray examinations, especially in cases of glandular reac-
tions. The tuberculin reactions are often moderately or strongly positive
in cases with glandular reactions, and, if the possibility of hilar adenitis
is confirmed, the distinction between hilar adenitis occurring merely as
a reaction to BCG inoculation, and hilar adenitis resulting from super-
infection with virulent bacilli may be difficult. As stressed earlier, the
search for tubercle bacilli by stomach-washing is extremely important
in such cases, and culture of the bacilli should be followed by inocula-
tion into animals. Kostic-Yoksic,78 and others maintain that hilar adenitis
occurs as a link in the glandular reaction to oral vaccination with BCG.

A hilar adenitis as a part of the glandular reaction to BCG should,
if it exists, hardly be regarded as a serious " complication ". Local trouble
from enlarged hilar glands would be expected to occur extremely seldom,
and could not be of practical importance. Kosti6-Yoksi6 has reported
a case of non-febrile pulmonary lobitis in a child vaccinated orally, where
a diagnosis of hilar adenitis had been made. The possibility of an atelectasis
caused by pressure from enlarged glands could theoretically not be excluded.
A case of pyloric stenosis caused by enlarged mesenteric glands in a BCG-
vaccinated child has been reported, but there was no proof that the glandular
reaction was simply a reaction to oral BCG administration.

Does the " BCG-itis " include general symptoms apart from the pos-
sible extension of the glandular reaction to more distant groups of glands '?
Usually, the cases of suppurating glands in BCG-vaccinated individuals
are not followed by any considerable increase in temperature, but a slight
increase may possibly pass undetected. In certain cases, fever is mentioned
in connexion with the strong reactions. Systematic investigations on a
large group of subjects do not seem to have been carried out.

It is often claimed by parents, teachers, and even doctors that, during
the post-vaccination period, many children are febrile and listless, show
a decreased appetite, and lose weight. The observations on which these
assumptions are based, however, are without value from a scientific point
of view and I do not know of a single study, carried out in a reliable way,
which gives support to this theory. Larsen & Bastrup-Madsen compared
the weight-curves for BCG-vaccinated and non-vaccinated infants in
Aarhus, Denmark, and did not observe any difference. From all that is
known, it must be said to be highly improbable that BCG vaccination
is followed by perceptible general reactions in large groups of children.
I cannot agree with Dr Triantaphyllou when he includes " low fever for
15-20 days" in what he calls a normal reaction to BCG vacciniation.

No one would think of denying that strong local reactions, involving
also the glands, may, in exceptional cases, cause fever, especially when
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secondary infection has taken place. It may safely be said, however, that
in the large majority of ordinary reactions to BCG, apart from the reactions
at the site of vaccination and in the lymphatic system, there is no general
reactiCn which is perceptible to the individual vaccinated.

Evidence from animal experiments shows that BCG is disseminated
throughout the body in the weeks following the vaccination. BCG may
be cultured from the different organs ; real " tuberculous " foci can often
be discovered in the tissues after intravenous infection, but are rarely
found after inhalation (Holm, personal communication). This dissemina-
tion seems to give rise to such minute alterations of the tissues that neither
locally nor generally should perceptible signs occur. A case has been
reported by Drucker,31 where gastric lavage in a vaccinated child showed
tubercle bacilli, which when cultured and then inoculated into animals
behaved like BCG. In this case the vaccination was made by the oral
method, and it has been shown, above all by the famous Liibeck data.41
that feeding of tubercle bacilli is often followed by primary foci, not only
in the alimentary tract but also in the lungs, caused by aspiration of
bacilli. In Drucker's case, therefore, there is no reason to postulate haema-
togenous BCG-foci in the lungs, since the finding of BCG by gastric lavage
may be explained by aspiration of BCG to the lungs and development
of a BCG primary lesion in the lung.

The complaints about fever, listlessness, decreased appetite, and loss
of weight have been very common in some of the areas where the Joint
Enterprise has been working, but have not been mentioned in the majority
of areas. A BCG effect may in all probability be excluded. The explana-
tion may be found in the simultaneous occurrence of an epidemic disease
of a benign character, or, perhaps, in a certain mental attitude towards
the BCG vaccination, possibly created or supported by laymen, teachers,
and even doctors.

In some countries more than in others, erythema nodosum appears
in a considerable number of cases of tuberculous primary infection at the
time when the cutaneous hypersensitivity to tuberculin appears (i.e., towards
the end of the pre-allergic stage). The question of whether the " conver-
sion " of the BCG-vaccinated subjects from non-reactors to reactors may
be followed by erythema nodosum has, of course, been discussed. On
the theoretical side it has been pointed out that, whereas the allergy which
arises after virulent infection is usually strong, and especially strong in
individuals who show an erythema nodosum, the allergy produced by the
BCG vaccination is usually weak. The transition from non-reactor to
reactor probably involves a more sudden and pronounced change in indi-
viduals infected with virulent tubercle bacilli than in individuals infected
with BCG. As it is believed that the degree of allergy that arises and the
rapidity with which it develops are of essential importance with regard
to the appearance of erythema nodosum, one should possibly not expect
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the occurrence of erythema nodosum as a pure BCG-effect. However,
the allergy obtained depends to a large extent on the doses of BCG used
for vaccination. Furthermore, it is evident that both an individual and
a familial disposition play a role in the occurrence of erythema nodosum.
It might therefore happen that, in BCG-vaccinated individuals with a
constitutional predisposition to erythema nodosum, the conversion could
produce the erythema.

It is very difficult to elucidate this question from clinical data, because
of the difficulty involved in excluding superinfection with virulent tubercle
bacilli. Strong evidence should, however, be obtainable under excellent
conditions of observation. Kostic-Yoksic (personal communication)
claims to have observed such cases, but they are not published. Rekling 103
mentions a case of a girl, aged 18 months, who showed erythema nodosum
at the same time as the appearance of a regional adenitis after BCG vaccina-
tion (4 weeks). The sister of this child had reacted with erythema nodosum
to a virulent tuberculous infection, and nothing is mentioned about the
possibilitv of superinfection from this sister who discharged tubercle
bacilli.

Imerslund 68 has reported 3 cases where, in my opinion, some evidence
is found pointing to an erythema nodosum caused by BCG alone.

Three sisters, one of whom had on three previous occasions had erythema nodosum,
were vaccinated with BCG at the same time. There was a possibility of tuberculous
infection from a man who had been ill three years before, but in whom tubercle bacilli
had not later been found. The sisters got erythema nodosum after 7, 4, and 4 weeks
respectively. None of them showed the strong sensitivity to tuberculin which is charac-
teristic of most cases of tuberculous nodal-fever. In all 3 cases, the sedimentation-rate
was normal and x-ray films of the lungs did not show any pathological changes. There
were no signs of infection with streptococci or of disease of any kind, except the erythema
and a slight fever in two of the cases.

Admittedly superinfection cannot be entirely ruled out, but I consider
that the observations justify Imerslund's conclusion that

" in the cases concerned, characterized as they are by a marked familial disposition to
erythema nodosum, it is conceivable that the relatively weak tuberculin allergy produced
by the BCG vaccination might have been sufficient to elicit the exanthema".

Among 60 to 70 other cases of erythema nodosum in BCG-vaccinated
subjects, reported in the literature or from the work of the Joint Enter-
prise, no convincing evidence of the erythema being caused by BCG alone
has been found. Many reports, however, give so little detailed informa-
tion that a proper evaluation of the cases is not possible.

It should be noted that where large, and even enormous, doses of BCG
have been given by mistake to uninfected individuals, no cases of erythema
nodosum have been observed, as far as I have been able to determine.
This result may depend upon the circumstance that the injections did not
chance to strike individuals with the special predisposition. It should
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finally be stressed that even ifBCG is able to produce an erythema nodosum
without the interference of a virulent superinfection, there is not the
slightest reason for assuming that this will harm the individual concerned.

Another clinical phenomenon which may accompany the conversion
after infection with virulent tubercle bacilli, but which occurs much less
frequently than erythema nodosum, is the appearance of phlyctenules.
Paalsson 100 mentions the occurrence of phlyctenules at the time ofconver-
sion in some BCG-vaccinated individuals, but details are not given. A
case has been reported from Poland in which keratoconjunctivitis phlycten-
ularis was observed in both eyes 6 weeks after vaccination. The possibility
of phlyctenules occurring as an effect ofBCG alone could hardly be excluded,
but what has been said with regard to erythema nodosum applies also to
this problem.

In summarizing, it may be said that the reaction of the human organism
to the doses of BCG ordinarily used for intracutaneous BCG vaccination
is usually restricted to reactions at the site of vaccination and in the
regional lymph-glands, that general reactions are rare and seem to be
unimportant, and that allergic manifestations at the time of appearance
of the tuberculin-sensitivity may appear, but are probably extremely rare.
The strong local reactions may be unpleasant and may last for some time,
but even in such cases no general harm seems to be caused.

1.4 Increase in Virulence of BCG

It is unnecessary to present in this paper the abundant published data
which give very strong support to the assumption that an increase in the
virulence of BCG does not take place inside the human body. The known
cases of tuberculous disease in BCG-vaccinated individuals could not be
explained on the basis of such an assumption. The reader is referred,
for instance, to the work of B0e 13, 14, 15 and Irvine 69 which gives a survey
of the question with a number of important references. Irvine concludes
that it would appear that, since 1930, BCG has been incapable of pro-
ducing progressive tuberculosis in any laboratory animal, even the sus-
ceptible guinea-pig, that BCG has never been proved virulent for man,
that the very few unproved suspicious cases which have been reported
occurred before 1930, and that since that date no evidence has been put
forward to disprove the safety of BCG for human vaccination. I agree
entirely with these conclusions and will make only a few remarks.

As BCG does not confer an absolute immunity, cases of tuberculosis
may occur in BCG-vaccinated individuals. From a strictly scientific point
of view, it is usually not possible in a case of tuberculous disease in a BCG-
vaccinated subject to prove with absolute certainty that the disease was not
caused by BCG itself. An overwhelming amount of indirect evidence gives
support to the assumption that BCG does not directly cause tuberculous
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disease, but absolute proof cannot be given. It would probably be easier
to prove it if it suddenly happened that BCG caused tuberculosis, espe-
cially in the event of an accumulation of cases. There is no reason to
believe that BCG is likely to cause tuberculosis, but as scientists we should
be aware that we are operating only with a very high degree of probability,
and not with an absolute certainty.

I mention this, not because I wish to instil the slightest doubt as to
my conviction that BCG is innocuous and that there is no valid reason
for fearing that it should ever become virulent again, but because many
authors, with insufficient justification, regard the matter as settled when
they claim that the finding of tubercle bacilli of the human type repre-
sents an absolute proof that BCG is not responsible for the disease con-
cerned, since BCG is a bovine bacillus. To quote only one example,
Hertzberg58 states that
" When the tubercle bacillus found in such cases is proved to belong to the human type,
the situation is clear as we are obviously dealing with a superinfection of ordinary tubercle
bacilli, the bovine type being practically non-existent in Norway. Thus BCG is exoner-
ated ".

This mode of reasoning, which has become very common, involves
a simplification which is hardly justified, and demands more of the bacteri-
ologists than they are able to give. The statement that the tubercle bacilli
found in a special case are " of the human type" is, in ordinary cases,
based upon the fact that the bacilli on inoculation into a few animals
have shown virulence for guinea-pigs but not for rabbits. In most cases,
though not always, the determination of the type is comparatively simple.
The fact that a tubercle bacillus is virulent for guinea-pigs but not for
rabbits certainly does not represent an absolute proof that it is not derived
from the BCG. Petroff, and subsequently many others, have pointed out
that if BCG should suddenly turn virulent, the characteristics of virulent
BCG need not necessarily be those of the original culture, because the
virulence for different animals need not necessarily reappear in the order
in which it disappeared during attenuation. Calmette stated that BCG
lost its virulence first for rabbits and later for guinea-pigs. Translated into
the simplified language of the clinician, this means that BCG was first
transformed from a bovine to a human type of tubercle bacillus, and later
to a non-virulent human-type bacillus. Dreyer & Vollum, who grew the
BCG at the bottom of broth, found one strain which, after 4 passages,
produced progressive tuberculosis in guinea-pigs and rabbits. Griffith
afterwards examined this strain and was not able to classify it distinctly
as either human or bovine, but labelled it " mammalian ".

In my opinion, the most important evidence of the innocuousness of
BCG must be sought in animal experiments and in a series of indirect
clinical and statistical circumstances, and the importance of determining
the type of the tubercle bacillus should not be exaggerated. It is indeed

10
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necessary to inoculate animals with the bacilli which are found in such
cases, but the important consideration is whether or not the strain is found
to be virulent, and not whether it is more virulent for guinea-pigs than
for rabbits.

1.5 Infection with Virulent Tubercle Bacilli

1.5.1 Vaccination after infection, but during pre-allergic phase

Several cases, some of which have been published, of tuberculous
disease occurring in BCG-vaccinated subjects 1-12 weeks after vaccination
have been observed. With the inevitable tendency of human beings to
equate sequence and consequence, these cases have often been claimed
to be " caused by the BCG ", simply because they occur shortly after
vaccination. The questions we will have to tackle are: (a) do cases of
tuberculous disease occur more frequently in individuals vaccinated in
the pre-allergic stage than would be expected in the same group without
any BCG vaccination ? and (b) do cases of tuberculous disease occurring
under these circumstances run a more serious course than cases where
no BCG has been given ? In other words, does a BCG vaccination in
the pre-allergic phase involve any danger to the individual concerned ?
This, of course, is an important problem. If the answer to the last question
is in the affirmative, everything possible should be done to exclude the
possibility of vaccinating during this stage.

When a mass-vaccination campaign is carried out in an area with a
high infection-rate, the chance of a pre-allergic phase and a BCG vaccina-
tion coinciding is bound to be considerable. The pre-allergic phase
usually lasts 4-6 weeks. In a country like Poland, with 25 million inhabi-
tants and a high infection-rate in most areas, thousands of healthy indivi-
duals will probably become infected each month. As many as 200,000
individuals have been vaccinated with BCG in one month. It is evident,
therefore, that the chance of coincidence is ample.

Further, we know that some of the infected individuals present, with
the conversion of the sensitivity to tuberculin, clinical signs and symptoms
of what is called primary tuberculosis. The percentage of such indivi-
duals certainly differs widely, and seems to be very high in Scandinavia,
especially Norway, and very low in the USA. The percentage of conver-
tors showing radiological or other signs of primary tuberculosis varies,
in the studies published, between 0% and 50%. It is not unreasonable
to believe that the general (non-specific) resistance of the infected indi-
viduals is of some importance with regard to the occurrence of detectable
primary tuberculosis. In most of the countries where the Joint Enter-
prise has been working, a somewhat lowered resistance may have been
present, at any rate in certain areas, owing to postwar conditions. With
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the very high number of primary infections, a considerable number of
cases of detectable primary tuberculosis would be expected.

When cases of primary tuberculosis are reported in individuals who
were vaccinated with BCG during the pre-allergic phase, we should there-
fore bear in mind that a great many of such cases are bound to occur. The
fact that individuals who are vaccinated with BCG are, at least in some
quarters, more thoroughly examined than others when they become
ill and show symptoms which simulate tuberculosis, is probably also of
some importance.

Before an examination of the question, it is necessary to stress the diffi-
culties involved in distinguishing this possibility of pathogenesis (point 5 a)
from the next point (5 b): infection may take place after the vaccination,
but before this has produced sensitivity to tuberculin. In most of the
papers published these two groups have been treated as one, partly because
the authors do not seem to have realized the difference and partly because
it is so difficult to distinguish between them. The difference, however,
is not only of academic interest. The first problem is whether a BCG
vaccination given to an individual in the pre-allergic phase can have an
adverse effect on the course of the tuberculous infection already present.
The second, which is quite different, is whether the resistance of a human
being to tuberculous primary infection can be temporarily lowered by BCG
vaccination, through a so-called " negative phase " shortly after vaccination,
so that primary infection is more apt to produce tuberculous disease shortly
after a BCG vaccination than when no vaccination has been made.

These two possibilities cannot be kept entirely apart because of the
variations in the incubation period of tuberculosis. Wallgren 124 has been
studying this question for many years and has been able to find cases
which were probably exposed to tuberculous infection only during one day
or a very few days, at the same time as the time of conversion could be
fairly accurately estimated. Wallgren's investigations, which have recently
been carried further by Wasz-H0ckert,126 show that most of the cases of
primary tuberculosis in children have an incubation period of 35-40 days.
In Wasz-H0ckert's data (which includes Wallgren's), the period of incuba-
tion was in one case less than 15 days and in one case more than 50 days.
Thus, although the pre-allergic phase lasts, on an average, for 4 to 6 weeks,
exceptional cases may be encountered where the length of this period may
be as short as a fortnight or as long as two months. In many of the cases
of tuberculous disease which are to be discussed, the patient was exposed
to tuberculous infection both shortly before and shortly after BCG vaccina-
tion. If the interval between vaccination and the first symptoms is less
than 14 days, we are entitled to conclude that the individual concerned
was infected before the vaccination. If it is more than 60 days, it may
be considered very probable that the patient was infected after the BCG
vaccination. When the interval is between 2 and 9 weeks, however, it
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is not possible to state with any degree of accuracy whether the individual
was infected before or after the vaccination.

In cases where the first signs of primary tuberculous disease develop
either immediately or within nine weeks after BCG vaccination, the possi-
bility, and even probability, must be admitted that vaccination was given
in the pre-allergic phase.

In most of the published cases of primary tuberculosis occurring shortly
after BCG vaccination, there has been discussion, on a rather vague basis,
as to whether the disease was provoked or aggravated by the vaccination.
Cases of primary tuberculosis may show a very wide range of seriousness,
and it is very difficult, perhaps even impossible, to elucidate the problem
discussed here by means of single observations. Hertzberg is right in
claiming that the morbidity in a group vaccinated with BCG in the pre-
allergic phase should be compared with that in a group of recently infected
individuals who were not given BCG vaccine.

In Hertzberg's data,57 58 62 cases are reported where BCG vaccination
was registered as having been given in the pre-allergic stage or where
natural infection took place in the incubation period of BCG vaccination;
no attempt was made to distinguish between these two groups. Of these
cases, 36 remained " resistant to tuberculosis " during the period of observa-
tion, and 26 developed tuberculous disease of various kinds. In 10 cases
an interval of 16 days to 1 month between vaccination and onset of disease
was observed, in 4 cases the interval was I1½months, in 6 cases it was
2 months, and in 1 case it was 21/2 months. In 4 cases the interval was
3-10 weeks without information on each individual case, and, in one case,
the length of the interval is not stated. For the 7 cases where the interval
was two months or more, there is a considerable degree of probability that
the infection took place after the vaccination, and it is possible that the
same applies also to some of the cases with a shorter interval. Hertzberg's
results can therefore not be said to cast light specifically upon the risk
involved in BCG vaccination in the pre-allergic phase of a tuberculous
infection, but give information about the dangers arising from either BCG
vaccination undertaken in the pre-allergic phase or natural infection which
has taken place in the incubation period ofBCG vaccination. This approach
is a very valuable one, and under practical circumstances it will seldom be
possible to come much nearer to the problem.

Twenty-six of the 62 persons in this category (i.e., 42%) became ill
with tuberculosis. In Hertzberg's so-called control group, tuberculous
disease appeared in 729 out of 1,832 persons (40 %). The main quali-
fication for inclusion in the control group was evidence in the records that
recent infection with tuberculosis had occurred in persons who had been
tuberculin-negative earlier and who had been submitted to a radiological
examination when a positive reaction to tuberculin was demonstrated for
the first time.
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The morbidity in Hertzberg's control group (40 %) is fairly high,
but is lower than in some other carefully observed groups in Norway
(61 %).40 It is very difficult to ascertain whether the control group is
strictly comparable to the BCG-vaccinated group. The high morbidity
might be explained by a selection of carefully studied individuals, who
would show a higher incidence of positive x-ray findings. Hertzberg him-
self is fully aware that the comparison is " statistically halting in several
respects ". In my opinion, his study can hardly be said to give very strong
evidence. Data from larger and more homogeneous groups are desirable,
but could probably not be obtained without great difficulty. Hertzberg
also compared the course of the tuberculous disease in the two groups,
a task which is still more difficult. The distribution of the cases of tuber-
culosis in " disease groups " was fairly uniform. The further course of
the disease was perhaps slightly more serious in the BCG-vaccinated group
than in the control group. The figures however are small, and I do not
think that any importance could be attached to this slight difference.

Perhaps one might say that this study indicates that in a group which
shows a very high percentage of primary tuberculosis in convertors, a
BCG vaccination shortly before or shortly after infection with virulent
tubercle bacilli probably does not, to a detectable extent, adversely affect
the outlook for the individuals involved.

As far as I know, no other large-scale study has been published. Tornell 116
has reported similar data about 12 persons, 6 of whom got tuberculous
disease. One should certainly not be too impressed by the " percentage"
in this case, however, as the figures are very small.

Very little information can be obtained from the single or small groups
of published cases in which the time interval between vaccination with
BCG and onset of tuberculous disease makes it probable or possible that
the vaccination took place in the pre-allergic phase. Such cases have been
reported in Scandinavia by several authors, including Berg,6 Birke,8 Dahl,
Hertzberg & Refsum,26 Eriksson & Hansson,35 Hedvall,52 Imerslund,68
Kristenson,79 L0fgren,87 88 Paalsson,100 T0rnell,116 and Ustvedt.119 The
cases which have been reported in any detail usually did not show peculiar
features distinguishing them from ordinary cases, and most of them followed
a benign course.

It has been mentioned in the preceding paper e that, from a theoretical
point of view, BCG vaccination might be expected to call forth a Koch
phenomenon when the vaccination is made at the end of the pre-allergic
stage, shortly before the " conversion ". This is confirmed by clinical
observations. Vaccination earlier in the pre-allergic phase, however,
would probably produce an effect more like " primary infection ", but
knowledge on this point is insufficient.

e See p. 441 in this number of the Bulletin.
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Aronson,3 in his paper on vaccination among the Indians, mentions
that Koch phenomena (acute local inflammatory reactions) were in two
instances found in individuals who had been tuberculin-negative at the
time of testing but " were evidently in the pre-allergic phase at that time ".
No further details concerning the basis for such an assumption are given.
It should be noted that these two cases have since died from tuberculosis.

Wasz-H0ckert 128 has published data on 23 BCG-vaccinated children
suspected of having tuberculous disease and treated in the paediatric clinic
of Helsinki. Two of his cases are of interest in this special connexion.

Child aged 2 years

Taken ill with fever in middle of January 1947
29.1.47 Hamburger test given
31.1.47 Reaction read as negative

BCG given intradermally
1.2.47 High temperature
2.2.47 Numerous papules observed at the site of the ointment test
3.2.47 Pirquet test strongly positive, high temperature
The x-ray films during the following weeks showed a bilateral hilar adenitis, with

"well spread miliary design in the lungs ". Tubercle bacilli were cultured from stomach-
washings. The further course of the disease is not reported.

The other case concerns a girl who, five months after birth, had fever for a period of
two weeks and showed no increase in weight; adenitis was observed paratracheally and,
on fluoroscopy, in both hilar regions. A month later the Pirquet test and Mantoux 0.1
mg. were negative, and intradermal BCG vaccination was carried out at the request of
the parents. The following day there were signs of a Koch phenomenon at the site of
vaccination, and two days later a flaring-up of the Mantoux test. X-ray examination
showed large hilar and paravertebral adenitis with lung infiltration. Streptomycin treat-
ment was begun. One week later signs of meningitis appeared, and tubercle bacilli were
found in the spinal fluid. Death occurred after three months.

Even though the possibility of coincidence cannot be entirely dis-
regarded in these two cases, attention should undoubtedly be directed
to the possibility that a strong Koch phenomenon produced by inoculation
in the pre-allergic phase of a tuberculous infection, may, under certain
unfortunate circumstances, influence the course of the infection. In the
first case, however, the course seems to have been comparatively benign,
and in the other case the interval between the Koch phenomenon and the
first signs of meningitis (one week) seems too short to present very strong
evidence of a causal connexion.

Erythema nodosum may certainly be provoked by a number of different
agents, such as various drugs, injection of different vaccines, etc. L0f-
gren 87,88, 89 has made a special study of this problem. Tuberculin is
undoubtedly among the agents which may provoke an erythema nodosum.
L0fgren has also described a case where a primary tuberculous affection
of the skin was obviously activated by immunization against diphtheria,
after which erythema nodosum appeared in connexion with sulfathiazole
treatment. He suggests that BCG may also be a provoking-agent when
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the vaccination is given in the pre-allergic phase, and has himself observed
3 cases of erythema nodosum occurring 14, 24, and 25 days after vaccina-
tion with BCG. Several similar cases have been reported by Kristenson 79
Imerslund,68 Ustvedt,119 and others. In my opinion, there is not much
evidence to support the hypothesis that BCG may act as a provoking-agent
for erythema nodosum in individuals who are vaccinated with BCG during
the pre-allergic phase. The known provoking-agents for erythema nodo-
sum, such as tuberculin-testing, immunization against diphtheria, sul-
fathiazole treatment, and injection of Frei's antigen in lymphogranuloma
inguinale and of trichophytin in fungus disease, all seem to show their
effect in a comparatively short time, i.e., within a few days, and rather sud-
denly, whereas the effects produced by BCG are generally slight and appear
gradually. However, when the injection of BCG in the pre-allergic phase
produces a Koch phenomenon, more favourable conditions for the occur-
rence of erythema nodosum would seem to be present.

I shall now discuss the information obtained from the work of the
Joint Enterprise with regard to tuberculous disease in individuals who were
probably vaccinated with BCG during the pre-allergic phase. Several
cases of erythema nodosum, hilar adenitis, primary complex, lung infiltra-
tion, and pleurisy, and also a few of a more serious nature, have been
reported, where the interval between the vaccination and the first signs
of disease varied from a few days to 10-12 weeks. The information which
has been sent is, in most of the cases, very scanty, and does not enable
a proper evaluation of the case to be made. It is not possible to distinguish
between cases where vaccination was given in the pre-allergic stage, and
cases where infection took place after vaccination but before allergy had
appeared as a result of the vaccination. It should also be remembered
that every case of tuberculous disease appearing during the first months
after BCG vaccination does not necessarily belong to the category discussed
here ; some cases may have their place in one of the following categories.
In most of the cases the basis on which to decide this question is insufficient.

Of the 74 cases of active tuberculosis mentioned in Dr Belke's report
from Poland, 10 were detected within a week after vaccination and 44
within the first nine weeks. It should, however, be remembered that,
for the majority of the individuals vaccinated, the observation period is
very short, so that, for the time being, information must be expected mainly
about cases observed shortly after vaccination.

It seems reasonable to assume that the cases of erythema nodosum,
pleurisy, hilar adenitis, and lung infiltrations, which occur after a short
interval, mostly belong to the group discussed here or to the next group
(see section 1.5.2). However, when a case of pulmonary phthisis is dis-
covered in the first week after vaccination it is hardly possible that the
vaccination was performed in the pre-allergic phase of a tuberculous infec-
tion. The data presented by Dr Belke do not require comment as far
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as the special problem discussed in this section is concerned. Her case
no. 4 seems to be a very peculiar one, and is discussed at length in sec-
tion 1.5.6.

During a visit to Krakow in March 1949, I had the opportunity of
examining the chest films from a number of cases, several of which seemed
to be typical examples of primary tuberculosis occurring shortly after BCG
vaccination performed in the pre-allergic phase. I was given to understand
that there were no special circumstances which pointed to a causal relation
between the vaccination and the disease, and I will repeat the statement
that very little evidence can be obtained from single cases of this type.

In Dr Belke's report, 13 cases of tuberculous meningitis and 6 cases
of miliary tuberculosis are mentioned. Seven of the cases of meningitis
and 4 of the cases of miliary tuberculosis occurred within the first eight
weeks after BCG vaccination, and may belong either to the group discussed
here or to the next group (see section 1.5.2). No details are available from
the report. Dr M0ller has submitted a few data concerning 4 of the cases
of tuberculous meningitis observed in Wroclaw wojwodi,f but they do not
allow of any proper evaluation of the possible role of vaccination. The
question of tuberculous meningitis in BCG-vaccinated individuals is dis-
cussed in section 2.1.

From Czechoslovakia, Dr Bouzova has submitted a report giving brief
information concerning local complications and cases of tuberculous
disease in BCG-vaccinated subjects in the regions of Hradec Krallove,
CUske Budejovice, Liberec, and Plzen. From three districts, cases probably
belonging to the group discussed in this section have been reported (5 cases
of transitory lung infiltrations from Trutnov, 1 case of pleurisy from
Liberec, 7 cases of hilar lymphadenitis from Turnov). No information
has been obtained from Hungary but Professor Neubauer has personally
informed me briefly of the cases of tuberculous disease observed in Slovenia,
Yugoslavia, though no written report has been received.

According to Dr Triantaphyllou's report from Greece, 5 cases of
erythema nodosum occurring 6 to 40 days, and even longer, after vaccination,
4 cases of lung infiltration and hilar adenitis 10 days to 3 months after
vaccination, and 1 case of miliary tuberculosis 10 days after vaccination
were observed; however, no details are given.

From Vienna, Austria, Dr Fischer has reported a case of pleurisy
which occurred four months after vaccination in a child who four weeks
after the vaccination had shown a strongly positive Mantoux test, and who
might therefore have been vaccinated in the pre-allergic phase. During
the Swedish campaign in Carinthia, 1 very dubious case of miliary tubercul-
osis (healed, no tubercle bacilli) and 1 dubious case of hilar adenitis occurred
during the first months after vaccination. From the Norwegian campaign
in Genoa, Italy, 1 case of tuberculous meningitis which occurred 14 days
fA wojwodi is an administrative district equivalent to a province. - ED.
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after vaccination (no details of this case are given) and 2 cases of erythema
nodosum have been reported.

From the Danish campaign in Germany a series of vague statements
by German doctors has been received, relating to the occurrence of hilar
adenitis during the period immediately following the vaccination. The
written information on this subject is scanty. A few cases should, however,
be mentioned as they are of some interest.

Boy aged 15 years (from Kassel, Germany)
2.3.48 Vaccination after a negative Mantoux test (33 TU).

Listlessness during the following days.
5.3.48 Temperature: 380 C. [100.40 F.]
6.3.48 Temperature: 400 C. [1040 F.]

15.3.48 Admission to hospital with suspicion of typhoid fever.
Patch-test positive.
Erythema nodosum, with joint pains and herpes facialis.
Chest film showed hilar adenitis.
The course of the disease was benign.

This case might be placed among those where a slightly harmful effect
through a possible Koch phenomenon could be postulated. Details about
the local reactions are not known.

In Hessen, a boy aged 10 years was vaccinated after a negative Mantoux test (33 TU).
Four weeks later he was suddenly taken ill with fever. After one week, he was admitted
to hospital with suspicion of appendicitis. Laparotomy showed no appendicitis, but
large mesenteric glands, which, on biopsy, showed tubercles with small abscesses, as in
a secondarily infected lymph-gland tuberculosis (Professor Lauche). Tubercle bacilli
were found. These were not determined as to type, but it must be considered very unlikely
that the BCG could have reached the mesenteric glands four weeks after vaccination and
have produced such an extensive disease. A coincidence of tuberculous primary infection
and BCG vaccination in the pre-allergic stage must be considered the most likely.

A similar case is reported to have occurred in Schleswig-Holstein,
but no details have been obtained.

A questionable case of miliary tuberculosis observed in Flensburg,
Schleswig-Holstein, will be discussed in section 2.1. Finally, Griesbach 44

has published a case of an infant who was vaccinated with BCG from the
State Serum Institute, Copenhagen, showed signs of tuberculous meningitis
a few days after the vaccination, and died 16 days later. The autopsy
showed miliary tuberculosis and the tubercle bacilli behaved as bacilli of
the human type. The child was exposed to tuberculous infection before
the vaccination and was probably vaccinated during the pre-allergic stage.
No special circumstances were observed which might indicate a provocative
effect of BCG.

Summing up this section, it may be said that no positive evidence has
been brought forward to show that tuberculous disease occurs more
frequently in individuals who have been vaccinated with BCG in the
pre-allergic phase of tuberculous infection than would be expected in the
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same group without BCG vaccination. On the other hand, the possibility
that there is a difference, although probably very slight, cannot entirely
be excluded. Further data are required before this question can be answered.

It must further be said that, generally speaking, there is very little
evidence to indicate that tuberculous disease occurring in " individuals
vaccinated with BCG in the pre-allergic phase " is more serious than where
no BCG has been given. Special attention should be paid to the possibility
that, in exceptional cases, by eliciting a Koch phenomenon shortly before
the time of conversion, BCG vaccination may to a certain extent aggravate
a tuberculous disease already under evolution. No such connexion can
be said to have been proved, and even if such cases exist, they are probably
very rare, and of very little practical importance.

1.5.2 Infection after vaccination, but before development of tuberculin-
sensitivity

It has already been said that, in practice, it will usually be almost
impossible to distinguish between cases belonging to this group and to
the foregoing group (see section 1.5.1). Because of the variation of the
incubation period, cases which appear during the second month after
vaccination may have been infected before or shortly after the vaccination.

With regard to the question of the so-called " negative phase " (the fact
that injection of an antigen provokes a fall in the normal antibody titre
of the blood), I refer to the survey by B0e which will shortly be published
in the Acta Tuberculosea Scandinavica. B0e concludes an earlier paper
on the same subject 14 in the following way:

" Theoretical considerations and analogies with other infections might indicate a
transient decrease of resistance, a ' negative phase ' after BCG inoculation against tuber-
culosis. But animal experiments tend to deprive such a negative phase ofany importance."

No observations from the work of the Joint Enterprise can be used
as evidence for or against the importance of a " negative phase " in
connexion with BCG.

Before leaving the last two sections, I will mention the question of
whether BCG vaccination in human subjects affords any protection before
sensitivity to tuberculin has developed. If it does so, a lower morbidity
from tuberculosis should be expected in a group of individuals infected
during the first 4-6 weeks after BCG vaccination than among non-vaccinated
individuals; this result would be the opposite of what one would expect
if a " negative phase " was of importance. Bindslev,7 and Negre & Bretey 98
have found, in animal experiments, slight evidence that a certain amount
of protection is given by BCG even in the period before sensitivity to
tuberculin has developed. However, one must agree with Hertzberg's
statement that his data do not provide proof that BCG vaccination affords
any protection against tuberculous disease when natural infection occurs
before complete vaccination-allergy has been achieved.

496



TUBERCULOUS DISEASE IN BCG-VACCINATED INDIVIDUALS 497

Studies concerning the effect of BCG vaccination in military camps
might possibly be of some interest in this connexion. In some studies,
BCG vaccination was performed in the non-reactors immediately after
arrival in the camp. As the sources of tuberculous infection were not always
singled out immediately, with the result that considerable possibilities of
infection existed for some time, a number of individuals seems to have
been infected with tubercle bacilli shortly after the BCG vaccination,
before tuberculin-sensitivity had been achieved. Dr Difs, who is working
on a large amount of data from Swedish military groups, has kindly sub-
mitted some preliminary figures of interest in this connexion. With regard
to primary tuberculosis, the figures for cases occurring during the first
four months after arrival in the camps are about the same for the BCG-
vaccinated group as for the non-vaccinated group, the similarity being
especially evident for the first two months. From the fourth month on,
however, there seems to be a definite advantage on the side of the vaccinated
group. When " secondary " and " tertiary " tuberculosis are also included,
Dr Difs finds that there is practically no difference between the vaccinated
and the non-vaccinated group during the first six months of training;
thereafter, the figures for the non-vaccinated group are definitely higher
than for the vaccinated group. This might indicate that a considerable
number of cases occurred where tuberculous infection took place shortly
after the beginning of the training, in the period immediately following
the BCG vaccination, and that no appreciable immunity was conferred
upon the vaccinated group before tuberculin-sensitivity was achieved. As
the figures are preliminary and details are not yet available, no conclusions
should, for the time being, be drawn from this study. A study (made by
Dr Savilahti and kindly submitted by Professor Savonen) of the prognosis
of tuberculous disease in BCG-vaccinated subjects in Finnish military
groups shows the same tendency for tuberculous cases to occur, in the
BCG-vaccinated group, mainly during the first months of training.

1.5.3 Vaccination and latent tuberculous infection
From the first paper in this series,9 it will be seen that some of the

individuals infected with tuberculosis are probably not disclosed as reactors
to the patch-test, the Mantoux test with 10 TU, or the AP test. Even
though the percentage may be relatively small (possibly 5-10%), in view
of the enormous number of individuals tested and vaccinated, the actual
number of individuals infected with tuberculosis who are given BCG vac-
cination must be considerable. It is therefore important to determine
whether BCG vaccination may cause harm to an individual with a slight
sensitivity to tuberculin.

Most of the studies concerning treatment of tuberculous disease with
application of BCG show that BCG is innocuous even for individuals

g See p. 355 in this number of the Bulletin.
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with active tuberculosis, and many authors claim that the treatment has
a directly beneficial effect on the disease. Even if this claim is hardly
justified, it must be admitted that there is very strong evidence that applica-
tion of BCG to healthy individuals with a slight sensitivity to tuberculin,
who have not suffered from tuberculosis, is completely harmless under
ordinary circumstances, and that cases where BCG could do harm under
such conditions must be so extremely rare that they are without any
practical importance.

It has repeatedly been mentioned that the occurrence of a strong Koch
phenomenon might possibly be unfortunate in special cases. Animal
experiments have shown that the intensity of the Koch phenomenon
depends mainly on the degree of sensitivity to tuberculin in the individual
concerned. There is, therefore, little reason to expect strong Koch phe-
nomena from BCG vaccination of individuals with such a slight sensitivity
to tuberculin that they do not react to the patch-test or to Mantoux
10 TU. In fact, the preliminary studies which have been made in this
connexion,h indicate that the frequency of occurrence of what might reason-
ably be called Koch phenomena is astonishingly low with the technique of
tuberculin-testing and BCG vaccination used by the Joint Enterprise, and
that what could be called " strong " Koch phenomena seem to occur very
seldom.

Professor Smilya Kostic-Yoksic stated, in a discussion on this subject,
that she regarded every Koch phenomenon in a BCG-vaccinated individual
as an actual general disease, because, in every case, there was some rise
in the temperature and increase of the sedimentation-rate, and very
often there was also an enlargement of the hilar glands. Unfortunately, the
data on which this assumption is based has not yet, as far as I know,
been published. It was my impression that what Professor Kostic-Yoksic
called Koch phenomena were mostly rather severe reactions, with
ulceration.

It has not been possible, in the Joint Enterprise campaign, to combine
the study of Koch phenomena with clinical observations, but a thorough
investigation of the clinical picture should certainly be carried out if possible.
It must be regarded as very unlikely that the cases of accelerated nodule
formation at the site of vaccination, which were observed in the studies
mentioned in the preceding paper,' were connected with clinical symptoms
of a general nature. However, the possibility that the strong reactions
may be followed by increase of temperature and by other manifestations
of a general nature, and perhaps in exceptional cases, under very special
conditions, by focal reactions can hardly be excluded.

In my opinion, it may, in the light of present knowledge, be safely
concluded that there is no appreciable risk involved in vaccinating with

h See article on p. 441 in this number of the Bulletin.
i See p. 441 in this number of the Bulletin.
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BCG healthy individuals, with a negative anamnesis with regard to tubercu-
losis, whose sensitivity to tuberculin is so slight that it is not detected by
the usual methods.

It may be the case with the so-called " revertors " (see section 1, cate-
gory 5c in the classification) that a healthy person with a latent tuberculous
infection has been vaccinated, because the sensitivity to tuberculin has
declined, whereas a certain kind of allergy still persists. What has been
said above applies also to this case but to an even greater extent. From
experiments in animals, and from a few observations in human beings,
it is known that BCG vaccination in revertors may produce an accelerated
nodule formation at the site of vaccination (Koch phenomenon), and that
tuberculin-sensitivity may reappear after a very short interval (the Willis-
Gardner-Baldwin-Saye phenomenon). There should be no objection to
vaccinating healthy revertors with BCG, even though it is not known if
they will gain by it.

1.5.4 Vaccination and previous tuberculous infection
It is certainly not often that individuals who have had a tuberculous

disease revert to total insensitivity to tuberculin, and neither is it usual
to meet individuals who have suffered from tuberculosis and who do not
react to the patch-test or to Mantoux 10 TU. But both cases may happen,
and it has been suggested that individuals who have had tuberculosis should
be exempted from BCG vaccination, because it is feared that the vaccination
might activate a latent disease.

When judging the importance of such cases, it should first be ascertained
if the person involved has really had tuberculosis. The diagnosis of tuber-
culous disease is very often based on insufficient data, and the information
frequently given that a child was treated in a sanatorium some years ago
can certainly not be regarded as a proof of earlier tuberculous disease.
Thousands of children and adolescents have had a diagnosis of " hilar
adenitis " or " lung infiltration " made on the basis of an x-ray screening
or a chest film of poor quality, without tuberculin-testing or examination
for tubercle bacilli being carried out.

In Dr Belke's report from Poland, 3 cases are mentioned where indivi-
duals, who were said to have had tuberculous disease earlier, were vac-
cinated, after being tuberculin-tested with a negative result. With respect
to the first case (coxitis, 1939) I had the opportunity of seeing the x-ray
film during my visit to Krakow and, in my opinion, the lesions seen on the
film were obviously of a chronic nature, and had probably arisen before
the time of vaccination. Nothing in the clinical picture pointed to an
aggravation caused by the vaccination (for instance, no Koch phenomenon
was reported). In the other two cases, the information is not nearly detailed
enough to warrant the conclusion that the BCG vaccination had any
influence.
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In my opinion, the evidence in favour of the hypothesis that a BCG
vaccination might cause a flaring-up of tuberculous disease in a healthy,
tuberculin-negative individual is meagre. However, to avoid discussions
and rumours which might do harm to the campaign, it would certainly be
wise to exclude from vaccination children who have had definite tuberculous
disease, even if they are completely negative to tuberculin.

1.5.5 Vaccination in latent tuberculous infection with lowered tuberculin-
sensitivity

The well-known lowering of tuberculin-sensitivity in many cases of
acute and chronic disease has been mentioned in connexion with the
question of tuberculin-testing.) Though nearly every disease, especially
of infectious origin, may cause such a lowering, this seems to be most
important in connexion with pertussis, measles, and catarrhal fever of
the respiratory tract. Children who are obviously ill should of course not
be vaccinated. The question of practical importance is how long to wait
after measles and other diseases before the result of the tuberculin-testing
may be considered reliable. Very little exact information is available on
this point. In most of the cases the lowering of the sensitivity is so slight
that it plays no practical role, and the sensitivity seems to reappear very
rapidly when the disease is over. No information has been obtained showing
that BCG vaccination of a child during a period of lowered sensitivity
to tuberculin (caused by intercurrent disease) has done any harm. A Koch
phenomenon may be obtained, but the chance of doing harm by relying
on the tuberculin-tests made shortly after measles, pertussis, and influenza,
seems very small, and the fear of vaccinating with BCG children who have
recently been suffering from common childhood ailments of short duration
is certainly based more on theoretical assumptions than on real experience.
In a mass campaign it would be impossible to interview every child with
regard to disease in recent weeks and to exclude a large number of children
from testing and vaccination. Because of the prestige of the campaign,
BCG vaccination should possibly not be carried out at a time when epi-
demics of measles and pertussis are current in the district. But if it is
necessary for practical reasons, no harm should be expected from doing it.

1.5.6 Vaccination in tuberculous disease with lowered tuberculin-sensitivity
The material now available for the study of the influence of BCG

inoculation on active tuberculous disease is extensive. It has been mentioned
previously that in many countries, and especially in France, BCG appli-
cation has been tried as a treatment for different forms of tuberculous
disease. BCG has been applied mostly by scarification, but intracutaneous,
subcutaneous, or intravenous injections, the multipuncture method, and
intrapleural instillation have also been used. Several papers on this matter

iSee also article on p. 355 in this number of the Bulletin.
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were read at the First International BCG Congress in Paris in June 1948.101
A survey of a series of papers with special respect to the possible harmful
effects of BCG on tuberculous disease is given by B0e.15

It has been mentioned earlier that most of the authors have not ex-
perienced any harmful effect of BCG on patients with tuberculous disease.
I do not find it necessary to quote these papers, but refer to the survey
of B0e. I should, however, like to mention that Holmgren,66 in a paper,
published in 1935, mainly concerning the effect of intravenous injections
of BCG in patients with cancer, reported treatment of pulmonary tuber-
culosis patients with subcutaneous injections of BCG, and he believed a
certain beneficial effect was seen in some cases, whereas no harm seemed
to be caused.
A few observations have, however, been made which show that BCG

is probably not in every circumstance innocuous to patients with active
tuberculosis. When using large doses one would of course expect that an
effect similar to the tuberculin effect might arise. Radossavlievitch et al.102
used large doses of BCG, up to 3 mg. in subcutaneous injection, and
noticed a focal reaction in a series of cases. This focal reaction was able,
for instance, to be followed up in two cases of lupus. One patient with
left-sided pleurisy and peritonitis had a sudden increase of temperature
two days after the injection of 0.5 mg. BCG, exudation in the right pleura
and increase in the left, and violent pains in the abdomen. However,
all the symptoms subsided, and the authors state that in no case, out of
36 cases of pulmonary tuberculosis treated, did they see a real "aggrava-
tion ".

Considerable importance should be attached to the publications of
Gernez-Rieux et al.,92 whose study of 15 patients with pulmonary tuber-
culosis treated with BCG is very carefully recorded. In 4 patients febrile
reactions were ascribed to the BCG treatment. One patient showed a
rash and joint trouble (e.g., pains, and swelling of a finger), another only
joint trouble. In 1 case there was an increase in the amount of exudate in
the pleura, in 2 an increase in the amount of sputum, increased temperature,
and loss of weight.

In cases of pulmonary tuberculosis it is certainly difficult to tell with
certainty if such phenomena as a rising temperature, loss of weight, and
increase of sputum occur spontaneously or as a result of the BCG treatment.
However, there is on the whole, in this study, fairly strong evidence of a
deleterious effect from the BCG inoculation. I agree entirely with B0e's
statement that these investigations show nothing that is not already familiar
from experiments on animals, viz., that the injection of tubercle bacilli or
their products into an organism, already affected by tuberculosis, gives rise
to a violent reaction (of the tuberculin type) which may do harm. B0e
himself observed a case in which a rash, pains in thejoints, and demonstrable
articular phenomena occurred, and Olsen observed, in a tuberculous indi-
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vidual, a rash reminiscent of erythema nodosum, accompanied by joint
trouble, after vaccination with BCG (see B0e 15).

In spite of the large body of material showing no damage to tuberculous
individuals from BCG treatment, it may be concluded, from the experience
available, that individuals with active tuberculosis should as far as possible
be excluded from BCG vaccination. We have earlier (see the first article
in this series k) discussed the effectiveness of tuberculin-methods for
discovering cases of active tuberculous disease, and stated that there is
strong evidence indicating that a percentage of 98 % to 99% of the cases
will be disclosed by our routine technique of tuberculin-testing. Every
clinician will know, however, that now and then cases are met with where
the cutaneous sensitivity to tuberculin is rather low, in spite of tuberculous
disease, in a patient in good general condition. This happens less rarely
in patients with pleurisy and peritonitis. Exceptionally, we meet with
cases where no sensitivity to tuberculin at all can be detected. These cases
are, however, so rare that they are mostly reported in the literature.

As tuberculous disease can run for some time without causing any
clinical symptoms, there is a chance, though a small one, that BCG vacci-
nation will be carried out on a tuberculin-negative, apparently healthy
individual who may, nevertheless, be carrying active tuberculous disease.
A case of very special interest in this connexion has been reported from

Wroclaw, Poland (case 4 in Dr Belke's report)

Girl aged 5

No previous serious disease. Present condition apparently healthy.
17.11.48 Tested with patch-test.
20.11.48 Patch-test read as negative; usual dose of BCG given intracutaneously.
21.11.48 5 a.m. (i.e. less than 24 hours after the vaccination). Onset of symptoms on

waking: Temperature 390 C. [102.20 F.]; loss of consciousness.
A physician who was called in found the child " normally physically developed,
slightly undernourished, unconscious, [with] clonic and tonic spasms, pupils
large, not reacting to light, tremor of the eye-balls, redness of face, sweating,
foaming at the mouth."
Admission to hospital with suspected tuberculous meningitis.
Patient relatively well, though drowsy, until next morning.

22.11.48 4 a.m. Fresh onset of convulsions ; (loss of consciousness); rise of temperature
to 420 C. [107.60 F.]
1.30 p.m. Death occurred, a little more than 48 hours after the vaccination.

No information available as to the site of vaccination.

On 4 December 1948 (12 days after death) exhumation and autopsy
were carried out. In a letter dated 7 December 1948, Dr Z. Prajer, of the
Institute of Forensic Medicine, Wroclaw, wrote:

" The autopsy showed nodular lesions in liver, spleen and paratracheal lymph-nodes
which could not be diagnosed macroscopically. However, tuberculosis of cerebrum,
meninges, and lungs, especially miliary tuberculosis in these organs, can be eliminated
on the basis of the autopsy findings and histological examinations."

k See p. 355 in this number of the Bulletin.
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In a letter dated 21 January 1949, Professor Albert, Director of the
Institute of Pathology, Wroclaw, Professor Popielsky, Director of the
Institute of Forensic Medicine, Wroclaw, and Dr Prajer, stated that necrotic
foci of a productive-necrotic character (tuberculosis nodosa-caseosa)
were found in the hilar and paratracheal lymph-nodes, liver, and spleen.
Microscopic examination of the lung sections showed necrotic foci (tuber-
culosis caseosa recens). It should be assumed that the tuberculous foci
had appeared before the vaccination. In an additional letter from Professor
Albert of 21 January 1949, a more detailed description of the histological
findings is given. It should especially be noted that the cerebrum and the
meninges showed no pathological lesions.

" Diagnosis from the whole histological picture: in the spleen and the lymph-nodes,
productive tuberculosis with caseous necrosis (tuberculosis nodosa-caseosa). In the
lungs, small foci of recent necrosis with leucocytic exudate. Such necrosis involving not
only the alveolar cells but the lung parenchyma as well, is compatible with tuberculosis
(tuberculosis caseosa recens). There is one focus in the liver which is not typical of tuber-
culosis. However, on the basis of the whole histological picture, it should be assumed
that it was produced by tubercle bacilli."

In a letter to Dr J. Holm from the Polish Institute of Tuberculosis
Research a hypothesis is mentioned as to the cause of death:

" It seems probable that a very small separate tuberculous focus was in the interbrain
near the vital centres. After the tuberculin-test and vaccination the Koch phenomenon
occurred, and an inflammatory process round the ' tuberculum solitare ' in the cerebrum
might have caused the symptoms and the death."

Histological sections from the spleen (three specimens) and a lymph-
gland were forwarded to Copenhagen. These sections were presented to
Professor F. Harbitz of Oslo who reported that the sections showed, without
any doubt, tuberculosis of the spleen and of the lymph-gland. It may
be said with absolute certainty that the tuberculous lesions must have
been there a considerable time before the tuberculin-testing and the vacci-
nation took place.

Professor Harbitz said that, in his opinion, the sudden death of the
child must be seen in connexion with the tuberculous disease which was
discovered. He stressed the fact that, in the practice of forensic medicine,
sudden death in children who are weak and show various morbid conditions
is no rare occurrence, without any relation to the use of medicaments,
to trauma and so on. Professor Harbitz considers a causal connexion
between the death of the child and the BCG vaccination very unlikely.

Obviously the case is very difficult to evaluate. From a formal point
of view it might be objected that tubercle bacilli have not been found.
However, the result of the histological examination, carried out by out-
standing Polish pathologists, and confirmed by Professor Harbitz, leaves
no room for doubt as to the tuberculous disease detected in the child.
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For the evaluation of the possible relation between vaccination and death
it is to be regretted that no information was given as to the appearance
of the site of tuberculin-testing and vaccination on the first and second
day after vaccination.

The assumption that a Koch phenomenon occurred is entirely hypo-
thetical, and so is that of a perifocal reaction around a hypothetical focus
in the brain which, on ordinary routine examination, was found normal.

In my opinion, three possibilities exist
(1) the child was suffering from tuberculosis, without having presented

symptoms, but sudden death was caused by another, non-tuberculous
disease, as for instance epilepsy;

(2) the child died from tuberculosis and would have died even if no
tuberculin-testing or BCG vaccination had been carried out;

(3) the tuberculin-testing or the BCG vaccination contributed to the
death of the child.

There is very little evidence in favour of the first possibility, but it
cannot be entirely ruled out. The second possibility should perhaps be
given a somewhat higher degree of probability, according to experience in
forensic medicine. It seems, however, to me that, when a child dies two
days after the injection of BCG (which is certainly a tubercle bacillus)
and a disseminated tuberculosis is found, one cannot dismiss the possibility
of a causal relation between the injection of the vaccine and the death,
without good evidence of another explanation.

That the tuberculin-testing with the Moro patch-test should have had
anything to do with the development of the disease is improbable. The
reaction was read as negative. Theoretically, a dissociation between the
skin-affecting and the shock-producing substance in the tuberculin may
perhaps be possible. But the appearance of the lesions at the autopsy
did not at all resemble the findings in a case of tuberculin shock.

I am not able to suggest any acceptable explanation. The theory of
a perifocal reaction around a cerebral focus sounds perhaps far-fetched.
But it is a fact that the child died, and no ordinary explanation has been
found. The explanation must necessarily, therefore, be an extraordinary
one. Even though keeping open the possibility that the child's death
had no connexion with the BCG vaccination, in my opinion, the possibility
must be admitted that the BCG injection contributed to the fatal issue in
a way which we are not able to describe.

However, this cannot be used as an argument against BCG vaccination.
No treatment and no prophylactic measure in medicine is entirely exempt
from harmful effects under special circumstances, and no practical import-
ance can be attached to the occurrence of this isolated, and even doubtful,
case, where such extraordinary circumstances were involved.

Finally, with respect to the problem of avoiding the BCG vaccination
of individuals with active tuberculous disease, it should be stated that this
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is mainly a matter of organization. No individual with known tuberculosis
should be presented for vaccination. The raising of the final dose of tuber-
culin from 10 to 100 TU would probably not help us very much in avoiding
the very rare cases with only slight sensitivity to tuberculin, or none at all.

1.5.7 Mistaken vaccination of tuberculin reactors

Whereas BCG vaccination of a healthy reactor who has not had tuber-
culous disease probably does not involve much risk, the vaccination of
a reactor to tuberculin who has active tuberculosis may produce harmful
effects in certain cases, as described above.

The borderline between " healthy ", but infected, and " tuberculous"
is, as we all know, very vague. Under very special circumstances it is
theoretically conceivable that BCG vaccination of a strong, but " healthy ",
reactor may bring the individual concerned over from the " healthy" to
the "sick " side.

1.5.8 Vaccination of uninfected cases superinfected after 6-8 weeks
These categories (5 j, k, and 1 in the classification) include persons

who are non-reactors and who have not earlier been infected with tubercle
bacilli, who are vaccinated and get superinfected after the lapse of 6-8 weeks,
i.e., the time usually necessary for the cutaneous sensitivity to tuberculin
to develop. Most of the cases of tuberculous disease in BCG-vaccinated
subjects belong to these categories, and the longer the period of observation
for the group, the more cases will be found.

Theoretically there are three main possibilities with respect to sensitivity
to tuberculin after the close of the usual " pre-allergic phase of the BCG-
infection ":

(1) in a percentage of cases which, in the Joint Enterprise as in most
other studies, seems to be low, and sometimes very low, no detectable
sensitivity to tuberculin appears at all (5 j);

In most of the cases tuberculin-sensitivity appears, but
(2) may wane after a shorter or longer period (5 k); or
(3) may be maintained for a very long time, even without the interven-

tion of superinfection (5 1).
As the period of observation is still short and as the possibilities for

study in the Joint Enterprise have so far not brought any information
with respect to these highly important questions, I shall not discuss them.
It should only be mentioned that, even though the information concerning
the " vaccination-allergy " during the period which has elapsed between
vaccination and tuberculous disease is very scanty in most publications
and the possibility exists that the sensitivity to tuberculin may have waned
or at least decreased to a considerable degree before superinfection has
taken place, it seems evident that superinfection may occur and produce
tuberculous disease even in individuals who have kept their post-vaccination
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allergy. In quite a number of cases of tuberculous disease published in
the many different studies concerning BCG-vaccinated individuals, it has
been possible to demonstrate the waning of the sensitivity to tuberculin
before the occurrence of superinfection. In most of the cases it has only
been stated that post-vaccination allergy was obtained shortly after vac-
cination (6-10 weeks usually), but that the further course of the allergy
has not been ascertained, and in a considerable number of cases no informa-
tion at all is given with respect to allergy. These questions are of the
utmost practical importance. Further knowledge as to the durability of
allergy, and as to the degree of allergy necessary to ensure the maximum
resistance obtainable, must be the basis for deciding finally about the dose
of vaccine which should be employed and the method which should be
used for checking the tuberculin-sensitivity after BCG vaccination. If it is
possible to produce and maintain a relatively high degree of post-vaccination
allergy, and if the theory holds good that allergy is a fairly reliable indication
of immunity, it should not be impossible to reduce the number of cases
of tuberculous disease in BCG-vaccinated subjects to an absolutely un-
avoidable number, which might be very low. But this would probably
mean an enormous task of supervision and frequent revaccination, which
would be difficult to carry out on a very large scale.

2. T1YPES AND SYMPTIOMS OF TUBERCULOUS DISEASE
IN BCGVACCINATED SUBJECTS

2.1 Tuberculous Meningitis and Miliary Tuberculosis
It is a common assumption that tuberculous meningitis and miliary

tuberculosis do not occur at all in BCG-vaccinated children. There is
certainly some indirect evidence that the frequency of these conditions
is reduced to a special degree by BCG vaccination, but this has not yet
been demonstrated statistically in a convincing way. It must not be forgotten
that the extension of the use of BCG, for instance in Scandinavian countries,
has coincided with a decline in the frequency of tuberculous meningitis
and miliary tuberculosis which has been going on for some years.

It is true that the number of cases of tuberculous meningitis observed
in the groups of BCG-vaccinated individuals, according to the studies
which have been published, is very low. Heimbeck,55 for instance, had
only one case of tuberculous meningitis in his vaccinated group (a nurse
who showed neither local reaction nor sensitivity to tuberculin and who
was probably vaccinated with an ineffective vaccine). This author, however,
had only two cases of tuberculous meningitis in his control group of
non-reactors to tuberculin who were not vaccinated, and no case in the
reactor-group. One can, therefore, hardly consider his statement that
tuberculous meningitis has " disappeared among the BCG-vaccinated"
as adequately supported.
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In the study of Aronson & Palmer4 on North American Indians there
were 2 deaths from miliary tuberculosis in the vaccinated group (0.1 %)
and 15 in the control group (1.0%). No details are given with respect
to the 2 cases among the vaccinated.

In Hertzberg's 58 material there was 1 case of tuberculous meningitis
and 2 of miliary tuberculosis in the vaccinated group, but in all 3 cases the
interval between vaccination and onset of the disease was very short
(six weeks, five weeks, two weeks), so that infection probably took place
in the last case shortly before vaccination and, in the other 2, shortly before
or shortly after vaccination. In the group of vaccinated individuals who
obtained post-vaccination allergy before superinfection, there were no
cases of meningitis or miliary tuberculosis, as against 8 in the control
group. In Hyge's study,67 no cases of meningitis or miliary tuberculosis
are reported either in the vaccinated or in the control group. Ferguson
& Simes 36 reported 3 cases in their control group and none in the vac-
cinated. Rosenthal, Leslie & Loewinsohn 107 reported one case of tuber-
culous meningitis in a child who showed a weakly positive patch-test
after vaccination (considered as " poor take "). Ehrner3 published a
case of sarcoidosis, complicated by miliary tuberculosis, in a BCG-vaccinated
individual.

Imerslund 68 reported a case of miliary tuberculosis and meningitis
occurring one year after vaccination in a boy aged 15 who had shown a
positive reaction to Mantoux 0.5 mg. on control.

Wasz-H0ckert 128 reported (from Wallgren's clinic in Stockholm)
one case of meningitis and one of miliary tuberculosis, both in children
who were exposed to infection before vaccination. I have earlier (see
section 1.5.1) referred to two other cases reported by the same author
(from the paediatric clinic in Helsinki), the one of miliary dissemination,
the other of meningitis, both cases where the possibility that the BCG
vaccination had contributed to an aggravation, by producing a Koch
phenomenon, could not be entirely excluded. Finally Wasz-H0ckert
reported a case of a child who was vaccinated on the third day after birth,
was positive to Mantoux 0.1 mg. two months later, with a weak local
reaction, and who, at the age of 7 months, fell ill and died of tuberculous
meningitis. This case is one of the very few reported where it seems possible
that a child was superinfected after having turned tuberculin-positive
after vaccination and, in spite of that, developed tuberculous meningitis.
Savilahti 109 had, among his material, a case of pleurisy occurring six months
after vaccination, with death from tuberculous meningitis two years later.

Professor Lichtenstein of Stockholm has told me of a case of a boy
vaccinated at birth, who, ten months later, was Pirquet-negative but
Mantoux-positive (1 mg.) Two and a half years after vaccination (20 months
after the positive Mantoux test) tuberculous meningitis developed and
was treated with streptomycin.

11
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Sixteen cases of tuberculous meningitis and/or miliary tuberculosis
have been collected from the literature, in what was certainly not an
exhaustive search. It should be noted that in 7 of the cases the infection
with virulent tubercle bacilli seems to have taken place either shortly
before or shortly after vaccination, and in only 4 of the cases is any evidence
presented indicating that the individuals concerned may have been super-
infected in spite of a positive post-vaccination test.

From the work of the Joint Enterprise, the Danish campaign in Germany,
and the Norwegian campaign in Italy, we have so far been informed of
21 cases of tuberculous meningitis and miliary tuberculosis. The 13 cases
from Poland are mentioned in Dr Belke's report, and I have earlier referred
to a report from Dr M0oler where it is stated that the interval between
vaccination and meningitis in a total of 4 cases from Wroclaw was three
months in 3 of the cases and two months in the fourth-an indication
that vaccination took place probably in the pre-allergic phase. From
Czechoslovakia no case has been reported. It was especially noted in the
report from Dr Bouzova, mentioned in section 1.5.1, that in Horiice and
in Broumow there have been cases of tuberculous meningitis which have
not been submitted to vaccination. From Hungary we have no inform-
ation about complications. With respect to Yugoslavia, Professor Neu-
bauer has briefly recorded the occurrence of two cases of tuberculous
meningitis in Slovenia. In Zagreb a child aged two years, vaccinated
in December 1948 on a negative patch-test, showed symptoms of tuber-
culous meningitis in April 1949 and died. Tubercle bacilli of the human
type were cultured from the spinal fluid. From Greece Dr Triantaphyllou
mentioned in his report one case of acute miliary tuberculosis occurring
ten days after vaccination. From Klagenfurt, Austria, a very doubtful case
of miliary dissemination in the lungs has been reported. No tubercle bacilli
were found. From Genoa, Italy, a case of tuberculous meningitis was
reported in a child aged seven years, who was vaccinated on 27 January
1949 after a negative AP test, and five to six weeks later developed symptoms
of meningitis; death occurred after two weeks. Infection probably occurred
before vaccination.

Finally two cases have been observed in Germany, one of them described
by Griesbach 44 and mentioned in section 1.5.1. The second case was as
follows:

Boy aged 15
27.1.49 Vaccinated with BCG after negative Mantoux 33 TU.
15.2.49 (19 days after vaccination) Local reaction visible; tender gland on left side of

collum; possibly enlarged spleen.
18.2.49 Chest film showed doubtful enlargement of hilar glands (Dr Heim).
7.3.49 Patient febrile.

16.3.49 Dry pleurisy.
22.3.49 Renewed fever.
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24.3.49 X-ray picture: miliary dissemination over both lungs ; haematogeneous tuber-
culosis (?) ; miliary bronchopneumonia (?).
Streptomycin treatment begun.
General condition labile, enlarged spleen, miliary spots on chest film practically
unchanged.

5.7.49 Possible progression.
From middle of July the patient was again febrile. Culture from the sputum and

inoculation into animals, stomach-washing, and laryngeal swab gave negative results.
The diagnosis is still uncertain. The early local reaction may possibly have been an
indication of a Koch phenomenon, and the boy may possibly have been vaccinated in
the pre-allergic stage.

As will be seen from the facts presented above, the information we
have received concerning the 21 cases of tuberculous meningitis and
possible milia-ry tuberculosis is rather vague, and does not permit any
comments on the possible role of vaccination. No positive evidence has
been obtained for the assumption that BCG vaccination may have contri-
buted to the development of the disease.

2.2 Erythema Nodosum

Erythema nodosum has already been referred to on several occasions.
It has been mentioned that a " pure BCG-erythema nodosum" may
possibly occur, but that it is almost impossible to bring absolute proof.
It has further been mentioned that erythema nodosum may be provoked
by tuberculin, but some doubt is expressed as to the possibility of this
condition being provoked by BCG when vaccination takes place in the
pre-allergic stage. Finally, it has been pointed out that typical tuberculous
erythema nodosum is fairly common when virulent infection takes place
shortly before or shortly after vaccination. When confronted with a case
of erythema nodosum in a BCG-vaccinated individual it should, however,
be remembered that not every case of this disease is caused by tuberculosis,
and that the role played by tuberculosis in this connexion differs to some
degree from country to country. In Scandinavia, about a third of the
cases are possibly of non-tuberculous origin (L0fgren,87 Ustvedt 119).

In certain areas, infection with haemolytic streptococci may play a
greater role than in other areas. In special regions fungus disease is of
importance. If erythema nodosum occurs in an individual vaccinated with
BCG, without any stronger increase of the sensitivity to tuberculin, without
hilar adenitis and without tubercle bacilli being cultured from the gastric
lavage, a diagnosis of tuberculous disease is hardly justified.

2.3 Primary Tuberculosis

Manifestations of primary tuberculosis (hilar adenitis, primary complex)
are fairly often seen in cases where virulent infection with tubercle bacilli
has taken place shortly before or shortly after BCG vaccination, but when
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the first six to eight weeks after vaccination have passed without super-
infection and post-vaccination allergy is obtained, the clinical manifesta-
tions of primary tuberculosis disappear to a striking extent, as shown,
for instance, by Hertzberg.58 There is no reason to doubt that a primary
lung focus develops on superinfection. But this focus does not seem usually
to reach such an extent that it becomes visible on the chest film. The
disappearance of the manifestations of primary tuberculosis seem to
characterize to a high degree most of the groups of BCG-vaccinated indi-
viduals that have been studied.

2.4 Pleurisy

Pleurisy is a form of tuberculous disease which plays a relatively
dominant role among the cases observed in most of the studies, not only
where the infection has probably taken place shortly before or shortly
after BCG vaccination, but also after a longer interval, in cases where
superinfection seems to have occurred after the appearance of post-
vaccination allergy.

2.5 Destructive Pulmonary Tuberculosis

The question of the occurrence of destructive pulmonary tuberculosis
in BCG-vaccinated individuals will not be discussed here. No material
is so far available from the Joint Enterprise which could be used to throw
light on the question of whether BCG vaccination " mainly protects
against primary and ' subprimary ' manifestations, or if it affords the
same protection also against destructive pulmonary tuberculosis ", as
some authors have expressed it. In ordinary tuberculous infection, with
virulent bacilli, it seems reasonable to believe that the immunity obtained
through infection is not only directed outwards, against superinfection,
but that immunity also plays a role in the development of the tuberculous
infection within the body. In the same way it would be natural to assume
that the immunity conferred by BCG is not only an immunity directed
against superinfection, but that it might also play a certain role with respect
to the further development of the tuberculous lesions which may be caused
by the superinfection. It is known that the immunity conferred by BCG
is not able to prevent superinfection taking place, but it seems to work
by checking the development of the superinfection-lesions. In my opinion,
there is hardly any reason to believe in a qualitative difference with respect
to the power of BCG immunity to prevent (a) primary manifestations of
tuberculosis, (b) haematogenous manifestations, or (c) destructive pul-
monary tuberculosis. It is probably much more a question of the duration
of the immunity conferred by BCG, when pulmonary tuberculosis of the
destructive type seems perhaps to occur more frequently than primary
and haematogenous manifestations in vaccinated subjects.
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2.6 Haematogenous Manifestations

It is possible that not only meningitis and miliary tuberculosis, but also
more benign haematogenous manifestations, such as tuberculosis of the
bones and joints, and cutaneous tuberculosis, appear relatively seldom
on the lists of tuberculous manifestations observed in BCG-vaccinated
individuals. Aronson 3 reported only one case of extrapulmonary tuber-
culosis, Scheel mentioned one case of coxitis, Heimbeck one of cutaneous
tuberculosis, and in most of the studies published not a single case of
haematogenous tuberculosis is mentioned. The question needs further
study.

SUMMARY

The question of the possible harmfulness of BCG -its power to produce, activate,
or aggravate a tuberculous infection-is discussed.

Supporters and opponents of BCG vaccination have frequently lacked objectivity in
their discussions of this problem, which should be examined again on a strictly scientific
basis. The numerous observations made in this connexion by the Joint Enterprise are
analysed in this article. The various possibilities are classified under a number ofheadings.
Some of these relate to sources of error and misunderstandings which are inevitable in
large-scale campaigns and which may give rise to confusion and to prejudice against
BCG vaccination. Others deal with vaccination under certain definite conditions, for
example, during the pre-allergic phase of a tuberculous infection, in cases of latent tuber-
culosis or of active tuberculosis with diminished tuberculin-sensitivity, and in cases of
superinfection occurring in the first weeks after vaccination.

Although no absolute proof of the harmlessness of BCG vaccination in subjects
infected with tuberculosis can be given-and despite some doubtful cases which are
discussed in detail-the observations made do not, as a whole, justify the conclusion that
BCG vaccination has activated or aggravated the development of tuberculosis under the
conditions mentioned above. However, it should be remembered that, because of possible
reactions, the utmost care should be taken to avoid the vaccination of tuberculous subjects.
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