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Summary .467

Local reaction, in the following article, means the reaction at the site
of vaccination and in the corresponding lymph-glands, in other words the
primary complex which is produced by experimental infection with BCG.
The main practical importance of the local reaction lies in the fact that
excessively strong reactions may be unpleasant, and that too frequent
occurrence of such strong reactions would hurt the prestige of the mass-
vaccination campaign. The question as to whether strong local reactions
involve any real danger to the individual will be discussed in the article
on tuberculous disease in BCG-vaccinated subjects.0

* The combined bibliography to the three, articles by Ustvedt will be found on p. 511.
a See p. 469 in this number of the Bulletin.
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When BCG is injected intradermally into an individual who is not
infected with tubercle bacilli, and who therefore does not possess any
specific resistance (immunity) against tuberculosis, the bacilli will start
to multiply rapidly at the site of vaccination, and will also very soon,
probably in a matter of hours, go through the lymph-channels to the
regional lymph-glands.

Very soon, possibly already after some days (or hours ?) and certainly
after a week or two, the bacilli will have reached the blood and will be
disseminated throughout the whole organism. It is probable, although
not proved, that allergy will not appear before such a general dissemination
of the bacilli has taken place. A slight degree of allergy may (by means of
the diagnostic BCG-test) be detected in human beings one week after
vaccination, and, in exceptional cases, tuberculin-sensitivity may also be
disclosed at this early stage.

The " normal course " of the primary tuberculous infection produced
experimentally by intradermal injection of BCG will be: multiplication
of the bacilli at the site of injection with development of a local pathological
process, early propagation of the bacilli to the regional group of lymph-
glands, with development of a pathological process in one or more glands,
and dissemination of the BCG through the blood to the entire organism,
probably with the creation of very small foci in different organs, perhaps
with elimination of BCG through the urine, and finally with development
of allergy. This is what might be called the " normal BCG-itis ". From
an anatomo-pathological point of view it certainly represents a disease,
even though in most cases it is hardly perceptible to the individual con-
cerned.

The persistence of allergy (and immunity) for years probably depends
on the survival of BCG in the tissues. At the site of vaccination the bacilli
may remain alive for months, and sometimes for a year or more. However,
the persistence of living bacilli at the site of vaccination is not responsible
for the persistence of allergy, as excision of the local reaction does not
result in the disappearance of allergy. It is not known if surviving, and
probably slowly-multiplying, bacilli lodged in the regional lymph-glands
and perhaps also in other lymph-glands, are responsible for the maintenance
of allergy and immunity, or if a general impregnation of several organs
or possibly of the blood-cells is concerned. Calmette believed in the special
importance of the impregnation of the lymphatic system. At any rate, it
is highly probable that, as postulated by Calmette, the vaccination produces
a generalized infection with living but non-virulent bacilli, and that allergy
and, probably somewhat later, immunity disappear when this infection
dies out.

What concerns us here is the extent of the pathological process at the
site of injection of the bacilli and in the corresponding lymph-glands.
This may show variations on a rather large scale. On the one hand, the
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intensity of the local reaction will depend not only upon the number of
bacilli injected, the virulence of the bacilli, and the physical character of
the vaccine (e.g., clumps of bacilli), but also on the technique of injection
subcutaneous injection is apt to cause local reactions with a greater tendency
to abscess formation than intradermal injection. On the other hand,
some variation in natural resistance on the part of the individuals vaccinated
is to be expected, as such a variation exists in the resistance to both slightly
and strongly virulent tubercle bacilli. This implies that the local reactions
and the affections of the glands may show a varying degree of intensity,
which should be considered to be within the " normal course " of the
primary BCG-infection.

A local reaction of any importance is usually not traceable at the site
of vaccination till three to four weeks, or even longer, after the injection
of the BCG, and appears at about the time when the first signs of allergy
(sensitivity to tuberculin) can be detected. The period which elapses be-
tween the vaccination and the appearance of allergy corresponds to the
incubation time of the tuberculous infection, and is called, as in natural
infection, the pre-allergic phase. The length of this phase depends mainly
upon the dose of BCG injected.

In some cases a definite local reaction may already be observed on the
first day after vaccination or during the first week. This seems to occur
only when the individual vaccinated happens to be infected with tubercle
bacilli, either in the form of a natural, virulent infection or in the form of
a previous BCG-vaccination ; the early appearance of the local reaction
is usually referred to as the " Koch phenomenon ". Before presenting
information concerning the ordinary local reactions in non-infected and
non-vaccinated subjects, I will give an account of the importance of the
Koch phenomenon in this connexion.

1. THE KOCH PHENOMENON
In a mass BCG-campaign, the possibility of vaccinating individuals

who are infected with tubercle bacilli cannot be entirely disregarded,
even with the most meticulous technique of testing. When up to 400,000
individuals are tested in one country in one month, it is unavoidable that
a few tuberculin-positive persons should be vaccinated by mistake. Further,
it is known that the methods of tuberculin-testing which are used do not
single out all the individuals who are infected with tubercle bacilli. If,
for instance, we estimate that 5 % of infected persons are tuberculin-tested
without being disclosed as reactors, by testing 400,000 persons per month,
of whom 40% were hypothetically assumed to be infected, we would give
BCG vaccine to 8,000 infected individuals. If the percentage of infected
individuals missed by tuberculin-testing is estimated at 10%, the figure
would amount to 16,000. As a matter of fact, most of the individuals
vaccinated by mistake will have a very low degree of allergy, and it will
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be seen from the report on tuberculous disease in vaccinated subjects
that there is very little support for the theory that vaccination is harmful."
What concerns us here is the probability that every month a large number
of individuals infected with tubercle bacilli will be vaccinated with BCG
and the fact that, accordingly, a large number of Koch phenomena may
be expected.

There are other circumstances which might result in the vaccination
of infected individuals. In a certain number of persons (so-called " re-
vertors ") the sensitivity to tuberculin seems to disappear, probably as a
result of the regression of the tuberculous process in the body. Sufficient
information about the incidence of this phenomenon is lacking and the
problem is obscured by non-specific reactions to tuberculin. However,
there is no doubt that " reversion " does occur in some cases, and the
important fact in this connexion is that allergy may persist for some time
after the waning of the cutaneous sensitivity to tuberculin. " Revertors"
may therefore show a Koch phenomenon on BCG vaccination.

It is well known that the sensitivity to tuberculin may be lowered during
the course of an illness, and that when only moderately sensitive methods
are used for tuberculin-testing, individuals with a temporary depression
of their tuberculin-sensitivity may appear as non-reactors. In a mass
campaign this will be of very little importance as regards chronic disease,
but may certainly play a role in the many acute, and relatively harmless,
forms of disease in children.

Theoretically interesting, but of no practical importance, are the cases
of tuberculous disease with completely negative reactions to tuberculin.

In a mass campaign a certain number of individuals will be tested and
vaccinated in the pre-allergic phase of a tuberculous infection ; this number
will be fairly high in areas with a high infection-rate. The relation of such
individuals to the Koch phenomenon presents a special problem, which
will be discussed separately (see section 1.4).

Finally, we must admit the possibility that the solutions of tuberculin
used for testing were too weak.

From the foregoing it is evident that, in a mass campaign, a large
number of individuals infected with tubercle bacilli will be vaccinated with
BCG and that there is thus ample opportunity for the appearance of the
Koch phenomenon. (Vaccination of individuals who have been previously
vaccinated with BCG and have become tuberculin-negative probably
has very little importance in this connexion.)

1.1 Recorded Findings

Our present knowledge of the Koch phenomenon produced by intra-
dermal injection of BCG is insufficient. Apart from single observations

b See p. 469 in this number of the Bulletin.
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there is very little information available. Calmette was fully aware that
injection of BCG could produce a Koch phenomenon, which was to be
expected, since not only different kinds of living tubercle bacilli, but also
killed tubercle bacilli, may be used for provoking the reaction. A series
of authors has stated briefly that injection of BCG into reactors to tuber-
culin has produced a Koch phenomenon. With regard to subcutaneous
injection of BCG, the experiment carried out by Heimbeck53 upon himself
is impressive. Heimbeck, who was a reactor to the Pirquet test, subcutane-
ously injected into himself 0.2 mg. of BCG and got an immediate strong
local reaction with abscess formation. Aronson & Palmer4 have reported
five cases of Koch phenomenon in reactors to tuberculin who were vacci-
nated with BCG by mistake. Wasz-H0ckert129 has published a single case
of Koch phenomenon which occurred in a child vaccinated with BCG,
on a negative patch-test, after the appearance of the tuberculous initial
fever. Reference should also be made to the observations of Palmer,
quoted in the article on the technique of tuberculin-testing.c

As I felt the need for much more extensive data on the occurrence
of the Koch phenomenon in a mass campaign of intradermal vaccination
with BCG, and as I have for some years been working on the possibility
of using the Koch phenomenon for diagnostic purposes, I called upon
the doctors working in the Joint Enterprise to set up studies on this question.
A series of studies has been made, and I take this opportunity of expressing
my gratitude to my colleagues for their kindness in undertaking the large
amount of work and for the valuable information they have procured.
Before presenting the data from the different studies, however, there is
one basic question which must be discussed ; namely, what is a Koch
phenomenon and how should it be defined ?

As Rich 104 has pointed out, Jenner was the first to record the observation
that infection can modify a body in such a manner that the subsequent
contact of the infecting agent with the tissues produces a more-rapid
local reaction than that which occurred as a result of the first contact.
Jenner's observation of the " disposition to sudden cuticular inflammation"
was in a sense rediscovered by Koch,76 who described the phenomenon of
hypersensitivity in the following way: d

" If a normal guinea pig is inoculated with a pure culture of tubercle bacilli, the
wound, as a rule, closes and in the first few days seemingly heals. After ten to fourteen
days, however, there appears a firm nodule which soon opens, forming an ulcer that
persists until the animal dies. Quite different is the result if a tuberculous guinea pig is
inoculated with tubercle bacilli. For this purpose it is best to use animals that have been
infected four to six weeks previously. In such an animal, also, the little inoculation
wound closes at first, but in this case no nodule is formed. On the next or second day,
however, a peculiar change occurs at the inoculation site. The area becomes indurated
and assumes a dark color, and these changes do not remain limited to the inoculation

c See p. 355 in this number of the Bulletin.
d English translation quoted from Rich,104 p. 328. - ED.
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point, but spread to involve an area 0.5 to 1.0 cm. in diameter. In the succeeding days
it becomes evident that the altered skin is necrotic. It finally sloughs, leaving a shallow
ulcer which usually heals quickly and permanently, and the regional lymph nodes do
not become infected. The action of tubercle bacilli upon the skin of a normal guinea
pig is thus entirely different from their action upon the skin of a tuberculous one. This
striking effect is produced not only by living tubercle bacilli, but also by dead bacilli,
whether killed by prolonged low temperature, by boiling, or by certain chemicals."

1.2 Variations in Type
The local result of reinfection, as described by Koch, has since been

known as the " Koch phenomenon ". It has now been shown that the
extent and intensity of the Koch phenomenon depend, inter alia, on the
size of the dose of bacilli used for reinoculation and on the degree of
hypersensitivity of the organism. With lesser doses than Koch used, the
local macroscopic reaction will be limited to an accelerated inflammation
without the sloughing of tissue that Koch originally noted. If smaller
numbers of bacilli are injected, or if the hypersensitive state is less highly
developed, acceleration and intensification of inflammation in the hyper-
sensitive as compared with the control animals will occur, but will be less
intense than when large numbers of bacilli are injected ; moreover, necrosis
of tissue will be less extensive, and ulceration, if it occurs at all, will be
restricted to a smaller area. In this case, there is an early development
of macroscopic inflammation, and a nodule appears some days earlier
than in control animals. This type of response has been termed " acce-
lerated tubercle formation ", because a macroscopic nodule develops
more rapidly than in normal animals. When very small numbers of bacilli
are injected, all the above phenomena proceed on a miniature scale.
Inflammation is slight and may be invisible macroscopically, but is never-
theless greater microscopically during the first few days in the hypersensitive
than in the control animals. 104

From experiments with animals it is evident that even if the " classic
Koch phenomenon ", as described by Koch in the quotation cited, involves
sloughing of tissue and ulceration, phenomena of equal importance and
with the same mechanism may develop without sloughing or ulceration.
One might reserve the term " Koch phenomenon " for the classical type,
with sloughing and ulceration, and use the expression " accelerated tubercle
formation " or " accelerated local reaction " (the latter is perhaps the
better term) for the cases without these two criteria. Alternatively, the
term " Koch phenomenon " might be used for all these phenomena which
are so intimately related. For the sake of simplicity I will, in the following
discussion, use only the term " Koch phenomenon ", embracing thereby
every kind of accelerated local reaction to inoculation of tubercle bacilli
into individuals already infected with tuberculosis. It is possible that a
better terminology will be created when knowledge of this question is
extended.
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1.3 Glandular Complications

There is one point of paramount importance which should be mentioned.
In his classic description Koch says that the regional lymph-nodes do not
become infected. This has been regarded by many workers, especially
clinicians and radiologists, as a dogma, on which many theories have
been built up. It is probably entirely justifiable to consider, as is usually
done in the diagnosis of pulmonary tuberculosis, that the appearance of
enlarged regional lymph-glands simultaneously with the appearance of
a tuberculous focus (the primary complex) is evidence of primary infection.
Secondary foci are not believed to be followed by traceable affection of
the corresponding lymph-glands. However, even if this holds good in
the majority of cases, and represents a valuable help in clinical and radio-
logical diagnosis, it is by no means true without exception. It is not ne-
cessary to quote the abundant literature with respect to this problem;
it will be sufficient to mention a few observations. Jensen & 0rskov71
immunized guinea-pigs by subcutaneous and intravenous injection with
BCG ; on superinfection with virulent bacilli subcutaneously they obtained
Koch phenomena of different degrees. The regional lymph-glands were
affected in every case. Jensen & Orskov here confirm the observation of
Lange & Lydtin82 that the palpable enlargement of the glands occurs earlier
and is decidedly greater in the vaccinated animals than in the control
animals. Thus we have to reckon not only with an early reaction at
the site of vaccination, but also with an early reaction of the glands.

Extensive work has been done, especially in France, on the treatment
of tuberculous disease by inoculation with BCG, preferably by scarifi-
cations. Coulaud,25 Monod & Kerambrun,93 and Jullien & Jullien,72 among
others, have reported the occurrence of suppurating lymph-glands in
patients who have been treated in this way. Gernez-Rieux, Breton, Houcke,
Mereau & Sevin42 have presented a detailed report on the treatment of
15 tuberculous patients by BCG scarification, and state that a glandular
reaction occurred early and was nearly constant. The glands were tender,
and the swelling persisted for 3 months.

The following case-history has been reported by Claussen: 23

Female aged 20 years

7.3.47 Mantoux 100 tuberculin units (TU):e negative.
10.3.47 Intradermal BCG vaccination.
10.5.47 Mantoux 100 TU: positive; 12-mm. induration shown.
20.8.47 Bicycle accident resulting in lesion of skin at the elbow; lesion probably con-

taminated by sputum.
A few days later pus secreted from lesion.

e 1 international unit of Old Tuberculin (1 TU) = 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.



H. J. USTVEDT

16.9.47 Axillary adenitis observed.
30.9.47 Erythema nodosum observed.
4.10.47 Hospital examination: typical tuberculous ulcer at the elbow ; enlarged, tender

glands in the axilla.
Pirquet test showed 12-mm. infiltration.
Biopsy of gland showed caseous tuberculosis.
Inoculation into guinea-pig produced tuberculosis.

We have here a girl who, 3 months after the reading of a positive post-
vaccination test, is superinfected through the skin with virulent tubercle
bacilli of the human type. In addition to a typical tuberculous ulcer she
gets a caseous lymphadenitis in the regional glands, traceable on the 27th
day after inoculation. It is obvious that cutaneous superinfection in an
individual who is slightly sensitive to tuberculin after BCG vaccination,
may give, not only a Koch phenomenon at the site of inoculation (the
secretion of pus shortly after the accident ?), but also a caseous lymph-
adenitis, as in primary tuberculosis. It is, of course, possible that the number
of tubercle bacilli in the sputum which contaminated the scratch was very
high.

From this it follows that a Koch phenomenon may be followed by a
glandular reaction, and investigations with respect to the Koch pheno-
menon should take this into consideration.

1.4 Vaccination during Pre-allergic Phase

The question of whether Koch phenomena should be expected when
BCG vaccination is given during the pre-allergic phase, is a very complicated
one. From experimental work by Lange & Brunzema,81 and others, we
have evidence that new inhalations or inoculations of tubercle bacilli
during the pre-allergic phase give rise to new primary complexes, but that
the nearer one comes to the end of this phase, the more atypical are the
primary complexes. During the first part of the pre-allergic phase there is
no hypersensitivity, and no Koch phenomenon should be expected on
BCG vaccination, which represents a cutaneous superinfection. In the
last part of the pre-allergic phase, however, when hypersensitivity is be-
ginning to develop, Koch phenomena may be observed especially in the
days immediately preceding the conversion.

1.5 " Diagnostic BCG-Test " and the Koch Phenomenon

If it is agreed to define the Koch phenomenon as an accelerated local
reaction to inoculation of tubercle bacilli into individuals who are infected
with tuberculosis, the following questions relating to the definition are
still not answered: What criteria should be used-erythema, induration,
pustule, ulcer ? When should a local reaction appear to warrant being
called an " early reaction " ?
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In trying to work out a diagnostic method whereby the early reaction
to inoculation of BCG could be used as an indication of infection with
tubercle bacilli, I found, in a preliminary study of the local reaction to
intradermal BCG vaccination, that the induration felt during the first
days after vaccination in individuals who were possibly infected was not
very well defined, whereas the papules appearing when Rosenthal's multi-
puncture method 106was used were very evident and easy to measure. The
investigations of Ustvedt120 and Aanonsen121 were therefore based on the
use of the multipuncture method (with only two punctures); we have
had very little experience with the intradermal method in this connexion.

With the multipuncture method, the papules in individuals who are
most probably not infected begin to appear during the second or third
week after vaccination, or even later. The same applies to the use of two
punctures as a test. We have in no case seen the papules appear before
the 11th day in young, healthy individuals who could, with a high degree
of probability, be considered uninfected with tubercle bacilli. On the
other hand, in individuals who react to tuberculin, who have at one time
reacted to tuberculin (revertors), who are non-reactors probably because
of the interference of disease, or who show negative tuberculin-reactions
in spite of tuberculous disease, we find that the papules mostly begin to
appear on the first day after vaccination, or at latest on the second or third
day, and seldom seem to reach their maximum extent later than the sixth
day after testing. We have therefore recommended that the " diagnostic
BCG-test" be read on the sixth day, when non-specific reactions will
probably have disappeared and the " ordinary vaccination-reaction " will
not yet have appeared. The salient point is the distinction between a
" late local reaction ", which means a primary infection with BCG, and
an " early local reaction ", which means a superinfection with BCG.

With regard to the problem of how to judge the early local reaction to
BCG when the intradermal method is used, I must admit that we have
not yet gone further than collecting data on which a system of reading and
recording might be based.

1.6 Findings of the Joint Enterprise

1.6.1 Studies in various countries
The first study was made in Carinthia, Austria, by Dr S. Ordell, who

carefully investigated the local reactions on the 6th day after BCG vacci-
nation in 2,505 children.

In the first group, comprising 1,372 children, the Swedish technique of
tuberculin-testing before vaccination was used (1-5 years, patch-test only;
6-13 years, patch-test and Mantoux 0.5 mg.; 14 years and more, Mantoux
0.05 mg. and 0.5 mg.). Swedish ointment and tuberculin were used.
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Dr Ordell has recorded only local reactions of 10-mm. induration or more.
The vaccinations were made on the thigh, where the exact measurement of
smaller indurations is more difficult than on the arm. In 42 cases (3.1 %)
indurations of 10 mm. or more were found on the sixth day; 6 of them
measured more than 20 mm., and 1 showed ulceration. One of these
children had, by mistake, been vaccinated in spite of a positive patch-test.
Dr Ordell also inspected the site of the tuberculin-tests made before vacci-
nation, and noted that a conversion to positive or doubtful reaction had
taken place in 11 of the cases (2 out of 4 patch-tests ; 9 out of 41 Mantoux
tests).

In the other group, comprising 1,133 children, the Joint Enterprise
technique of tuberculin-testing before vaccination was used (1-11 years,
patch-test only, 12 years and more, Mantoux 1 TU -and 10 TU). In 42
cases (3.7%) indurations of 10 mm. or more were observed on the 6th
day. The number of larger reactions was somewhat higher in this group
(20 out of 42 measured more than 20 mm. against 6 out of 42 in the other
group) ; 4 of these reactions measured 31-35 mm. and 1 measured 36-40 mm.
24 of the reactions occurred in children who had been vaccinated on a
negative patch-test only. In 6 cases in this group ulceration was noted.
Of 36 tuberculin reactions which were inspected again, 7 were considered
as converted to positive, and 5 were doubtful.

The difference between the two groups is slight. In the first group,
0.5 mg. of tuberculin was used for the final dose before vaccination in
most of the cases, whereas only 10 TU were used in the second group,
which also included children who were vaccinated on one negative patch-
test. A higher number of Koch phenomena should therefore be expected
in the second group.

Where an ulcer is seen on the sixth day we may certainly be justified in
diagnosing a classical Koch phenomenon. This was the case in one of the
children in the first group and six in the second. The question of where
to fix the limit when we have only the induration to judge from, is more
difficult and should be postponed. I will only mention here that probably
every induration measuring more than 10 mm. on the sixth day should
be regarded with suspicion as a possible Koch phenomenon. The reactions
of more than 20 mm. (0.4% in the first group ; 1.8 % in the second) should
probably be regarded as rather strong reactions.

Dr B. Moe and Dr Anne M. Stovner studied two groups during the
Norwegian campaign in Genoa and Spezia, Italy. The Adrenalin-Pirquet
(AP) test was used before BCG vaccination. In the first group 118 children
between 5 and 19 years (mostly between 8 and 11) were examined on the
4th, 6th and 13th days after vaccination. On the 4th day 109 showed an
induration at the site of vaccination of 0-4 mm., 7 showed 5-9 mm., and
only 2 (1.7%) showed an induration of 10 mm. or more. On the sixth
day, 5 were absent, 102 measured 0-4 mm., and 11 measured 5-9 mm.
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There were no ulcers. The AP test made before the vaccination had not
turned positive in any case.

In the second group 472 children were examined on the fifth day after
vaccination. 459 of the local reactions showed an induration of 0-4 mm.,
with a maximum of 228 (48 %) of 2 mm., 124 of 3 mm. and 39 of 4 mm.
Indurations of 5-9 mm. were shown by 11 children, and only 2 (0.4%)
showed 10 mm. or more. No reaction exceeded 14 mm. There were no
ulcers, and no conversion of the negative AP test. (Thirty AP reactions
which before vaccination showed 1-2 mm. induration and 2-3 mm. erythema
had all turned completely negative at the reading on the sixth day.)

The total data from Italy obtained from 590 BCG-vaccinated children,
tested before the vaccination with only the AP test, have thus shown no
serious early reactions at the site of vaccination-a fact of considerable
interest, which has been referred to in the article on the technique of
tuberculin-testing.f

Dr Nathorst has kindly informed me that 788 children, tested in the
Swedish campaign in Germany with 0.5 mg. of Old Tuberculin (OT)
before vaccination, were examined one week after the vaccination. In
16 cases a definite local reaction with induration was found. Measurements
were not given, but it was said that none of the reactions was large, and
there were no ulcers. In a report from Yugoslavia by Dr J. Guld, it is
mentioned that about 250 children, who were vaccinated after a negative
patch-test, were examined on the third to fourth day; 3 showed some
induration, with erythema up to 50 mm.

In Warsaw, Dr H. M0ller arranged for examination on the third to
fourth day of the site of vaccination in 313 children vaccinated on a negative
Mantoux 10 TU ; 210 (67.1 %) of the reactions were read as 0-1 mm.,
85 (27.2%) as 2-4 mm., and 18 (5.7%) showed an induration of 5 mm. or
more ; in only 3 (1.0%) was the induration of 10 mm. or more. It is of
interest that 1 of the 26 children with 4-mm. indurations showed a pustule
and 2 a vesicle. Vesicles were also found in 1 child with a reaction of5 mm.
and in 1 with 7 mm. In 1 case the Mantoux test which was read as negative
before the vaccination was found positive on reinspection.

In Simla, India, Dr J. Solem examined the site of vaccination on the
fourth day after vaccination in 488 cases (aged 6-18 years). 190 cases
showed an induration of 2 mm., and 440 (90 %) showed indurations between
0 and 4 mm. Only 22 (4.5 %) showed an induration of 6 mm. or more,
and none of the reactions measured more than 10 mm. Mantoux 10 TU
was used as the screening-test before vaccination. There were no ulcers,
and no conversion of the tuberculin reactions. A peculiar feature in this
study is represented by the finding of small pustules in 67 cases (14 %).
The pustules were always connected with the small reactions, of 2-3 mm.,
and were never found in the indurations of 6 mm. or more.
f See p. 355 in this number of the Bulletin.
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In Czechoslovakia, three extensive studies have recently been made.
The cards for the individuals examined have been forwarded to Copen-
hagen, and the recordings seem to have been made so carefully that impor-
tant information should be obtained. Here I can give only some preli-
minary figures.

Dr S. Johansen has reported the results of examination of 1,038 children
in the district of Cadca, Slovakia, on the third day after vaccination. An
induration of 2- to 8-mm. diameter was observed in 7 cases (0.67%). In
these cases the surrounding erythema was as great as 30 mm. in diameter.
In 5 cases a small pustule surrounded by 1-4 mm. erythema was found.
In 9 cases an erythema of 5-20 mm., without induration, was noted. In
97.5 % of the cases the site of vaccination showed either nothing at all or
a small erythema up to 3-4 mm. In this series the early reactions seem to
have been extremely rare and of moderate size.

Dr 0. Horwitz made a study of 1,427 children in the town of Znojmo,
Moravia. All age-groups between 1 and 20 years were included, but most
of the persons tested were schoolchildren. All were examined on the
2nd, 4th, 6th and 8th days after vaccination. Most astonishing is the finding
on the second day after vaccination of very small pustules, which, according
to Dr Horwitz's preliminary report, were found in all individuals examined.
These very early, small reactions disappeared entirely or regressed during
the following days, but seemed to increase in size again on the 7th-8th day,
when, in 12 cases, the indurations exceeded 8 mm. in diameter. Indurations
of 8 mm. or more were found on the second or third day in 65 cases
(4.6%) and on the sixth day in 72 cases (5.0 %). There were no ulcers.
Fig. 1 shows a photograph, taken 6 days after vaccination, of a reaction
in a girl aged 10, with a pustule of 3 mm. and an infiltration of 20 mm.
At the site of the earlier negative patch-test 4 papules had appeared.

Dr Horwitz has also submitted a report of a study made by 2 Czech
observers (trained in Dr Sula's laboratory in Prague), in which 5,542 vac-
cinated children from the rural district of Znojmo were examined on the
third day after vaccination. The majority of the children were between
1 and 12 years of age. A rough, preliminary count of the cards reveals
that 82 individuals (1.5 %) have shown an induration of more than 8 mm.
This is decidedly less than was found in the town of Znojmo, where the
corresponding figure was 4.5 %.

The last of the three studies was made by Dr Weiss-Benzon in one
district in Bohemia and one district in Moravia ; a total of 1,732 children,
between 1 and 14 years, were examined on the second day after vaccination.
All children were tested only with the patch-test before vaccination. On
the second day, 85.7% showed less than 5-mm. induration, 11.7% showed
an induration of 5-8 mm., and the remaining 2.6% showed what Dr
Weiss-Benzon, fully aware of the tentative and hypothetical character of
her definitions, labels as " typical " or " atypical " Koch phenomena.
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For the record of a typical Koch phenomenon, Dr Weiss-Benzon considers
that the simultaneous presence of two of the following four criteria is
required:

(1) Induration of more than 8 mm., with oedema.
(2) Adenitis (larger glands on the side of vaccination than on the other

side).
(3) Fever.
(4) Conversion of an earlier negative tuberculin-test.
Twenty-seven children showed reactions which fulfilled these require-

ments.

FIG. 1. KOCH PHENOMENON I

Girl aged 10: local reaction, on 6th day after BCG vaccination, showing
pustule of 3 mm. and infiltration of 20 mm.

(Photograph submitted by Dr 0. Horwitz, team-leader, Joint Enterprise
Mission to Czechoslovakia)

Reactions with indurations of 5-10 mm. and a few enlarged glands, or
with indurations from 8-15 mm. without any other phenomena are labelled
as " atypical Koch phenomena ".
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A special group is recorded where the result of the patch-test before
vaccination was " doubtful ". Of 31 children in this group, 3 showed a
typical Koch phenomenon as defined by Dr Weiss-Benzon.

In Plzen, Czechoslovakia, a study of the Koch phenomenon in children
who had earlier been vaccinated with BCG was made by Dr E. Graubner

FIG. 2. KOCH PHENOMENON - 11

Typical Koch phenomenon produced on revaccination with BCG
(Photograph submitted by Dr E. Graubner, Pilzen, Czechoslovakia)

and Dr F. Lund. The vaccination was performed in September 1948 and
the revaccination of the negatives (patch-test and Mantoux test) was made
in February 1949. Out of 403 children who turned up for examination,
264 showed, within a week after the revaccination, an induration smaller
than a pea (less than 5 or 8 mm. ?) and 46 showed an induration as large
as a pea; 93 children (23 %) showed what Dr Graubner and Dr Lund
call a "typical Koch phenomenon ". In 28 cases (6.9% of the whole
group) the induration measured more than 15 mm.
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The last study falls outside the frame of this discussion, as it was carried
out on BCG-vaccinated subjects. The results confirm earlier observations
which showed that the local reaction often appears early, during the first
week after revaccination, even if the tuberculin-tests have given negative
results. A photograph of a typical Koch phenomenon, kindly submitted

FIG. 3. KOCH PHENOMENON - III

Koch phenomenon produced by 2 punctures, on the 3rd day after
BCG vaccination, in a moderately strong reactor to tuberculin

by Dr Graubner, from this study is shown in fig. 2. Fig. 3 shows for
comparison the Koch phenomenon produced by two punctures in a
moderately strong reactor to tuberculin.

1.6.2 Discussion of results
I have presented the main results of the studies which have been made,

imperfect though they may be, for two reasons. First, because very little
knowledge has so far been available on this point, which is extremely

8

455



H. J. USTVEDT

important, and secondly, because, in my opinion, the way that the different
observers have tackled the question has given a review of the different
questions involved, and may form the basis for a more systematic study.

Let us first sum up the main results. Table I gives the percentage of
what could perhaps be called " large reactions " in the different studies.

TABLE 1. PERCENTAGE OF LARGE REACTIONS OBSERVED
IN SOME OF THE JOINT ENTERPRISE STUDIES

Day after Number Number of Percentagevaccination of Size of children Perc
Observer on which children indurations showing largereading was examined (in mm.) elarge, reactions"taken reactions

Ordell
(1st group) 6th 1,372 10 or > 10 42 3.1

Ordell
(2nd group) 6th 1,133 10 or > 10 42 3.7

Moe & Stovner
(1st group) .4th 118 10 or > 10 2 1.7

Moe & Stovner
(2nd group) 5th 472 10 or > 10 2 0.4

Moller .3rd-4th 313 10 or > 10 3 1.0

Solem .4th 488 > 10 0 0

Johansen .3rd 1,038 10 or > 10 0 0

Horwitz
(1st study) .6th 1,427 8 or > 8 72 5.0

Horwitz
(2nd study) .3rd 5,542 > 8 82 1.5

Weiss-Benzon .2nd 1,732 > 8 .2.6

In all, a little more than 9,000 individuals have been examined, within
the first week after BCG vaccination, with respect to the size and appearance
of the local reaction. One thing at least may be concluded from the studies
made; namely, that Koch phenomena of a strong character, which may
be unpleasant to the individual vaccinated, seem to be extremely rare.
In only one of the studies have ulcers been found; this was the study of
Dr Ordell in Carinthia, where 7 cases of ulceration were noted. By far
the strongest reactions have been found in his data, and it should be noted
that the percentage of reactors to tuberculin is extremely low in Carinthia,
whereas in most of the other areas investigated it is moderate or even
high. It is therefore possible that the level of sensitivity is generally low in
Carinthia, and that the tuberculin-tests fail to a larger extent than in the
other areas. Even in Dr Ordell's study, however, the percentage of severe
local reactions must be said to be low.

It has not yet been possible to analyse the data concerning the different
methods of tuberculin-testing used before vaccination. All that can be said
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is that strong local reactions in the first week after vaccination seem to
occur extremely seldom in individuals vaccinated after a negative patch-
test, after a negative Mantoux 10 or 50 TU, and after a negative AP test.
The results may be said to support, to a certain extent, the view that the
tuberculin technique used was fairly adequate, as far as selection of persons
for BCG vaccination was concerned. The question of variations accor-
ding to age-groups and sex has not yet been tackled.

The first thing to be done should certainly be to work out a standard
procedure for future investigations of this problem during the mass
campaign. Attention will have to be paid to both erythema and induration,
and the question of the pustules, which is really puzzling, should be
investigated. In some of the studies a few pustules have been observed,
usually in the stronger reactions. They may be part ofthe Koch phenomenon.
In two studies, however, the pustules play a predominant role. Dr Solem,
who found pustules in 10% of the individuals examined, stresses that they
were seen in the weak, not in the strong, reactions. Dr Horwitz claims
to have seen very small pustules in all individuals examined on the second
day. If these are real pustules, one will have to bear in mind the possibility
of secondary infection with organisms of low virulence. The platin-iridium
needles used for vaccination are heated red-hot, and cannot possibly be
responsible. Cleaning of the skin before vaccination was omitted, but
this was the case also in the studies where such pustules were not observed.
However, only very few individuals were examined as early as the second
day after vaccination. The possibility of secondary infection through
the BCG vaccine should also be examined.

Sufficient information as to the best day for reading the early reaction
to vaccination is not available. Probably the stronger the allergy, the
earlier the reactions will appear. Very slight reactions may appear late,
on the sixth to seventh day or later, and the transition to the " normal
reaction" to the BCG injection is probably gradual. A statistical analysis
of the available data should give some information as to the size and time
of appearance of the " normal reaction ", and as to the possibility of finding
reliable criteria for singling out the cases of Koch phenomenon. Much
more data will be needed before we are able to decide these questions.
Unfortunately, it is not feasible in a mass campaign to observe the local
reaction from day to day over a longer period.

The question of how to ascertain complications of the glands is a very
difficult one, and will be discussed in section 3.2 in connexion with the
glandular component of the ordinary (late) local reaction. The possibility
of a harmful effect from a Koch phenomenon, and of general symptoms
connected with it (fever, increased sedimentation-rate, hilar adenitis, etc.)
will be discussed in the report on tuberculous disease in BCG-vaccinated
subjects.!
g See p. 469 in this number of the Bulletin.



H. J. USTVEDT

Summarizing the observations on the early local reactions at the site
of vaccination, it may be said that a small percentage of reactions is observed
which may be labelled Koch phenomena, or perhaps better " accelerated
nodule formation ". The exact definition of a Koch phenomenon in this
connexion is not yet possible. Serious reactions which might be unpleasant,
and even harmful, seem to be extremely rare.

2. ORDINARY LOCAL REACTION AT SITE OF VACCINATION

2.1 General Characteristics

The local reaction appearing at the site of inoculation with BCG (the
" primary focus ") may show widely differing aspects. The phenomena
which should, if possible, be recorded are: erythema, induration, pustule,
ulcer, scab, abscess, scar. On inspection six to eight weeks after vaccination,
the finding of tiny ulcers (tuberculous primary ulcers) in small indurations
with some surrounding erythema is common. Gradually the ulcers heal
and the indurations subside; on reading six months after vaccination
the scar predominates, with greater or lesser induration and a certain
number of scabs, which cover a form of superficial ulceration.

In the literature on this subject authors very often use the expression
"local reaction " without defining exactly what they mean. In fact it
may be difficult to distinguish between a small abscess with a very small
fistula and an ulcer, or between a scar and an induration, or to decide
if a scab covers an ulceration or not. Dr A. Geser who has made a careful
study of the aspects of the local reaction in Bialystok, Poland, gives the
following description of the findings after 24-26 weeks:

" The normal local reaction looks like a red or bluish smooth, shining, dry, well
and regularly limited, slightly indurated, indolent cicatrice. As the induration was
unsharply defined, whereas the coloured area showed definite borders, the choice was
made to use the last for measuring, instead of the induration."

2.2 Criteria for Assessing Strong Local Reactions

It is not necessary here to discuss the question of the small, transient
reactions. The important thing in connexion with a mass-vaccination
campaign is, of course, the frequency of occurrence of large and lasting
reactions which can be said to be unpleasant, and could lower the prestige
of the vaccination. There will always be differences of opinion as to what
should be called a " large and unpleasant local reaction ", and this question
may also be looked at in a different way in different areas. The higher the
hygienic standard is, the more fuss will probably be made about small local
reactions, whereas quite extensive induration and even ulcers may be
accepted in areas where various kinds of skin diseases and skin ulcers are
prevalent.

458



LOCAL REACTION IN BCG VACCINATION

Two factors are of importance in this connexion, namely, the size of the
reaction and the time it persists. Hertzberg58 has, in co-operation with
Dr J. B0e of the Norwegian BCG laboratory, Bergen, worked out a classi-
fication which is most useful under conditions where there is some oppor-
tunity of observing the vaccinated subjects repeatedly:

Type I infiltrations up to 10 mm. in diameter and without secretion.
Type II: local reactions over 10 mm. in diameter and scabs or small

erosions with a scanty secretion which does not last more than 14 days.
Type III: local reactions exceeding 10 mm. in diameter and with sores

discharging for more than 14 days.
When the vaccinated subjects can be seen only once after vaccination,

this classification cannot be applied. It seems reasonable, however, to fix the
limit for a " strong local reaction " at 10 mm., and to disregard the cases
where there is only induration, and no ulcer or scab. The few cases where a
real abscess is formed at the site of vaccination must of course be included in
the term " strong reactions ". In the following discussion, this term is
used for reactions with an ulcer measuring 10 mm. or more in diameter,
with a scab of the same size, or with local abscess formation, regardless of
the time of reading. Quite exceptionally, local reactions giving an atypical
picture, which does not fit into this description, may be found.

2.3 Factors Influencing Intensity of Reaction

The intensity of the local reaction depends to a large extent on the
number of bacilli injected, which includes not only the number of
living BCG but also the number of killed bacilli. (The " Anatubercolina
Petragnani-Salvioli ", which contains killed tubercle bacilli, seems to give
rather strong local reactions.) By increasing the dose of BCG it is usually
possible to increase the size of the local reactions. The complicated question
of the importance of the virulence of the vaccine will not be discussed here.

Hertzberg's data do not justify the supposition that sex has a statistically
significant influence on the size of the local reaction. More debatable is the
question of the influence of age. Many observers have stressed that weaker
local reactions are obtained in infants and, in many places, infants are
given twice as large a dose as older children. Apart from newborn babies,
Hertzberg did not find any definite influence of age on the size of the local
reaction.

An individual factor is usually admitted with regard to the size of the
local reaction to BCG, and some authors speak of a greater or lesser degree of
" resistance to BCG " in different individuals. This term is rather vague
and should be used with the greatest caution. It is very well known that the
incidence of large local reactions and especially of abscess formation is
mainly dependent on the technique of vaccination. In a group studied by
T0rnell,116 the frequency of abscesses produced by different vaccinators
(doctors) varied between 0.5 % and 25 %.
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Even with a standardized technique, however, we will have to admit a
certain variation in the size of the local reaction. Hertzberg58 found that
the size of the local reaction on revaccination was, in most cases, about the
same in each individual as on the first vaccination, and that only very few
show an increase on revaccination. T0rnell,116 in a much smaller group,
found that the size of the local reaction very often increased on revaccina-
tion. It is, as mentioned earlier, well known that the local reaction on
revaccination usually occurs earlier, and also that tuberculin-sensitivity
appears after a much shorter interval (this is known as the Willis-Gardner-
Baldwin-Saye phenomenon). The frequency with which local reactions of
constant size occur after one or more revaccinations is claimed by Hertzberg
as an indication of the influence of an individual factor. The relation
between local reaction and tuberculin-sensitivity has been discussed earlier.

2.4 Findings of the Joint Enterprise

In the work of the Joint Enterprise no special studies have so far been set
up with regard to the size and duration of strong local reactions. In the
routine work, however, inspection and measuring of the local reaction
should be carried out at the same time as the retesting with tuberculin.
The registration cards have spaces for entries on " infiltration ", " ulcera-
tion " and " complications ". Unfortunately, a large proportion of the
retestings has been made without attention being directed towards the
aspect of the local reaction. Nevertheless, certain data from the routine
work are available and, for several groups, careful records of the local
reactions have been made by different doctors. As in the studies reported
on other problems, the information so far available is heterogeneous.
The system of recording has not been the same for all investigators. The
difficulty of distinguishing clearly between the different factors-infiltration,
ulceration, pustule, scab, and scar-has been stressed earlier. The studies
have also been made at widely differing time-intervals after vaccination.
When, for instance, the local reactions are studied after 24 weeks, the
results will give very little information on the occurrence of ulcers, as most
of these will have healed. Nevertheless, I believe that the data available
give valuable information concerning the frequency of strong reactions,
because here, not only the size, but also the duration of the reaction is an
important factor.

2.4.1 Extent of induration

Let us first consider the question of the extent of the induration. In 10
groups (including about 14,000 individuals) studied in different countries,
mostly 6-10 weeks after vaccination, only 3 % of the total number of cases
showed an induration of 10 mm. or more. For the different groups the
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percentage varied between 1% and 6%. At Krakow, Dr Mydland, in a
careful study made 10 weeks after vaccination, found the following figures

Extent of induration Number of cases
(in mm.) 24

0- 1 133
2- 3 376
4- 5 305
6 - 7 203
8 and more

The average extent of the induration was 5.6 mm. for the girls and
5.8 mm. for the boys.

Dr Moe, who examined a group of 6,290 children in Genoa 11-20
weeks after vaccination, obtained the following results:

No local induration 45.5 %
1 - 9 mm. induration 53.5%
10 mm. and more 1.2%

It should be noted that in nearly half the cases no induration could be
felt at the site of vaccination. As mentioned in section 1.6.1, in this group
the percentage of reactors to the AP test was low. h

Dr P. Andresen has, in a study in Zagreb, Yugoslavia, tried to distin-
guish between infiltrate and scar six months after vaccination, and has also
noted the number of cases which presented a scab. Among 1,498 children
and adolescents examined, 1,300 cases of scars and 198 cases of infiltration
were recorded. The size of the scar was less than 5 mm. in 762 cases,
5-9 mm. in 512 cases, and 10 mm. or more in only 26 cases. The size of
the infiltration measured less than 5 mm. in 90 cases, 5-9 mm. in 98 cases,
and 10 mm. or more in 10 cases. Scabs were found in 20 children (i.e., in
10% of the cases which showed infiltration). The scab measured 5-9 mm.
in 6 cases and in no case more than 9 mm.

Dr Geser who, as mentioned earlier, used the coloured area of the
skin for measuring the reaction 24-26 weeks after vaccination, found that,
in 1,571 out of 1,747 cases examined in Bialystok, Poland, the reactions
measured between 3 and 9 mm., whereas only 73 showed less than 3 mm.
and 103 showed 10 mm. and more. The largest reactions measured 20 mm.
The curve of distribution is even, with a maximum at 5-6 mm., and does
not show any accumulation of readings at the " round figures ", a fact
which indicates that the measuring was done carefully.

It seems evident from the studies reported here that the induration
and/or scar occurring after vaccination is usually of moderate size, and
that large reactions are relatively rare. I will not go into further detail on
this question which, from a practical point of view, is of minor importance.

h See fig. 6, p. 402, in this number of the Bulletin.
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2.4.2 Ulceration
Much more important is the frequency of occurrence of ulcers. Some

figures will be given for the percentages of ulcers measuring 10 mm. or
more, which were discovered at different intervals after vaccination, but
were not recorded with regard to the duration of secretion. On this last
point we have only vague statements, saying that some of the ulcers showed
secretion of pus for a rather long period, etc.

The ulcers usually appear relatively early, i.e., in the fourth to eighth
week, and most of them heal in the course of a few weeks. Seven groups
in Poland, examined 8-12 weeks after vaccination, showed 14 ulcers of
10-mm. diameter or more among 6,109 individuals, i.e., 0.23 %. Five
groups from other countries, comprising 4,547 individuals, showed 31
ulcers of 10 mm. or more, i.e., 0.68 %. In one of these groups the figure
was 1 %. Dr Nathorst has reported that among 9,295 individuals examined
by Swedish doctors in Germany, 0.3% showed an ulceration of 10-15 mm.
or more at the site of injection. For two groups (comprising 17,225 and
9,618 individuals respectively) examined by German doctors, the figures
were 0.5% and 2.0%.

It is evident that not only the number of large indurations, but also
that of large ulcers, is low when the local reactions are read after 6 to
14 weeks. The results of examinations made after a longer interval are
given in table II.

TABLE II. RESULTS OF EXAMINATION OF ULCERS 11 WEEKS TO 6 MONTHS
AFTER VACCINATION

Number
Time after

Number of ulcers Percentage
Place vaccination of individuals of 10-mm., or of large

examined greater, ulcers
diameter

Bialystok
(Poland) ..... . . . 24-26 weeks 1,777 10 0.56

Genoa
(Italy) ...... . . . 11 20 weeks 6,290 3 0.05

Rome
(Italy) ...... . . . 6 months 1,213 1 0.08

Vienna
(Austria) ...... . . 3-6 months 4,154 5 0.12

Zagreb
(Yugoslavia) ..... . 6 months 1,498 0 0

Judging from the figures available, the frequency of large ulcers of
long duration in individuals vaccinated with BCG in the Joint Enterprise
seems to be satisfactorily low (between 0 and 0.56%). The question might
be raised as to whether the percentage of ulcers is not " too low ", taking
into account the relation mentioned between dosage of BCG, local reaction,
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and immunity. However, we have to bear in mind the shortcomings of
the studies which have so far been made. As stated earlier, a considerable
number of the children vaccinated did not turn up for retesting; we do
not know to what extent these missing children had large local reactions.
We need more data and special studies conducted according to standard
procedures.

In some studies, cases of" local abscess " were reported. The borderline
between what is called a small superficial abscess and what is called an
ulceration with secretion of pus is certainly not well defined. The so-called
" local abscess " seems to play a minor role. In some groups, including
altogether about 65,000 individuals, the term has been mentioned, but
only 26 cases have been reported, i.e., 0.04%. Single cases have been
reported where a small abscess of exactly the same type as the abscess at
the site of vaccination has been observed in the immediate area. These
cases are extremely rare, and the possibility of secondary infection can
hardly be ruled out. Kereszturi, Levine & Vogel, who have compared
the local reactions from BCG vaccination to " tuberculides ", mention
the occurrence of small tuberculides around the site of vaccination in some
cases. T0rnell116 has made the same observation. What has been called
" impetiginization " of the local reaction has been reported a few times,
but the question of secondary infection has not been systematically studied.

It goes without saying that it has not yet been possible to make ob-
servations with regard to the duration of the scar at the site of vaccination.

3. GLANDULAR REACTIONS

3.1 "Normal BCG-itis "

Tissue alterations of a "tuberculous " nature in the lymph-glands
corresponding to the region where the injection of BCG is made, are
probably constant. When the dose of bacilli injected is kept within reason-
able limits, these alterations will in most cases be so moderate that they do
not give rise to palpable enlargement of the glands. The local reaction at
the site of vaccination and the glandular reaction together constitute the
primary complex produced by the infection with BCG. Whereas in cutane-
ous infection with virulent tubercle bacilli the glandular component of the
primary complex is mostly predominant, this seems seldom to be the case
when the infection takes place with bacilli of such a low virulence as BCG.

The finding of slightly or moderately enlarged regional lymph-glands
in connexion with BCG vaccination is therefore of no practical importance,
and should certainly not be recorded as a " complication ", as the enlarged
glands represent a factor in the " normal BCG-itis ". It is always difficult
to differentiate " normal " from " abnormal " reactions. In connexion
with BCG vaccination it seems reasonable to label as " complications "
only the cases where the enlargement of the regional glands reaches such
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a degree that it is disagreeable, and the cases where suppuration takes
place ; the cases where glands which do not belong to the strictly " regional
glands" are enlarged might, perhaps, also be included.

3.2 Complications

The cases of suppurating glands are of the greatest practical importance.
The question of slightly and moderately enlarged glands without suppu-
ration is hardly worthwhile discussing at length. Judging from some of
the reports, a certain confusion seems to prevail on this point. From one
area, for instance, it was reported that 80 out of 363 children showed
enlarged glands on retesting, but in more than half the cases the glands
were larger on the right side than on the left, where the vaccination had
been made. As everyone who has had some experience will know, the
evaluation of enlarged glands in the axilla is very difficult. The tracing
of enlarged glands below and above the clavicle is easier. A very low
percentage of enlarged infra- and/or supraclavicular glands has been
reported. With regard to the information so far available about enlarged
glands in the axilla and in the neck, in my opinion very little importance
can be attached to it. Far too little is known about the frequency with
which enlarged glands occurred, in the groups examined, before vaccination.
Some observers have tried to check their findings by comparing the
glands on both sides. This procedure undoubtedly reduces the error to
some degree but certainly does not eliminate it. The figures, given in a
number of reports, on enlarged glands without suppuration are not pre-
sented here.

Pathologically, there is of course a gradual transition from the caseous
to the suppurating gland. Small patches of caseification probably occur
rather frequently in the regional glands when doses of BCG are injected
which are not too small. Total caseification with subsequent liquefaction
occurs more rarely. From the practical point of view it is important to
single out the cases where fluctuating glands are present, so that the abscess
may be treated by aspiration before perforation occurs.

3.2.1 Recorded studies
Twenty-four cases of regional lymphadenitis in BCG-vaccinated

individuals, of which 20 had abscess formation, treated at the Finseninstitut,
Copenhagen, have been recorded by Rekling.103 In none of the cases did a
local abscess occur at the site of vaccination, and only the normal reaction
with a pustule and slight suppuration was seen there. All the patients were
reactors to tuberculin. Thirteen patients showed adenitis in the left axilla,
4 in both axillae, 1 in the right axilla, 1 in the left axilla and the right infra-
clavicular region, 2 in the left supraclavicular region, and 3 in the left
infraclavicular region. The 6 patients with adenitis on the right side had
all been vaccinated on both sides. The time interval between appearance
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of the adenitis and the abscess formation varied between 1 and 15 months.
The time interval between the vaccination and the finding of the adenitis
ranged from 1 to 24 months, but in most cases was less than six months.
Clinically the cases appeared as typical " cold abscesses ". In contrast
to ordinary tuberculous abscesses, however, the " Calmette abscesses "
emptied themselves rapidly and there were no fistulas of long duration.
Secondary infection was not found in any case. The time interval between
the appearance of adenitis and recovery varied from one to eight months
in the majority of cases, however, it was from three to four months.

Rekling's study shows that, even though suppurating lymph-glands
after BCG vaccination may be unpleasant and may last for some months,
they are benign and do not seem to cause any permanent harm.

The frequency of abscess formation in the regional lymph-glands after
BCG vaccination is low. Winge 130 found 9 cases in a group of 3,369 indivi-
duals (0.27 %) vaccinated between 1935 and 1942. Groth-Pedersen46 found
15 cases among 9,509 individuals (0.16%) vaccinated between 1943 and
1947. Van Deinse29 reports a frequency of 0.05 % of suppurating adenitis
after BCG scarification, but no information is given as to the reliability
of the system of reporting.

3.2.2 Findings of the Joint Enterprise
In the Joint Enterprise campaign, examination of " local complications ",

i.e., local reactions and adenitis, has been made on a number of groups
from various countries, comprising in all about 62,200 individuals. Nineteen
cases of suppurating glands have been reported, i.e., 0.03 %. From Poland
information is given about 6 cases observed among 8,104 individuals
examined, i.e., 0.07 %. In the report of Dr Belke, 36 cases of " swelling
and abscesses of the lymph-glands" are mentioned, but it is not clear if
abscess formation occurred in all these cases, neither do we know how
many individuals were vaccinated.

Dr Bouzova has communicated information on the complications
observed in several districts of Bohemia and Moravia. Eighteen cases of
suppurating lymphadenitis are mentioned here, but I have not been able
to find out the number of vaccinated persons to which this figure is related.
From the Danish campaign in Germany, 11 cases have been reported out
of a total of 40,265 individuals vaccinated, i.e., 0.03 %. Dr Nathorst has
informed me that, during the Swedish campaign in Germany, only 1 case
of inguinal lymphadenitis with suppuration (vaccination on the thigh)
was reported among 38,000 individuals vaccinated. These figures, especially
the last, are probably misleadingly low, because cases may have occurred
which were not reported. However, in view of the prejudice against BCG
vaccination in some quarters in Germany and in view of the rather alarming
character of a suppurating lymphadenitis, it seems improbable that the
cases not reported have been numerous.
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Where the exact localization of the lymphadenitis has been stated, in
most cases the left axilla has been involved. Two cases of suppurating
lymphadenitis localized to the left supraclavicular region, and one localized
to the left infraclavicular region have been reported. However, in most
cases the localization has not been stated. The suppuration has occurred
as late as 6 months after BCG vaccination.

Even though most of the knowledge we have on this point is not very
exact, we are probably justified in estimating that the frequency of suppur-
ating lymphadenitis in the Joint Enterprise was less than 0.1 %. If sup-
purating lymphadenitis, abscess formation at the site of vaccination, and
local ulcers of 10-mm. diameter or more are regarded as " complications "
which should to the greatest possible extent be avoided, we probably have
in the Joint Enterprise campaigns a percentage of " complications " which
varies between 0.1% and 0.5 % in most areas, though in some groups it
is perhaps a little higher.

This cannot be said to be discouraging. In my opinion we are justified
in agreeing with Dr Triantaphyllou who, in his report on BCG vaccination
in Greece, states that the percentage of reactions and gland trouble is
so small compared with the large number of persons vaccinated that it
is unworthy of mention. In my opinion, the frequency of occurrence of
serious local complications is so low that there would be no objections
to using a slightly larger dose of BCG, if this should be considered desirable
for other reasons.

3.2.3 Secondary infection and revaccination
A few details should be mentioned in connexion with glandular reactions.

The occurrence of general symptoms (fever, etc.) will be discussed in the
last report.! The reason why some individuals are liable to develop sup-
purating lymphadenitis is obscure. Attention should be given to the possible
importance of secondary infection, even if it cannot be regarded as probable
that this factor plays a role. According to Rekling's data, ordinary bacteria
were not disclosed either by microscopy or by culture in any of the cases.
The important papers on mixed infection in tuberculosis, published by
Swedish authors during the recent years (Westergreen and co-workers),
and especially the recent publication by Adamson on bacteriological findings
in lymph-nodes, should be taken into account. Valuable information is
also available in the many papers published on cervical adenitis in children
vaccinated orally with BCG (Kosti6-Yoksi6,78 and others).

On revaccination not only may the local reaction appear earlier, and
the pre-allergic stage be shorter, but also the adenitis may appear after
a shorter interval than usual. Le Melletier83 has published an interesting
case of a child 2 weeks old who was vaccinated subcutaneously in the
right axilla with BCG (0.04 mg.) and three months later gave a negative

i See p. 469 in this number of the Bulletin.
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tuberculin reaction. The child was then revaccinated by scarification on
the left axilla. One week later an abscess appeared in the scarification,
and a few days after that an abscess was observed in the right axilla.

3.2.4 Calcification of lymph-glands
Finally, a few words ought to be said on calcification of the lymph-

glands in BCG-vaccinated subjects. Wherever tuberculous caseification
occurs, the conditions for calcification are present, even though calcification
mainly seems to be limited to the period of growth. Rekling 103 has made
interesting observations in this connexion. Radiological examination of
the axillae, the regions around the clavicles, and the lungs of patients
with suppurating lymphadenitis after BCG vaccination showed definite
signs of calcification both in the group of glands to which the suppurating
gland belonged, and in other groups. Extensive x-ray examination of
BCG-vaccinated children might, perhaps, yield valuable information
also about the much debated question of whether hilar adenitis occurs
as a complication to BCG vaccination without superinfection having
taken place-20 of Rekling's patients were examined radiologically several
times after vaccination ; 8 showed calcification of glands. The earliest
time of appearance of calcification was 10 months after vaccination. One
child, vaccinated immediately after birth, showed calcification of glands
in both axillae and in the hilar regions 10 months later. No information
is given about the possibility of superinfection. Another case mentioned
by Rekling which showed a large shadow in the right hilar region eight
weeks after birth and vaccination, can probably be explained on the
assumption that superinfection occurred.

Not only should x-ray examinations of BCG-vaccinated children
(axillae, regions around the clavicles, hilar regions) be carried out in a special
study, but attention should also be paid to the lymph-nodes when autopsies
are performed on individuals who have been vaccinated with BCG. Plenty
of material should now be available for such studies.

SUMMARY

The subject of this study, based upon observations made during the mass-vaccination
campaigns of the Joint Enterprise, is the local reaction to BCG, i.e., the pathological
process which occurs at the point of inoculation and in the lymph-glands (primary
complex) following vaccination.

The reaction usually appears at almost the same time as allergy, namely, three to
four weeks, or even longer, after inoculation. However, in the case of subjects infected
with tubercle bacilli as a result of natural infection or previous BCG-vaccination, it
may develop earlier and be violent. This accelerated and violent form of the reaction,
known as " Koch's phenomenon ", is bound to appear during a mass-vaccination
campaign, since it is impossible to detect, by means of tuberculin-testing, every individual
infected with tuberculosis. Koch's phenomenon is subject to numerous variations and
it is difficult to define it precisely. The much debated question of the accompanying
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reaction of the lymph-glands is considered in this study. The information collected
during vaccination campaigns in various countries, although abundant, is not always
of a precise nature. Observations made by various doctors in charge of the vaccinations
indicate that cases of Koch's phenomenon of such an acute nature as to be unpleasant
for the person vaccinated are extremely rare.

The usual local reaction occurring at the point of vaccination may take various forms
and several clinical symptoms, such as erythema, induration, pustules, ulcers, and
abscesses, must be taken into consideration in defining and evaluating it. Useful criteria
are furnished by two factors, namely, the duration of the reaction and the extent of the
area of reaction. Here too, the available figures make it possible to state that marked
and prolonged reactions in subjects vaccinated with BCG are infrequent.

The lymphatic reactions which occur in " normal BCG-itis " as well as the complica-
tions which may arise (e.g., suppuration and calcification) form the subject of numerous
observations among vaccinated children. It may be deduced from these that the per-
centage of lymphatic reactions and complications is insignificant in comparison with
the large number of persons vaccinated.

According to observations made during mass-vaccinations, it may be said that,
despite the relative nature of the data at present available and the need for further study,
the occurrence of severe and unpleasant reactions at the point of vaccination is rare.
On the whole, there is no evidence to show that the quantity of vaccine injected is too
large.


