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Pulmonary tuberculosis due to BCG in a technician
employed in a BCG laboratory *
H. C. ENGBAEK,' B. VERGMANN,2 & K. BUNCH-CHRISTENSEN3

X-ray examination of the lungs of a laboratory technician in the BCG Department of
the Statens Seruminstitut, Copenhagen revealed a lung tumour and possible signs of
tuberculosis. The diagnosis was confirmed by macroscopic and histopathological examination
of lung tissue removed by surgery. Subsequent bacteriological examination showed the
infection to have been caused by BCG. The possibility is discussed of whether the condition
had developedfrom a metastatic lesion following BCG vaccination, or was the result of an
aerogenic infection during the production ofBCG vaccine. The simultaneous development of
the tuberculous condition and the tumour is remarkable but is not discussed further. The
requirements of WHO when signs of tuberculosis arefound in a worker in a BCG laboratory
were complied with in this instance, but it was not considered necessary to change the routine
procedure in the BCG Department.

A tumour and possible signs of tuberculosis were
found by X-ray examination of the lungs of a labo-
ratory technician working in the BCG Department of
the Statens Seruminstitut, Copenhagen. Diagnosis
was confirmed by macroscopic and histopathological
examination of lung tissue removed by surgery.
The WHO requirements for dried BCG vaccine

(1) state:
" Should an examination reveal signs of tuber-

culosis in a worker, he shall no longer be allowed
to work in the production areas and the rest of the
staff shall be examined for possible tuberculosis
infection. In addition, all cultures and all current
vaccine preparations shall be discarded and the
areas decontaminated ".
In order to comply with these requirements, a

communication was despatched to all those who had
received vaccine from the BCG Department of the
Statens Seruminstitut stating that all Danish BCG
vaccine in their possession should be discarded.

Bacteriological examination of the lung tissue,
comprising culture and species designation of the
mycobacteria isolated, revealed subsequently that
the typical tuberculous condition had been caused by
BCG.

* From the Statens Seruminstitut, 2300 Copenhagen S,
Denmark.

1 Chief, Tuberculosis Department.
2Assistant, Tuberculosis Department.
3 Chief, BCG Department.

CASE REPORT

The 62-year-old male technician concerned had
worked in various sections of the Statens Serum-
institut (though never in the Tuberculosis Depart-
ment) from the time of his employment in 1941 until
he was transferred to the BCG Department in
November 1970. From 1949, he was included quite
consistently in the annual X-ray examination of the
Institute's personnel. After his transfer to the BCG
Department, he should have had his lungs examined
every 3 months in accordance with a special arrange-
ment between the BCG Department and the chest
clinic, but his participation in that examination was
not regular.
He was vaccinated with BCG in 1944, 1949, and

1951. Mantoux testing with RT 22 a in 1953 and
1954 gave no reaction to 3 TU and gave reactions of
10 and 15 mm, respectively, to 10 TU. In 1957 and
1960, the reactions to 1 TU of RT 23 a were 10 and
20 mm, respectively. No tuberculin testing has been
carried out since that time.

In 1955, the patient had transient, possibly patho-
logical X-ray findings in the lower hilar region of
the right lung, accompanied by fatigue and loss of
weight. All other examinations at the chest clinic
revealed no abnormalities until 1966 when, without
previous symptoms, infiltrations were found for the

a RT 22 is without Tween; 3 TU is equal to 0.5-1 TU of
RT 23 with Tween (2).
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first time behind the right costa I and in intercostal
space I. No antituberculosis chemotherapy was
instituted, but the patient was not permitted to work
for about 6 weeks, by which time sputum samples
had been examined by microscopy and culture and
had been found to be negative. There was obvious
regression of the lung lesion after only 2 weeks, and
when the patient resumed work there were only
signs of limited fibrotic changes behind costa I.
Follow-up examinations were carried out once or
twice a year with the same result, the last being about
a year before the present disease was discovered.
At the beginning of 1975, the patient was referred

to the chest clinic by his own physician because of
certain symptoms. In February, an X-ray of the
lungs showed a round infiltration approximately
5 cm in diameter at the back of the right lower lobe
and infiltration in the right upper lobe, i.e., at the
same sites as in 1966. The latter condition was inter-
preted as an indication of outgrowth from the
tumour.
On the basis of repeated X-ray examinations

made after admission to the chest ward of the hospital
in late February, a diagnosis of lung tumour and
suspected tuberculous infiltration was made. Since
there was some doubt about the tuberculous con-
dition, the results of histological tests were awaited
before a report was made to the Institute.
Pneumonectomy was performed in March 1975.

Histopathological examination revealed planocel-
lular carcinoma in the posterior region of the upper
and lower lobes (second and sixth segments). The
tuberculous condition in the right upper lobe con-
sisted of fibrous tissue and a small cavity with
caseation. Histological examination revealed typical
tuberculous lesions with epithelioid cells, Langhans'
giant cells, necrosis, and acid-fast rods. Antituber-
culosis chemotherapy was started, comprising a daily
regimen of 300 mg isoniazid and 450 mg rifampicin
for one year.
The patient has not been at work since the opera-

tion and has now left the Institute with a disability
pension. He has been followed-up at the chest clinic
for approximately two years.

BACTERIOLOGICAL FINDINGS

All material sent in for examination before sur-
gery, comprising four gastric lavage, one sputum,
and three urine specimens, was negative by culture.

Specimens removed by surgery consisted of
tumour tissue, lung tissue suspected of being

tumorous, bronchial secretions, and lung tissue sus-
pected of being tuberculous. All these specimens
were examined by culture and the majority were
inoculated into guinea-pigs. The results were nega-
tive in all cases except for the suspected tuberculous
lung tissue, which gave rise to six colonies of acid-
and alcohol-fast rods resembling tubercle bacilli.
The lung tissue, when injected into guinea-pigs, did
not induce tuberculous changes and material taken
from the glands and organs of the animals was
negative in culture.

IDENTIFICATION OF BCG

The methods used for routine diagnostic classifica-
tion have been described previously (3).
The following results are particularly significant

in distinguishing BCG from Mycobacterium tuber-
culosis: weakly positive nitrate reduction; weakly
positive niacin production; weakly positive catalase
test; amidase test with strongly positive reaction to
carbamide but negative reactions to all the other
nine amides in Bonicke's series; sensitivity to
1 ,g/ml in B6nicke & Lisboa's furfuroyal hydrazine
test; full growth on 1000 ,ug pyrazinamide and
limited growth on 32 ,ug cycloserine; and resistance
to mycobacteriophage 33 D (I. Baess, personal
communication, 1976).
The strain was sensitive to streptomycin, p-amino-

salicylic acid, isoniazid, rifampicin, and ethambutol
in the same way as M. tuberculosis.

Tests on the bacterial culture after passage through
guinea-pigs
In order to determine whether the strain isolated

was a mixture of BCG and M. tuberculosis, it was
passed through guinea-pigs where the M. tuberculosis,
if present, would multiply and dominate the popula-
tion. Since the results of biochemical tests and
resistance determinations for the culture so treated
were identical with those for the primary culture, it
was concluded that the strain was a pure culture of
BCG.

Virulence determinations on guinea-pigs
The only findings on autopsy after subcutaneous

injection of 2 mg of semi-dried culture and an obser-
vation period of 6 weeks were a subcutaneous
abscess at the site of injection and an enlarged
regional gland. Culture from the abscess gave rise
to innumerable colonies and culture from the regional
gland, inguinal gland, and spleen produced a few
colonies. There was no growth from the liver or lung.
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Intraperitoneal injection was performed with doses
of 1, 10-2, 10-4, and 10-6 mg of culture. On autopsy
after 4 months, the 1-mg and 10-2-mg doses had
induced the formation of small grey nodules in the
omentum; these were the only macroscopic changes
in the whole group. Cultures from the omentum,
spleen, liver, and lungs were negative in all animals.

Intradermal injection was carried out by the tech-
nique used for the routine investigation of the skin
reactivity of guinea-pigs to BCG vaccines and for the
comparison of BCG products (modified Jensen test).
BCG strain 1331 from routine batch No. 121 was
compared with the isolated strain. Both strains were
subcultured in Dubos fluid medium with Tween 80.
The cultures were adjusted to the same optical
density and were injected either undiluted or diluted
10-, 100-, or 1000-fold. The strain isolated caused
slightly stronger reactions than BCG strain 1331.
However, the size of the lesions and the difference in
the size of lesions between the two strains were not
greater than those observed during testing of
routine batches of liquid BCG vaccine. Autopsy
after an observation period of 4 months revealed no
macroscopic signs of tuberculosis.

Virulence determinations on rabbit
All the rabbits injected intravenously with 1 mg

or 0.1 mg of culture survived the observation period
of 3 months. They had increased in weight and all
organs were macroscopically normal on autopsy.
Cultures from the spleen, liver, and lungs were
negative.

Conclusion
It was concluded from the examinations carried

out that the strain isolated was an attenuated myco-
bacterium indistinguishable from BCG.

DISCUSSION

The BCG-induced tuberculous lung process that
was verified bacteriologically in 1975 may either have
developed from a metastatic lesion following the
BCG vaccinations in 1944, 1949, and 1951 or have
originated from an aerogenic infection during the
production ofBCG vaccine. It is not possible, on the
basis of the information available, to determine
which of these routes of infection is the most
probable.

If the metastatic lesion resulted from BCG vac-
cination, the etiology of the patient's three lung pro-
cesses may have been the same. It is known that, after
vaccination, BCG is disseminated via the lympha-

tics and blood vessels to distant glands and organs.
The bacteria multiply there until cellular immunity
develops, and they may survive for a long time. The
longest reported period between vaccination and
bacteriologically verified complications is about
4 years; these were pulmonary complications (4).

It would have been of interest to have known the
immunological status of the patient at the time of
the first X-ray findings in the right lung in 1955.
However, it should be noted that he had been vac-
cinated with BCG three times-the last time in
1951-and had acquired only a weak sensitivity to
tuberculin. His sensitivity increased after the above-
mentioned episode, as demonstrated by retesting in
1957 and 1960. The repeated tuberculin testing must
also be taken into account in evaluating the increased
sensitivity. From 1966, the changes revealed by
X-ray were located at the same site as that from
which BCG was isolated in 1975.
The course of the disease may raise the question

of whether the patient had recurring BCG infection
in the lung about 4, 15, and 24 years after vaccina-
tion. It is of interest in this connexion that the patient
had never been given antituberculosis chemotherapy.
The patient had worked for 4 years in the sterile

production area of the BCG laboratory, operating
the machine that sealed the ampoules. The possibility
cannot be excluded that the lung condition resulted
from the inhalation of aerosols containing BCG; in
this case, the lung changes seen in 1955 and 1966 are
of unknown etiology. However, the chances of
inhaling BCG would appear to be small under the
working conditions in question. The BCG laboratory
is equipped with a sterile air supply and cross-flow
cabinets that function constantly. The various pro-
cedures are performed in these cabinets, where the
air flows through a laminar filter in the back of the
cabinet and out into the laboratory; this is con-
sidered to be acceptable because of the low virulence
of BCG for healthy humans. Repeated sampling of
the air flow in the cabinets and in the laboratory,
where culture media were exposed for several hours
during the course of the work, never resulted in a
growth of BCG.

Irrespective of the route of infection, it is reason-
able to assume that some special factors must have
been responsible for the development of a tuber-
culous condition from which a pure culture of BCG
could be isolated.
No information was available subsequently con-

cerning the patient's cell-mediated immunity. It is
remarkable, however, that the carcinoma and the
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tuberculous BCG process developed in the same lung
during the period of just over a year before the
disease was recognized. It is possible that this may
be due to coincidence, but an interaction between
the two processes must be considered, e.g., a reduced
resistance to tuberculous infection caused by the
tumour.
On the basis of this single case, changes in pro-

cedure in the BCG Department cannot be justified

except that stricter control of the personnel should
be enforced so that failure to report for examination
at the chest clinic does not occur. Had the control
measures been completely effective, the tumour
would probably have been discovered at an earlier
stage. The development of the tuberculous condition
caused by BCG would then have been avoided, and
consequently also the measures taken in fulfilment
of the WHO requirements.
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RESUME

TUBERCULOSE PULMONAIRE DUE AU BCG CHEZ UN TECHNICIEN TRAVAILLANT

DANS UN LABORATOIRE DE PRODUCTION DU BCG

L'examen radiologique des poumons d'un technicien
de laboratoire du Service du BCG du Statens Serum-
institut, a Copenhague, a revele une tumeur pulmonaire
et des signes evoquant une tuberculose. Le diagnostic
a ete confirme par examen macroscopique et histopatho-
logique du tissu pulmonaire reseque au cours d'une inter-
vention chirurgicale. L'examen bacteriologique ulterieur
a montre que l'infection etait due au BCG. On se demande
si I'affection s'est d6veloppee a partir d'une 1lsion meta-
statique apres vaccination au BCG ou si elle resulte d'une

infection par voie aerienne au cours de la production
de vaccin BCG. Le developpement simultane d'une 1lsion
tuberculeuse et de la tumeur est un fait remarquable,
mais il n'a pas ete examine plus avant. Des mesures ont
ete prises pour satisfaire aux normes de l'OMS relatives
au cas oui des signes de tuberculose sont decouverts
chez un membre du personnel d'un laboratoire travail-
lant sur le BCG, mais il n'a pas e estim6 necessaire
de changer la procedure habituelle dans le service du BCG.
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