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Five days after the outbreak of infection throat swabs and
faeces were sent to the virus laboratory.

Laboratory Techniques.-Throat swabs were inoculated on to
Bristol HeLa, Hep2, and rhesus monkey kidney cells. Ten
per cent. suspensions of faeces were inoculated on to Hep2 and
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monkey kidney (cynomolgus) cells. The techniques and
detailed methodology have been described previously (Gardner
et al., 1962; Gardner and Cooper, 1964). The virus results
are included in summary form in the Table.

Comments and Conclusions
The sudden onset of symptoms, their relative severity, and

the high rate of infection among the toddlers prompted us to
investigate the cause of this outbreak. All the children had
evidence of upper respiratory tract infection and a cough. The
unusual features were the high incidence of gastrointestinal symp-
toms, the marked degree of prostration, and the biphasic illness
in 7 of the 16 cases. The oldest patient was a girl of 16 who
was helping to look after the children; her symptoms were
typical of Bornholm disease.

That the illness was confined to the toddlers, with an absence
of symptoms among both older and younger children, suggests
that the organization of the home into groups with their own
staff prevented a much more widespread outbreak.
A major problem in any investigation of illness in a resi-

dential nursery is the presence of asymptomatic endemic viruses.
Nursery carriage of adenoviruses and enteroviruses in stools has
been described previously (Gardner et al., 1961 ; Gardner and
Cooper, 1964), but excretion was not associated with clinical
symptoms. In this nursery we were unable to examine normal
children as " controls." The close association of symptoms with
isolation, both from throat swabs and from stools, suggests
that there was a close relation between illness and virus. This
is further supported by the occurrence of a Bornholm type of
disease in the adolescent patient and also by the fact that one
of us has had the nursery under her observation for over 12
years, during which time there have been no similar outbreaks.
We have described this outbreak in the hope that similar

outbreaks in other residential nurseries will be investigated. In
this way more evidence of the role of Coxsackie viruses-which
may be excreted by the normal population-in respiratory
disease will be obtained.

Summary
An outbreak of acute respiratory illness confined to one group

of children in a residential nursery in Newcastle upon Tyne is
described. Evidence is presented which suggests that the out-
break of illness was due to Coxsackie type B2 virus.

Our thanks are due to the Reverend Mother of Nazareth House
and the sister and staff of the nursery for their co-operation and
assistance in the collection of specimens.
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Preliminary Communications

Antilymphocytic Serum and Tumour
Dissemination

Brit. med. Y., 1968, 2, 533-535

Chemically and virally induced tumours are known to evoke
immune serum antibodies (Old and Boyse, 1964; Klein, 1966),
but the role of immunity in the development and dissemination
of spontaneously occurring tumours is uncertain. Investigation
of the effects of immunosuppression, which might help to clarify
this problem, has been hindered by the fact that the most potent
immunosuppressives are also anti-tumour agents. A further
difficulty is that experimental metastases are generally unpredict-
able and uncontrollable.

It seems possible that disseminating tumour cells can become
established as metastatic growths only when a degree of
immunological paralysis has been produced, and that immuno-

suppressive agents might accelerate this process. The finding
that antilymphocytic serum has powerful and relatively specific
immunosuppressive properties (Levey and Medawar, 1967;
Woodruff et al., 1967), with no apparent anti-tumour effects,
has facilitated examination of the problem of tumour dissemina-
tion and metastases formation.
The influence of antilymphocytic serum was therefore exam-

ined on three transplantable murine tumours-the Lewis lung
carcinoma (3LL), which arose spontaneously and which regu-
larly metastasizes to the lungs (Karrer et al., 1967); the lym-
phoid leukaemia L12 10, which, like most lekaemias, disseminates
widely; and the sarcoma BP8/Pl. These last two neoplasms
were originally chemically induced, the L1210 by methylcholan-
threne and the BP8/P1 by benzpyrene.

MATERIALS

Tumours.-The Lewis lung carcinoma (3LL) was originally
obtained from Microbiological Associates Inc. and was main-
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tained by serial transfer in C57BL mice. It was transplanted
routinely every fortnight by subcutaneous inoculation, and two

to three weeks after implantation of the primary tumour small
metastases were visible in the lungs of all animals. The
lymphoid leukaemia L12 10, originally obtained from the Chester
Beatty Research Institute, was carried by serial transfer in

BDF1 mice (C57BL x DBA/2). A suspension of spleen cells
from an animal carrying the leukaemia was diluted with iso-
tonic saline (1 spleen in either 100 or 1,000 ml.) and injected
subcutaneously into the flank. The benzpyrene-induced sar-

coma BP8/P1, originally obtained from the tumour bank of
the Imperial Cancer Research Fund, was carried in ascitic form
in C57BL mice and transplanted weekly by intraperitoneal
inoculation.

Antilymphocytic Serum.-This was produced by intravenous
injection of spleen cell preparations from three to five mice into
host rabbits. Injections were repeated after 14 days, and again
seven days after removal of about 50 ml. of blood. The rabbits
were exsanguinated seven days later. The serum obtained was

heated for 30 minutes at 56' C. to destroy complement and then
absorbed twice with washed packed mouse red cells. Aliquots
were stored in a deep freeze. The spleen cells used for these
preparations were taken from C57B1 mice for experiments with
the 3LL and BP8/P1 tumours. Spleens were taken from
normal BDF1 and from BDF1 mice carrying L1210 for experi-
ments with the leukaemia. Antiserum was also raised against
3LL metastases by immunizing a rabbit with 2.2 x 106, 3 X

105, and 5 X 105 of metastases cells given in 3 ml. of saline.
The cell suspensions were made by dissecting the metastases
from lungs of mice bearing 4-week-old subcutaneous tumours.
The tumour was first coarsely ground and then passed through
a fine stainless-steel sieve (50 mesh) into 3 ml. of isotonic sterile
saline. The resulting suspension was centrifuged at 1,000 r.p.m.
for 10 minutes, the supernatant discarded, and the precipitate
washed in sterile isotonic saline. A count of viable tumour cells
was made, the trypan blue method being used. The method
of preparation of antiserum from these cells was similar to that
described for other antisera.

METHODS

3LL.-In the first experiment mice implanted with 3LL were
distributed randomly into two groups. The experimental group
was injected with antilymphocytic serum (C57BL antiserum)
and the control group with normal rabbit serum. Subcutaneous
injections of 0.1 ml. were given daily for 16 days after tumour
implantation. The second experiment was similar except that
injections of antilymphocytic serum and normal serum were
given one week before tumour implantation as well as for 16
days afterwards. Both experiments were terminated 19 days
after tumour implantation and a visual estimation of the lung
metastases was made. The lung, spleen, and primary tumour
weights were recorded in all animals. The lungs were then
macerated and inoculated into host C57BL mice in a similar
manner to the routine tumour transplantation. The resulting
subcutaneous tumours were removed and weighed after 21 days.
In a third experiment each animal was given a total of three
doses of 0.25 ml. of serum on alternate days after implantation.
Groups of experimental and control animals were killed 12, 14,
15, and 17 days later and their lungs examined for metastases.
With the method of Wexler (1966) the lungs were flooded with
Indian ink and fixed in Fekete's solution. In a fourth experiment
metastases antiserum was given subcutaneously in amounts of
0.25 ml. on alternate days, starting six days after tumour
inoculation. To examine whether immunity developed during
the course of primary growth, the subcutaneous primary was
surgically removed and a second subcutaneous inoculation given.
The animals were subsequently examined daily for tumour

growth.
L1210.-In a first experiment mice inoculated with L1210

(1:100) were distributed randomly into three groups. One
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group was injected subcutaneously with L1210 antiserum, the
second with BDF1 antiserum, and the control group with
normal saline. Injections of 0.1 ml. were given subcutaneously,
starting 24 hours after tumour inoculation and continuing until
death. In a second similar experiment the leukaemia was

diluted 1: 1,000 and the control group received normal serum

instead of normal saline. A further experiment was set up in
which each animal was given a total of four doses of 0.25 ml. of
serum on alternate days after tumour inoculation (dilution 1:
1,000). The mean survival time of each group of animals was

calculated by the formula adopted by the U.S. Cancer Chemo-
therapy National Service Center (1962) for this tumour.

BP8/PJ.-In the first experiment the tumour was inoculated
subcutaneously in the region of the axilla with 0.2 ml. of ascitic
fluid. When complete spontaneous regression of the resulting
solid tumour had occurred the animals were divided into two
groups, one of which was given 0.25 ml. of antilymphocytic
serum (C57BL antiserum) subcutaneously and the other a

similar dose of normal serum. Both groups were then re-
inoculated with BP8/P1 tumour, which was administered intra-
peritoneally with 0.2 ml. of ascitic fluid. Further serum injec-
tions were given on days 2, 4, and 6 after the reinoculation.
In a second experiment the solid tumour was measured and the
mice were reinoculated when the tumours had started to regress
but were still measurable.

RESULTS

3LL.-Metastases developed after the same length of time
in both experimental and control animals. In the first two
experiments no metastases were visible after 12 days, but after
19 days obvious secondary growth was apparent in both groups.
In the third experiment, however, where the lungs were flooded
with Indian ink, metastases were seen after 12 days as small
white nodules in both groups of animals. Metastases antiserum
(Experiment 4) was also ineffective in accelerating the appear-
ance of metastases. In the second experiment primary tumours
from experimental animals were significantly heavier (P<0.001)
than those of the controls, but in the first and third experiments
there was no significant difference in tumour weights. The
average lung, tumour, and spleen weights are given in Table I.
Tumours resulting from implantations of lungs with metastases
were larger in the control than in the experimental animals, but
the relation of this tumour size to the amount of tumour
material in the whole lung is doubtful (Table I). No macro-

TABLE I.-Mean Spleen, Lung, and Tumour Weights in Mice with 3LL
Tumour
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Lungs in experiment 3 only were flooded with Indian ink; this accounts for their

greater basic weight compared with those in experiments 1 and 2.
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scopic metastases were seen in other organs of any animal on
routine post-mortem examination. After surgical removal of
primary tumours second implants grew normally in all re-
inoculated mice.
L1210.-Neither BDF1 nor L1210 antiserum significantly

shortened the survival time of mice inoculated with this leuk-
aemia. On the contrary, L1210 antiserum prolonged survival,
while BDFI antiserum was essentially without effect. A
striking feature in Experiments 2 and 3 was the doubling of
the average spleen weight in mice treated with BDF1 and L1210
antiserum compared with control mice (Table II).

TABLE II.-Effect of BDF, and L1210 Antiserum on L1210
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BP8/PL.-In immunized mice treated with antilymphocytic
serum (C57BL antiserum) challenge with intraperitoneal
tumour resulted in the death with ascites of eight out of nine
animals, whereas only 3 out of 10 died in the control group
receiving normal serum. In the second experiment, where
intraperitoneal challenge followed before the primary tumour
had completely regressed, the number of mice of both groups
which developed ascites was very much reduced-2 out of 13
among the controls and 5 out of 14 in the experimentals.

DISCUSSION

Though a primary growth may escape " immunological sur-
veillance " (Burnet, 1967), multiple metastases implantation
could hardly escape immunological detection if immunity
played a part in its control. If, however, the primary growth
absorbed out all antibodies directed against itself, or it produced
some degree of immunological paralysis, the effect of immuno-
suppression should be the acceleration of dissemination and
metastases formation. On the other hand, the metastatic tumour
cells might exhibit no antigenicity.
There is no evidence that an effective immunity is acquired

to either L1210 or 3LL as the disease progresses, though
immunity to L1210 can be induced by inoculation of x-
irradiated L1210 cells (Chirigos et al., 1964). Nevertheless,
minor degrees of immunity might be responsible for preventing
dissemination and secondary implantation of tumour cells.

It is clear from the results, however, that rabbit antimouse
antilymphocytic serum has not increased the rate of dissemina-
tion of leukaemia L1210 or of metastases formation of the 3LL
carcinoma.

If the antigens of the primary tumour absorbed out antibodies
produced against them, as has been postulated for enhancement
(Kaliss, 1958), then immunosuppression should also lead to
more rapid growth of the primary tumour. Though the
primary tumours in Experiment 2 (Table I) were significantly
heavier than the controls, this was not borne out either by
Experiment 1 or by Experiment 3 (Table I). Nevertheless, in
Experiment 1 the tumours treated with antilymphocytic serum
were heavier than the controls, though at a very low level of
significance. Furthermore, in this experiment treatment began
after implantation and the animals were given seven fewer doses
than those of the second experiment.
Although there was no difference between control and experi-

mental animals in the time required for the appearance of
metastases after implantation of the primary 3LL tumour, no
attempt was made to assess the number or size of secondaries
at the time when they first became visible.

Neither BDF1 nor L1210 antiserum reduced the survival
time of leukaemic mice, and it is therefore unlikely that
immunity plays any part in the development of this particular
leukaemia. On the other hand, the significant extension of
survival time after the administration of L1210 antiserum could
be due to specific cytotoxic antibodies, though further work is
required to elucidate this.

In mice with BP8/P1 sarcoma immunosuppression signifi-
cantly affected the growth of the tumour. Owing to the develop-
ment of immunity after the complete regression of a first tumour
implant the BP8/Pl, in contrast with the 3LL carcinoma,
fails to kill after a second implant. As was to be expected,
therefore, after antilymphocyte serum treatment a second
implant of BP8/P1 tumour developed progressively.

SUMMARY

A preliminary study of the effect of antilymphocytic serum
was made on three transplantable murine tumours. Its action
on metastases formation in 3LL and leukaemia dissemination in
L1210 failed to provide any evidence for the involvement
of an immunological mechanism in their spread. In the weakly
antigenic BP8/P1 sarcoma, antilymphocytic serum, as expected,
diminished the host resistance to the tumour.

K. HELLMANN, D.M., D.PHIL.
ROSEMARY I. HAWKINS, PH.D.
SUSAN WHITECROSS, B.PHARM.

Cancer Chemotherapy Unit,
Imperial Cancer Research Fund,

Lincoln's Inn Fields, London W.C.2.

REFERENCES

Burnet, F. M. (1967). Lancet, 1, 1171.
Cancer Chemotherapy National Service Center (1962). Cancer Chemo-

ther. Rep., 1, No. 25. Appendix A.
Chirigos, M. A., Thomas, L. B., Humphreys, S. R., Glynn, J. P., and

Goldin, A. (1964). Cancer Res., 24, 409.
Kaliss, N. (1958). Cancer Res., 18, 992.
Karrer, K., Humphreys, S. R., and Goldin, A. (1967). Int. 7. Cancer, 2,

213.
Klein, G. (1966). Ann. Rev. Mtcrobiol., 20, 223.
Levey, R. H., and Medawar, P. B. (1967). In Antilymphocytic Serum,

edited by G. E. W. Wolstenholme and M. O'Connor, p. 72. London.
Old, L. J., and Boyse, E. A. (1964). Ann. Rev. Med., 15, 167.
Wexler, H. (1966). 7. nat. Cancer Inst., 36, 641.
Woodruff, MA P. A., James, K., Anderson, N. F. and Reid, B. L. (1967).

In Antilymphocyzic Serum, edited by G. E. W. Wolstenholme and
M. O'Connor, p. 57. London.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.5604.533 on 1 June 1968. D
ow

nloaded from
 

http://www.bmj.com/

