
22November 1969 Leading Articles MEDBRnIUNH 44522 NoebrT99Ladn ArilsMEDICAL JOURNAL

ducing a blood level of 2-4 ug./ml. at four hours, falling
slowly thereafter. About half of the drug in man (though
only 10% in mice and rats) is in the form of an inactive
metabolite; this metabolite alone is found in the urine of all
species.' Animal experiments have given evidence of thera-
peutic efficacy. A single dose protected 95-100% of mice
inoculated one hour later with Histoplasma capsulatum. In
mice inoculated intravenously with Candida albicans survival
rates of 40, 80, 90, and 100% were achieved with increasing
doses given for five days, and the count of organisms in the
kidney was shown to fall almost to nil. Similar results were
obtained in infection with Aspergillus fumigatus and A.
nidulans, and local treatment was effective in T. ment-
agrophytes infection in guinea-pigs.
The succeeding paper by H. Oberste-Lehn and his col-

leagues2 describes the treatment of three patients with this
drug. All received a total daily dose of 60 mg./kg. body
weight for varying periods, and apart from some apparent
gastric intolerance in two of them, which could be overcome,
there were no side-effects. One patient was a young man
with sycosis barbae from which Candida albicans was culti-
vated. Only 15 days' treatment led to resolution, and the
organism also disappeared from the faeces, in which it had
been found before. A 59-year-old woman developed a
typical aspergilloma at the site of a lung abscess after a
postoperative infarct. After two months' treatment A. fumi-
gatus disappeared from the sputum, and later the lesion
underwent progressive shrinkage; treatment was being con-
tinued after nine months at the time of writing. Thirdly, an
asthmatic woman aged 62 developed a Candida krusei infec-
tion, with copious mucopurulent sputum and deterioration in
both pulmonary and cardiac function. Treatment for an
unstated period relieved these conditions and reduced the
frequency of asthmatic 'attacks and the Candida content of
the sputum.

This drug appears to have two outstanding advantages: it
is easily administered and well tolerated, and almost all
fungi pathogenic to man are susceptible to it. Moreover, this
susceptibility has been verified in vivo for representatives of
some of the principal genera by therapeutic tests in animals.
The clinical observations are of a wholly preliminary nature,
but encouraging enough to demand that they be extended
both in numbers and to other forms of mycosis.

antibody technique using Burkitt tumour cells infected with
the virus, the membrane of the cells being specifically anti-
genic.' The antibodies detected by these methods can

apparently be distinguished."3 The nature of heterophile
antibody remains obscure but can be distinguished from these
virus antibodies.'"

Infections with a virus or viruses like the Epstein-Barr
organism are probably much commoner than recognized
infectious mononucleosis. In America antibody was found
in 35-57% of children, 24% of healthy Yale students, and
90% of healthy adults or cancer patients.7 12 14 In Sweden
90% of babies had antibody at birth (presumably maternal
in origin), 12% at age 2, and 90% at 20 years of age.'5 In
Africa antibody is at least as common, 14 and the lack of
evidence of much infectious mononucleosis is probably
attributable to lack of diagnostic facilities. It seems likely,
moreover, that in underdeveloped countries infection occurs
earlier in life. Antibody appears to persist without loss of
titre for long periods.'2 Every patient with Burkitt's
lymphoma and a high proportion of those with carcinoma
in the post-nasal space have antibody, usually at higher titres
than in infectious mononucleosis.7 16
The Epstein-Barr virus is a distinct member of the herpes

virus group but does not grow in cell systems normally
susceptible to the group.'5 1' Apart from one report of
transmission to thymectomized mice,'8 this virus (or viruses)
appears to grow only in cultured human cells'9 of the haemo-
poietic system. V. Diehl and colleagues20 found that all
cultures of peripheral leucocytes from cases of infectious
mononucleosis grew readily, and Epstein-Barr virus was
found in all. Cultures grew from only five out of seven
patients with a history of the disease and only in the presence
of human diploid cells, whereas no cultures could be estab-
lished from patients without a history and without antibody
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Lymphoma and Glandular Fever
Infectious mononucleosis or glandular fever has long been
known. to be infectious, but its cause has been elusive. At
various times it has been ascribed to toxoplasma, bacteria,
or viruses, but recent evidence shows that most cases with a
heterophile antibody (Paul-Bunnell) response are associated
with infection by a virus similar or identical to the Epstein-
Barr virus'3 found in cell lines from Burkitt lymphomas.
A syndrome similar to infectious mononucleosis but without

a heterophile response can be caused by cytomegalovirus."8
Workers in America'-` and now in Britain" have shown
that cases with a heterophile response show increases in or
already have high antibody titres against the Epstein-Barr
virus. A small proportion have virus antibody but not hetero-
phile responses. Two methods of measuring antibody have
been used: either a complement fixation test using an Epstein-
Barr virus antigen, or more commonly an indirect fluorescent
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to the virus. The findings of H. L. Moses and colleagues,1
however, complicate the issue: only four out of 14 continuous
suspension cultures of leucocytes from nine cases contained
Epstein-Barr virus, but all contained reticular arrays of much
smaller virus-like particles. Similar small particles have been
seen in lymphomas and in tumours induced by Rous sarcoma
virus. Viruses like the Epstein-Barr organism have been
found in cells cultured from lymphoid tissue of cancer
patients,21 in peripheral leucocytes from cases of myeloblastic
and lymphoblastic leukaemia,2' 23 and from apparently healthy
people.24 Indeed, Moses and colleagues"7 state that the fre-
quency with which Epstein-Barr-like viruses are found in
cell lines from cases of infectious mononucleosis is not greater
than the frequency with which they are found in similar cell
lines from patients with leukaemia or other forms of cancer.

Clearly infection with a virus like the Epstein-Barr
organism is common, and it is sometimes associated with
infectious mononucleosis. Infection probably often persists
in a latent form, and whether the possible " helper virus "
seen by Moses and colleagues'7 plays a part is unknown. An
important question is whether these viruses or the Epstein-
Barr virus itself are oncogenic. There are certainly some
pointers to this. They appear to facilitate the adaptation of
lymphoid cells to growth in culture.20 21 Often Epstein-Barr
virus cannot be seen in the original tissue2' and it may be
that only infected cells grow well in culture. The leucocytes
then become " blastoid," and a chromosomal structure
previously found in Burkitt lymphoma cells appears.20
However, herpes virus infections such as herpes simplex or
varicella-zoster are characterized by persistent latent infec-
tions, often localized in particular areas and tissues. Under
suitable circumstances, such as those which precipitate " cold
sores," they are capable of spreading from cell to cell in the
presence of circulating antibody. The Epstein-Barr-like
viruses in lymphoid cells do not seem to cause cell lysis, and,
once infected, cells will remain so and may pass on the infec-
tion when they divide. Thus the infection probably persists
as long as infected cells and their progeny survive. Some
peripheral lymphocytes may circulate for months or even
years.

Like some other virus diseases, infection in infancy
probably leads to mild disease followed by persistent infec-
tion of limited duration in the presence of long-lasting
antibody. If infection occurs partly under cover of maternal
antibody, only a limited number of cells may become infected.
Infection in those who escape until late childhood or early
adulthood probably causes a more severe illness (infectious
mononucleosis), again with some persistence of latent infec-
tion. Any tumour of lymphoid tissue arising from an infected
cell would be likely to carry the infection, and the proportion
of cells infected would depend on the susceptibility of the
progeny cells (altered or unaltered by malignant changes).
Other tumours with susceptible cells and arising in close
association with infected lymphoid tissue (as in the post-
nasal space) might also become infected. The higher anti-
body titres associated with Burkitt lymphomas and some
post-nasal carcinomas than those found after infectious
mononucleosis depend on the larger number of cells infected
and therefore the greater and more prolonged antigenic
stimulus. Whether Epstein-Barr virus is an oncogenic agent
or merely a passenger in tumours of or associated with
lymjpioid tissue remains to be determined.
The mode of transmission of the Epstein-Barr-like viruses

remains obscure, but their association with lymphoid tissue
suggests that the tonsils and adenoids might contribute and

that the epidemics in populations of young people might be
associated with kissing or through mouth-to-mouth contact
on fomites. Transmission in early childhood could be
accounted for by similar mechanisms.

D.D.T. in the Environment
After 25 years' sterling work in the service of mankind
D.D.T. (dicophane) is threatened with increasing restrictions
on its use. The reason for this concern is the extraordinary
chemical stability of the molecule so that it persists under a
wide variety of physical conditions and even in very high
dilution. Furthermore, it gets carried far from the original
sites of application, mainly in water, including rain and sea
water.
The rate of metabolism and biodegradation of D.D.T. in

warm-blooded animals is slow but appreciable, and the levels
at which it is stored in the body fat reflect the rate of intake
in them; it is not totally cumulative. But in cold-blooded
creatures it appears to be metabolized little, if at all. Thus
minute animals living in water containing extremely low
concentrations of D.D.T. can gradually accumulate fairly
high concentrations in their tissues. Such small creatures are
the food of larger ones, and in this way D.D.T. begins to pass
up a food chain. When a larger animal has a single source
of food and this source is an animal that can accumulate
D.D.T. without harm to itself, the feeder may suffer. Every-
one concerned about their living environment would wish to
restrict the unnecessary distribution of a material with such
properties.

For many uses in agriculture and food storage, particularly
in the wealthier countries, alternative insecticides exist which
are readily degraded biologically. None is as cheap as
D.D.T. and few are as safe to use. But in the world as a whole
D.D.T. continues to make an enormous contribution to human
health by eliminating the vectors of, for example, malaria,
typhus, plague, and trypanosomiasis. At present there are
nearly 1,500 million people living in areas where malaria
eradication is in progress or even complete.1 About 45,000
tons of D.D.T. are used annually for this purpose, and in only
1% of these areas have problems such as the development of
resistance of the mosquito to D.D.T. yet led to the need to
apply alternative insecticides. These can be introduced only
after extensive trials of their effectiveness and safety in use.2
In India alone the use of D.D.T. has reduced the annual
mortality from malaria from 750,000 down to 1,500. Though
the population explosion is due as much to the saving of lives
(perhaps more) as to the rate of breeding, the idea of con-
trolling it by withholding known remedies against disease is
not one to be countenanced.

In all such applications as many as 130,000 men are annually
employed spraying D.D.T., and neither among them nor
among the countless numbers using it in agriculture has a
single death attributable to D.D.T. poisoning yet occurred.
Nor has a clinical syndrome of chronic D.D.T. poisoning been
recognized even among small groups of industrial workers
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