
1038 30 October 1965 Chronic Uraemia-Brown

findings. He showed that increased incorporation of radio-
iron into rat red cells could be produced by normal plasma
taken at intervals before and after a blood transfusion. It
persisted until some time after the subject's bone-marrow had
become inactive as a result of the transfusion, and he suggests
that it could be due to some by-product of erythropoiesis
rather than erythropoietin.
The negative results in the majority of cases of azotaemic

anaemia in the present investigation are similar to the findings
of the other workers mentioned and contrast with the elevated
levels found in the non-uraemic patients. Even with this more
sensitive assay procedure it has proved impossible to detect
differences in erythropoietin titre between normal and most
of the uraemic plasmas, so that no conclusion can be reached
regarding the possibility of subnormal levels in renal failure.
This of course does not imply that erythropoietin is not present,
but only that its concentration is less than can be detected.
The positive findings in Cases 2 and 8 are important because
it is unlikely, with this type of bioassay, that the effects noted
were due to non-specific stimulation. It therefore seems reason-
able to assume that, at least in these cases, the anaemia is not
due solely or primarily to a failure of erythropoietin production.
More sensitive assay techniques will have to be developed before
the full significance of the apparent disturbance of erythro-
poietin production in renal disease can be assessed.

Summary
Bioassays of plasma erythropoietin were undertaken in normal

subjects and in anaemic patients with and without uraemia.
The anoxia-induced polycythaemic mouse technique was used
together with standard " B " erythropoietin. In the anaemic
patients without uraemia erythropoietin levels were raised. In
the normal subject and in 12 of the 14 patients with anaemia
and uraemia erythropoietin was not detected, but in two uraemic
patients the level was raised.
The results suggest that the anaemia in some uraemic patients

is not due primarily to a deficiency of erythropoietin.
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In a previous article (Salem and Truelove, 1964) we
described four cases of hookworm disease in Pakistani
immigrants resident in Oxford. We mentioned that we had
had the opportunity to examine the faeces of nine other
Pakistanis, relatives of the patients or workers in our own
hospital, and had found hookworm ova in four of them. In
view of the large numbers of Pakistanis (as well as other
immigrants from the tropics) now resident in Britain we con-
cluded that a public health problem exists for two distinct
reasons. First, there are probably many undiagnosed
examples of hookworm disease in this country and the sub-
jects require treatment for the sake of their own health.
Secondly, there is a potential risk of the disease spreading
beyond its original hosts.

We now present some evidence which bears on the second
of these issues-namely, whether the disease can spread in Great
Britain.
On 20 June 1964 hookworm ova were found in the faeces

of another Pakistani patient with hookworm disease. We
decided to see whether the ova would hatch and, if so, whether
the young larvae would develop into the infective stage outdoors
in the British climate.

Culture in Flower-bed

A portion of the faeces, representing about one-third of a
single motion, was placed in a flower-bed in the garden of the
Radcliffe Infirmary, Oxford, the site being marked off to prevent
accidental infection of the gardeners. The portion of faeces
was thinly covered with soil and the bed was watered to
represent a fall of rain. A specimen of the faeces was recovered
daily from the flower-bed and examined under the microscope.

 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.2.5469.1038 on 30 O
ctober 1965. D

ow
nloaded from

 

http://www.bmj.com/


30 October 1965 Hookworm Infection-Salem and Truelove BrDl L 1039

By the third day well-formed larvae were present in the ova.
By the fourth day hatching was in progress with the production
of rhabditiform larvae. Two days later moulting occurred and
intermediate larvae were formed. After another two days the
second moult occurred with the production of filariform infec-
tive larvae. The larvae showed active movements at all stages,
though this feature was most pronounced in the infective stage.
Not all the ova hatched at the same time, and from the sixth
day onwards large numbers of larvae of all stages were present
in each daily specimen until the experiment was terminated
three weeks after its inception. This was done by treating the
flower-bed with sodium hydroxide solution, which we found
by experiment to be lethal to the larvae and ova.
The weather during the experiment was warm and relatively

dry. It was noticed that, though only a small amount of rain
fell during the experimental period, the relative humidity was
high. The hours of sunshine were considerable, at any rate by
British standards. The flower-bed got direct sunshine during
the middle of the day, though early and late it was screened
by tall buildings.

Culture Under Other Conditions

Another portion of the same faeces was stored in a refrigerator
at approximately 390 F. (40 C.) for a period of two weeks. This
portion was divided into two parts, one of which was stored
in the refrigerator in a closed container to prevent dehydration,
while the other was in an open container so that the faeces
gradually dried up.

Both specimens of faeces were found to contain ova through-
out the period of storage. At the end of storage each specimen
was made into a thick emulsion with water in a Petri dish. The
dish was then placed on the surface of our experimental flower-
bed in the garden. The ova in the specimen which had been
stored in a closed container hatched into larvae on the fourth
day and these larvae went through two moults to form infective
larvae on the seventh day exactly as had happened with the
faeces planted fresh in the flower-bed.
No larvae hatched from the ova of the specimen stored in an

open container, which suggests that dehydration had killed the
ova.

Culture in Laboratory

Other portions of the fresh faeces were cultured in the labora-
tory, both at room temperature and in a warm-air oven at 940 F.
(340 C.). In each case the faeces were cultured as two lots, in
one as an emulsion with water and in the other as a mixture
with damp earth.

In the specimens cultured in the warm-air oven, the ova
hatched on the fourth day and then went through two moults
to produce infective larvae.

In the specimens cultured at room temperature in the labora-
tory no hatching of larvae occurred, though there were many
ova present. We are unable to explain with certainty why the
ova failed to hatch under these conditions, as the ambient
temperature was similar to that outside, but it is probable that
the earth of the flower-bed was raised to temperatures above
those of the air when exposed to direct sunlight. This would
explain why the ova cultured in the garden continued to hatch
throughout the period of experiment whereas those cultured in
the warm-air oven produced a single crop of larvae. Unfor-
tunately, we did not measure the temperature of the earth at

different levels, so this remains a matter for conjecture, though
one obviously amenable to investigation in the future.

Comment

At the beginning of this century Boycott and Haldane (1904)
gave a full account of hookworm disease occurring in
Cornish tin mines. They showed that climatic conditions
underground were favourable for the development of the hook-
worm ova to the infective larval stage. The present study has
demonstrated that hookworm ova will hatch in an English
garden under summer conditions and that the immature larvae
will develop into infective larvae. We are therefore confirmed
in our view that the many immigrants to this country who are
infected with hookworms represent a potential danger to the
public health. Infected persons are likely to continue to excrete
ova in their faeces for several years. Some of the subjects whom
we have examined have already been in this country for more
than two years and are excreting many ova.

It is not difficult to picture how the disease could spread in
this country with any departure from the highest standards of
personal hygiene. For example, an infected person might
defaecate beside a river and bathers subsequently might become
infected if they were walking on the banks with bare feet.

Recently Buckley and Pester (1965) have reported two cases
of acquired hookworm infection among Pakistani children who
were born in Great Britain and had never been abroad. This
is strong evidence that acquired hookworm infection can occur
in Great Britain.
We consider that the public health authorities should take

steps to identify and treat all immigrants of the past 10 years
who carry the infection in order to eradicate the present pool
of infection, which we judge to be considerable. For example,
Maclean (1962) found that 39% of 106 immigrants examined
were infected with hookworm. It would be much cheaper to
give all immigrants from tropical and subtropical climates a
single dose of 10 g. bephenium hydroxynaphthoate (Alcopar)
than to employ laboratory technicians to examine the faeces,
but we do not know whether such mass treatment is feasible
or legal.

Summary

An experimental study has been performed to determine
whether hookworm ova can develop into infective larvae under
the ordinary climatic conditions of England. A specimen of
faeces from a patient with hookworm disease was placed in the
soil of a flower-bed in a garden during a warm summer spell.
The flower-bed was given a single watering to represent a fall
of rain. The hookworm ova hatched on the fourth day and
thereafter the larvae went through two moults and reached the
filariform, infective stage.

Storage of the faeces in a refrigerator at 40 C. for two weeks
did not affect the viability of the ova provided the faeces were
not allowed to dry up.

In view of the evidence that many immigrants from tropical
and subtropical climates are infected with hookworm, we
judge that they represent a potential danger to the public
health.
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