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immune sera) as well as strains differing in other
biological properties.
A relative disadvantage of the micromanipulator

technique is that it is laborious. Better types of
micromanipulator are believed to reduce this dis-
advantage and, moreover, to diminish the risk of
transferring more than one cell.

In comparison with the dilution technique of
cloning suggested by Babudieri (1966), the advantage
of the micromanipulator method is that the selection
of cells is under direct visual control, and so viable
cells can be chosen for transfer.

The plate method of cloning (Larson et al., 1959;
Cox, 1966) needs further investigation. The practic-
ability of this technique is dependent on excellent
solid media that are suitable for the growth of all
leptospiral cultures. Moreover, the plate technique
does not exclude the possibility that some colonies
may arise from clumps of cells.

In conclusion, attention is drawn to the fact that
the choice of whether to use this micromanipulator
technique depends on the aim pursued. In some
cases it is obviously preferable to other techniques;
in other cases, they may be preferred.

REFERENCES

Babudieri, B. (1966) Ann. Soc. belges Mid. trop. Parasit.
Mycol., 46, 101-102

Babudieri, B. (1968) Bull. Wid Hlth Org., 39, 939-940
Bessemans, A. & Deron, R. (1948) Rev. belge Path., 18,

391-398
Cox, C. D. (1966) Ann. Soc. belges Med. trop. Parasit.

Mycol., 46, 193-200
Gorshanova, E. N. (1969) i. Mikrobiol. (Mosk.), 46,

64-67
Larson, A. D., Treick, R. W., Edwards, C. L. & Cox, C. D.

(1959) J. Bact., 77, 361-366
Magliocchetti-Lombi, P. & Babudieri, B. (1968) Ann.

Ist. sup. Sanita, 4, 291-304

Relative Resistance of the Eggs of Human Schistosomes to Digestion
in Potassium Hydroxide
by ALLEN W. CHEEVER 1

Digestion of tissues in potassium hydroxide (KOH)
solution is a convenient and safe means of preparing
egg suspensions for the counting of schistosome
eggs. Schistosoma mansoni eggs are somewhat more
resistant to digestion than are the tissues, and an
accurate assessment of the number of eggs in the
tissues is possible by digestion of unfixed tissues
under controlled conditions of temperature, KOH
concentration and time (Cheever, 1968). As similar
information was not available for S. haematobium
and S. japonicum eggs, the resistance to KOH diges-
tion of these eggs was compared with that of
S. mansoni eggs.

Materials and methods
Eight Swiss albino mice infected with an average

of 5 worm pairs of S. mansoni (NIH-Puerto Rican

I Laboratory of Parasitic Diseases, National Institute of
Allergy and Infectious Diseases, National Institutes of Health,
US Department of Health, Education and Welfare, Bethesda,
Maryland 20014, USA.

strain) for 11 weeks were sacrificed and the livers
divided into approximately equal portions weighing
300 mg-400 mg. Portions of each liver were fixed
in 10% neutral acetate-buffered formalin for several
weeks or months. Unfixed samples from the same
livers were stored at -20°C. The livers of 8 golden
hamsters (Mesocricetus auratus) infected 6 months
previously with S. haematobium (Egyptian strain)
and harbouring an average of 7 worm pairs each
were similarly treated. The liver of a chimpanzee
(Pan satyrus) infected for 7 months with 4 pairs of
S. japonicum (Japanese strain) was divided into
16 portions of 8 g each, which were fixed or frozen
as described above.

All specimens were digested in 100 ml 4% KOH
solution. Unfixed tissues were incubated at 370C.
Fixed tissues could not be digested in a reasonable
time at this temperature and so were digested at
56°C. In all instances, 8 tissue samples were simul-
taneously digested at each temperature studied for
each schistosome species. The number of eggs per
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NOTES

gram of liver following digestion of unfixed tissues
in 4% KOH at 37°C for 3-6 hours was defined as the
" standard digest " and used for comparison with the
number counted after more prolonged digestion, or
following digestion of fixed tissues. The first counts
recorded on each graph were made as soon as
digestion of the tissues was complete. Eggs in
1-ml samples of the digest were counted in duplicate
in Sedgwick-Rafter chambers as previously de-
scribed (Cheever, 1968).

Results

Both S. haematobium (Fig. 1) and S. japonicum
(Fig. 2) eggs were much more resistant to KOH
digestion than were S. mansoni eggs. After digestion
of formalin-fixed tissues, reasonable estimates of the
number of S. haematobium (84% of standard digest)
and S. japonicum (78% of standard digest) eggs
could be made, while with S. mansoni only 28%-
60% of the eggs in the standard digest were counted
under similar circumstances (Fig. 1 and 2).
The greater resistance of S. haematobium and

S. japonicum eggs was partly related to the presence
of a large proportion of calcified eggs in the tissues

FIG. 1
PATTERN OF DESTRUCTION OF S. HAEMATOBIUM AND
S. MANSONI EGGS IN FORMALIN-FIXED LIVER (ABOVE)

AND UNFIXED LIVER (BELOW)
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of hosts infected with these species (Fig. 3). With
prolonged digestion, the percentage of calcified eggs,
identified in the digest as black eggs, increased. Even
after complete digestion of the eggshells, the black

FIG. 2
PATTERN OF DESTRUCTION OF S. JAPONICUM AND
S. MANSONI EGGS IN FORMALIN-FIXED LIVER (ABOVE)

AND UNFIXED LIVER (BELOW)
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FIG. 3
PERCENTAGE OF CALCIFIED S. HAEMATOBIUM EGGS
FOUND IN THE DIGESTS AFTER DIFFERENT PERIODS

OF INCUBATION
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contents allowed identification of the remnants of
most calcified S. haematobium and S. japonicum
eggs. A smaller proportion of S. mansoni eggs was
calcified, and most of these were eventually digested.
Calcification of the eggs, as crudely evaluated here,
was not the only factor involved in increasing the
resistance of eggs to KOH digestion. In a second
chimpanzee, infected for 3 months with 177 pairs of
S. japonicum, over 80% of non-calcified eggs in
specimens of liver and colon were still counted
following digestion in 4% KOH for 42 hours at
370C.

Discussion

Accurate counting of S. haematobium and
S. japonicum eggs in the tissues is possible following
KOH digestion. The relative resistance of the eggs
of these species to KOH should allow more meaning-
ful counts to be made from formalin-fixed tissues
than would be possible with tissues containing
S. mansoni eggs. However, in using the more drastic
conditions required for digestion of fixed tissues, a
relatively greater loss of non-calcified eggs will occur.
This could lead to spuriously low egg counts in
individuals with recent infections or in tissues con-

taining a relatively high proportion of non-calcified
eggs.
The differences in the resistance of eggs of the

three species to digestion is not explained by the
varying duration of infection, as S. mansoni eggs in
the tissues of mice with infections with a duration of
4-5 months are as susceptible to digestion as those
in mice with less prolonged infections, and the
S. japonicum eggs in the tissues of the chimpanzee
infected for only 3 months were relatively resistant
to digestion. It is unlikely that the host species
studied were an important factor in determining the
resistance of the schistosome eggs to KOH digestion,
but we have made no quantitative study of this
factor.
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Yaws in an Isolated Australian Aboriginal Population
by M. F. GARNER,1 J. L. BACKHOUSE 1 & G. J. TIBBS 2

Study population

During a recent survey of the aboriginal popula-
tion of the Northern Territory of Australia (Garner,
Backhouse, Moodie & Tibbs, unpublished data,
1969) a small group of people were found to be living
in an extremely isolated area called Mirrnatja. There
were no roads or bush tracks leading to the region.
The local missionary's aeroplane landed on a roughly
made airstrip every 3 weeks, this being the only
contact with outside areas. During the dry season,
May to November, the nearest settlement could be
reached by swimming rivers and walking for several

1 Institute of Clinical Pathology and Medical Research,
Department of Public Health ofNew South Wales, Lidcombe,
N.S.W., Australia.

' Northern Territory Medical Service, Darwin, Australia.

days. However, in the wet season, December to
April, it could take weeks or even be impossible to
cover the distance.

Mirrnatja, which is in the north of Arnhem Land,
has a climate with a very high humidity, and is a
low-lying swampy area with a freshwater river and
lagoon in which crocodiles are found. The -annual
rainfall is 60 in (1524 mm), the average summer day
temperature 95°F (35°C) and the average winter night
temperature 50°F (10°C). There were about 60
aboriginal people in the Mirrnatja area.
The aborigines usually camp as one group con-

sisting of several small units living in very close
association. They pursue a nomadic existence and
live off the land, moving from camp to camp
according to the season and food supply. Their basic
pattern of life probably differs very little from that
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