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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Backhouse, Moodie & Tibbs, unpublished data,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
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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

2586c



of centuries ago. They spend the nights as a single
group in a camp of bush timber and bark shelters,
some using tarpaulins in place of bark. They split
into smaller groups during the day but return to the
one group each night. Their few utensils are modern
-rifles, knives. They live simply, having only basic
possessions. Food for the group is fish, duck,
kangaroo, crocodile, bush fruits and roots, supple-
mented by infrequent limited supplies of flour, tea,
sugar and salt which are brought in by plane.
One large group of 43 aboriginal people was

found camped near a billabong; 22 of them had never

been away from the Mirrnatja area. Their ages
ranged from 4 months to 58 years. They stated that
some older people, who were not seen, were camped
7 miles (11 km) away and "belonged" to the group.
A physical examination was carried out on 39 people;
3 children and 1 adult were not examined as they
absconded almost immediately on the arrival of the
survey team. Of the absconders, one was an elderly
man seen at close quarters to have gangosa and one

a child said to have "sores on his skin". As in
previous studies of aboriginal groups, the female
pudenda and male genitalia were not examined as it
was felt that co-operation would have been lost if
this had been insisted upon. There were 4 babies
under 1 year old who were examined clinically but
from whom no blood was collected. These babies
were all healthy and showed no clinical evidence of
treponemal infection. Examination of the other
35 people in the group showed 6 to be clinical cases

of old yaws infection. Slight anterior bowing of the
tibia was seen in 14 people and marked bowing in 2,
one of whom was a male child aged 9 years. Nearly
everyone showed skin scars, mainly of traumatic
origin, had palpable inguinal and axillary lymph
nodes and had had penicillin given to them at some
time. No histories of miscarriages or stillbirths were
obtained and no evidence of congenital syphilis,
cardiovascular syphilis or neurosyphilis was seen.
In 1968, 2 cases of florid early yaws were seen in
children who had come from the Mirrnatja area

(W. A. Langsford, personal communication, 1969).

Serological tests

A sample of blood for serological tests for tre-
ponemal infection was taken from each of the 35
people examined in the group. The following tests
were performed on each serum: a cardiolipin Wasser-
mann reaction (CWR), a Venereal Disease Research
Laboratory (VDRL) test, a Reiter protein comple-
ment-fixation (RPCF) test, a fluorescent treponemal

antibody absorption (FTA-ABS) test and a Trepo-
nema pallidum immobilization (TPI) test. Sera
found reactive in the CWR or VDRL test, or both,
had a quantitative test performed on them. A
reactive TPI test result was considered to be evidence
of treponemal infection and all other test results were
compared with it.

Results
Sera from 22 ofthe 35 aboriginal people tested were

found to be reactive to the TPI test. The tested
group consisted of 18 males and 17 females, and sera
from 12 of the males and from 10 of the females
gave the reactive TPI test results.
Those 0-14 years of age were considered to be

children, and made up 14 of the total group (7 males
and 7 females). There were 5 children whose sera
(4 from males, 1 from a female) gave reactive TPI test
results compared with 17 sera from the 21 adults
tested.
Of the adults tested, 11 were males and 10 females.

Reactive TPI test results were given by sera from 8
of the males and from 9 of the females. Although
the number of sera tested was small, there appeared
to be a greater number of reactive TPI test results
with increase in age (Table 1).

Sera found reactive in the CWR and VDRL tests
were titrated. High-titre results were considered to
be those in which the CWR titre was >40, and the
VDRL test titre was >8. Sera from 12 people
(8 males and 4 females) showed high-titre CWR

TABLE 1
NUMBER OF TPI-REACTIVE SERA IN RELATION

TO AGE AND SEX IN THE ABORIGINAL GROUP STUDIED

No. of sera tested No. of sera TPI-
Age reactive

(years)-

(years)_ Total| M F Total M F

0-4 3 3 0 1 1 0

5-9 3 1 2 1 1 0

10-14 8 3 5 3 2 1

Total children 14 7 7 5 4 1

15-29 4 4 0 2 2 0

30-44 10 3 7 8 2 6

45-59 7 4 3 7 4 3

Total adults 21 11 10 17 8 9

Total sera 35 18 17 22 12 10
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results. Of the 5 children whose sera were reactive
in the CWR, 4 showed titres of >160, the corre-
sponding VDRL test titres being >16. There were
15 adults whose sera gave reactive CWR test results.
High-titred CWR (and VDRL) test results occurred
in 8 of these sera, as the following tabulation shows:

CWR
titre

40
80
160
320

Total

Age (years)
0-14 15-29 30-44 45-5

0 0 1 1
0 2 0 1
3 0 0 1
1 0 1 1
4 2 2 4

Comparison of test results
The results of the CWR, VDRL, RPCF and FTA-

ABS tests were compared with those of the TPI test
(Table 2). It was found that the VDRL and FTA-
ABS test results showed the closest agreement with
those of the TPI test, followed by the results of the
RPCF and CWR tests, in that order.
The results of the FTA-ABS test agreed with those

of the TPI test for all but 2 sera: with one seurm,
from a child aged 6 years, the VDRL and FTA-ABS

TABLE 2

COMPARISON OF RESULTS OF CWR, VDRL, RPCF,
FTA-ABS AND TPI TESTS

No. of reactive sera
Test

Total Children Adults

Total sera tested 35 14 21

CWR 20 5 15

VDRL 24 7 17

RPCF 21 6 15

FTA-ABS 24 6 18

TPI 22 5 17

All 5 tests 18 5 13

VDRL, RPCF, FTA-ABS
and TPI only 2 - 2

CWR, VDRL, FTA-ABS
and TPI only 2 - 2

VDRL and FTA-ABS only 1 1 -

FTA-ABS only 1 - I

VDRL only I I -

RPCF only 1 1 -

TPI only - - -

tests only were reactive, and with the other serum,
from an adult male aged 33 years, only the FTA-
ABS test was reactive. When the testing was
repeated, these 2 FTA-ABS test results did not alter.
The CWR was non-reactive with 2 sera which were

reactive in the other 4 tests and the RPCF test was
non-reactive with one serum which was reactive in
the CWR, VDRL, FTA-ABS and TPI tests. None
was reactive in the TPI test only.

Biological false positive reactions were shown by
2 sera, both from children, one being in the VDRL
test and the other in the RPCF test.

Discussion
There are few aborigines in Australia today as

isolated as the nomadic people in the Mirrnatja area.
Clinical yaws was seen in 6 of these people, and
reactive treponemal serology, as judged by the TPI
test, was found in 22 out of the 35 persons tested in
the group. There were no children with congenital
syphilis, and no evidence of cardiovascular syphilis
or neurosyphilis was seen. Those who had lived
elsewhere do not appear to have brought syphilis to
the group on their return. It is therefore reasonable
to assume that the reactive serology found in these
people without clinical signs of infection was due to
yaws.

High-titre CWR results were shown by the sera
from 4 of the 6 cases of clinical "old" yaws infection,
the ages of the patients being 14, 33, 40 and 55 years.
There were 8 people whose sera showed high titre
CWR results who did not show any clinical signs of
infection (Table 3). This provokes speculation as to
whether in this relatively isolated group the clinical
picture of yaws has changed despite the serological
results, as with high-titre CWR and VDRL test
results clinical signs or a history of florid yaws would
be expected. Almost every person had had penicillin;
could the amount given have been sufficient to mask
the clinical signs of yaws but not to affect the sero-
logical results?
The test results on the sera of 10 people suggested

that these had old yaws infections; discrepancies in
the CWR and VDRL test titres were similar to those
seen in other yaws surveys in the Northern Territory
(Garner, Backhouse, Moodie & Tibbs, unpublished
data, 1969) and in New Guinea (Garner & Horna-
brook, 1968).
Yaws is usually considered to be a disease of

childhood, the infection occurring before the patient
is 15 years old. Both direct and indirect transmission
can occur, among children and between children and
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TABLE 3
SEROLOGICAL RESULTS FOR 8 PERSONS WITH HIGH-TITRE CWR TESTS

BUT NO CLINICAL SIGNS OF INFECTION

Age Sex CWR VDRL RPCF1a FTA-ABS a TPI a
(years) S dilution dilution R F a

3 M 320 32 R R R

13 M 160 16 R R R

14 F 160 32 R R R

18 M 80 8 R R R

24 M 80 8 R R R

45 M 160 32 R R R

45 M 40 8 R R R

53 M 320 32 R R R

a R = reactive.

adults. However, it has been shown that 15% of
initial infections can occur after the age of 18 years
(Guthe & Luger, 1966). This is a possible explana-
tion of the high-titre CWR and VDRL test results
found in the Mirrnatja aborigines. It is also worth
considering whether the people in the "older" age-
groups, i.e., over 30 years, have had a previous
childhood infection in respect of which the reagin
test results have faded with time and sporadic peni-
cillin to become non-reactive or low-titred and then
been reinfected by the children in the community,
this producing no clinical signs of infection but a
marked serological response. The results of the one
serum, from a female aged 6 years, which gave
reactive VDRL and FTA-ABS tests probably
indicated an early yaws infection. This child was
cared for by a family in which the sera from the adult
male, aged 45 years, and his son, aged 3 years, gave
reactive results to all tests with high titres in the
CWR and VDRL tests.
One serum from a male aged 33 years showed a

reactive FTA-ABS test result only. The test gave a
+ + + + reading which held when it was repeated.
Rathlev (1968) stated that, in view of the variable
quality of presently available sorbents, it was unwise
to make a diagnosis of treponemal infection on the
results of a reactive FTA-ABS test alone. Since this
man had no clinical signs of either a previous or an
early yaws infection, the interpretation of his sero-
logical test results must remain in doubt.
Only one serum gave a reactive RPCF test result

and non-reactive results in all other tests; this was
considered to be a non-specific result.

Considering the serological results obtained, the
TPI test was found to be the most useful of the tests
used in establishing a diagnosis of yaws.

In an isolated community such as at Mirrnatja,
where the people camp together as one group, it
would be expected that everybody would be exposed
to infection at some time in his life. Do some have
a natural resistance to infection all their lives; do
others have a natural resistance when young which
diminishes with age? If this latter group becomes
infected in later life do these late adult infections
produce a well marked serological response but few
or no clinical signs? Then again, do some people
become infected when young, "cured", and reinfected
when adult, producing the same picture of few or no
clinical signs of the infection but showing a marked
serological response?
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