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Malnutrition is prevalent amongst children in many
parts of the world, particularly in the so-called
developing countries. Scrimshaw er al' in their
pioneering studies helped to delineate the contribu-
tion of infectious diseases to the aetiology of childhood
malnutrition. This role was reinforced by longitudinal
field-based studies in rural areas of Central America®
and Bangladesh® which documented the contribution
particularly of episodes of diarrhoea, to acute and
chronic malnutrition, and high rates of death in infants
and young children in such environments. We now
understand that, because of the negative impact of
malnutrition on humoral, mucosal and cellular
immune defence mechanisms* children from vulner-
able backgrounds become enmeshed in a vicious cycle
of ‘malnutrition — infection — malnutrition’. Infec-
tious diarrhoeas are particularly important in this
context because of anorexia, vomiting, gastrointestinal
losses of fluids, nutrients and electrolytes, loss of body
weight and the negative effect of infection on energy
balance. Furthermore, this situation is often compli-
cated by co-existing diseases such as respiratory tract
infections, intestinal parasites and, in many parts of
the world, malaria. Despite intense local and inter-
national efforts over recent years, malnutrition,
vaccine-preventible diseases and other infections kill
millions of infants and children annually around the
world.?

MALNUTRITION IN YOUNG AUSTRALIAN
ABORIGINES

In the 1960s it was shown that malnutrition and infec-
tions were widespread in Aboriginal infants and young
children in this country, an observation which shocked

many Australians, caused a public outery and led to
the development and implementation of many
government-sponsored and other initiatives to try to
correct this inequity. In the Northern Territory, Ellen
Kettle had attempted to develop normal growth curves
for Aboriginal children by studying, prospectively and
monthly, more than 200 Aboriginal infants from
coastal mission settlements in Arnhem Land.®
However, many of her subjects had gastrointestinal and
respiratory infections, parasitic infestations and severe
anaemia which often cause unsatisfactory growth
patterns in early childhood. Crotty had previously
described anaemia and malnutrition in Aboriginal chil-
dren in the Northern Territory’ and later work from
Central Australia re-emphasised the widespread nature
of growth faltering and failure to thrive in young
Aborigines.®® Moodie'® highlighted the poor standards
of health by collating information about morbidity and
mortality in Aboriginal children from different parts
of Australia in a book'" and an annotated bibliography
on this subject.'” This has been brought up to date
to the mid-1980s."® Jose and Welch,'* in more than
2,000 children from six Aboriginal settlements in
Queensland, found half of those aged six months to
three years were growth retarded, one half of that
group being anaemic and infected as well. They
described this as ‘growth retardation, anaemia and
infection with malabsorption and infestation of the
bowel” and, drawing the analogy with the situation in
children in developing countries, referred to this as
‘the syndrome of protein-calorie malnutrition’. Such
reports and many subsequent ones established that
undernutrition and infections are common and serious
problems in Australian Aboriginal children.

*This paper is an abridged version based on the Annie B. Cunning Lecture delivered at the Annual Scientific Meeting of the Royal Australasian College

of Physicians, held in Perth, WA, May, 1991.
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GASTROINTESTINAL INFECTIONS
Gastrointestinal and respiratory tract infections pre-
dominate as causes of morbidity and mortality in young
Aborigines. Moodie'® showed that ‘dysentery and
gastroenteritis’ and ‘influenza and pneumonia’ between
them caused about half the deaths in Aboriginal chil-
dren under five years of age in Western Australia,
South Australia, New South Wales and the Northern
Territory. In 1969, although only about 4% of the
childhood population of Western Australia, of admis-
sions to the State’s only children’s hospital, Aborigines
accounted for 46% of ‘deficiency anaemias’, 27% of
nutritional disorders, 19% of rheumatic fever, 13% of
pneumonia and 9% of gastrointestinal infections.!s
During the eight years 1971 to 1978, although only
3.7% of the under five-year population of Western
Australia in 1976 (a census year), Aborigines accounted
for 42% of admissions to Princess Margaret Hospital
for Children, Perth, for gastroenteritis and 58% of bed
occupancy for that disease.'® The age-specific admis-
sion rates for Aboriginal infants (0-12 months) were
more than 20 times those for non-Aboriginal infants
and for Aboriginal children aged 12 months to five
years, 16 times. However, over the period of that study
(early to late 1970s) there was a substantial decline in
hospital admissions of Aboriginal infants and young
children in Western Australia for diarrhoeal diseases.
This was confirmed in a later report” yet the hospital-
isation rate for gastroenteritis for Aboriginal infants
by the mid-1980s was still 20 to 25 times the rate for
other infants and their rate of hospital bed usage was
40 to 50 times that for other infants.'® Part of the
reason for the even greater discrepancy in ‘bed usage’
is that Aborigines spend more than twice as long in
hospital as other patients for gastroenteritis!®-1%1%-2¢
because of more serious disease as well as distance, lack
of transport, immobilisation by severe weather,
difficulties with follow-up supervision and the reluc-
tance of medical practitioners to discharge patients into
environments or family circumstances where re-
infection is likely.'”

Aboriginal infants and children experience diarrhoea
caused by viruses, bacteria and a wide variety of intes-
tinal parasites. The parasites most commonly
encountered include Giardia lamblia and Hymenolepis
nana,*'-** Trichiuris trichtura, Strongyloides stercoralis
and hookworm.?*2% Their distribution varies
geographically; hookworm, for example, tends to occur
in moister coastal communities in the tropics or
temperate regions but can occur in arid areas where
permanent puddles are allowed to develop (e.g. under
leaking air conditioners or near leaking taps or drains)
and where environmental contamination is not actively
discouraged. Hookworm infestation is hyperendemic
in many coastal communities in northern Australia,
sometimes ocurring in more than half the children
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under five years,*® and is a frequent cause of severe
anaemia from gastrointestinal bleeding in young
Aborigines.?” Infestation with Strongylotdes stercoralis
can be so heavy as to cause partial intestinal obstruc-
tion.?® In Aboriginal children with diarrhoea, intestinal
bacterial infections are important, for example,
enterotoxigenic Escherichia coli (ETEC), enterotoxi-
genic Acromonas, Salmonella, Shigella and
Campylobacter. Intestinal parasites such as Giardia
lamblia are very common but are as frequent in
Aboriginal children without diarrhoea as from those
who have it.*® Viral infections have been associated
with outbreaks of diarrhoea in Central Australia.*
Rotaviruses and coronavirus-like particles have both
been detected in faecal samples from Aborigines.*
Gastrointestinal infection with Candida species also
occurs in malnourished Aboriginal children.*?

Undernourished Aboriginal children have, in addi-
tion, bacterial contamination of upper intestinal
secretions® as occurs in malnourished children in other
parts of the world.**-*¢ They also have extensive histo-
logical damage in the upper intestinal mucosa,?’-3
associated with secondary lactose intolerance.*® After
weaning, Aboriginal children have a high prevalence
of late-onset hypolactasia, with lactose
malabsorption.*®*!

A problem with most of the published reports is that
they are from patients in hospitals, hospital admission
statistics or ad Aoc cross-sectional surveys and there-
fore provide little information about the extent or
severity of diarrhoeal disease in children in Aboriginal
communities. A study in remote communities in trop-
ical north-western Australia showed that isolations of
enterotoxigenic E. coli (ETEC) were much more
frequent in the wet monsoonal summer than in the
dry winter season even in children under five years
who did not have diarrhoea and were believed not to
have had diarrhoea recently.** A recent, year-long,
prospective, community-based study of more than 100
Aboriginal children in the Kimberley region showed
that isolations of bacterial or viral pathogens were
significantly associated with diarrhoea.*® A range of
bacterial agents including ETEC, Salmonella spp.,
Shigella spp. and Campylobacter as well as the intes-
tinal parasites Giardia, Cryptosporidium and
Strongyloides were isolated frequently from Aboriginal
children in their first two years of life in the same
region.*

Respiratory tract infections cause three or four times
the number of admissions of Aboriginal infants and
young children that gastroenteritis does.'® Chronic
respiratory disease, sometimes resulting in bronchiec-
tasis,** has been recognised as a common problem in
Aborigines for many years.'"*¢-*® Rates of admission
of young Aboriginal children (12 months to five years)
and infants are five to ten times those of non-
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Aborigines of the same ages. These illnesses may have
serious long-term consequences since they are the
single most important cause of admission to hospital
of Aborigines of all ages.

Lobar pneumonia occurred 10 times more frequently
in Aboriginal than in non-Aboriginal children in the
district of Bourke (NSW) in the first three years of life
and multiple recurrences occurred in more than one-
third of Aboriginal children.® Pneumonia tended to
occur when siblings were affected by the disease or
when families lived in sub-standard housing. A more
recent study in Bourke showed that admission rates
for pneumonia and diseases such as gastroenteritis and
eye and ear infections declined, despite deterioration
in employment opportunities and adult health,*
possibly because of better nutrition in early childhood,
better housing conditions and better access to health
care.

OTHER INFECTIONS

Other endemic infections of particular note in
Aboriginal children are diseases of the skin and
scalp,'?%%-*! chronic otitis media, often associated with
hearing loss,’-%* trachoma,> meningitis,*® and post-
streptococcal glomerulonephritis.®’

Trachoma, a troublesome eye infection caused by
Chlamydia trachomatis, has left many Aborigines in
remote communities permanently blinded and is very
closely related to living conditions.*® Its prevalence
increased dramatically in the “Top End’ of the
Northern Territory between 1950 and 1955 then
declined substantially by about 2% per annum, i.e.
before mass treatment programmes were begun in the
late 1970s;* in Central Australia the prevalence seems
constant or even increasing, highlighting the need for
better living conditions for Aborigines. An outbreak
of gonococcal conjunctivitis in more than 100
Aboriginal children in Central Australia reminds us
of this possibility. Appropriate antibiotic treatment
results in dramatic improvement.®

Meningitis is a serious problem and in the Northern
Territory Haemophilus influenzae is the most impor-
tant cause of bacterial meningitis in Aboriginal
children;®! vaccination may be required to reduce the
risk, particularly below 18 months of age. The inci-
dence of bacterial meningitis in West Australian
Aboriginal children is seven times that of other
children;®* 60% of episodes are due to H. influenzae
and the case fatality rate is 10% compared with the
non-Aboriginal rate of 4.1%.

Chronic ear disease and hearing loss have important
educational and social dimensions as well as medical
consequences.®>® In a recent study from Western
Australia,® 3.2% of ears in Kwinana (near Perth), 10%
in Wiluna and 13.8% in La Grange were perforated,
which seems substantially fewer than in earlier studies.

CHILDHOOD MALNUTRITION IN ABORIGINES

Chronic renal disease is increasing in Aboriginal
adults, considerable numbers requiring dialysis or renal
transplantation. Much of this later morbidity is prob-
ably related to earlier post-streptococcal disease and
urinary tract infections associated in turn with urinary
tract calculi which are much more common in
Aboriginal children.®5-%¢

Communicable diseases such as hepatitis B,*’-%°
dengue,’® hydatid disease’* and melioidosis,”® are
particularly important in Aborigines, no doubt because
of geographical location and the unfavourable environ-
ments in which most of them live. Several recent
deaths from measles in Central Australia emphasise
the importance of protection of these vulnerable chil-
dren against vaccine-preventible diseases. A survey of
more than 200 children in that region showed only
73% were fully immunised; 23% were partly
immunised and 4% were unimmunised or information
was unavailable.”

MULTIPLE INFECTIONS

Aboriginal children often have multiple infections and
multiple causes for diarrhoea such as viruses, bacteria
or intestinal parasites. This is reflected in hospital
admission patterns in remote areas; in the regional
hospital in Derby, WA, in 1984 90% of admissions
involved Aboriginal children, 60% of admissions were
for children under two years of age and multiple condi-
tions such as respiratory and gastrointestinal infections,
renal disease, failure to thrive and anaemia were
common.” This heavy burden of infections is well
illustrated by a community-based, prospective study
of 48 infants born into several Kimberley communi-
ties, examined monthly for 24 months; 60% of infants
were hospitalised in their first six months, 65% from
two to 12 months of age, 67% from 12 to 18 months
and 56% between 18 months and two years, most
frequently for respiratory and gastrointestinal infec-
tions, failure to thrive, conjunctivitis, other febrile
illnesses, anaemia, social reasons or because of being
abandoned.”™

GROWTH PATTERNS IN ABORIGINAL
INFANTS AND CHILDREN
Very high infection rates in Aboriginal infants and chil-
dren are not surprisingly associated with widespread
growth faltering, failure to thrive and frank malnutri-
tion which have been documented repeatedly since the
1960s (see earlier and other references, e.g. 76-79).
The ‘average” Aboriginal infant is a little lighter than
non-Aboriginal infants at birth but growth appears to
be adequate in the first several months of life.
However, attained weight-for-age often falls behind the
median (or 50th centile) body weight at about six
months (see Figure 1) although weight velocity (i.e.
the rate of weight gain) begins to slow well before this
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Figure 1: Mean weights of Kimberley Aboriginal boys

(®*——¢) monthly from birth to two years of age in

comparison with international 50th centile reference valaes

(x x) (NCHS, 1977) at intervals over the same age period

(from Gracey and Sullivan, 1989 — with permission from
‘Annals of Human Biology).

(Figure 2).%¢ Faltering of growth between six and 12
months of age is characteristic in Aboriginal infants
and this period is the time of main negative impact
on growth. Weight gain rates in Aboriginal children
do not recover until 18 months to two years of age,
by which time the ‘average’ Aboriginal boy is 1.5 kg
lighter and 4.5 cm shorter and the ‘average’ Aboriginal
girl 1.1 kg lighter and 3.6 cm shorter than the expected
median measurements.®® In Aboriginal children in
north-west Australia, ‘catch up’ growth is usually
lacking or ineffective. In 2,000 Aboriginal school chil-
dren, substantial deficits persisted till at least 15 years
of age (Table 1).*' This is in agreement with experience
with Guatemalan children stunted in the first five years
of life who were likely to be permanently stunted as
adults.®? The study by Hitchcock ez al.®' showed that
Aboriginal children in more remote communities were
smaller in weight and height than those in towns;

924 Aust NZ J Med 1991; 21

retrospectively, these differences had been present at
birth and throughout childhood.

Low birthweight (< 2,500 g) is more than twice as
common in Aboriginal babies than in the rest of the
community®*-® and is the earliest detectable nutritional
setback in young Aborigines. It is probably related to
maternal factors including undernutrition, urinary
tract infections, anaemia, hypertension, inadequate
antenatal supervision, smoking and alcohol consump-
tion.?”-®® It has been linked to impaired growth in
Aboriginal children for at least the first five years of
life.%¢

There is some evidence to suggest that standards of
nutrition and growth of Aboriginal children have
improved over recent years.®® Patterns of growth in
Aboriginal children in Cherbourg, Queensland, in the
early 1980s were very similar to international refer-
ence values.’® This is a very important point because
it is sometimes argued that genetic differences between
Aborigines and other people invalidate the use of inter-
national reference values based on heterogeneous
samples of the United States population.®* There is
general agreement among auxologists that these values,
which have been adopted by the National Health and
Medical Research Council, are valid for comparisons
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Figure 2: Mean weight velocities of Kimberley Aboriginal
boys (¢ *) from birth to three months, three to six
months, six 1o nine months, nine to 12 months, 12-18 months,
and from 18-24 months compared to the mean weight
velocities between international (NCHS, 1977) reference
values (x x) over the same age intervals (from Gracey
and Sullivan, 1989 — with permission from ‘Annals of Human
Buology’).
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TABLE 1 _
Observed and Expected Sizes™ of Kimberley Aboriginal
Children (Hitchcock et al.)*!

Weight (k@)

Age (years) Boys Girls

Kimberley NCHS Diff Kimberley NCHS  Dif

5 17.2 187 -15 169 17.7 -0.8

10 27.4 314 -40 302 326 -24

15 52.3 56.7 —-4.4 454 537 -7.7
Height (cm)

5 1101 1099 +0.2 1096 1084 +1.2

10 1358 1375 —17 1388 1383 +05

15 1652 1690 -38 1556 1618 -58

*The observed 50th centile measurements are shown along with the 50th
centile NCHS values (National Center for Health Statistics, 1977)

of growth and that children from almost all popula-
tions will grow very much like the NCHS values, given
adequate nutrition and environmental circumstances.
Kimberley Aboriginal children grow satisfactorily in
comparison with the international references,
depending on maternal and environmental factors.”s-%
Favourable maternal factors include absence of
anaemia and other illnesses during pregnancy,
adequate pregnancy weight gain, regular antenatal
supervision and lack of smoking or alcohol consump-
tion; favourable environmental factors relate to
personal and family hygiene, rubbish disposal and
access to food supplies.

CONCLUSION

Growth responds to a combination of genetic and
environmental factors. For Aboriginal infants and chil-
dren to reach their potential for growth, living
conditions, standards of hygiene and nutrition must
be improved. In doing so, long-term consequences and
health patterns must be anticipated. We should recog-
nise, for example, the trend for increasing body mass
index (BMI) in Aborigines, even during childhood®
and its association with obesity, cardiovascular disease
and non-insulin dependent diabetes mellitus in
Aboriginal adults.”® ?* Simply ‘feeding up’ Aboriginal
children will achieve little for them without cognisance
of more comprehensive present and future health
needs. |

Acknowledgements

I wish to thank the many colleagues who have assisted with my studies
of Aboriginal health over 20 years including my wife, Valerie Burke,
and Helen Sullivan and Randolph Sparga. Particular thanks are given
to Aboriginal Health Workers and other members of the Health
Department of Western Australia for their co-operation and
friendship.

Date of submission: 11 June 1991

CHILDHOOD MALNUTRITION IN ABORIGINES

References

1. Scrimshaw NS, Taylor CE, Gordon JE. Interactions of nutri-
ton and infection. Am J Med Sci 1959; 237: 367-403.

2. Mata L. The Children of Santa Maria Cauqué. A prospective
field study of health and growth. Cambridge: The MIT Press,
1978.

3. Black RE, Brown KII, Becker S, Yunus M. Longitudinal studies
of inlectious diseases and physical growth of children in rural
Bangladesh. I. Patterns of morbidity. Am ] Epidemiol 1982;
115: 305-14.

4. Udall JN, Suskind RM. Altered gastrointestinal immunity in
malnourished children. In: Gracey M (Ed). Diarrhoeal Disease
and Malnutrition. Edinburgh: Churchill Livingstone, 1985;
30-46.

5. UNICEF. The State of the World’s Children. New York: United
Nations Children’s Fund, 1990.

6. Kertle ES. Weight and height curves for Australian Aboriginal
infants and children. Med J Aust 1966; 1: 972-7.

7. Crotty JM. Anaemia and nutritional disease in Northern Terri-
tory native children. Med | Aust 1958; 2: 322.5.

8. Kirke DK. Growth rates of Aboriginal children in Central
Australia. Med J Aust 1969; 2: 1005-9.

9. Maxwell GM, Elliott RB. Nutritional state of Australian
Aboriginal children. Am J Clin Nutr 1969; 22: 716-24.

10. Moodie PM. Mortality and morbidity in Australian Aboriginal
children. Med J Aust 1969; 1: 180-5.

11. Moodie PM. Aboriginal health. Canberra: Australian National
University Press, 1973.

12. Moodie PM, Pedersen EB. The health of Ausrtralian Aborigines:
an annotated bibliography. Canberra: Australian Government
Publishing Service, 1971.

13. Thomson N, Merrifield P. Aboriginal health: an annotated
bibliography. Canberra: Australian Institute of Aboriginal
Studies and Australian Institute of Health, 1988,

14. Jose DG, Welch JS. Growth retardation, anaemia and infection,
with malabsorption and infestation of the bowel. The syndrome
of protein-calorie malnutrition in Australian Aboriginal children.
Med ] Aust 1970; 1: 349-56.

15. Forbes DA, Williams EJB, Macdonald WB. Morbidity patterns
of Aberiginal and non-Aboriginal children admirted 1o hospital.
Aust Paediatr J 1973; 9: 248-52.

16. Berry R], Gracey M. Diarrhoeal discase in Aboriginal and non-
Aboriginal infants and young children in Western Australia. Med
J Aust 1981; 1: 479-82

17. McNeilly ], Cicchini C, Oliver D, Gracey M. Infectious disease
in Aboriginal infants and children in Western Australia. Med
J Aust 1983; 2: 547-51.

18. Gracey M, Anderson CM. Hospital admissions for infections
of Aboriginal and non-Aboriginal infants and children in Western
Australia, 1981-86. Aust Paediatr J 1989; 25: 230-5.

19. Dibley M, Waddell C. Length of hospitalization of Aboriginal
and non-Aboriginal children in Western Australia, 1971-1979.
Med J Aust 1983; 1: 59-63.

20. Shannon TGD, Gracey M. Aboriginal children in hospital. Med
T Aust 1977; 1 (Suppl.): 11-3.

21. Welch IS, Stuart JE. A longitudinal study of parasite infections
in 120 Queensland Aboriginal infants. Med J Aust 1985; 1
(Suppl. 2): 14-6.

22. Jones HI. Intestinal parasite infections in Western Australian
Aborigines. Med J Aust 1980; 2: 375-80.

23. Gill JS, Jones HI. Intestinal parasites and bacteria in Aboriginal
children in South West Australia. Aust Paediatr J 1985; 21: 45-9.

24, Musgrave 1A, Hawes RB, Jameson JL, Sloane RA, Quayle PA.
Mebendazole: evaluation of a new antihelminthic for trichuri-
asis, hookworm, and strongyloidiasis. Med ] Aust 1979; 1: 403-5.

Aust NZ J Med 1991; 21 925



25.
26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.
46.

47.

48,

926

Davison RP. Evaluation of mebendazole for the treatment of
trichuriasis. Med J Aust 1979; 1:401-3.

Nichols TT. Hookworm anaemia in an Aboriginal community.
Med J Aust 1990; 152: 383,
Walker AC, Bellmaine SP. Severe alimentary bleeding associated
with hookworm infestation in Aboriginal infants. Med ] Aust
1975; 1: 751-2.

Walker AC, Blake G, Downing D. A syndrome of partial intes-
tinal obstruction due to Strongyloides stercoralis. Med J Aust
1976; 1 (Suppl. 3): 47-8.

Gracey M, Burke V, Robinson J. Patterns of intestinal infec-
tion in Australian Aboriginal children, Ann Trop Paediatr 1983;
3: 359,

Schnagl RD, Holmes IH, Moore B, Lee P, Dickinson-Jones F,
Gust I. An extensive rotavirus outbreak in Aboriginal infants
in central Australia. Med J Aust 1977; 1: 259-60.

Schnagl RD, Morey F, Holmes IH. Rotavirus and coronavirus-
like particles in Aboriginal and non-Aboriginal neonates in
Kalgoorlie and Alice Springs. Med J Aust 1979; 2: 178-9.
Gracey M, Stone DE, Suharjono, Sunoto. Isolation of Candida
species from the gastrointestinal tract in malnourished children.
Am J Clin Nutr 1974; 27: 345-9.

Gracey M, Stone DE. Small-intestinal microflora in Australian
Aboriginal children with chronic diarrhoea. Aust NZ | Med
1972; 3: 215-9.

Mata L], Jiménez F, Cordén M, Rosales R, Prera E, Schneider
RE, Viteri F. Gastrointestinal flora of children with protein-
calorie malnutrition. Am J Clin Nutr 1972; 25: 1118-26.
Gracey M, Suharjono, Sunoto, Stone DE. Microbial contam-
ination of the gut: another feature of malnutrition. Am J Clin
Nutr 1973; 26: 1170-4.

Gracey MS. Nutrition, bacteria and the gut. Br Med Bull 1981;
37: 71-5.

Harris MJ, Duffy BJ, Beveridge J. Studies of the small bowel
of a group of New South Wales Aboriginal children. Med J Aust
1970; 1: 356.

Walker-Smith JA, Reye RDK. Small intestinal morphology in
Aboriginal children. Aust NZ J Med 1971; 4: 377-84.
Gracey M. Enteric disease in young Australian Aborigines. Aust
NZ J Med 1973; 3: 576-9.

Brand JC, Gracey MS, Spargo RM, Dutton SP. Lactose malab-
sorption in Australian Aborigines. Am J Clin Nutr 1983; 37:
449-52.

Brand JC, Darnton-Hill I, Gracey MS, Spargo RM. Lactose
malabsorption in Australian Aboriginal children. Am J Clin Nurtr
1985; 41: 620-2.

Berry RJ, Bettelheim KA, Gracey M. Studies on enterotoxi-
genic Escherichia coli isolated from persons without diarrhoea
in Western Australia. ] Hyg (Camb) 1983; 90: 99-106.
Gunzburg S, Gracey M, Burke V, Chang B. Epidemiology and
microbiology of diarrhoea in young Aboriginal children in the
Kimberley region of Western Australia. Epidemiol Infect (In
press).

Gracey M, Sullivan H, Burke V ez al. Intestinal pathogens and
parasites in Australian Aboriginal children from birth to two
years of age. Trans R Soc Trop Med Hyg (In press).
Maxwell GM. Chronic chest disease in Australian Aboriginal
children. Arch Dis Child 1972; 47: 897-901.

Hiller HG. The radiological follow up of Aboriginal children
treated surgically or medically. Aust Paediatr J 1976; 12: 319-21.
Torzillo PJ, Waterford JE, Hollows FC, Jones DL. Respira-
tory disease amongst Aborigines in the Pilbara. Int J Epidemiol
1983; 12: 105-6.

Harris MF, Nolan B, Davidson A. Early childhood pneumonia
in Aborigines of Bourke. Med ] Aust 1984; 140: 705-7.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Aust NZ ] Med 1991; 21

Harris MF, Kamien M. Change in Aboriginal childhood
morbidity and mortality in Bourke 1971-84. J Paediatr Child
Health 1990; 26: 80-4.

Charters AD. A review of tropical skin diseases seen in Western
Australia, 1966-1973. Aust J Dermat 1975; 16: 83-7.
Walder B, Beran D. Billy Reid’s sore skins: for Aboriginal health
workers and others. Matraville, New South Wales: The
Aboriginal Health Worker, 84.

Stuart JE, Lewis AN, Barry M. Hearing and ear disease in
primary school children on three Queensland Aboriginal settle-
ments. Aust Paediatr J 1973; 9: 164-71.

Canty AA, Prestwood U, Dugdale AE, Lewis AN. Factors
leading to chronic middle ear disease. Med J Aust 1975; 1 (Suppl.
4): 45-8.

Bear VD. Ear health in Aboriginal children. Med ] Aust 1980;
2: 357-8.

Royal Australian College of Ophthalmologists. The National
Trachoma and Eye Health Program of the Royal Australian
College of Ophthalmologists. Sydney: 1980; 236.

Masters PL. Submission to the House of Representatives
Standing Committee on Aboriginal affairs, health problems of
Aboriginals. Hansard 1978; 1107-8.

Gogna NK, Nossar V, Walker AC. Epidemic of acute post-
streptococcal glomerulonephritis in Aboriginal communities.
Med J Aust 1983; 1: 64-6.

Hollows FC. Trachoma ‘down the track’. Med J Aust 1989; 151:
182-3.

Meredith S§J, Peach HG, Devanesen D, Trachoma in the
Northern Territory of Australia, 1940-1986. Med J Aust 1989;
151: 190-6.

Brennan R, Patel M, Hope A. Gonococcal conjunctivitis in
Central Australia. Med J Aust 1989; 150: 48-9,

Hanna JN. Bacterial meningitis in children in the Northern
Territory. Med J Aust 1989; 151: 173.

Hanna JN, Wild BE. Bacterial meningitis in children under five
years of age in Western Australia 1984-1988. Med J Aust 1991;
155: 160-4.

Sunderman J, Dyer H. Chronic ear disease in Australian
Aborigines. Med J Aust 1984; 140: 708-11.

Kelly HA, Weeks SA. Ear disease in three Aboriginal commu-
nities in Western Australia. Med J Aust 1991; 154: 240-5.
Jones TW, Henderson TR, Urinary calculi in children in
Western Australia. Austr Paediatr J 1989; 25: 93-5.

Cassey JG, Ahmed S. Urinary tract calculi in Aboriginal chil-
dren. Aust Paediatr J 1989; 25: 363-5.

Burrell CJ, Cameron AS, Hart G, Melbourne J, Beal RW. Hepa-
titis B reservoirs and attack rates in an Australian community:
a basis for vaccination and cross-infection policies. Med ] Aust
1983; 2: 492-6.

Holman CDJ, Bucens MR, Quadros CF, Reid PM. Occurrence
and distribution of hepatitis B infection in the Aboriginal popu-
lation of Western Australia. Aust NZ ] Med 1987; 17: 518-25.
Gardner L, Wan X, Mathews J. Hepatitis B in Aboriginal
Australians. Today’s Life Science 1990; (Sept.): 16-22.
Dengue outbreak — Thursday Island. Comm Diseases Int 1982;
82: 2-5.

Holman L], Hicks DG. Hydatid disease — Western Australia.
Comm Diseases Int 1981; 81: 3-4.

Bateson EM, Webling GD. The radiological appearances of
pulmonary melioidosis: a report on twenty-three cases. Australas
Radiol 1981; 25: 239-45.

Hanna JN, Kass RB. Immunization status of Aboriginal chil-
dren in Central Australia. Med J Aust 1985; 143: S56-7.
Harris L, Knight J, Henderson R. Morbidity patterns in a
general paediatric unit in rural Western Australia. Med J Aust
1986; 145: 441-3.

GRACEY



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Gracey M, Sullivan H, Burke V, Gracey D. Maternal and
environmental factors associated with infections and undernutri-
tion in young Australian Aboriginal children. Ann Trop Paediatr
(In press).

Gracey M. The nutrition of Australian Aborigines. In: Wahlg-
vist ML, Truswell AS (Eds). Recent advances in clinical
nutrition. London: John Libbey, 1986; 57-68.

Gracey M, Murray H, Hitchcock NE, Owles EN, Murphy BP.
The nutrition of Australian Aboriginal infants and young chil-
dren. Nutr Res 1983; 3: 133-47.

Cox JW. Growth characteristics of preschool Aboriginal chil-
dren. Aust Paediatr J 1979; 15: 8-13.

Cameron FJ, Debelle GD. Nutrition of Aboriginal infants and
children in the Murray Valley. Med ] Aust 1986; 144 (Suppl.):
55-8.

Gracey M, Sullivan H. Growth of remote Australian Aborigines
from birth to two years. Ann Hum Biol 1989; 16: 421-8.
Hitchecock NE, Gracey M, Maller RA, Spargo RM. Physical
size of 1887 Aboriginal school children in the Kimberley region.
Med ] Aust 1987; 146: 415-9.

Martorell R, Rivera J, Kapowitz H. Consequences of stunting
in early childhood for adult body size in rural Guatemala.
Annales Nestlé 1990; 48: 85-92.

Propert DN, Edmonds R, Parsons PA. Birth weights and growth
rates up to one year in full-blood and mixed-blood Australian
Aboriginal children. Aust Paediatr J 1968; 4: 134-43.
Seward JF, Stanley F]. Comparison of births to Aboriginal and
Caucasian mothers in Western Australia. Med J Aust 1981; 2:
80-4.

CHILDHOOD MALNUTRITION IN ABORIGINES

85.

86.

87.

88.

89.

90.

91.

92.

93.

Gogna NK, Smiley M, Walker AC, Fullerton P. Low birth-
weight and mortality in Australian Aboriginal babies at the Royal
Darwin Hospital: A 15 year study. Aust Paediatr | 1986; 22:
281-4.

Gracey M, Anderson CM, Brooks B. Low birthweight and
impaired growth to 5 years in Australian Aborigines. Aust
Paediatr J 1989; 25: 279-83.

Watson DS. Obstetrics at Galiwin Ku. Br J Obstet Gynaecol
1984; 91: 791-6.

Gracey M, Sullivan H. A prospective study of growth and nutri-
tion of Aboriginal children from birth to two years in North-West
Australia. In: Visser HKA, Bindels JG (Eds). Child nutrition
in South East Asia. The Netherlands: Kluwer Academic
Publishers, 1990; 107-15.

Muller M, Eaton-Evans J, Dugdale AE. Growth of Aboriginal
infants. Med J Aust 1984; 141; 228-30.

Dugdale AE, Musgrave IA, Streatfield K. The changing growth
of Aboriginal children. J Paediatr Child Health 1990; 26: 192-6.
National Center for Health Statistics. NCHS growth curves for
children, birth to 18 years. Hyattsville, Md: US Department
of Health, Education and Welfare, 1977; DHEW publication
no. (PHS) 78-1650. (Vital and health statistics; series 11; no. 165.)
National Health and Medical Research Council. Report of the
101st Session. Canberra: Australian Government Publishing
Service, 1986.

White K, Gracey M, Schumacher L, Spargo R, Kretchmer N.
Hyperinsulinaemia and impaired glucose tolerance in young
Australian Aborigines. Lancet 1990; 335: 735.

Aust NZ ] Med 1991; 21 927



