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EDITORIAL
Malaria epidemics in the highlands of Papua New Guinea
The highlands region of Papua New
Guinea (PNG) comprises over 15% of the
total land mass of the country and about 2
million people (over one-third of the national
population) in the five provinces, namely
Eastern Highlands, Simbu, Western
Highlands, Enga and Southern Highlands
Provinces. The elevation of the habitable
area ranges from 800 metres to 3000 metres
above sea level. The rainy season is not
clear-cut, but heavy precipitation is
experienced during the December-March
period.
Before the 1950s, malaria
transmission was unusual in most parts of
the highlands, particularly above 1200
metres. Malaria extended into new areas,
along with the opening-up of the highlands
for economic development, especially after
the completion of the road link. Today, the
highlands provinces are experiencing
increasing outbreaks of malaria, after almost
complete cessation of control activities since
the late 1980s. Malaria epidemics in the
highlands are characterized by relatively
small, often isolated outbreaks that taken
together constitute periodic epidemics,
resulting in large numbers of deaths in all age
groups among the non-immune population,
often in the late rainy and early dry seasons.
This is fundamentally different from malaria
in the coastal and island areas, where there
is constant transmission throughout the year,
and, as the population is partially immune,
outbreaks are rare and their victims are most
often young children.

diagnostic Malaria Cassette Test (from ICT
Diagnostics, South Africa) in Omarua village,
in the centre of the epidemic area; 116 (65%)
of them were positive, including 75
Plasmodium falciparum single and 41 mixed
infection (P. falciparum, P. vivax and P.
malariae). 65 children aged 2-9 years were
examined in the village and 53 (82%) of them
showed palpable enlargement of the spleen,
suggesting that the epidemic had lasted a
long time in the village. A malaria epidemic
also occurred in the Kerowagi area of Simbu
Province, affecting around 30,000 people in
40 villages. During my visit to Miunde Village,
Kerowagi District, Simbu Province in late May
2004, one elder said that he and his family
members had attended 50 funerals from April
to May 2004. Similar devastating malaria
epidemics were reported to have claimed
more than 100 lives in the Kagua and Erave
Districts of Southern Highlands Province
from April to June 2004.
The increased frequency and severity of
recent outbreaks in the PNG highlands can
be attributed to a number of important factors:
1) increasing population movement from the
highlands to the lowlands, to plant and
harvest coffee or undertake other jobs where
they become infected with malaria and bring
malaria back to their own villages where
people have little or no immunity to the
infection; 2) climate change (El Niño event)
with longer than normal periods of rain
resulting in more breeding places and
producing a larger than normal population
of mosquitoes, and therefore a higher than
normal potential for malaria transmission; 3)
high prevalence of drug resistance – although
the current first-line antimalarial drug
recommendation is chloroquine combined
with sulfadoxine-pyrimethamine in Papua
New Guinea, monotherapy with chloroquine
is very common in the highlands region and
can result in a fatal outcome in highlanders
with little or no immunity; 4) lack of an

During 1995 and early 1996, more than
1000 malaria deaths and over 10,000
hospitalizations were reported from the
highlands. From February to April 2004 there
was a malaria epidemic in the Omarua area,
Arona Valley, Eastern Highlands Province,
where more than 153 people within a
population of about 13,000 reportedly died
in eight villages. During the epidemic, the
author tested 179 villagers with the rapid
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adequate and efficient malaria control
program in the highlands – traditional
preventive measures consisting of regular
insecticide residual house spraying in the
high-risk areas were suspended in 1989 and
there is no proper diagnosis of patients and
a shortfall of adequate supplies of
antimalarial drugs in most rural health
services of the highlands; 5) inefficiency of
health information systems resulting in
delays in detecting malaria epidemics –
epidemics were often identified through the
media or political administration only after a
high death toll; 6) law and order issues, where
clan fighting might result in demolished public
services, such as health centres and school
buildings, for example, the recent malaria
epidemic in the Omarua area of Eastern
Highlands Province was largely due to two
clans fighting and their local clinics being
closed down for 3 years – it takes 2-3 hours
for a patient in the Omarua area to go by
vehicle to other clinics, resulting in a long
delay of treatment and a consequent
accumulation of infection sources, eventually
causing the devastating epidemic.

database of the prevalence of malaria
infection in all parts of 5 highland provinces
in PNG. This is the first study of the malaria
situation in the highlands since the classic
studies in the late 1950s (4-6). These articles
(1-3) together with previous publications
demonstrate that there are complex patterns
of malaria epidemiology in terms of diversity
in both parasite and vector population in the
highlands of Papua New Guinea (7), and the
burden of malaria on the highlands is now at
least as high if not higher than that in the
pre-control era (1,3,8). Most importantly,
Mueller and his team have innovatively
categorized whole highland regions in Papua
New Guinea into four zones of ‘areas of
highly endemic malaria’, ‘areas of moderately
endemic malaria’, ‘areas of low, unstable
malaria but high risk of epidemic’ and ‘areas
of no or very rare local transmission and only
limited epidemic risk’, by combining the
criteria of prevalence of parasitaemia, spleen
enlargement rate, the occurrence of
epidemics in the epidemiological history and
altitude. The beauty of the study is that they
have delineated the 4 zones graphically by
using GIS technology and categorized all
villages in the highlands into these zones.
The articles also make specific
recommendations to health authorities about
malaria control strategies for a specific zone,
based on the Papua New Guinea national
malaria control policy. Therefore, decisionmakers and malaria control personnel can
use the recommendations to guide their
control activities in the highlands of Papua
New Guinea.

Many operational and technical problems
standing in the way of the implementation of
an efficient and successful malaria control
program in the highlands have been
identified. Most significant among them is
the absence of reliable information on the
extent, distribution and location of malaria
transmission areas in the highlands. In
response to this shortage of information,
Mueller and his team at the PNG Institute of
Medical Research, with support from the
World Health Organization, have conducted
a systematic survey of malaria in the
highlands since 2000, using Geographical
Information System (GIS) technology to
analyze and map malaria risk in the highland
provinces. Based on the results of their
surveys a series of articles in this Journal
describe the results of their studies in the
Eastern Highlands, Western Highlands and
Simbu Provinces (1-3). Similar reports for
Southern Highlands and Enga Provinces will
soon be published in the Journal. This series
of articles has re-established a valuable

The series of articles by Mueller and his
team reflect the impressive state of current
research on malaria epidemiology, ecology
and malaria control strategy in the highlands
of Papua New Guinea. The time is here to
translate this commendable research effort
to guide malaria epidemic control in the
highlands. The national malaria control
program, together with provincial health
offices in the highlands, should make every
effort to strengthen their malaria control
program to improve malaria diagnosis and
treatment in the highlands region and to
136
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conduct annual insecticide house-spraying
in all the areas with unstable malaria and high
risk of epidemics as delineated in the articles
(1-3). By doing this, we may avoid
unacceptable death tolls and suffering due
to malaria epidemics in the highlands of
Papua New Guinea in the future.

3

4

Luo Dapeng

5

World Health Organization
PO Box 5896
Boroko, NCD 111
Papua New Guinea

6

7
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The management of children with cancer in Papua New Guinea: a
review of children with cancer at Port Moresby General Hospital
M. KIROMAT1, J.D. VINCE2,3, G. OSWYN1 AND N. TEFUARANI2
Department of Paediatrics, Port Moresby General Hospital, Papua New Guinea and
School of Medicine and Health Sciences, University of Papua New Guinea, Port
Moresby
SUMMARY
In the period of three and a half years between January 1998 and June 2001, 64 children
with cancer were seen at the Paediatric Unit of Port Moresby General Hospital (PMGH).
62 children presented for the first time, whilst 2 were under review, having started
treatment in 1996. The male:female ratio was 1.8:1. The median age was 60 months
with an interquartile range of 36-84 months. 50% of the children were from the Port
Moresby area, 15% from Central Province and 35% were referred from other provinces.
Lymphoma, with Burkitt’s lymphoma predominating, was as common as leukaemia. 20
(31%) of the children presented either at an advanced stage of disease or with cancer
associated with a poor prognosis with available treatment, and were not offered curative
treatment. 2 children transferred overseas for treatment. Of 42 families offered treatment
38 accepted and continued. At review 5 years after the start of the study 19 of the 20
children not offered treatment were known to have died and the outcome for 1 was
unknown. Of the 38 children who underwent treatment at PMGH 24 (63%) were known
to have died, 2 (5%) were still under treatment, 7 (18%) were in remission and the outcome
for 5 (13%) was unknown. Of the 24 known to have died, remission induction failed in
16, relapse followed remission in 3 and 5 died from infection. The mean (SD) survival of
those who died was 3.9 (3.4) months. 24 (51%) of the 47 known deceased children died
in hospital, including 7 (32%) of the 22 referred patients. Significant problems were
encountered in patient treatment. Infections occurred in 74% of treated children and
drug shortages were experienced in 26%. The substantial problems faced by the families
included marital discord, major financial hardship and, for those referred from other
provinces whose children died, major delays and difficulties in repatriation. It is
suggested that in Papua New Guinea the most appropriate approach to treatment for
most children with cancer is the model in which paediatricians at the child’s nearest
appropriately staffed hospital take responsibility. Appropriate drug regimens, readily
available drugs, ongoing advice and data collection should be coordinated through a
central source. Accurate data should facilitate rational decisions.
This is hardly surprising, since malignant
disease accounts for only a small fraction of
the total caseload of the busy paediatric units
throughout the country – Port Moresby
General Hospital (PMGH) statistics indicate

Introduction
The management of children with
malignant disease in Papua New Guinea
(PNG) has received relatively little attention.
1

Department of Paediatrics, Port Moresby General Hospital, Private Mail Bag, Boroko, NCD 111, Papua New
Guinea

2

Discipline of Child Health, School of Medicine and Health Sciences, University of Papua New Guinea, PO Box
5623, Boroko, NCD 111, Papua New Guinea

3

Corresponding author
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0.5% (1). The burden of infectious diseases
dwarfs that of childhood cancer. In such
circumstances the management of paediatric
cancer cannot reasonably be regarded as a
public health priority. Nevertheless for the
individual child and the family the
management of paediatric cancer is of the
utmost importance and the doctor looking
after the child has an obligation to do what is
best for the child and the family within the
limitations imposed by circumstances.

treatment and follow-up is often problematic.
In many parts of the world, including PNG, it
is culturally very important that a child who
dies is buried in the home area. This can
create major problems in transporting a dead
child home.
The 2001 Annual Symposium of the
Medical Society of Papua New Guinea
focused attention on cancer and its
management. Whilst reasonable data on the
spectrum of paediatric malignant disease are
available (9,10) there are no published data
on treatment outcome. Paediatric malignant
disease was included in the list of diseases
on the Paediatric Surveillance Unit register
in 1998 and in the medium to long term this
will provide reasonably accurate national
data. For example, 128 children with cancer
were reported to the Unit over the three years
2000-2002, giving an approximate annual
rate of 40-50 (J. Leslie, Paediatric
Surveillance Unit, personal communication).
In order to obtain some immediate baseline
information on treatment outcome and the
problems faced by children and their families,
information available from the Paediatric Unit
at Port Moresby General Hospital was
collated and analyzed.

Over the last 30 years remarkable
improvements in the outcome of treatment
of children with cancer have been achieved
in the industrialized world where 70-80% of
paediatric cancers are regarded as curable
(2). In contrast the outcome from developing
countries remains poor (3,4).
The
achievement of such impressive results in
the developed world, however, depends on
interdisciplinary teamwork with access to
high technology and the use of very
expensive treatment modalities. Since most
of the world’s children are in nonindustrialized countries, it is estimated that
less than 20% of the 186,000 children
developing cancer each year actually receive
adequate treatment (2).
There is
considerable international concern about the
discrepancy of care and outcome for children
with malignant disease between the
developed and developing world (5,6). It has
been suggested that specialized paediatric
cancer units, linked to and supported by
international centres of excellence, be
established (2). Whilst such an approach
may be feasible in some developing
countries (7), its feasibility in countries with
low health expenditure is questionable. It is
in such countries that most of the 14-16
million annual deaths of children from
diarrhoea and other infectious diseases occur
(2). Poor nutritional status, prevalent in such
countries, together with other socioeconomic
indicators of poverty, is adversely associated
with treatment outcome (8). Care in
centralized units often necessitates
expensive travel from the patient’s home and
separation from normal family support
systems. For similar reasons long-term

Methods
An audit was made of the treatment and
outcome of children up to age 13 years
presenting or referred to the Paediatric
Department of PMGH with cancer over the
period of 3½ years between January 1998
and June 2001. The audit, revised in January
2003, 5 years after the start of the study,
included newly diagnosed children and those
attending the review clinic during the study
period. Two of the authors sequentially took
sole responsibility for the care of affected
children. Problems relating to treatment and
difficulties experienced by the families were
noted.
Results
64 children were included in the study, 62
of whom were newly diagnosed. The
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remaining 2 patients had been diagnosed 2
years before the study and were under
review. There were 41 males and 23 females
(male:female ratio of 1.8:1). Ages ranged
from 2 weeks to 13 years with a mean of
63.6 months, a median of 60 months and an
interquartile range of 36-84 months. 31
(50%) of the newly diagnosed children were
from the Port Moresby area, 9 (15%) were
from Central Province and 22 (35%) were
referred from other provinces. The children’s
diagnoses are shown in Table 1.

20 (31%) of the children presented either
with potentially treatable cancers at a very
advanced stage, or with cancer associated
with a very poor prognosis, and curative
treatment was not offered. A further 2
children transferred overseas for treatment
(1 Non-Hodgkin’s and 1 Hodgkin’s
lymphoma). Of the 42 families offered
treatment at PMGH, 2 refused and 2 stopped
treatment because of family problems.
Five years after the start of the study 19

TABLE 1
DIAGNOSIS

OF CHILDREN WITH CANCER AT

PORT MORESBY GENERAL HOSPITAL

Diagnosis

Number (% )

Lymphoma

19 (30)

Burkitt's

11 (17)

Non-Hodgkin's

6 (9)

Hodgkin's

2 (3)

Leukaemia

19 (30)

Acute myeloblastic

11 (17)

Acute lymphoblastic

4 (6)

Chronic myelocytic

4 (6)

CNS tumours

5 (8)

Neuroblastoma

5 (8)

Retinoblastoma

6 (9)

Wilm's tumour

5 (8)

Rhabdomyosarcoma

2 (3)

Ewing's sarcoma

1 (2)

Phaeochromocytoma

1 (2)

Craniopharyngioma

1 (2)

Total

64

CNS = central nervous system
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(95%) of the 20 children for whom curative
treatment was not offered were known to
have died as had the 4 children who were
offered but did not receive treatment. Of the
38 children commenced and continued on
treatment at PMGH 24 (63%) had died, 2
(5%) were continuing treatment and 7 (18%)
were in remission. The outcome for 5 (13%)
children was unknown. Details of outcome
relating to the diagnoses are shown in Table
2. The mean (SD) survival of those who died
was 3.9 (3.4) months. 3 children relapsed
after apparent remission (2 with NonHodgkin’s lymphoma and one with

Hodgkin’s), and 5 died from infections during
chemotherapy.
24 (51%) of the 47 known deceased
children died in hospital including 7 (32%) of
the 22 children referred from provinces other
than NCD and Central.
Problems during treatment included
infections in 28 patients (74%) and
unavailability of drugs in 10 (26%).
The parents of more than half of the
children (20/38) were unemployed. Financial

TABLE 2
OUTCOME

BY DIAGNOSIS IN CANCER PATIENTS TREATED IN

Diagnosis

No

Wilm's tumour

Treated

PORT MORESBY GENERAL HOSPITAL

Remission

On
treatment

Died

L o st

5

5

2

0

3

0

11

10

3

0

6

2

Retinoblastoma

6

6

0

0

5

1

CNS tumours

5

0

0

0

5

0

Phaeochromocytoma

1

0

0

0

1

0

Craniopharyngioma

1

0

0

0

1

0

Rhabdomyosarcoma

2

2

0

0

1

1

Ewing's sarcoma

1

1

0

0

1

0

Neuroblastoma

5

3

0

0

4

1

Non-Hodgkin's lymphoma

5

4

0

0

4

1

Hodgkin's lymphoma

1

1

1

0

0

0

A LL

4

2

1

0

3

0

AML

11

0

0

0

11

0

CML

4

4

0

2

2

0

Total

62

38

7

2

47

6

Burkitt's lymphoma

CNS = central nervous system
ALL = acute lymphoblastic leukaemia
AML = acute myeloblastic leukaemia
CML = chronic myelocytic leukaemia
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and other social problems in this group
resulted in 25% of the children having
repeated delays in treatment. The parents
and guardians of referred patients faced
major financial problems during their stay and
in some cases this affected their willingness
to remain in hospital for the appropriate
duration of treatment. The repatriation of the
bodies of the 7 children referred from other
provinces was a major problem, taking from
5 to 60 days, with many phone calls and fax
messages to arrange. Long periods of
admission resulted in marital disharmony
and, in two cases, family separation.

difficulties. Infectious complications occurred
in 74%. In the absence of strict isolation
facilities and bone marrow support, reliance
must be placed on the use of methods that
are as sterile as is possible and practical, on
early aggressive use of antibiotics and on
antituberculous prophylaxis with isoniazid.
The requisite cytotoxic drugs were not
available at the appropriate time for 26% of
the children. This illustrates the difficulty in
relying on routine hospital pharmaceutical
supplies and the necessity of having a
mechanism for ready availability of the
standard anticancer drugs.

Discussion

The current ‘best regimens’ in the western
context are likely to be disastrous in the
developing world. Such regimens, which
obliterate the bone marrow, must be
supported by the availability and use of strict
isolation facilities, and platelet and
granulocyte infusions in addition to blood
transfusion and granulocyte growth
stimulating factors. Such support is not
available in most countries of the developing
world. In these countries drug regimens
which are relatively simple to administer,
which use readily available and relatively
inexpensive drugs and which do not
completely obliterate the marrow are
required. Such ‘modified’ drug regimens are
available (14), though they should be
regularly reviewed.

Although the study is small, it has
highlighted a number of issues. Lymphoma,
with Burkitt’s accounting for the majority, was
as common as leukaemia, consistent with
previous data (9,10). This is a different
pattern from that reported from most
countries of the developed world where the
leukaemias predominate (10). Acute
myeloblastic leukaemia was the predominant
form of leukaemia. The present study shows
a major inequality between boys and girls.
Hospital data in PNG are consistent in
showing a male predominance in paediatric
admissions. Reasons for this predominance,
which is seen in other developing countries,
remain speculative. In 2001 the male:female
ratio in paediatric admissions at PMGH was
1.36 (1). However, in this study there were
almost twice as many boys as girls. A recent
study of paediatric cancer registrations in
countries throughout the world has shown
that the male:female ratio increases as gross
domestic product decreases and as infant
mortality rates increase (11). Our very limited
data are consistent with this pattern, PNG
having an infant mortality rate of 79/1000 and
a gross national product of $US800 per capita
(12,13).

Many of the patients presented at a late
stage of the disease where it was felt that
treatment would be of no benefit. Many of
those who were treated were at a relatively
advanced stage, at which even optimal
treatment, had it been available, would have
been unlikely to have achieved a high cure
rate.
The major problems inherent in the referral
of patients from other provinces to PMGH
included major financial hardship, family
disturbances and the distress and hardship
caused by the delay in repatriation of those
children who died. These problems should
prompt clear thinking on the wisdom of

The processes of caring for children with
cancer in resource-poor countries presents
medical staff, families and children with many
difficulties, some of which are listed in Table
3. Our case series illustrates many of these
142
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TABLE 3
PROBLEMS

IN CARING FOR CHILDREN WITH CANCER IN

PAPUA NEW GUINEA

Limited diagnostic facilities
No immunological or cytogenetic cell subtyping
Very limited CT scan and no MRI scan facilities
Delay in biopsy transport and processing
Clinical management
Late presentation
Poor compliance – often with good reason
Unreliable supply of chemotherapy drugs
Limited spectrum of chemotherapy drugs
Lack of isolation facilities
No designated nursing area
Limited/erratic supply of antibacterial, antifungal and antiviral drugs
Very limited support for bone marrow suppression
No granulocyte transfusion
Limited platelet transfusion
No granulocyte growth stimulating factor
No radiotherapy service
Limited access to surgical subspecialties (eg neurosurgery, plastic surgery)
Social and financial
Transportation of patients to hospitals
Repatriation of children and parents
Repatriation of dead children
Family separation
Lack of practical support
Lack of social support
Marital discord and breakup
Expense of living in hospital
Environmental
Poor community hygiene
High prevalence of tuberculosis – possibility of infection/reactivation
High prevalence of infectious disease in community
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referral to centres outside the home province
for children with cancer. Paediatricians are
practising in most of the major and provincial
hospitals in the country and it may well be
better to ensure the availability of
chemotherapeutic drugs and the appropriate
regimens, and open channels of
communication to enable the paediatricians
to treat the children as near as possible to
their home and family support.

cost of opiate analgesia through the private
sector is prohibitive.
It is important that in approaching the topic
of paediatric cancer we should not be
nihilistic. Our study is not all bad news. It
illustrates that some children with cancer can
be successfully treated even in resource-poor
countries such as PNG. Some cancers have
a good prognosis provided they are
diagnosed early and available treatment
instituted quickly. These include Wilm’s
tumour, Burkitt’s lymphoma, retinoblastoma
and probably L1 acute lymphoblastic
leukaemia. For example, a study from
Namibia reported a projected 5-year survival
for children with cancer of only 37%, but for
Wilm’s tumour the calculated 5-year survival
was 76% (3). Health workers need to be
constantly reminded of the early signs of the
potentially curable cancers such as an
abdominal mass (Wilm’s), swellings of the
facial bones (Burkitt’s), recent onset of squint
(retinoblastoma) and unexplained weight loss
and lymphadenopathy (leukaemia and
lymphomas). They should be encouraged
to refer children with such presentations as
quickly as possible. The possibility of
paediatric cancer should be considered in
children failing to respond to antituberculous
treatment.

The child with cancer and family members
are frequently hospitalized for long periods.
They have to cope with a disease process
that is hard for them to understand and
treatment that is unpleasant. We have little
detailed information about the stresses that
this places on the child and the family. We
do know, however, that prolonged
hospitalization results in major financial
problems, marital discord and sometimes
family breakdown. It is imperative, therefore,
that our management should include social,
cultural and spiritual support whenever
necessary.
Children, at an advanced stage of a cancer
which would have been potentially treatable
had it been diagnosed earlier or with a type
of cancer that is realistically incurable present
the paediatrician with difficult choices.
Objectively the decision is straightforward –
why waste money and resources on a child
with an incurable condition? In practice,
however, the decision ‘not to treat’ is never
easy. There may be considerable family
pressure to ‘give treatment a try’. Decisions
should be determined as far as possible by
consideration of the likely quality of the child’s
remaining life. Management options and
likely side-effects should be fully discussed
with the child’s family. The decision not to
treat with chemotherapy does not absolve the
doctor from responsibility for patient care. All
doctors should be familiar with appropriate
palliative care – including adequate pain
relief. This is an area which requires
considerable attention – there are no
paediatric formulations of morphine available
through the Health Department, adult
formulations are often not available, and the

Our analysis has highlighted major
problems with referral and treatment of
children with cancer. We believe that careful
consideration should be given to developing
programs for treatment of children with
cancer in the Papua New Guinean
socioeconomic and cultural context.
Centralizing cancer services – the
development of a national referral unit –
might result in some improvement in
statistical outcome, but at present there is
no good evidence from PNG to support such
a policy, which would certainly be associated
with major problems for children and their
families. A model in which children are
treated at their nearest hospital by the
provincial paediatrician with the assurance
of regular supplies of appropriate drugs and
the ready availability of advice from a
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centralized source would seem, at least to
us, to be preferable at this stage in Papua
New Guinea’s development. Such a central
source would also be responsible for detailed
data collection and analysis. This would
allow comparison of outcomes for patients
with ‘treatable’ cancers (such as Wilm’s and
Burkitt’s) managed at provincial hospitals with
those of children treated at PMGH, thus
providing evidence on which to base referral
policies in the future. The existing paediatric
surveillance system has the capacity to
provide detailed information but is dependent
on the input from paediatricians and other
contributing doctors. Such input can certainly
be improved.
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Zinc in human health
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School of Medicine and Health Sciences, University of Papua New Guinea, Port
Moresby
SUMMARY
Malnutrition is a contributing cause of about half of the 10 million deaths annually
worldwide, and contributes to a substantial proportion of the infectious disease morbidity
among children in developing countries. Recent epidemiological and clinical evidence
has shown that in most developing countries deficiencies of specific micronutrients
are partly responsible for the severity of infectious disease morbidity and mortality in
malnourished children. Efforts to improve micronutrient status have focused on iron,
vitamin A and iodine. Supplementation with iron and vitamin A significantly reduces
child mortality, while implementation of the universal salt iodization strategy reduces
the incidence of iodine deficiency disorders. These strategies are considered to be
among the most cost-effective health interventions in developing countries. A number
of recent zinc supplementation studies in developing countries suggest that greater
priority should also be given to the correction of mild to moderate zinc deficiency in
children, pregnant women and lactating mothers. Some of these studies showed that
zinc supplementation reduces the duration of malaria, and the severity of diarrhoea and
respiratory infections (including pneumonia), and improves immunocompetence in
susceptible children. The results of these studies indicate that zinc may be another
specific micronutrient in which there is widespread deficiency in developing countries
and that great benefits can be achieved by its supplementation.
Introduction

micronutrients such as iron, iodine and
vitamin A in infant and maternal nutrition
programs in developing countries (2-6). It is
now known that lesser degrees of zinc
deficiency are more common than was
appreciated and that the subclinical
deficiency of zinc can contribute to increased
incidence and severity of infectious diseases
in a susceptible population (7-10).

Childhood malnutrition is a major problem
that can lead to long-term deficits in growth,
immune function, and cognitive and motor
development. It can also adversely affect
children’s behaviour and intellectual
performance and presents an increased risk
of morbidity and death from infectious
diseases. In the past, these negative
consequences of malnutrition were mainly
associated with inadequate protein-energy
intake (1). Malnutrition is, however, a more
complex phenomenon, and often also
involves deficiencies of one or more
micronutrients (2,3). There is enough
scientific evidence to justify the special
attention being given to specific
1

2

Recent scientific evidence suggests that
zinc also deserves special attention, because
zinc deficiency has been associated with
lower birthweight, poor growth in childhood,
reduced immunocompetence, increased
susceptibility to infectious diseases,
diarrhoeal disease and abnormal motor
development in malnourished children (2,11-
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16).

such as gustin – a Zn-dependent polypeptide
that is essential for normal development of
taste buds and normal taste acuity (17,19).
Zinc functions as an antioxidant and helps to
stabilize cell membranes (14,19,22).

This review highlights the metabolic role
of zinc, its bioavailability and implication in
disease states with special focus on infant
and maternal health.

Zinc affects cell replication, growth and
maturation because it influences the activity
of multiple enzymes at the basic levels of
replication and transcription (22). These
include DNA polymerase (18,22), thymidine
kinase (17,18), DNA-dependent RNA
polymerase
(18,22),
terminal
deoxyribonucleotidyl transferase (14,22),
aminoacyl transferase, RNA synthetase
(14,22), and a family of transcriptional
regulators with a structure known as zincfinger motif that are involved in sequencespecific DNA recognition and gene
expression (14,17,18,22). Zinc is required
for the expression of multiple genes
regulating mitosis (14,18,22).

Metabolic significance and biochemical
functions of zinc
Zinc is one of the most essential trace
elements in human nutrition because it is a
component of over 200 metalloproteins with
a wide range of biochemical functions,
involving enzymes, structural proteins and
hormones (17-19). The ability of zinc to
participate in an impressive range of
biochemical functions is partly due to its
flexible and easily exchangeable ligandbinding with biomolecules (19). Zinc is a
relatively safe element when compared with
iron and copper, especially because of its lack
of oxidant properties (17,18). This greatly
facilitates the transport of zinc within the body
and its metabolism in individual cells (19).

Thus, the requirement of zinc for normal
cellular growth and differentiation may
underlie the impairment of physical growth
that is the hallmark of zinc deficiency in
childhood (14,22).

Zinc is absorbed by passive diffusion
mainly in the jejunum. Metallothionein and
other metalloproteins such as á 2 macroglobulin, where zinc is not
exchangeable, albumin and transferrin,
where zinc is exchangeable, and other
oligopeptides play a regular role in the
absorption, transportation and distribution of
zinc (10,18,19). Muscle and bone have the
highest concentrations of zinc, followed by
skin, gastrointestinal tract, hair, nails, eyes
and prostate gland (19). The relative size of
the blood zinc pool is about 1% of the total
body pool (19).

Zinc and vitamin A metabolism
Adequate zinc status is partly necessary
for the absorption, transport, metabolism,
hepatic release and tissue utilization of
vitamin A (22,23). Zinc is required for the
biosynthesis of retinol dehydrogenase that
catalyzes the oxidative conversion of retinol
to retinaldehyde in various tissues, including
the retina, where this process is involved in
the visual cycle (22,23). Zinc regulates
vitamin A absorption and is required for the
biosynthesis of retinol-binding protein in the
liver (22,23). This implies a regulatory role
for zinc in mobilizing vitamin A within cells
and in the liver.

The ligand-binding properties of zinc are
utilized effectively at the catalytic site of a
wide range of enzymes (17,18). Zinc is
involved in the regulation of blood sugar,
thyroid and gonadal functions, adrenal
hormone and prolactin production, acid-base
balance and calcium metabolism (17-22).
Zinc has structural roles in biological
membranes, cell receptors (for hormones
including testosterone) and other proteins,

Circulating zinc and vitamin A
concentrations appear unrelated in wellnourished states but tend to co-vary in
marginally nourished individuals with
coexisting zinc and vitamin A deficiencies
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(22,23). Thus, zinc deficiency could impose
a secondary vitamin A deficiency on
malnourished infants (23). Zinc deficiency
might also limit the effectiveness of vitamin
A supplementation programs.

areas usually do not show obvious signs of
zinc deficiency, but have often been found to
have low plasma zinc levels compatible with
subclinical zinc deficiency (2,6,8,28).
The phytate content in plant-based staple
foodstuffs can be reduced by enzymatic and
non-enzymatic hydrolysis (22,26,29). Some
of the methods that enhance phytaseinduced enzymatic hydrolysis of phytate
include fermentation, sprouting and soaking
(26,29). Endogenous phytase, which can be
activated by soaking, is high in most cereals
and in the microflora on the surface of grains
(22,26). Soaking is particularly effective in
non-enzymatically reducing the amount of
water-soluble phytate in legumes and cereals
(26,29). Zinc bioavailability can also be
enhanced by citric acid, lactic acid, formic
acid, vitamin C, high dietary protein, high
levels of sulphur-containing amino acids
(methionine, lysine and cysteine), lactose and
pancreatic secretion (2,22,26,28). Some of
these compounds enhance the absorption of
zinc by preventing the formation of insoluble
zinc-phytate complex in the gastrointestinal
tract (22,27,28). The phytate-to-zinc molar
ratio of a diet can be used to predict the
inhibitory effect of phytate on zinc absorption
(27,28,30).

Most studies regarding zinc-related
vitamin A deficiency in humans are
inconclusive (23,24). Data supporting the
occurrence of vitamin A-related zinc
deficiency in humans are very sparse.
However, based on available research
information, the metabolic functions of
vitamin A are greatly enhanced in the
presence of adequate zinc status (22-24).
Thus, given the critical role of both zinc
and vitamin A in maintaining normal
metabolic functions and resistance to
infection, and in view of the dire lack of
adequate information about the public health
implications of a potential zinc–vitamin A
interaction, there is an express need for more
research in this direction, particularly in
developing countries.
Sources and bioavailability of dietary
zinc
Major sources of dietary zinc include milk,
red meat, liver, poultry, fish, oysters, crabs,
cereals, legumes, tubers, nuts and
vegetables (2,19,22,25,26). Bioavailability of
zinc is higher in milk, liver, red meat, fish,
oysters and crabs; it is low in cereals,
legumes, tubers and vegetables
(2,19,22,25,26). The low bioavailability of
zinc from plant sources is due to their content
of phytate, lignin and fibre, which form
insoluble complexes with the ingested zinc
impairing intestinal absorption (2,22,25,26).

The phytate-to-zinc ratio >12 found in
some plant-based diets that contain low
animal protein is considered to be a major
factor contributing to zinc deficiency in
developing countries (9,28). It is therefore
important to reduce the phytate content
during preparation of meals. Suboptimal zinc
deficiency in humans has been associated
with phytate-to-zinc molar ratios >15 (27, 28).
The bioavailability of zinc can be reduced
by a high level of calcium in a diet that is
high in phytate (28). The complex (Ca-Znphytate) formed in the intestine is less soluble
than the Zn-phytate complex (28). The
bioavailability of zinc can also be reduced by
chemical food colourings (22,31). According
to Ward (31), hyperactive children showed a
significant reduction in serum zinc levels and
an increase in urinary zinc output following

In most developing countries, because of
economic constraints, the consumption of
animal protein foods, which are rich sources
of readily available zinc, is usually low
(26,27). Staple foods in these countries are
mainly cereals, legumes, tubers and
vegetables, thus the bioavailability of dietary
zinc is low because of the high content of
phytate in the diet (26-29). Children in these
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the consumption of beverages containing
either the food colouring ‘tartrazine’ (code E
102) or ‘sunset yellow’ (code E 110).

and casein in cow’s milk, which impair the
absorption of zinc (32,35). The same is true
for soymilk because of its high phytate
content (19).

Zinc nutriture in infants
Zinc supplementation (between 10 and 20
mg Zn/day) enhances linear growth and
significantly reduces the incidence of
anaemia (13,22,32,35). Stunted children
benefit more than non-stunted children;
children of up to 24 months of age benefit
more than older children (19,32,35). Another
benefit of zinc supplementation reported in
a recent study by Albert et al. (40) is that
supplementation with zinc improves
seroconversion to vibriocidal antibody and,
hence, has the potential to improve the
efficacy of oral cholera vaccine in normal and
malnourished children.

The first six months of life are a period of
rapid growth, and zinc intake varies with the
mode of feeding (22,32). The relatively high
zinc requirements during this period can be
met satisfactorily by breastmilk alone for most
healthy infants (19,22,32). The infant is able
to utilize zinc from hepatic zinc thionein for
several weeks postpartum to supplement
zinc derived from breastmilk (32,33). The
bioavailability of zinc in breastmilk is very high
(80%) compared to whey-adjusted cow’s milk
(35%), even though the concentration of zinc
in breastmilk is lower than in cow’s milk (19).
This difference in bioavailability is due to
higher levels of citrate and the presence of
lactoferrin in breastmilk, and high levels of
phytate, calcium and casein in cow’s milk
(19,22).

These findings clearly indicate the need
to develop strategies for improving the zinc
status of infants and children in developing
countries. An important factor is to ensure
adequate bioavailability of zinc and other
micronutrients in the diet of infants. There
are a number of commercially prepared
adequately fortified complementary foods
that can be used for this purpose. However,
these products are too expensive for
widespread use in low-income communities.
A more viable option there is to increase
aggressive advocacy of awareness of zinc
deficiency and to educate people on the
benefits of fortification of the already available
locally prepared complementary foods.
Fortification of home-made complementary
foods can be achieved by addition of locally
available foodstuffs that are rich in zinc, such
as powdered forms of whole grains, dry
beans, nuts, adequately prepared and
minced seafood, poultry, pork and red meat
(36-38,41,42). Gibson et al. (26) have used
a similar community-based dietary
intervention strategy in rural southern Malawi
with some success.

Healthy infants, fed exclusively on
breastmilk for four to six months, usually do
not develop zinc deficiency within this period
(32,33). Several researchers (32,34,35)
have documented the possibility of
suboptimal zinc status in breastfed infants
after six months of age. This is partly related
to the fact that zinc content of breastmilk falls
with the duration of lactation (32).
From six months to two years of age,
adequacy of zinc intake becomes highly
dependent on the amount and bioavailability
of zinc from complementary foods (35-39).
Thus, prolonged breastfeeding without
adequately prepared complementary foods
may reduce an infant’s zinc intake, thereby
increasing the risk of zinc deficiency (35-39).
The breastfed, low-birthweight infant is
usually at risk of developing zinc deficiency
because of increased requirements,
potentially lower intake and/or lower
absorption efficiency (22,35). Zinc deficiency
may also occur in children fed with cow’s milk,
because of the high levels of phytate, calcium

The safe upper limits of zinc intake
adjusted for body weight proposed by the
World Health Organization (WHO)
(3,15,28,34,43) are as follows: 13 mg/day for
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infants from 6 to 12 months of age; 23 mg/
day for children from 1 to 6 years of age; 32
mg/day for girls from 10 to 12 years of age;
and 34 mg/day for boys from 10 to 12 years
of age.

developing countries (45). In addition,
research in developed countries relating to
maternal zinc status and birthweight of
neonates has not produced consistent results
(45-47). However, several reports have
indicated that women are at increased risk
of zinc deficiency during pregnancy, because
of the high fetal requirement for zinc (45,46).
Severe maternal zinc deficiency has been
associated with spontaneous abortion and
congenital malformations (45). Mild to
moderate zinc deficiency has been
associated with prolonged gestation,
intrauterine growth retardation, preterm
delivery, complications of labour and delivery,
and low birthweight (45,47).

For young children, zinc supplementation
should be considered in cases of
malnutrition, low dietary zinc bioavailability,
severe stunting, low plasma zinc, persistent
diarrhoea and severe infections. Since zinc
is only one of several nutrients that are
necessary for adequate growth in infants and
young children, the deficiency of other
nutrients may negatively affect the linear
growth response to zinc supplementation
(41,42). Thus, it is better to use a
micronutrient mix containing zinc in the
rehabilitation of such children. Zinc
supplementation to improve stunted growth
is more effective when zinc is the primary
growth-limiting nutrient in the diet (41,42).

According to Caulfield et al. (45), the
question as to whether maternal zinc
deficiency increases the likelihood of labour
and delivery complications is critical for
developing countries, where women have
little access to essential obstetric services.
It is therefore necessary to provide zinc
supplementation for pregnant women in
developing countries (47).

According to Gibson (42), caution must be
observed when selecting the dose for zinc
supplements, especially for catch-up growth
in children with severe protein-energy
malnutrition and an already compromised
immune system. High doses of zinc
supplements without the required general
nutritional rehabilitation including other
micronutrients may cause increased
morbidity and mortality in this group of
children (42,44).

Effect of zinc on immune function
Zinc plays a crucial role in the development
and maintenance of the immune system
(14,20,22,48). It is involved in multiple
aspects of the immune system, from the
barrier of the skin to the regulation of genes
within lymphocytes (11,14,15,22,48).

Maternal zinc nutriture
Zinc is important for the normal function
of cell-mediated immunity through
neutrophils, macrophages and natural killer
cells (14,22,48). It also affects the
development of acquired immunity and
immunoglobulin production (14,22,48). It
plays a significant role in the biological activity
of a thymic hormone (thymulin) and in the
synthesis and release of various cytokines,
such as interleukins (IL-1 and IL-2)
(10,22,48,49). Zinc deficiency can cause
impaired immune function and increased
susceptibility to bacterial, viral and fungal
infections (11,14,22,48). Mild to moderate
zinc deficiency affects the development and/

The non-availability of well-defined
biochemical indicators of maternal zinc
status, and the lack of consensus on
appropriate indicators of zinc status for
pregnant women are partly responsible for
the inability of policy-makers to recognize the
public health significance of maternal zinc
deficiency and its consequences for
pregnancy and neonatal survival and wellbeing (45,46).
There is paucity of data on the contribution
of maternal zinc deficiency to maternal and
infant morbidity and mortality rates in
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or function of most cells of the immune
response, T cells, B cells and macrophages
(14,20,48).
Zinc deficiency causes
depressed thymic hormone activity,
decreased natural killer cell activity, a specific
CD4+ T-cell population depression, and
decreased production of IgA, IgM and IgG
(14,20,48,49).

increase in mean CD4+ cells and in the
absolute counts of CD3+ lymphocytes after
10 weeks’ supplementation with 0.45 mg/kg/
day of elemental zinc. Zinc supplementation
studies using oral zinc in HIV+ children have
been documented (48,57). Significant
increases in the CD4+ count were recorded
in some of the patients in the studies.
However, a study by Tang et al. (58) showed
an association between increasing zinc
intake and increasing disease progression.
Yet other epidemiological and clinical studies
of zinc intake, serum zinc levels and their
relationship to progression to AIDS found no
association between increasing zinc intake
and increasing disease progression
(20,52,59).

According to Shankar and Prasad (14), the
effect of zinc on some major components of
the immune system is due to the many roles
that zinc plays in basic cellular functions, such
as DNA replication, RNA transcription, gene
expression, cell division, cell activation and
maintenance of cell membrane integrity.
Effect of zinc on HIV/AIDS

Zinc plays an important role in HIV
replication. Therefore, the effect of zinc
intake on AIDS patients is complicated and
may have more impact on the virus than on
the immune response of the patient (20, 48).
While there is an urgent need for more
intensive controlled studies of zinc in HIV/
AIDS, the adverse effect of zinc deficiency
on the immune system requires that normal
plasma levels of zinc be maintained through
supplementation.

There is substantial research information
indicating the significance of micronutrient
supplementation in improving the nutritional
status of HIV+ patients. However, the effect
of zinc supplementation on HIV/AIDS
patients is a controversial issue.
Zinc has been reported to act as an
antiviral agent (20,50,51), as an antioxidant
and as immune-modulator in HIV infection
(20,49). Zinc is capable of enhancing and
inhibiting the activity of the HIV protease
enzyme (20). Integrase, a Zn-dependent
enzyme that requires ‘zinc-finger protein’ for
optimal activity, catalyzes the integration of
viral DNA with host DNA (20). Zinc, therefore,
has a dual role as a major component of viral
replication and an inhibitor of replication. Low
levels of zinc in plasma and in serum have
been reported in HIV+ patients in the
asymptomatic state (20,52) as well as in AIDS
patients (53). Some studies (20,54) did not
observe any reduction in serum zinc level in
HIV+ patients. Other studies (20,52,55)
reported declining zinc levels in plasma and
serum of patients as the disease progresses.
Studies to evaluate the impact of zinc
supplementation in AIDS patients show an
apparent
reduction
in
infectious
complications in zinc-supplemented patients
compared to placebo (20,56). Results of
some studies (20,56) showed significant

Effect of zinc on diarrhoea in children
In developing countries, the use of both
oral rehydration solution (ORS) therapy to
correct fluid and electrolyte abnormalities,
and appropriate antimicrobial drugs to treat
selected diarrhoeal diseases have led to a
drastic reduction in mortality and morbidity
among children (43,60). However, the poor
nutritional status of children in most
developing countries puts them at further risk
of diarrhoea-associated morbidity and
mortality, regardless of the ORS therapy
(43,61). Appropriate strategies to improve
the nutritional status of affected children and
to reduce the frequency of stool passage
have been the prime focus of research
studies (10,62,63).
Several studies, including clinical trials,
have shown that diarrhoea is associated with
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an increased loss of zinc and that zinc
supplementation holds substantial promise
as an adjunct to the treatment of diarrhoea
(15,62-65). According to Castillo-Duran and
co-workers (66), marked faecal zinc loss
occurs during diarrhoea, thus a low serum
zinc level can be considered as a reflection
of acute zinc loss.

(43). The effectiveness of the dose strongly
depends on the age and zinc status of each
individual (15,43,63,68). However, clinically
important benefits have been reported when
supplements containing 10 mg Zn/day as
sulphate (15), 20 mg Zn/day as methionate
(15), and more than 20 mg elemental Zn/day
were administered to children under three
years who presented with acute diarrhoea
(43,63,68). Fuchs (43) has suggested that a
dose adjusted for body weight might be
necessary to ensure the efficacious and safe
therapeutic use of zinc in the treatment of
acute infectious diarrhoea.

Zinc supplementation studies carried out
in a number of developing countries reported
significant reduction in the duration and
severity of episodes of acute watery
diarrhoea in infants, especially those whose
initial plasma zinc levels were low (64,67,68).
Similar results have been reported for
children with persistent diarrhoea (69,70).
Zinc supplementation was also more useful
in cases of severe or prolonged diarrhoea
episodes than in short-lasting or milder
episodes (15,65,67,68,70).

Thus, current research reports strongly
suggest that zinc supplementation may
represent an important therapeutic advance
in the treatment of acute and persistent
diarrhoea in developing countries. This new
strategy may successfully complement ORS
and other therapies of proven benefit, such
as continued breastfeeding of infants and
general nutritional rehabilitation.

Studies by the Zinc Investigators’
Collaborative Group (65,71) indicated that
zinc supplementation (10 to 20 mg elemental
zinc), given for 14 days during and after
diarrhoea, reduces the incidence of diarrhoea
in the subsequent two to three months
without additional zinc supplementation. A
double-blind placebo-controlled study by
Rahman et al. (72) showed that combined
zinc (20 mg elemental zinc daily for 14 days)
and vitamin A (200000 IU orally on day 14)
supplementation is more effective in reducing
persistent diarrhoea and dysentery than
either vitamin A or zinc alone.

Effect of zinc on acute lower respiratory
tract infections in children
According to Bahl et al. (15) the prevalence
of acute lower respiratory tract infections was
about 3-fold higher in children (12 to 59
months of age) with low plasma zinc (<8.4
ìmol/l) compared to children with normal
plasma zinc (>8.4 ìmol/l). In addition, boys
with low plasma zinc had a 4-fold higher risk
of suffering from acute lower respiratory tract
infections than girls. The authors noted the
possible involvement of coexisting
deficiencies of other micronutrients in plasma
that were not measured in the study.

The benefit of zinc supplementation in all
cases of diarrhoea was not limited to stunted
children, acutely malnourished children or to
children in any particular age group
(61,63,65,71,72). In addition, the benefit of
the supplementation was not affected by the
aetiology of the diarrhoea episodes in the
children, as both virus-associated and virusfree diarrhoea episodes responded well to
therapy (64,65).

Scientific reports on the effect of zinc
supplementation on acute lower respiratory
tract infections in children in developing
countries are still unclear. In a double-blind,
randomized controlled trial, Sazawal et al.
(73) showed a 45% reduction in the incidence
of acute lower respiratory infections in
children (6 to 36 months of age) receiving
10 mg elemental zinc supplementation daily
for six months.

The issue of dose regimen for zinc
supplementation and the frequency with
which it should be given is still contentious
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The Zinc Investigators’ Collaborative
Group (71) found that the incidence of
pneumonia in children was reduced by 41%
after pooled analysis of 10 randomized
controlled zinc supplementation trials in nine
developing countries. These trials used
between 10 and 20 mg elemental zinc for at
least two weeks. The researchers (71)
concluded that the substantial benefits of
either short- or long-term zinc
supplementation for the prevention of
pneumonia is an important means of
improving child survival in developing
countries.

effective in preventing severe (rather than
mild) respiratory infections (74).
In a recent double-blind, randomized
controlled trial, Mahalanabis et al. (75)
evaluated the effect of zinc supplementation
in children (9 months to 15 years of age) with
clinically severe measles accompanied by
pneumonia. Children were assigned
randomly to receive 20 mg elemental zinc
as acetate twice daily for 6 days, or a placebo.
All the children received a single oral dose
(100000 IU) of vitamin A together with a full
course of antibiotics (75). The time taken to
achieve a clinically improved status was not
different between the two groups of children.
In addition, after 6 days of treatment, the
improvement in zinc and retinol
concentrations in serum was similar in both
groups. The results indicate that zinc
supplementation showed no additional
benefit to severely ill children with measles
accompanied by pneumonia, treated with
vitamin A and appropriate supportive therapy
(75). In the opinion of the authors, long-term
zinc supplementation can prevent
pneumonia in children, because of improved
immune responses. However, in an acute
illness such as measles-associated
pneumonia, there probably is insufficient time
for mounting an adequate immune response
to favourably modify such acute illness.

In another study (72), zinc was associated
with a significant increase in acute lower
respiratory tract infection in children, 12 to
35 months of age, receiving 20 mg elemental
zinc for 14 days. This adverse effect was
reduced when a vitamin A capsule (200000
IU) was administered to a similar group of
children on day 14 of the trial (72). These
results indicate that zinc alone might increase
lower respiratory illnesses, but interaction
between zinc and vitamin A reduces the
adverse effect (72). The authors, however,
emphasize the need for further studies using
lower doses of elemental zinc. This finding
further stresses the significance of combined
micronutrient supplementation in combating
acute lower respiratory tract infections and
other diseases in children in developing
countries.

Inconsistency in the reports on the effect
of zinc supplementation in children with lower
respiratory tract infections in developing
countries is a clear indication that further
appropriately designed studies are urgently
warranted in this area. However, given the
findings to date, there is the need to include
appropriate zinc supplementation in the
treatment of lower respiratory tract infections
in infants and children with low plasma zinc
levels.

In a double-masked, randomized placebocontrolled trial in an Indian urban slum (74),
infants were given 10 mg and older children
20 mg elemental zinc or placebo daily for four
months. On enrolment all the children
received a single dose of vitamin A (100000
IU was administered to infants and 200000
IU to older children). Substantial reduction
in the incidence of pneumonia was observed
in both infants and older children receiving
zinc supplementation compared to the
placebo, thus indicating that routine zinc
supplementation in children (6 to 30 months
of age) can reduce the incidence of
pneumonia.
In addition, routine
administration of zinc was shown to be

Interactions of zinc with copper and
iron
The uptake of both zinc and copper occurs
in the small intestine, where zinc can interfere
with copper bioavailability as they compete
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for absorption via intestinal cell
metallothionein (19,22). Copper, however,
does not affect the bioavailability of dietary
zinc (22,43). Metallothionein has a higher
affinity for copper than for zinc, but zinc, not
copper, induces synthesis of intestinal
metallothionein (19,22,43).

(14,81,83,84). A cross-sectional study
among school-age children in Papua New
Guinea showed an inverse association
between zinc status and P. falciparum
parasitaemia (14, 84). In another study in
The Gambia, children receiving zinc
supplements had 32% fewer clinic visits for
malaria due to P. falciparum than children
receiving placebo (83).

High intake of zinc increases the
biosynthesis of metallothionein in
enterocytes, which then bind with copper.
The copper-metallothionein complex is
excreted in the faeces after desquamation
of the enterocyte (19,22,43). It is therefore
possible that zinc supplementation can
aggravate marginal copper deficiency (22,43)
in malnourished children. Thus, there is a
need to ensure that zinc supplementation is
accompanied by an adequate intake of
copper and other micronutrients. However,
clinical signs of copper deficiency have been
reported only with large daily doses of zinc
(150 mg) given for prolonged periods (22,43).

A placebo-controlled trial to assess the
effects of zinc supplementation on malaria
morbidity among preschool children in a
malaria-endemic region of Papua New
Guinea was carried out by Anuraj Shankar
et al. (84). The results indicated that zinc
supplementation reduced the frequency of
health centre attendance due to P. falciparum
malaria by 38%. Moreover, a 69% reduction
was observed for malaria episodes
accompanied by high levels of parasitaemia
(>100,000 parasites/µl), suggesting that zinc
may preferentially protect against more
severe malaria episodes (84). These authors
reported that zinc supplementation had no
effect on densities of P. vivax parasitaemia.
According to Shankar et al. (84), zinc does
not reduce the incidence of malaria but
reduces the number of parasites that cause
illness, and thus its severity. This is because
insufficient zinc levels affect the development
and functioning of most immune cells, and
inhibit cell-mediated immune responses
(78,84).

Several studies have also shown that the
efficiency of absorption of both zinc and iron
depends on the ratio in which they are
present in the diet or supplement
(22,34,76,77). Negative effect of iron on zinc
absorption in the gastrointestinal tract occurs
only when the Fe:Zn ratio in the diet or
supplement is greater than 2:1 (34,76).
Effect of zinc on malaria

A randomized double-blind placebocontrolled trial designed to test the hypothesis
that zinc supplementation reduces morbidity
from P. falciparum was carried out in African
children in a malaria-endemic region of
Burkina Faso by Mûller et al. (81). The results
of this study reported no evidence of zinc
supplementation being effective against P.
falciparum malaria in a population of African
children with a high prevalence of
malnutrition and zinc deficiency (81).
Children receiving zinc supplements were no
different in the number of episodes of P.
falciparum malaria, or any other
malariometric parameters, from the recipients
of placebo (81). The finding was for all age

Morbidity and mortality in malaria-endemic
regions in developing countries are very high
among malnourished children (78-81). A
number of studies have associated vitamin
A deficiency in children with Plasmodium
falciparum parasitaemia (78,82). Zinc is
known to be essential for a variety of
lymphocyte functions implicated in resistance
to malaria (78). These functions include
synthesis of IgG, interferon-gamma, tumor
necrosis factor and microbicidal activity of
macrophages (14,78).
Studies on the possible efficacy of zinc
supplementation in reducing childhood
morbidity from malaria are contradictory
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groups, and was consistently seen during
both the longitudinal study and the crosssectional surveys. The authors concluded
that their inability to show the effect of zinc
supplementation on morbidity from malaria
may provide evidence that cell-mediated
immunity is less important in the case of
malaria in humans. Such a hypothesis would
be supported by the overwhelming evidence
of malaria not behaving as an opportunistic
infection in African children with HIV infection
or AIDS (81,85).

Despite the limitations of using plasma
zinc as an indicator of zinc status for an
individual, plasma zinc can serve as a useful
method for assessing zinc status in
epidemiological studies. Zinc status can also
be assessed by determining whether the
growth rate of a child is affected by
appropriate zinc supplementation (22,28).
Dietary zinc intake data can also be used
to assess zinc status of a population (28).
This would include estimating the amount
and sources of zinc, phytate and fibre in the
diet (86,87) and calculating the diet
Zn:phytate molar ratio (28,29).

The opposite views expressed by these
authors (81,84) create an urgent need for
more placebo-controlled studies to elucidate
the effect of zinc and other micronutrients on
the morbidity and mortality of malaria in
endemic regions in developing countries.

Conclusion
It is clear from the information presented
in this review that the public health
significance of zinc deficiency cannot be
overemphasized. Those in the high-risk
group for zinc deficiency include lowbirthweight infants, children with either
frequent or persistent diarrhoea,
malnourished children, pregnant women and
lactating mothers, particularly in developing
countries. The available data indicate that
either adequate dietary zinc intake or zinc
supplementation, together with other
micronutrients and appropriate clinical
management, enhances the recovery of
children suffering from diarrhoea, infectious
diseases, malaria and malnutrition. Not only
can mild to moderate zinc deficiency in
children enhance the development of these
conditions, but these conditions can cause
an increase in the children’s requirement for
zinc. It is therefore very important to improve
the zinc status of individuals in the high-risk
group by integrating a zinc intervention into
ongoing primary health care programs and/
or existing nutrition and public health
programs in developing countries.

Assessment of zinc status
The non-availability of acceptable
sensitive, specific and low-cost indicators for
assessing the zinc status of an individual or
a population at risk of developing zinc
deficiency is partly responsible for the slow
implementation of appropriate intervention
programs in developing countries (10,15,28).
Zinc has a dynamic metabolic state that is
regulated by strong homeostatic control of
absorption and excretion (10,19,22). When
absorption of zinc is low, the body reduces
the rate of excretion of zinc in an effort to
preserve zinc store (10,19,22). However,
results from several studies strongly support
the use of mean plasma zinc concentration
as the most practical biochemical method for
assessing zinc status of an individual and at
the population level (2,6,10,15,19).
Factors militating against using plasma
zinc for assessing zinc status of an individual
include hypoalbuminaemia, time of sampling
in relation to meals, diurnal variations and
nonspecific decrease in plasma zinc
concentration as a result of an acute phase
response following infection in adults
(2,10,15,19,22).
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The epidemiology of malaria in the Papua New Guinea highlands: 3.
Simbu Province
IVO MUELLER1,2, JULIUS KUNDI3, STEVE BJORGE4, PIOTO NAMUIGI1, GERARD SALEU1, IAN D. RILEY2 AND
JOHN C. REEDER1
Papua New Guinea Institute of Medical Research, Goroka, Malaria Surveillance and
Control Unit, Goroka, Papua New Guinea, Papua New Guinea Department of Health,
Port Moresby and Australian Centre for International and Tropical Health and
Nutrition, Brisbane, Australia
SUMMARY
Two very distinct malaria zones can be found within Simbu Province. The north of
the province is characterized by the absence or very low level of local malaria
transmission, but there is a considerable risk of epidemics prevalent in the lower-lying
parts. During non-epidemic periods, parasite prevalence was usually under 5%, with
similar frequencies for Plasmodium falciparum and P. vivax (47% each), and malaria
was an only minor source of febrile illness. During epidemics, however, 13-36% of
people were infected, predominantly with P. falciparum (64%), and high levels of severe
morbidity were present. In south Simbu malaria is clearly endemic with an overall
prevalence of 35%, combined with a strong age-dependence of infections, low
haemoglobin levels, high rates of enlarged spleen and moderate to severe anaemia
(haemoglobin level < 7.5 g/dl) in children. The malaria epidemiology in south Simbu is
thus more similar to the lowlands than to other highlands areas. Epidemic prevention,
surveillance and response in the north, and bednet distribution and strengthening of
curative services in the south, are therefore the priorities for malaria control in Simbu
Province.
Introduction

While the south was probably always
endemic for malaria (1), malaria in the
northern part was traditionally restricted to
low-lying valleys and among communities
trading with the Bomai people (in south
Simbu) for salt, or the Bundi area in the Ramu
Valley (2). The opening up of the highlands
and subsequent extensive recruitment of
labour from Simbu for lowlands plantations,
and the establishment of coffee plantations
in lower-lying valley areas, led to a significant
increase in malaria in the northern Simbu

Simbu Province consists of two
geographically distinct areas.
The
mountainous north of the province (elevation
1400-4500 m) is densely populated and
linked to the large intermontane Wahgi and
Asaro valleys in the Western and Eastern
Highlands respectively. The southern part
of the province is remote, low lying (elevation
300 to >2000 m) and is linked to the
malarious lowland areas in the Gulf Province.
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valleys (2). As elsewhere in the highlands,
overall malaria parasite rates of 5% to 10%
were regularly observed in the early 1960s
(3), with most of these infections probably
due to P. vivax.

determine the prevalence of malarial
infection in all potentially malarious areas of
the PNG highlands; b) delineate areas of no,
epidemic and endemic malaria; and c)
propose appropriate malaria control
strategies for the different areas.

Malaria control with indoor DDT spraying
was initiated in the mid-1960s in both
northern and southern parts of the province.
In addition mass drug administration (MDA)
was used in the south. Residual house
spraying was highly successful in controlling
malaria in the northern parts, and rapidly
brought parasite rates down to less than 1%.
In south Simbu, however, control was less
successful. In the Karimui/Daribi area
parasite rates remained at 5-10% even after
several years of control (4). Among the seminomadic people in the Bomai area DDT
spraying had little effect and after cessation
of monthly MDA malaria quickly rebounded
to pre-control levels (4). By the early 1980s,
when spraying had become irregular, malaria
prevalence in Karimui/Daribi had reached
30% (5), significantly exceeding the precontrol level of 19% (1). Subsequently, vector
control was abandoned and treatment of
suspected cases became the mainstay of
malaria control in all of Simbu Province.

Methodology
Selection of survey villages
In order to get a good estimate of malaria
prevalence in Simbu Province, with a limited
amount of surveys, a geographical
information system (GIS) was set up that
used village locations from the PNG National
Mapping Bureau, altitude information from
the tactical pilot charts (TCP) and information
on different landforms from the PNG
Resource Information System (8), for the
selection of survey villages. Villages were
stratified according to altitude and landform,
and random lists of villages were selected
so that lower areas (ie, with higher malaria
transmission potential) were over-sampled
and all major landforms were included. The
selection was done separately for each of the
endemic areas in south Simbu and the nonendemic area in the north. This random
sample contained more villages than could
feasibly be surveyed and a final selection of
survey villages was based on further criteria,
such as accessibility, the prevailing local
security situation and advice from local health
authorities. If it was not possible to sample
a selected village, then a neighbouring village
was included instead.

In the last two decades, malaria has also
rebounded in the northern parts of Simbu,
with major epidemics observed during the
1997 El Niño event (National Department of
Health, unpublished reports).
Both
epidemics were associated with severe
morbidity and a rise in mortality.
In this paper, we report the findings of an
extensive series of parasitological surveys
carried out in all parts of the Simbu Province
during 2001 and 2002. This work was part
of a more extensive project for mapping
malaria risk in the Papua New Guinea (PNG)
highlands (6,7), undertaken by the PNG
Institute of Medical Research (PNGIMR) in
Goroka, in collaboration with the National
Department of Health and with support of the
World Health Organization/Western Pacific
Regional Office (WHO/WPRO). The
objectives of these surveys are to: a)

Surveys in the northern part of the province
were timed to coincide with the end of the
rainy season (ie, April-June), traditionally the
months of peak transmission in the highlands
(9,10). Areas in the south were surveyed
both in the rainy period in December-May and
a dry(ier) season in June-November.
Following the above approach, a total of 6
villages in south Simbu and 10 villages in
the northern parts were selected (Figure 1).
Surveys were conducted in the dry season
(ie, July to September 2001) and in the rainy
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season (ie, March to May 2002). Two
villages in south Simbu (Haia and
Yogurumaru) were surveyed both in the dry
and wet season.

household, every member who could be
reached during the stay in the village, was
included in the survey. If the village had less
than 200 inhabitants, complete sampling of
the village was attempted.

Survey methodology
From each individual of the household,
demographic data were recorded, a thick and
thin blood film was prepared, the spleen was
palpated in a lying position and the axillary
temperature was taken. Haemoglobin levels

In order to achieve a sample as
representative as possible of the entire village
population, a household-based sampling
strategy was used. From each selected

Figure 1. Surveyed villages in Simbu Province. Classification according to time of survey and altitudinal strata.
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were measured using the Hemocue system
(HemoCue AB, Ångelholm, Sweden).
Symptomatic individuals were tested with
Optimal test kits (Diamed, Cressier,
Switzerland) and those found positive were
treated with chloroquine plus Fansidar. A
short questionnaire on current symptoms,
past malaria episodes, treatment, use of
bednets and recent travel was administered
to each subject or their guardian.

ranged from 24% to 42% in the endemic
areas in the south of the province and 0.5%
to 5% in non-endemic surveys elsewhere
(Tables 1 and 2, Figure 2). No seasonal
difference in prevalence rates was found in
south Simbu villages (dry 35%, wet 35%, p
>0.5). In 3 epidemics investigated in 2002,
21% (range 13-37%) of people had malarial
infections. Further epidemics were observed
in June 1999 in the Movi and in March-April
2001 in the Kerowagi area (Malaria
Surveillance and Control Unit, Goroka; see
Figure 2). There was a very strong age
dependence in prevalence in the endemic
(÷2= 135.6, df = 4, p <0.001) and epidemic
(÷2= 13.7, df = 4, p = 0.01) surveys, with
prevalence peaking in the 2-4 year age group
and 5-9 year age group respectively (Table
3). In non-endemic surveys no age
dependence among children and
adolescents was seen (÷2= 2.6, df = 3, p =
0.45), although adults (>20 years) have a
significantly lower prevalence (adults 2% vs
5% in others, p = 0.01).

Giemsa-stained blood films were
examined under the microscope for 100
thick-film fields under oil immersion before
being declared negative. The parasite
species in positive films were identified and
densities recorded as the number of
parasites per 200 white blood cells (WBC).
Densities were converted to the number of
parasites per ìl of blood assuming 8000
WBC per ìl. The slides were read at the
PNGIMR in Goroka and Madang by
experienced microscopists. A more detailed
description of the survey methodology is
found in Mueller et al. (6).

Three of the four human malaria species
were detected (Table 4). The most common
species in endemic and epidemic surveys
was Plasmodium falciparum, followed by P.
vivax and P. malariae. In non-endemic
surveys, however, P. vivax was as common
as P. falciparum (47%, Table 4). P. ovale was
not found.

Data entry was done at the PNGIMR in
Goroka using a double entry system.
Statistical analyses were done using STATA
7.0 (Stata Corporation, College Station, TX)
and SPlus (Insightful Corporation, Seattle,
WA) statistical packages. Chi-squared tests
and logistic regression analyses were used
for categorical variables. Continuous
variables were investigated using Student’s
t-tests, linear regression and analysis of
variance (ANOVA). Haemoglobin values
were adjusted for age and gender effects
using regression splines.

Most infections were of low density: 60%
of infections were sparse (<500/ìl), 9% light
(500-999/ìl), 24% moderate (1000-9999/ìl)
and 7% were heavy (>10,000/ìl), with P.
falciparum and mixed infection showing the
highest densities (Table 4). Geometric mean
densities were highest in epidemic and
lowest in non-endemic surveys (Table 5).
There were highly significant differences in
intensity of infection among age groups in
endemic surveys (F4,468 = 27.9, p <0.001).
Infections were heaviest in infants and
children <5 years old (1180/ìl, CL95[859,
1621]), intermediate in children 5-9 years
(394/ìl, CL 95 [279, 555]) and lightest in
adolescents (10-19 years) and adults (287/
ìl, CL95[212, 388] and 131/ìl, CL95[105, 165],

Results
A total of 2902 people were sampled
during the 18 surveys in 16 different villages
(Figure 1). Among the participants 52% were
female and 48% male, 6% were aged <2
years, 11% 2-4 years, 14% 5-9 years, 18%
10-19 years and 52% 20 years of age or over,
with equal sex ratios in all age groups.
The prevalence of malaria infections
162

163

720

1120

1090

Haia

Negabo*

Yogurumaru*

151

80

178

158

200

201

198

174

N

34.4

23.8

38.2

38.0

36.5

41.8

30.3

32.8

Prevalence
rate (% )

37/14/4

11/0/8

54/15/5

39/11/14

54/18/5

74/15/1

47/22/2

43/14/2

Parasite
species
Pf/Pv/Pm

57.6

11.3

48.9

22.4

29.7

66.2

39.9

27.8

Spleen
rate (% )

10.7

2.5

15.3

5.1

7.6

5.0

2.0

4.7

Temp
>37.5°C (% )

17.2

13.9

29.7

20.5

25.7

28.0

20.8

31.8

F ever
3 d ays
(% )

RESULTS OF PARASITOLOGY AND MORBIDITY IN ENDEMIC AREAS IN SOUTH

*villages situated on Karimui plateau
Pf = Plasm odium falciparum; Pv = Plasm odium vivax; Pm = Plasm odium m alariae
Hb = haemoglobin level

990

Dobu*

Wet season 2002

1090

840

Unane

Yogurumaru*

720

1000

Altitude
(m)

Haia

Boisamaru*

Dry season 2001

Village

SUMMARY OF

TABLE 1

11.1

11.7

10.5

11.9

12.0

10.8

10.4

12.1

11.1

12.0

9.7

11.0

10.8

10.2

10.2

11.5

Mean Hb (g/dl)
Male
Female

SIMBU

7.6

5.1

9.6

5.1

3.6

8.4

12.2

1.8

Hb
<7.5 g/dl (% )

Papua New Guinea Medical Journal
Volume 47, No 3-4, Sep-Dec 2004

1660

Lilikapu

164

1620

1600

Gena

Mandaisuglo

157

140

170

169

108

160

144

134

194

186

N

12.7

35.7

4.1

5.3

13.0

4.4

0.7

2.2

2.1

0.5

Prevalence
rate (% )

7/13/0

39/15/0

2/5/0

7/0/2

11/1/3

4/3/0

0/1/0

1/3/0

1/3/0

0/1/0

Parasite species
Pf/Pv/Pm

7.1

2.1

0.6

0.0

2.8

2.5

0.0

0.0

0.5

0.5

Spleen rate
(% )

0.0

4.3

1.2

2.4

2.9

2.6

0.0

0.0

0.5

0.5

Temp
>37.5°C (% )

SIMBU

18.7

17.1

6.8

8.9

27.1

4.1

11.3

4.5

10.5

20.5

F ever
3 days (% )

RESULTS OF PARASITOLOGY AND MORBIDITY IN NON-ENDEMIC AREAS IN NORTH

Names and results in italics indicate surveys during epidemics
Pf = Plasm odium falciparum ; Pv = Plasm odium vivax; Pm = Plasm odium m alariae
Hb = haemoglobin level

M ai m agu

1600

1520

S ul

C h u ave

1660

Omkolai

Gumine

1540

1750

1480

Galmambo

Kerow agi/Kup

Yambakogl

Kombugl

Kundiaw a/SinaSina

Wet season 2002

1720

Altitude
(m)

Inamona

Movi

Wet season 2001

Village

SUMMARY OF

TABLE 2

13.3

13.1

13.9

13.8

13.6

13.6

13.9

13.3

14.5

13.3

12.3

12.1

13.1

12.2

11.5

12.5

13.1

12.5

13.2

12.8

Mean Hb (g/dl)
Male Female

1.9

2.2

0.0

0.6

1.9

0.0

0.0

2.3

0.0

0.6

Hb
<7.5 g/dl (% )

Papua New Guinea Medical Journal
Volume 47, No 3-4, Sep-Dec 2004

Papua New Guinea Medical Journal

Volume 47, No 3-4, Sep-Dec 2004

Figure 2. Prevalence of malaria in Simbu Province.
Circles: non-epidemic surveys. Triangles: surveys during epidemics.
For locations in south Simbu with both dry and wet season surveys, average prevalence is displayed.

respectively).

and adults (27%, CL95 [23, 31]) had the lowest
spleen rates. The average size of an
enlarged spleen was 2.7 (Hackett’s grade)
with grade 2 spleens (31%) found most
commonly. An enlarged spleen was highly
significantly associated with a concurrent
infection (in endemic surveys 53% with
enlarged spleen among positive vs 33% in

Spleen rates in the different villages
ranged from 0% to 66%, surpassing 10% only
in the endemic southern areas (Tables 1 and
2). In these areas, enlarged spleens were
most common in the 2-9 year olds (59%, CL95
[54, 64]), while infants (33%, CL95 [24, 44])
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TABLE 3
AGE-SPECIFIC
Age group

PREVALENCE OF MALARIA INFECTIONS IN RELATION TO SURVEY TYPE

Endemic
N

Epidemic

PR (% )

N

PR (% )

Non-endemic
N

Total

PR (% )

N

<2 years

99

36.4

12

8.3

51

5.9

162

2-4 years

173

60.1

33

21.2

120

4.2

326

5-9 years

221

53.4

53

35.9

127

2.4

401

10-19 years

284

35.9

69

27.5

162

6.2

515

> 20 years

563

20.1

238

16.0

699

1.9

1500

Total

1340

405

1159

2904

N = number of samples in each age group
PR = overall malaria prevalence rate

slide-negative cases; in other surveys 11%
vs 0.8%, respectively, both p <0.001). There
was no difference in this association among
the different Plasmodium species.

febrile illness both in endemic and epidemic
villages and accounted for 43% (CL95 [37,
48]) and 39% (CL95 [28, 50]) of reported
fevers, respectively. In non-endemic
surveys, however, only 6% (CL95 [3, 12]) of
people with reported fevers had concurrent
malaria infections.

The overall prevalence rates of both
measured and reported fever (Table 1) were
significantly correlated with the prevalence
of malaria parasites in a population (r = 0.79,
p <0.001 and r = 0.70, p = 0.003, respectively;
see also Table 5). However, while 40% of
reported fevers were associated with a
current infection in endemic and epidemic
surveys, only 6% of reported fevers had a
concurrent malaria infection during nonendemic surveys (Table 5). Among the
parasite-positive cases only 10% had a
temperature >37.5°C at the time of the
survey, while another 20% reported fever in
the last 3 days. There was no difference in
prevalence of reported fever among slidepositive people between endemic, epidemic
and non-endemic surveys (Table 5).
However, the occurrence of febrile symptoms
was highly dependent upon the intensity of
infection (Fisher exact test, p = 0.003). 41%
(CL95 [26, 57]) of cases with a parasite density
>10,000/ìl reported fevers compared to 5%
(CL95 [3, 8]) of those with densities <1000/ìl.
Malarial infections were a major cause of

Mean haemoglobin levels in a village
(Tables 1 and 2) were highly negatively
correlated with the prevalence of malarial
infections (r = –0.87, n = 16, p <0.001) and
ranged from 13.8 g/dl in Lilikapu with a
malaria prevalence rate (PR) of 2% to 10.1
g/dl in Haia (PR 49%). Within villages a
concurrent plasmodial infection was
associated with a decrease of 0.7 g/dl
(CL95[0.5, 0.9], p <0.001). The reduction was
similar for all types of single infections, but
was significantly larger in endemic surveys
(endemic surveys: 1.4, CL95[0.9, 1.8] vs other
surveys: 0.6, CL95[0.4, 0.7] g/dl, p <0.001).
The (adjusted) decreases in haemoglobin
are, however, strongly dependent on levels
of parasitaemia (<1000 parasites/ìl: 0.4 g/
dl; >1000 parasites/ìl: 1.1 g/dl; F2,532 = 9.1, p
<0.001).
Outside south Simbu moderate or severe
anaemia (Hb <7.5 g/dl) was virtually absent
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TABLE 4
SPECIES
Species

COMPOSITION AND GEOMETRIC MEAN DENSITIES OF MALARIAL INFECTIONS

N

%

Density (/µl)
Geometric mean

[Min, Max]

Endemic surveys – south Simbu (N = 1340)
324

68.5

436

[40, 66,560]

P. vivax

80

16.9

319

[20, 24,440]

P. m alariae

35

7.4

182

[40, 3160]

Mixed infections

34

7.2

503

[40, 15,560]

Pf/Pv

28

421

[40, 15,560]

Pf/Pm

5

978

[160, 5080]

Pf/Pv/Pm

1

2520

P. falciparum

Epidemic surveys (N = 405)
P. falciparum

52

61.9

667

[40, 150,000]

P. vivax

24

28.6

584

[20, 5640]

P. m alariae

3

3.6

557

[140, 1720]

Mixed infections

5

6.0

309

[120, 560]

Pf/Pv

5

Non-endemic surveys (N = 1159)
P. falciparum

16

47.1

267

[40, 16,000]

P. vivax

16

47.1

225

[40, 2560]

2

5.9

57

P. m alariae

[40, 80]

Pf = Plasm odium falciparum ; Pv = Plasm odium vivax; Pm = Plasm odium m alariae

(Table 2), but during epidemics anaemia
rates are increased significantly from 0.4%
in non-endemic areas to 2% in epidemic
areas (Table 5) and anaemia was associated
with concurrent infections (OR 3.9, p = 0.06).
In the endemic south, anaemia is common
in infants/toddlers (33%, CL95[24, 43]) and
children 5-9 years (16%, CL95[11, 23]), but

rare in adolescents and adults (>10 years:
1.8%, CL 95[1.0, 3.1]). Within southern
villages, concurrent parasitaemia was a
highly significant risk factor for anaemia
(adjusted OR 2.6, CL95[1.7, 4.2], p <0.001),
irrespective of type of infection. However,
the risk of anaemia increased dramatically
with increasing intensity of infection (<1000/
167

7.2%

% mixed infections

168

6.8%
24.3%
42.8%
30.5%
40.2%
10.9
6.9%

Temp >37.5ºC

Reported fever

Reported fever with parasitaemia2

Reported malaria episode3

Enlarged spleen

Haemoglobin level (Hb) (g/dl)

Hb <7.5 g/dl

Overall morbidity levels

392

70.5%

% P. falciparum 1

Overall geometric mean density

35.3%

[5.5, 8.5]

[10.8, 11.1]

[37.6, 42.9]

[28.0, 33.0]

[37.3, 48.4]

[22.0, 26.7]

[5.5, 8.2]

[331, 463]

[5.0, 9.9]

[66.3, 74.4]

[32.7, 37.9]

2.0%

12.6

4.2%

46.2%

39.0%

20.4%

3.2%

609

6.0%

64.0%

20.7%

[0.9, 3.9]

[12.4, 12.8]

[2.5, 6.7]

[41.2, 51.2]

[28.4, 50.4]

[16.6, 24.7]

[1.7, 5.5]

[403, 922]

[2.0, 13.3]

[53.2, 73.9]

[16.9, 25.0]

C L 95

Mean

Mean

C L 95

Epidemic surveys

Endemic surveys

0.4%

13.3

0.7%

14.0%

6.1%

10.0%

0.9%

225

0.0%

47.1%

2.9%

Mean

[0.1, 1.0]

[13.1, 13.4]

[0.3, 1.4]

[12.0, 16.1]

[2.5, 12.2]

[8.3, 11.8]

[0.4, 1.6]

[121, 418]

[0.0, 10.3]

[29.8, 64.9]

[2.0, 4.1]

C L 95

Non-endemic surveys

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.02

0.26

0.01

<0.001

p value

PARASITOLOGICAL FEATURES AND MORBIDITY LEVELS DURING ENDEMIC, EPIDEMIC AND NON-ENDEMIC SURVEYS

Prevalence rate

Parasitology

SUMMARY COMPARISON OF

TABLE 5
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29.6%
52.8%
10.1
11.1%

Reported fever

Enlarged spleen

Haemoglobin level (Hb) (g/dl)

Hb <7.5 g/dl

[8.3, 14.4]

[9.9, 10.3]

[48.1, 57.3]

[25.5, 34.0]

[7.3, 12.9]

1

CL95 = 95% confidence limits
of all species identifications
2
proportion of reported fever cases with concurrent parasitaemia
3
two weeks prior to survey

9.9%

Temp >37.5ºC

Morbidity associated w ith concurrent infection

4.8%

11.4

13.1%

38.1%

10.8%

[1.3, 11.7]

[10.9, 11.9]

[6.7, 22.2]

[27.7, 49.3]

[5.1, 19.6]

0.0%

12.5

6.3%

21.9%

3.1%

[0.0, 10.9]

[11.7, 13.2]

[0.7, 20.8]

[9.3, 40.0]

[0.1, 16.2]

0.03

<0.001

<0.001

0.17

0.42
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ìl: adjusted OR (AOR) = 1.5; >1000/ìl: AOR
= 5.5; LR-test: ÷2= 34.5, df = 2, p <0.001).

anaemia in children are all typical features
of highly endemic areas (14). Malaria is
clearly the predominant source of febrile
illness and a major public health problem in
south Simbu.

Significantly more people in epidemic
surveys reported having had a ‘malaria’
episode in the two weeks prior to the survey
than in endemic and non-endemic villages
(Table 5). However, of all people reporting a
malaria episode only 55% went to a health
facility for treatment and 62% reported taking
antimalarial drugs to treat the infection.
Within surveys, a reported malaria episode
in the prior two weeks was moderately
associated with an increased risk of infection
(adjusted OR = 1.3, CL95 [1.0, 1.6], p = 0.03).
Of all people that reported prior antimalarial
drug use, 27% had a positive blood slide at
the time of the survey.

Compared to the situation before and at
the end of the malaria control era, two striking
patterns emerge. Firstly, the prevalence of
malaria in Karimui today is significantly higher
than in the early 1960s (1), but only
marginally higher than the level observed in
the early 1980s (5). Secondly, there has been
a dramatic shift from P. vivax to P. falciparum
dominance, with the proportion of P.
falciparum increasing from 41% in 1982 (5)
to >70% in 2002. The shift towards P.
falciparum might be at least partly due to
increasing antimalarial drug resistance, as
indicated by the high number of people with
positive blood slides despite reporting prior
antimalarial drug use. A complete discussion
of changes in malaria epidemiology and its
relation to control in Karimui will be given
elsewhere (Mueller et al. in preparation).

Only a small number of people in each
village (6%) reported using bednets. Only in
the Kerowagi area, which was ‘hit’ by an
epidemic in 2001, did bednet coverage
exceed 10%. Travel outside the province
was uncommon: 4% of people in villages in
the north had access to the highlands
highway, but only 0.2% of people in south
Simbu reported travelling in the month prior
to the survey.

The malaria situation in the rest of the
province is comparable to the situation found
in neighbouring provinces surveyed to date
(6,7). The malaria situation in the Kerowagi
area and along the Wahgi River in Gumine
is similar to the one observed in the lower
Wahgi Valley in Western Highlands Province
(6), with parasite prevalence even in the wet
season usually below 5% but with a
significant risk of epidemics. The situation
in the other areas is comparable with most
of Eastern Highlands Province, where
malaria transmission is negligible outside of
epidemics, which have a tendency to occur
at the end of the wet season (7). The present
surveys show that malaria in Simbu has once
again reached pre-control levels. However,
P. falciparum is now at least as important as
P. vivax in local transmission, and during
epidemics it is clearly the predominant
species.

Discussion
Simbu Province can be divided into two
areas each with very different malaria
epidemiology. With an overall parasite
prevalence of 35%, south Simbu is one of
the areas with the highest endemicity among
the PNG highlands provinces surveyed to
date. Similar rates are only found in the lower
Jimi Valley (6) or in the Lake Kutubu area in
Southern Highlands (11). Consequently,
malaria epidemiology in south Simbu is more
similar to lowland areas than to other
highlands areas. Although parasite rates are
somewhat lower than in the Madang area –
40% in Cattani et al. (12) – or the Wosera
area, East Sepik Province – 60% in Genton
et al. (13) – strong age-dependence of
infections (indicative of high levels of
acquired immunity), high spleen rates, low
haemoglobin levels and high prevalence of

As in Eastern Highlands Province (7),
epidemics are associated with high levels of
acute morbidity in all age groups, with a
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significant proportion of reported fevers
attributable to malarial infections. However,
malaria is not a major contributor to febrile
illness in north Simbu outside epidemics.
Despite this fact, most fevers get regularly
treated with antimalarials. A more detailed
discussion of morbidity patterns in similar
highlands populations is given elsewhere
(6,7).

Area with endemic malaria
transmission
In all parts of south Simbu malaria is highly
endemic with the current prevalence rates
significantly above the levels prior to control.
There is no seasonality of transmission and
P. falciparum is the clearly dominant species.
Malaria is a major cause of febrile illness,
haemoglobin levels are low and severe
anaemia is common. Malaria is probably the
most important public health problem in these
areas and interventions are clearly
warranted.

Conclusion and recommendations
Based on overall parasite prevalence and
occurrence of epidemics Simbu Province can
be divided into 3 areas with differing malaria
transmission potential (Figure 3).

Due to lack of data, the malariological

Figure 3. Areas of distinct malaria transmission potential in Simbu Province.
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status of the Mogiagi area remains unclear.
However, the altitude of the area and the
closeness to the highly endemic area in
Bomai increase the likelihood for endemic
malaria, albeit at a lower level than elsewhere
in south Simbu.

epidemics. Yearly indoor residual house
spraying in villages below 1600-1650 m, eg,
along the Wahgi River, should be considered.
Where migration to low-lying gardens is
important, mosquito nets for use in garden
houses should supplement the spraying.
Reliable reporting and efficient epidemic
response is essential for the entire northern
part of Simbu.

Many populations in south Simbu are still
semi-nomadic due to the importance of sago,
bush foods, hunting and fishing for local
subsistence. The mobility of these people
and the remoteness of many areas greatly
reduce the effectiveness of indoor residual
spraying (IRS). Therefore, distribution of
insecticide-treated mosquito nets (ITN)
together with health education and
strengthening of curative services should be
the mainstay of malaria control in Karimui.

Areas with no or very low local malaria
transmission
These areas have parasite prevalence
below 3% with little seasonal variation. While
some local P. vivax transmission in areas
below 1700 m cannot be excluded, most of
the infection is probably acquired during
travels to malarious areas. Malaria is not a
significant source of morbidity. Below 1750
m there is a potential for epidemics during
extraordinary climatic conditions such in the
Movi area in 1998. Above 1700 m normal
mean temperatures are too low for local
malaria transmission. This zone includes all
the areas of Simbu 1600-1650 m above sea
level. No vector control activities are
indicated; however, strengthening of
diagnostic and curative services to deal with
imported malaria cases and the
establishment of an effective epidemic
surveillance and response system are highly
recommended.

Areas with limited endemic
transmission but high risk of epidemics
In non-epidemic times, parasite
prevalence in these areas is generally low
(<5%) with infections due to P. falciparum and
P. vivax equally important. During epidemics,
however, P. falciparum clearly dominates and
transmission can reach high levels (PR
>30%). Most epidemics occur late in the
rainy or early in the dry season (March-June).
Unless properly controlled with early
diagnosis, prompt treatment with appropriate
antimalarial drugs and vector control,
morbidity during epidemics can be severe.
This zone includes all areas in north Simbu
along major rivers below 1600-1650 m. Of
special importance are the areas along the
Wahgi River from Kerowagi to Gumine,
which border areas of epidemic risk in the
neighbouring Western Highlands Province
(Mueller et al., in press). Seasonal vertical
migration to lower-lying food and coffee
gardens, where people sleep in makeshift
garden houses, may put villagers at risk of
epidemics, even though the main villages are
situated at higher altitudes where
temperatures preclude malaria transmission
(15).
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A comparison of booked and unbooked mothers delivering at
the Port Moresby General Hospital: a case-control study
F. FAILING1, P. RIPA2,3, N. TEFUARANI2 AND J. VINCE2
Department of Paediatrics, Port Moresby General Hospital, Papua New Guinea and
School of Medicine and Health Sciences, University of Papua New Guinea, Port
Moresby
SUMMARY
A case-control study of unbooked mothers delivering at the maternity unit of the Port
Moresby General Hospital was undertaken over a period of 7 months. 48 mothers who
had no antenatal attendances during pregnancy were recruited with 96 booked controls.
Reasons for non-attendance, understanding of the importance of antenatal clinics and
socioeconomic and demographic factors were recorded to assess likely risk factors for
non-attendance. Almost half the mothers cited financial difficulties as the reason for
non-attendance at antenatal clinics despite most of them knowing that it was important
to have antenatal care during pregnancy. The two most important risk factors for being
unbooked were mothers having no education (p <0.001) and the type of employment of
their spouse (p <0.01). Unbooked mothers were more likely to have preterm babies (OR
16.1; 95%CI 3.4-75.7) and all 6 perinatal deaths occurred in babies born to unbooked
mothers. Remedial approaches would need to take into account maternal education,
education of partners and the fact that despite free antenatal services in urban clinics
financial difficulties in terms of other costs involved still remain an obstacle to overcome.
Introduction

country. A countrywide survey in 1996
reported that 78% of mothers received some
form of antenatal care and 53% had
professionally supervised deliveries (4). Port
Moresby in the National Capital District has
the best antenatal coverage with only 5-6%
of deliveries at the only public maternity
hospital being from unbooked mothers.
These deliveries, however, have a high risk
for perinatal mortality and morbidity (5). In
2002 the total perinatal mortality rate for
deliveries at Port Moresby General Hospital
(PMGH) was 25/1000; however, the perinatal
mortality rate for unbooked mothers was
108.9/1000 compared to 20.8/1000 for
booked pregnancies (6).

That antenatal care improves both
perinatal and maternal outcomes is now well
established particularly for the more
underprivileged segments of society (1-3).
Papua New Guinea (PNG), like many other
developing countries, has made antenatal
services one of its priorities and has
attempted to increase primary health service
delivery to its largely rural populace and to
increase the numbers of pregnant women
attending antenatal clinics and delivering in
health facilities.
There is, however, great variation in the
use of antenatal services throughout the
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The purpose of this study was to ascertain
why unbooked mothers do not use available
antenatal services in an urban setting where
access to services should be relatively easy
and to assess the association of several risk
factors with poor use of antenatal services.
A secondary outcome was to determine the
perinatal outcome of the unbooked
pregnancies in relation to the booked
mothers.

tests. Univariate variables were entered into
a logistic regression model to predict
independent risk factors for non-attendance
at antenatal clinics. A p value of <0.05 was
taken as significant.
Results
The study consisted of 48 cases and 96
controls. The characteristics of the two
groups are shown in Table 1.

Subjects and methods
This case-control study was undertaken
in the maternity unit of PMGH from 1
February to 31 August 2001. Cases were
mothers who had no recorded antenatal clinic
attendance. For each case 2 booked
mothers who delivered just before or just after
the case were used as controls.

Area of residence
The majority of the mothers were from Port
Moresby city whilst the rest came from
periurban as well as rural villages in the
Central Province. There was no significant
difference between cases and controls in
terms of residential status overall. However,
when analyzed as subgroups a higher
proportion of the unbooked mothers came
from rural villages compared to controls (27%
compared to 14%, p = 0.065).

Data collected were both quantitative and
qualitative. Names, antenatal history, parity
and residential area were collected from the
labour ward registry. Mothers were
interviewed either in the labour ward or the
postnatal ward with a pretested questionnaire
that recorded the following information:
reasons for non-attendance at antenatal
clinics; understanding of the importance of
antenatal clinic visits; type of housing;
maternal education; maternal occupation;
husband’s occupation; previous antenatal
history; baby’s outcome; gestational age at
birth; baby’s birthweight; special care nursery
(SCN) admission; and the outcome of the
admission. Babies were defined as preterm
if they were less than 37 weeks’ gestation.
The progress of babies admitted to SCN was
monitored.

Age distribution and parity
The median age and interquartile ranges
of unbooked and booked mothers were 24
(IQR 22-31.5) and 25 years (IQR 22-29)
respectively. There was no significant
difference in the ages of cases and controls
even at both extremes of age. There was
also no significant difference in the parity of
the mothers between booked and unbooked
mothers.
Education of mothers
Lack of any formal education (in 33% of
the unbooked mothers) was strongly
associated with unbooked status (p =
0.0009). For those who had some formal
education there was no significant difference
in educational levels between the booked
and unbooked mothers.

Qualitative data relating to reasons for not
attending antenatal clinic were subsequently
placed into predetermined categories such
as financial or work-related difficulties.
Data were analyzed using Epi Info version
6.0 and SPSS for windows version 10.
Univariate analyses were performed on
factors likely to contribute to non-attendance
at clinics using ÷2 tests and Mann-Whitney U

Occupation of mothers
There was no significant difference in the
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TABLE 1
DIFFERENCES

BETWEEN BOOKED AND UNBOOKED MOTHERS

U n b o o ked

B o o ked

24 (22-31.5)

25 (22-29)

Number (% )

Number (% )

Age distribution of mothers
Median (interquartile ranges)
Area of residence
Urban

28 (58.3)

64 (66.7)

7 (14.6)

19 (19.8)

13 (27.1)

13 (13.5)

16 (33.3)

7 (7.3)

2 (4.2)

2 (2.1)

Periurban
Rural villages
Education status
No formal education*
Up to grade 3
Grade 3-6

12 (25)

39 (40.6)

Grade 7-10

13 (27.1)

36 (37.5)

Grade 11-12

0

1 (1.0)

Tertiary institution

4 (8.3)

7 (7.3)

Vocational school

1 (2.1)

4 (4.2)

Unemployed

18 (37.5)

15 (15.6)

Semiskilled

14 (29.2)

21 (21.9)

Skilled

12 (25)

54 (56.3)

Husband's occupation*

Professional

3 (6.3)

4 (4.2)

Student

0

1 (1.0)

Unknown (missing data)

1 (2.1)

1 (1.0)

8 (16.7)

6 (6.3)

Housing status
Self-made
Kit house

16 (33.3)

30 (31.3)

Low covenant

14 (29.2)

17 (17.7)

Mid covenant

6 (12.5)

40 (41.7)

High covenant

3 (6.3)

3 (3.1)

Unknown (missing data)

1 (2.1)

0

*significant on multivariate analysis p <0.001
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occupation of booked and unbooked
mothers.
Husband’s occupation and level of
housing

Multivariate analysis excluding mothers
from rural villages showed that for the urban
mothers no education and husband’s job
were still significant risk factors (p = 0.006
and p = 0.04 respectively).

The type of job husbands held was a
significant influence on the attendance of
mothers at antenatal clinics.

Reasons for non-attendance and
understanding of the importance of
attending clinics

A little over half the husbands of unbooked
mothers were either unemployed or had
unskilled jobs whilst over half the husbands
of the booked mothers had skilled
employment.

The main reason for non-attendance at
clinics was financial difficulties with almost
half (42%) citing financially related difficulties
in getting to antenatal clinics (Table 2).
The next most frequent reason was work
related: unbooked mothers were either too
busy or had other reasons such as returning
from the home village after recreational
leave. This was followed by less frequent
causes for non-attendance which included
shame for single mothers and fear of
castigation by health workers in those who
were multiparous.

Overall the husbands of booked mothers
had better jobs than those of the cases (p =
0.009). Housing was also shown to be a
significant factor on univariate analysis but
was not significant on multivariate analysis.
Multivariate analysis
Multivariate analysis using logistic
regression analysis showed that the two
significant independent risk factors for nonattendance at antenatal clinics were no
education (OR 5.8; 95%CI 2.1-15.6; p =
0.0009) and type of husband’s job (p =
0.009).

All mothers knew it was important to attend
antenatal clinics but 13% of them apparently
did not know the reason why they should
attend the clinics. The varied responses to
their understanding of the importance of
attending antenatal clinics are listed in Table

TABLE 2
REASONS

WHY MOTHERS WERE UNBOOKED

R easo n

Number

%

Financial difficulties

20

41.7

Work related (too busy)

11

22.9

Miscalculation of dates

6

12.5

Not married (ashamed to enrol)

3

6.25

Worried about other children (too small)

3

6.25

Grand multiparous (afraid of health workers)

2

4.2

Other

3

6.25

Total

48
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3.

Our study did not include the level of
husband’s educational status nor the level
of husband’s income and their effects on the
booking status of mothers. It did, however,
show that there was a higher proportion of
husbands in the booked group who were
employed, especially in the skilled category,
than in the unbooked group, in which twothirds of the husbands were either
unemployed or engaged in semiskilled jobs.
It is likely, therefore, that the educational
status and income of husbands in the booked
group were higher.

Perinatal outcome
14 babies were premature of whom 12
were born to unbooked mothers (OR 16.1;
95%CI 3.4-75.7; p = 0.000). All 6 deaths
occurred in the babies of unbooked mothers
(p = 0.0001): 3 were stillbirths and 3 died in
the special care nursery.
Discussion
The study shows that mothers who do not
attend antenatal clinic are more likely than
booked mothers to have had no formal
education and are more likely to be from a
poorer socioeconomic background as
indicated by husband’s employment and
housing status. These findings are similar
to those in a study by Klufio and Kariwiga
over a decade ago, which found maternal
age less than 20, social class, husband’s
education, previous antenatal attendance
and maternal education as significantly
different. In their discussion they made the
point that in a male-dominated society
husband’s education was a clearly significant
factor in antenatal attendance, which had
previously been unsuspected, and that
remedial approaches should include
education of husbands on the benefits of
antenatal care (5).

Financial difficulties were cited by almost
half of the mothers who did not attend
antenatal clinic. In a study by Benjamin et
al. on the effect of user fee charges on
utilization of obstetric services in Port
Moresby, household income was noted to
have a significant association (7).
Though perinatal outcome was not the
primary outcome measure in this study nonattendance at antenatal clinics was
associated with detrimental outcomes. All 6
perinatal deaths occurred in babies of
unbooked mothers. Babies of unbooked
mothers were also more likely to be born
preterm and be admitted to the neonatal
ward.
This is consistent with the annual PMGH

TABLE 3
MOTHERS' UNDERSTANDING OF

PURPOSE FOR ANTENATAL ATTENDANCE

R easo n

Number

%

Avoid complications

38

27.0

To deliver healthy live baby

36

25.5

Don't know

18

12.8

For check-up and prophylaxis

31

22.0

7

5.0

11

7.8

Easy access to labour ward and easy delivery
To know progress of baby in utero
Total

141
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statistics (6) and other studies in PNG which
show that poor or no antenatal care is
associated with increased perinatal mortality
(8-9), increased incidence of prematurity and
low birthweight (10) and increased admission
to neonatal care nurseries.

limitations on our study conclusions as this
introduces heterogeneity into the study
population since rural mothers may have
differing reasons and risk factors for clinic
attendance, especially accessibility. Analysis
of data on the urban mothers, however,
showed that no education and husband’s
employment were still independent risk
factors; the sample of rural mothers is too
small for any similar analysis.

Several studies have shown that the
leading causes of perinatal deaths could be
preventable. Syphilis is cited as contributing
towards 10-22% of perinatal mortality
(8,9,11). Malaria is a common cause of low
birthweight (10), which in itself is a risk factor
for mortality (11). Antenatal care should
reduce mortality and morbidity due to those
conditions as well as identifying high-risk
mothers.

Thirdly, the fact that perinatal deaths were
all in the unbooked mothers may suggest
bias in choosing of controls. However, such
bias is unlikely since controls were chosen
from booked mothers just before and just
after the index case. The observed perinatal
mortality in the unbooked mothers most
probably reflects the small sample size of 144
mothers in the study against the background
of a total annual delivery of over 10,000
mothers at PMGH. In that context it is
consistent with the high level of perinatal
mortality in PMGH in unbooked mothers
(108.9 per thousand in unbooked mothers
compared to 20.8 per thousand in booked
mothers in 2002) (6).

Unfortunately those mothers most needing
antenatal care are the ones who do not attend
antenatal clinics. Mothers are more likely not
to attend antenatal clinic if they are from
poorer socioeconomic backgrounds or have
no formal education. Financial and logistic
difficulties are cited as contributing factors
but it is not clear how well prospective
mothers understand the need for antenatal
review.

Could there have been differences in the
way staff treated uneducated mothers
compared to educated mothers that may
have resulted in reluctance to use antenatal
services? Though there is no evidence to
suggest that this may have been the case,
this is an issue that needs to be evaluated.

Our questionnaire reveals that some
mothers have some knowledge of why
antenatal care is important but their
knowledge seems inadequate. A more
qualitative study may be needed to assess
the level of knowledge of mothers.

The qualitative issues could have been
better designed and investigated to look at
issues of why antenatal services are not used
by some mothers considering their level of
understanding of the purpose of antenatal
care.

Limitations to this study
There are several limitations to this study.
Firstly, the study looked at two groups of
women who delivered at the PMGH: those
who attended antenatal clinics and those who
did not. Mothers who had home deliveries,
whether or not they were antenatal clinic
attenders, would have been missed in this
study. The number of women who deliver at
home without presenting to hospital is
unknown.

Finally, there are limitations to conclusions
drawn from a case-control study design.
There may be other confounding factors that
have not been considered and the associated
risk factors may not be causative. However,
these associated risk factors can be
important markers for interventional studies
and programs to address the issues of

Secondly, the study included rural mothers
who delivered at PMGH. This may impose
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perinatal and maternal mortality that are still
important health care issues in PNG and
other third world countries.

3
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Demographic and Health Statistical Survey. Port
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Conclusion
Maternal education and socioeconomic
status are important determinants of use of
antenatal care in Port Moresby.
There is a need for more studies into
factors involved in utilization of antenatal care
and other health services. A better
understanding of how well prospective users/
clients view the importance of such services
is needed in order to plan remedial
approaches. There is also a need for similar
studies in other parts of the country as the
pattern of antenatal clinic use could be very
different from metropolitan Port Moresby.
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Strongyloides fuelleborni kellyi and other intestinal helminths in
children from Papua New Guinea: associations with nutritional status
and socioeconomic factors
SARAH E. KING1,2 AND C. G. NICHOLAS MASCIE-TAYLOR1
Department of Biological Anthropology, University of Cambridge, United Kingdom
SUMMARY
This survey examined the prevalence and intensity of Strongyloides fuelleborni kellyi
and other intestinal helminths in children 5 years of age or under living near Kanabea,
Papua New Guinea. Of 179 samples, 27% of the children tested positive for Strongyloides,
with 81% of these children being a year or less in age. Overall, 68% of the children had
one or more infections including Ascaris lumbricoides and hookworm (Necator
americanus) as well as Strongyloides. Egg counts in the stools ranged from 100 to
98,300 eggs/ml for Strongyloides, 100 to 59,200 eggs/ml for Ascaris and 100 to 3400
eggs/ml for hookworm. There were significant associations between Strongyloides
intensity and weight for age and weight for height such that children with higher
intensities had, on average, lower z-scores. Relationships between the prevalence of
helminth infections and socioeconomic factors were also observed. Logistic regression
models showed that children living farther away from Kanabea (more than 2 hours’
walking distance), in smaller households (5 or less people) and with uneducated mothers
best predict children with Strongyloides. Two of these variables also predicted the
presence of hookworm: maternal education and household size. However, in contrast
to Strongyloides, a larger household size (6 or more people) was significantly associated
with the presence of hookworm. House type was associated with the prevalence of
Ascaris, with children living in houses with tin roofs being less likely to have Ascaris
than those living in traditional houses. In addition, maternal education was associated
with Ascaris intensity in those children with infection, such that the mean intensities
were greater in children of uneducated mothers.
Introduction

with a potentially fatal disease called
‘swollen belly syndrome’. This syndrome
has repeatedly occurred in two areas:
Kanabea (Gulf Province) and Wanuma
(Madang Province) (4-6), with only
sporadic cases reported elsewhere (3).
Previous research has examined
relationships between this helminth and
anthropometric status, but the results
have been inconsistent (G. Barnish,
personal communication, 7,8). One study
has examined S. fuelleborni kellyi in

In Papua New Guinea (PNG), there is an
intestinal helminth that is unique to the
country: Strongyloides fuelleborni kellyi.
Although it has not yet been renamed, recent
analyses do not support a close relationship
with S. fuelleborni fuelleborni, suggesting that
it likely originated from a local zoonotic
source (1). It has been found to have a
widespread, although discontinuous,
distribution (2,3), and has been associated
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relation to socioenvironmental variables
(village and family size), but no significant
relationships were observed (9). The present
study describes the results from a small
parasitological survey conducted near
Kanabea and examines relationships of
Strongyloides and other intestinal helminths
with anthropometric status and household
socioeconomic variables. While no swollen
belly syndrome was observed during the
survey, this study provides new information
regarding
relationships
between
Strongyloides and the socioeconomic
environment in PNG.

Data collection
The cross-sectional survey was conducted
from September 1996 to January 1997.
Villages were stratified based on size and
distance from Kanabea Mission Station, then
randomly selected within each stratum. In
each of the eleven villages selected, all
families that had at least one child 5 years of
age or under were invited to participate in
the study after obtaining permission from the
village headman.
On the day of the survey, a labelled 60 ml
screw-topped plastic sample container and
half a tongue depressor were given to the
parents for each child. The parents were
asked to put a small amount of the child’s
faeces (the size of the end of a thumb) into
the container using the tongue depressor and
return the container as soon as possible
(within 24 hours). As soon as the samples
were received, they were flooded in an
excess of 10% formalin and shaken to make
a thick slurry. The samples were analyzed
twice (once in Kanabea and once in a
laboratory in the United Kingdom) following
the volumetric dilution method (3). This
method was chosen as it has been used
previously in the Kanabea area. It quantifies
egg counts as the number of eggs per packed
ml of faeces and approximates the eggs per
gram of other methods (G. Barnish, personal
communication). A list of the children who
required treatment for parasitic infection was
provided to the clinic and/or local aidpost.

Materials and Methods
The study area and population
This study was carried out in several
villages surrounding Kanabea Mission
Station in the Kaintiba District of the Gulf
Province. Although the Mission Station has
some modern developments including a
health clinic (established in 1968), running
water and hydroelectricity, the villages around
Kanabea remain largely traditional and most
families rely on shifting horticulture. The
people in this area, the Kamea, have been
reported to suffer from poor nutrition and
health (10) and local nurses note that malaria,
respiratory infection, skin infections,
diarrhoea and anaemia are commonly
observed, as well as parasitic infections.
Most of the villages surveyed had
mountainside locations, ranging from
approximately 1000 to 2500 metres above
sea level. The mean annual temperature in
the area is 20 to 26º C (11) and the annual
rainfall is typically between 3556 and 5080
millimetres (12). With respect to the physical
environment, the distributions of
Strongyloides, hookworm and Ascaris in
PNG have been examined in association with
rainfall, altitude, slope, population density,
landform and rock type (13). None of these
variables fully account for the distribution of
parasites, although Strongyloides was found
to be rare or absent in areas of limestone
and polygonal karst.

Anthropometric measurements were
carried out following recommended
techniques (14) with subjects wearing light
clothing and barefooted. Standing height and
recumbent length (on children less than 18
months of age) were measured to the nearest
0.1 centimetre, and weight to the nearest 0.5
kilogram. The age of the children was
determined from clinic cards with the date of
birth accurate to within two weeks. Nutritional
status was determined by comparing heights
and weights with the National Center for
Health Statistics (NCHS) references and
producing z-scores (15,16) using the Centers
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for Disease Control/World Health
Organization (CDC/WHO) program. The
technical error of measurement and reliability
were calculated, and found to be close to the
level suggested by Ulijaszek and Kerr (17).
With the help of a local translator,
standardized interviews were conducted
which provided information on the
socioeconomic characteristics of each
household.

whereas the earliest cases of hookworm and
Ascaris were in children 5 and 6 months old
respectively. Logistic regression analysis
showed that the prevalence of Ascaris and
hookworm increased with age – Ascaris: age
(p <0.001), age2 (p <0.005); hookworm: age
(p <0.001), age 2 (p <0.05). In contrast,
Strongyloides prevalence decreased with
age, with the highest prevalence between 3
and 24 months – Stronglyloides: age (p
<0.005). After controlling for age effects, no
significant differences in prevalences were
observed between the sexes for any
helminth.

Results
Prevalence of helminths
Of 179 stool samples collected from
children 5 years of age or under, 27% tested
positive for Strongyloides fuelleborni kellyi,
with 81% of these children being aged 1 year
or less. The distribution and prevalence of
single, double and multiple infections of
Strongyloides, Ascaris lumbricoides and
hookworm (Necator americanus) are
presented in Table 1. No children were found
to be infected with Trichuris trichiura. Overall,
68% of the children sampled were infected
by one or more helminths.

Intensity of helminth infections
Egg counts ranged from 100 to 98,300
eggs/ml of faeces for Strongyloides, 100 to
59,200 eggs/ml for Ascaris and 100 to 3400
eggs/ml for hookworm. 19% of the children
had Strongyloides intensities over 9900 eggs/
ml (Table 2), a value considered to be
relatively low in comparison to the high
intensities (ie, over 100,000) found in some
children surveyed in PNG (2). The majority
of children with Ascaris (69%) had light
infections – defined by the WHO (18) as an
infection of <5000 eggs/g of faeces. No
individuals had a hookworm intensity of more

The youngest child infected with
Strongyloides was only 2 months of age,

TABLE 1
DISTRIBUTION AND

PREVALENCE OF SINGLE, DOUBLE AND MULTIPLE INFECTIONS

Helminths

N

%

Strongyloides only

26

14.5

Ascaris only

21

11.7

Hookworm only

17

9.5

Strongyloides and Ascaris

8

4.5

Strongyloides and hookworm

5

2.8

36

20.1

9

5.0

57

31.8

Ascaris and hookworm
All three types
No helminths
Total

179
183

100
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than 5000 eggs/ml, and almost all infections
were less than 1000 eggs/ml (93%).

counts were found.
Helminth infections and nutritional
status

Table 3 gives the geometric mean intensity
of helminthic infection by age group for the
total sample, as well as the elevated means
when the uninfected children were excluded
ie, the positives only. Strongyloides intensity
decreased with age, whereas there was a
trend of increasing intensity with age for
Ascaris and hookworm. When only those
individuals who tested positive were
considered, relationships with age were less
clear, with the exception of Ascaris. No
significant sex differences in mean egg

The overall mean z-scores for the 179
children were –2.21 (standard deviation =
1.47) for height for age (HAZ), –2.52 (SD =
1.23) for weight for age (WAZ) and –1.56 (SD
= 1.37) for weight for height (WHZ). The zscore data were normally distributed: HAZ
(Kolmogorov-Smirnov = 0.05, df = 172, p =
0.20); WAZ (K-S = 0.06, df = 179, p = 0.20);
WHZ (K-S = 0.06, df = 167, p = 0.10). The zscores suggest that both acute and chronic

TABLE 2
DISTRIBUTION AND

PREVALENCE OF

STRONGYLOIDES, ASCARIS

AND

HOOKWORM BY INTENSITY (EGGS/ML FAECES)

Egg counts/ml

N

%

100-900

29

60.4

1000-9900

10

20.8

10000-99900

9

18.8

> 100000

0

0.0

Strongyloides

Total

48

100

Ascaris
100-900

16

21.6

1000-4900

35

47.3

5000-19000

14

18.9

9

12.2

> 20000
Total

74

100

Hookw orm
100-900

62

92.5

1000-4900

5

7.5

> 5000

0

0.0

Total

67
184

100
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malnutrition were present.
No sex
differences were observed for the z-scores
although a negative relationship between age
and z-scores was found – HAZ: age (p
<0.05); WAZ: age (p <0.001), age 2 (p
<0.001); WHZ: age (p <0.001), age 2 (p
<0.01).

Helminth infections and socioeconomic
variables
Nine household socioeconomic variables
were examined including village distance to
Kanabea, maternal and paternal education,
languages spoken by the parents, father’s
employment, house type, household size and
toilet type.

Analyses of variance and regression
analyses revealed no significant associations
between the prevalence of any helminth and
z-scores (after controlling for the effects of
age). There were, however, significant
negative relationships between the intensity
of Strongyloides infection and WAZ and WHZ
using multiple regression tests (for positives
only) (Table 4). While these relationships
were not highly significant (p <0.05), the
models accounted for 22% and 27% of the
variance for WAZ and WHZ respectively. No
significant associations were observed for
HAZ.

Initially, chi-squared tests were conducted
to examine associations between these
socioeconomic variables and the presence
or absence of each type of parasite (Table
5). For Strongyloides, children living in
villages farther away from Kanabea were
almost three times more likely to be infected
than children living a shorter distance,
mothers with no education were five times
more likely to have infected children, and
children living in a house with five or less
people were almost twice as likely to be

TABLE 3
INTENSITY OF
Age
group
(months)

INFECTION (EGGS/ML) BY AGE GROUP (TOTAL SAMPLE AND POSITIVES ONLY)

Total
sample
N

0-2.9

Strongyloides
geometric mean
egg counts
All

Positives

Ascaris geometric
mean egg counts

Hookw orm
geometric mean
egg counts

All

Positives

All

Positives

7

2.13

199.53

-

-

-

-

3.0-5.9

19

26.30

2290.87

-

-

1.29

100.00

6.0-11.9

19

22.91

1737.80

2.88

851.14

1.35

302.00

12.0-23.9

37

15.85

912.01

23.99

1584.89

2.82

223.87

24.0-35.9

37

2.88

257.04

54.95

2511.87

12.88

190.55

36.0-47.9

35

2.34

354.81

131.82

3467.37

38.90

257.04

48.0-59.9

18

3.24

1122.02

331.13

6025.60

45.71

309.03

60.0-64.0

7

3.89

13803.84

26.30

2041.74

34.67

144.54

179

6.25

926.83

26.30

2710.19

7.66

229.03

Total

185
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TABLE 4
WEIGHTED

PREDICTORS OF

D ep en d en t
variable
WAZ

Independent
variables
A ge
A ge2
Log Strongyloides
Constant

WHZ

STRONGYLOIDES INFECTION (POSITIVES
WAZ AND WHZ (FINAL MODELS)

LEAST SQUARES REGRESSION OF

A ge
A ge2
Log Strongyloides
Constant

b ± SE

ONLY) AS

ß

p

R2

–0.1178 ± 0.038

–1.595

0.003

0.22

0.0017 ± 0.000

1.261

0.016

–0.4378 ± 0.181

–0.332

0.020

0.0711 ± 0.755

-

0.925

–0.2088 ± 0.055

–2.066

0.005

0.0031 ± 0.001

1.761

0.002

–0.6362 ± 0.253

–0.349

0.016

-

0.014

2.7649 ± 1.076

0.27

WAZ = weight for age
WHZ = weight for height
SE = standard error

infected than children living in a house with
six or more people. When these variables
were examined using logistic regression
analysis, all three significantly predicted
Strongyloides infection after controlling for the
linear effects of age (Table 6).

children infected with hookworm than
mothers with some education (Table 5). In
contrast to Strongyloides, however, children
living in larger households were more often
infected with hookworm than children living
in smaller households. These two variables
remained significant in logistic regression
analysis after controlling for age and age2
(Table 6).

For Ascaris, mothers who spoke only
Kamea were more than twice as likely to have
infected children than mothers who could
also speak Pidgin and/or English (Table 5).
In addition, children living in houses with tin
roofs were less than half as likely to be
infected with Ascaris than children living in
traditional houses. Using logistic regression
analysis, the best predictor of Ascaris
infection was house type after controlling for
the effects of linear and quadratic age (Table
6).

Given the small number of children with
high egg counts for any type of parasite,
intensity of infection (high vs low) was not
examined using chi-squared tests or logistic
regression analyses. In infected children (ie,
positives only), the egg counts (eggs/ml
faeces) could be normalized using log10 (x+1)
transformations for Ascaris only: log Ascaris
(Kolmogorov-Smirnov = 0.08, df = 74, p =
0.20). Regression analysis shows that
mother’s education was found to be the best
predictor of Ascaris intensity, such that mean
intensities were lower in children whose
mothers had any education (Table 7). This
model accounted for 15% of the variance for

Two socioeconomic variables were
significantly associated with hookworm:
mother’s education and household size.
Similar to Strongyloides, mothers who had
no education were more likely to have
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TABLE 5
PRESENCE

OF

STRONGYLOIDES, ASCARIS

Variable

AND HOOKWORM BY SOCIOECONOMIC VARIABLES

N

Strongyloides
%

Ascaris
%

Hookw orm
%

Less than 2 hours' walking distance

37

*10.8

37.8

29.7

More than 2 hours' walking distance

142

31.0

42.3

39.4

158

*29.7

43.0

*40.5

18

5.6

22.2

16.7

No education

96

30.2

46.9

39.6

Some education

63

22.2

33.3

33.3

151

29.8

*44.4

40.4

25

12.0

20.0

24.0

Kamea only

62

32.3

41.9

38.7

Pidgin/English

98

23.5

40.8

35.7

Never employed

131

30.5

38.9

38.2

Any employment

47

17.0

46.8

36.2

158

28.5

*44.3

38.6

21

14.3

19.0

28.6

5 or less

75

**37.3

34.7

*26.7

6 or more

102

19.6

46.1

45.1

Bush toilet

39

38.5

43.6

48.7

Pit latrine

138

23.9

40.6

34.1

Village distance to Kanabea

Mother's education
No education
Some education
Father's education

Mother's language
Kamea only
Pidgin/English
Father's language

Father's employment

House type
Traditional
Tin roof
Household siz e

Toilet type

*p <0.05
**p <0.01
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TABLE 6
LOGISTIC

REGRESSION ANALYSES FOR PREDICTING CHILDREN WITH

STRONGYLOIDES, ASCARIS

AND

HOOKWORM USING SOCIOECONOMIC VARIABLES (FINAL MODELS)

D ep en d en t
variable
Strongyloides

Independent
variables

–0.036

9.368

0.002

Percent correct:

Village distance

–1.486

6.300

0.012

Yes: 35.4%

Mother's education

2.280

4.432

0.035

No: 92.9%

Household size

1.044

7.660

0.006

Overall: 77.0%

–2.495

5.146

0.176

18.156

<0.001

Percent correct:

–0.002

10.847

0.001

Yes: 70.8%

1.339

4.617

0.032

No: 69.2%

–4.302

23.996

0.171

12.555

<0.001

Percent correct:

–0.002

4.919

0.027

Yes: 65.2%

1.477

3.879

0.049

No: 76.9%

Household size

–0.903

5.209

0.022

Overall: 72.4%

Constant

–4.761

21.919

A ge
A ge2
House type
Constant

Hookworm

p

A ge

Constant
Ascaris

÷22

ß

A ge
A ge2
Mother's education

Ascaris intensity.

÷2: 22.841
p<0.001

Overall: 69.9%
÷2: 5.292
p <0.05

÷2: 8.944
p <0.05

Pawlowski et al. (22) have estimated that a
count of roughly 1000 Necator americanus
eggs/g faeces is indicative of approximately
32 worms – N. americanus is the species
prevalent in Papua New Guinea (23). One
N. americanus worm can result in a loss of
0.03 to 0.05 ml of blood per day (19,21).

Discussion
The prevalence and intensity of helminth
infections in children from the Kanabea area
are of significant concern given their
associations with hookworm anaemia (19),
Strongyloides-related swollen belly
syndrome (6) and other health consequences
(20,21). It is estimated that children with
hookworm may experience blood loss
ranging from 0.16 ml to 5.4 ml per day.

A high percentage (81%) of children aged
from 0 to 12 months were infected with
Strongyloides. In a previous survey
conducted in the Kanabea area (4), 86% of
children in this age group were infected with
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TABLE 7
REGRESSION OF MATERNAL EDUCATION AS A PREDICTOR OF

D ep en d en t
variable

Independent
variables

ASCARIS

INTENSITY (FINAL MODEL)

b ± SE

ß

p

R2
0.15

Log Ascaris

A ge

0.1376 ± 0.005

0.299

0.009

(positives only)

Mother's education

–0.846 ± 0.305

–0.307

0.007

Constant

3.073 ± 0.193

-

0.000

SE = standard error

Strongyloides – a result that suggests that
no reduction in Strongyloides prevalence (in
young children) has occurred in almost 20
years (difference of proportions, z = 0.52,
which is not significantly different). Among
the Kamea, small babies spend most of their
time in bilums (string bags) lined with dried
banana leaves or cloth. Eggs, larvae and
free-living adult Strongyloides have been
found in leaves and cloth from the bilums of
infected infants (24). It has been suggested
that keeping infants in soiled bilums may
increase the intensity of Strongyloides
infection as a result of external auto-infection
(3,6).
Data from the earlier survey for children
less than a year in age (the group where
results could be compared) also reveals that
57% had hookworm and none had Ascaris
(4). In comparison, the present study had a
significantly lower prevalence of hookworm
(10%) (z = 3.59, p <0.001), and a significantly
higher prevalence of Ascaris (14%) (z = 2.54,
p <0.05) in this age group.

years of age or less had Strongyloides
intensities over 9900 eggs/ml faeces.
At least three other studies have examined
relationships between anthropometric status
and Strongyloides fuelleborni kellyi. One
found a negative relationship between
weight-for-age and weight-for-height zscores and egg counts in children aged from
0 to 10 years living in isolated rural
communities (G. Barnish, personal
communication). Barnish and Harari (8) also
found that Strongyloides egg load was
negatively associated with weight for age, but
the sample size was small. The final study
failed to find a relationship between
Strongyloides and nutritional status (7).
While a relationship between Strongyloides
intensity and anthropometric status was
observed in the present study, the result is
inconclusive due to the small sample size.
However, the relatively high amount of
variance as demonstrated in the models
provides a strong basis for this relationship
to be further tested using a cross-over
randomized controlled trial.

When the intensities of infection are
compared with those from a study conducted
in Western PNG, including Kamea children
(2), the percentage of children (5 years of
age or under) with heavy and light infections
does not significantly differ (difference of
proportions: Ascaris z = 1.56, hookworm z =
1.66, Strongyloides z = 1.21). Similar to the
present study, Ashford et al. (2) observed
heavy Strongyloides infections in infants. In
the Ashford et al. survey, 28% of children 5

Regarding socioeconomic variables, only
one other study in PNG has examined the
association between Strongyloides and
family size, but no significant relationship was
observed (9). While it is evident from the
present study that relationships exist between
socioeconomic variables and parasitic
infections among the Kamea, they are not
straightforward, nor are all of the relationships
highly significant. Nevertheless, all three
types of parasite were significantly
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associated with maternal education. As has
been presumed elsewhere, maternal
education is likely to be a reflection of
maternal technology, defined by Mata (25)
to include appropriate handling of food and
water, care of children during illness, disposal
of children’s stools, personal and household
hygiene, and a positive attitude towards
health care. Among the mothers surveyed,
only 10% had any education, suggesting that,
whatever the mediating factor is, this
relationship should be given further
consideration given its potential impact on
child health. Indeed, maternal education is
also associated with nutritional status among
the Kamea (26).
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It is possible that the socioeconomic
variables associated with each type of
helminth may differ depending on the mode
of transmission (Strongyloides and
hookworm can be transmitted through the
skin, while Ascaris is transmitted faecoorally). House type could be a proxy for
sanitation. However, among the Kamea,
traditional houses are typically made of
bamboo and thatched with pandanus leaf,
but are similar in structure to houses with a
tin roof, which are also made of bamboo. It
is possible that for Ascaris, improved
socioeconomic status may be an important
mediating
variable,
whereas
for
Strongyloides and hookworm, other
environmental factors may be more
important.
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How the poor die in the settlements of Port Moresby, 2003-2004
P. SIMS1
Division of Public Health, School of Medicine and Health Sciences, University of
Papua New Guinea, Port Moresby
SUMMARY
A study of death and dying was carried out in the settlements of Port Moresby in 2003
and 2004. This descriptive study of 53 patients indicated that they are dying from chronic
illnesses, particularly tuberculosis and HIV (human immunodeficiency virus) infection.
They are dying slowly over several weeks with minimum care from the health services.
The study also showed the problem of violent deaths by guns, by stabbing, by beatings
and by police in pursuit of criminals. The lack of a well-coordinated ambulance service
leads to preventable deaths in road accidents and in childbirth.
Introduction

lifespan die and do so quite quickly from
infectious disease in developing countries.
They either get better or die within a short
period. However, the global demographic
transition (6) means that worldwide more
countries have an increasingly elderly
population, dying from vascular and heart
disease, strokes and cancers, particularly of
bowel, breast and bronchus. The final illness
is often drawn out, over weeks and months.
The distressing symptoms of pain, cough,
constipation or diarrhoea, restlessness,
anorexia, weakness, wasting and fear are
now also seen more often in developing
countries. The AIDS (acquired immune
deficiency syndrome) epidemic has hastened
this process, as patients waste away with
diarrhoea, opportunistic infections and
immune failure, while relatives may even try
to conceal their dying from fear and shame
of the HIV (human immunodeficiency virus)
stigma (7).

There is interest around the world in the
problems of the dying and in terminal care,
particularly pain relief, spiritual succour and
material aid. 56 million people die every year
(1) and if each death affects say 5 other
people, then 300 million people or 5% of the
world’s population are affected by death
every year (2). The problems, both for the
carers and for the dying person, need
consideration, as do the consequences for
the carer and family after death. Country,
culture and religious beliefs need to be taken
into account when considering their material
support, ie, food, housing, education bills,
their ability to cope with the legal and
bureaucratic process and the time and
importance of grieving. The care of the dying
is recognized in Europe and the Americas
as a considerable and sometimes specialist
skill, requiring further postgraduate training
and learning a new paradigm of care. The
whole ethos of the ‘hospice movement’ is one
of maximum palliation and minimum
intervention (3,4).

Papua New Guinea (PNG) is facing an
AIDS epidemic and the HIV seroprevalence
in pregnant women is around 1% (8). It is
anticipated that in the next 5-10 years AIDS
will increasingly dominate medical practice.
Already tuberculosis and AIDS account for
70% of the bed occupancy on the hospital

Developing countries account for 85% of
the world’s deaths (2,5). Many children and
adults at an age well below their potential
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medical wards and together account for over
30% of all medical deaths (9) in Port Moresby
General Hospital. It is likely that over the next
10 years there will be an increased need to
provide some form of palliative care, as near
as possible to people’s homes, if the hospitals
are not to be overwhelmed by people with
HIV/AIDS (N. Muirden, personal
communication).

Methods
This study attempted to describe the
pattern of death and dying in the poor
settlements of Port Moresby in 2003-2004.
We collected data on adult deaths (aged 15
to 50 years) occurring between July 2003 and
March 2004 – a 32-week period – in 9-mile
and surrounding settlements of Port Moresby,
Papua New Guinea. The University of Papua
New Guinea’s School of Medicine and Health
Sciences’ Ethics Committee gave permission
for this study.

There has been little research into the area
of death and dying in resource-poor
countries, although the subject was first
discussed in Papua New Guinea more than
20 years ago (10). It is important to attempt
to estimate the size of the problem in PNG
and to discuss its best management (11). It
may then be possible to consider how best
such needs may be met. In PNG, highly
active anti-retroviral therapy (HAART) has
only become available in 2004 and there is
still no well-defined system of palliative care.
The National AIDS Council Secretariat
(NACS) is working with local church groups
to develop a home-based care and
counselling service and a holistic response
to the AIDS problem countrywide.

There is no regular system of birth and
death registration in PNG and only if a person
is to be buried in a town cemetery will the
death be registered. In the poor settlements
of the city, deaths may go unrecorded, a
person may be buried locally or the body may
be transported many miles to the home
village.
The tuberculosis (TB) contact workers are
respected and known in the settlements; they
are usually young men who can operate
safely there. They also know about the
deaths in the settlement and have an informal
system of communication. The TB worker
in this study was a qualified nurse with
several years’ experience in clinic and
hospital work. On some occasions he had
access to the patient’s record card or the
clinic TB register. Two TB contact workers
were recruited for this study; in carrying it out,
one worker did all but one of the interviews.

The settlements and shanty towns are
peculiarly difficult to investigate. Law and
order is a major problem in PNG and the
settlements are particularly unruly so that few
health workers venture into them. The
settlements of Port Moresby accommodate
an impoverished and immigrant population,
who have come into contact for the first time
with countrymen who differ in language,
culture and even appearance. Violence
easily erupts between people from different
parts of the country living together in squalid
conditions.

A questionnaire was prepared which
examined medical, social and community
issues around death and dying. It attempted
to collect demographic data on age, sex,
occupation and marital status and information
about the last illness, probable cause of death
and the circumstances of dying. Data were
gathered about the domestic and social
situation and the support available to the
dying person and their family during and after
the terminal illness and about the problems
experienced.

It is very difficult to know what is going on
in the settlements. Many stories may be
embellished in the telling and there is media
distortion. There is no self-policing and little
community spirit. Many among the criminal
classes skulk in the settlements, while there
are sometimes brutal police raids to attempt
to capture young men suspected of crime and
known as ‘raskols’.

An attempt was made to collect data
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around symptoms, problems and help
provided. We devised a scoring system from
++ to ––, on the basis of presence or
absence, and then marked any plus score
as 1 for each of ten symptoms. Thus a patient
who achieved a ++ or + for four different
symptoms would have an overall score of 4
out of 10.

population during this period of eight months.
Some deaths may not have been reported
to the contact worker and there was a steady
stream of inward and outward migration
which might have affected death rates.
The questionnaire data were entered into
Epi-Info, checked, cleaned and analyzed. It
was checked for internal consistency and any
unusual findings and reviewed with the
interviewers.

For problems of provision and help
provided by different sources, ++ (a lot) was
scored 2, + (some) as 1, again out of a
maximum of 10, in an attempt to obtain a
numerical reflection of the burdens of illness
and approaching death. Plainly, this only
determined the problems from the carers’
perspective and the patient may have had
very different feelings and perceptions.

Results
Demography
In essence the study group is a poor
population and nearly half were unemployed.
Of the deaths, 64% were in males. The men
were probably less likely to be married than
the general population and not to have a
religious belief (Table 1).

The questionnaire required the interviewer
in effect to conduct a verbal autopsy and
make the best estimate of the real cause of
death. The questionnaire design was
discussed with the interviewers and refined
in practice, and the data that were recorded
were further discussed with the workers after
collection, to try to obtain a consensus around
the probable cause of death. Every effort was
made to reach a ‘working conclusion’ on the
probable cause of death by this iterative
process ie, the interviewer recorded the
information and made a diagnosis, the data
were examined by the researcher who then
discussed the recorded information with the
interviewer until both were satisfied that the
cause of death, as determined, was as
accurate as possible.

Health, housing and sanitation were a
settlement problem. Living conditions were
poor by urban standards in that only 12
respondents had an inside lavatory (23%)
and only 19 (36%) had electricity in the home.
Most people (70%) managed with a tap
outside or possibly used rainwater or a river.
Most (>70%) used a pit latrine, shared often
with another family. Cooking was over an
open fire or kerosene stove and lighting was
with kerosene lamps and candles.
Cause of death
The predominance of deaths from chronic
infections like TB and AIDS is important given
the consequences for patterns of death and
dying. Violent deaths and road accidents
together accounted for nearly a third of
deaths in this group (Table 2).

A small pilot study was successful and the
main study began in July 2003 and ended in
March 2004 although the main data collection
period was from September to November
2003 and in February 2004. Details of deaths
were collected in settlements around
Moresby at 6-mile, 9-mile, 12-mile and 18mile and at Sogeri. The denominator
population is uncertain, somewhere between
20,000 and 30,000, and the aim was to collect
data on all deaths outside hospital between
the ages of 15 and 50 (there was some
uncertainty about age) occurring in that

Duration of illness
In more than a third of the sample the time
to die, from diagnosis to death, was more
than 4 weeks, while for the AIDS/TB deaths
the duration of dying was much greater (Table
3, Figure 1). The mean was 6.3 weeks,
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TABLE 1
SOCIODEMOGRAPHIC

ASPECTS OF THE DEATHS INVESTIGATED BY VERBAL AUTOPSY IN

PORT MORESBY SETTLEMENTS
Number

Number of deaths

%

53

S ex
Male

34

64

Female

19

36

Married

37

70

Single

16

30

42

79

Marital status

Religion
Christian
Roman Catholic

14

26

Reformed

13

25

Seventh Day Adventist

7

13

Other

8

15

Non-Christian

11

21

28

53

Employment
Employed
Non-manual

7

13

Manual

9

17

Housewife

9

17

Other

3

6

Unemployed

25

47

Age (years)
Mean

36.2

Median

35.5

Age bracket*
<30 years

19

37

>30 years

33

63

*data incomplete and not always reliable
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TABLE 2
CAUSES
Cause of death

OF DEATH AND ITS CHARACTERISTICS

No (% )

Age
(mean)
(years)

Male: Female

Illness duration
(mean) (w eeks)

Home
death %

38.5

3:2

11.5

93

All male

1.7

75

Chronic infectiona

15 (28.3)

Vascular disease

4 (7.5)

55

Violence*

9 (17.0)

30.1

2:1

<1

44

Road traffic accident

8 (15.1)

32.2

3:1

<1

0

Asthma

3 (5.7)

Cancer

1 (1.9)

Pregnancy

3 (5.7)

Acute infection (typhoid)

2 (3.8)

Suicide

1 (1.9)

Sorcery

1 (1.9)

Other/unknown/old age

6 (11.3)

Total

53

a

The AIDS/tuberculosis deaths were checked carefully and it is likely that all the chronic deaths from infection were
from this combination
*Murder, rape or accident

median 3.5 weeks and the standard deviation
(SD) 9.5 weeks. This distribution was
skewed because of the number of acute
deaths from violence.

defaecate. The burden of care, often in
association with the stigma of HIV disease,
in those dying from chronic infections was
greater. In AIDS deaths these frequencies
were markedly increased so that 66% had
faecal incontinence and/or diarrhoea and
87% cough, while 40% had significant pain.

Care requirements
Death is now a long drawn out and
increasingly difficult process and there are
requirements for nursing, medical and
spiritual help (Figure 2).

Place of death
The place of death was most often at
home. In this population, 35 (66%) of people
died at home and 18 (34%) elsewhere, for
example, following a stabbing in the street,
or at the roadside after a road traffic accident.
For this reason hospital statistics would not
capture these data and it is unlikely that
routine death certificate data in the city would

Symptoms
The patients, dying slowly, suffered with
pain (32%), diarrhoea (32%) and cough
(40%). They were often so weak (60%) that
they had to be helped to wash, eat and
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TABLE 3
ILLNESS

DURATION FOR

15 AIDS/TUBERCULOSIS

DEATHS

Duration
5-12 weeks

60%

>12 weeks

40%

Mean

11.5 weeks

Median

9 weeks

capture it either (Figure 3).

was 2.9 (SD = 2.4).

Relationship of informant

c. Sources of help – scoring 0, 1 or 2, with 0
= little, 1 = some, 2 = much or a lot, for 5
main sources of help to a maximum of
10. The mean score was 3.3 (SD = 1.9)
but nearly all this support was from the
family.

The questionnaire informant was a spouse
(11%), a child (11%), a parent (8%), a sibling
(17%), a more distant relative (13%), a friend
(25%) or somebody else in the community
(15%).

These data are difficult to interpret and
plainly the distress actually suffered by the
dying person may be quite different from the
impressions of friends or family. It says at
least that symptom control is often
problematic, provision is limited and the
burden falls largely upon the family.

Caregivers
Most terminal care was provided by the
family (85%), who struggled to give nursing
care. Health services provided some care
(29%) and the church provided care in 59%
of cases. Friends and the community also
assisted (Figure 4). The family in particular
provided help with money for medicines and
food while the person lived and, even more
important, contributed to the funeral in cash
or kind. Indeed, it was the family who
provided help with the funeral expenses and
other financial needs around the time of
death – virtually 100% of the time.

Discussion
This paper is a qualitative description of
the deaths in the settlements of Port Moresby
in an 8-month period in 2003-2004. It is not
an epidemiological study, for there is no
information on denominator and
ascertainment of deaths was almost certainly
incomplete.

Quantitative analysis

a. Problems of suffering – counting 1 for
each positive symptom to a maximum of
10, the mean score was 2.2 (SD = 2.0).

The accuracy of recall may be problematic,
when given other than by a family member;
but as far as possible information was
collected within 3 months of the death. It is
a retrospective and observational study in an
attempt to examine a very difficult area.

b. Problems of provision – scoring 0, 1 or 2,
with 0 = little or none, 1 = some and 2 =
much or a lot, for 5 different types of care
to a maximum of 10. The mean score

At present a study of deaths in the
settlements, matched by age, sex and
diagnosis with deaths outside as controls, is
not possible in Port Moresby. There is no

An attempt was made to quantify:
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Figure 1. Duration of last illness for all deaths.

Figure 2. Care requirements in the dying. The data were obtained from a questionnaire.

information about settlement deaths routinely
available; there is no way of tracing people
accurately by their address; while there are
huge problems of access and safety for staff
in the settlements.

deaths and they were less likely to die at
home. While the HIV death rate indicated
that men were dying younger than women,
ie aged 36 years versus 42 years, this
difference is not significantly different from
the national figures (8), where women are
infected younger and die earlier.

The questionnaire seemed to work well
and one person collected most of the
information. The data showed internal
consistency: for example, young men, as
expected, were more likely to suffer violent

The settlements probably have a higher
death rate than the rest of the city as the
people who live there are poor and lack work,
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Figure 3. Place of death.

Figure 4. Sources of caregiving support.

and their standard of living is low. Basic
services like water, sanitation, safe cooking
and lighting are lacking. The difficulties in
the long-term care of a terminal patient with
HIV disease with pain, wasting and chronic
diarrhoea are substantial, particularly in the
absence of any community nursing service.

care in such communities, for there is little
community spirit or ‘self-policing’, while the
police are distrusted and seen as violent and
corrupt.
This study indicates that the ‘demographic
transition’ is underway in PNG with deaths
from cancer, vascular disease and asthma
increasing. In PNG there is still a strong belief
in sorcery and traditional medicines. Thus,
the traditional healer will often be consulted
both before and after the western doctor. TB
and HIV infection are major problems and
are causing much suffering in these
communities; the findings described here

The settlements are violent and dangerous
places – beatings, muggings, rapes, holdups
and shootings are commonplace. They are
often unreported and in the absence of any
medical care people quite often die from their
untreated injuries. There are major problems
in providing 24-hour law and order and health
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reflect those of other studies (12). Indeed,
these problems will certainly increase with
time and need to be urgently planned for.

staffing, eg, The Sisters of Mother Theresa
of Calcutta. The proper and committed care
of the dying is now an essential part of global
medicine (1,3,4).

There is a dearth of accurate data for
standard epidemiological studies in PNG, and
the statistics in the National Health Plan are
built around hospital and health clinic data of
arguable quality (13). Diagnosis and death
are recorded incompletely and, for example,
the very common diagnosis of malaria is
often not supported by laboratory
confirmation. There are few data on death
and illness outside hospitals and none for the
urban settlements.

The road traffic accident problem (15)
affects the whole of the community – the
roads are often in poor condition, driving
standards variable and cars and buses not
serviced. A crowded PMV or open-back truck
packed with people is a major hazard and in
the event of an accident there will be many
people injured and killed. The road traffic
accident deaths reported in this study are the
result of a single bus crash on the Port
Moresby to Sogeri road. Data on road
accidents are unavailable, but the
Emergency Unit at Port Moresby General
Hospital has a constant daily stream of minor
injuries and usually one major accident
monthly with two or more deaths every week.
There is no reliable emergency ambulance
service so patients cannot be rapidly
transferred to a hospital. They perish by the
roadside from conditions which are eminently
treatable with standard procedures.

In the long term the cost and effort to
improve birth and death registration would
be repaid in better planning, development
and use of services. Meanwhile, repeating
studies similar to this would greatly assist in
monitoring a developing situation.
People are now dying slowly and have
multiple needs, which are not met by present
health and social care services, and relatives
plainly struggle to cope. The poor housing
conditions make this much more difficult – a
patient with terminal AIDS and cryptosporidial
diarrhoea may have 20 or more bowel
evacuations in 24 hours (7,14). In the
absence of an inside lavatory, no running
water and no electric light, the nursing
required is daunting. The law and order
problems in the settlements are such that
health staff are unwilling to provide care in
people’s homes, as staff have been attacked
and female staff sexually abused. The
Catholic Church continues to provide some
care and support and other religious
communities continue to visit where they can.

In this study three young women died in
childbirth. The problem again involved lack
of rapid transport to the Obstetric Unit at Port
Moresby General Hospital and the failure to
provide an efficient and effective 24-hour
transport system.
The problems of living and dying in the
settlements of Port Moresby are highlighted
by this study. There is an urgent need to
work with the people in the communities, to
try to listen to them and work with them. In
this way the possibility of developing a
community spirit, real leadership and selfpolicing is possible. It is on the guarantee of
law and order and of staff safety that a
domiciliary service may in time be built.
Without that assurance the poor will continue
to suffer and to die and their state will worsen.

Although a single hospice in Port Moresby
would be plainly insufficient, it would help to
change thinking among the professional
carers and it would motivate charities and
enhance professional skills. An inpatient unit
and an outpatient/day-care service could
begin to serve the population, provided it was
given outside funding and could call upon the
services of a religious order to ensure
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Antenatal care in Goroka: issues and perceptions
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Medical Research, Goroka
SUMMARY
The high maternal mortality rate in Papua New Guinea indicates an urgent need for
action. One area for examination is antenatal care. From April 2002 to August 2002 a
qualitative study was undertaken in order to identify perceptions, beliefs, barriers and
strengths relevant to the utilization of antenatal care by women in the urban, periurban
and rural communities of Goroka, Papua New Guinea. Interview data about antenatal
care utilization were collected from 20 pregnant or parous women and 4 antenatal health
care workers and relevant statistics were reviewed. This information was analyzed in
order to identify the constraints faced by the users of antenatal care and health care
workers providing such services and to make recommendations aimed to improve the
utilization and delivery of antenatal care in Goroka. Multiple encouragers and barriers
to using antenatal care were identified within the three categories of physical barriers/
encouragers, cultural issues and health care system characteristics. The attitude of
health care workers and their perceived ill-mannered treatment of women was one of
the most significant concerns raised by the women. Nevertheless, all of the women
expressed overall satisfaction with the care given. All of the health care workers stated
that antenatal care is very important for the health of both the baby and the mother and
expressed a desire to improve the level of care. The major constraints faced were staff
shortages, limited supplies and broken equipment. There were four key areas of strength:
the broad level of coverage, the high regularity of attendance, the women’s commitment
to antenatal care and the willingness of health care workers to overcome resource
difficulties in the provision of care. Recommendations to improve the delivery of antenatal
care services and their utilization by women addressed the situation of women and the
interactions between women and health care providers, and proposed innovations in
the health care system.
Introduction

chance that pregnancy or childbirth will cause
her death. By contrast, the lifetime maternal
death risk is 1 in 1500 for the developed world
(2). The maternal mortality rate for PNG in
2000 remained at around 120 per 10,000 live
births (3). This situation is dire and
demonstrates an urgent need for improved
maternal care in PNG. A review of literature
relevant to PNG identified a number of
barriers to health care utilization: health care
system factors, psychosocial and cultural
variables, financial situation, social support

A review of available literature revealed
that multiple barriers to antenatal care and
health care facility utilization have been
identified in Papua New Guinea (PNG);
however, few studies have focused on
understanding the total antenatal care
experience for women. Gillett (1) in her
comprehensive 1990 review of the health of
women in PNG estimated that during the
average woman’s lifetime she has a 1 in 26
1
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systems and the personal experiences of
women with antenatal care (4-6).

Human Research Ethics Committee.
Informed consent was obtained from all
women, health care providers and health
care facilities prior to data collection. No
personal identifying data were recorded and
great care was taken to ensure confidentiality
of the study participants. Interviews were
conducted in tok pisin (Melanesian Pidgin),
recorded and translated into English.

The present study was designed to identify
perceptions, beliefs, barriers and strengths
relevant to the utilization of antenatal care
by women in the urban, periurban and rural
communities of Goroka in the Eastern
Highlands Province (EHP) of PNG. Data
were analyzed in order to identify the
encouragers and constraints faced by both
the health care workers and the users of the
services. Recommendations were proposed
to help improve the utilization and delivery
of antenatal care in Goroka, in both the short
and long term.

Purposive sampling was used to identify
three communities which were known to be
receptive to research projects, and
convenience sampling was employed to
identify women within those communities
who were willing to participate. The
communities were chosen to enable
comparison between urban, periurban and
rural communities. Over the four-month
period (mid-April to mid-August) in 2002, the
field team conducted semi-structured
interviews with 20 pregnant or parous women
from the selected communities, facilitated 2
focus groups with pregnant women,
observed interactions of health care workers
and their antenatal care clients, interviewed
4 antenatal health care workers from three
clinics, and gathered relevant statistics from
health care services.

Methods
As this study aimed to increase
understanding of antenatal care utilization
through the analysis of beliefs and
perceptions of women and health care
workers, it used a combination of
predominantly qualitative and some
quantitative methods. It was designed as a
cross-sectional descriptive study and was
generally retrospective in nature in that it
primarily investigated prior experiences,
beliefs and perceptions of women. It was
not a large-scale or nationally representative
study but an exploration of beliefs within the
chosen community. The informal and open
style of the interviews aimed to reduce the
possibility that the women would give
information that was perceived to be correct
or more acceptable to the researchers.

Results
According to the Papua New Guinea
Department of Health (3), in 1990 in the EHP
the estimated number of live births was
10174, the antenatal coverage was 61.5%,
slightly lower than the national coverage
(64.2%), and the annual number of new
antenatal attenders was 6255 women in a
total attendance of 17098 (37%). In 2000
the antenatal coverage for EHP (61%) had
not changed (8). According to attendance
records at Goroka Base Antenatal Clinic, the
total attendances at Goroka Base Antenatal
Clinic have decreased over the last three
years. In 2000 the total attendance was 2712
women, in 2001 it was 2425 and in 2002,
from January to June, there had been 1158
women (which gives an estimate, based on
previous years, of 2326 for the year).
According to records at Goroka Hospital

The research design employed a socioecological approach which permitted a
qualitative focus where data collection
involved semi-structured interviews with
women and health care workers (7). This
approach allowed the users’ perspectives
and total situation to be explored within a
social, cultural, psychological and
organizational framework.
Ethical approval was obtained from the
PNG Medical Research Advisory Committee
as well as the Curtin University of Technology
203

Papua New Guinea Medical Journal

Volume 47, No 3-4, Sep-Dec 2004

there were 2855 live births at Goroka Hospital
in 2001. Maternal deaths for EHP were 12
in 1990 (3), 24 in 1998, 16 in 1999 and 17 in
2000 (8).

to receive health education. Education was
mostly stated in a general sense and not for
the receipt of specific information.
The average time of first visit for women
on their first pregnancy was the fifth month
with 4 of the 20 women going for antenatal
care as soon as they missed a period or
within the first month. However, some error
in recall of this information is likely as some
women had had their first pregnancy more
than ten years previously. In subsequent
pregnancies, there was a pattern of
postponing the first visit to the seventh or
eighth month with only 3 mothers stating that
they had gone earlier than the fifth month for
their initial visit. Most women stated that in
subsequent pregnancies they had gone for
their first visit closer to the time of delivery.

The data revealed four key areas of
interest: the women’s reasons for attending
antenatal care, the women’s perceived
barriers and encouragers to attending, their
experiences of antenatal care and the health
care workers’ beliefs and perceptions about
antenatal care services.
Reasons for attending antenatal care
The reasons that women gave for
attending antenatal care fell into three
categories: to seek out care for themselves,
to seek out care for the unborn child and to
receive education or expected health
treatment. 11 of the 20 women expressed
multiple reasons for attending antenatal care,
whereas the others expressed only one
reason.

All of the women attended regularly once
they had an initial visit, following the
recommended return date given to them by
the health care worker. The only exception
to this was when women encountered an
obstacle that delayed their visit. No woman
reported not continuing to attend antenatal
care once she had started.

In general, the women put a high value on
attending antenatal care. The most common
reason given for attending antenatal care was
to receive information regarding the state of
the unborn child (13/20). This was expressed
in terms of finding out the lie of the baby and
if there was anything wrong with the baby
and ensuring that the baby would be born
healthy. Another common reason (12/20)
given for seeking out antenatal care was to
receive medication and nutritional
supplements. Equally common (12/20) was
the reason that the women wanted to receive
general antenatal care and to discover any
sickness in themselves.
It was
acknowledged among the women that there
was a possibility of complications during
pregnancy and that going to antenatal care
was a way of finding out whether or not they
were healthy in their pregnancy.

Barriers and encouragers to attending
antenatal care
Barriers
The most common barriers to utilizing
antenatal care fell into the three categories
of physical barriers, cultural issues and health
care system characteristics.
“It is hard to come here. There are many
things that make it hard like finding
transportation, finding money to pay for the
bus, making sure my children are looked
after, and leaving more work for others at
home.”

Two reasons for attending antenatal care
given by a smaller number of women were a
desire to secure a place to give birth at the
hospital, which they believed would be
facilitated by attending for antenatal care, and

Of the 20 women, 9 stated that they had
no difficulties or felt no barriers to attending
antenatal care, while some women described
numerous barriers. All of the women who
stated that they felt no barriers to attending
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antenatal care lived within the urban and
periurban areas. It is interesting to note that,
despite the women perceiving that there were
no obstacles for themselves, they were
aware of and concerned for the women in
other areas who they knew did encounter
barriers.

women found it more difficult to take their
other children with them to antenatal care or
to find others to look after their children.
Additionally, at the time of a relative’s death
or fighting within their village, it was not
culturally acceptable for the women to leave.
Another cultural issue raised by one woman
was that she missed one of her visits because
her relatives were angry with her and had
put a ‘curse’ on her. When her relatives were
no longer angry with her she was again able
to attend antenatal care.

“When I was pregnant it was easy for me
to go for antenatal care because I live close
to the hospital. But for my sister who lives
outside of Goroka it is hard for her to find
transportation and to get the money from
her husband to buy her way to antenatal
care. She also does not have water like I
do, that is easy to wash with, or the time
to spend the whole day away from her
family and garden. I am sorry for the
women who live outside of Goroka.”

The health care system barriers primarily
took the form of long waiting times, negative
attitudes of health care workers, occasional
and unannounced closures of clinics, no
antenatal health care worker present and lack
of nutritional supplements or medications.
Encouragers

The primary physical barriers to the
women were distances that needed to be
travelled, which were difficult because of the
lack of public transportation, lack of money
to pay for transportation or physical weakness
that made it difficult to walk the lengthy
distance to the clinic. Women in the rural
area in particular found that distance was a
barrier to getting to antenatal clinics. The
women of the periurban area saw distance
or transportation as less of a barrier whilst
none of the women from the urban area had
any problem with distance or transportation.
All of the 10 women interviewed in the rural
areas described that they had to walk all the
way to the clinic, or walk some of the way
and then find public transportation to get into
town, followed by more walking or getting
other public transportation from the bus stop
to the hospital. The women in the periurban
and urban areas stated that they walked to
the hospital because it was not far away and
only used public transportation when it was
raining or they were not feeling well. Money
was a physical barrier in that the women did
not always have the money needed to pay
for transportation and were not able to obtain
money easily.

The most common encouragers fell into
the same three categories of physical
encouragers, cultural issues and health care
system characteristics. All the women named
at least one thing that they felt encouraged
them or made it easier for them to attend
antenatal care.
The main physical encourager to the
women in the urban and periurban areas was
that the clinic was close enough that they
were able to walk to it and did not need to
rely on having money or transportation. All
of the women of the periurban and urban
areas made similar statements about the way
in which they got themselves to antenatal
care.
The women who indicated that they
walked to the clinic also talked about how
the exercise strengthened them and helped
them be healthy; and in one woman’s case
she believed that it helped her have an easier
labour.
Another physical encourager as well as a
cultural encourager described by several
women in the rural areas was that they had
family to look after their other children. The

The expected roles of women within the
culture presented some obstacles since
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close kinship system of PNG is a strength in
that it assists women to receive support and
assistance from their families. Most women
did report that their husbands, relatives or
extended family were able to and did assist
them to receive antenatal care while they
were pregnant. The provision of social
support in much of PNG is a culturally felt
obligation and is heavily depended upon. 15
of the women stated that their husband was
supportive of them during their pregnancy
and that he helped them with such things as
household duties, money, food, clothing and
childcare. 6 women said that their in-laws
were supportive in similar ways and 6 women
stated that their own families were supportive.

“I thought about if I would survive or if my
baby would survive. If something went
wrong, it would be easy for one of us to
die. I think that the nurses do good work,
and important work. They help by
checking the baby, checking me, giving
medicines. Even though they get cross
sometimes it is good work that they do.”
Despite the high level of satisfaction with
services received, it is interesting to note that
14 women also brought up the issue of being
dissatisfied with the attitudes of or treatment
by the health care workers. This was the
most common concern that the women
raised regarding the care that they received.
“If a nurse is angry at me she should talk
to me quietly inside the room on my own.
This practice of theirs to get angry at me
when I am outside with all the other women
is not a good one.”

It was interesting to find that the women
in the periurban settlements stated that they
received less help from family and in-laws.
This is probably because the families that are
living in settlements have moved there from
a village and away from their extended
families. All of the women who stated that
they did not have enough support or found it
difficult to find childcare were living in the
periurban areas.

The health staff were described as
shaming them and getting angry with them
for not having washed before attending for
their visit, for not wearing convenient clothing,
for having too many children and/or for
missing a visit. Shaming or condescending
attitudes of health care workers were outlined
as a concern in health education talks, advice
giving and the collection of patient
information.

As all of the women in the study received
antenatal care during one or more of their
pregnancies, each of them had access to a
clinic which provided antenatal care. The
provision of antenatal care in clinics was an
encourager to women being able to receive
the care. The women also perceived the
health care providers’ work as important and
beneficial and sought out their care.

Additionally, women reported being
concerned with the long waiting time between
the time that they arrived and the time of
completing their visit as well as the
inconvenient waiting area (when it was hot,
rainy, cold, wet etc). Other issues that were
raised by women were lack of easy
communication with health care workers,
high fees (20 kina) for delivery at the hospital,
that nurses in training were performing
antenatal care assessment activities without
direct supervision of a nurse and that male
nurses in training were performing antenatal
care.

Perceptions about antenatal care
All of the women expressed overall
satisfaction with the care given. Most often
they expressed satisfaction in terms of having
received the services that they felt were
important as well as reassurance that their
pregnancies were without complication.
Some of the women expressed satisfaction
in having the opportunity to receive antenatal
care because of its importance in pregnancy
outcomes.

In addition to the information on antenatal
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care provision, the women expressed
opinions regarding the provision of labour
and delivery care and some heartfelt issues
regarding the care that they received. From
the discussion on labour and delivery
practices and the women’s beliefs and
perceptions, it was clear that there is a need
for further research and understanding of
what women experience in labour and
delivery.

community health workers, as well as a
severe shortage of female doctors, were also
identified as important problems. The four
health care workers desired more inservice
training in order to further their own education
and ultimately benefit their patients.
Despite the challenges to providing
antenatal care, all the health care workers
expressed a desire to improve the level of
care and a personal belief in the importance
of quality antenatal care.

Health care workers’ beliefs and
perceptions

Discussion
The four health care workers reported
providing similar services in antenatal care
and holding similar beliefs about antenatal
care and concerns regarding the
inadequacies of antenatal care. All the health
care workers said that antenatal care was
very important for the health of both the baby
and the mother. The barriers to providing
care were outlined by all four health care
workers as staff shortages, limited supplies
(of medicines, water and educational
materials) and broken equipment. All the four
health care workers believed that women
should be seen regardless of when they
come or how they come so as to provide care
when it is most convenient to women. This
is in conflict with some of the women’s
comments of being turned away because of
coming too early in pregnancy, not coming
on their scheduled visit, or because they had
failed to wash themselves before coming.

Though Papua New Guinea is very diverse
in languages, cultures and the lived
experiences of women, there are common
themes in the interaction of people with the
health services. Therefore, despite the small
sample size drawn from a geographic area
contained within 15 kilometres of Goroka, we
believe that the results and conclusions of
the study do have wider implications.
Nevertheless, they need to be generalized
with caution.
All the women interviewed in the study had
used antenatal clinic services. The rate of
utilization of antenatal services in the Goroka
District is high, which makes it an appropriate
place to conduct such a study and we believe
it has identified important information.
However, the attitudes of non-users and the
added difficulties of more remote and
marginalized women have not been
investigated. Though the factors identified
here are likely to be widely applicable, their
relative weight may be quite different in less
favoured areas.

Another barrier nominated by the health
care workers was the effect of inadequate
facilities for providing good quality care.
These inadequacies included the lack of toilet
facilities, limited or no privacy and inadequate
waiting areas for the women. Additionally,
the health care workers indicated that they
felt that there are too few clinics providing
antenatal care and therefore the patient load
on them was too high. Having a shortage of
health educational materials was also
described as a barrier as was the limited
amount of time available to provide health
education. A shortage of midwives to provide
antenatal care and to supervise nurses and

Strengths of antenatal care
Numerous strengths of antenatal care
were identified by the four health care
workers and the users of antenatal care. The
first of four strengths was that all of the
women interviewed had received some
antenatal care during pregnancy and all of
them stated a positive level of satisfaction
with or placed high value on antenatal care.
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However, this was a small sample of selfselecting volunteers and their responses may
have been biased because the researchers
were perceived as connected with the health
care system. Nevertheless, women putting
value on receiving antenatal care and making
an effort to receive it demonstrated that the
antenatal programs were effective in drawing
women to them. In addition, the lack of fees
for antenatal care ensures that there is not
an additional financial burden in attending the
antenatal clinic.

resources and shortage of staff. Despite the
time constraints, staff shortages and limited
supplies it was observed that the activities
provided during antenatal care were
consistent with the standard of minimum care
adopted by the World Health Organization
(WHO) Technical Working Group on
Antenatal Care (9). These observations were
further supported through the interviews with
the women and health care providers.

Secondly, it was commendable that once
the women started attending for antenatal
care they continued to attend on a regular
basis. The women did not have a pattern of
going only once or occasionally. The overall
opinion of the women was that it was
important to attend according to the schedule
given to them and they attempted to return
on the given date and to overcome any
barriers to attending.

One of the key findings was that the
women, particularly in the rural area,
encountered multiple barriers in their
endeavour to receive antenatal care. One
of the main sociodemographic barriers
affecting the rural women in this study was
their low income and very limited financial
resources. This was complicated by the high
number of visits that the women were
expected to make. The recommended
schedule was for monthly visits until 28
weeks’ gestation, then every two weeks from
30 to 36 weeks and weekly thereafter. As
most women in this study did not start
attending antenatal care until after the
sixteenth week, they very soon had to
undergo return visits on a fortnightly basis
followed closely by the weekly visits. This
presented a financial barrier for some of the
women and took a lot of their time.

Barriers analyzed

Similarly, the third strength is that of the
ingenuity employed by women in overcoming
barriers in order to seek effective care and
to assist others. The commitment of women
to obtaining antenatal care was shown by one
woman who sold a pig in order to have money
for antenatal care and delivery. Another
example is illustrated by the following story.
“When I was nine months pregnant my
village was fighting with the next village.
They had blocked the roads and no buses
were coming. I had to go to the clinic for
my antenatal visit, and as you know it is a
long walk from here. But with no buses I
had to walk. It was not easy to leave the
village with fighting; I was scared because
I thought that with all the walking I might
have my baby alone in a ditch. I did get to
the clinic and everything was okay but it
would have been easier for me to go to a
clinic that was nearer if there was one.”

Another sociodemographic barrier was
having a low level of education. To move
closer to town and health care facilities would
mean having some kind of formal income,
which was more likely if a woman or her
husband had more formal education. This
view is supported by the findings of Klufio
and Kariwiga (4) in that the women in their
study who came from a lower socioeconomic
class and whose husbands were less
educated received less antenatal care. They
also found that the women with higher parity
tended to receive less antenatal care.

The fourth strength was that health care
workers, in spite of providing antenatal care
to large numbers of women, were able to
maintain the level of care given the limited

A situational factor that affected many of
the women in the rural area was that of
access to antenatal care. The limited
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availability of transport and the longer
distances to travel to health care facilities
were barriers to attendance for rural women.
This was particularly true of the high-risk
women who were unable to get the care that
they required at closer clinics and had to
travel into Goroka on a regular basis.
Compounding this barrier were psychosocial
barriers such as physical tiredness during
pregnancy that makes walking long distances
more challenging and the high workload of
the women in gardening, childcare and
activities of daily living. Embedded in the
women’s workload were their expected roles
to support extended family and their
communities in all customary obligations and
activities.

their perceived ill-mannered and
unsympathetic treatment of women was one
of the most significant concerns raised by the
women. Garner et al. (5) similarly found in
their study on infant mortality and antenatal
attendance in a rural area of PNG that the
attitudes of health care professionals as
perceived by clients were a barrier to
utilization. In developing and developed
nations, the quality of health care services is
affected by the unprofessional and
unsympathetic attitudes of health care
workers (11), which in turn can negatively
affect the desire of people to use health
services.
Analysis of observations and interviews in
this study revealed why women perceived the
attitudes of health care workers negatively.
Health care workers were seldom observed
smiling, asking open-ended questions,
making eye contact or delivering health
education in a friendly conversational
manner.
Most observations of the
relationships between the health care
workers and the women revealed that the
women did not ask questions, but did listen
to what was said to them, and that health
care workers had little time for relationship
development. Even though the observations
and reports of women made it apparent that
this is clearly an area requiring change,
health care professionals consistently
reported their desire to provide good care for
women, and women repeatedly reported
satisfaction with the overall care in spite of
the perceived negative attitudes of health
care workers.

The National Sex and Reproduction
Research Team and Carol Jenkins (10) found
that traditional beliefs about pregnancy,
delivery complications and illness
contradicted western medical beliefs. The
findings of the present study did not reveal
many instances where the traditional beliefs
were contradicting western-style antenatal
care. However, there were beliefs regarding
fertility and delivery which were contrary to
western medical beliefs.
Despite
contradicting beliefs, the women still sought
and received antenatal care and health care.
Social events with strong cultural elements
such as a death in the community, clan
warfare and social unrest also created
barriers for the women. The main reasons
that women gave for attending were the
same as those found in the national study
(10). Women in both studies attended most
commonly in order to find out about the status
of their baby. This demonstrated that the
women recognize the benefits of finding out
what the western medical model has to say
about the health status of their baby, which
in turn acknowledges the role that the health
care system has played in informing people
about the benefits of antenatal care.

We speculate that these perceived
negative attitudes are ‘something to be lived
and dealt with’ or ‘expected’ and their
acceptance has its roots deep in the mentality
of accepting the directions and advice from
a ‘superior’ or a ‘more educated person’,
particularly in relation to public or government
services. This is complicated by the cultural
requirement to respect others who are
viewed as more knowledgeable, which in this
case is expressed through listening, and a
desire to avoid being shamed; therefore, the

Attitudes and actions of health care
workers
The attitude of health care workers and
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women remain silent.

at the clinics in this study add to the
frustrations of the overworked staff as well
as further deplete very limited resources.
Failures in the health care system in the
areas of staff shortage and the limited
availability of resources have been variously
attributed to the process of decentralization
and recentralization (12), to the restructuring
of provincial and hospital administration as
well as to detrimental policy (6,13-15) and to
the poor training of health care workers (5).

However, this view is also complicated by
the importance of relationships and the
dependency of people on one another in
PNG. Repeatedly it was observed that
people go to great lengths not to offend each
other. Nevertheless, given this high value
system, it is surprising that health care
workers did not give more attention to the
development of relationships with their
clients. Even though there is often no time
in a busy clinic for relationships to be
developed, a smile, friendly body language
and reassuring remarks could improve the
situation dramatically. However, the teaching
given to health care workers about a positive
attitude and other improved ways of relating
to clients and patients is rarely reinforced in
clinical practice. As there are no ‘market
forces’ operating in PNG there is very little
choice about where to attend for antenatal
care. If the attitude of a health care worker
is not liked, in most cases there is no choice
about going elsewhere. We suspect that this
subtly alters the attitudes of both health care
workers and clients. Another explanation as
to why health care workers shame or demean
women is that it is part of an endeavour to
increase compliance on the assumption that
women will then be more keen to comply with
requests so as to avoid public shaming. This
could be a result of the perceived power
status of health care workers and the
exercise of this power over female clients.

In spite of the barriers to improving the
quality of health care, we believe that the
antenatal care delivery system has survived
as well as it has because of the commitment
of health care workers and PNG’s previous
history of good health care services. The
level of antenatal care in this study was within
the acceptable range as laid out by the WHO
Technical Working Group on Antenatal Care
(9). The areas and issues identified for
improvement in the delivery of antenatal care
were the lack of options for safe home births,
the minimal levels of health promotion, the
lack of maternal counselling on the danger
signs and symptoms of pregnancy
complications, the limited counselling on
smoking, alcohol and betelnut cessation and
the failure to carry out urinalysis.
Previously, there have been attempts at
implementing the use of village-trained birth
attendants and village health workers.
However, these have met with varied
success and have encountered multiple
barriers such as the lack of receptiveness
by communities, cultural beliefs and taboos,
issues of payment and supervision, and lack
of monitoring and evaluation (16-18). There
have also been positive aspects and
favourable outcomes in some of these
programs which may assist in increasing the
success rate of village birth attendant and
health worker programs if they were to be
tried out again.

Health care system
The utilization rates of the three health care
facilities studied were higher than the national
average reported by Gillett (1) in her 1990
review. This is in part because an area with
relatively high antenatal care coverage was
chosen for the study and perhaps also
because of changes in health care over the
last ten years. Access to antenatal care in
and around Goroka was not as difficult to
achieve as it would be in more rural areas of
PNG.

The difficulties that health care workers
face in providing sufficient health promotion
activities of good quality due to the limited
availability of time, staff shortages,

We believe that the high utilization rates
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inadequate training and lack of resources are
clearly understood. Health promotion
education can also prove challenging in that
the messages are difficult to express crossculturally, they contradict traditional beliefs
or they are hard to simplify for general
understanding.
Additionally, health
promotion messages are met with resistance
from women when they are delivered in a
negative and demeaning way.

a general sense of powerlessness (1,11).
One basic and fundamental way of
empowering women is to increase the
availability of education and ease their
access to it. In a paper regarding education
and women in PNG presented at the Waigani
Seminar in 1997 (19), Lady Carol Kidu
stressed that education is a major means of
freeing women from poverty and oppression
while raising their socioeconomic standards.
Likewise, Gillett (1) points to education as
being one of the most important factors
affecting the health of women and their
children in PNG. The education and
empowerment of women can then bring
about more community involvement and
ownership of better health and well-being at
the local level, resulting in a stronger demand
for health care facilities to improve.

Clearly there are costs of both providing
and receiving health care, but given the
reviving strengths of the health care system,
the beliefs and perceptions of women and
the desire to provide good care, there is room
for much hope. We believe that the following
proposed recommendations are feasible
and, if implemented, will have a positive
effect on the delivery and utilization of
antenatal care.

Interaction with health care providers

Recommendations

We suggest that implementing village
health worker programs will bring health care
closer to the villages, provide culturally
acceptable care and give communities a
sense of ownership. These programs,
however, need to be supported by strong
commitment from the community and by
health care workers and government health
officers to ensure that the programs are
sustainable. A well-trained village health
worker, if properly supported, can provide
basic health coverage for the entire
community (not just women) as well as be a
valuable asset to health promotion.

Our recommendations for improving the
utilization and delivery of antenatal care
services in Goroka District fall into three
categories:

•

recommendations applicable to
women

•

recommendations at the relationship
level between women and health care
providers

•

recommendations at the health care
system level.

An important area of education is the
continued education of nurses, health
extension officers and doctors about effective
interpersonal communication, positive patient
relations and skills to deliver effective health
promotion messages. There are many
resources available to assist health care
workers in learning to help communities,
communicating effectively with others and
developing creative ways of delivering
effective health promotion. One such text is
‘Helping Health Workers Learn’ by David
Werner and Bill Bower (20). Another is
‘Training for Transformation: A Handbook for

Improving women’s situation
One of the critical components of
improving the reception of health care by
women in developing countries is to
empower women to advocate for
themselves. The situation for women in PNG
is similar to that in many developing countries
in that they are less educated than men, have
a disadvantaged social position, lack the
financial resources for autonomy and have
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Community Workers’ by Anne Hope and
Sally Timmel (21). Continuing education of
health care workers will help them to learn
that building relationships is a process. In a
country where the majority of the population
live in rural areas, it is critical that health care
workers are able to lead and train others to
lead communities and women through the
process of looking at their resources,
identifying their problems and learning to ask
questions. Creative use of health promotion
resources beyond those requiring literacy
(posters, billboards, brochures) such as
drama, role-playing, songs, dance and storytelling are invaluable. Additionally, it is critical
for more research to be done into the
educational programs of nurses, health
extension officers and doctors to ensure that
they are being taught a curriculum that is
relevant to the situation of the people that
they will be serving.

more acknowledgement and support and
widely promoted as good models to be
followed.
These two recommendations are very
important but may take time to implement in
the face of current resource constraints.
However, since the high maternal mortality
rate indicates an urgent need for action, what
can be done now in the short term, with
present resources, to improve antenatal care
services for women?
The first such recommendation, which
could be implemented immediately, is to
reduce the standard number of antenatal
care visits to four (for normal pregnancies)
while encouraging starting antenatal care
early in pregnancy according to the
recommendations of the WHO Technical
Working Group (9) for the minimal level of
care for a normal pregnancy. However, it is
critical that with the reduction in the number
of visits a reduction in services does not
follow. Efforts must be made to ensure that
the essential services are provided and it is
equally important that the psychosocial and
medical needs of the women are addressed.
This would allow health care workers to
provide any necessary interventions earlier,
have more time for health education, reduce
the number of barriers to women, decrease
the daily patient load on staff and give health
care workers the opportunity to make the best
use of the longer periods of time spent with
each client or patient. Increasing health
education during antenatal care and within
the general community will promote general
knowledge about pregnancy and health
issues.

Health care system level
It is generally acknowledged that an
increase in the number of health care
workers, particularly for the aid posts that
serve as the primary entry point to the health
care system, is necessary. This could be
addressed through effective lobbying in Port
Moresby by community representatives,
increasing funding to the mobile units,
training of village health workers,
implementing community health teams, and
the active involvement of schools.
There is also a need for an increase in the
allocation of funds from provincial
government, national government and aid
projects to the public health sector to ensure
supplies and support for programs. This may
be difficult in the current financial climate, but
the importance of health to development is
becoming more widely recognized, even
among traditional aid donors. Specific
funding to kick-start, or restart, communitybased health programs should be sought,
either by the government or by nongovernment organizations, including
community-based organizations. Successful
community-based programs should be given

In addition to reducing the number of
antenatal care visits it is important to
individualize care. Individualized care and
counselling have been shown to empower
mothers and their families to make informed
decisions regarding their health care (22).
Individualized care plans are often used in
western countries to enable health care
workers to communicate effectively with each
other and to enable the clients to be involved
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in the care that they receive. Areas of need
are mutually identified by the health care
worker and client and agreed upon solutions
are proposed. This provides for continuity in
care and the setting of goals. Care plans
and individualized care also aid health care
workers to look at the total situation of the
clients and not just at their physical health
status. This type of case management in
antenatal care can have a positive influence
on how mothers view antenatal care as well
as a positive effect on changing lifestyle
behaviours (23).

his willingness to make resources available.
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Rehabilitation services in Papua New Guinea
AMELIA SHAW1
Angau Memorial General Hospital, Lae, Papua New Guinea
SUMMARY
It is now accepted that in developing countries community-based rehabilitation (CBR)
is the most effective way to meet the needs of the disabled. The proportion of the
population of Papua New Guinea (PNG) having access to CBR is not known. The purpose
of this project was to clarify the extent of rehabilitation services in PNG. It was hoped
that by establishing the extent of services, communication and cooperation between
them would increase, leading to more efficient and effective use of the limited resources
(human and otherwise) available for rehabilitation in PNG. A questionnaire was sent to
all known existing rehabilitation services, all provincial health departments, provincial
hospitals and church health services. A 47% response rate was achieved. Results
showed that most provinces have some form of rehabilitation available but rehabilitation
is not spread equally throughout PNG. Most of the services are based in the urban
centres and the rural population is badly served except in the Highlands Region and the
Sepik provinces, which appear to be more comprehensively served by CBR. The services
that do exist are hampered by lack of human and material resources and difficulty
accessing clients due to transport difficulties. There needs to be a greater movement of
rehabilitation into the community with government backing. The greatest effort is being
made by Callan Services for Disabled Persons based in Wewak with its group of Special
Education Resource Centres that also carry out CBR. CBR would appear to be an
appropriate way to address the needs of the disabled PNG population, but in order to be
successful it requires greater backing and more trained personnel.

programs has been haphazard and has often
occurred without the government’s
knowledge. As a consequence there are
several organizations striving to improve the
rights of the disabled in PNG working in
isolation or in ignorance of each other.

Introduction
Although rehabilitation has been
established in Papua New Guinea (PNG) for
some years it has not been a priority for an
already overstretched Health Department
that has looked more at curative health than
preventive health. Church and nongovernmental organizations (NGOs) have to
date carried out most of the rehabilitation.
The National Health Plan for 2001 to 2010
states that rehabilitation services should be
expanded in collaboration with other sectors
(1). There are currently a number of
rehabilitation services throughout PNG, but
without governmental regulation and
monitoring the establishment of these
1

In recent years disability has progressed
from being seen purely as a medical problem
to more of a problem of society and its lack
of acceptance of disabled persons. In
recognition of this the World Health
Organization (WHO) has published the
International Classification of Functioning,
Disability and Health (2). This document
moves away from classification based on
consequence of disease to classification

Angau Memorial General Hospital, PO Box 457, Lae, Morobe Province 411, Papua New Guinea
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215

Papua New Guinea Medical Journal

Volume 47, No 3-4, Sep-Dec 2004

based on components of health. The
document takes a neutral stand on aetiology
and includes environmental factors that can
affect the way in which a person lives.

understand disability as a human rights issue.
This resolution also states that rehabilitation
should be available to all disabled persons
who require it.

Rehabilitation can be described as the
restoration to maximal functional potential of
an individual following illness, injury or
occurrence of impairment. This can lead to
improved quality of life for the individual, less
pressure on family and social services (if the
person is able to do more for themself) and
upholds the right to equal opportunities.

CBR is in its infancy in PNG. The National
Heath Plan 2001–2010 indicates that CBR
is the direction to be taken in PNG with public
hospitals providing relevant consultative
services. It also states that staff will be trained
accordingly (1). The Education Department
promotes ‘inclusive education’ for children
with disabilities so it is also supporting a
community response to disability (6). CBR
also has a role in promoting health and
preventing disability, leading to reduced
pressures on health and social services.

To meet the needs of disabled people
worldwide, and to reflect the change of
disability from a medical to a social problem,
rehabilitation has also moved from an
institution-based to a community-based
concept. This has been successful in many
countries around the world. Communitybased rehabilitation (CBR) is defined by the
WHO, International Labour Organization
(ILO) and United Nations Educational,
Scientific and Cultural Organization
(UNESCO) as:

Currently most rehabilitation in PNG
appears to be institution based. Indeed it
has recently been recommended by one
author that due to the lack of CBR in PNG
and the difficulty following patients up as
outpatients, patients benefiting from available
rehabilitation should remain in hospital until
their needs have been met (7). A study from
Tari that was published in 1993 concluded
that large-scale CBR projects were not
required in the highlands (8). However, this
research was based on only a small
percentage of the disabled population with a
‘significant’ disability and failed to
acknowledge the extended role of CBR in
social integration, disability prevention and
improved functional abilities for the disabled
person, rather than just as a means of
providing care. In contrast a 1988 study of
three years’ experience of the East New
Britain Project for the Disabled recorded 899
persons with disability, the authors
concluding that “functional assessment,
rehabilitation and care of the disabled are not
only feasible in the community, but
preferable” (9).

“A strategy within community development
for the rehabilitation, equalisation of
opportunities and social integration of all
people with disabilities.
CBR is
implemented through the combined efforts
of disabled people themselves, their
families and communities, and the
appropriate health, education, vocational
and social services.” (3)
Research into the effectiveness of CBR is
limited (4) so that the success of CBR
programs is not often acknowledged. CBR
is now, however, accepted as the best way
forward for rehabilitation in developing
countries as it addresses both the physical
and social needs of those living with a
disability.

So if CBR is a possible way to address
disability in PNG how extensive is it and,
more importantly, how much is it needed?
Whilst it is difficult to compare prevalence
rates of disability due to the many factors
known to influence disability and the

The social role of CBR is also relevant to
the United Nations Standard Rules on the
Equalization of Opportunities for Persons
with a Disability adopted in 1993 (5). This
shows that people are beginning to
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problems of heterogeneity of data collection,
WHO estimates that 10% of the world’s
population is disabled (10). Two recent
studies in PNG both found a prevalence of
disability of 3.2% in their study population.
The Melanesian Institute reported a study of
the prevalence of disability in the Wosera
area of East Sepik Province (11). The 3.2%
prevalence included people with medium to
severe disability, excluding those disabled
due to old age. It must be noted that the
severity of the disability was judged
subjectively by the field workers. Disability
prevalence ranged from 0.8% to 11.5% for
the villages studied. A study of disability in
the Middle Ramu of Madang Province also
recorded a prevalence of 3.2% (12). In this
case the disability was classified according
to the International Classification of
Functioning, Disability and Health (ICF) level
two classification. Disability prevalence for
individual villages ranged from 0.9% to
11.1%. The study from the Tari region of the
Southern Highlands found a prevalence of
only 0.46% (8), but as previously noted this
survey looked only at severe disability and
excluded those with mental or intellectual
disabilities. The East New Britain study
mentioned above (9) clearly showed a higher
prevalence, though this was not calculated.

PNG rehabilitation workers who have had
training from these expatriate therapists.
The aims of this study were to establish
what rehabilitation services are available in
PNG, what areas have access to
rehabilitation services, what form these
services take and which disabled persons
they cater for.
Objectives of the study were:
1 To establish the number of organizations
in PNG that are offering rehabilitation to
the disabled.
2 To collect data on the area covered, type
of disabilities addressed and mode of
delivery of service of these organizations.
3 To establish the extent to which these
rehabilitation services are known
throughout PNG.
A secondary objective was to improve
communication and networking between
rehabilitation services in PNG, potentially
leading to a more efficient and effective use
of resources available for rehabilitation in
PNG.

Little is known about the extent of
rehabilitation services in PNG. It is known
that there are 11 Special Education Resource
Centres within PNG and that they run
informal rehabilitation programs for children
and early intervention programs (13). The
Department of Health in 2001 admitted that
rehabilitation services are lacking, that the
government services are based in hospitals
and that the majority of consumers cannot
access the services that do exist (1). There
are currently only two Papua New Guinean
physiotherapists although this number should
improve with the recent opening of the
Diploma course at Divine Word University
(DWU) in Madang.
Until these
physiotherapists are qualified most
rehabilitation will continue to be carried out
by overseas therapists, who tend to come
for a short time, and a dedicated group of

Method
A piloted self-administered close-ended
questionnaire was designed to obtain the
data required, most of which was of a
quantitative nature. The questionnaire was
sent with an explanatory letter to all
rehabilitation services that I knew about
(Table 1), all provincial health departments,
the physiotherapists or Director of Medical
Services of all provincial capital hospitals,
health secretaries for all the church health
services and other organizations that may
have been aware of rehabilitation services.
Stamped addressed envelopes were
provided for charitable organizations and
small or rural rehabilitation projects. Those
organizations not responding within three
months were sent another copy of the
questionnaire and a further letter asking for
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TABLE 1
REHABILITATION SERVICES INITIALLY CONTACTED
Central Province and National Capital District
Cheshire Homes, Port Moresby
Friends of the Disabled Association, Port Moresby
National Board for Disabled Persons, Port Moresby
PNG Rehabilitation Centre, Port Moresby
Port Moresby Sheltered Workshop
St John Association for the Blind, Port Moresby
East New Britain Province
Callan Services, Rabaul
Helen Goh, Occupational Therapist, Palmalmal, Pomio District
East Sepik Province
Callan Services, Wewak
Eastern Highlands Province
Mount Sion, Goroka (Callan Services)
Enga Province
Karina Mills, Occupational Therapist, Kompian District
Madang Province
Creative Self-Help Centre, Madang
Leprosy Mission, Madang
Morobe Province
Morobe Special Education Resource Centre, Lae
National Assembly for Disabled Persons, Lae
National Orthotic and Prosthetic Service, Lae
Sr B. Don, Physiotherapy Assistant, Braun Health Centre, Finschhafen
North Solomons Province
Taree Brearly, Occupational Therapist, Arawa Health Centre
Sandaun Province
Father Antonine Services, Aitape
Senta Bilong Helpim, Vanimo
Simbu Province
St Theresa’s Services for the Disabled, Kundiawa
Western Province
Callan Services, Kiunga
Western Highlands Province
Brothers of Charity, Banz
Callan Services, Mt Hagen
CBR Worker, Aip Catholic Church, St Paul’s Parish, Mt Hagen
CBR Worker, Bukapena Health Centre, Mt Hagen
CBR Worker, Kenan Trangu Centre (Kuli Parish), Mt Hagen
CBR Worker, Ketepam Aid Post, Mt Hagen
CBR Worker, Kindeng Health Centre, Mt Hagen
CBR Worker, Kumdi Catholic Church and Mission, Mt Hagen
CBR Worker, St John of God Association for the Disabled, Tupa, Mt Hagen
CBR Worker, Togaba SDA Church, Mt Hagen
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it to be returned. The author then collated
results by hand. When addresses were
provided questionnaires were sent to the
additional services that had not originally
been contacted but which were mentioned
by the initial respondents. Hard or electronic
copies of the results were sent to all
participants.

rehabilitation services that replied are shown
on the map (Figure 1), and the types of
rehabilitation and service provision in Table
2.
Types of rehabilitation
Physical rehabilitation was carried out by
38 respondents (97%). Other forms of
disability were less well represented (Table
2). 8 respondents (21%) stated other forms
of rehabilitation such as income-generating
projects, counselling and early intervention,
and for remand prisoners, people with
learning disabilities, children with
developmental delay and older people.

Results
A total of 135 questionnaires were sent
initially and questionnaires were
subsequently sent to 10 of the 21 additional
services that were mentioned by the initial
respondents. After the first mailing, 57 replies
were received. At the three-month follow-up
a further 6 replies were received giving a total
of 63 questionnaires returned from which
information could be gained – a response
rate of 47%. Of the questionnaires returned
24 respondents (38%) stated that they did
not carry out any rehabilitation. These were
mainly provincial and church health services
and organizations involved with placing
expatriate rehabilitation workers. 39
respondents (62%) stated that they were
involved in some form of rehabilitation. The
geographical spread and names of the

Service provision
Of the 39 organizations identified as being
engaged in rehabilitation, 2 (5%) provided
services only to children. The other 37
rehabilitation services provided support to
both children and adults. It was common for
respondents to offer more than one type of
service. Other services provided included
income-generating projects, orthotic and
prosthetic fitting, eye and ear clinics, disability
awareness, public education of disability and

TABLE 2
TYPES

OF REHABILITATION AND SERVICES PROVIDED BY

Type of
rehabilitation

39

ORGANIZATIONS IN

PNG

Number of
respondents (% )

Service
provision

Number of
respondents (% )

Physical

38 (97)

Acute setting

22 (56)

Mental

22 (56)

Outreach/Patrol

28 (72)

Hearing

22 (56)

Home visits

28 (72)

Visual

24 (62)

Centre-based

21 (54)

Speech

18 (46)

School-based

12 (31)

S o ci a l

16 (41)

C BR

25 (64)

Special education

16 (41)

Other

8 (21)

CBR = community-based rehabilitation
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Figure 1. Rehabilitation services in PNG identified in the survey from the 39 positive responses to the
questionnaire.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Aip St Paul’s Parish CBR
Alotau Hospital
Angau Hospital
Arawa Health Centre
Boram Hospital
Braun Hospital, Finschhafen
Brothers of Charity, Banz
Callan Services, Wewak
Callan Services, Kiunga
Callan Services, Mendi
Cheshire Homes
Enga Disabled Association
Father Antonine Services, Aitape
Goroka Base Hospital
Kenan CBR
Kimbe Hospital
Kindeng Community CBR
Kiripia CBR
Kompian District Hospital
Kundiawa District Hospital

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Leprosy Mission
Madang Creative Self-Help Centre
Mendi Hospital
Mingende Rural Hospital
Modilon General Hospital
Mt Hagen Hospital
Mt Sion Institute for the Blind
Nonga Base Hospital
NOPS – Lae
Papul Community CBR
PNG Rehabilitation Centre
Popondetta General Hospital
Salvation Army
Senta Bilong Helpim
St John Association for the Blind
St John of God Association for the
Disabled
St Theresa’s Services CBR
St Vincent’s Special Education
Resource Centre

Note: One respondent location was unknown. CBR = community-based rehabilitation.
NOPS = National Orthotic and Prosthetic Service.

training volunteers to carry out rehabilitation.
Of those services based in hospitals, clinics
or centres 30 (77%) expected clients to
provide their own transport to attend
rehabilitation. Only 9 (23%) of the services
provided transport for the clients to come to
rehabilitation. For those that carried out
community work (CBR, home visits,
outreach) 9 (23%) supplied their own
personal transport to get to the clients. 22
(56%) were able to use organization transport

to access their clients and 22 (56%) accessed
their clients on foot. Other forms of transport
used to reach community clients included
PMVs, bikes, hired car and plane.
Client referral and service information
29 organizations (74%) received referrals
from local health institutions, 11 (28%) from
local schools, and 22 (56%) from other
rehabilitation workers. 31 (79%) received
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and accepted self-referrals. The principal
ways in which rehabilitation services
informed potential clients of their services are
shown in Table 3. Other forms of informing
the public of the services provided and other
ways in which clients were made known to
rehabilitation included:

•

Local doctors

•

Word-of-mouth

•

The courts

•

Church leaders

•

Community screening

•

Disability awareness meetings

•

rehabilitation services stated that they knew
of other rehabilitation services in PNG. 7
(18%) said they knew of no other
rehabilitation services and 2 respondents
(5%) did not answer this question. Among
the 24 respondents from groups who did not
provide rehabilitation services 13 (54%) knew
of the existence of at least one named
rehabilitation service; 2 respondents (8%)
failed to answer this question and 9 (38%)
stated they knew of no rehabilitation services.
Rehabilitation services most commonly
known to exist by both respondents who did
and those who did not carry out rehabilitation
were:

•

Hospital services

•

Callan services (one or all of their
bases)

Submitting reports

•

Creative Self-Help Centre

•

Using existing health structures

•

Senta Bilong Helpim

•

Networking meetings

•

Brothers of Charity at Fatima

•

Use of the media and booklets

•

The highlands CBR network

Awareness of other rehabilitation
services

Less well known were:

•

Some 30 respondents (77%) who offered

Leprosy Mission

TABLE 3
TYPES

OF ADVERTISING USED BY RESPONDENTS TO INFORM POTENTIAL CLIENTS OF THEIR
SERVICES

Advertising services

Number of respondents (% )

Word-of-mouth

34 (87)

Posters or photographs

12 (31)

Local education institutions

12 (31)

Local community institutions

17 (44)

Local health institutions

17 (44)

Formal advertising

5 (13)
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•

National Board for Disabled Persons

•

Father Antonine Services

•

Morobe Special Education Resource
Centre

•

Red Cross Special Education
Resource Centre

•

St John Association for the Blind

•

Cheshire Homes

•

PNG Rehabilitation Centre
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rehabilitation. Possibly those organizations
involved in rehabilitation saw responding as
an opportunity to improve their own area of
interest, whilst those who offer no
rehabilitation saw no gain from replying.
Location of services
Superficially it appears that rehabilitation
services are spread widely throughout PNG,
but more detailed examination is required to
determine what is really happening. There
were no reports of any rehabilitation services
in operation in Manus, New Ireland and Gulf
Provinces. Oro Province and Milne Bay
Province have hospital physiotherapy units
only, in Popondetta and Alotau. Whilst Alotau
offers outreach services people from the rural
areas of these provinces have very limited
access to rehabilitation services.

Some other associations or organizations
were mentioned, but each by only one of the
respondents.

Madang, Morobe and Central (including
the National Capital District [NCD]) Provinces
also have physiotherapy departments in the
major hospitals (Modilon, Angau and Port
Moresby General Hospital). Modilon and
Angau both offer acute services to those in
the hospital and home visits to those in urban
areas. They also try to incorporate some rural
work when capacity and resources allow. In
Madang, the Leprosy Mission offers services
all over PNG. The work of the hospital
physiotherapy staff is complemented by the
Creative Self-Help Centre, who offer CBR,
centre-based rehabilitation, home visits and
special education to the province as a whole,
although they are based in Madang town. It
would appear that Madang Province is able
to offer some form of rehabilitation to at least
part of its rural population. In Morobe
rehabilitation is offered in the Finschhafen
area, including acute, outreach and home
visits, and there is a Special Education
Resource Centre (no response, but already
known about) that offers special education
and carries out CBR within the Lae urban
area. The National Orthotic and Prosthetic
Service (NOPS), which services the whole
country, and the National Assembly for
Disabled Persons (NADP – a self-help group)
are also based in Lae. The majority of rural

Discussion
There are several limitations to this study.
A questionnaire is not the most reliable way
of obtaining information and there is no
guarantee that all rehabilitation projects in
PNG have been identified. Specific problems
with the questionnaire include interpretation
of such ideas as ‘social disability’. This was
meant to identify those who were poorly
integrated into society, but may have been
interpreted differently. There may also have
been overlap between the description of a
service as CBR or home visit. The study was
not designed to evaluate the quality and
effectiveness of the projects that are
operating. Whilst it is easy to report that a
province-wide service is provided, it is much
more difficult to assess its standard and
effect.
The response rate of 47%, though
disappointing, was considered high enough
to enable some general conclusions to be
drawn. Perhaps a greater response rate
would have been achieved if stamped
addressed envelopes had been sent to all
potential respondents. It was interesting to
note that the greatest number of replies was
received from organizations that carried out
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Morobe has no, or limited access to
rehabilitation services on a day-to-day basis.

Areas best served by rehabilitation
services are the two Sepik provinces and the
Highlands Region. East Sepik offers acute
hospital services in Wewak and a provincewide CBR service through Callan Services.
Sandaun Province offers centre-based
rehabilitation in Vanimo and Aitape (Senta
Bilong Helpim and Father Antonine Services
respectively). Both these centres also offer
home visits and outreach work. Father
Antonine also offers a province-wide CBR
program and there is physiotherapy at Raihu
Hospital in Aitape.

In Central Province and NCD the
rehabilitation services are congregated
around Port Moresby. As well as Port
Moresby General Hospital (PMGH), there is
St John Association for the Blind, Cheshire
Homes, the Salvation Army and the PNG
Rehabilitation Centre. The National Board
for Disabled Persons (NBPD), Friends of the
Disabled Association (FODA) and Port
Moresby Sheltered Workshop also exist, but
these are support services not rehabilitation
services. Of the respondents based in Port
Moresby all offer centre-based rehabilitation.
Two offer home visits (St John and Salvation
Army), two offer CBR (St John and PNG
Rehabilitation Centre) and St John also offers
special education. It appears that Central
Province/NCD offers a very limited
rehabilitation service to its rural population.

The highlands are served by acute
rehabilitation services at Mt Hagen, Goroka,
Mendi and Kundiawa Hospitals. These
hospitals also offer home visits and outreach
work. These acute services are backed up
by Callan Services in Mendi, Goroka (which
is also home to Mt Sion Institute for the Blind)
and Mount Hagen, which offer special
education, centre-based and home-based
services and CBR. This is further backed up
by a network of village-based CBR projects.

Western Province, North Solomons
Province, East New Britain Province and
West New Britain Province all offer some
form of CBR. I knew that Callan Services
for the Disabled run Special Education
Resource Centres in Kimbe, Buka and
Rabaul, but no information was received from
these centres. There are also physiotherapy
departments at Kimbe and Nonga Base
Hospitals, both offering acute rehabilitation
services. Nonga also offers outreach and
home visits. At the time of the research there
were also two occupational therapists (OT)
in these provinces, one based in Pomio in
East New Britain and one at Arawa in North
Solomons. One did not respond to the
questionnaire; the other was offering a limited
service to Arawa Health Centre and a few
visits to the surrounding area. Western
Province is offered services by Callan
Services based in Kiunga. They offer hospital
services, home visits, centre-based
rehabilitation, special education and CBR.
Again, these provinces offer some form of
CBR but it does not cover the whole
population and those in some rural areas
would find accessing these services difficult.

Kundiawa is served by St Vincent’s Special
Education Resource Centre, offering home,
community and centre-based rehabilitation
as well as special education, and Mingende
Rural Hospital is served by St Theresa’s
Rehabilitation Services, offering acute,
outreach, centre, home and CBR services.
Banz is home to the Brothers of Charity, who
offer rehabilitation in the form of a centre and
CBR to surrounding villages. Finally, in Enga
Province there is an OT at Kompian District
Hospital offering acute services and trying to
start some outreach services and the Enga
Disabled Association offering CBR, home
and centre-based rehabilitation provincewide.
This gives the overall impression of a
country in which the majority of the rurally
based population has very limited access to
rehabilitation services on a local level,
although most could find some rehabilitation
available within their province. The rural
services that do exist seem to be
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concentrated in the Highlands Region and
Sepik provinces. Although these areas are
densely populated there is an inequity of
service provision. Chances of good
rehabilitation should not depend on the
village location.

used as resource personnel to assist the
CBR workers).
Transport
Most disabled people will have difficulty
with transport, but this is especially so in PNG
where there is little consideration for disabled
persons when planning public transport. This
has implications for the rehabilitation
services. The majority of services expected
their disabled clients to make their own way
to their rehabilitation. Transport difficulties
inevitably lead to many patients being unable
to access services. Consideration needs to
be given to ways in which public transport
may be made more accessible for disabled
persons. For the severely disabled the
rehabilitation workers need to be able to
travel to the patients. For those services that
do visit their clients most are able to get to
their clients using organization transport or
on foot. But a noticeable percentage of
organization personnel were using their own
personal transport to access patients and
presumably covering the costs themselves.
This shows great commitment, but is not
sustainable and issues around transport for
disabled persons and rehabilitation workers
need to be addressed.

Disabilities provided for
What rehabilitation services that do exist
seemed to be biased towards physical
disabilities. It would appear that there is less
comprehensive rehabilitation for visual,
hearing, speech and mental disabilities.
Services for disabilities other than physical
seem to be fairly well (albeit thinly!) spread
throughout the country.
Client group
Most rehabilitation services provide
services to adults and children. There is a
slight bias towards children, highlighting the
importance of early intervention. This is one
component of CBR that gives support to
children with a disability, through identification
and diagnosis of the problem, intervention
to assist the disabled child and awarenessraising on the prevention of disabilities
(14:139).
Type of service

Referrals

Types of services provided were fairly
evenly spread. Whilst it was encouraging to
note that a high percentage of rehabilitation
services offered some form of home,
community or outreach service their
frequency and the area covered were not
clear. CBR is the rehabilitation service
emphasized by the WHO as well as the PNG
National Health Plan 2000-2010 (1). It should
be an integral part of community
development and should be led by the
community with the back-up of outside
agencies. The National Health Plan states
that CBR in PNG needs to be backed by
NGOs. This seems to be the case as the
government institutions are less involved in
delivering CBR than the NGOs (although the
physiotherapists in the hospitals are often

Self-referral appears to be the main source
of clients for the majority of organizations.
Referrals from local health institutions were
also a major source of referrals. Relatively
few organizations reported accepting
referrals from schools, but whether this was
because schools did not know how or where
to refer, because the rehabilitation
organizations refused referrals from schools
(unlikely considering the high percentage that
accepted self-referral) or because disabled
children do not make it to school in order to
be referred is unknown. This is an area that
needs further investigation, as disabilities are
often detected at school. There need to be
further awareness campaigns so that schools
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Among those who did not provide
rehabilitation the most commonly cited
rehabilitation organizations were:

know about their local rehabilitation services.
Only one respondent mentioned
community screening as a way of identifying
clients. This would seem to be a practical
way to identify the disabled in the rural areas
if enough personnel were available to do the
screening. Screening might best be
combined with other projects such as child
immunizations, mother and child clinics, and
school immunizations.

Rehabilitation services can only be
successful if people know that they exist. In
order to promote themselves and their work,
rehabilitation services need to be proactive
in advertising their services, especially in a
country where the benefits of rehabilitation
are not generally known by the local
population. Some community awareness
meetings were run by some of the NGOs as
part of their CBR program. The number of
organizations that rely on word-of-mouth for
informing clients of their existence is
surprisingly high. Whilst word-of-mouth may
be an effective way of spreading information
it may not be the most reliable. Rehabilitation
services need to work together to improve
the effective dissemination of what they do.

•

Hospital services

•

Creative Self-Help Centre

•

Senta Bilong Helpim

•

Senta Bilong Helpim

•

Creative Self-Help Centre

Conclusions
Strengths

Perhaps unsurprisingly most rehabilitation
organizations were aware of at least one
other rehabilitation program or project within
PNG. Interestingly, and encouragingly, more
than half the respondents who did not carry
out rehabilitation were aware of at least one
rehabilitation service in PNG.
The
organizations that were most often cited by
rehabilitation workers were:
Callan Services

Callan Services

These results are not surprising since
these are the best resourced organizations
in the country, running large CBR programs
and being highly involved in the needs of the
disabled in Papua New Guinea.

Awareness of services

•

•

•

Rehabilitation services exist in PNG.

•

There are efforts being made
especially in the Sepik provinces and
the Highlands Region to take
rehabilitation to the communities
through CBR programs. These
programs are expanding and reaching
other provinces also.

•

Both children and adults seem to have
access to services.

•

Even those services based in the
acute setting are trying to get out into
the community to some extent.

Weaknesses

• The majority of services are based in
urban areas so are biased towards this
population, whereas most of the
population of PNG live in rural areas.

• There is an inequity of services across
the country.

• Services seem to focus more on
physical disability than other types of
disability.
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• Transport is a major problem both in
accessing clients
accessing services.

and

of rehabilitation into the community to meet
the demands and needs of the community.
CBR is ideally suited to this situation and is
pivotal to responding to the needs of disabled
Papua New Guineans in a culturally
appropriate, sustainable and empowering
way (12).

clients

• It appears that awareness of
rehabilitation services is limited.

• Resources for most of the smaller

Greater collaboration between existing
rehabilitation services (both NGO and
governmental) and increased resources are
required. There is also a need for greater
communication between the Special
Education Resource Centres, teacher
training colleges and rehabilitation providers
around PNG to support the integration of
disabled children into mainstream school
wherever possible. This is being addressed
by the Department of Education, as the
Special Education Resource Centres have
been actively involved in conducting
inservice training for primary and elementary
teachers (14). Plans to expand this training
to secondary school teachers also exist.

CBR projects are a problem.
Questionnaires were often returned
with requests for financial assistance
or equipment.

• Almost all CBR is being carried out by
NGOs. Among these, Callan Services
for Persons with a Disability has the
biggest share.

• Government-run rehabilitation projects
are based mainly in acute hospitals
which lack the resources required to
carry out an effective outreach
program.

• There is a lack of funding and suitably

If CBR is to continue to grow in the present
economic climate the reliance on NGOs is
sensible, as they may be able to access more
funding than the government is able to spend
on rehabilitation. Their work needs to be
supported and monitored by the government
to ensure that it is appropriate and
sustainable and that it links into other
government structures where appropriate, for
instance education and vocational training.

qualified personnel to fulfill the
rehabilitation needs of PNG.
Recommendations
The organizations involved in rehabilitation
need to work harder to inform other
professionals as well as the community at
large about what they do, both in terms of
rehabilitation and disability prevention. This
could be facilitated through community
awareness work and community screening
to identify disabled persons and where
possible promote health and prevent
disability.

Areas for further research
Further research needs to be conducted
to establish the quality and capacity of the
rehabilitation services that exist at present,
to address transport needs of the disabled
and rehabilitation workers, and to investigate
the role of schools in identifying disabled
children.

Alternative sources of funding are required
to ensure that rehabilitation reaches the rural
population, and funding needs to be backed
up by appropriate personnel and training.
This will hopefully be partially addressed by
the opening of the Diploma in Physiotherapy
course at Divine Word University in Madang.
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List of Medical Research Projects in Papua New Guinea
Approved or Noted
By the Medical Research Advisory Committee in 2003
Sanguma (Witchcraft) – Its medical, sociolegal implications
Dr Thomas Kubu and Dr Brother Andrew
ssf (Accidents and Emergencies Unit,
Goroka Base Hospital, PO Box 392, Goroka,
Eastern Highlands Province 441, Papua New
Guinea)

Factors influencing attendance at
antenatal clinics and treatment-seeking
behaviour of pregnant women for malaria
and anemia – does non-attendance impact
on low infant birthweight?
Ms Rachael Hinton, Prof. John Reeder and
Ms Olive Oa (Papua New Guinea Institute
of Medical Research Maprik, PO Box 400,
Wewak, East Sepik Province 531, Papua
New Guinea)

Merging bacterial diseases and lymphatic
filariasis mediated immunosuppression in
Papua New Guinea
Prof. John Reeder, Prof. David Durrheim,
Dr N Ketheesan, Dr Richard Speare and Mr
Jeffrey Warner (Papua New Guinea Institute
of Medical Research, PO Box 60, Goroka,
Eastern Highlands Province 441, Papua New
Guinea)

Phytochemical diversity and human
health: dietary change and type 2 diabetes
mellitus in transitional communities of Papua
New Guinea
Mr Patrick Owen, Dr Lohi Matainaho and
Dr Timothy Johns (School of Dietetics and
Human Nutrition, Macdonald Campus of
McGill University, 21,111 Lakeshore Road,
Saint-Anne-de-Bellevue, Montreal, Quebec
H9X 3V9, Canada)

Genotyping Trichomonas vaginalis
infections and their association with HIV in
Papua New Guinea
Dr Jacqueline Upcroft, Dr Peter Upcroft,
Prof. John Reeder and Dr Peter Siba
(Queensland Institute of Medical Research,
300 Herston Rd, Herston, Queensland 4006,
Australia)

Sexual and reproductive agency in the
Trobriand Islands: mediating HIV/AIDS
messages
Ms Katherine Lepani (Gender Relations
Centre, Research School of Pacific and Asian
Studies, The Australian National University,
Canberra, ACT 0200, Australia)

Duffy antigen expression in SEA
ovalocytosis
Dr Alfred Cortés, Dr Stephen Opat, Dr
Erica Wood and Dr Rosemary Sparrow
(Papua New Guinea Institute of Medical
Research Madang, PO Box 378, Madang,
Madang Province 511, Papua New Guinea)

CD8-T-cell memory to liver stage
Plasmodium falciparum in humans
Dr James Kazura, Prof. John Reeder and
Dr Moses Bockarie (Division of Geographic
Medicine and International Health, Case
Western Reserve University School of
Medicine, 2109 Adelbert Road, Cleveland,
Ohio 44106, USA)

Determination of receptors for
Plasmodium falciparum rosetting in Papua
New Guinea
Dr Alexander Rowe, Mr Ian Cockburn, Dr
Alfred Cortés and Prof. John Reeder
(Institute of Cell, Animal and Population
Biology, University of Edinburgh, West Mains
Rd, Edinburgh EH9 3JT, United Kingdom)

Love, marriage and HIV: a multi-site study
of gender and HIV risk
Dr Holly Wardlow (University of Toronto,
Anthropology Department, 100 St George
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Street, Toronto, Ontario, Canada)

Tefuarani, Dr D Mokela, Dr M Baki, Dr V
Vetuna, Dr P Ripa and Prof. John Vince
(Division of Paediatrics, School of Medicine
and Health Sciences, University of Papua
New Guinea, PO Box 5623, Boroko, NCD
111, Papua New Guinea)

Arbovirus surveillance in clinical
presentations of meningoencephalitis in
Madang
Dr Harin Karunajeewa, Dr Peter Siba, Dr
Cecilia Pakula, Dr Cheryl Johansen, Prof.
Tim Davis, Dr Moses Bockarie, Dr David
Smith, Dr Annette Broom and Dr Joseph
Amban (University Department of Medicine,
Fremantle Hospital, PO Box 480, Fremantle,
WA 6160, Australia)

Investigation of alleged disease outbreak
in the Fane and Mekeo areas of Central
Province, Papua New Guinea
Dr Tukutau Taufa (School of Public Health
and Tropical Medicine, Anton Breinl Centre,
James Cook University, Townsville,
Queensland 4811, Australia)

Project to investigate the contribution of
parvovirus B19 to episodes of severe
anaemia among children 6 months to 5 years
with malaria in Papua New Guinea
Prof. Yvonne Cossart, Dr James Wildig,
Dr Peter Siba and Dr Ivo Mueller (Room 604,
Blackburn Building D06, Department of
Infectious Diseases, University of Sydney,
NSW 2006, Australia)

A comparative investigation of traditional
healing practices on indigenous men’s health
Mr Adrian Miller (School of Public Health
and Tropical Medicine, Anton Breinl Centre,
James Cook University, Townsville,
Queensland 4811, Australia)
Definition of the human response to
Plasmodium falciparum HGXPRT
Prof. Michael Good, Prof. John Reeder
and Dr Danielle Stanisic (Queensland
Institute of Medical Research, The Bancroft
Centre, 300 Herston Road, Herston,
Queensland 4006, Australia)

Case-control study on severe malarial
anaemia in the Wosera, East Sepik Province
Dr Ivo Mueller, Prof. John Reeder, Dr
Simon Foote and Dr Louis Schofield (Papua
New Guinea Institute of Medical Research,
PO Box 60, Goroka, EHP 441, Papua New
Guinea)

Neonatal
immunization
with
pneumococcal conjugate vaccine in Papua
New Guinea
Prof. John Reeder, Assoc. Prof. Deborah
Lehmann, Prof. Patrick Holt, Dr Peter
Richmond and Mr William Pomat (Papua
New Guinea Institute of Medical Research,
PO Box 60, Goroka, Eastern Highlands
Province 441, Papua New Guinea)

Social effects of new medical technologies
in Papua New Guinea
Alice Street (Department of Social
Anthropology, Free School Lane, Cambridge
CB2 3RF, United Kingdom)
What are the causes of unexplained fever
in children presenting to the children’s
outpatient department at PMGH?
Mr Clement Morris (School of Medicine
and Health Sciences, University of Papua
New Guinea, PO Box 5623, Boroko, NCD
111, Papua New Guinea)

Baseline study on knowledge, attitude and
practice of children on tobacco use
Dr Timothy Pyakalyia (Department of
Health, Division of Technical Health Services,
Disease Control Branch, PO Box 807,
Waigani, NCD 131, Papua New Guinea)

Assessment of HIV/AIDS knowledge,
attitudes and behaviour of high school
students in Papua New Guinea
Dr M Kiromat, Dr N Pomat, Dr G Oswyn,
Dr M Tovilu, Dr I Hwaihwanje, Dr C Pakule,
Dr G Kiage, Dr J Amini, Dr L Bussim, Dr N

Understanding the pathophysiology and
immunology of acute lung injury in malaria
Prof. Isi Kevau, Dr Jerry Minei, Assoc. Prof.
Nick Anstey, Prof. Peter Sly, Prof. Michael
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Pain and Dr Graeme Maguire (School of
Medicine and Health Sciences, University of
Papua New Guinea, PO Box 5623, Boroko,
NCD 111, Papua New Guinea)

Dr Andrew Masta, Dr Oji Malani, Prof.
David Penny, Prof. Mathias Sapuri, Dr Paul
Mark, Dr Jan Pryor and Ms Abby Harrison
(School of Medicine and Health Sciences,
University of Papua New Guinea, PO Box
5623, Boroko, NCD 111, Papua New Guinea)

A comparative analysis: the cause/s of low
level of supervised delivery rates in Nuku and
Telefomin Districts, Sandaun Province
Mr Desak Drorit and Mr Dawa Wera
(Coordinator – Sandaun Provincial
Administration, Technical Health Services,
PO Box 84, Vanimo, Sandaun Province 551,
Papua New Guinea)

Seroepidemiology of dengue in PNG
Dr John Irima and Dr Samir Dutta
(Microbiology Unit, Port Moresby General
Hospital, Free Mail Bag, Boroko, NCD 111,
Papua New Guinea)
Note:

Nursing education as capacity building in
PNG
Ms Nayer Kaviani (PO Box 865, Waigani,
NCD 131, Papua New Guinea)

These projects have been examined and
cleared by the MRAC but they have not all
started, nor is there any guarantee that they
all will, since in many cases this still depends
on funding. It should be noted that the project
funds for the MRAC were deleted from the
Health Budget from 1997 to 2003.

Qualitative study to evaluate the Health
Promotion Strategy of HPB, focusing on
malaria, TB and EPI
Dr Alison Heywood and Mr Lindsay Piliwas
(Formulation Research/Evaluation Advisor,
HSSP, Department of Health, PO Box 807,
Waigani, NCD 131, Papua New Guinea)

Information about these projects may be
obtained from the investigators or from the
Chairperson of the Medical Research
Advisory Committee (Director of Research
and Monitoring, Department of Health, PO
Box 807, Waigani, NCD 131)

Molecular epidemiology of hepatitis B virus
infection of the South Pacific
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Barnes JL, Warner J, Melrose W, Durrheim D,
Speare R, Reeder JC, Ketheesan N.
Adaptive immunity in melioidosis: a possible role for
T cells in determining outcome of infection with
Burkholderia pseudomallei.
Clin Immunol 2004 Oct;113(1):22-28.
Melioidosis is a potentially fatal disease caused
by the bacterium Burkholderia pseudomallei.
Individuals with subclinical melioidosis have no
apparent clinical signs or symptoms, and are
identified only by positive serology. The present study
is the first to investigate cell-mediated immune (CMI)
responses following in vitro stimulation with B.
pseudomallei antigens in peripheral blood
mononuclear cells (PBMC), collected under field
conditions in Papua New Guinea (PNG) from
individuals with exposure to B. pseudomallei (n =
13). While five had a clinical history of melioidosis
(C(+)), the remaining individuals (n = 8) were
seropositive, yet healthy with no clinical history of
melioidosis (S(+)/C(-)). Proliferation and IFN-gamma
production were significantly greater in lymphocyte
cultures from S(+)/C(-) individuals compared to C(+)
individuals (p <0.001 and p <0.05, respectively).
These findings demonstrate that compared to C(+)
patients, individuals with subclinical melioidosis have
a stronger CMI response to B. pseudomallei antigens
in vitro. Such a response may be essential for
protection against disease progression.

children and their mothers for the emergence and
prevalence of these variants in specimens collected
from the four-country evaluation. Although the
opportunity for the emergence of HBV vaccine
escape mutants in these populations was high due
to the presence of a considerable amount of the virus
in the population and the selection pressure from
vaccine use, there were no “a” determinant vaccine
escape mutants found. This suggests that vaccine
escape variants are not an important cause for failure
to prevent HBV transmission in this setting. Other
HBsAg variants were detected, but their functional
significance remains to be determined. The failure
to provide satisfactory protection during such
immunisation programmes reflects the need for
achieving and sustaining high vaccine coverage,
improving the timeliness of doses as well as
improving ‘cold-chain’ support, rather than the
selection of vaccine-escape mutants of HBV.

Basuni AA, Butterworth L, Cooksley G, Locarnini
S, Carman WF.
Prevalence of HBsAg mutants and impact of
hepatitis B infant immunisation in four Pacific Island
countries.
Vaccine 2004 Jul 29;22(21-22):2791-2799.
The prevalence rate of hepatitis B virus (HBV)
infection in Pacific Island countries is amongst the
highest in the world. Hepatitis B immunisation has
been incorporated into national programmes at
various times, often with erratic supply and coverage,
until a regionally co-ordinated programme, which
commenced in 1995, ensured adequate supply. The
effectiveness of these programmes was recently
evaluated in four countries, Vanuatu and Fiji in
Melanesia, Tonga in Polynesia and Kiribati in
Micronesia. That evaluation established that the
programmes had a substantial beneficial impact in
preventing chronic hepatitis B infection [Vaccine 18
(2000) 3059]. Several studies of hepatitis B
vaccination programmes in endemic countries have
identified the potential significance of surface gene
mutants as a cause for failure of immunisation. In
the study outlined in this paper, we screened infected
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Benet A, Mai A, Bockarie F, Lagog M, Zimmerman
P, Alpers MP, Reeder JC, Bockarie MJ.
Polymerase chain reaction diagnosis and the
changing pattern of vector ecology and malaria
transmission dynamics in Papua New Guinea.
Am J Trop Med Hyg 2004 Sep;71(3):277-284.
The ecology and behavior of most of the 11
known members of the Anopheles punctulatus group
remain unresolved and only the morphologic species
An. farauti, An. koliensis, and An. punctulatus are
known as vectors of malaria in Papua New Guinea.
Of 1,582 mosquitoes examined morphologically, 737
were identified as An. farauti s.l., 719 as An. koliensis,
and 126 as An. punctulatus. All specimens identified
morphologically as An. punctulatus were shown to
be An. punctulatus by polymerase chain reactionrestriction fragment length polymorphism analysis,
but the An. farauti and An. koliensis morphotypes
consisted of three or more species including An.
farauti s.s., An. farauti No. 2, and An. farauti No. 4.
The biting cycles and role in malaria transmission
of some of these species are described here for the
first time. We also show evidence that An. koliensis
could be a sub-complex of two or more species. The
epidemiologic implications of our findings are
discussed.

4

Bettiol L, Griffin E, Hogan C, Heard S.
Village birth attendants in Papua New Guinea.
Aust Fam Physician 2004 Sep;33(9):764-765.
AIM: To describe the care delivered by village
birth attendants in a remote area of Papua New
Guinea. METHOD: A qualitative study using
semistructured interviews with 56 voluntary village
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birth attendants. RESULTS: Village birth attendants
supervise and assist women with labour and delivery.
Many have additional roles in their community. Most
are motivated by a desire to help the women in their
community. Common difficulties encountered include
obstetric and logistical problems. The most common
reason for ceasing work is family pressure or lack of
support. DISCUSSION: Village birth attendants may
contribute toward an improvement in maternal
morbidity and mortality in remote areas of Papua
New Guinea.
5

use of ineffective drugs. The burden of malaria in
one district in Tanzania has not decreased since the
primary health care approach replaced the vertical
malaria control efforts of the 1960s. Despite
decentralization, this situation resulted, in part, from
weak district management capacity, poor
coordination, inadequate monitoring, and lack of
training of key staff. Experience in the Solomon
Islands showed that spraying with DDT, use of
insecticide-treated bed nets (ITNs), and health
education were all associated with disease reduction.
The use of nets permitted a reduction in DDT
spraying, but could not replace it without an
increased malaria incidence. Baseline data and
reliable monitoring of key outcome indicators are
needed to measure whether the ambitious goals for
the control of malaria and other diseases has
occurred. Such systems are being used for
evidence-based decision making in Tanzania and
several other countries. Baseline cluster sampling
surveys in several countries across Africa indicate
that only 53% of the children with febrile illness in
malarious areas are being treated; chloroquine (CQ)
is used 84% of the time, even where the drug may
be ineffective. Insecticide-treated bed nets were used
only 2% of the time by children less than five years
of age. Progress in malaria vaccine research has
been substantial over the past five years; 35
candidate malaria vaccines are in development,
many of which are in clinical trials. Development of
new vaccines and drugs has been the result of
increased investments and formation of publicprivate partnerships. Before malaria vaccine
becomes deployed, consideration must be given to
disease burden, cost-effectiveness, financing,
delivery systems, and approval by regulatory
agencies. Key to evaluation of vaccine effectiveness
will be collection and prompt analysis of
epidemiologic information. Training of persons in
every aspect of malaria research and control is
essential for programs to succeed. The Multilateral
Initiative on Malaria (MIM) is actively promoting
research capacity strengthening and has established
networks of institutions and scientists throughout the
African continent, most of whom are now linked by
modern information-sharing networks. Evidence over
the past century is that successful control malaria
programs have been linked to strong research
activities. To ensure effective coordination and
cooperation between the growing number of
research and control coalitions forming in support
of malaria activities, an umbrella group is needed.
With continued support for scientists and control
workers globally, particularly in low-income malarious
countries, the long-deferred dream of malaria
elimination can become a reality.

Breman JG, Alilio MS, Mills A.
Conquering the intolerable burden of malaria: what’s
new, what’s needed: a summary.
Am J Trop Med Hyg 2004 Aug;71(2 Suppl):1-15.
Each year, up to three million deaths due to
malaria and close to five billion episodes of clinical
illness possibly meriting antimalarial therapy occur
throughout the world, with Africa having more than
90% of this burden. Almost 3% of disability adjusted
life years are due to malaria mortality globally, 10%
in Africa. New information is presented in this
supplement on malaria-related perinatal mortality,
occurrence of human immunodeficiency virus in
pregnancy, undernutrition, and neurologic, cognitive,
and developmental sequelae. The entomologic
determinants of transmission and uses of modeling
for program planning and disease prediction and
prevention are discussed. New data are presented
from the Democratic Republic of the Congo,
Tanzania, Ethiopia, and Zimbabwe on the increasing
urban malaria problem and on epidemic malaria.
Between 6% and 28% of the malaria burden may
occur in cities, which comprise less than 2% of the
African surface. Macroeconomic projections show
that the costs are far greater than the costs of
individual cases, with a substantial deleterious
impact of malaria on schooling of patients, external
investments into endemic countries, and tourism.
Poor populations are at greatest risk; 58% of the
cases occur in the poorest 20% of the world’s
population and these patients receive the worst care
and have catastrophic economic consequences from
their illness. This social vulnerability requires better
understanding for improving deployment, access,
quality, and use of effective interventions. Studies
from Ghana and elsewhere indicate that for every
patient with febrile illness assumed to be malaria
seen in health facilities, 4-5 episodes occur in the
community. Effective actions for malaria control
mandate rational public policies; market forces,
which often drive sales and use of drugs and other
interventions, are unlikely to guarantee their use.
Artemisinin-based combination therapy (ACT) for
malaria is rapidly gaining acceptance as an effective
approach for countering the spread and intensity of
Plasmodium falciparum resistance to chloroquine,
sulfadoxine/pyrimethamine, and other antimalarial
drugs. Although costly, ACT ($1.20-2.50 per adult
treatment) becomes more cost-effective as
resistance to alternative drugs increases; early use
of ACT may delay development of resistance to these
drugs and prevent the medical toll associated with

6
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Burrows JM, Bromham L, Woolfit M, Piganeau
G, Tellam J, Connolly G, Webb N, Poulsen L,
Cooper L, Burrows SR, Moss DJ, Haryana SM,
Ng M, Nicholls JM, Khanna R.
Selection pressure-driven evolution of the EpsteinBarr virus-encoded oncogene LMP1 in virus isolates
from Southeast Asia.
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J Virol 2004 Jul;78(13):7131-7137.
The geographically constrained distribution of
Epstein-Barr
virus
(EBV)-associated
nasopharyngeal carcinoma (NPC) in Southeast
Asian populations suggests that both viral and host
genetics may influence disease risk. Although
susceptibility loci have been mapped within the
human genome, the role of viral genetics in the focal
distribution of NPC remains an enigma. Here we
report a molecular phylogenetic analysis of an NPCassociated viral oncogene, LMP1, in a large panel
of EBV isolates from southeast Asia and from Papua
New Guinea, Africa, and Australia, regions of the
world where NPC is and is not endemic, respectively.
This analysis revealed that LMP1 sequences show
a distinct geographic structure, indicating that the
Southeast Asian isolates have evolved as a lineage
distinct from those of Papua New Guinea, African,
and Australian isolates. Furthermore, a likelihood
ratio test revealed that the C termini of the LMP1
sequences of the Southeast Asian lineage are under
significant positive selection pressure, particularly
at some sites within the C-terminal activator regions.
We also present evidence that although the N
terminus and transmembrane region of LMP1 have
undergone recombination, the C-terminal region of
the gene has evolved without any history of
recombination. Based on these observations, we
speculate that selection pressure may be driving the
LMP1 sequences in virus isolates from southeast
Asia towards a more malignant phenotype, thereby
influencing the endemic distribution of NPC in this
region.
7

Curry C, Annerud C, Jensen S, Symmons D, Lee
M, Sapuri M.
The first year of a formal emergency medicine
training programme in Papua New Guinea.
Emerg Med Australas 2004 Aug;16(4):343-347.
OBJECTIVE: To describe a programme
catalyzing the development of emergency medicine
in Papua New Guinea (PNG). METHODS: Five
emergency physicians rotated through a new position
of Senior Lecturer in Emergency Medicine in the
University of PNG during 2003. The position was
established as a consequence of emergency
physician input supported by AusAID in 2002.
RESULTS: Fifth (final)-year medical students and
medical officers in the Emergency Department at
Port Moresby General Hospital undertook formal and
bedside problem based learning. The first trainees
for a Master of Medicine in Emergency Medicine
programme were inducted and supported.
Emergency Department management was provided
with specialist input. Research projects were
initiated, dealing with snakebite, chloroquine toxicity
and HIV/AIDS. The first year of an emergency
nursing curriculum was supported. CONCLUSIONS:
There is now considerable enthusiasm for the
development of emergency medicine as the hospital
generalists’ specialty. Emergency nursing training
has also made a start. Limitations on resources will
require flexibility to sustain the project. Further
support by emergency physicians will be needed.

8

de Boer MA, Peters LA, Aziz MF, Siregar B,
Cornain S, Vrede MA, Jordanova ES, KolkmanUljee S, Fleuren GJ.
Human papillomavirus type 16 E6, E7, and L1
variants in cervical cancer in Indonesia, Suriname,
and The Netherlands.
Gynecol Oncol 2004 Aug;94(2):488-494.
OBJECTIVE: Human papillomavirus type 16
(HPV 16) has several intratypic variants, and some
are associated with enhanced oncogenic potential.
For risk determination as well as for future vaccine
development, knowledge about variants is important.
Regarding the geographical distribution of HPV
variants and the lack of data from Indonesia and
Suriname, we studied the prevalence of HPV 16
variants in cervical cancer in these high incidence
countries. Data were compared with The
Netherlands, a low-risk country. METHODS: DNA
samples from 74 formalin-fixed paraffin-embedded
HPV 16-positive cervical carcinomas from Indonesia
(Java, N = 22), Suriname (N = 25), and The
Netherlands (N = 27) were amplified using primers
specific for the E6, E7, and part of the L1 regions.
Products were sequenced and analyzed. RESULTS:
A specific Javanese variant, with mutations 666A in
E7 and 6826T in L1, was found in 73% of the
Indonesian samples, 56% having an additional
mutation in the E6 open reading frame (ORF; 276G),
giving the predicted amino acid change N58S. This
Javanese variant was also found in three
Surinamese samples, which reflects what could be
expected from migration of Javanese people to
Surinam. Other non-European variants were
identified in Indonesian, Surinamese, and Dutch
samples in 14%, 28%, and 19%, respectively.
CONCLUSION: The majority of the HPV 16-positive
cervical cancers in Indonesia are caused by a
specific intratypic variant that was rarely found before
in other countries.

9

Donikian JC, Miralles C, Le Pommelet C.
[Twenty-two cases of hepatic abscesses in children
in New-Caledonia.] [Fr]
Arch Pediatr 2004 Jul;11(7):867.

10 Fachiroh J, Schouten T, Hariwiyanto B, Paramita
DK, Harijadi A, Haryana SM, Ng MH, Middeldorp
JM.
Molecular diversity of Epstein-Barr virus IgG and IgA
antibody responses in nasopharyngeal carcinoma:
a comparison of Indonesian, Chinese, and European
subjects.
J Infect Dis 2004 Jul 1;190(1):53-62.
Epstein-Barr virus (EBV)-specific immunoblot
analysis was used to reveal the molecular diversity
of immunoglobulin (Ig) G and IgA antibody responses
against Epstein-Barr nuclear antigen (EBNA), early
antigen (EA), and viral capsid antigen (VCA) in
serum samples from patients with nasopharyngeal
carcinoma (NPC) and control subjects, by use of
immunofluorescence assay (IFA). Control donors
(n=150) showed IgG responses to few EBV proteins
– VCA-p18, VCA-p40, EBNA1, and Zebra – and
sporadically weak IgA reactivity to EBNA1 and VCA-
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p18. Patients with NPC stage 1 (n=6) had similar
response patterns. Patients with NPC stage 2-4
(n=132) showed significantly more diverse IgG and
IgA responses to EA and VCA proteins – VCA-p18/
-p40, EBNA1, Z-encoded broadly reactive activator,
and EAd-p47/54, -DNAse, -thymidine kinase, and p138. No correlation was found between IFA titers
and the number of EBV proteins recognized by IgG
or IgA. Our results reveal dissimilarity between EBV
polypeptides recognized by IgG and IgA antibodies,
which suggests independent B cell triggering events.

in North Sumatra, taeniasis/cysticercosis of T. solium
and taeniasis of T. saginata in Bali, and taeniasis/
cysticercosis of T. solium in Papua (formerly Irian
Jaya). Issues relating to the spread of taeniasis/
cysticercosis caused by T. solium in Papua New
Guinea are highlighted, since serological evidence
suggests that cysticercosis occurs among the local
residents. The use of modern techniques for
detection of taeniasis in humans and cysticercosis
in humans, pigs and dogs, with the possible adoption
of new control measures will provide a better
understanding of the epidemiology of taeniasis/
cysticercosis in Asia and the Pacific and lead to
improved control of zoonotic and simultaneously
meat-borne disease transmission.

11 Hanson JP, Taylor CT, Richards AR, Smith IL,
Boutlis CS.
Japanese encephalitis acquired near Port Moresby:
implications for residents and travellers to Papua
New Guinea.
Med J Aust 2004 Sep 6;181(5):282-283.

14 Johansen CA, Nisbet DJ, Foley PN, Van Den Hurk
AF, Hall RA, Mackenzie JS, Ritchie SA.
Flavivirus isolations from mosquitoes collected from
Saibai Island in the Torres Strait, Australia, during
an incursion of Japanese encephalitis virus.
Med Vet Entomol 2004 Sep;18(3):281-287.
Adult mosquitoes (Diptera: Culicidae) were
collected in January and February 2000 from Saibai
Island in the Torres Strait of northern Australia, and
processed for arbovirus isolation during a period of
Japanese encephalitis (JE) virus activity on nearby
Badu Island. A total of 84 210 mosquitoes were
processed for virus isolation, yielding six flavivirus
isolates. Viruses obtained were single isolates of JE
and Kokobera (KOK) and four of Kunjin (KUN). All
virus isolates were from members of the Culex
sitiens Weidemann subgroup, which comprised
53.1% of mosquitoes processed. Nucleotide
sequencing and phylogenetic analysis of the premembrane region of the genome of JE isolate
TS5313 indicated that it was closely related to other
isolates from a sentinel pig and a pool of Cx. gelidus
Theobald from Badu Island during the same period.
Also molecular analyses of part of the envelope gene
of KUN virus isolates showed that they were closely
related to other KUN virus strains from Cape York
Peninsula. The results indicate that flaviviruses are
dynamic in the area, and suggest patterns of
movement south from New Guinea and north from
the Australian mainland.

12 Huaman MC, Yoshinaga K, Suryanatha A,
Suarsana N, Kanbara H.
Short report: Polymorphisms in the chloroquine
resistance transporter gene in Plasmodium
falciparum isolates from Lombok, Indonesia.
Am J Trop Med Hyg 2004 Jul;71(1):40-42.
The polymorphisms in the Plasmodium
falciparum multidrug resistance 1 (pfmdr1) and P.
falciparum chloroquine resistance transporter (pfcrt)
genes, which are associated with chloroquine
resistance, were examined in 48 P. falciparum
isolates from uncomplicated malaria patients from
the West Lombok District in Indonesia. The point
mutation N86Y in pfmdr1 was present in 35.4% of
the isolates and mutation K76T in pfcrt was found in
all but one of the samples studied. Identified pfcrt
haplotypes were mainly identical to the Papua New
Guinea type S(agt)VMNT (42 of 48, 87.5%), and a
few isolates had the Southeast Asia type CVIET (5
of 48, 10.4%). Moreover, one P. falciparum isolate
harbored the K76N mutation, giving rise to the
haplotype CVMNN, which was not previously
reported in field isolates. Our findings suggest that
chloroquine resistance in this area might have the
same origin as in Papua New Guinea.
13 Ito A, Wandra T, Yamasaki H, Nakao M, Sako Y,
Nakaya K, Margono SS, Suroso T, Gauci C,
Lightowlers MW.
Cysticercosis/taeniasis in Asia and the Pacific.
Vector Borne Zoonotic Dis 2004 Summer;4(2):95107.
Three taeniid tapeworms infect humans in Asia
and the Pacific: Taenia solium, Taenia saginata, and
Taenia asiatica. Although there is continuing debate
about the definition of a new species, phylogenetic
analyses of these parasites have provided multiple
lines of evidence that T. asiatica is an independent
species and the sister species of T. saginata. Here
we review briefly the morphology, pathology,
molecular biology, distribution and control options
of taeniasis/cysticercosis in Asia and the Pacific and
comment on the potential role which dogs may play
in the transmission of T. solium. Special attention is
focused on Indonesia: taeniasis caused by T. asiatica

15 Karunajeewa HA, Ilett KF, Dufall K, Kemiki A,
Bockarie M, Alpers MP, Barrett PH, Vicini P, Davis
TM.
Disposition of artesunate and dihydroartemisinin
after administration of artesunate suppositories in
children from Papua New Guinea with uncomplicated
malaria.
Antimicrob Agents Chemother 2004 Aug;48(8):29662972.
A detailed pharmacokinetic analysis was
performed with 47 children from Papua New Guinea
with uncomplicated falciparum or vivax malaria
treated with artesunate (ARTS) suppositories
(Rectocaps) given in two doses of approximately 13
mg/kg of body weight 12 hours apart. Following an
intensive sampling protocol, samples were assayed
for ARTS and its primary active metabolite,
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dihydroartemisinin (DHA), by liquid chromatographymass spectrometry. A population pharmacokinetic
model was developed to describe the data. Following
administration of the first dose, the mean maximal
concentrations of ARTS and DHA were 1,085 nmol/
liter at 0.9 hours and 2,525 nmol/liter at 2.3 hours,
respectively. The absorption half-life for ARTS was
2.3 hours, and the conversion half-life (ARTS to
DHA) was 0.27 hours, while the elimination half-life
of DHA was 0.71 hours. The mean common volumes
of distribution for ARTS and DHA relative to
bioavailability were 42.8 and 2.04 liters/kg,
respectively, and the mean clearance values relative
to bioavailability were 6 and 2.2 liters/h/kg for ARTS
and DHA, respectively. Substantial interpatient
variability was observed, and the bioavailability of
the second dose relative to that of the first was
estimated to be 0.72. The covariates age, sex, and
alpha-thalassemia genotype were not influential in
the pharmacokinetic model development; but the
inclusion of weight as a covariate significantly
improved the performance of the model. An ARTS
suppositories dose of 10 to 20 mg/kg is appropriate
for use in children with uncomplicated malaria.

genome. We infer that the world expansion of P. vivax
as a human parasite occurred recently, perhaps
<10,000 years ago.
17 Nair U, Bartsch H, Nair J.
Alert for an epidemic of oral cancer due to use of
the betel quid substitutes gutkha and pan masala: a
review of agents and causative mechanisms.
Mutagenesis 2004 Jul;19(4):251-262.
In south-east Asia, Taiwan and Papua New
Guinea, smoking, alcohol consumption and chewing
of betel quid with or without tobacco or areca nut
with or without tobacco are the predominant causes
of oral cancer. In most areas, betel quid consists of
a mixture of areca nut, slaked lime, catechu and
several condiments according to taste, wrapped in
a betel leaf. Almost all habitual chewers use tobacco
with or without the betel quid. In the last few decades,
small, attractive and inexpensive sachets of betel
quid substitutes have become widely available.
Aggressively advertised and marketed, often claimed
to be safer products, they are consumed by the very
young and old alike, particularly in India, but also
among migrant populations from these areas world
wide. The product is basically a flavoured and
sweetened dry mixture of areca nut, catechu and
slaked lime with tobacco (gutkha) or without tobacco
(pan masala). These products have been strongly
implicated in the recent increase in the incidence of
oral submucous fibrosis, especially in the very young,
even after a short period of use. This precancerous
lesion, which has a high rate of malignant
transformation, is extremely debilitating and has no
known cure. The use of tobacco with lime, betel quid
with tobacco, betel quid without tobacco and areca
nut have been classified as carcinogenic to humans.
As gutkha and pan masala are mixtures of several
of these ingredients, their carcinogenic affect can
be surmised. We review evidence that strongly
supports causative mechanisms for genotoxicity and
carcinogenicity of these substitute products.
Although some recent curbs have been put on the
manufacture and sale of these products, urgent
action is needed to permanently ban gutkha and pan
masala, together with the other established oral
cancer-causing tobacco products. Further, education
to reduce or eliminate home-made preparations
needs to be accelerated.

16 Leclerc MC, Durand P, Gauthier C, Patot S,
Billotte N, Menegon M, Severini C, Ayala FJ,
Renaud F.
Meager genetic variability of the human malaria
agent Plasmodium vivax.
Proc Natl Acad Sci USA 2004 Oct 5;101(40):1445514460.
Malaria is a major human parasitic disease
caused by four species of Plasmodium protozoa.
Plasmodium vivax, the most widespread, affects
millions of people across Africa, Asia, the Middle
East, and Central and South America. We have
studied the genetic variability of 13 microsatellite loci
in 108 samples from 8 localities in Asia, Africa, South
America, and New Guinea. Only one locus is
polymorphic; nine are completely monomorphic, and
the remaining three are monomorphic in all but one
or two populations, which have a rare second allele.
In contrast, Plasmodium falciparum displays
extensive microsatellite polymorphism within and
among populations. We further have analyzed, in
96 samples from the same 8 localities, 8 tandem
repeats (TRs) located on a 100-kb contiguous
chromosome segment described as highly
polymorphic. Each locus exhibits 2-10 alleles in the
whole sample but little intrapopulation polymorphism
(1-5 alleles with a prevailing allele in most cases).
Eight microsatellite loci monomorphic in P. vivax are
polymorphic in three of five Plasmodium species
related to P. vivax (two to seven individuals sampled).
Plasmodium simium, a parasite of New World
monkeys, is genetically indistinguishable from P.
vivax. At 13 microsatellite loci and at 7 of the 8 TRs,
both species share the same (or most common)
allele. Scarce microsatellite polymorphism may
reflect selective sweeps or population bottlenecks
in recent evolutionary history of P. vivax; the
differential variability of the TRs may reflect selective
processes acting on particular regions of the

18 Nakano T, Lu L, Liu P, Pybus OG.
Viral gene sequences reveal the variable history of
hepatitis C virus infection among countries.
J Infect Dis 2004 Sep 15;190(6):1098-1108.
BACKGROUND: The analysis of molecular
phylogenies estimated from the gene sequences of
sampled viruses can provide important insights into
epidemiological processes. METHODS: The
demographic and migration histories of the prevalent
hepatitis C virus (HCV) subtypes 1a and 1b were
inferred from viral gene sequences sampled in 5
countries. Estimated viral phylogenies were analyzed
by use of methods based on parsimony and
coalescent theory. RESULTS: The parsimony
migration analysis suggested that the global subtype
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1a and 1b epidemics are geographically structured,
with asymmetrical movement of HCV strains among
the sampled countries. The coalescent analysis
indicated that subtype 1a infections in the United
States, Brazil, and Indonesia began to increase
exponentially during the 1940s and 1950s, whereas
in Vietnam the increase began after the 1970s. In
contrast, subtype 1b infections in these 4 countries
and in Japan began to increase exponentially
between 1880 and 1920, with a possible recent
decrease in infection rates in Indonesia and Japan.
In the United States, Brazil, and Vietnam, the
epidemic growth rates for subtype 1a strains were
higher than those for subtype 1b strains, whereas
the growth rates were similar in Indonesia.
CONCLUSIONS: The estimated histories of
migration and population growth indicated that
patterns of HCV transmission differ among countries
and viral subtypes.

temephos is not. The evidence suggests that
although impregnated bed nets cannot entirely
replace DDT spraying without substantial increase
in incidence, their use permits reduced DDT
spraying. The paper shows that non-experimental
data can be used to infer causal links in
epidemiology, provided that instrumental variables
are available to correct for endogeneity.
21 Pozio E, Owen IL, Marucci G, La Rosa G.
Trichinella papuae in saltwater crocodiles
(Crocodylus porosus) of Papua New Guinea.
Emerg Infect Dis 2004 Aug;10(8):1507-1509.

19 Oku N, Gustafson KR, Cartner LK, Wilson JA,
Shigematsu N, Hess S, Pannell LK, Boyd MR,
McMahon JB.
Neamphamide A, a new HIV-inhibitory depsipeptide
from the Papua New Guinea marine sponge
Neamphius huxleyi.
J Nat Prod 2004 Aug;67(8):1407-1411.
A new HIV-inhibitory cyclic depsipeptide,
neamphamide A (2), was isolated from a Papua New
Guinea collection of the marine sponge Neamphius
huxleyi. Its structure was established through
interpretation of spectroscopic data and by acid
hydrolysis, derivatization of the free amino acids,
and LC-MS analysis of the derivatives.
Neamphamide A (2) contains 11 amino acid residues
and
an
amide-linked
3-hydroxy-2,4,6trimethylheptanoic acid moiety. The amino acid
constituents were identified as L-Leu, L-NMeGln, DArg, D- and L-Asn, two residues of D-allo-Thr, Lhomoproline, (3S,4R)-3,4-dimethyl-L-glutamine,
beta-methoxytyrosine, and 4-amino-7-guanidino-2,3dihydroxyheptanoic acid. In a cell-based XTT assay,
2 exhibited potent cytoprotective activity against HIV1 infection with an EC50 of approximately 28 nM.

22 Quinnell RJ, Pritchard DI, Raiko A, Brown AP,
Shaw MA.
Immune responses in human necatoriasis:
association between interleukin-5 responses and
resistance to reinfection.
J Infect Dis 2004 Aug 1;190(3):430-438. Epub 2004
Jun 25.
Cytokine and proliferative responses to Necator
americanus infection were measured in a treatmentreinfection study of infected subjects from an area
of Papua New Guinea where N. americanus is highly
endemic. Before treatment, most subjects produced
detectable interleukin (IL)-4 (97%), IL-5 (86%), and
interferon (IFN)-gamma (64%) in response to adult
N. americanus antigen. Pretreatment IFN-gamma
responses were negatively associated with
hookworm burden, decreasing by 18 pg/ml for each
increase of 1000 eggs/gram (epg) (n=75; p<0.01).
Mean IFN-gamma responses increased significantly
after anthelmintic treatment, from 166 to 322 pg/ml
(n=42; p<0.01). The intensity of reinfection was
significantly negatively correlated with pretreatment
IL-5 responses, decreasing by 551 epg for each 100
pg/ml increase in production of IL-5 (n=51; p<0.01).
These data indicate that there is a mixed cytokine
response in necatoriasis, with worm burdenassociated suppression of IFN-gamma responses
to adult N. americanus antigen. Resistance to
reinfection is associated with the parasite-specific
IL-5 response.

20 Over M, Bakote’e B, Velayudhan R, Wilikai P,
Graves PM.
Impregnated nets or DDT residual spraying? Field
effectiveness of malaria prevention techniques in
Solomon Islands, 1993-1999.
Am J Trop Med Hyg 2004 Aug;71(2 Suppl):214-223.
The incidence of malaria in Solomon Islands has
been decreasing since 1992. The control program
used a combination of methods including DDT
residual house spraying and insecticide-treated
mosquito nets. To determine how much each method
contributed to malaria control, data were analyzed
on monthly incidence and on control activities for 41
of 110 malaria zones over the same time period
(January 1993 to August 1999). After correction for
endogeneity, then spraying, insecticide treatment of
nets, and education about malaria are all
independently associated with reduction in incident
cases of malaria or fever, while larviciding with

23 Rolett B, Diamond J.
Environmental predictors of pre-European
deforestation on Pacific islands.
Nature 2004 Sep 23;431(7007)443-446.
Some Pacific island societies, such as those of
Easter Island and Mangareva, inadvertently
contributed to their own collapse by causing massive
deforestation. Others retained forest cover and
survived. How can those fateful differences be
explained? Although the answers undoubtedly
involve both different cultural responses of peoples
and different susceptibilities of environments, how
can one determine which environmental factors
predispose towards deforestation and which towards
replacement of native trees with useful introduced
tree species? Here we code European-contact
conditions and nine environmental variables for 81
sites on 69 Pacific islands from Yap in the west to
Easter in the east, and from Hawaii in the north to
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New Zealand in the south. We thereby detect
statistical decreases in deforestation and/or forest
replacement with island rainfall, elevation, area,
volcanic ash fallout, Asian dust transport and
makatea terrain (uplifted reef), and increases with
latitude, age and isolation. Comparative analyses
of deforestation therefore lend themselves to much
more detailed interpretations than previously
possible. These results might be relevant to similar
deforestation-associated collapses (for example,
Fertile Crescent, Maya and Anasazi) or the lack
thereof (Japan and highland New Guinea) elsewhere
in the world.

deterioration of iron stores compared with placebo
(÷2, p <0.05), without enhancing inflammation. Iron
alone is recommended in populations in which iron
deficiency is a public health problem despite the
presence of inflammation in infants who are still
breast-feeding.
26 Sweeney AW, Blackburn CRB, Rieckmann KH.
Short report: the activity of pamaquine, an 8aminoquinoline drug, against sporozoite-induced
infections of Plasmodium vivax (New Guinea
strains).
Am J Trop Med Hyg 2004 Aug;71(2):187-189.
It was reported in 1946 that the administration
of pamaquine during the incubation period delayed
but did not prevent primary attacks of a New Guinea
strain of Plasmodium vivax malaria. The observation
that none of the four test subjects in this study had
relapses has not previously been published and may
have important implications for the evaluation of
other 8-aminoquinoline compounds against
relapsing vivax malaria.

24 Rubin GL, Baird JH.
New recommendation on Japanese encephalitis
vaccination for travellers to Papua New Guinea.
Med J Aust 2004 Sep 6;181(5):283.
25 Sankaranarayanan S, Untoro J, Erhardt J, Gross
R, Rosales FJ.
Daily iron alone but not in combination with
multimicronutrients increases plasma ferritin
concentrations in Indonesian infants with
inflammation.
J Nutr 2004 Aug;134(8):1916-1922.
Iron deficiency is a public health problem in
infancy. We assessed the efficacy of iron
supplements in infants with inflammation on iron
status and subsequent inflammation. This was a
prospective, nested, case-control study of 6- to 12month-old infants participating in the International
Research on Infant Supplementation study,
Indonesia. Cases (n = 46) were selected on the basis
of their inflammation status at baseline, C-reactive
protein (>5 mg/l) or alpha-1 acid glycoprotein (>1 g/
l); there were 44 controls without inflammation.
Infants received 10 mg/day of elemental iron alone
or in combination with multimicronutrients, or
placebo. Blood samples were collected at baseline
and at 6 months for determinations of plasma ferritin,
zinc, copper, retinol, beta-carotene, alphatocopherol, and inflammation status. Data on breastfeeding and acute respiratory infections (ARI) were
collected daily. At baseline, 33% of infants had iron
deficiency, and those with inflammation had lower
retinol, beta-carotene, higher concentrations of
copper and higher rates of ARI compared with
controls. After 6 months, compared with infants given
placebo, ferritin concentration increased significantly
in infants administered iron alone independently of
inflammation status at baseline or at the end of the
study. In those given multimicronutrients with iron,
ferritin increased significantly in infants who did not
have inflammation at baseline or at the end of the
study compared with those given placebo.
Consequently, iron alone resolved iron deficiency,
whereas multimicronutrients reduced the

27 Vollaard AM, Ali S, van Asten HA, Ismid IS,
Widjaja S, Visser LG, Surjadi Ch, van Dissel JT.
Risk factors for transmission of foodborne illness in
restaurants and street vendors in Jakarta, Indonesia.
Epidemiol Infect 2004 Oct;132(5):863-872.
In a previous risk factor study in Jakarta we
identified purchasing street food as an independent
risk factor for paratyphoid. Eating from restaurants,
however, was not associated with disease. To explain
these findings we compared 128 street food-vendors
with 74 food handlers from restaurants in a crosssectional study in the same study area. Poor handwashing hygiene and direct hand contact with foods,
male sex and low educational level were independent
characteristics of street vendors in a logistic
regression analysis. Faecal contamination of drinking
water (in 65 % of samples), dishwater (in 91 %) and
ice cubes (in 100 %) was frequent. Directly
transmittable pathogens including S. typhi (n = 1)
and non-typhoidal Salmonella spp. (n = 6) were
isolated in faecal samples in 13 (7 %) vendors; the
groups did not differ, however, in contamination rates
of drinking water and Salmonella isolation rates in
stools. Poor hygiene of street vendors compared to
restaurant vendors, in combination with faecal
carriage of enteric pathogens including S. typhi, may
help explain the association found between
purchasing street food and foodborne illness, in
particular Salmonella infections. Public health
interventions to reduce transmission of foodborne
illness should focus on general hygienic measures
in street food trade, i.e. hand washing with soap,
adequate food-handling hygiene, and frequent
renewal of dishwater.
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