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EDITORIAL

Papua New Guinea certified polio-free – complacency threatens dreams
of eradication

Poliovirus is an enterovirus in the
Picornaviridae family.  It has an RNA
genome, and is a transient inhabitant of the
gastrointestinal tract (GIT).  There are three
poliovirus serotypes: poliovirus type 1 (P1),
poliovirus type 2 (P2) and poliovirus type 3
(P3).  The virus enters through the mouth,
multiplies in the pharynx and GIT and
continues to be excreted in the stool for
several weeks.  Poliovirus invades the local
lymphoid tissues, enters the blood stream
and may then infect and replicate in cells of
the central nervous system.  Poliomyelitis is
an acute illness caused by one of the three
types of poliovirus and its symptoms include
gastrointestinal disturbances, malaise,
headache and stiffness of neck and back,
with or without paralysis (1).  This
devastating disease has terrorized and
handicapped millions of people throughout
human history.

Poliomyelitis has been endemic in Papua
New Guinea (PNG) and a notifiable disease
since 1969 although it was only rarely
reported to the National Epidemiological
Intelligence Surveillance system.  In the
absence of accurate virological diagnosis,
estimates of prevalence in non-industrialized
countries have been based on surveys of
lameness among children (2).  A survey in
Gulf Province published in 1982 reported a
prevalence of 4.75/1000  (3).

A key factor in the prevention of
poliomyelitis is immunization with either the
killed (Salk) or the live attenuated (Sabin)
vaccine.  Since the inception of the
expanded program of immunization (EPI),
immunization coverage in PNG has been
poor.  In an effort to improve coverage, the
National Department of Health introduced a
policy of ‘vaccination at every opportunity’,
but the continuing low immunization
coverage rates throughout the 1980s and
1990s attest to the failure of this policy.

In 1988, the World Health Assembly
resolved to eradicate poliomyelitis globally

by 2000.  The only known infectious disease
that mankind has ever eradicated is
smallpox and attempts were made to
capitalize on the success of smallpox
eradication to eliminate polio.  A plan of
action for polio eradication in the Western
Pacific Region (WPR) by 1995  was adopted
in 1990.  The plan was based on routine and
supplemental vaccination activities with oral
polio vaccine (OPV) (Sabin – live attenuated
poliovirus types 1, 2 and 3) and surveillance
of acute flaccid paralysis (AFP) in eight
countries where polio was endemic
(Cambodia, China, Laos, Malaysia,
Mongolia, Papua New Guinea, Philippines
and Vietnam).  In PNG, the National Health
Plan (1991-1995) set the goal to eradicate
poliomyelitis from the country by 1995 (4).
It soon became obvious that this goal was
unattainable, but in the few years before
2000 considerable effort was put into
achieving the goal of eradication by the end
of the century, and no wild poliovirus has
been isolated since 1996 (5).

The Kyoto Declaration by the World
Health Organization (WHO) in 2000 certified
polio-free status to countries in the WPR, five
years behind the targeted date.  The WPR
was the second region to be certified polio-
free after the continents of North and South
America, which were certified polio-free in
1994.  Polio-free status meant that
indigenous wild poliovirus had been
eradicated from the region, with WPR’s last
case of indigenous polio detected in
Cambodia in 1997 (6).  The successful
eradication of polio in WPR was due to the
vigorous surveillance activities for acute
flaccid paralysis cases and the enormous
vaccination exercises that were carried out
in all the countries in the region that led to
the interruption of the transmission of
indigenous wild poliovirus.

Although polio has been eradicated from
the WPR the goal of global eradication
remains elusive.  The South-East Asian
Region, adjacent to WPR, has still not been
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declared polio-free and polio remains
endemic in several countries in the African
Region.  There remains therefore the
possibility of importation of polio from
endemic to polio-free countries.  Such
instances have recently occurred.  For
example, Ethiopia recently reported its first
case of polio in 4 years, making it the
fourteenth country to witness a resurgence
of the disease (7), and neighbouring
Indonesia has reported re-introduction of
wild poliovirus originating from West Africa
(8).  Indonesia has not had an isolate of
poliovirus since 1995.

Quite clearly, until global eradication is
achieved, all countries need to maintain their
high levels of AFP surveillance and high
immunization coverage.  Unfortunately it is
now becoming apparent that PNG has
become complacent in its approach to polio
eradication.  All the AFP surveillance
indicators have decreased since 2000, and
the figures for 2004 give considerable cause
for concern.  Only 12 of the 23 cases
expected (and reported in the years
immediately before the polio-free
declaration) were reported.  All cases
reported with AFP are expected to have two
stool samples sent to the National Polio
Laboratory at the PNG Institute of Medical
Research for viral analysis.  The number of
stool specimens from suspected AFP cases
reported and investigated by health
authorities in the country during the post-
certification period (2001-2004)  averaged
30 per year – almost 40% fewer than the 48
cases per year in the pre-certification period
(1996-2000).  The relaxing of active
surveillance and investigation of AFP cases
means that importation of wild poliovirus may
well be missed until an outbreak is
established.

As part of the effort to achieve polio
eradication status by 2000, national
immunization weeks were organized.  These
were generally remarkably successful, but
there were areas of the country which were
not reached and the communities in these
usually remote areas thus remained
susceptible.  In the last 2 years the
supplementary immunization activities
designed to prevent a measles epidemic
have included the administration of OPV.

However, routine immunization coverage
has remained poor and isolated communities
remain at risk.  Such communities need to
be identified and special efforts made to
protect them.

 The example of Ethiopia and other
countries, and particularly the recently
reported cases in Indonesia, should be a
warning to PNG.  We must not be
complacent.  We need to step up our
surveillance activities and improve our
immunization coverage to remain polio-free
in the WPR until the other polio-endemic
regions in the world are also certified polio-
free, thus eventually leading to the total
eradication of the disease from the world.

Peter Max Siba

National Poliomyelitis Laboratory
Papua New Guinea Institute of Medical

Research
PO Box 60
Goroka, EHP 441
Papua New Guinea
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from RI to RII and RIII types (3-7).

Sulfadoxine/pyrimethamine (SP)-
resistant falciparum malaria was first
described in 1980 (8,9) but few data are
available for in vitro tests.  As far as quinine
is concerned, we reported the first
documented cases of in vivo resistance of

Introduction

Chloroquine-resistant falciparum malaria
was first documented in Papua New Guinea
(PNG) in 1976 (1,2).  Since then, studies
done in different provinces at different times
showed the problem to be widespread and
to increase gradually with a slow gradual shift

Parasitological and clinical efficacy of standard treatment regimens
against Plasmodium falciparum, P. vivax and P. malariae in Papua New

Guinea

BLAISE GENTON1,2, KAY BAEA2, KERRY LORRY2, MEZA GINNY2, BRETT WINES3 AND MICHAEL P. ALPERS2,4

Swiss Tropical Institute, Basel, Switzerland, Papua New Guinea Institute of Medical
Research, Madang and Maprik and Australian Army Malaria Unit, Brisbane, Australia

SUMMARY

Resistance of Plasmodium falciparum (Pf) and P. vivax (Pv) to standard antimalarials
is widespread in Papua New Guinea (PNG).  The objective of the study was to assess
the rate of clinical treatment failure (TF) and parasite resistance to amodiaquine (AQ),
chloroquine (CQ) and quinine+sulfadoxine/pyrimethamine (Q+SP) for malaria in a rural
health centre of the East Sepik Province.  179 patients presenting with symptoms and
signs of malaria and with Pf (144 patients), Pv (18 patients), P. malariae (Pm) (7 patients)
or mixed infection (10 patients) were included.  86 were treated with AQ, 88 with CQ and
5 with Q+SP.  21/179 patients (12%) were not cured or had a recrudescence of symptoms
associated with parasitaemia in the 28 days following treatment, 14% after AQ, 10%
after CQ and 0% after Q+SP.  The proportion of TF was higher (17%) when the analysis
population included only the 108 subjects who had a complete follow-up, especially for
failure with Pf following AQ treatment (26%).  During the 28 days of follow-up, RII or RIII
level of resistance in Pf was detected in 55% of the subjects treated with amodiaquine,
30% of those treated with chloroquine and 0% of those treated with quinine+SP.  Of the
Pv or Pm parasites only one Pv was found to be RII resistant to CQ in the 28-day test.  In
vitro resistance of Pf to CQ was higher than to AQ (50% versus 27% of 36 parasite
samples that grew successfully).  The level of TF and parasitological resistance to
standard antimalarial drugs was lower in this area than in urban settings, where drugs
are more easily available.  AQ performed less well than CQ but the difference is likely to
be due to the age of the users, ie, their level of immunity, AQ being the first-line drug for
young children.  These results provided support for the recent change in the policy for
the standard treatment of uncomplicated malaria in PNG from AQ or CQ to the
combination of AQ+SP or CQ+SP, a recommendation aimed at slowing down the spread
of multidrug resistance.

1 Swiss Tropical Institute, Socinstrasse 57, PO Box, CH-4002 Basel, Switzerland
2 Papua New Guinea Institute of Medical Research, PO Box 378, Madang, Madang Province 511, Papua

New Guinea
3 Australian Army Malaria Unit, Gallipoli Barracks, Enoggera, Brisbane, Queensland 4052, Australia
4 Present address:  Centre for International Health, Shenton Park Campus, Curtin University of

Technology, GPO Box U1987, Perth, WA 6845, Australia
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Plasmodium falciparum (Pf) in PNG (10).
Anecdotal reports of prophylaxis or treatment
failure with mefloquine are numerous but
none has been documented so far.  In vitro
multidrug testing (4,11) indicates that
resistance to mefloquine and halofantrine is
present at a low level.

The first documented evidence of
Plasmodium vivax (Pv) resistance in PNG
was reported in 1989 (12,13).  Thereafter, a
study of 4-aminoquinoline resistance of Pv
showed an in vivo resistance of 9% (50%
RI, 50% RII) (14).  Preliminary in vitro studies
indicate that parasites of Pv are becoming
less susceptible to chloroquine.  One
possible case of chloroquine-resistant
Plasmodium malariae (Pm) has been
reported in PNG (4).  The response of P.
malariae in vitro to several drugs appears to
be similar to that of Pv.

Within the Malaria Vaccine Epidemiology
and Evaluation Project conducted in the
Wosera Subdistrict, East Sepik Province
(15), the effectiveness of amodiaquine
against Pf was assessed in 1989 by Sapak
et al. (16), who reported resistance at day 7
in 18% of the symptomatic children studied
(27% of RI type, 46% RII and 27% RIII).  As
part of a longitudinal surveillance, we
repeated the evaluation in the same setting
in order to assess the dynamics of drug
resistance during the following years.  Our
objective was to assess, in standard
conditions of patient treatment, the drugs that
were commonly used to cure malaria in PNG,
ie, amodiaquine or chloroquine for
uncomplicated cases, quinine + SP for
severe cases or treatment failure.  In vivo
and in vitro resistance of Pf, Pv and Pm were
also examined to assess their correlations
with treatment failures.  Risk factors for
clinical failure were investigated as well.

Methods

Subjects

All presumptive malaria cases diagnosed
in Kunjingini Health Subcentre were
screened.  Inclusion criteria for the study
were 1) a history of fever without any other
major symptom (cough or diarrhoea) in the
last 48 hours, 2) no antimalarials taken in
the last four weeks (except chloroquine or
amodiaquine if quinine resistance in vivo was
being assessed), 3) a single or mixed

infection with Pf, Pv or Pm, irrespective of
parasite density, and 4) informed consent.
We did not include an age limit since we
wanted to assess all standard regimens and
chloroquine was only given to children over
20 kg.

Field procedures

Drug resistance was examined in vivo
with a simplified version of the World Health
Organization (WHO) ‘extended’ 28-day test
(17).  On day 0, at the health centre, the
patient was asked by the Papua New Guinea
Institute of Medical Research (PNGIMR)
nurse for a detailed history with a check list
of symptoms and their duration.  A clinical
examination was performed and a blood
sample of 1.5 ml was collected by
venepuncture.  Drugs were administered
under supervision according to the standard
treatment policy of Papua New Guinea (18).
On day 1, the patient was administered a
second dose under the supervision of the
health centre staff.  On day 2, the IMR nurse
recorded the history of symptoms, the
axillary temperature and the spleen size,
collected a blood sample by fingerprick for
parasitological assessment and gave the last
dose of treatment.  On days 7, 14 and 28
the same procedure, except for drug
administration, was performed by a field
worker who was visiting the subject at home.
Parasitological assessment was done on
each sample.

Laboratory testing

In vitro procedure

In vitro resistance of Pf, Pv and Pm to
amodiaquine, chloroquine, quinine,
cycloguanil, pyrimethamine, mefloquine and
halofantrine was assessed using the
Rieckmann microtechnique (19).  One plate
coated with all seven drugs was used for
each blood sample collected (kindly provided
by K. Rieckmann and D. Shanks, Australian
Army Malaria Unit, Enoggera, Queensland,
Australia).

Parasite density

Blood films were stained with 4% Giemsa.
Parasite species was identified in positive
films and densities were recorded as the
number of parasites per 200 white blood
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cells (WBC).  Quality control of slide reading
was done using the standard method
developed at the PNGIMR.  Briefly, 10% of
the slides (randomly selected) plus all of
those that were found to have a density of
1-5 parasites/200 WBC were reread by a
microscopist blind to the first reading result.
If the predefined 75% agreement on
positivity/negativity, species and density
(within a percentage increasing with
increasing density) was not reached, the
whole batch was reread and underwent the
same procedure again.

Data analysis

In vivo drug response was assessed using
the usual criteria to define resistance at the
time of the study, except that RI was not
characterized by at least two consecutive
days without parasites, since only one slide
was taken between day 0 and day 7.  For
the subjects who had a complete follow-up,
we used the WHO ‘extended’ 28-day test
(17).  For those with data missing at day 14
or day 28, we used the 7-day test.  The other
subjects were not included in the analysis of
in vivo parasite resistance.

In vitro drug resistance was defined
according to Rieckmann’s criteria which are
based on correlations between in vivo and
in vitro results in different epidemiological
settings (20, K.H. Rieckmann, personal
communication 1994).  The concentration of
drug indicating resistance was the same as
the concentration chosen by WHO for
chloroquine, quinine and mefloquine.

Clinical treatment failures were defined as
follows: I) early treatment failure (ETF), ie, i)
the development of danger signs or severe
malaria on day 1, 2 or 3 in the presence of
parasitaemia, or ii) the persistence of
elevated temperature (>37.50C) or history of
fever (in the last 24 hours) on day 3 in the
presence of parasitaemia; 2) late treatment
failure (LTF), ie, i) the development of danger
signs or severe malaria after day 3 in the
presence of parasitaemia without previously
meeting any of the criteria of early treatment
failure, or ii) the recrudescence of elevated
temperature (>37.50C) or history of fever (in
the last 24 hours) in the presence of
parasitaemia on any day from day 4 to day
28 after initiation of treatment, without
previously meeting any of the criteria of early
treatment failure. These criteria are close to

those of the WHO document WHO/MAL/
96.1077 (21) (not available at the time of
study design).

 To identify risk factors for clinical failure,
we performed univariate analysis using
demographic, clinical and parasitological
characteristics on admission as independent
variables.  All variables found to be
significantly associated with the outcome
were included in a logistic regression model
(plus the variable age because of its known
interaction with both predictors and outcome)
using SPSS (version 11.0 for Windows).

Results

Demographics, parasitology and
treatment

237 presumptive malaria cases were
screened at Kunjingini Health Subcentre
during the study period (1994-1995).  Among
those, 179 were parasitaemic, and therefore
recruited in the present study, 144 with Pf,
18 with Pv, 7 with Pm and 10 with a mixed
infection (9 with Pf+Pv, 1 with Pf+Pv+Pm).
The study subjects were permanent
residents of the Wosera area (22,23); their
median age was 5.1 years (range 1 month
to 95 years); 93 were female and 86 male.

86 patients were treated with amodiaquine
(median age of 3.2 years), 88 with
chloroquine (10 years) and 5 with the rescue
treatment of quinine+SP (3.1 years)
according to the standard regimens in Papua
New Guinea at that time.  108 patients or
60% had a complete follow-up (day 2, 7, 14
and 28), 41 (23%) had one visit missing, 22
(12%) two visits missing, and 8 (4%) three
visits missing.

Parasitological failures

Table 1 shows the results of the 28-day
test examining the in vivo resistance of Pf,
Pv, Pm and mixed infections according to
the type of treatment in the subjects who had
a complete follow-up (n=108).  The Pf
parasites exhibited RII or RIII level of
resistance in 55% of the subjects treated with
amodiaquine, in 30% of those treated with
chloroquine and in 0% of those treated with
quinine+SP.  Of the Pv and Pm parasites
only one Pv was found to be RII resistant to
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1ELBAT

RESULTS OF THE -82 DAY TEST EXAMINING PARASITOLOGICAL RESISTANCE TO DIFFERENT DRUG TREATMENTS
IN 801 PATIENTS WITH COMPLETE FOLLOW-UP

eniuqaidomA eniuqorolhC PS+eniniuQ

murapiclafmuidomsalP 49=n

S )%82(04/11 )%83(05/91 )%57(4/3

IR )%81(04/7 )%23(05/61 )%52(4/1

IIR )%53(04/41 )%61(05/8 4/0

IIIR )%02(04/8 )%41(05/7 4/0

xavivmuidomsalP 51=n

S )%19(11/01 )%05(4/2 -

IR )%9(11/1 )%52(4/1 -

IIR 11/0 )%52(4/1 -

IIIR 11/0 4/0 -

eairalammuidomsalP 4=n

S )%001(3/3 )%001(1/1 -

IR 3/0 1/0 -

IIR 3/0 1/0 -

IIIR 3/0 1/0 -

:BN Ó snoitcefnideximdahstneitapemosecnis801>n
enimahtemiryp/enixodaflus=PS

chloroquine in the 28-day test (Table 1).

Results of the 7-day test in the subjects
who were bled on day 2 and 7 (n=135) were
similar for Pf (n=117).  For Pv, in one of the
13 subjects treated with amodiaquine, and
in one of the 5 treated with chloroquine, the
parasites exhibited RII level of resistance
(Table 2).

Clinical treatment failures

Overall, 21/179 patients (12%) were not
cured or had a recrudescence of symptoms
in the presence of parasitaemia in the 28
days following treatment, 12/86 (14%) after
amodiaquine, 9/88 (10%) after chloroquine
and 0/5 (0%) after quinine+SP.  All but two

were LTF.  Both ETFs occurred at day 2 and
followed treatment with chloroquine.  The
parasite species detected at the time of
failures were Pf in 18 subjects, Pf+Pv in 2
subjects and Pm in 1 subject.  The 3 subjects
who had a recrudescence involving Pv or
Pm parasites had a single infection with Pf
on day 0.  Only 5 patients were treated with
the rescue treatment of quinine+SP at the
time of failure (2 on day 2, 1 on day 4, 1 on
day 18 and 1 on day 21).  11 patients had a
second course of the drug given on day 0,
and 5 got no antimalarial treatment at all.

Table 3 summarizes clinical treatment
failures according to the Plasmodium
parasite species on day 0 and the type of
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2ELBAT

RESULTS OF THE -7 DAY TEST EXAMINING PARASITOLOGICAL RESISTANCE TO DIFFERENT DRUG
TREATMENTS IN 531 PATIENTS WITH FOLLOW-UP ON DAY 2 AND DAY 7

eniuqaidomA eniuqorolhC PS+eniniuQ

murapiclafmuidomsalP 711=n

IR/S )%15(94/52 )%07(46/54 )%001(4/4

IIR )%92(94/41 )%31(46/8 4/0

IIIR )%02(94/01 )%71(46/11 4/0

xavivmuidomsalP 81=n

IR/S )%29(31/21 )%08(5/4 -

IIR )%8(31/1 )%02(5/1 -

IIIR 31/0 5/0 -

eairalammuidomsalP 5=n

IR/S )%001(4/4 )%001(1/1 -

IIR 4/0 1/0 -

IIIR 4/0 1/0 -

:BN Ó snoitcefnideximdahstneitapemosecnis531>n
enimahtemiryp/enixodaflus=PS

drug administered.  The proportion of
treatment failure was higher when the
analysis population included only the
subjects who had a complete follow-up
(n=108) (18/108) compared to the analysis
population including all the subjects (n=179)
(17% vs 12%), especially for failure with Pf
following amodiaquine treatment (26% vs
16%).

Age-adjusted risk factors for clinical
failures were the number of antimalarial
treatments received during the preceding
year (p = 0.016) and the parasite density
estimated on admission (p = 0.033), both
leading to more failures with increasing
number.

Association between parasitological
resistance and clinical treatment failure

There was a significant positive
association between parasitological

resistance, at whatever level, and treatment
failure.  3% of the patients who had fully
susceptible parasites had a recrudescence
of fever and parasitaemia, versus 25% of
those with RI resistant parasites and 27% of
those with RII or RIII resistant parasites.

In vitro resistance of Plasmodium
parasites

51 blood samples were tested for in vitro
resistance of Plasmodium parasites to
chloroquine, amodiaquine, quinine,
cycloguanil, pyrimethamine, mefloquine,
halofantrine and the metabolite of
halofantrine.  Plasmodium species were
distributed as follows: 40 Pf, 3 Pf+Pv, 1
Pf+Pm, 4 Pv and 3 Pm.  36 samples grew
satisfactorily with the following species
distribution: 30 Pf, 3 Pf+Pv, 1 Pf+Pm, 1 Pv
and 1 Pm.  When the infections were mixed,
only Pf parasites grew to schizonts.  Table 4
summarizes the results of the in vitro
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3ELBAT

LEVEL OF CLINICAL TREATMENT FAILURE ACCORDING TO PARASITE SPECIES ON DAY 0 AND TYPE OF DRUG
ADMINISTERED, INCLUDING I) ALL THE STUDY POPULATION (N = )971 AND II) THOSE WITH COMPLETE

FOLLOW-UP (N = )801

eniuqaidomA eniuqorolhC PS+eniniuQ

0yadnoseicepS

murapiclafmuidomsalP

441=n)i )%61(16/01 )%21(87/9 5/0

98=n)ii )%62(53/9 )%61(05/8 4/0

xavivmuidomsalP

81=n)i )%8(21/1 6/0 -

01=n)ii 6/0 4/0 -

eairalammuidomsalP

7=n)i 4/0 3/0 -

4=n)ii 3/0 1/0 -

noitcefnidexiM

01=n)i )%11(9/1 1/0 -

5=n)ii )%02(5/1 - -

enimahtemiryp/enixodaflus=PS

resistance of the Plasmodium parasites to
the different tested drugs.  Half of the
samples were resistant to chloroquine, and
one third to amodiaquine; none was resistant
to quinine and none to halofantrine.  Table 5
shows the correlation coefficients between
the minimum inhibitory concentration of the
different drugs used on the plates.  The
highest correlation was found between
cycloguanil and pyrimethamine, followed by
mefloquine and halofantrine, chloroquine
and amodiaquine, and quinine and
halofantrine.

Discussion

When compared to the previous study
performed in the same area, the Pf
parasitological resistance to amodiaquine,
as judged by the seven-day test, has
increased from 18% in 1987 (16) to 49% in
1995 (present study).  There are no previous

data from the Wosera area for in vivo
resistance of Pf to chloroquine.  We found
30% Pf parasitological resistance to
chloroquine.  The better efficacy of
chloroquine versus amodiaquine to clear Pf
parasites may only be related to the immune
status of the host.  Indeed amodiaquine was
given to children aged less than 5 years
(strictly of less than 20 kg), known to have
lower humoral responses directed against
malarial antigens, whereas chloroquine was
administered to patients over 5 years, who
had already a certain degree of antiparasite
immunity.  The results of the in vitro assays
confirm that chloroquine is no better than
amodiaquine.  In fact in vitro resistance of
Pf to chloroquine was even higher than
resistance of Pf to amodiaquine (50% versus
27%).  The same caution should be taken
when comparing the estimated level of
treatment failure in patients treated with
amodiaquine (26%) and chloroquine (16%).
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4ELBAT

RESULTS OF THE IN VITRO RESISTANCE OF PLASMODIUM PARASITES TO CHLOROQUINE, AMODIAQUINE, QUININE,
CYCLOGUANIL, PYRIMETHAMINE, MEFLOQUINE AND HALOFANTRINE AND ITS METABOLITE IN 63 BLOOD SAMPLES

WHICH GREW SUCCESSFULLY

)%(selpmastnatsiserfooN

QC QA Q CYC RYP FEM LAH temLAH

0yadnoseicepS

)03=n(fP )05(51 )72(8 )0(0 )31(4 )31(4 )72(8 )0(0 )3(1

)3=n(vP+fP )33(1 )33(1 )0(0 )33(1 )0(0 )0(0 )0(0 )0(0

)1=n(mP+fP 1 1 0 1 0 0 0 0

)1=n(vP 0 1 0 0 0 0 0 0

)1=n(mP 1 0 0 0 0 0 0 0

latoT )63=n( )05(81 )13(11 )0(0 )71(6 )11(4 )22(8 )0(0 )3(1

=fP murapiclafmuidomsalP =vP; xavivmuidomsalP =mP; eairalammuidomsalP
;eniuqolfem=FEM;enimahtemiryp=RYP;linaugolcyc=CYC;eniniuq=Q;eniuqaidoma=QA;eniuqorolhc=QC

etilobatemstidnaenirtnafolah=temLAH;enirtnafolah=LAH

5ELBAT

CORRELATION COEFFICIENT BETWEEN MINIMUM INHIBITORY CONCENTRATION OF CHLOROQUINE,
AMODIAQUINE, QUININE, CYCLOGUANIL, PYRIMETHAMINE, MEFLOQUINE AND HALOFANTRINE AND ITS

METABOLITE IN 63 BLOOD SAMPLES WHICH GREW SUCCESSFULLY

stneiciffeocnoitalerroC

QA Q CYC RYP FEM LAH temLAH

QC 64.0 62.0 20.0– 60.0– 33.0– 12.0– 41.0–

QA 12.0 50.0 30.0– 50.0– 40.0– 01.0

Q 22.0 02.0 82.0 53.0 53.0

CYC 98.0 00.0– 40.0– 01.0

RYP 80.0– 70.0– 11.0–

FEM 08.0 06.0

LAH 58.0

ecnedifnocfolevel%59atatnacifingiserascilatinisrebmuN
=FEM;enimahtemiryp=RYP;linaugolcyc=CYC;eniniuq=Q;eniuqaidoma=QA;eniuqorolhc=QC

etilobatemstidnaenirtnafolah=temLAH;enirtnafolah=LAH;eniuqolfem
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It is likely that patients given chloroquine had
a better ability to reduce parasite density and
fever than patients given amodiaquine
because of their acquired immunity.  At least,
these data show that the development of
resistance to amodiaquine parallels fairly
well that to chloroquine when these drugs
are used as single therapies for
uncomplicated malaria.

These data should be seen with some
caution since we did not investigate whether
the parasites detected during follow-up were
recrudescences or new infections.  Only
parasite genotyping can distinguish between
these two possibilities.  However, even in
high transmission areas, it is well known that
a vast majority of the parasitological failures
are due to recrudescences (24).

When compared to results gathered from
other provinces of PNG or neighbouring
countries at about the same time, the in vivo
resistance of Pf in the Wosera was generally
lower, especially for RII and RIII resistance
to chloroquine:  30% in the Sepik versus 48%
in Madang (6) and 53% in Arso Pir, Irian Jaya
(25).  The difference was more pronounced
for in vitro resistance, which was 27% for
amodiaquine in the Wosera versus 89% in
Madang, and 50% for chloroquine in the
Wosera versus 86% in Madang (6) and even
100% in Central Province (11).  These
differences are likely to be due to easier
access to antimalarials (and probably
overuse) in the urban areas of Madang and
Port Moresby.

Although numbers were too low to draw
firm conclusions, our results confirm the
emergence of in vivo resistance of Pf to the
rescue treatment of quinine+SP (10).

Again the numbers were small, but the
observed RII resistance of Pv to
amodiaquine (8%) and to chloroquine (20%)
is also worrying.  Our observations confirm
previous reports of resistant Pv parasites in
PNG (13,14) and adjacent regions (26-28).

The primary aim of the study was to
assess the dynamics of drug resistance
occurrence and the potential need for
changing drug policy in PNG.  An association
between RII and RIII level of resistance and
clinical treatment failure has already been
found in Kenya (29) and was confirmed in
the present study, with a 10-fold increased

risk of having treatment failure in case of in
vivo resistant parasites.  This is not very
surprising since presence of recrudescent
parasites is part of the definition of a clinical
treatment failure.  In terms of public health
impact, we were interested to assess the
proportion of the patients who required a
second-line drug (quinine+SP) because of
their recurrent symptoms, as judged by the
usual medical staff of the health centre who
were responsible for the patients.  In fact,
we were surprised to observe that only 14
of all the 21 treatment failures were retreated
(67%), and only 5 (24%) with a drug that
differed from the initial one.  Among all the
subjects who had a complete follow-up, 11%
of the patients were retreated, and only 5%
with a second-line drug.  These results
indicate that the standard first-line treatment
in PNG, either with amodiaquine in children
of less than 20 kg, or with chloroquine in
older children and adults, was sufficient to
resolve symptoms, but probably not enough
to clear parasites, which is bad since it allows
resistant parasites to be transmitted further
(even though it may improve the immune
status of those individuals already infected).

In vivo and in vitro resistance of Pf to SP
has been documented for years in PNG (8-
10,30), and confirmed in vivo in the present
study, when combined with quinine, as well
as in monodrug studies in vitro.  It was still
at a low level at the time of the study.  Since
SP has only been used for patients with
severe or resistant malaria up to 2001, it is
likely that the level of resistance to this drug
has remained fairly low in the past years and
justifies its use in combination with
chloroquine or amodiaquine as the present
standard treatment for uncomplicated
malaria in PNG.  The results of the present
study combined with those of other regions
in Papua New Guinea provided support for
the change of standard treatment policy in
2000 from amodiaquine to amodiaquine+SP
and from chloroquine to chloroquine+SP;
this new recommendation was aimed at
slowing down the development of multidrug
resistance.  It will be interesting to follow
closely the dynamics of parasite resistance
to this new regimen, and to compare it with
the findings in countries using SP alone.

When potential alternative drugs are
considered, halofantrine showed excellent
efficacy to inhibit parasite growth in vitro.
However, this drug has not received the
favour of physicians due to its cardiac toxicity
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and has been gradually abandoned.
Mefloquine did not perform so well in our in
vitro assays but it may well be that the cut-
off chosen to define resistance was too low
since a recent comparative clinical trial
showed a 100% clearance rate for
symptoms and parasitaemia with mefloquine
in the same area (Genton et al., unpublished
observation, 2003).  This drug may represent
a useful alternative to include in a
combination with artemisinin derivatives for
multiresistant malaria in PNG in the future,
as currently implemented in Thailand and
Vietnam.

ACKNOWLEDGEMENTS

We thank the study subjects and their
families, the staff of the Papua New Guinea
Institute of Medical Research, especially the
medical personnel, the field reporters and
the microscopists, as well as the nurses of
Kunjingini Health Subcentre.  We are also
most grateful to Karl Rieckmann and Dennis
Shanks for giving their support in the training
and for providing the equipment and the
consumables necessary for the in vitro tests.

This project was supported financially by
the WHO Special Programme for Research
and Training in Tropical Diseases (Project
M2/181/221) and by the Australian Agency
for International Development (grant to the
Papua New Guinea Institute of Medical
Research for maintenance of the study site).

REFERENCES

1 Yung AP, Bennett NM.  Chloroquine-resistant
falciparum malaria in Papua New Guinea.  Med J
Aust 1976;2:320321.

2 Grimmond TR, Donovan KO, Riley ID.
Chloroquine resistant malaria in Papua New Guinea.
PNG Med J 1976;19:184185.

3 Dulay IS, Gibson FD, Eyeson-Annan MB, Narara
A.  Chloroquine resistance in Plasmodium falciparum
and its geographical distribution in Papua New
Guinea.  PNG Med J 1987;30:281-290.

4 Schuurkamp GJT.  The Epidemiology of Malaria
and Filariasis in the Ok Tedi Region of Western
Province, Papua New Guinea.  Tabubil: Ok Tedi
Mining Limited, 1992:341p.

5 Trenholme KR, Kum DE, Raiko AK, Gibson N,
Narara A, Alpers MP.  Resistance of Plasmodium
falciparum to amodiaquine in Papua New Guinea.
Trans R Soc Trop Med Hyg 1993;87:464-466.

6 Al-Yaman F, Genton B, Mokela D, Narara A, Raiko
A, Alpers MP.  Resistance of Plasmodium falciparum
malaria to amodiaquine, chloroquine and quinine in
the Madang Province of Papua New Guinea, 1990-
1993.  PNG Med J 1996;39:16-22.

7 Hombhanje FW.  Parasitological response of
Plasmodium falciparum infection to chloroquine

treatment in malaria patients in Port Moresby.  PNG
Med J 1997;40:74-78.

8 Darlow B, Vrbova H, Stace J, Heywood P, Alpers
M.  Fansidar-resistant falciparum malaria in Papua
New Guinea.  Lancet 1980;2:1243.

9 Darlow B, Vrbova H, Gibney S, Jolley D, Stace J,
Alpers M.  Sulfadoxine-pyrimethamine for the
treatment of acute malaria in children in Papua New
Guinea.  I. Plasmodium falciparum.  Am J Trop Med
Hyg 1982;31:1-9.

10 Al-Yaman F, Genton B, Mokela D, Alpers MP.
Resistance of Plasmodium falciparum in vivo to 3
days’ treatment with quinine and single-dose
Fansidar.  PNG Med J 1994;37:54-56.

11 Hombhanje FW.  In vitro susceptibility of
Plasmodium falciparum to four antimalarial drugs in
the Central Province of Papua New Guinea.  PNG
Med J 1998;41:51-58.

12 Rieckmann KH, Davis DR, Hutton DC.
Plasmodium vivax resistance to chloroquine?  Lancet
1989;2:11831184.

13 Whitby M, Wood G, Veenendaal JR, Rieckmann
K.  Chloroquine-resistant Plasmodium vivax.  Lancet
1989;2:1395.

14 Schuurkamp GJT, Spicer PE, Kereu RK, Bulungol
PK, Rieckmann KH.  Chloroquine-resistant
Plasmodium vivax in Papua New Guinea.  Trans R
Soc Trop Med Hyg 1992;86:121-122.

15 Alpers MP, Al-Yaman F, Beck H-P, Bhatia KK, Hii
J, Lewis D, Paru R, Smith TA.  The Malaria Vaccine
Epidemiology and Evaluation Project of Papua New
Guinea:  rationale and baseline studies.  PNG Med
J 1992;35:285-297.

16 Sapak P, Garner P, Baea M, Narara A, Heywood
P, Alpers M.  Ineffectiveness of amodiaquine against
Plasmodium falciparum malaria in symptomatic
young children living in an endemic malarious area
of Papua New Guinea.  J Trop Paediatr 1991;37:185-
190.

17 World Health Organization. Chemotherapy of
Malaria and Resistance to Antimalarials. WHO Tech
Rep Ser No 529.  Geneva: World Health
Organization, 1973:5-12.

18 Papua New Guinea Department of Health.
Standard Treatment for Common Illnesses of
Children in Papua New Guinea, 6th edition. Port
Moresby: Department of Health, 1993.

19 Rieckmann K, Campbell GH, Sax LJ, Mrema JE.
Drug sensitivity of Plasmodium falciparum.  An in-
vitro microtechnique.  Lancet 1978;1:22-23.

20 Rieckmann KH.  Amodiaquine in malaria treatment.
Trans R Soc Trop Med Hyg 1987;81:1040.

21 World Health Organization.  Assessment of
therapeutic efficacy of antimalarial drugs for
uncomplicated falciparum malaria in areas with
intense transmission. WHO Document WHO/MAL/
96.1077. World Health Organization, Geneva, 1996.

22 Genton B, Al-Yaman F, Beck H-P, Hii J, Mellor S,
Narara A, Gibson N, Smith T, Alpers MP.  The
epidemiology of malaria in the Wosera area, East
Sepik Province, Papua New Guinea, in preparation
for vaccine trials. I. Malariometric indices and
immunity.  Ann Trop Med Parasitol 1995;89:359-376.

23 Genton B, Al-Yaman F, Beck H-P, Hii J, Mellor S,
Rare L, Ginny M, Smith T, Alpers MP.  The
epidemiology of malaria in the Wosera area, East
Sepik Province, Papua New Guinea, in preparation
for vaccine trials. II. Mortality and morbidity.  Ann
Trop Med Parasitol 1995;89:377-390.

24 Al-Yaman F, Genton B, Reeder JC, Anders RF,
Alpers MP.  Evidence that recurrent Plasmodium
falciparum infection is caused by recrudescence of



150

Papua New Guinea Medical Journal                                                                       Volume 48, No 3-4, Sep-Dec 2005

resistant parasites.  Am J Trop Med Hyg 1997; 56:
436-439.

25 Baird JK, Basri H, Jones TR, Purnomo, Bangs
MJ, Ritonga A.  Resistance to antimalarials by
Plasmodium falciparum in Arso PIR, Irian Jaya,
Indonesia.  Am J Trop Med Hyg 1991;44:640-644.

26 Schwartz IK, Lackritz EM, Patchen LC.
Chloroquine-resistant Plasmodium vivax from
Indonesia.  N Engl J Med 1991;324:927.

27 Baird JK, Basri H, Purnomo, Bangs MJ, Subianto
B, Patchen LC, Hoffman SL.  Resistance to
chloroquine by Plasmodium vivax in Irian Jaya,

Indonesia.  Am J Trop Med Hyg 1991;44:547-552.
28 Murphy GS, Basri H, Purnomo, Andersen EM,

Bangs MJ, Mount DL, Gorden J, Lal AA,
Purwokusumo AR, Harjosuwarno S, Sorensen
K, Hoffman SL.  Vivax malaria resistant to treatment
and prophylaxis with chloroquine.  Lancet
1993;341:96-100.

29 Brandling-Bennett AD, Oloo AJ, Watkins WM,
Boriga DA, Kariuki DM, Collins WE.  Chloroquine
treatment of falciparum malaria in an area of Kenya
of intermediate chloroquine resistance.  Trans R Soc
Trop Med Hyg 1988;82:833-837.



151

PNG Med J 2005 Sep-Dec;48(3-4):

Malaria control in Papua New Guinea results in complex
epidemiological changes
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SUMMARY

With a renewed interest in large-scale malaria interventions, knowledge about the
possible long-term effects of such interventions on the nature of malaria transmission
is essential.  We document complex changes in malaria epidemiology over the last 40
years associated with changing malaria control activities in Karimui, an isolated area in
Papua New Guinea.  An initially equal distribution of Plasmodium falciparum, P. vivax
and P. malariae changed to currently 68% P. falciparum, after passing through a phase
of transitory P. vivax dominance, when control started to fail.  Initial drops in malaria
prevalence proved difficult to sustain and present post-control levels are significantly
higher than pre-control levels.  The example of Karimui indicates that unsustained control
can lead to changes in malaria patterns that may leave a population worse off.
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Introduction

Renewed awareness of the immense
human and economic costs of malaria has
brought malaria control once again to
prominence on the international public health
agenda.  There has been extensive
discussion of the possible effects of malaria
interventions on protective immunity and
patterns of morbidity (1,2), but less attention
has been given to the long-term effects on
malaria transmission itself, especially in
areas outside Africa that have complex
malaria patterns.

In Africa a massive resurgence of malaria
was seen after cessation of control in many
areas (3) but the absence of significant levels
of non-falciparum malaria preclude
investigation of differential control effects on
individual malarial species.  Following the
cessation of DDT spraying in Sri Lanka in
1964, Plasmodium vivax  quickly re-
established itself causing major epidemics

(4).  Control was reintroduced and, following
the switch from vector control to exclusive
treatment of malaria cases and the first
reports of chloroquine resistance, a steep
rise in P. falciparum cases was observed (4),
although P. vivax remained the dominant
parasite (5).  In areas of Asia and South
America with ongoing malaria control
programs, for instance Thailand and Brazil,
a shift from P. falciparum to P. vivax
preponderance occurred in the last 20 years
(6,7) despite rising levels of drug-resistant
P. falciparum.  The contrary trend of P.
falciparum replacing P. vivax was, however,
observed in parts of India with high levels of
drug and insecticide resistance (8). These
patterns indicate complex relationships
between control activities and the
transmission of different malaria species in
different parts of the world.

In Papua New Guinea (PNG), where all 4
human Plasmodium species and a multitude
of vectors occur, the malaria control program
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that lasted from 1960 to the early 1980s was
associated with a notable shift from P. vivax
to P. falciparum predominance (9,10).  In
Karimui, an isolated area without road
access, located approximately 1000 m
above sea level (settlement range c 900-
1200 m) to the south of the main highland
cordillera, control started later and lasted
longer than elsewhere in PNG.  Good,
detailed malariological data from pre-control
(1965) (11), early into control (1971) (12),
breakdown of control (1981) (13) and
current, post-control times (2001-2002) (14)
are available from a series of large malaria
surveys in this area.  Further, the history of
control is relatively well documented (14).
This offers an exceptional opportunity to
investigate changes in malaria epidemiology
in relation to malaria control activities.

Materials and Methods

This paper used results from four major
malaria surveys, conducted between 1965
and 2002, in the Karimui and Daribi area on
the Karimui Plateau, South Simbu. These
surveys published in reports or scientific
papers contained detailed descriptions of
sample locations and populations and
presented data in ways that allowed collating
samples that were comparable in areas and
age groups covered.  A number of other
malaria surveys, in particular from the control
period, could not be used for this comparison
as they lacked sufficient detail and/or
documentation.  Most were only available
from field research notes from one author
(RH) and either only covered parts of the
Karimui area or did not contain sufficient
detail on populations covered.  The
comparison was thus restricted to the 4
published surveys.

Following an initial malaria mass blood
survey of the Karimui area in 1962, a major
pre-control survey was conducted in August
1965 by the Malaria Control Service and
included 3937 people in both Karimui and
Daribi census districts (CD) (11).  Control
measures began in early 1968, and included
indoor residual spraying (IRS) with DDT
(indoor residual spraying , two spray rounds
annually) and mass drug administration
(chloroquine and pyrimethamine,
administered during the spray rounds from
1968 to 1970 only) (Figure 1).  Regular mass
blood surveys were carried out twice a year
to assess control efficacy, and a scientific

assessment of the malaria situation under
control was conducted in October-November
1971 (12).  The 1971 study assessed 978
people on the Karimui Plateau.

A decade later, following reports of high
levels of child malnutrition, in-depth
epidemiological surveys were carried out in
Karimui during August-September 1981 by
members of the Simbu Land Use Project,
the Provincial Department of Health and the
PNG Institute of Medical Research (IMR).
The aim of these surveys was to determine
the prevalence of malnutrition, malaria and
intestinal parasites (13).  Malarial infections
and spleen rates were assessed in a total of
1591 individuals from 7 villages in Karimui
and Daribi CD.  Twice-yearly spraying was
continued until 1978, when control was
scaled back.  Spraying continued at irregular
intervals and decreasing coverage until the
early 1980s (15) (Figure 1). The 1981 survey
thus coincided with the period of failing
control characterized by erratic interventions
and decreasing coverage and effectiveness.

In 1984 vector control was officially
abandoned and until 2002 treatment of all
presumptive malaria cases with chloroquine
and primaquine has been the mainstay of
malaria control throughout PNG.  Although
insecticide-treated bednets have become
increasingly available in PNG in recent years
they are virtually absent in Karimui villages.
As part of a larger study into the
epidemiology of malaria throughout the PNG
highlands, 765 individuals in 4 villages were
examined for malarial infections and
morbidity between July 2001 and May 2002
(14).  In addition, a further 263 individuals
were surveyed in December 2002 in 3
additional villages surrounding Karimui
Station as part of an ongoing study on
molecular markers of drug resistance.  For
the present analysis, results from the latter
study were included with those from the
wider 2001-2002 survey.

Although the same villages were not
included in each of the four main studies
used here, all of the studies conducted cross-
sectional community surveys across the
same areas of the Karimui Plateau, and
comprised all age groups in similar
proportions.  As original data were only
available from the 2001-2002 surveys, age
categories were set to provide maximum
correspondence between tabulations in the
published studies.  The data from the most
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Figure 1.  Changing prevalence of malarial infection in relation to control interventions in Karimui, 1965-2002.
P. falciparum = black bars; P. vivax = grey bars; P. malariae = open bars.
IRS = indoor residual spraying with DDT; MDA = mass drug administration; CQ = chloroquine; SP = sulfadoxine-
pyrimethamine.

recent surveys were then reanalyzed to fit
these categories.  All comparisons between
and within studies were done using chi-
squared tests and logistical regression.

Results

The first detailed survey in 1965, prior to
control measures, found a malaria
prevalence rate (PR) of 19.4% across
Karimui, with similar amounts of P.
falciparum, P. vivax and P. malariae present
(Table 1 and Figure 1).  After malaria control
started in 1968, overall malaria levels were
rapidly brought down to 7.1% by 1971, with
P. falciparum dominating over P. vivax (PR:
4.5% vs 2.8%, p = 0.05) (Figure 1).  P.
malariae was permanently reduced.  The
age distribution of cases was little affected
during the early phase of control, with
parasite prevalence peaking at 1-4 years
both in 1965 and 1971 (Figure 2).

The faltering of the control program in the

late 1970s and early 1980s resulted in a
massive surge in malaria transmission.  In
1981 overall prevalence had climbed to over
30%, significantly exceeding pre-control
levels (Table 1) (p <0.001). The increase was
strongest in P. vivax (PR: Pf 13.9%, Pv
15.8%, Pm 4.4%) (Figure 1) and peak
prevalence shifted to the 5-9 year (Pv) and
10-14 year (Pf, Pm) age groups (Figure 2).

By 2001, some 20 years after the
breakdown of control, the overall prevalence
of malaria had not risen significantly (p >0.5).
However, there has been a major shift in
species composition (Table 1).  While the
overall prevalence of P. vivax decreased to
pre-control levels (6.9%) the prevalence of
P. falciparum increased to 22.1% and now
accounts for 68% of infections.  Peak
prevalence of parasitaemia has shifted back
towards younger age groups in P. vivax and
P. malariae infections, but not in P. falciparum
(Figure 2).

In the 2001-2002 surveys there is a highly
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MALARIA PREVALENCE RATES, SPECIES COMPOSITION AND SPLEEN RATES IN KARIMUI, 2002-5691
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significant difference both in overall
prevalence and age distribution of cases in
relation to the distance of the surveyed
village to a health centre.  In villages within
1 hour’s walk of Karimui and Negabo health
centres, overall prevalence was 22.4%
compared to 35.6% in those further away (p
<0.001) (Table 2) and age of peak
prevalence was significantly higher (÷2 =
12.6, df = 3, p = 0.006).  Such differences
were not observed (p >0.2) in the 1981
surveys, with overall prevalence of 33.6%
and 36.0% in the 1-9 year and 24.0% and
20.2% in the over 15 year age groups in
villages within or beyond 1 hour’s walking
distance from the nearest health centre,
respectively.

Discussion

The data from Karimui not only show that
the impressive initial reductions in malaria
transmission achieved by control measures
were difficult to sustain, but that the
epidemiology of malaria in the area has been
significantly changed over the course of
these interventions.

The slight shift to P. falciparum early during
the control period was probably due to mass
drug administration, as has been seen in
other parts of the country (9).  Surprisingly,
the roles were reversed when the control

efforts were breaking down.  Between 1971
and 1981, irregular spraying and cessation
of mass drug administration favoured P.
vivax transmission.  Several factors may
have contributed to this change:  its long-
lasting liver stages, short extrinsic cycle and
faster production of gametocytes (16) make
P. vivax easier to transmit in marginal or
fluctuating circumstances.  Additionally,
prolonged DDT spraying elsewhere in PNG
led to a shift in vectors towards early- and
outdoor-biting mosquitoes (17).  Early-biting
mosquitoes in PNG tend to be younger and
more likely to carry P. vivax sporozoites (18),
thus favouring transmission of P. vivax.

The resurgence of malaria following
collapse of regular control was very rapid.
Mass blood surveys in the same areas
conducted by the malaria control services
(usually at the time of spraying activities) in
the 6-18 months preceding the 1981 survey,
found a significantly lower overall prevalence
(14-15%) with a similar predominance of P.
vivax as in the 1981 survey (R. Hide,
personal communication).

As elsewhere in PNG, P. falciparum
became the dominant malaria species in
Karimui after the complete cessation of
vector control in the 1980s, while P. vivax
fell back to pre-control levels (Figure 1) with
a comparable age distribution (Figure 2).
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Figure 2.  Age-specific prevalence of different malarial infections in Karimui, 1965-2002.
Data from 1965 survey did not allow differentiating into 5-9 year and 10-14 year age groups and data are thus
given for 5-14 year age group only.
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2ELBAT

AGE-SPECIFIC PREVALENCE OF ALL MALARIA INFECTION IN 2002-1002 SURVEYS IN RELATION
TO DISTANCE FROM NEAREST HEALTH CENTRE

egA klaws'ruoh1nihtiW klaws'ruoh1>

oN evitisop% oN evitisop%

raey1< 8 0.0 75 8.63

sraey4-1 05 0.81 48 1.75

sraey9-5 57 3.33 101 5.05

sraey51-5 75 1.53 911 2.64

sraey51> 351 0.51 423 3.12

latoT 343 4.22 586 6.53

Indiscriminate use of 4-aminoquinolines in
combination with poor compliance and the
advent of resistant P. falciparum (9) are the
likely reasons for this shift.  Both result in
poor clearance of infections and increased
gametocyte production, thus fuelling P.
falciparum transmission.  Ongoing in vivo
follow-up and studies of molecular drug
resistance markers show high levels of 4-
aminoquinoline resistance in Karimui (J.
Marfurt and I. Mueller, unpublished data).  P.
malariae, with the longest extrinsic cycle and
still full susceptibility to 4-aminoquinolines,
never fully recovered.

During the period that these changes in
malaria epidemiology occurred, other
significant changes in human-environment
relations took place in the Karimui area that
may have influenced malaria transmission.
Most importantly, these included a
substantial population increase (a doubling
between 1962 and 1990), and a shift in
settlement pattern from dispersed
longhouses to centralized nucleated villages.
These trends resulted in larger, more
clustered areas of cultivation and human
use.  Such conditions favour vectors such
as Anopheles punctulatus that breed in open,
sunlit pools (17) that result from agriculture
and other human activity, thus increasing the
chance of transmission.

It has been argued that a change to a
sedentary, agricultural lifestyle favoured the

transmission of P. falciparum over P. vivax
and contributed to the worldwide P.
falciparum dominance (19,20).  It cannot be
ruled out, therefore, that changes in
population density, agriculture and
settlement pattern at Karimui may have
contributed to the dramatic shift towards P.
falciparum following the collapse of control
activities.  It may also have helped to seal
the fate of P. malariae, a parasite well
adapted to endemicity in sparse and mobile
human populations (19).

Malaria control may also have affected
immune status causing shifts in the age of
peak prevalence.  Early on, age-distribution
was little affected, but during the breakdown
of control there was a clear shift towards
older children, as shown by the 1981 survey.
In the 20 years since cessation of vector
control, peak prevalence of malarial
infections has shifted back to younger age
groups except in areas with ready access to
antimalarial drug treatment.  This indicates
that 13 years of control, even if imperfectly
done, reduced immunity in children.  Similar
shifts in distribution of malaria cases to older
age groups with decreasing transmission
were also seen in Africa where they were
linked to increases in bednet coverage and
changes in first-line treatment (2).

This Karimui example demonstrates that,
as elsewhere in areas with complex malaria
patterns (4-9), major control interventions not
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only result in temporary reductions in levels
of transmission but may be associated also
with significant, unpredictable and possibly
long-term shifts in malaria epidemiology.
Such shifts might be especially marked if
control is not properly maintained and, as in
the case of Karimui and PNG in general, may
leave an area worse off than before control.
While the Karimui experience does not
contraindicate renewed malaria control
efforts, it highlights the importance of
monitoring changes in malaria epidemiology,
as well as the need to sustain successful
interventions once started.
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Ribotyping of Salmonella enterica serovar Typhi isolates from Papua
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SUMMARY

The prevalence of typhoid in the Papua New Guinea (PNG) highlands region increased
rapidly in the mid-1980s, and now remains endemic.  In this study ribotyping has been
used to examine the number and types of Salmonella enterica serovar Typhi strains
present during the 1977-1996 period.  The ribotyping banding pattern results were based
on Cla I and Eco RV digests.  The 57 PNG isolates were divided into 11 different ribotypes.
Comparison of ribotypes using coefficient of similarity values revealed a diverse group
of ribotypes.  Several strains appear to be endemic in PNG.  For instance, ribotypes 1, 2
and 3 were most commonly found among PNG isolates and isolates with these ribotypes
have been cultured over a period of at least 11 years (1985-1996).  Ribotype 3 was also
observed in isolates from Malaysia and Thailand.  Also found in PNG were ribotypes 4,
5, 6, 7, 8, 9, 16 and 17.  The ribotyping suggests that serovar Typhi strains present in
PNG include unique strains of serovar Typhi and also strains that are common to other
countries.
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limited to 3 in 1975 to 39 in 1984 (4).  During
the mid-1980s, typhoid was becoming a
major problem in the PNG highlands, where
a large proportion of the total population
resides.  In one highlands province the cases
gradually increased from 849/100,000 in
1986 to 2332/100,000 in 1990 (5).  The
typhoid cases appeared to spread first along
traditional contact routes and later along
roads, reaching main towns and later remote
districts (5).  Epidemiological studies have
reported that the spread was associated with
a low level of personal hygiene with little
evidence for water-borne transmission

Introduction

Typhoid fever continues to be a major
infectious disease problem for developing
countries and even remains endemic in
countries that are experiencing rising
standards of living such as in South-East
(SE) Asia (1).  Papua New Guinea (PNG),
which is geographically close to SE Asia, is
also severely burdened by endemic typhoid
fever (2).  In PNG, the earliest reports
described the disease as being mainly
confined to the coast (3) and bacteriologically
confirmed cases in Port Moresby were
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(2,5,6).  High case fatality rates have been
reported in Goroka and Port Moresby and it
was suggested that this may be due to
increased genetic susceptibil ity to
Salmonella enterica serovar Typhi,
differences in virulence of the prevalent
strains of serovar Typhi or late presentation
of many patients (7).  In a previous study we
observed that pulsed-field gel
electrophoresis (PFGE) typing of PNG
isolates suggested that specific strains
isolated between 1992 and 1994 were
associated with disease severity (8).  Other
studies examining isolates in PNG (from
1986 to 1989) have found that 108 isolates
(80.6%) were phage type D2, which was
considered a very high proportion compared
to figures around the world (9).  Considering
the nature of typhoid and serovar Typhi
strains present in PNG there is a unique
opportunity to further investigate the
molecular epidemiology of typhoid in PNG.
The aim of this study was to use ribotyping
to examine the diversity of strains, including
the many D2 lysogenic types.  Strains
isolated in 1977 and between 1985 and 1996
were investigated to determine if certain
strains have been endemic and there was
also the opportunity to compare the ribotypes
of these strains with a limited number of
strains from other countries.

Methods

Bacterial strains

The 57 PNG isolates of serovar Typhi in
this study were recovered from either faeces
(rectal swab) or blood samples of individuals
who were either part of an epidemiological
survey (2) or seeking medical attention.
Isolates from the Eastern Highlands
Province (EHP) were chosen randomly from
a serovar Typhi culture collection to cover
the years from 1985 to 1996.  The number
of ribotypes per patient was investigated by
typing faecal and blood isolates of 9
individuals.  Ages were known for 20 EHP
individuals and the average age was 22
years.  Further PNG isolates were obtained
from the Microbiological Diagnostic Unit,
University of Melbourne.  Isolates from other
countries were obtained from the University
of Malaya and the history was not available
for these isolates.  All isolates were identified
by standard biochemical tests and slide
agglutination tests with Salmonella
polyvalent O and group antisera (Difco

Laboratories).  Isolates that could not be
identified by the above tests were identified
by API-20E (Bio-Mérieux).  Phage typing was
carried out by the Microbiological Diagnostic
Unit, University of Melbourne.

Isolates were tested by the disk diffusion
method for antimicrobial susceptibility to
chloramphenicol (30 ìg), ciprofloxacin (5
ìg), gentamicin (10 ìg), ampicillin (10 ìg),
cotrimoxazole (25 ìg) and tetracycline (30
ìg)  (10).

Ribotyping

DNA was extracted based on the method
according to Nastasi et al. (11) and 6 ìg of
DNA was digested with 30 units of either Cla
I or Eco RV (Toyobo/Progen).  Digested DNA
was electrophoresed on 0.7% agarose gels
for 16 hours at 30 volts and DNA was
capillary-transferred to membrane according
to standard methods (12).  The ribosomal
probe used was derived from plasmid
pRRNB containing the 5.4 kbp rrn B operon
of Escherichia coli (kindly donated by K.
Pidcock).  The plasmid was purified using
alkaline lysis (13) and then digested with Pst
1 (14).  After electrophoresis, the 5.4 kbp
operon  fragment was purified with
GeneClean (Bio10, Inc) and then labelled
by random priming with digoxygenin
according to the method described by the
manufacturer (Boehringer Mannheim).
Membrane-bound DNA was hybridized
according to the manufacturer’s described
method using 25 ng of labelled probe/ml of
hybridization solution.  The presence of
plasmids among isolates was examined
using gel electrophoresis of purified
undigested total DNA and alkaline lysis
preparations (13).

The size and identity of DNA bands that
hybridized with the probe (rDNA bands) were
estimated by measuring migration distances
compared to lambda molecular weight
standards.  rDNA bands from different strains
that were estimated to be similar in size were
electrophoresed in adjacent lanes to confirm
identity.  The rDNA banding profiles of Cla I
and Eco RV digests of isolates were
combined and used to discriminate between
isolates.  Combined rDNA banding patterns
that were unique were designated as a
ribotype and the similarity between ribotypes
was determined using the coefficient of
similarity.  The formula used was coefficient
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F = {2nxy/(nx + ny)} where nx is the total
number of DNA fragments in ribotype X, ny
is the total number in ribotype Y, and nxy is
the number of fragments identical in the two
isolates.  Isolates with the same ribotype
have an F value of  1.0 and isolates with
ribotypes that have an F value of 0 show
complete dissimilarity.  Cluster analysis of F
values was performed by the unweighted
pair group method with arithmetic averages
(15).

Results

Initial ribotyping analysis was carried out
using enzymes Hae III, Rsa I, Msp I, Ava II,
Hind III, Taq I, Eco RI, Pst I, Eco RV and Cla
I and the latter two enzymes were found to
provide the best discrimination between
isolates.  The combining of Cla I and Eco
RV banding patterns resulted in 18 ribotypes
(Table 1) among a total of 67 isolates (Table
2).  Cla I (Figure 1) and Eco RV (Figure 2)
digests of isolates produced 5-7 bands with
sizes 6.5-28 kbp and 4-7 bands with sizes

1ELBAT

DESIGNATION OF RIBOTYPE BASED ON COMBINING CLA I AND ECO VR PATTERNS
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DISTRIBUTION OF RIBOTYPING BANDING PATTERNS
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Figure 1. Ribotyping patterns based on Cla I digests of DNA. Lanes 2 to 9 are the ribotyping patterns of different
isolates.
1 Lambda molecular weight marker
2 Cla I ribo 13
3 Cla I ribo 12
4 Cla I ribo 11
5 Cla I ribo 3
6 Cla I ribo 2
7 Cla I ribo 3
8 Cla I ribo 10
9 Cla I ribo 3

6-15 kbp respectively.

Analysis of 57 PNG isolates revealed 11
different ribotypes (Table 2) and comparison
of ribotypes revealed a large range of
similarity values (F = 0.2-1.0).  Ribotypes 1,
2 and 3 were the most common ribotypes
observed among isolates from Port Moresby
and the Eastern Highlands Province.
Ribotype 1 was also observed in isolates
from Tari (Southern Highlands Province).
These three ribotypes appear to be endemic
in PNG as they were found among isolates
in PNG for at least 11 years (1985 to 1996).
There was also a large degree of banding
pattern difference between these three
ribotypes as indicated in Figure 3.

There was also evidence of ribotypes with
many bands in common.  For instance

ribotypes 1 and 16 had 11 out of 12 bands in
common and both ribotypes were isolated
from EHP patients.  Similarly, ribotype 2 and
17, which were observed in PNG, had 10
out of 11 bands in common (F = 0.91).  In
addition, ribotype 18 (observed in an isolate
from India) had all 10 bands in common with
ribotype 2, which had a total of 11 bands (F
= 0.95). Ribotypes 3 and 11 also had 9 out
of 11 or 12 bands in common (F = 0.78).

Ribotype 3, which is common in PNG, was
observed in an isolate from Malaysia and
from Thailand.  Ribotype 11 was observed
in isolates from Thailand and Chile.
Ribotypes that were unique in not sharing
many bands with other ribotypes included
ribotypes 15 and 10 from Zurich, and
ribotype 13 from India.  Isolates from Chile
and Malaysia had unique ribotypes 12 and
14 respectively.  PNG’s ribotypes 4, 5, 6, 7,
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Figure 2. Ribotyping patterns based on Eco RV digests of DNA. Lanes 2 to 10 are the ribotyping patterns of
different isolates.
  1 Lambda molecular weight marker
  2 Eco RV ribo 14
  3 Eco RV ribo 13
  4 Eco RV ribo 11
  5 Eco RV ribo 6
  6 Eco RV ribo 17
  7 Eco RV ribo 12
  8 Eco RV ribo 11
  9 Eco RV ribo 6
10 Eco RV ribo 1

8 and 9 also did not share many bands with
other ribotypes.

9 PNG individuals had isolates recovered
from their blood and faeces and all isolates
from different sites from the same individual
had the same ribotype.  These individuals
were from Goroka and the ribotypes
identified were 1 and 2.

No plasmids were observed among
isolates and all isolates were susceptible to
the antimicrobials tested.

The phage type D2 was the most common
among PNG isolates and isolates with this
phage type were further separated into six

different ribotypes.  Similarly isolates with
phage type E1 could be further separated
into four different ribotypes.  Isolates with
ribotype 3 and 1 could be further divided into
four and three different phage types
respectively.   Many of the isolates from
countries other than PNG could not be phage
typed.

Discussion

Salmonella enterica serovar Typhi
remains a major pathogen worldwide
especially as antimicrobial resistance
appears to be developing (16) and molecular
typing of serovar Typhi has been used to
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Figure 3.  Dendrogram of similarity of coefficient values of ribotypes (combined Cla I and Eco RV) using cluster
analysis by the unweighted pair group method with arithmetic averages.
Region: PNG = location in PNG unknown; POM = Port Moresby; EHP = Eastern Highlands Province; SHP =
Southern Highlands Province; Mal = Malaysia; Thai = Thailand.

investigate important aspects of this
pathogen.  Recently, pulsed-field gel
electrophoresis (8) and amplified fragment
length polymorphism (17) were used to
investigate serovar Typhi isolates from fatal
and nonfatal cases in Papua New Guinea.
In these studies, limited genetic diversity was
observed among isolates, possibly due to
all isolates originating from one region over
a short period of time.  In this present study,
the 57 PNG isolates were identified as 11
different ribotypes and many of these
ribotypes did not share many bands (F = 0.2-
1.0).  This indicates greater genetic diversity
than observed in the previous PNG study.
However, these quite different ribotypes may
be due to DNA rearrangements and not to
overall DNA chromosomal sequence
divergence (18).  Analysis of the genomic

organization of serovar Typhi has revealed
chromosomal rearrangements that appear
to be due to homologous recombination in
the rrn genes (19).  This should not restrict
the usefulness of ribotyping (18) as it may
be assumed that isolates with very similar
ribotypes are likely to have a recent common
ancestor (11).  It would be more difficult,
however, to interpret the genetic relatedness
of isolates with quite different ribotypes.

In PNG the most common ribotypes were
1, 2 and 3 and these appear to have been
endemic for at least 11 years, which indicates
that continued infections may be due to these
endemic strains rather than imported strains.
These ribotypes were first observed among
isolates in 1985-1986, which is the time
when typhoid first appeared to spread rapidly
throughout the highlands (5).  It is possible
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that the epidemic was due to the recent
importation of these ribotypes, but
unfortunately this cannot be confirmed as we
were unable to obtain many isolates from
before this period.  The limited number of
ribotypes may assist in assessing future
vaccines and interpreting their long-term use
in PNG.  Another study examined PNG
isolates recovered from 1992-1994 and
1997-1999 using PFGE and they also found
strains with a common PFGE pattern which
were isolated throughout this period (20).  In
that study of PNG isolates, 21 PFGE patterns
were observed in the 1997-1999 period,
although they had very similar banding
patterns with the coefficient F ranging from
0.71 to 0.97 (20).  Other studies in Chile (21)
and Sicily (11) have shown that within a
geographical area specific serovar Typhi
strains can remain endemic from 12 to 20
years.  The Chile and Sicily study results are
also similar to the present study since they
found that during an epidemic there were
only a few ribotypes present; these authors
also observed in sporadic cases there was
a high variability among ribotypes.  In the
PNG highlands sporadic cases are harder
to identify as typhoid continues at a high level
of endemicity.  The ribotypes 1, 2 and 3 also
do not share many bands in common and
possibly represent different clones
circulating in PNG.  However, each of these
ribotypes had similar banding patterns to
other ribotypes in PNG.  For example,
ribotypes 2 and 17 had 10 out of 11 bands in
common suggesting that they originated
from a common ancestral strain.
Interestingly, ribotype 18, which is also
similar to ribotype 2, was observed in an
Indian isolate but not in PNG.  Ribotype 3
was also found in Malaysia and Thailand,
and ribotype 11, which has a similar banding
pattern, was found in Thailand and Chile
isolates.  This confirms the finding of other
reports suggesting that there are clones of
serovar Typhi that are circulating worldwide
(22,23), although there appear to be many
other clones specific for geographical
regions (1).

The predominant phage type in PNG is
D2, followed by E1. Phage type D2 has also
been described in other PNG studies, which
at the time may have indicated a single clone
causing disease.  However, in this present
study, isolates of the same phage type were
able to be subdivided by ribotyping.  This
confirms the finding of other studies that
show that molecular typing is more

discriminatory than phage typing.  The phage
types D2 and E1 are also common in
neighbouring SE Asia (24-26). PNG is
geographically close to SE Asia and so it
would not be surprising if serovar Typhi was
imported from this neighbouring region.

It is interesting that other PNG ribotypes
such as 8 (isolated in 1977), 4 (1986), 7
(1986), 6 (1992), 5 (1986-1987) and 9 (1986)
did not appear to continue circulating in the
community and may indicate recent
importation, which caused sporadic cases
and which did not have the opportunity or
the phenotype to continue circulating.  This
would have to be confirmed with typing of
further isolates.

There was no indication of serovar Typhi
developing antibiotic resistance in PNG.  This
may be good fortune rather than due to
treatment practices as there is poor
compliance of patients completing antibiotic
courses (6).  Maintaining antibiotic
susceptibility will become increasingly
important as HIV patients in PNG are also
contracting typhoid (27).

In this present study we found only a
single strain among patients when we
examined both faecal and blood isolates.  In
our previous study (8) we examined PNG
isolates using PFGE and were able to
identify some strain differences among
isolates from a single patient, which suggests
that PFGE may be more sensitive in
detecting restriction fragment length
polymorphisms.  This was also concluded
by Nair et al. when those authors compared
ribotyping and PFGE analysis of serovar
Typhi isolates (17).

The ribotyping of PNG isolates in this
study showed a large diversity of strains over
a 20-year period, although some strains
appeared to be endemic for long periods.
Some of these PNG strains are common to
overseas isolates, which demonstrates the
clonal nature of serovar Typhi and how easily
typhoid can spread and establish in countries
such as PNG.

Typhoid is now endemic in many parts of
PNG.  Control of the disease can be
achieved in some measure by early
diagnosis and rigorous treatment.  To solve
the problem of community-based
transmission by prolonged convalescent
excretion of serovar Typhi, will probably
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require powerful antibiotic treatment.
However, for patients with acute typhoid,
chloramphenicol remains a life-saving drug.
It is essential therefore to maintain effective
treatment and to continue the monitoring of
the antibiotic susceptibility of clinical isolates
of serovar Typhi.  This could also include
clinical, epidemiological and cost-
effectiveness studies for the use of
fluoroquinolone antibiotics as an alternative
treatment for typhoid.  However, for a
significant reduction in the burden of disease
and load of infection in PNG, a vaccine
against typhoid is required.  The Eastern
Highlands Province of PNG may be an ideal
location to trial any future vaccines due to
the limited number of strain types circulating
and because the community is well defined
demographically.

If epidemiological surveillance on typhoid
is re-established in PNG then a method such
as ribotyping, PFGE or amplified fragment
length polymorphism would be a valuable
surveillance tool.  This surveillance could
continue to investigate the diversity and
distribution of serovar Typhi strains and in
particular could be used to assist in the
identification of the sources of future
outbreaks in PNG.
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Syphilis serology testing: a comparative study of Abbot DetermineR,
Rapid Plasma Reagin (RPR) card test and Venereal Disease Research

Laboratory (VDRL) methods
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SUMMARY

Blood from 2100 women attending the antenatal clinic of the Port Moresby General
Hospital (PMGH) and the 9 Mile urban clinic of Port Moresby was tested for syphilis
using the laboratory-based Venereal Disease Research Laboratory (VDRL) syphilis
serology test and two clinic-based syphilis tests, Abbot DetermineR  and Abbot Syfacard-
RR (Rapid Plasma Reagin (RPR) card test).  The Abbot Determine and the Syfacard-R
tests were compared with the VDRL test, the gold standard in this study.  The validation
test results of DetermineR versus VDRL were as follows: sensitivity 92.0%; specificity
94.6%; the predictive value of a positive test 42.6%; and the predictive value of a negative
test 99.6%.  The validation tests for RPR versus VDRL were as follows: sensitivity 56.3%;
specificity 96.5%; predictive value of a positive test 41.2%; and the predictive value of a
negative test 98.1%.  The RPR test costs 3.5 kina (about one US dollar) a test, the VDRL
less than 1 kina a test whilst the Determine test kit costs about 5 kina a test.  When
laboratory time, salaries and other supplies are costed the Determine test is expected
to cost relatively much less.  Our recommendation is that the Determine test be made
available in areas of the country where VDRL is unavailable or where logistics do not
allow for test results to be available early enough to make a difference to the care of the
pregnant woman and her fetus.
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Introduction

Syphilis is the commonest avoidable
cause of stillbirth at the Port Moresby
General Hospital (PMGH).  Maternal
seropositivity for syphilis is associated with
9% of stillbirths (1).  Syphilis is common
among women of reproductive age in most

parts of Papua New Guinea.  The
seroprevalence is 4-5% at the PMGH and
ranges from 5 to 20% in other parts of the
country (2).  The standard syphilis test at the
PMGH and for the rest of the country is the
Venereal Disease Research Laboratory
(VDRL) test.  VDRL antigen is a colloidal
suspension of tissue lipid cardiolipin which,
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in the presence of a balanced quantity

of cholesterol and lecithin, reacts
immunologically with reagin to form visible
floccules.  At the PMGH, 80% of women with
a reactive VDRL also test positive for the
Treponema pallidum haemagglutination
assay (TPHA), a confirmatory test for syphilis.

While TPHA is performed on VDRL-
reactive sera at the PMGH, it is not available
in all provincial centres.  In addition to this
there is invariably a delay in the reporting of
the VDRL and TPHA status.  For these
reasons patients who test positive for VDRL
are treated with benzathine penicillin.
Partners are also encouraged to undergo a
treatment course without necessarily
undergoing testing for their VDRL and TPHA
status because of the inevitable delay and
the possibility that they will not return to the
clinic.  This is the practice adopted by many
workers who find themselves in similar
situations (3).

At the PMGH, 2% of admissions to the
neonatal care unit are because of syphilis.  It
was also the cause of death in 2% of early
neonatal deaths (4,5), but admission rates
vary across the country.  At the Goroka
Hospital in the Eastern Highlands Province,
where the prevalence of syphilis among
antenatal mothers was 7.1%, congenital
syphilis caused 5.5% of neonatal admissions
and 22% of neonatal deaths and contributed
substantially to the prevalence of very low
birth weight (VLBW) infants (6).

Babies of pregnant women with untreated
syphilis, and those who receive treatment
after the 34th week of gestation, have a 40-
70% risk of intrauterine infection.  The risks
of stil lbirth, growth retardation and
prematurity are high and up to one-third of
neonates with clinical features of syphilis die
(6,7).  An infected baby may be born without
symptoms but may develop these within a
few weeks if untreated.  Signs and symptoms
of congenital syphilis include skin lesions, red
and grey macules with desquamation or
blisters, particularly in the palms of the hands
and on the soles of the feet, a nasal discharge
(which is sometimes bloody and infectious),
slimy patches in the mouth, osteolytic lesions
of the limb bones, hepatosplenomegaly,
anaemia, jaundice, low birthweight  and
microcephaly.

About 12-33% of infected newborns will

survivors will have residual stigmata (6,8,9).
When signs and symptoms follow some
weeks after birth, these babies are unlikely
to be brought back to the hospital for
diagnosis and treatment.  As infected infants
become older, they may develop the
symptoms of late-stage syphilis including
damage to their bones, teeth, eyes, ears and
brain (10).  Even adequately treated survivors
of symptomatic congenital syphilis have an
increased risk of morbidity and mortality in
later infancy from malnutrition and common
infectious diseases such as bacterial
pneumonia and meningitis.

At the PMGH, 20% of mothers coming for
delivery do not have a syphilis test result by
the time they go into labour.  There are
several reasons.  About 6% of our patients
are non-attendants; some who book very late
go into labour before the test result is
available.  There are often delays in receiving
VDRL results because the Central Public
Health Laboratory (CPHL) runs the assay in
batches.   Furthermore, some peripheral
clinics do not take blood for syphilis testing.
Nation-wide, this problem is magnified as
only 60% of pregnant women access
antenatal care, and clinics in rural provincial
areas very rarely are able to perform syphilis
serology testing.  In the Eastern Highlands
Province, for example, 70% of all pregnant
women are not screened (6).

It would be advantageous to have a rapid
test that could be used in the rural health
centres where there are no laboratory
facilities, so that the results could be acted
upon immediately.  A number of tests are
marketed for this purpose.  Two of these are
the DetermineTM Syphilis Abbot testing kit and
the Abbot Syfacard-R Rapid Plasma Reagin
card test.  These have been used in some
developed countries with temperate climates.
Whether such rapid tests for syphilis will be
appropriate, robust and cost-effective for use
in remote clinics in PNG, a tropical country
with a high syphilis prevalence, is uncertain.

Objectives of the study

The main objective of this study was to
compare the efficacy, efficiency,
accessibility and total cost of Determine
testing kit and the RPR card test with
the VDRL test, which is the most widely
available test for syphilis in PNG.   Part of
the primary objective was to try to compare
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the accuracy of the rapid tests against the
TPHA, a test we consider the gold standard
for the diagnosis of syphilis.  The secondary
objective was to evaluate the feasibility and
the practicability of performing these tests at
the clinic and the acceptability of these tests
to clinic staff and patients.

 Methods and subjects

Pregnant women who gave informed
verbal consent at the first antenatal visit to
the PMGH and 9 Mile antenatal clinics were
recruited into the study.  About 25-30 such
patients are booked each clinic day.  The
study population was 2100.  With a positive
TPHA prevalence of some 3%, we expected
about 60 TPHA-positive women.  Pregnant
antenatal attendants have blood taken for
VDRL, HIV serology and haemoglobin assay.
TPHA tests were performed, when available,
on VDRL-positive samples, in line with
standard practice in our hospital.

During the study, the subjects were
additionally tested with Determine and the
RPR card test.  This required an extra 5 ml
of blood taken at the same time as blood was
drawn for the other routine tests.  TPHA tests
were also performed on some of the sera
that were Determine or RPR positive but
VDRL negative.

The Abbot DetermineTM method, Abbot
Laboratories 1999, is an in vitro, visually read,
qualitative immuno-chromatographic assay
for the detection of antibodies to Treponema
pallidum.  The plasma reagin (RPR) card test
(Syfacard-RR) (Abbot Murex, Abbot
Diagnostics Division) is a quantitative or
semi-quantitative measurement of reagin
(circulating antibodies directed against tissue
components) in serum or plasma.  The
Syfacard-R test detects circulating reagin.
The test is similar in principle to the VDRL
test, which employs an antigen that is not of
treponemal origin.

 A pretested questionnaire, the antenatal
card, labour and delivery records and the
Central Laboratory database were used to
collect data.  The investigators administered
the questionnaire to the patients.  The
research nurse explained the study and
informed verbal consent was obtained from
all participating women.  The two rapid tests
were evaluated for performance, requirement
of training and costs.  Nursing and medical

staff assessment of the logistics involved in
the testing were recorded to help
determine the feasibility and applicability
of these tests in a clinical setting where
the patient load is very high.  It is
important to note that all samples were
tested using the Determine, the RPR and
VDRL methods.

Results

2100 women were recruited between
March and September 2002.   87  (4.1%)
were VDRL positive.  Of the 87 VDRL-
positive tests, 35 (40%) were subjected to a
TPHA test.  Of these, 29 (83%) were TPHA
positive.  The validation tests for Determine
against VDRL were as follows:  sensitivity
92.0%,  specificity 94.6%, positive predictive
value (PPV) 42.6% and the predictive value
of a negative test (NPV) 99.6% (Table 1).  The
validation tests for RPR against  VDRL were:
sensitivity 56.3%, specificity 96.5%, PPV
41.2% and NPV 98.1%  (Table 2).  Table 3
shows the comparison of the validity indices
for the two tests, Determine and RPR.

31 (51%) of 61 Determine-positive
samples and 17 (65%) of 26 RPR-positive
samples were also positive on TPHA testing.
Of the 29 samples that were both VDRL and
TPHA positive, 28 (97%) were Determine
positive only, 17 (59%) RPR positive only and
19 (66%) both Determine and RPR positive.

108 (5.4%) of the 2013 subjects who were
VDRL negative tested positive with the
Determine test whilst 7 (8.0%) of the 87
subjects who tested positive with VDRL
tested negative with Determine.  70 (3.5%)
of the 2013 subjects who tested negative with
VDRL tested positive with RPR and 38
(43.7%) of the 87 who tested positive with
VDRL tested negative with RPR.

Discussion

We have shown that the Determine rapid
test for syphilis performed well as a screening
test compared to the VDRL test.  The
Determine test had more than 90% sensitivity
against the VDRL test.  The RPR test would
not be as useful as a screening test since it
had much lower sensitivity than the
Determine test.  However, the positive
predictive value of the Determine test was
low to moderate.  Thus if the Determine test
were used in clinical practice, about 50-60%
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1ELBAT

DETERMINETM TEST VERSUS LRDV TEST

tsetLRDV

evitisoP evitageN latoT

enimreteD MT tset

evitisoP 08 801 881

evitageN 7 5091 2191

latoT 78 3102 0012

yrotarobaLhcraeseResaesiDlaereneV=LRDV
%0.29:ytivitisneS
%6.49:yticificepS

%6.24:tsetevitisopafoeulavevitciderP
%6.99:tsetevitagenafoeulavevitciderP

%4.5:enimreteDhtiwevitisopdetsetohwsevitagenLRDVfonoitroporP
%0.8:enimreteDhtiwevitagendetsetohwsevitisopLRDVfonoitroporP

2ELBAT

RPR TEST VERSUS LRDV TEST

tsetLRDV

evitisoP evitageN latoT

tsetRPR

evitisoP 94 07 911

evitageN 83 3491 1891

latoT 78 3102 0012

yrotarobaLhcraeseResaesiDlaereneV=LRDV
nigaeRamsalPdipaR=RPR

%3.65:ytivitisneS
%5.69:yticificepS

%2.14:tsetevitisopafoeulavevitciderP
%1.89:tsetevitagenafoeulavevitciderP

%5.3:RPRhtiwevitisopdetsetohwsevitagenLRDVfonoitroporP
%7.34:RPRhtiwevitagendetsetohwsevitisopLRDVfonoitroporP
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3ELBAT

COMPARISON OF VALIDITY INDICES OF DETERMINE AND RPR

%enimreteD %RPR

ytivitisneS 0.29 3.65

yticificepS 6.49 5.69

VPP 6.24 2.14

VPN 6.99 1.89

evitagensiLRDVnehwtsetevitisoP 4.5 5.3

evitisopsiLRDVnehwtsetevitageN 0.8 7.34

nigaeRamsalPdipaR=RPR
eulavevitciderpevitisop=VPP
eulavevitciderpevitagen=VPN

yrotarobaLhcraeseResaesiDlaereneV=LRDV

of patients who tested positive would receive
benzathine penicillin but would have a
negative VDRL test.  This may be acceptable
in antenatal screening as the treatment,
benzathine penicillin, is associated with a
very low risk of adverse complications.  It is
already accepted that in a setting such as
ours when VDRL testing without TPHA
confirmation is used as the basis for
treatment, 1 in 5 VDRL-positive women will
not have syphilis but will be treated.  Among
other causes of a false positive VDRL test –
pregnancy itself, malaria, tuberculosis and
yaws  – only the last, yaws, is an indication
for treatment with benzathine penicillin.

Of the 87 patients who tested positive with
VDRL, 7 (8.0%) tested negative with the
Determine test and 38 (43.7%) tested
negative with the RPR test.  This would mean
that we could miss many more patients with
positive VDRL tests when using the RPR test.
The number of patients likely to be missed
with the RPR test is unacceptably high.  In
the circumstances then the more useful card
test will be Determine.  With Determine, the
risk of overtreating patients who have no
syphilis will probably be outweighed by the
benefit of treating nearly all of those who may
have the disease.

Some reasons may explain the high
number of VDRL-positive women who tested
negative with the RPR test.  The amount of
serum dispensed varied because we used

an ordinary pipette instead of an autopipette
as recommended by the manufacturer.  For
both the Determine and the RPR tests, this
may be critical.  Information from the Central
Laboratory suggests that there could be
difficulties when an incorrect amount of
serum is dispensed and the cards are
manually rotated.  Moreover, the reagents
could easily dry out to further compound the
difficulties.  In the laboratory, there are
moisturizing chambers which prevent drying
out of specimens.  We did not have these
facilities.

The research project was to see how these
tests performed in the clinical setting.  Many
clinics managing antenatal patients do not
have facilities to perform VDRL tests at all
and, even for those who have them, the
delays in obtaining results mean that many
of the patients do not have any treatment
before the disease adversely affects the
pregnancy.

The RPR costs 3.5 kina (1 US dollar) a
test and the Determine test costs
approximately 5 kina a test; this compares
with a cost of less than 1 kina per VDRL test.
The Determine test is more expensive than
the RPR test but considering the greater
accuracy and the difficult logistics involved
in performing the RPR test (requirements for
special pipettes and a mechanical rotator) it
would be more feasible and more useful in
screening to use the Determine test in remote
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health clinics that cannot do VDRL testing.

In conclusion, making a highly specific
rapid test for syphilis, such as the Determine
test, available in Papua New Guinea would
greatly assist in disease control, particularly
for syphilis in pregnancy which has such a
devastating effect on the newborn.
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Betelnut chewing: a contributing factor to the poor glycaemic control in
diabetic patients attending Port Moresby General Hospital, Papua New

Guinea
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SUMMARY

This descriptive study was conducted in the Diabetes Clinic of the Port Moresby
General Hospital for 6 months, from July to December 2002.  The aim was to document
the usage and effects of betelnut chewing in diabetic patients.  210 patients were randomly
selected from the list of patients in the appointment book, using a random number table.
Betelnut chewing caused hyperglycaemia and diabetes mellitus in animal models.  It
was significantly associated with high fasting capillary blood glucose and was an
independent risk factor for type 2 diabetes mellitus.  In this study, the majority of patients
with diabetes were in the older age group (>45 years) and many of them were overweight
or obese.  The majority of patients had lived in the city of Port Moresby for many years
before their diagnosis.  74% of diabetic patients chewed betelnut before their diagnosis
and had continued the habit while undergoing treatment for diabetes.  The majority
(80%) of patients had poor glycaemic control as indicated by the high mean of their
most recent blood glucose, which was 13.0 mmol/l in male and 13.1 mmol/l in female
patients; these levels were not much lower than those at diagnosis.  The mean follow-
up of patients in the clinic was 6.2 years.  On the balance of evidence, betelnut is a
contributing factor to the poor glycaemic control in diabetic patients attending Port
Moresby General Hospital.

1 Division of Public Health, School of Medicine and Health Sciences, University of Papua New Guinea, PO
Box 5623, Boroko, National Capital District 111, Papua New Guinea
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Introduction

This is a descriptive study that was
conducted in the Diabetes Clinic of the Port
Moresby General Hospital (PMGH) for 6
months, from July to December 2002.  The
aim of the study was to document the usage
and effects of betelnut chewing in diabetic
patients attending the hospital.  This study
was important because advocates of herbal
medicine are promoting the use of betelnut
chewing as a remedy for diabetes.

Betelnut chewing is a socially acceptable
habit and widely practised in Papua New
Guinea (PNG).  Betelnut is given as a gift to
visitors; in appreciation for kind deeds; as a

sign of agreement between individuals or
clans; and shared in social gatherings.
Among young people, a request for and
sharing of betelnut provide an opportunity
for making new friends or ‘catching up’ with
old acquaintances.

Betelnut chewing has been shown to
cause hyperglycaemia and diabetes mellitus
in animal models (1).  It was found to be
significantly associated with high fasting
capillary blood glucose (2), and a recent
population-based study in Taiwan has shown
betelnut chewing to be an independent risk
factor for type 2 diabetes mellitus (3).

Diabetes mellitus is one of the lifestyle
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(non-communicable) diseases that are now
more common among Papua New Guineans
living in urban areas, particularly in the
coastal and island regions.  The adoption of
a western lifestyle through urbanization by
Papuan New Guineans is occurring rapidly
(although not uniformly) in the country.

In the last 15-20 years as more Papua
New Guineans “adopt the western lifestyle,
non-communicable diseases such as
hypertension and coronary heart disease
and diabetes mellitus are becoming more
common” (4).  In addition to the adoption of
a western lifestyle, many adults and young
people are getting into the habit of chewing
betelnut and the practice is spreading rapidly,
even in the highlands, where betelnut palms
do not grow.

Study population and methods

Study site – Diabetes Clinic (PMGH)

This descriptive study was conducted in
the Diabetes Clinic (PMGH) for 6 months
from July to December 2002.  PMGH is one
of only 5 (out of the 20) hospitals in the
country that have a separate diabetes clinic.
It has the highest number of diabetic patients
on its register and, on average, receives a
further 100 diabetic patients per year (5).  For
example, in 2000 and 2001, there were 110
and 111 new cases of diabetes respectively.
Since the diabetes clinic registry was set up
in 1990, it now has 1387 diabetic patients.
The diabetes clinic is conducted once a week
on Tuesday mornings.

Sampling

10 to 15 patients were randomly selected
from the weekly list of 30-40 patients in the
appointment book kept in the Diabetes
Clinic.  The patient’s number in the
appointment book was used to select them
from a random number table (6).  Those
selected were interviewed and their medical
records examined.  If their names were
selected again on subsequent follow-up
visits, the process of random selection was
repeated to select the next patient.
Sometimes the selected patients did not
come for their appointment on that day or
they had already been interviewed on the
previous visit.  The 40 expatriate patients
were not included in the study.

Sample size calculation

An estimated sample size of 224 patients
was obtained by using STATCAL of the
EpiInfo version 6 (7).  Using the number of
1387 patients in the diabetes registry book,
it was estimated that 50% of diabetic patients
are betelnut chewers with a 95% confidence
interval of 44% to 56%.  A total of 210 diabetic
patients were randomly selected and
included in the study.  This represents 15%
of the total number of registered patients.

Data collection methods

Structured questionnaire

The questionnaire consisted of three
sections: personal identification,
sociodemographics and health habits, and
a very short clinical section.  The
questionnaires were administered to the
patients and, if necessary, questions were
further explained to the patients before filling
in the details of their diet, exercise habits,
smoking, alcohol intake, betelnut habits,
number of teaspoons of sugar per cup of tea
or coffee, number of cups per day and the
number of bottles or cans of soft drink per
day or week.  Other data included their
religious persuasion, the length of
employment and the number of years in
residence in the urban centre.

Examination of medical records

The medical records of selected patients
were examined for their age (in years),
height, weight, blood pressure, waist and hip
measurements, blood sugar level, family
history of diabetes and presence of any
complications of diabetes on registration or
at the time of their diagnosis.  The latest
blood glucose level, current weight and blood
pressure, HbA1c (haemoglobin A1c level)
and a recent onset of any complications were
also recorded.

Results

Province of origin

Overall, 96% of diabetic patients were
from the coastal areas and of these the
majority (78%) were from the Southern
Region, followed by the New Guinea Islands;
4% of patients came from the Highlands
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Region.
Half (50%) of the patients originally came

from Central Province, followed by National
Capital District (17%) then Gulf Province
(8%).  Central and Gulf provinces have road
access to PMGH.

There were 3 cases of diabetes from the
Western Highlands Province and 6 from the
other highlands provinces.  These patients
had been living in the urban centre of Port
Moresby for many years before developing
their diabetes.  In most of the provinces, there
were more women than men with diabetes.

Age (at the time of diagnosis) and age
group

Of the 210 diabetic patients, there were
84 males and 126 females with their ages
ranging from 25 to 78 years (at the time of
their diagnosis).  The majority (63%) of the
patients were aged 45 years and above.

The oldest male and female patients were
aged 78 and 75 years respectively. The
mean age, median age and interquartile
range were respectively 48.8, 49.5 and 43-
54 years for males and 45.9, 46.0 and 39-
52 years for females.

In each age group, there were more
female than male patients.  Those under 35

years old account for 10% of the cases while
42% of the patients were in the 45-54 years
age group and 21% were aged 55 years and
above (Table 1).

Weight (at diagnosis or registration)

The maximum and minimum weights
recorded at diagnosis were 116 and 44 kg
respectively.  The overall mean, median and
interquartile range for weight were 71, 70
and 62-77 kg respectively at diagnosis.  The
mean weight and interquartile range for
males and females were 74, 65-81 and 70,
61-75 kg respectively.

Body mass index (BMI) of diabetic
patients

The highest and lowest BMI were 42 kg/
m2 and 16 kg/m2 with the overall mean and
interquartile range 27 kg/m2 and 24-29 kg/
m2 respectively.  The mean and interquartile
range for males were respectively 26.7 kg/
m2 and 24-29 kg/m2, and for females 27.4
kg/m2 and 24-30 kg/m2.

Selected characteristics of diabetic
patients

Residence

1ELBAT

AGE OF THE DIABETIC PATIENTS AT DIAGNOSIS BY GENDER

)sraey(puorgegA redneG latoT

selaM selameF

42-02 0 0 0

43-52 4 81 22

44-53 02 53 55

45-54 24 74 98

46-55 41 22 63

+56 4 4 8

latoT 48 621 012
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The majority (80%) of patients were
residing in the suburbs and the urban
villages in Port Moresby and had done so
for many years.  The rest (20%) came from
the villages in Central and Gulf provinces,
where there is easy access by road to the
Port Moresby General Hospital (Table 2).

Education

90% of patients had some level of formal
education (Table 2).  Of the 190 educated
patients, 49% had primary, 18% had
secondary and 33% had tertiary education.

Family history of diabetes

Of the 201 diabetic patients from whom a
family history was obtained, 72 (36%) had a
positive family history of diabetes (Table 2).
21 of the 72 (29%) had one parent and 30
(42%) had a brother or sister with diabetes,
and the others had a parent plus a sibling
with diabetes.  There were 35% of men and
36% of women with a family history of
diabetes mellitus.

Smoking and alcohol

Before their diagnosis, 50% of male
patients had been smoking and 62% had
been drinking alcohol (Table 2), and many
were still smoking (30%) and drinking
alcohol (38%).  Among the female patients,
15% and 18% had been smoking and
drinking alcohol respectively and 12% were
still smoking and drinking.

Types of food

The majority (91%) of diabetic patients
were on a western diet supplemented by
some local food.  A small number of patients
lived in the village and therefore had more
locally grown food (Table 2).

Betelnut chewing among the diabetic
patients

Overall, 74% of diabetic patients were
chewing betelnut before and continued doing
so after their diagnosis (Table 2).  Among
the females, 79% chewed betelnut and
among the males, 67% (Table 2).  The
majority (57%) of patients who chewed used
less than 5 betelnuts per day and only 23%
chewed 5-9 nuts per day and 19% 10 or

more nuts per day (Table 3).
Blood glucose level of diabetes patients
at diagnosis

At the time of diagnosis or registration at
the clinic, the overall mean blood glucose
level was 14.2 mmol/l with an interquartile
range of 10-16 mmol/l.  The mean blood
glucose levels at the time of diagnosis were
15.0 mmol/l for males and 13.6 mmol/l for
females (Table 4).  The interquartile range
for males was 11.3-16.6 mmol/l and for
females 10.0-16.3 mmol/l.

The means of the most recent blood
glucose level in males and females were
13.0 and 13.1 mmol/l respectively.  The
levels were not much lower than they were
at diagnosis.  In non-chewers the levels were
slightly lower than in betelnut chewers (Table
4).

Control of blood sugar level

It is generally accepted that a blood
glucose level of <8.0 mmol/l indicated very
good control.  Only 17% of men and 23% of
women in the study had fairly good control
of their blood glucose (<10 mmol/l).  80% of
patients had poor control of their blood
glucose level (>10 mmol/l) (Table 5).  Of the
167 diabetic patients with poor control of their
blood glucose level, 122 (73%) (n = 122)
were betelnut chewers.

HbA1c – glycosylated (or glycated)
haemoglobin

Among the 210 cases of diabetes, there
were only 16 patients who had HbA1c
recorded in their medical records.  The mean
HbA1c was 8.1 (expressed as a percentage
of total haemoglobin) with interquartile range
7.1-9.8, and a minimum and maximum level
of 5.8 and 12.2 respectively.  Due to the small
number, HbA1c was not considered for any
further analysis.

Types of treatment

The majority (97%) of patients were on
oral medication, 2% were either on insulin
alone or insulin and oral medication.  No-
one was on diet and exercise or diet alone.
Examination of their medical records showed
that the maximum period of follow-up was
14 years, with a mean of 6.2 years (standard
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deviation of 3.9 years) for both males and
females.

Discussion

The majority of the diabetic patients in the
study came from coastal areas.  Diabetes
mellitus is more common in the older age
group and in those who have lived in urban
centres for a long time and have adopted a
more western lifestyle.  Many Papua New
Guineans in the urban centres now prefer to
eat western-type food.  For example, in the
dining hall of a mining company, the queue
for the western food is very long while the
local food queue is very short and at times
non-existent (8), and in a Port Moresby
restaurant, there is no queue for the ‘Taro’
(local food) section.

Many of the diabetic patients were
overweight or obese at the time of their
diagnosis.  This is not surprising because in
Papua New Guinea obesity is not seen as a
health problem but is even admired because
government leaders, executives and
politicians are expected to be looking ‘big’
(overweight, and physically big).  This is
viewed as a sign of good health and wealth,
a view shared by other Pacific neighbours
(9).

The association between obesity, physical
inactivity and type 2 diabetes is common
among populations in the Pacific and among
Australian Aborigines who are obese and
physically less active (10-13).  In the Torres
Strait Islanders, obesity has been shown to
be associated with type 2 diabetes mellitus
(14).

Obesity has long been implicated as a
very important risk factor in type 2 diabetes
mellitus (10,15), because it can induce
resistance to the action of insulin.  It does
this by reducing the number of insulin
receptors on the target cells and/or
decreasing glucose transport through post-
receptor changes (11,16).

Over 70% of the diabetic patients in the
study were betelnut chewers before their
diagnosis, and have continued the habit
while undergoing treatment for diabetes.
The majority (80%) of the patients had poor
control of their blood glucose level.  A study
in the United Kingdom found that weight gain
and hyperglycaemia were associated with

betelnut chewing among Asians living in east
London (17), and in a community-based
study in Port Moresby, the prevalence of high
fasting capillary blood glucose was found to
be more than 30% among betelnut chewers
compared to 10% in non-chewers (2).  A
recent population-based study in Taiwan has
found that betelnut chewing is an
independent risk factor for type 2 diabetes
mellitus (3).

A study using animal models has shown
that consumption of betelnut induced
hyperglycaemia and diabetes in adult CD1
mice and their F1 and F2 offspring (1,18).

In view of these research findings, the
habit of chewing betelnut by the diabetic
patients could help to explain the fact that
the majority of them have very poor control
of their blood glucose level.  This is indicated
by the mean of the most recent blood
glucose of 13.0 mmol/l or more in both male
and female betelnut chewers.

A previous study conducted in the same
diabetes clinic found that only 13% of
patients had good glycaemic control, 71%
had poor control and 16% had worsening
glycaemic control (19).

In this study, there are possible
confounders (that have not been controlled
for) such as non-compliance with treatment,
shortage of drugs in the hospital and the
patients’ inappropriate diet that would
contribute to poor glycaemic control.
However,  in view of the findings here and
elsewhere, betelnut chewing is likely to be a
contributing factor in the poor glycaemic
control.  A controlled study with
measurement of HbA1c or a cohort study of
a group of diabetic patients over a period of
6 months would be required to test the link
between betelnut chewing and poor
glycaemic control.

These findings have important
implications for the betelnut-chewing
population of Papua New Guinea, because
the habit of betelnut chewing is widespread,
particularly on the coast, where over 40% of
the population chew betelnut, and it is
spreading widely in the highlands.

Betelnut chewing is an acceptable social
habit and has cultural meanings in many
parts of Papua New Guinea.  For example
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the Baining fire eaters and walkers from East
New Britain must chew betelnut before their
performance and the Biwat people of East
Sepik put it this way, “You must chew
betelnut; if you don’t, you are lazy, you do
not work” (20).  Burton-Bradley observed,
“The hardened betelnut chewer would rather
give up everything else in life than his
betelnut” (21).

Highlanders are a non-Austronesian
population and have a low prevalence of
diabetes mellitus, but with the increasing
number of highlanders chewing betelnut and
adopting a western diet in the urban centres,
one would expect to see (perhaps in the not
too distant future), an increasing number of
highlanders developing type 2 diabetes
mellitus.

The majority of patients had non-insulin-
dependent diabetes and therefore 98% of
them were on oral medications.  Very few
were on insulin.  None were on diet and
exercise alone.

In this clinic, the emphasis of diabetes
management appears to be on drug therapy
but this study shows that this may not be
adequate.  Therefore, an appropriate diet, a
physical exercise program, self-monitoring
of blood glucose by using a glucometer at
home and patients’ education would result
in better glycaemic control.

In Australian Aboriginal diabetic patients,
traditional diet has been demonstrated to be
superior to western diet and reverting
temporarily to traditional diet improved their
carbohydrate and lipid metabolism.  When
they returned to the city and the western diet,
their blood sugar levels were again elevated
(22).

Most of the patients were educated and
should respond well to a diabetes education
program.  Diabetes patients’ education and
training is one of the most important activities
in the overall management of diabetes
mellitus.  It is relevant that 30% of males in
this study and 12% of the females were still
smoking.

It is important for the patients and their
families to increase their knowledge, skill and
self-management abilities in order for them
to make changes in their lifestyle, and enable
them to cope with the disease.  Good
diabetes knowledge with a positive

emotional outlook, and understanding of the
problems that may occur in the course of
the disease, may help the patient to maintain
good health (23).

It is very important that patients are
involved in their own self-care management
with support from their families.  Counselling
programs on physical activity improve blood
glucose control in diabetes (24,25).

There is evidence that adequate patient
education improves control of blood glucose
level and reduces complications (25-28).
The patients also need to be informed about
the likely harmful effects of betelnut chewing
on their diabetes mellitus.

Conclusion

Betelnut chewing may be a contributing
factor to the poor glycaemic control in
diabetic patients attending Port Moresby
General Hospital.  As the majority of diabetic
patients have poor control of their blood
glucose, this observation should be made
known to the patients, their families and the
community because many people chew
betelnut but do not know the risks involved
in this habit.  A case-control study and
measurement of HbA1c or a cohort study of
a group of diabetic patients for 6 months,
should be undertaken to test the link(s)
between betelnut chewing and poor
glycaemic control.
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Barriers to measles immunization: the beliefs and attitudes of
caregivers in Goroka, Eastern Highlands Province, Papua New Guinea

PIOTO NAMUIGI1 AND SUPARAT PHUANUKOONNON1

Operational Research Unit, Papua New Guinea Institute of Medical Research, Goroka

SUMMARY

In Papua New Guinea, measles remains a public health problem and the majority of
measles cases occur in non-immunized children.  In Goroka, measles vaccine coverage
for the 9-month-old group was 44%.  The parents or caregivers are important in measles
prevention as children’s immunization depends on their compliance.  This study aimed
to determine the factors that hinder caregivers from having their children vaccinated
for measles prevention in the Goroka District, Eastern Highlands Province.  A cross-
sectional study was conducted in July-August 2003, using pre-constructed
questionnaires and interviews.  There was a total of 120 respondents who were caregivers
or parents of children whose ages ranged from 6 to 12 months and who attended health
care centres where immunization services were provided.  The main reasons for not
bringing their children to clinic for immunization were: limited access to health centres,
especially to maternal and child health (MCH) clinics; too long a waiting time at the
clinic; concern that too many injections were being given to their children; the side-
effects of the vaccine; being sent away and asked to come back the next day for
immunization; and a bad reception from health workers.  Funerals or election-related
events in the area also affected the attendance at the clinic.  In order to improve the
vaccine coverage, the use of a mobile MCH clinic should be re-established.  Health
workers should utilize the opportunities to pass on necessary information on
immunization to caregivers, as well as being mindful to use communication that will
prevent misunderstanding by the mothers.  It is important for all health workers to
recognize that their performance and attitude can greatly improve the overall vaccine
coverage in Papua New Guinea.

1 Operational Research Unit, Papua New Guinea Institute of Medical Research, PO Box 60, Goroka, EHP
441, Papua New Guinea

Introduction

Measles is a viral infection, highly
contagious and a major childhood killer
disease in developing countries with
approximately one million deaths annually
worldwide.  Severe disease and death are
often caused by measles in conjunction with
other diseases such as pneumonia,
diarrhoea, encephalitis or malnutrition.
Young infants are protected by maternal
antibody and measles is not usually found
in children under six months old.  There is
only one serotype of measles virus that
causes infection in humans.  The virus is
antigenically stable and the currently used
live attenuated vaccines are highly effective

in preventing the disease.  If herd immunity
is greater than 95%, the disease
transmission can be interrupted.
Theoretically, measles should be considered
eradicable; however, measles has still not
been controlled in many parts of the world
(1).

In Papua New Guinea (PNG), there has
been a marked increase in measles
incidence and the majority of these cases
have occurred in non-immunized children
since the late 1970s.  The PNG Department
of Health introduced measles vaccine in
1982.  However, measles continues to
spread in PNG as the vaccine coverage
required to interrupt transmission has not
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been achieved.  In 2001, measles vaccine
coverage for 6- and 9-month age groups was
58% and 44% respectively in the Goroka
District (2).  To achieve 95% of vaccine
coverage for interrupting the transmission of
measles requires a well-coordinated
supplementary vaccination campaign.  The
success of a measles control program
depends on two parts: an efficient health care
system and the compliance of caregivers or
parents of children.  The health care system
must deliver an effective health service,
access to vaccines and procedures that
ensure vaccines are kept in good condition
within a safe temperature range.  Also
needed is prompt reporting of measles
cases, the capacity to respond to epidemics
and regular disease surveillance, which will
enhance an effective measles control
campaign (1).

The parents or caregivers are important
in measles prevention as children’s
immunization depends on their compliance.
The fact that many people do not consistently
comply with the immunization schedule
needs to be interpreted within the context of
local beliefs and meanings associated with
a range of socioeconomic and cultural
factors (3,4).  It is important to understand
these factors in order to comprehensively
plan the measles vaccination program.  This
study aimed to determine the factors that
hinder caregivers from having their children
vaccinated for measles prevention in the
Goroka District, Eastern Highlands Province.

Methods

A cross-sectional study was conducted in
July-August 2003, using pre-constructed
questionnaires and interviews.  The
participants were caregivers or parents of
children whose ages ranged from 6 to 12
months attending health care centres where
immunization services are provided – Lopi
Urban Clinic, North Goroka Urban Clinic,
Children’s Outpatient Department Clinic
(COPD) at Goroka General Hospital (GGH),
Well Baby Clinic and Paediatric Ward of
GGH.  After the caregivers who agreed to
participate had their consent formally
recorded we proceeded with the survey
questionnaire and interviews.  120
caregivers participated in the study.

The questionnaire details focused on
knowledge, attitude and compliance in

regard to immunization and on barriers
preventing caregivers from vaccinating their
children, such as sociocultural engagement,
financial constraints, the attitude of health
workers and their own satisfaction with the
quality of care received.  After the
questionnaires had been completed,
interviews were carried out to explore the
caregivers’ opinions, which helped to gain
insight into their compliance with the
immunization program.  The data from the
questionnaires were processed and
analyzed using Epi Info 6.0 software and the
interview data were recorded and analyzed
manually.

The study proposal was approved by the
Papua New Guinea Medical Research
Advisory Committee (MRAC).  Official
permission to conduct the fieldwork in the
Goroka District was obtained from the Health
Advisor, Eastern Highlands Province.  In the
study clinics, the caretakers of children were
informed of the procedures of the research
and invited to participate in the study.  The
researcher assured the people that they
were not under any obligation to participate
and could withdraw at any stage.  Either
written or verbal consent was sought from
participants.  The data were stored in a safe
cabinet at the PNG Institute of Medical
Research, which could be accessed only by
the researcher.  To maintain confidentiality
during data analysis, participants’ names
were not used and codes or numbers were
used.

 Results and Discussion

The total of 120 respondents were
mothers.  82 (68%) of the respondents came
from Rural Level Government areas while
38 (32%) came from an Urban Level
Government area.  The ages of the majority
of respondents (80%) ranged between 17
and 33 years and 95% of them had attended
antenatal clinic during the last pregnancy.
Approximately one-third of the respondents
had no formal education.  Results from the
questionnaire, describing factors influencing
the mothers’ decision to bring their children
for vaccination, are presented in Table 1.

Access to health care services

Limited access to health centres,
especially to maternal and child health
(MCH) clinics, was pointed out by 68% of
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mothers, who mostly lived in areas where
MCH clinics had not operated regularly or at
all.  The long distance from villages to health
centres or MCH clinics was said by 68% of
the respondents as a reason for not bringing
their children for immunization.  The main
mode of transportation for village people was
by walking or public motor vehicle (PMV)
mainly travelling to town.  Although
immunization in public health services is free
of charge, lack of money for transportation
(16%) was another reason for not

immunizing.  The long waiting time at the
clinic was a problem mentioned by 55% of
respondents.  It was a big concern for those
who came from rural areas and needed to
catch the last PMV in time to go back home.
However, only 5% decided not to come to
health centres or clinics because of the
waiting time being too long.

Quality of care

By the time measles vaccine is given,
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children would have already experienced a
number of injections through the expanded
program of immunization (EPI).  17% of the
mothers said there were too many injections
given to their children at the same time,
which was painful and caused a lot of
discomfort to them.  Most mothers were
concerned that the health workers should
use smaller-sized needles to give vaccines
and give them gently to babies.  There were
instances where hard lumps and even
abscesses formed at the injection sites.
Immunization causing slight illness was
mentioned by 92% and most mothers (94%)
learned from the health workers how to
manage the side-effects of immunization.
However, 38% of the mothers considered not
bringing their children to immunization
because of the side-effects.

Almost half of the mothers (45%)
experienced being sent away with their
children and asked to come back the next
day for immunization.  This occurred when
only a few children showed up at the clinics
for vaccination on that day.  Although the
government’s policy is that every opportunity
to vaccinate should be used, and it does
NOT matter if only one child is vaccinated
from a new vial (which potentially could
vaccinate 10 children), many health workers
believe that it is not cost-effective if only a
few measles vaccines are given and the
leftover is wasted.  The National Department
of Health, when ordering vaccines for the
country, takes into account that this as an
acceptable wastage factor and health
workers should be encouraged to vaccinate
on every opportunity, independent of the
number of children.

The role of health workers

The health worker was the main source
of knowledge for immunization (83%) while
printed material (posters and newspapers)
contributed 10%.  The role of health workers
was well recognized for improving
immunization coverage.  If mothers were
well informed, they had a favourable attitude
toward immunization (3).  Over 60% of the
mothers showed a level of knowledge and
information about the importance of
immunization as illness prevention, while 6%
did not know what the vaccine did to children.
However, those who did not understand
vaccine as illness prevention stated that this

did not stop them from bringing their children
to clinic for immunization.

Knowledge about diseases and
immunization does not necessarily translate
into actual practice and compliance (3).
However, some necessary information is still
needed for facilitating the compliance; for
example, a study by Strobino et al. (4)
showed that the children of mothers who
perceived that timing of immunization did not
matter were less likely to be immunized than
children of mothers who thought that it did
matter.  This study found that some health
workers wrote the date of the next
immunization in the baby’s health book and
pointed this out to mothers who could read,
which was very helpful in reminding the
mothers.   However, uneducated mothers
who were told the date were unlikely to
remember it due to the relatively long interval
between immunizations.

Bad reception from health workers was
mentioned by 23% of the mothers as a
barrier, mainly because of
miscommunication, the tone of voice used
by health workers when trying to correct a
mother’s mistake, and the use of language
which was not understandable to mothers.

Maternal and child health mobile clinics

The mobile clinic has operated in rural
areas for a better delivery of health services
in developing countries (5). The Goroka
District used to have mobile maternal and
child health clinics throughout the district in
the recent past.  During that time the average
immunization coverage for all vaccines for
the Goroka District was above 70%.
However, more recently, the vehicle
allocated for the mobile clinic was withdrawn
and is engaged in other activities.  This was
due to the lack of funding to run the MCH
clinics.  Most mothers (80%) who had
experienced the MCH service in their
villages suggested that the MCH mobile
clinics be re-established.

Social obligation and security

There were other reasons for mothers not
bringing their children to the health centres
to be vaccinated, though they would bring a
sick child in for treatment.  20% of mothers
said that fathers of children did not consent
to immunization.  One-fifth of mothers
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pointed out time constraints due to
competition from activities such as
gardening or because there were no family
members to look after other siblings while
mothers took the younger one to the clinic.
Sociocultural events, especially attending
the funeral of relatives or others in their
village, were obligatory to most mothers
(84%), while clan fighting and election-
related events in the area also affected the
mothers’ and children’s attendance at the
clinic.  Only 3% of the mothers mentioned
rascal activities like hold-ups and robbing of
the travelling public since these were not as
common in Goroka as they are in many parts
of the Eastern Highlands, such as the
neighbouring areas of Okapa, Bena, Obura
and Kainantu districts.

Summary and Recommendations

The 95% coverage of measles vaccine in
PNG is not yet achieved.  Many reasons are
given by mothers for not bringing their
children for immunization: for example,
health centres are far from their villages,
transportation is unaffordable, and mothers
are busy with their daily chores without
leaving any time for them to bring their
children to health centres.  In such situations,
it would be ideal to send a mobile MCH clinic
to each village.

Health workers played an important role
in caregivers’ health education and they
should utilize every opportunity during

antenatal clinics, postnatal wards, children’s
clinics and MCH clinics to pass on necessary
information on immunization to mothers,
fathers and caregivers.  Pointing out the
written date for the next immunization can
remind mothers about immunization.  Also,
for uneducated mothers, the written date
may still be helpful as it enables the family
members who can read to remind the mother
of the date of immunization.  Again, an
alternative date should be given, in particular
to mothers who cannot attend on the
appointment date due to social obligations
or other reasons.  Lastly, health workers
should be mindful of using communication
that will prevent misunderstanding by the
mothers.  Health workers should realize that
they are the main source for health care
delivery and their performance and attitude
to caregivers can greatly improve the overall
vaccine coverage in Papua New Guinea.
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Health care and illness in Lihir, New Ireland Province, in the context of
the development of the Lihir gold mine
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SUMMARY

During 2000 a review of health care and illness in Lihir, New Ireland Province, was
carried out while I was employed as a Community Health Research Officer with the Lihir
Management Company, the manager of a gold mine on Lihir.  The review aim was to
document the health care providers for the local population and the illness burden
suffered by Lihirians, and then to shape services to have a more preventive emphasis.
It was discovered that the health care services available were well utilized by Lihirians.
Health care was provided by the church, government and the mining company, and
needed better coordination of services.  Lihirians faced a relatively heavy burden of
illness, with malaria the most common affliction.  They also suffered significantly from
lymphatic filariasis and tuberculosis, and children were poorly nourished.  A considerable
number of recommendations have been adopted since the health review to improve the
health of, and delivery of health services to Lihirians.

1 University of Adelaide, Adelaide, South Australia 5000,  Australia

Formerly Community Health Research Officer, Lihir Management Company, PO Box 380, Kavieng, New
Ireland Province 631, Papua New Guinea

Introduction

In 2000 while an employee of the Lihir
Management Company (LMC), I conducted
a review of the health status and existing
health care services for the people of Lihir
(1).  The aims of this research were twofold:
firstly, to discover exactly what services were
provided to Lihirians in terms of health, who
provided them, and what was their source
of funding; and secondly, to find out what
was the illness burden on Lihirians – what
were the most common reasons for seeking
treatment and what were the causes of
morbidity and mortality among the
population.  With these pieces of information
it was then possible to see if the services
provided matched the illness burden – in
other words, were services adequate for the
illnesses being seen? How could the
services be improved?

Lihir is a group of four islands situated east
of mainland New Ireland.  In 2000 it had a
local population of approximately 10,000

spread over the four islands of Mahur,
Masahet, Malie and the main island, Niolam.
A gold mine was constructed in the mid-
1990s and began production in 1997,
managed by LMC, a subsidiary of Rio Tinto.
There were approximately a further 1800
people on the island associated with mining;
however, the health review discussed here
was concerned with the local population only.

LMC was concerned at the number of
public patients being seen each month at the
Lihir Medical Centre (about 2500 occasions
of service per month) and the continuing,
unsustainable high cost of providing
treatment.  It was believed that Lihirians were
bypassing aid posts in preference for the
medical centre.  An attempt had been made
to limit the use of the medical centre by public
patients by making it the referral centre for
the northern half of Lihir only, yet this caused
resentment in the community.  Rather than
trying to limit use of the medical centre, it
was decided that a shift in emphasis from
curative, reactive treatment to more
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preventive health care programs would
reduce the illness burden suffered by
Lihirians, and thus reduce the strain on the
medical centre.

Methods

The research for this study reviewed
existing data available on the health status
of Lihirians.  I am an anthropologist (2) and
util ized my skills of research and
interviewing, rather than conducting original
medical research.  The research was carried
out with the knowledge and approval of the
Subdistrict Health Manager, Albert Sahamie,
and the Nimamar Local Level Government.
All those people interviewed were informed
as to the purpose of the research, and gave
verbal informed consent to share their time
and information on this basis.

The research on which this report is based
was carried out over 6 months, from June to
December 2000.  Research consisted of
interviews and meetings, a review of
statistical and written reports on health in
Lihir, a number of health surveys and a visit
to Ok Tedi and Misima for comparison and
information exchange on health care in the
context of mining in Papua New Guinea
(PNG).  Interviews were conducted with all
of the people actively involved in planning
and funding health in Lihir, including Bruce
Clark, Hospital Administrator Lihir Medical
Centre, Albert Sahamie, Subdistrict Health
Manager, and Lonnie Barok, Local Level
Government Manager in 2000.  Staff at the
Lihir Medical Centre, Palie Health Centre,
Masahet Health Subcentre and the 7 aid
posts on Lihir were interviewed about their
work, programs that are being done and any
concerns they had.

All health reports about Lihir that could be
found were reviewed, including the baseline
health survey (3), maternal health survey (4),
nutritional surveys (5,6) and a number of
malaria and filariasis surveys.  In addition
statistical data were collected from aid posts,
health centres and the medical centre on
illness rates, causes of death, birth statistics,
attendance at antenatal clinics, Well Baby
Clinic results and usage of family planning
services.

The major survey that was carried out was
a maternal health survey, which was
designed after discovering that women’s

health was particularly poor (notably a high
maternal mortality rate), but precise reasons
for this were not immediately apparent.  This
survey involved interviews with more than
150 women about their history and
experiences of pregnancy and childbearing.
Final results assisted in targeting services
to best meet women’s needs (7).  There was
also a survey done of the nutrition of workers
to complement one carried out earlier on
nutrition of subsistence farmers in some
villages in Lihir.

In late November 2000 I visited Misima
Mines and Ok Tedi Mining Limited to view
alternative models of health care in PNG.  All
mining companies must negotiate the issue
of provision of health care to the local
population (even if they choose not to
provide any) in the context of government
and church-provided health services.  In
addition to these visits doctors who had
worked at Chevron and at Freeport were
interviewed about health services provided
by these companies.  These allowed a
comparison of the benefits and problems
entailed by other models of health care
provided by resource companies in Papua
New Guinea (and West Papua).

Results

Health care provision

Health care services are provided on Lihir
by the provincial and local level
governments, by the Catholic church, and
in recent years by LMC.  There are 7 aid
posts on Lihir, providing a basic level of
treatment;  2 of these are funded by the New
Ireland Provincial Government and 5 by the
Nimamar Local Level Government.  There
is one health subcentre funded by the
Provincial Government.  The health centre
at Palie is funded by the Catholic church and,
before the development of the mine,
provided the highest level of health care
available in Lihir.  Finally, LMC built and
funds the Lihir Medical Centre, which
provides health care to public patients as well
as employees of the mine.

In 1999 these combined health care
providers provided at least 75,000 occasions
of service to public patients on Lihir.  At that
time the local population was approximately
10,000.  More than 45,000 occasions of
service were provided by aid posts, the



190

Papua New Guinea Medical Journal                                                                       Volume 48, No 3-4, Sep-Dec 2005

health subcentre and health centre.  These
figures disproved suggestions that Lihirians
were bypassing these providers in
preference for the Lihir Medical Centre.
Instead it suggested that Lihirians suffer a
heavy illness burden, and well utilize the
services available.

Before 2001, it had been decided that the
medical centre would be the place of referral
for the northern part of Lihir, while Palie
Health Centre served as the referral point
for the south of Lihir.  Yet there was a great
disparity in the levels of care provided by
the medical centre in comparison with the
health centre given its far superior resources,
and thus the division of care caused
considerable concern and anger among
Lihirians.  At that time Palie Health Centre
only occasionally had running water and had
power a couple of hours a day. The highest
qualified staff was a health extension officer,
compared to two doctors at Lihir Medical
Centre.  Palie had no fridge and a poor
laboratory.  Following recommendations
arising from this research, this division in
health care was eliminated and Palie
upgraded.  Seriously ill people were able to
choose to go to either Lihir Medical Centre
or Palie Health Centre from 2001.

Lihir is fortunate in that all aid posts are
open, compared with 13% closed in 1998 in
New Ireland (of a total of 60).  Aid posts in
Lihir also have few shortages of supplies of
medicine as the Lihir Medical Centre orders
supplies for aid posts through the
government suppliers and then keeps them
in store on the island.  However, many aid
post workers are unreliable and unpunctual,
have poor hygienic habits and do little if any
preventive health care work.

Mosquito-borne illness

There are two mosquito-borne illnesses
in Lihir, filariasis and malaria.  These are both
transmitted by the Anopheles mosquito in
Lihir (8,9).  Lihir has no known cases of
transmission of other mosquito-borne
illnesses such as dengue fever and
Japanese encephalitis even though
appropriate vectors for these exist on Lihir
(the Aedes mosquito).

Lymphatic filariasis exists on Lihir as
evidenced by the swollen limbs particularly
of people in the south-west of Niolam, and

also by studies that have been done in the
last 10 years.  The most recent of these was
done by Richard Kereu (Public Health
Coordinator, Lihir Medical Centre) in
December 1999.  Richard carried out
immunochromatographic ICT card tests for
filariasis on about 3000 people, mostly from
north Niolam and the outer islands but also
from Komat village in south Niolam.  From
his results an average of 11% of people
tested had a positive ICT card test, with two
villages showing positive results for 50% and
44% of those tested.  These villages had
swampy areas nearby.

Malaria is a very significant health problem
on Lihir.  21% of the presentations for
outpatient service in 1999 and about 16% in
2000 were for malaria (the 2000 figures are
missing data from aid posts for the final 4
months of the year).  Malaria is the most
common reason for taking sick leave from
work.  About 13% of admissions at Palie and
11% at the Lihir Medical Centre in 2000 were
for malaria.  There were 5 deaths in 1999 at
Lihir Medical Centre and Palie Health Centre
due to malaria, and there would have been
many more deaths from malaria in villages
around Lihir.

From blood slides also collected in
Richard Kereu’s study, between 20% and
40% of people tested in most villages were
positive for malaria.  For villages near the
mine and townsite, LMC has conducted a
program of malaria control involving residual
spraying of buildings and larviciding of water
pools.  For these villages only 6-14% of
people tested positive for malaria (though
one swampy village recorded 38% positive).

I acknowledge here my debt to Richard
Kereu, who died in 2001.  He had extensive
experience in public health, having worked
with Ok Tedi before his work in Lihir, and
was very committed to improving people’s
health.

Maternal and child health

Like most places in Papua New Guinea,
the health of women and children in Lihir was
relatively poor.  There were 2 to 3 maternal
deaths each year for a number of years
before 2001.  20% of births occur in the
village, mostly with no qualified supervision.
23% of pregnant women seen at the Lihir
Medical Centre antenatal clinic had
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haemoglobin levels less than 9 g/dl, the
standard for anaemia in Papua New Guinea,
putting these women at high risk if they gave
birth unsupervised and haemorrhaged
postnatally.

15% of births in hospitals were low
birthweight (under 2500 g) in 2000.  The
infant mortality rate in 2000 was 30/1000, if
one only included deaths in hospital, and
thus the true rate would have been much
higher.  No comparison is available before
the development of the mine, as none of the
early reports ascertained the rate at the time.
The immunization rate for children was very
good, being 100% in the northern part of Lihir
served by the Lihir Medical Centre, and
about 80% for the southern area.  Poor
nutrition of children is a significant issue, with
39% of children being 60% to 80% of
standard weight for age (moderately
malnourished) and 1% less than 60% of
standard weight for age (severely
malnourished).  One child died in hospital
from malnutrition in 2000.  In these last
statistics, Lihir fares unfavourably with
statistics available for New Ireland, where
the percentage of children severely
malnourished was 0.7% and the percentage
moderately malnourished was 19% in 1999.

Communicable diseases

Rates of tuberculosis on Lihir are
particularly high, and for 2000 there were 44
cases detected, compared with 29 cases for
1999, and 13 cases for 1998.  It appears
that there has been a sharp growth in the
number of cases of tuberculosis on Lihir;
however, it is possible that this is due to
better ascertainment rather than an actual
increase in cases.

These rates are high in comparison with
the rest of Papua New Guinea.  The rate for
2000 translates as about 340/100,000, a rate
much worse than that for New Ireland at 112/
100,000 or Papua New Guinea at 176/
100,000 for 1999.  If Lihir had a similar rate
of tuberculosis detection as New Ireland we
could expect 14.6 cases detected yearly.
The number of 44 is therefore very high.
Though the high rate of tuberculosis may be
partly attributable to better detection and
reporting in Lihir than elsewhere in New
Ireland, this is nevertheless an area of
considerable concern.

Compared with the records from New

Ireland, Lihir has a fairly high rate of some
types of STDs (sexually transmitted
diseases) such as syphilis, donovanosis,
gonorrhoea and hepatitis B.  New Ireland had
an average of 34 cases of gonorrhoea
detected between 1995 and 1999.  Lihir had
12 cases in 2000, yet had only about 10% of
the population of New Ireland.  It also had
12 cases of syphilis in 2000, while none was
recorded for New Ireland Province for 1998-
1999.  There was one case of donovanosis
in Lihir in 2000, while none was recorded
for New Ireland for 1997-1999.  Obviously
there is a problem with the statistics from
New Ireland on STDs, whether this is a
problem in recording of cases or in actual
detection.  Rates of STDs on Lihir are likely
to be higher than figures given, as there are
no data from Palie Health Centre on sexually
transmitted diseases.  Palie Health Centre
does maintain a register, but for 2000 there
were only 3 entries, and it was not noted
exactly what disease these people had or
whether the presence of the STD was
confirmed.

There were no known cases of AIDS
(acquired immune deficiency syndrome) in
Lihir during the study period, though there
had been one confirmed case in the late
1990s, who had since died.  However, on a
trip to Lihir in 2004 I found that the situation
had changed and there were approximately
10 confirmed cases of AIDS.

Lifestyle diseases and problems

Life on Lihir has changed dramatically with
the development of the gold mine in the final
decade of the twentieth century.  There has
been a change from a lifestyle based almost
exclusively on subsistence production to one
that also includes employment, small
business and mine-derived revenues for
many Lihirians.  These new influences and
lifestyle have started Lihirians on the path to
a transition in the sorts of illness they will
face during their lifetimes.  During the life of
the mine chronic illnesses that are common
in developed societies are likely to become
increasingly prevalent in Lihir.

Anecdotal evidence suggests that
problems of obesity have already begun,
particularly amongst workers who live in the
camp.  A nutrition survey by Dympna
Leonard of village and camp food conducted
in 1995 stated that too much of the energy
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from camp food came from fat (5).  Workers
eating in the company mess are noticed to
load their plates.  Male workers’ body size
and shape contrasts most with that of women
in their 20s and 30s who live in the village,
do strenuous gardening work, bear children
and generally eat only twice a day.  There is
a growing gap between the nutritional status
of employed males and that of women and
children living in the village.

Alcohol has become a significant problem
in Lihir since the development of the mine:
while alcohol was sold on Lihir before the
mine construction, consumption was very
low as people had very little income.  Alcohol
is now involved with a number of issues in
the Lihirian community such as domestic
violence, fights, motor vehicle accidents and
the use of money for alcohol (rather than on
other purposes such as food or school fees),
and it will significantly contribute to the
development of diabetes among Lihirians.

Women often attributed the incidence of
severe or ‘unjustified’ violence to alcohol.
Many fights in villages occur between males
who are obviously drunk.  Alcohol is
obviously contributing to marital and village
discord.  There is no sign of the alcohol
consumption decreasing.  Police report that
most of the incidents brought to them
concern alcohol.

Most Lihirians smoke local tobacco when
it is available.  Some of those working at the
mine have begun to smoke more (as they
can afford to buy tobacco at the market) or
to smoke commercially produced cigarettes.
These changes will also have an impact on
their health, increasing their chances of heart
disease and cancer.

Thus changes in lifestyle occurring in the
context of the production of gold in Lihir have
the potential to shift the burden of illness from
acute communicable diseases (such as
malaria and respiratory diseases) and
undernutrition to chronic conditions
associated with lifestyle factors, such as
obesity, diabetes and circulatory system
disorders, particularly in those Lihirians with
close association to the mine.

Discussion

Ok Tedi and Lihir – a comparison

A visit to Ok Tedi during the research
period provided a valuable comparison for
the Lihir situation.  Copper and gold were
discovered at Ok Tedi in 1968, and the mine
has been in production since 1984.  The
North Fly area was isolated and had very
few services before the development of the
mine.  In about 1988 Ok Tedi Mining Limited
(OTML), through the Tabubil Hospital, took
over control of 6 aid posts and 2 clinics in
order to improve services.  They now run
these with the help of a yearly grant from
the government (Dr James Steven, personal
communication, 2000).  In 2000 the
administrator and one doctor were
employees of International SOS (ISOS) (a
contract medical company), while the
remaining personnel were OTML
employees.  In comparison, the Lihir Medical
Centre is wholly contracted to ISOS by LMC.

In Lihir ISOS and LMC have elected not
to take over government and church health
facilities, but to coordinate services and to
improve the capacity of services where
possible (for example, by distributing
medicine to aid posts to improve supply).  In
the short term, coordinating services entails
a lot of work and communication, but it is
hoped that it will help to maintain the integrity
and capacity of these services for the long
term.

In health terms, Ok Tedi and Lihir share
some characteristics.  Before mining,
malnutrition was common in the North Fly,
with some stunting (10).  Since mining has
commenced diets have changed to include
store-bought food, food from the company
mess and alcohol.  The energy intake of diets
has increased, though the protein-energy
ratio of diets is less.  Diets remain deficient
in niacin, riboflavin and calcium (11).  There
is some concern about the probability of
increasing rates of circulatory system
disorders given overall increases in weight
and blood pressure (12).  In Lihir malnutrition
among children continues to be a problem,
while there is concern for employed men
given similar changes in diets to Ok Tedi.

In both Lihir and the North Fly malaria is
endemic, and has been a major issue for
OTML and LMC.  OTML introduced a control
program for malaria in 1982 involving
larviciding of standing waters, fogging,
residual spraying, provision of prophylaxis
for non-immune employees and provision of
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repellent (13).  This program has led to the
control of malaria so that less than 30% of
cases presenting at the hospital with fever
symptoms are due to malaria.  Lihir has also
instituted a program of malaria control (see
below).

In both the North Fly and Lihir there has
been concern about population growth since
mining began.  Enough time has passed at
Ok Tedi for it to be apparent that the crude
birth rate has risen, birth intervals have
shortened and the infant mortality rate has
dropped (12,14).  This is leading to concerns
for women’s health and food security in the
long term.  In Lihir it appears that the
population is growing quickly, with land
shortage becoming critical in some areas.
Partially this is a result of immigration or
return migration of Lihirians who left before
mining commenced.

The situation on Lihir differs from Ok Tedi
in that Lihirians have had a much longer
exposure to contact with outsiders, and have
had health facilities provided since the 1930s
by the Catholic Mission.  Their acceptance
and usage of facilities is likely to be greater.
It is easier to carry out health work in Lihir
because Lihirians form one language and
cultural group living in a defined and
relatively accessible area.  Environmental
conditions and the many groups around Ok
Tedi and along the Fly River must make
health work difficult.  Yet the health of
Lihirians is not strikingly better than that
reported for groups around Ok Tedi.  Below
is a discussion of some of the
recommendations proposed and changes
implemented to improve health in Lihir.

Recommendations from research

Research led to a considerable number
of recommendations being made to better
tailor services to meet the illness needs of
the Lihir community.  As with other mining
communities it is necessary to negotiate the
provision of health care by a number of
service providers.  Consideration also must
be given to keeping services sustainable
beyond the life of the mine.  While in Lihir
there is a fairly lengthy mine-life (some 35
years), there is little point constructing a
system which is largely reactive and high
cost.  The preference of LMC was to adjust
to a more preventive approach.

In Lihir it was found that better
coordination was necessary between the
programs and actions of the various
providers.  This has been achieved through
the Lihir Health Committee which meets
monthly and has representatives from all
health providers, Subdistrict and Local Level
Governments, Lihir Mining Area
Landowners’ Association (LMALA) (the
landowners’ representative group), women
and LMC.  This committee has a small
budget and aims to achieve cooperation
between all groups and better utilization of
scarce resources.

One initiative of this committee has been
to offer a quarterly award for the best aid
post.  This is judged by 2 or 3 committee
members on patients seen, records kept,
cleanliness, punctuality of the worker and
upkeep of medical supplies.  The award
provides medical equipment and a small
personal incentive for the worker.  This
incentive was aimed at improving the
services provided by some aid posts, given
that Lihirians complained that many workers
were unreliable and care was substandard.
It was hoped that with better service
providers in villages people will seek help
before health problems become critical.

A further recommendation of the review
was that Palie Health Centre needed to be
upgraded to meet basic health centre
standards.  To this end Palie has been
fenced to exclude pigs, it has new
composting toilets, basic maintenance work
has been done, and ongoing efforts are
being made to provide running water and
power supply.  A doctor visits at least once a
fortnight from the Lihir Medical Centre to
provide advice and help in the management
of serious cases.  With these changes Palie
is now a viable alternative to the Lihir Medical
Centre for those Lihirians living in the south
of Niolam.

In terms of the health and illness of
Lihirians, the review made a number of
recommendations.  It was recommended
that effort be made to eliminate filariasis from
Lihir by an annual dosage of medicine to
everyone.  Preventive treatment for filariasis
had begun in the north of Niolam before this
review.  Following the review this program
has been expanded to cover all of Lihir.
Filariasis should take 5 years of medication
to be eliminated, or by 2005-2006.  This
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program took its inspiration from the filariasis
elimination program initiated by Misima
Mines.

Malaria is a major concern in Lihir.  It
would be impossible to eliminate the disease
given the prevalence of malaria in New
Ireland and the amount of travel between
areas for employment, trade and visiting.  So
the recommendation is to control malaria as
much as possible.  The Lihir Medical Centre
is working with villages one by one to
eliminate breeding sites for mosquitoes and
larvicide those that remain, and to carry out
residual spraying on houses, similar to
OTML’s control program.  On Lihir the use
of bed nets is also emphasized and
supported through a subsidy on nets.  Given
the high percentage of outpatients and
inpatients presenting with malaria, malaria
control programs have the greatest
likelihood of reducing levels of morbidity in
Lihir and the number of visits to health care
providers.  Malaria control should also have
a flow-on effect for other health problems
such as malnutrition and anaemia.

To improve the health of women and
children it was recommended that a
nutritionist be employed to work with them
to improve the level of moderate and severe
malnourishment seen in children.  It was also
recommended that the Hib (Haemophilus
influenzae type b) vaccine be given to all
children on Lihir, and this has been
implemented.  It was also recommended that
measures be taken to improve attendance
at Well Baby Clinics (by better notification
of visits) and to offer outreach antenatal
clinics, especially for women on the outer
islands.

It was recommended that a review of the
programs for tuberculosis be carried out by
an expert in the field to judge whether the
rate of increase of cases is simply due to
improved detection or to other factors.

The Local Level Government is gradually
implementing a program to improve access
to clean water and toilets in villages.  In terms
of clean water the program is progressing
well, but most villagers continue to use the
beach or bush for toilets: very few Lihirians
have access to toilets.  Given the continuing
increase in population of both Lihirians and
squatters migrating to villages near the mine,
the lack of adequate sanitation will inevitably
become a more serious issue over the years.

For sexually transmitted diseases, a
program of health education has been put
into place, including education on World
AIDS Day, and education for employees.
Sharps bins are also provided in health
centres and some aid posts.  More effort is
needed, given the large population that
travels into and out of Lihir for employment,
who can bring diseases from other areas,
and who do not have their families on site.

The illnesses suffered by Lihirians were
similar to those in other parts of Papua New
Guinea, with high levels of communicable
diseases, including mosquito-borne
illnesses, and some malnutrition among
children.  There were some areas of
considerable concern, including high rates
of tuberculosis and people testing positive
for malaria by blood slide.  The review made
recommendations to improve these areas.
It also highlighted the potential for an
increase over the life of the mine of lifestyle
diseases such as obesity, and circulatory
system disorders.  These need to be
monitored closely, and at present all
employees of LMC and major contractors
have an annual medical check which
provides this opportunity.
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SUMMARY

Some of the highest exposures to air pollutants in developing countries occur inside
homes where solid biofuel, particularly wood fuel, is used for daily cooking.  A relatively
high proportion of the world population living in these countries is exposed to increased
levels of indoor air pollutants produced by inefficiently burning stoves.  Inhalation of
these pollutants may have serious consequences, which are highlighted in this paper,
for the respiratory health of the people who have been exposed.

1 Biological Sciences, School of Natural and Physical Sciences, University of Papua New Guinea, PO Box
320, University, NCD 134, Papua New Guinea

Introduction

This review is aimed at implicating wood
smoke as a contributing factor to the
aetiology of respiratory diseases in
developing countries including Papua New
Guinea (PNG).  Studies undertaken
elsewhere have shown positive relationships
between chronic exposure to smoke
produced from wood burning for domestic
purposes and the incidence of respiratory
illnesses (Table 1).  Smoke in this discussion
is seen as having various components that
can be mutagenic, carcinogenic or having
other potentially harmful health effects.  The
specific mechanisms by which these effects
are elicited are in many cases not well
understood.  The issue of wood smoke and
the health effects of indoor air pollutants are
reviewed and recommendations and
suggestions made for applicable
interventions.

Wood smoke

Available information currently suggests
substantial respiratory ill-health effects from
residential wood combustion emissions
(Table 1).  Both indoor air pollution from this
source and industry are enormous.  The
chemical potency and deliverability of
particulate and gaseous emissions from
indoor sources are of major health concern.

These emissions are almost entirely in the
inhalable size range, and contain toxic
pollutants, carcinogens, co-carcinogens,
cilia-toxic substances, mucus-coagulating
agents and other respiratory irritants such
as phenols, aldehydes, benzenes, sulphur
dioxides and others as shown in Table 2.  A
combined effort from industry, government
authorities and, importantly, the people is
required to address this issue in order to
minimize the level of exposure to these
agents.

Wood smoke is comprised largely of
particulate matter, besides chemical
attachments.  These are classified according
to particulate size and their aerodynamic
diameter that determines how far into the
respiratory tract they may be inhaled.  A
commonly studied class of suspended
particulate matter (PM) is one with a particle
size range of 10 microns (ìm) or less in
diameter (PM-10).  PM-10 is a health
concern because the PM can be easily
inhaled into the lungs making respiratory and
cardiovascular problems worse.  Respiratory
symptoms associated with exposure to PM-
10 have been reported (16,18,27).  Although
wood smoke is reported as comprising
largely PM-10, it may be almost entirely PM-
2.5 (3).  Particles of larger aerodynamic
diameter are able to reach the innermost
cavity of the respiratory tract.  Particulate

196-205
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matter is a carrier of chemical compounds
emitted from wood burning (5,30).

Compounds found in wood smoke may
be harmful to exposed individuals.  They
include an array of chemical constituents
such as polycyclic aromatic hydrocarbons
(PAH) (5), formaldehyde (30), free radicals
(31), nitrogen dioxide and carbon monoxide.
PAH of concern include
benzo(á)fluoranthene and
benzo(1)aceathrylene, two of a series of four
highly mutagenic cyclopentafused isomers
of benz(á)anthracene (31).  Human
carcinogens include formaldehyde (30) and
benzo(á)pyrene (5).  The pulmonary tissues
become critically exposed to a mix of both
carcinogens and mutagens.  Harmful
chemicals emitted from wood combustion
are provided in Table 2 (32).

The effects of suspended particulate
matter have been investigated (33, 34).  37%
of rats with bronchitis exposed to 272 ìg/m3

of PM-2.5, six hours per day died while none
of the non-exposed rats died (33) suggesting
that PM-2.5 may have suppressed the
immune response and aggravated the
bronchitis.  Stone (34) observed that bacteria
became more virulent in animals, which
breathed wood smoke, further suggesting
suppression in activity of the animal’s
macrophages.  In this study, rats were
exposed to 800 ìg/m3 wood smoke for one
hour, then to Staphylococcus aureus.

Autopsies carried out on the lung tissue
of 10 nonsmoking residents of Vancouver
showed after identification using analytical
electron microscopy that 96% of the particles
had a diameter of less than 2.5 microns (18).
This implies that of more concern to lower
respiratory health in terms of particulate
matter are the PM-2.5, which have been
suggested to be prominent components of
wood smoke.  Daily mortality has been noted
to have the strongest association with PM-
2.5 (33), which arise mainly from
combustion.  The above observations
support the hypothesis that particles with
relatively small diameter and larger
aerodynamic diameter reach the lower
respiratory tract, resulting in a greater risk
of developing lower respiratory disease in
those who are chronically exposed to wood
smoke.

The mutagenicity in a Salmonella strain
and PAH concentration were found to be

significant measures of the contribution of
wood combustion to indoor air pollution (4).
This bacterial mutagenicity may be
associated with relatively high
concentrations of moderately polar PAH
derivatives in the indoor air, polluted by wood
burned in an open fireplace.  Further, wood
burned in closed stoves increases
concentrations of mutagenic compounds
and PAH within the vicinity of a house due
to their emission with smoke through the
chimney.

 Exposure to wood smoke has been
studied and the possible ill-health effects
suggested are summarized in Table 3.
However, this does not represent the whole
spectrum of literature that may be available.

Health effects

Chronic exposure to wood smoke from
domestic wood combustion may therefore
be associated with health problems of the
lower respiratory system.  One of these
effects is reduced lung function, which has
been demonstrated to be associated with
chronic exposure to wood smoke (3,44).
This effect has been observed in children
from wood-burning homes, especially with
a family history of respiratory disease (19)
or passive-smoking mothers (16).

Chronic bronchiolitis and obstructive
airways disease are more prevalent in
smoking women exposed to wood smoke,
as are acute respiratory infections (ARI) in
children (38).  Respiratory disability due to
chronic airways obstruction was found to be
the main clinicopathological feature,
including bronchopulmonary lesions with
intercellular and extracellular black particles,
in mainly nonsmoking housewives who had
years of exposure to smoke whilst baking
household bread (12).  Although the
exposure of the housewives during their
involvement in bread baking was
documented, the causal role of bio-aerosols
in the development of the observed
clinicopathological symptoms was not
established.

Acute lower respiratory infection (ALRI)
in children is strongly associated with wood-
burning stoves, due to the presumably higher
indoor level of respirable particles (13),
suggesting that the use of wood-burning
stoves may be an independent risk factor
for ALRI.  Acute respiratory infection is one
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MAJOR CHEMICAL CONSTITUTENTS OF WOOD SMOKE
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POSSIBLE HEALTH (RESPIRATORY) RISKS FOR GROUPS EXPOSED TO W00D SMOKE
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of the major problems in paediatrics, besides
other common tropical illnesses, in PNG,
which may in part be associated with
increased wood smoke exposure in mainly
rural communities.

Lower airway symptoms including
interstitial pneumonitis (39), classic
bronchiolitis obliterans (37) and even lung
cancers (5,41) are more likely ill-health
effects.  Hypersensitivity is a good indicator
for identifying respiratory effects in
individuals exposed to wood smoke,
demonstrated by bronchial

hyperresponsiveness (29) and pulmonary
arterial hypertension (2).  Irritation is evident
in chronically exposed asthmatic children
(20,27), which may further aggravate the
disease.  Fine particulate matter, as
described earlier, was found to lodge in and
alter lung tissue (18), and thus increase the
incidence of respiratory il lness and
aggravate asthma.  Certain constituents of
wood smoke and related indoor air pollution
can also provoke a mutagenic reaction (42).

Wood smoke is also implicated in the
development of severe lower respiratory
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tract disease in exposed infants (19,40).
Environmentally induced
methaemoglobinaemia caused from
exposure of an infant to pine tar fumes
emitted from wood-burning stoves (21) is an
example of one such effect.  This condition
results from the exposure to various
chemicals that are able to oxidize
haemoglobin at a rate exceeding the normal
enzymatic capacity for haemoglobin
reduction.  This is especially common in the
lower socioeconomic classes, where parent
and offspring alike share the same smoke-
filled room and share the same risk factors,
often with the offspring being more
vulnerable.  Yet another risk is for unborn
fetuses, where a 50% greater chance of
stil lbirth has been suggested among
pregnant women (43).

Effects on the eye, mainly from air
pollution, have been implicated in the
aetiology of cataracts (35,36).  Eye irritation
in the form of tears, commonly known as
smarting eyes, during cooking time from
indoor air-polluted areas or from cooking-
related sources has also been associated
with respiratory symptoms (7).  Although this
symptom may seem a non-intrusive one and
a useful determinant of indoor air pollution
from wood-burning sources, effects of air
pollutants like wood smoke may be severe
on the eyes.  Klopfer (36) provided
management suggestions for eye symptoms
related to air pollution.  Due to earlier
implications of wood smoke in causing
cataract, an eye lens opacification which is
a major cause of blindness, a study was
carried out to show that metabolites of wood-
smoke condensate accumulated in the
lenses (35).  Further work is required in this
area.

Although the respiratory effects of
exposure to wood combustion have been
widely reported, potential pathogenic
exposure to toxins and carcinogens,
especially in indoor environments, requires
more study.  Further studies may
demonstrate effects of these agents on other
systems.

Acute respiratory infections are the cause
of childhood morbidity and mortality in many
developing countries, including PNG.
Viruses or bacteria may cause ARI including
diseases ranging from the common cold to
bacterial pneumonia.  It is estimated that in
excess of 4000 children below the age of 5

years die of pneumonia every year in PNG.
Pneumonia alone accounts for
approximately 30% of all deaths in this age
group (45).   Causes of pneumonia include
Streptococcus pneumoniae and
Haemophilus influenzae, both of which have
been shown to be commensals in the
nasopharynx of PNG children (46).  Both
have shown some degree of drug resistance
(47,48), which may be another reason for
the increase in pneumonia cases.

The role of wood smoke in ARI
development may be seriously considered
in PNG.  Elsewhere, wood smoke has been
implicated in the development and
aggravation of respiratory diseases
(1,12,19,40).  Although viruses and bacteria
cause ARI, certain components of wood
smoke may have immune-suppressive
properties, which may be the essence of
wood smoke in the aggravation of respiratory
infections.  Studies on the immune-
suppressive effects of wood smoke
elsewhere on laboratory rodents have
highlighted this relation (33,34).  Further
understanding of the specific components
with such a property is vital.

 Recommendations and suggestions

 The most important step in the process
of taking corrective interventions is to carry
out continuous public awareness programs.
This type of program should combine media
coverage through workshops, especially for
women, through newspapers, radio,
television advertisements and distribution of
printed information.  Also, the promotion of
awareness by health staff, especially health
extension officers and other community
health workers, should be encouraged.
Public awareness is vital because within
different groups of people ethnic traditions
predicate exposure to wood smoke and
intrusive interventions without prior
education may be ineffective.  Information
regarding risks associated with exposure to
indoor air pollution, chiefly from wood fuel
burning, as well as sufficiently viable
intervention practices and alternatives
should be explicitly made known in advance.

Reducing wood use is likely to improve
respiratory health effects in wood fuel users
and may possibly improve air quality within
residential vicinities of rural PNG.  The use
of fuel alternatives such as charcoal, biogas
and kerosene that emit less smoke should
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be encouraged; however, it appears that the
least costly and quickest method would be
to encourage charcoal use to a greater
extent, would lead to high carbon monoxide
levels that would have to be addressed.
Furthermore, resorting to modern fuels is
beyond the means of most rural people and
the urban poor in the short term and would
not therefore be effective.  Nevertheless,
because of the harmful health effects of
wood smoke, people should be encouraged
to keep exposure to this source of air
pollution to a minimal level.

Efficient methods of wood fuel combustion
are required with adoption of adequately
ventilated wood stoves that give a low level
of smoke production.  The use of open fires
should be discouraged by providing the best
possible alternatives with construction of a
vent and a chimney.  Another choice to be
considered is to adequately dry wood for a
sufficient time before use, although this
would not be feasible in areas where the
supply of wood is limited.

It is equally important to have an adequate
level of ventilation in homes, with stove vents
that are cleaned regularly.  Construction and
renovation of kitchens, focusing on providing
sufficient ventilation using cheaply available
materials like potter’s clay or earthen brick,
can use methods adapted for integration into
traditional homes in PNG.  In some African
homes earthen stoves are constructed that
serve to minimize wood smoke levels
indoors.

There is a huge list of health risks and
consequences from chronic exposure to
room air pollution from wood combustion.
Respiratory ill-health, as well as other
illnesses, is associated with wood smoke,
with children, older people and sufferers from
asthma as most vulnerable (29,38,43).
Fetuses and infants of women who had
chronic wood smoke exposure, mainly in
wood-burning homes, are equally at greater
risk, as indicated by increased amounts of
carboxyhaemoglobin in the blood of exposed
women (8).

Children whose mothers smoked, were
exposed to wood smoke and had a family
history of respiratory il lnesses had
decreased lung functions (19-24).  These
results are sufficient for an overall strategy
to be developed to investigate other related
health effects, control options and public

policy alternatives.

In most developing countries where health
effects of wood smoke exposure have been
implicated, establishment of appropriate
policy guidelines may be helpful and should
be effected at the local community level.  To
ensure that such policy guidelines will be
implemented requires adequate human
resource development for research and
monitoring and a good understanding of
other socioeconomic and environmental
indicators.  This is because health
researchers rarely integrate socioeconomic
and environmental considerations with the
methodology constructed to investigate
disease causes and patterns.  Authorities
therefore need to be aware of the exposure
and risk situation of wood smoke pollution
in homes, and establish sufficiently viable
control options and policy alternatives.

Efforts to assess health risks associated
with indoor air pollution in specific localities
may be limited by lack of information about
the number of people exposed, the pattern
and severity of exposures, and related health
consequences.  The following is a suggested
general approach to achieving viable policy
alternatives:

• Extensive research into health effects
(cause and effect studies);

• Awareness and public education;

• Implementation of control options; and

• Devising policy alternatives in an effort
to minimize this problem in the long
term.
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Medical Society of Papua New Guinea

Dr N.G. Patil Fund

In celebration of the Golden Jubilee of the Papua New Guinea Medical Journal Dr N.G.
Patil contributed generously to support the Journal and the prizes awarded at the Medical
Symposium held in Goroka from 5 to 9 September 2005 on the theme of Medical Research:
A Tool for Healthcare Delivery in the New Millennium.  On behalf of the Medical Society of
Papua New Guinea and all readers of the Journal the Editors acknowledge the contribution
made by Dr Patil and thank him most warmly for his generosity.

Dr Nivritti G. Patil was Business Manager for the Journal from March 1988 to December
1990 and so has his own place in the history of the Journal and the Medical Society.  He is at
present Director, Centre for Education and Training, Department of Surgery and Assistant
Dean (Education and Student Affairs), Faculty of Medicine, University of Hong Kong.

The Fund provided by Dr Patil was used in small part to finance three of the prizes awarded
at this year’s Symposium.  The balance of the Fund will continue to be used in the years to
come to support the award of prizes at the Symposium and the publication in the Journal, on
an annual basis, of the Society’s prizewinners, past and present.

Peter M. Siba, Chief Editor
John Reeder, Scientific Editor
Nakapi Tefuarani, Clinical Editor
Michael Alpers, Emeritus Editor
Cynthea Leahy, Assistant Editor
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The President’s Prize*

Awarded by the President of the Medical Society of Papua New Guinea for the best
presentation of research by a junior investigator

1987
1988
1989
1990 Monica Sungu?
1991
1992
1993 Ken Boone?
1994 John Taime
1995 Zachary Dimber?
1996 Blakie Wayobu
1997 Morgan Giva
1998 Rodney Itaki?
1999 Norman Bisai?
2000 Livingstone Tavul
2001 Absalom Mai
2002 Marsalina Heritrenggi

Paul Pumuye
2003 Ghang Oyang
2004 Gimana Poigeno

Pamela Toliman
2005 Jacinta Francis

*Unfortunately the Medical Society’s records are incomplete and/or inaccurate.  We would like to have a full and
authentic record of all the prizewinners.  Please notify the Assistant Editor of the Journal of any errors in the above
list.  If anyone can lay claim to any of the empty or doubtful slots, or knows who the winner was in any particular year,
please convey this information to the Assistant Editor – PO Box 60, Goroka, EHP 441; or by email –
cynthea.leahy@pngimr.org.pg

The Deborah Lehmann Prize*

Awarded for the best paper on research leading to implementation

1997 Lucenia Ihuaraqui
1998 Mary Joku Ponifasio
1999 Raphael Paika?
2000 Mere Kende?
2001 George Gende
2002 Janet Gare

Audrey Michael
2003 Harry Poka

John Taime
2004 Rachael Hinton

Bonnie Hurae
2005 Louis Samiak

Melinda Susapu

*Unfortunately the Medical Society’s records are incomplete and/or inaccurate.  We would like to have a full and
authentic record of all the prizewinners.  Please notify the Assistant Editor of the Journal of any errors in the above
list.  If anyone can lay claim to any of the doubtful slots, or knows who the winner was in any particular year, please
convey this information to the Assistant Editor – PO Box 60, Goroka, EHP 441; or by email –
cynthea.leahy@pngimr.org.pg
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The Dean’s Prize

Awarded by the Dean of the School of Medicine and Health Sciences for the best
presentation of research by a medical or health sciences student or junior doctor

2002 Damien Hasola
2003 Imelda Assaigo
2004 Pilly Mapira
2005 Lucy John

Special Symposium Prize

Awarded for an outstanding presentation by the Symposium Committee

2005 Miriam Layton

Life Members of the Medical Society of Papua New Guinea

2002 Professor Michael Alpers
Dr Adolf Saweri
Dr Puka Temu

2003 Dr Chris Marjen
Dr Jan Saave

2004 Professor Joe Igo
Professor Ian Maddocks
Professor Ian Riley
Dr Maurice Wainetti

2005 Dr David Hamilton
Professor Roy Scragg
Dr Rueben Taureka
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List of Medical Research Projects in Papua New Guinea

Approved or Noted

By the Medical Research Advisory Committee in 2004

Research on the high cause of subacute
sclerosing panencephalitis in the Eastern
Highlands Province of Papua New Guinea

Dr Takashi Ichiyama, Assoc. Prof. Peter
Siba, Dr Koichi Kusuhara, Dr Mitsuaki
Hosoya, Prof. Toshiaki Takasu, Dr Gilchrist
Oswyn, Dr Goni Merenge and Prof. John
Reeder (Department of Pediatrics,
Yamaguchi University School of Medicine,
1-1-1 Minamikogushi, Ube, Yamaguchi 755-
8505, Japan)

A pilot trial of oxygen concentrators and
pulse oximetry in district and provincial
hospitals

Dr Trevor Duke, Dr Paul Ripa, Prof. John
Vince, Dr David Mokela, Assoc. Prof. Nakapi
Tefuarani and Dr Francis Wandi (Centre for
International Child Health, University
Department of Paediatrics, Royal Children’s
Hospital, Parkville, Victoria 3052, Australia)

Susceptibil ity to Plasmodium vivax
infection and malaria during infancy

Dr Peter Zimmerman, Dr Moses Bockarie,
Prof. John Reeder, Prof. James Kazura, Dr
Christopher Whalen, Dr Robert Elston and
Prof. Blaise Genton (Centre for Global
Health & Diseases, CWRU School of
Medicine, W147D, Cleveland, Ohio 44106-
4983, USA)

 The epidemiology of childhood upper
respiratory tract carriage in Asaro Valley,
Eastern Highlands Province of Papua New
Guinea

Ms Gimana Poigeno (Papua New Guinea
Institute of Medical Research, PO Box 60,
Goroka, Eastern Highlands Province 441,
Papua New Guinea)

Development and evaluation of an RT-
PCR assay for the stage-specific detection
of filarial L3 larvae in infected mosquitoes

Prof. Steven Williams and Dr Moses
Bockarie (Clark Science Centre, Smith
College, Northampton, MA 01063, USA)

 Factors that affect the transmission of

kuru
Mr Jerome Whitfield and Prof. John

Reeder  (Papua New Guinea Institute of
Medical Research, PO Box 60, Goroka,
Eastern Highlands Province 441, Papua
New Guinea)

Career choice in nursing: is it intuitive or
conditional?

Ms Julie Kep (Faculty of Health & Social
Care, University of West England, Glenside,
Blackberry Hill, Stapleton, Bristol BS16 3DD,
England, United Kingdom)

The epidemiology of oral leukoplakia in
New Ireland Province, Papua New Guinea

Dr Steve Thomas (Division of Oral and
Maxillofacial Surgery, University of Bristol,
Lower Maudlin Street, Bristol BS1 2LY,
England, United Kingdom)

Study of female sex workers and men who
have sex with men in selected locations in
PNG

Ms Geraldine Maibani and Mr William
Yeka (Papua New Guinea Institute of
Medical Research, PO Box 60, Goroka,
Eastern Highlands Province 441, Papua
New Guinea)

Antimicrobial susceptibility patterns of
Neisseria gonorrhoeae isolates in four
centres in Papua New Guinea

Mr Tony Lupiwa, Ms Pamela Toliman,
Prof. John Reeder, Assoc. Prof. Peter Siba
and Dr Greg Law (Papua New Guinea
Institute of Medical Research, PO Box 60,
Goroka, Eastern Highlands Province 441,
Papua New Guinea)

An evaluation of the effect of a short-term
health promotion intervention on the
understanding of infectious health issues
and health seeking behaviours of people
within a settlement in Port Moresby, Papua
New Guinea

Dr Jane Fitzpatrick (Faculty of Health &
Social Care, University of West England,
Glenside, Blackberry Hill, Stapleton, Bristol
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BS16 3DD, England, United Kingdom)

Prevalence of genital ulcer diseases and
their relationships with HIV infection in Papua
New Guinea

 Mr Tony Lupiwa, Assoc. Prof. Peter Siba,
Prof. John Reeder and Prof. Mathias Sapuri
(Papua New Guinea Institute of Medical
Research, PO Box 60, Goroka, Eastern
Highlands Province 441, Papua New
Guinea)

Action plan to ensure that biomedical
activities in Papua New Guinea are
subjected to ethical clearance and approval

Assoc. Prof. Peter Siba (Papua New
Guinea Institute of Medical Research, PO
Box 60, Goroka, Eastern Highlands Province
441, Papua New Guinea)

Standard treatment of malaria in PNG:
assessment of efficacy of current regimens
and evaluation of possible future
replacement regimens

 Dr Harin Karunajeewa and Dr Ivo Mueller
(School of Medicine and Pharmacology,
Fremantle Hospital, PO Box 840, Fremantle,
WA 6959, Australia)

Epidemiology study of tuberculosis (TB)
in the Eastern Highlands and East Sepik
Provinces, PNG

Dr Suparat Phuanukoonnon, Prof. John
Reeder, Dr Anna Thornson and Ms
Geraldine Maibani (Papua New Guinea
Institute of Medical Research, PO Box 60,
Goroka, Eastern Highlands Province 441,
Papua New Guinea)

Factors affecting the delivery of ART in
Papua New Guinea

Mr Peter Raynes, Prof. John Reeder, Ms
Geraldine Maibani and Dr Wenzel Geissler
(London School of Hygiene and Tropical
Medicine, Keppel Street, London WC1E
7HT, England, United Kingdom)

Australia – Canada Consortium on Health
and Conflict

Prof. Anthony Zwi and Mr Melchior Dare
(School of Public Health and Medicine,

University of New South Wales, Sydney,
NSW 2052, Australia)

Evaluation of a new collection method for
filarial antigen tests

Dr Wayne Melrose, Dr Festus Pawa, Dr
James Wangi, Mr David Reeve and Prof.
David Durrheim (Lymphatic Filariasis
Support Centre, James Cook University,
Townsville, QLD 4811, Australia)

Investigation of the people of Kikori for
infection with Trichinella papuae and other
parasitic and infectious diseases

 Dr I.L. Owen (PO Box 5539, Boroko,
National Capital District 111, Papua New
Guinea)

Papua New Guinea National Micronutrient
Survey 2005

Ms Florence Addo, Dr Gilbert Hiawalyer,
Dr Victor Temple, Mr Enoch Posanai and Ms
Wila Saweri (United Nations Children’s
Fund, PO Box 472, Port Moresby, National
Capital District 121, Papua New Guinea)

A comparative study of maternal death
rates between Port Moresby and Kimbe
general hospitals (1995-2004)

Sr Lily Lesley Yama (Division of Nursing,
School of Medicine and Health Sciences,
University of Papua New Guinea, PO Box
5623, Boroko, National Capital District 111,
Papua New Guinea)

Note:

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 2004.

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)
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MEDLARS BIBLIOGRAPHY

PUBLICATIONS OF RELEVANCE TO PAPUA NEW GUINEA AND MELANESIA

Bibliographic Citation List generated from MEDLARS

1 Acosta CJ, Galindo CM, Ali M, Elyazeed RA,
Ochiai RL, Danovaro-Holliday MC, Page AL,
Thiem VD, Jin Y, Park JK, Lee H, Puri MK, Ivanoff
B, Agtini MD, Soeharno R, Simanjuntak CH,
Punjabi NH, Canh do G, Sur D, Nizami Q, Manna
B, Bai-qing D, Anh DD, Honghui Y, Bhattacharya
SK, Bhutta Z, Trach DD, Xu ZY, Pang T, Donner
A, Clemens JD.
A multi-country cluster randomized controlled
effectiveness evaluation to accelerate the
introduction of Vi polysaccharide typhoid vaccine in
developing countries in Asia: rationale and design.
Trop Med Int Health 2005 Dec;10(12):1219-1228.

Phase-III vaccine efficacy trials typically employ
individually randomised designs intended to ensure
that measurements of vaccine protective efficacy
reflect only direct vaccine effects.  As a result,
decisions about introducing newly licensed vaccines
into public health programmes often fail to consider
the substantially greater protection that may occur
when a vaccine is deployed in public health
programmes, due to the combination of direct plus
indirect vaccine protective effects.  Vaccine total
protection can be better evaluated with cluster
randomized trials.  Such a design was considered
to generate policy-relevant data to accelerate the
rational introduction of the licensed typhoid fever Vi
polysaccharide (PS) vaccine in Asia by the Diseases
of the Most Impoverished (DOMI) typhoid fever
programme.  The DOMI’s programme multi-country
study is one of the largest cluster randomized
vaccine trials ever mounted in Asia, which includes
approximately 200,000 individuals.  Its main objective
is to determine the effectiveness of a licensed Vi
PS vaccine. The rationale and design of this study
are discussed.  Preliminary results are presented
that determined the final planning of the trial before
immunization. Important methodological and
practical issues regarding vaccine cluster
randomized designs are illustrated.

2 Bellini WJ, Harcourt BH, Bowden N, Rota PA.
Nipah virus: an emergent paramyxovirus causing
severe encephalitis in humans.
J Neurovirol 2005 Oct;11(5):481-487.

Nipah virus is a recently emergent paramyxovirus
that is capable of causing severe disease in both
humans and animals.  The first outbreak of Nipah
virus occurred in Malaysia and Singapore in 1999
and, more recently, outbreaks were detected in
Bangladesh.  In humans, Nipah virus causes febrile
encephalitis with respiratory syndrome that has a
high mortality rate.  The reservoir for Nipah virus is
believed to be fruit bats, and humans are infected
by contact with infected bats or by contact with an
intermediate animal host such as pigs.  Person to
person spread of the virus has also been described.
Nipah virus retains many of the genetic and biologic
properties found in other paramyxoviruses, though
it also has several unique characteristics.  However,
the virologic characteristics that allow the virus to
cause severe disease over a broad host range, and
the epidemiologic, environmental and virologic

features that favor transmission to humans are
unknown.  This review summarizes what is known
about the virology, epidemiology, pathology,
diagnosis and control of this novel pathogen.

3 Campbell LT, Currie BJ, Krockenberger M, Malik
R, Meyer W, Heitman J, Carter D.
Clonality and recombination in genetically
differentiated subgroups of Cryptococcus gattii.
Eukaryot Cell 2005 Aug;4(8):1403-1409.

Cryptococcus gattii is a pathogenic yeast that
together with Cryptococcus neoformans causes
cryptococcosis in humans and animals.  High
numbers of viable C. gattii propagules can be
obtained from certain species of Australian
Eucalyptus camaldulensis trees, and an
epidemiological link between Eucalyptus
colonization and human exposure has been
proposed.  However, the highest prevalence of C.
gattii cryptococcosis occurs in Papua New Guinea
and in regions of Australia where the eucalypt
species implicated to date are not endemic.  This
study investigated the population structure of three
geographically distinct clinical and veterinary
populations of C. gattii from Australia and Papua
New Guinea.  All populations that consisted of a
genotype found frequently in Australia (VGI) were
strongly clonal and were highly differentiated from
one another.  Two populations of the less common
VGII genotype from Sydney and the Northern
Territory had population structures inferring
recombination.  In addition, there was some evidence
of reduced genetic differentiation between these
geographically remote regions.  In a companion
study presented in this issue, VGII isolates were
overwhelmingly more fertile than those of the VGI
genotype, giving biological support to the indirect
assessment of sexual exchange.  It appears that
the VGI genotype propagates clonally on eucalypts
in Australia and on an unknown substrate in Papua
New Guinea, with infection initiated by an unidentified
infectious propagule.  VGII isolates are completing
their life cycles and may be dispersed via sexually
produced basidiospores, which are also likely to
initiate respiratory infection.

4 Charveriat MA, Chomarat M, Watson M, Garin B.
Nasopharyngeal carriage of Streptococcus
pneumoniae in healthy children, 2   to 24 months of
age, in New-Caledonia. [Fr]
Med Mal Infect 2005 Oct;35(10):500-506. Epub 2005
Nov 7.

OBJECTIVES: The aims of this study were to
determine the prevalence of pneumococcal
nasopharyngeal carriage in New-Caledonian children
less than two years of age, to define risk factors for
carriage, and to document the serotypes present in
New Caledonia prior to the implementation of the
conjugate pneumococcal vaccine.  METHOD AND
RESULTS: From August 2002 to April 2003,
nasopharyngeal samples were collected on 1040
children less than two years of age during scheduled
visits to dispensaries for routine immunization.  Of
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the 1040 samples, 544 (52%) were positive for
Streptococcus pneumoniae.  The percentage of
pneumococcal strains with reduced susceptibility to
penicillin (PRSP) was 21%.  Several risk factors for
pneumococcal carriage were identified.  These
included the Province that the child lived in, the ethnic
group, age, and having a sibling less than 6 years of
age.  Risk factors for carriage of PRSP were similar
but also included additional risk factors such as
attendance at day care and a history of antibiotic
treatment.  The eight most frequent serotypes were
6B, 19F, 14, 23F, 6A, 19A, 11A, and 16F.  These
serotypes accounted for 60% of all strains detected.
The most frequent serotypes of PRSP were 14, 9V,
19F, 23F, and 6B.  They were more often identified
in European children and 80% were vaccine
serotypes.  However, overall 250/544 (46%) of all
pneumococcal isolates were those included in the 7
serotype vaccine.

5 Cole-Tobian JL, Baisor M, King CL.
High complexity of Plasmodium vivax infections in
Papua New Guinean children.
Am J Trop Med Hyg 2005 Sep;73(3):626-633.

Although genetically distinct malaria parasites
have been shown to simultaneously infect an
individual, the total number of unique parasites has
not been systematically studied.  We examined
multiple clones (8-38) from individual blood samples
collected from Papua New Guinean children for
polymorphisms in the Plasmodium vivax Duffy
binding protein (dbpII) and the merozoite surface
protein 3alpha (msp3alpha).  We found a median of
4 (range = 2-6) and 12 (range = 2-23) unique
genotypes based on dbpII and msp3alpha,
respectively, per person at one time point and at least
12-33 unique genotypes per person over a four-
month period.  Control polymerase chain reactions
(PCRs) detected 0-31% of clones with haplotypes
that arose from PCR artifacts, indicating that caution
must be taken when using PCR-based analysis to
examine complex infections.  To reduce artifacts from
clones, analysis was based on haplotypes unlikely
to have been generated by PCR artifacts or had been
previously identified.  Plasmodium vivax infections
can be highly complex in disease-endemic areas,
suggesting continual genetic mixing that could have
significant implications for the use of antimalarial
drugs and malaria vaccines.

6 Corner H, Rissel C, Smith B, Forero R,
Olatunbosun-Alakija A, Phongsavan P, Havea D;
Health Behaviour and Lifestyle of Pacific Youth
Survey Collaborating Group and Core Survey
Teams.
Sexual health behaviours among Pacific Island youth
in Vanuatu, Tonga and the Federated States of
Micronesia.
Health Promot J Austr 2005 Aug;16(2):144-150.

ISSUES ADDRESSED: This study was
conducted to describe the sexual risk behaviours of
youth within the Pacific Island nations of Vanuatu,
Tonga and the Federated States of Micronesia.
METHODS: General health behaviour surveys were
conducted with youth aged 15-19 years and not
attending school in the three countries.  A sample of
390 Ni-Vanuatu youth from the Shefa Province, 934
youth from three island provinces of Tonga and 92
youth from Pohnpei, the main island of the four island
states of the Federated States of Micronesia, were
interviewed in gender-specific groups.  Questions
were asked about sexual behaviours that may

contribute to unintended pregnancy or sexually
transmitted infections (STIs).  RESULTS: Moderate
to high percentages of youth were sexually active
(had a least one sexual partner) in the Pacific island
nations of Vanuatu (49.7%), Tonga (35.5%) and the
Federated States of Micronesia (76.1%).  Young men
were more likely to engage in sexually risky
behaviour than young women.  They were more likely
to be sexually active, have had multiple sexual
partners and have had sex when drunk or high.  Of
those sexually active, more young men than women
in Vanuatu (36.1% compared with 30.6%) and
Micronesia (54.2% compared with 50%) never used
protection against STIs.  However, of the sexually
active Tongan youth, the proportion of females
(61.1%) who reported never using protection against
STIs was nearly double the proportion reported by
Tongan males (32.2%).   CONCLUSION: A high
percentage of young people not attending school in
the Pacific island nations of Vanuatu, Tonga and the
Federated States of Micronesia are at risk of
unintended pregnancy and STIs, including HIV,
because of patterns of sexual risk behaviour.

7 Curry C, Bunungam P, Annerud C, Babona D.
HIV antibody seroprevalence in the emergency
department at Port Moresby General Hospital, Papua
New Guinea.
Emerg Med Australas 2005 Aug;17(4):359-362.

OBJECTIVE: To determine the prevalence of
HIV antibody in patients presenting to the ED at Port
Moresby General Hospital in Papua New Guinea.
METHOD: Three hundred patients in whom blood
samples were taken for investigation of illness or
injury between April and July 2003 were surveyed
for HIV antibodies.  Sex, age and presenting illness
were recorded.  RESULTS: Fifty-four tests (18%,
95% confidence interval [CI] 14-23%) were positive.
Forty-seven per cent were men and 53% were
women.  The most common presenting illnesses
were respiratory tract infections (37%) and
gastrointestinal tract infections (26%).  Because of
resource constraints results were not linked to
patients and there was no follow up.  CONCLUSION:
These limited data support the prediction that the
developing HIV/AIDS epidemic in Papua New
Guinea will be serious.

8 Dittrich S, Alifrangis M, Stohrer JM,
Thongpaseuth V, Vanisaveth V, Phetsouvanh R,
Phompida S, Khalil IF, Jelinek T.
Falciparum malaria in the north of Laos: the
occurrence and implications of the Plasmodium
falciparum chloroquine resistance transporter (pfcrt)
gene haplotype SVMNT.
Trop Med Int Health 2005 Dec;10(12):1267-1270.

OBJECTIVE: The pfcrt-gene encodes a
transmembrane protein located in the Plasmodium
falciparum digestive vacuole.  Chloroquine resistant
(CQR) strains of African and Southeast Asian origin
carry the pfcrt-haplotype (c72-76) CVIET, whereas
most South American and Papua New Guinean CQR
stains carry the SVMNT haplotype.  METHOD:
Eighty-eight samples from an area with reported in
vivo chloroquine and in vitro amodiaquineresistance
were screened for the K76T mutation and their pfcrt-
haplotype (c72-76) using a new SSOP-ELISA.
RESULTS: Hundred percent of the analysed
samples showed the K76T mutation which is highly
associated with in vivo drug failure.  This very high
rate of a CQR-marker is alarming in an area where
CQ is still used as first line drug.  The distribution of
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the three main pfcrt-haplotypes was as follows: 68%
CVIET, 31% SVMNT, 0% CVMNT.  CONCLUSIONS:
These data show, for the first time, the South
American/PNG -haplotype (SVMNT) on mainland
Southeast Asia. SVMNT-haplotype and others might
be associated with a decreased efficacy of
amodiaquine and could therefore be potential
markers for amodiaquine resistance (AQR). If
there is a correlation between AQR and the SVMNT-
haplotype as suggested, 31% prevalence of a
potential resistance marker is cause for concern.

9 Dunn M, Terrill A, Reesink G, Foley RA, Levinson
SC.
Structural phylogenetics and the reconstruction of
ancient language history.
Science 2005 Sep 23;309(5743):2072-2075.

The contribution of language history to the study
of the early dispersals of modern humans throughout
the Old World has been limited by the shallow time
depth (about 8000 ± 2000 years) of current linguistic
methods.  Here it is shown that the application of
biological cladistic methods, not to vocabulary (as
has been previously tried) but to language structure
(sound systems and grammar), may extend the time
depths at which language data can be used.  The
method was tested against well-understood families
of Oceanic Austronesian languages, then applied to
the Papuan languages of Island Melanesia, a group
of hitherto unrelatable isolates.  Papuan languages
show an archipelago-based phylogenetic signal that
is consistent with the current geographical
distribution of languages.  The most plausible
hypothesis to explain this result is the divergence of
the Papuan languages from a common ancestral
stock, as part of late Pleistocene dispersals.

10 Dwyer PD.
People, pigs and parasites in New Guinea: relational
contexts and epidemiological possibilities.
Parasitol Int 2006;55 Suppl:S167-S173. Epub 2005
Dec 5.

Within Papua New Guinea the relationship
people have with their pigs varies between societies.
These differences arise in the earliest phase of
rearing piglets and result in domestic animals whose
primary attachments are to other pigs, to places or
to people.  For Papua New Guineans, different pig
management regimes fulfill ecological and social
needs. In addition, however, the ways in which pigs
are raised and managed, and the presence or
absence of a local population of wild pigs, have
consequences for the exposure of both domestic
pigs and people to parasites that they may host.
Effective control of disease-inducing parasites
should be attentive to society-specific relationships
between people and their pigs.

11 Fraser M, Taleo G, Taleo F, Yaviong J, Amos M,
Babu M, Kalkoa M.
Evaluation of the program to eliminate lymphatic
filariasis in Vanuatu following two years of mass drug
administration implementation: results and
methodologic approach.
Am J Trop Med Hyg 2005 Oct;73(4):753-758.

This report presents the results of the Vanuatu
mid-term evaluation of the lymphatic filariasis
elimination program being implemented countrywide.
Vanuatu is one of the first countries to initiate this
program as part of the Global Program for
Elimination of Lymphatic Filariasis, based on a five-
year annual mass drug administration (MDA) of

albendazole and diethylcarbamazine and
complemented in Vanuatu by extensive coverage
with bed nets.  This paper reports results of 561
persons tested at eight sentinel sites following two
years of MDA.  Coverage was 72% and bed net use
was more than 70%.  Antigen prevalence was
reduced by 63% (from 22% to 8%) and prevalence
of microfilaremia was reduced by 93% (from 12% to
0.8%).  Results of surveys of health workers and
the community are also reported, and the
methodology used for this evaluation is discussed.

12 Friedlaender J, Schurr T, Gentz F, Koki G,
Friedlaender F, Horvat G, Babb P, Cerchio S,
Kaestle F, Schanfield M, Deka R, Yanagihara R,
Merriwether DA.
Expanding Southwest Pacific mitochondrial
haplogroups P and Q.
Mol Biol Evol 2005 Jun;22(6):1506-1517. Epub 2005
Apr 6.

Modern humans have occupied New Guinea and
the nearby Bismarck and Solomon archipelagos of
Island Melanesia for at least 40,000 years.  Previous
mitochondrial DNA (mtDNA) studies indicated that
two common lineages in this region, haplogroups P
and Q, were particularly diverse, with the
coalescence for P considered significantly older than
that for Q.  In this study, we expand the definition of
haplogroup Q so that it includes three major
branches, each separated by multiple mutational
distinctions (Q1, equivalent to the earlier definition
of Q, plus Q2 and Q3).  We report three whole-
mtDNA genomes that establish Q2 as a major Q
branch.  In addition, we describe 314 control region
sequences that belong to the expanded haplogroups
P and Q from our Southwest Pacific collection.  The
coalescence dates for the largest P and Q branches
(P1 and Q1) are similar to each other (approximately
50,000 years old) and considerably older than prior
estimates.  Newly identified Q2, which was found in
Island Melanesian samples just to the east, is
somewhat younger by more than 10,000 years.  Our
coalescence estimates should be more reliable than
prior ones because they were based on significantly
larger samples as well as complete mtDNA-coding
region sequencing.  Our estimates are roughly in
accord with the current suggested dates for the first
settlement of New Guinea-Sahul.  The
phylogeography of P and Q indicates almost total
(female) isolation of ancient New Guinea-Island
Melanesia from Australia that may have existed from
the time of the first settlement.  While Q subsequently
diversified extensively in New Guinea-Island
Melanesia, it has not been found in Australia.  The
only shared mtDNA haplogroup between Australia
and New Guinea identified to date remains one minor
branch of P.

13 Gare J, Lupiwa T, Suarkia DL, Paniu MM,
Wahasoka A, Nivia H, Kono J, Yeka W, Reeder
JC, Mgone CS.
High prevalence of sexually transmitted infections
among female sex workers in the Eastern Highlands
Province of Papua New Guinea: correlates and
recommendations.
Sex Transm Dis 2005 Aug;32(8):466-473.

BACKGROUND: More than 200 female sex
workers (FSWs) participating in commercial sex
along the Highlands Highway of Papua New Guinea
were identified in a previous survey.  This has
implications for the spread of sexually transmitted
infections (STIs) and human immunodeficiency virus
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(HIV) to areas and population groups serviced by
the road.  GOAL: The goal of this study was to
estimate the prevalence of gonorrhea, chlamydia,
syphilis, trichomoniasis, and HIV among FSWs in
Goroka and Kainantu in the Eastern Highlands
Province (EHP) and to identify correlates that could
be considered in intervention and control.  STUDY:
Self-identified FSWs recruited through the Goroka
Sex Workers Peer-Mediated Programme were
invited to participate.  All consenting FSWs
underwent pretest counseling and provided
sociodemographic and behavioral data using a
structured questionnaire.  The women were also
asked to self-collect vaginal specimens and to
provide peripheral blood to detect the respective STIs
and HIV.  RESULTS: Results were available for 211
FSWs.  None of the women were positive for HIV.
The overall estimated rates for gonorrhea,
chlamydia, syphilis, and trichomoniasis were 21%,
19%, 24%, and 51%, respectively.  Seventy-four
percent were positive for at least 1 STI and 43%
had multiple STI infections.  High-risk sexual
behaviors were found to be common among the
women, including low and inconsistent use of
condoms, with most of them attributing this to
unavailability, dislike by or familiarity with clients, and
being drunk and/or high on marijuana.
CONCLUSIONS: STIs are prevalent among FSWs
in Goroka and Kainantu in the EHP and are
maintained by widespread high-risk sexual
behaviors, including low use of condoms.
Implications for their spread through the highway
warrants increased efforts in intervention.  Apart from
a need to promote condom acceptance, distribution,
and use, other high-risk sexual behavior and
correlates identified in this study provide important
considerations for intervention and control in this
population.

14 Grace RF.
Intensive care in paradise – a review of 57 ventilated
patients in ICU in Vanuatu over five years.
Anaesth Intensive Care 2005 Oct;33(5):635-638.

Intensive care is not a medical priority for
developing nations.  Vila Central Hospital is the major
referral centre for the developing Pacific island nation
of Vanuatu and runs an ‘as-needed’ intensive care
service.  Between January 1999 and January 2004,
fifty-seven patients were ventilated at Vila Central
Hospital.  Twenty-two patients survived and 35 died.
Eleven patients were declared brain dead, eight died
from renal failure, six from overwhelming respiratory
failure, three from sepsis, four due to equipment or
technical failure, two of unknown causes and one
died after transfer to Australia.  The patient age range
extended from newborns to 80 years.  Survivors were
ventilated for durations of four hours (postoperative)
to 14.5 days (ARDS), the median being two days.

15 Kondo S, Townsend GC, Kanazawa E.
Size relationships among permanent mandibular
molars in Aboriginal Australians and Papua New
Guinea Highlanders.
Am J Hum Biol 2005 Sep-Oct;17(5):622-633.

Size relationships among crown units of
permanent mandibular molars were investigated in
two Sahul-Pacific samples: Aboriginal Australians
(Yuendumu) and Papua New Guinea Highlanders
(Wabag).  Measurements of first, second, and third
molars (M1, M2, and M3), including overall
mesiodistal and buccolingual diameters as well as
the mesiodistal and buccolingual diameters of the

trigonid and talonid, were obtained from dental casts
using a sliding caliper.  Molar reduction was noted
in talonid dimensions within both samples, but the
trigonid mesiodistal diameter was not reduced in M2
or M3 compared with M1, indicating that the later-
developing crown unit (talonid) was more reduced
than the early-developing unit (trigonid).  M2 was
most reduced in size mesiodistally of the three
molars, but its buccolingual diameter was not
reduced. M3 was the most reduced tooth in trigonid
buccolingual diameter.  The percentage sexual
dimorphism values were greater for the size of the
talonid than for the trigonid, indicating that male
values exceeded those for females by a greater
amount in the later-developing crown unit.  Crown
dimensions were larger generally in the Aboriginal
Australians from Yuendumu than in the Papua New
Guinea Highlanders from Wabag, with differences
being more evident in M2 and M3 than M1, especially
in talonid dimensions.  The trigonid, which develops
early both phylogenetically and ontogenetically,
tended to be relatively stable in size, whereas the
later-forming talonid displayed size reduction when
comparisons were made both within and between
groups.

16 Kowalcek I, Rotte D, Banz C, Diedrich K.
Women’s attitude and perceptions towards
menopause in different cultures.  Cross-cultural and
intra-cultural comparison of pre-menopausal and
post-menopausal women in Germany and in Papua
New Guinea.
Maturitas 2005 Jul 16;51(3):227-235.

OBJECTIVE: To study cross-cultural and intra-
cultural differences between the perception and the
experience of menopause in pre-menopausal and
post-menopausal German and Papua New Guinean
women.  DESIGN: Concepts concerning menopause
and the experience of the menopause were
assessed by the symptom categories  (i.e. hot
flashes, cardiac or sleeping disorders, depression,
irritability, lack of drive, vaginal dryness, painful joints
or muscles) according to the Menopause Rating
Scale (MRS).  In addition to the translated English
version, a questionnaire in Pidgin-English was
offered. Questions about positive and negative
expectations of menopause and the acceptance of
hormonal replacement therapy were included.
Statistical analysis was performed using Chi-square
test and the Mann-Whitney U-test as indicated.
RESULTS: One hundred and one pre-menopausal
and 40 post-menopausal women in Germany as well
as 36 pre-menopausal and 41 post-menopausal
women in Papua New Guinea were questioned.  The
expectations regarding the menopause differed
significantly in favor of a higher trait intensity
concerning the item of hot flashes in Germany and
a significantly higher trait intensity in the items
cardiac trouble, lack of drive, urological symptoms,
vaginal dryness, joint and muscle symptoms in
Papua New Guinea.  In the menopause experience,
significant differences between the cultures are
confirmed in favor of a higher trait intensity in Papua
New Guinea concerning experienced depression,
drop in performance, sexual disturbances and
vaginal dryness.  The intra-cultural comparison
between the concepts concerning menopause and
the menopause experience in Germany shows a
significantly higher trait intensity with regard to the
expected disturbance from hot flashes, depression,
agitation, lack of drive and sexual problems as
compared to the experienced disturbances.  In
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Papua New Guinea, the survey showed a difference
in expected and experienced vaginal dryness.
CONCLUSIONS: Perception and concepts
concerning illness and health are based on culturally
produced patterns.

17 Kuruppu S, Reeve S, Banerjee Y, Kini RM, Smith
AI, Hodgson WC.
Isolation and pharmacological characterization of
cannitoxin, a presynaptic neurotoxin from the venom
of the Papuan taipan (Oxyuranus scutellatus canni).
J Pharmacol Exp Ther 2005 Dec;315(3):1196-1202.
Epub 2005 Aug 31.

The Papuan taipan (Oxyuranus scutellatus
canni) is widely distributed throughout much of
Papua New Guinea.  Although neurotoxicity is a
major symptom of envenomation, no neurotoxins
have been isolated from this venom.  Using a series
of size exclusion chromatography steps, we report
the isolation of cannitoxin, a presynaptic neurotoxin
(44,848 Da) that represents approximately 16% of
the whole venom.  The toxin displayed high
phospholipase A2 (PLA2 activity 330 +/- 5 micromol/
min/mg) and caused concentration-dependent (11-
66 nM) inhibition of indirect (0.2 ms; 0.1 Hz;
supramaximal V) twitches of the chick biventer
cervicis nerve-muscle preparation without affecting
nicotinic receptor agonists.  Prior addition of CSL
taipan antivenom (5 U/ml) or inhibition of
phospholipase A2 activity by incubation with 4-
bromophenacyl bromide prevented the inhibition of
twitches.  Cannitoxin is composed of three different
subunits, alpha, beta, and gamma, with the
possibility of two beta isomers.  However, only the
alpha subunit displayed in vitro neurotoxic activity
of its own.  Thus, cannitoxin is similar in structure
and pharmacology to taipoxin, which has been
isolated from the closely related Australian species
O. scutellatus scutellatus (coastal taipan).

18 Kuruppu S, Reeve S, Smith AI, Hodgson WC.
Isolation and pharmacological characterisation of
papuantoxin-1, a postsynaptic neurotoxin from the
venom of the Papuan black snake (Pseudechis
papuanus).
Biochem Pharmacol 2005 Sep 1;70(5):794-800.

The Papuan black snake (Pseudechis
papuanus) is found throughout the southern coastal
regions of Papua New Guinea and is thought to occur
in the adjacent region of Irian Jaya.  Neurotoxicity is
a major symptom of envenomation by this species.
This study describes the isolation of the first
neurotoxin papuantoxin-1 from the venom of P.
papuanus.  Papuantoxin-1 (6738Da), which accounts
for approximately 5% of the whole venom, was
purified to homogeneity using successive steps of
RP-HPLC.  The toxin (0.3-1.0 microM) caused
concentration-dependent inhibition of indirect
twitches (0.1 Hz, 0.2 ms and supramaximal V) and
inhibited the responses to nicotinic agonists in the
chick biventer cervicis nerve-muscle preparation,
indicating a postsynaptic mode of action.  However,
papuantoxin-1 displayed no signs of myotoxicity.
Papuantoxin-1 displayed pseudo-irreversible
antagonism of cumulative concentration-response
curves to carbachol at the skeletal muscle nicotinic
receptors with an estimated pA2 value of 6.9+/-0.3.
CSL black snake antivenom, which is raised against
the venom of the Australian black snake Pseudechis
australis, appears to be effective in reversing the
effects of papuantoxin-1.  Thus, black snake
antivenom should be considered for the treatment

of the neurotoxic effects following envenomation by
the Papaun black snake.

19 Lavu E, Morewaya J, Maraka R, Kiromat M, Ripa
P, Vince J.
Burkitt lymphoma in Papua New Guinea – 40 years
on.
Ann Trop Paediatr 2005 Sep;25(3):191-197.

BACKGROUND: Burkitt lymphoma is common
in tropical Africa and Papua New Guinea, where it
has been reported to account for 16% of all childhood
malignancies.  AIM: This study aimed to compare
the geographical distribution of recent cases and
their anatomical site of presentation with findings
from previous studies, and to determine survival
using the current treatment protocol.  METHODS:
The study included all cases of Burkitt and Burkitt-
like lymphoma in children up to 14 years of age
diagnosed between January 1998 and December
2003.  RESULTS: Thirty-six children were diagnosed
with Burkitt lymphoma, accounting for 50% of all
lymphomas and 13% of all childhood malignancies.
The median age was 6 years (interquartile range 4-
8 years) and the male:female ratio was 8:1.  Facial
structures were the most commonly affected sites,
accounting for 21 (58%) cases, followed by spinal
involvement in three.  The majority (89%) of patients
came from malaria-holo-endemic, coastal PNG and
three were from the highland region.  The national
incidence was 1.7/100,000 but provincial rates
varied, the highest of 13.4/100,000 being in Gulf
Province.  Only two of the 16 patients who received
chemotherapy were known to be in remission at 12
months.  CONCLUSIONS: Burkitt tumour remains
a common childhood malignancy in PNG.  There is
a need to improve diagnosis and reporting so that
treatment can be started early.  The most appropriate
treatment regimen for use in PNG and other
resource-poor countries remains to be determined.

20 Le Hello S, Currie BJ, Godoy D, Spratt BG,
Mikulski M, Lacassin F, Garin B.
Melioidosis in New Caledonia.
Emerg Infect Dis 2005 Oct;11(10):1607-1609.

Recognized melioidosis-endemic areas are
widening. In the South Pacific, melioidosis is
endemic in New Caledonia, northern Australia, and
Papua New Guinea. We report the first 4
documented cases of human melioidosis from New
Caledonia. Molecular typing of 2 Burkholderia
pseudomallei isolates suggests a link to Australian
strains.

21 Mackenzie JS.
Emerging zoonotic encephalitis viruses: lessons
from Southeast Asia and Oceania.
J Neurovirol 2005 Oct;11(5):434-440.

The last decade of the 20th Century saw the
introduction of an unprecedented number of
encephalitic viruses emerge or spread in the
Southeast Asian and Western Pacific regions.  Most
of these viruses are zoonotic, either being arthropod-
borne viruses or bat-borne viruses.  Thus Japanese
encephalitis virus (JEV), a mosquito-borne flavivirus,
has spread through the Indonesian archipelago to
Papua New Guinea (PNG) and to the islands of the
Torres Strait of northern Australia, to Pakistan, and
to new areas in the Indian subcontinent; a strain of
tick-borne encephalitis virus (TBEV) was described
for the first time in Hokkaido, Japan; and a novel
mosquito-borne alphavirus, Me Tri virus, was
described from Vietnam.  Three novel bat-borne
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viruses emerged in Australia and Malaysia; two,
Hendra and Nipah viruses, represent the first
examples of a new genus in the family
Paramyxoviridae, the genus Henipaviruses, and the
third, Australian bat lyssavirus (ABLV) is a new
lyssavirus closely related to classical rabies virus.
These viruses will form the body of this brief review.

22 Maguire GP, Handojo T, Pain MC, Kenangalem
E, Price RN, Tjitra E, Anstey NM.
Lung injury in uncomplicated and severe falciparum
malaria: a longitudinal study in Papua, Indonesia.
J Infect Dis 2005 Dec 1;192(11):1966-1974. Epub
2005 Nov 1.

BACKGROUND: In patients with severe malaria,
acute respiratory distress syndrome usually develops
after the start of drug treatment and is a major cause
of death.  Its pathogenesis is not well understood.
METHODS: Respiratory symptom, spirometry, and
gas transfer analyses were performed longitudinally
in adults in Papua, Indonesia, with uncomplicated
(n=50) and severe (n=30) falciparum malaria; normal
values were derived from 109 control subjects.  Gas
transfer was partitioned into its alveolar-capillary
membrane (D(M)) and pulmonary vascular (Vc)
components, to characterize the site of impaired gas
transfer.  RESULTS: Cough was frequent in both
patients with uncomplicated malaria (50%) and those
with severe malaria (30%) and resolved by day 14.
Reduced midexpiratory flow indicated obstruction of
the small airways.  Gas transfer was significantly
impaired in patients with severe malaria.  D(M) was
reduced in patients with severe malaria but not in
those with uncomplicated malaria and only returned
to normal levels after 2 weeks.  In patients with
uncomplicated malaria, Vc was reduced at
presentation but improved thereafter.  In patients with
severe malaria, Vc decreased with treatment and
was lowest at day 7.  CONCLUSIONS: Our results
suggest that pulmonary vascular occlusion occurs
in both patients with uncomplicated malaria and
those with severe malaria, likely from sequestration
of both red blood cells (RBCs) and white blood cells.
There was also impaired alveolar-capillary
membrane function in patients with severe malaria
but not in those with uncomplicated malaria.
Persistent impairment long after clearance of
parasitized RBCs suggests prolonged posttreatment
inflammatory alveolar-capillary injury.

23 Margono SS, Wandra T, Swasono MF, Murni S,
Craig PS, Ito A.
Taeniasis/cysticercosis in Papua (Irian Jaya),
Indonesia.
Parasitol Int 2006;55 Suppl:S143-S148. Epub 2005
Dec 22.

Reports showed that an important parasitic
zoonotic disease caused by Taenia solium, Taenia
saginata and Taenia asiatica is found endemic in
several areas of Indonesia including Papua, Bali and
North Sumatra.  At present it is known that the
highest prevalence of taeniasis/cysticercosis in
Indonesia, caused by T. solium is among the
indigenous communities in Papua (formerly Irian
Jaya).  In the early 1970s, 8-9% of stool samples
from the Enarotali hospital, Paniai District (Irian Jaya)
were found positive with Taenia eggs.  The samples
were from members of the Ekari (Kapauku) ethnic
group.  Stool samples from the Moni ethnic group,
living east of surrounding lakes, were egg negative.
Cysticerci of T. solium were discovered in pigs.
During the years 1973-1976 cases of burns

increased and were ultimately found to be primarily
associated with epileptic seizures induced by
neurocysticercosis cases.  Among 257 cases of
burns, 88 cases (62.8%) were suffering from epileptic
seizures before or during hospitalization.  In the year
1981 T. solium seropositive persons were mostly
(16%) found in the endemic Obano village.  In 1997
the parasite was discovered in Jayawijaya District,
which is located approximately 250 km east of Paniai
District.  During 1991-1995, a local health center in
Assologaima, Jayawijaya District reported 1120 new
cases with burns and a further 293 new cases of
epileptic seizures among 15,939 inhabitants.  The
histopathologic appearance and mitochondrial DNA
analysis found the cysts to be similar to those of T.
solium from other regions of the world.  Sensitive
and specific serological diagnostic methods were
used and improved.  Cysticerci were detected in
dogs, as well as in pigs.  A coproantigen test for
detection of adult tapeworms in patients was carried
out.  Medical treatment with praziquantel for taeniasis
and albendazole for cysticercosis (with prednisone
and sodium phenytoin treatment in cases with
neurocysticercosis) was undertaken.  Lifestyle,
religion, and socio-economic aspects are important
issues in the perpetuation and enhancing the
endemicity of T. solium taeniasis and cysticercosis
in Papua, Indonesia.

24 McBride WJ.
HIV/AIDS in Papua New Guinea: an unfolding
disaster?
Emerg Med Australas 2005 Aug;17(4):304-306.

25 Mehlotra RK, Mattera G, Bhatia K, Reeder JC,
Stoneking M, Zimmerman PA.
Insight into the early spread of chloroquine-resistant
Plasmodium falciparum infections in Papua New
Guinea.
J Infect Dis 2005 Dec 15;192(12):2174-2179. Epub
2005 Nov 11.

The first report of Plasmodium falciparum
chloroquine (CQ) resistance (CQR) in Papua New
Guinea (PNG) appeared in 1974. Although the
current prevalence of CQR-associated parasite gene
polymorphisms has been documented for some
regions, the spatial and temporal relationships that
characterize CQ-resistant parasites in PNG are
unknown. Insight into the evolution of CQ-resistant
parasites could be provided by evaluating genetic
markers in parasite populations. We compared pfcrt
and pfmdr1 polymorphisms and flanking
microsatellite (MS) polymorphisms between P.
falciparum-infected placental tissue (early 1980s)
and blood (late 1990s) samples collected throughout
PNG. Consistent with the results of recent studies,
pfcrt-SVMNT and pfmdr1-86Y were the only CQR-
associated alleles observed in the placental tissue
samples, and they were observed together in 79%
of the samples. Results of analysis of MS flanking
pfcrt (approximately 40 kb) suggested that there was
less diversity in the samples collected during the
1980s than in those collected during the 1990s and
that the 1990s parasites were significantly
differentiated from the 1980s parasites. On the other
hand, for MS flanking pfmdr1 (approximately 5 kb)
and for 1 putatively neutral locus, diversity levels
were similar, and the 2 parasite populations were
not significantly differentiated. These results suggest
that selection for CQR was operating on the pfcrt-
SVMNT allele during the early 1980s. Thus, archival
samples can provide novel insight into the dynamics
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of CQR.

26 Merriwether DA, Hodgson JA, Friedlaender FR,
Allaby R, Cerchio S, Koki G, Friedlaender JS.
Ancient mitochondrial M haplogroups identified in
the Southwest Pacific.
Proc Natl Acad Sci USA 2005 Sep
13;102(37):13034-13039.

Based on whole mtDNA sequencing of 14
samples from Northern Island Melanesia, we
characterize three formerly unresolved branches of
macrohaplogroup M that we call haplogroups M27,
M28, and M29.  Our 1,399 mtDNA control region
sequences and a literature search indicate these
haplogroups have extremely limited geographical
distributions.  Their coding region variation suggests
diversification times older than the estimated date
for the initial settlement of Northern Island Melanesia.
This finding indicates that they were among the
earliest mtDNA variants to appear in these islands
or in the ancient continent of Sahul.  These
haplogroups from Northern Island Melanesia extend
the existing schema for macrohaplogroup M, with
many independent branches distributed across Asia,
East Africa, Australia, and Near Oceania.

27 Michel N, Watson M, Baumann F, Perolat P, Garin
B.
Distribution of Streptococcus pneumoniae serotypes
responsible for penicillin resistance and the potential
role of new conjugate vaccines in New Caledonia.
J Clin Microbiol 2005 Dec;43(12):6060-6063.

Invasive pneumococcal disease is a significant
cause of morbidity and mortality worldwide. The aim
of this study was to establish the serotypes
responsible for pneumococcal disease and the
serotypes responsible for penicillin resistance in
Noumea, New Caledonia. Isolates of Streptococcus
pneumoniae from all body sites referred to the
Microbiology Department of the Pasteur Institute in
New Caledonia between May 1999 and May 2001
had serotyping and susceptibility testing performed.
Basic demographic data on patients were also
collected. A total of 298 isolates were included in
the study. The most common serotypes were types
1 (20%), 23F (10%), 12F (8%), 19F (8%), and 6B
(5%). The serotype distribution differed significantly
with age, site of collection, and ethnicity. Overall,
280 of 298 (94%) of the isolates had serogroups
that are included in the 23-valent vaccine. However,
only 14 of 20 (70%) of the isolates associated with
invasive disease from children younger than 5 years
of age and 26 of 113 (23%) of invasive isolates from
patients more than 5 years of age were included in
the new 7-valent conjugate vaccine. Overall, reduced
susceptibility to penicillin was found in 43 of 298
(14.4%) of the isolates, with 13% falling into the
intermediate resistance category and only 5 (2%)
being high-level resistant. A higher prevalence of
penicillin resistance occurred in younger age groups
and in European patients and involved specifically
certain serotypes. The 7-valent conjugate
pneumococcal vaccine has potential benefit for the
New Caledonian population under 5 years of age
and should be considered for future vaccine
schedules.

28 Nadkarni NA, Weale ME, von Schantz M, Thomas
MG.
Evolution of a length polymorphism in the human
PER3 gene, a component of the circadian system.
J Biol Rhythms 2005 Dec;20(6):490-499.

Period homologue 3 (PER3) is a component of
the mammalian circadian system, although its
precise role is unknown.  A biallelic variable number
tandem repeat (VNTR) polymorphism exists in
human PER3, consisting of 4 or 5 repeats of a 54-
bp sequence in a region encoding a putative
phosphorylation domain.  This polymorphism has
previously been reported to associate with diurnal
preference (‘morningness’ and ‘eveningness’) and
delayed sleep-phase syndrome.  We have
investigated the global allele frequencies of this
variant in ethnically distinct indigenous populations.
All populations were polymorphic, with the shorter
(4-repeat) allele ranging in frequency from 0.19
(Papua New Guinea) to 0.89 (Mongolia).  To
investigate if allele frequency has been influenced
by natural selection, the authors 1) tested for a
correlation with latitude and mean annual insolation
(incident sunlight energy), using classical markers
to correct for historical population differentiation; and
they 2) compared allele-frequency difference
between European American, African American, and
East Asian populations, as measured using F(ST),
to an empirical null distribution of F(ST)values based
on a genome-wide dataset of single nucleotide
polymorphisms (SNPs) of presumed neutral loci that
were previously typed by The SNP Consortium.  The
variation in allele frequencies between indigenous
populations did not show a pattern that would indicate
selective pressure on PER3 resulting from day-length
variation or mean annual insolation, and the allele-
frequency difference between European Americans,
African Americans, and East Asians was not an
outlier when compared to the distribution for
presumed neutral SNPs.  We therefore find no
evidence for differential or balancing selection in the
contemporary pattern of global PER3 allele
frequencies.

29 Owen IL.
Current status of Taenia solium and cysticercosis in
Papua New Guinea.
Parasitol Int 2006;55 Suppl:S149-S153. Epub 2005
Dec 9.

There is no evidence that taeniasis due to Taenia
solium is present in Papua New Guinea (PNG), but
there is some serological evidence that human
cysticercosis exists at particular locations near the
border with West Papua (Indonesia), where refugees
from across the border have been settled. Only a
few surveys have been conducted; the first was in
1986, when one refugee who originated from an
infected locality in West Papua was found to be
serologically positive, but asymptomatic.
Subsequently, there have been unpublished reports
of more positive but asymptomatic cases amongst
refugees and, it is claimed, amongst local inhabitants
that live near the border. A serological survey
conducted in PNG in 1999 at the southern end of
the border revealed no positive cases of
cysticercosis. There are no reports of pigs or dogs
affected with cysticercosis in PNG.

30 Owen IL, Gomez Morales MA, Pezzotti P, Pozio
E.
Trichinella infection in a hunting population of Papua
New Guinea suggests an ancient relationship
between Trichinella and human beings.
Trans R Soc Trop Med Hyg 2005 Aug;99(8):618-624.

A new Trichinella species, Trichinella papuae,
was discovered in 11.5% of wild pigs in a remote
region of Papua New Guinea. A survey was
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conducted to determine whether the inhabitants of
this region are infected with Trichinella, as wild-pig
meat represents their main source of protein. The
prevalence of anti-Trichinella antibodies and its
determinants were assessed among the inhabitants
in 51 of the villages in the Morehead District of Papua
New Guinea. We tested and interviewed 1536 people
(28.8% of the adult population). Anti-Trichinella IgG
were detected in 10.0% (95% Cl 8.5-11.6%) of them.
The prevalence of seropositivity was higher in males
(12.7%) than in females (7.5%) (P<0.01), and the
seroprevalence significantly increased with age. In
one area, seroprevalence was highest in villages
nearest the hunting area in which wild pigs are
infected with Trichinella papuae (P<0.01).
Seropositivity was also correlated with the
consumption of raw or undercooked meat. Persons
reporting pain in the muscle joints and limbs were
more likely to be seropositive; no severe clinical
manifestations were observed. That infection was
never severe suggests that the seropositive people
are reinfected relatively often, but with very few
larvae. If the epidemiological pattern of Trichinella
infection observed among the hunting population of
this area is any indication of the pattern of infection
in prehistoric hunters, we can speculate that
Trichinella infection due to the consumption of meat
from wild animals was possibly a common disease
among prehistoric populations.

31 Phongsavan P, Olatunbosun-Alakija A, Havea D,
Bauman A, Smith BJ, Galea G, Chen J.
Health behaviour and lifestyle of Pacific youth
surveys: a resource for capacity building.
Health Promot Int 2005 Sep;20(3):238-248.

The changing global socio-economic
environment over the last two decades has had
significant ramifications for the health and
development of youth in lower- and middle-income
countries.  In the Pacific region, young people are
exposed to similar causes of ill-health as their peers
in developed countries.  This paper describes the
development, implementation and major findings of
the Health Behaviour and Lifestyle of Pacific Youth
(HBLPY) surveys, a regional initiative to obtain
representative data about health-related behaviour
and needs of adolescents in Vanuatu, Tonga and
the Federated States of Micronesia.  The Pacific
HBLPY is modelled on the WHO Europe Health
Behaviour in School-aged Children (HBSC) surveys.
The surveys, undertaken in 2000-2001, were built
upon strong local partnerships and were undertaken
with youth participation to ensure survey ownership.
A regional technical group was formed to provide
training and support to strengthen health survey
capacity of youth and their agencies.  The findings
showed that tobacco was the most commonly used
substance, with 29.7% of 15-year-old boys and
15.7% of girls smoking weekly.  Over half of the
students did not engage in physical activity for at
least 2 hours per week; these rates are substantially
lower than those usually found in Europe.  Dietary
habits among this group are also of concern,
reflecting international trends away from highly
nutritious traditional diets.  The HBLPY surveys have
shown that it is possible to collect population-based
data in lower- and middle-income countries so that
appropriate youth health programmes and policies
can be developed.  Implementation of an ongoing
surveillance system similar to the HBLPY model in
these countries warrants further investigation.  Such
initiatives should be supported at the regional and

global level.

32 Pozio E.
The broad spectrum of Trichinella hosts: from cold-
to warm-blooded animals.
Vet Parasitol 2005 Sep 5;132(1-2):3-11.

In recent years, studies on Trichinella have
shown that the host range is wider than previously
believed and new Trichinella species and genotypes
have been described.  Three classes of vertebrates
are known to act as hosts, mammals, birds and
reptiles, and infected vertebrates have been detected
on all continents but Antarctica.  Mammals represent
the most important hosts and all Trichinella species
are able to develop in this vertebrate class.  Natural
infections with Trichinella have been described in
more than 150 mammalian species belonging to 12
orders (ie, Marsupialia, Insectivora, Edentata,
Chiroptera, Lagomorpha, Rodentia, Cetacea,
Carnivora, Perissodactyla, Artiodactyla, Tylopoda
and Primates).  The epidemiology of the infection
greatly varies by species relative to characteristics,
such as diet, life span, distribution, behaviour, and
relationships with humans.  The non-encapsulated
species Trichinella pseudospiralis, detected in both
mammals (14 species) and birds (13 species), shows
a cosmopolitan distribution with three distinguishable
populations in the Palearctic, Nearctic and Australian
regions.  Two additional non-encapsulated species,
Trichinella papuae, detected in wild pigs and
saltwater crocodiles of Papua New Guinea, and
Trichinella zimbabwensis, detected in farmed Nile
crocodiles of Zimbabwe, can complete their life cycle
in both mammals and reptiles.  To the best of our
knowledge, T. papuae and T. zimbabwensis are the
only two parasites known to complete their entire
life cycle independently of whether the host is warm-
blooded or cold-blooded.  This suggests that these
two Trichinella species are capable of activating
different physiological mechanisms, according to the
specific vertebrate class hosting them.

33 Sankatsing SU, Leguit RJ, ten Kate FJ, Wetsteyn
JC.
Tropical or non-tropical sprue? [Du]
Ned Tijdschr Geneeskd 2005 Oct 15;149(42):2317-
2320.

A 57-year-old Dutch man presented with weight
loss and fatigue 6 months after a visit to West Papua,
when he had suffered from serious diarrhoea.
Macrocytic anaemia and vitamin B12 deficiency were
diagnosed.  A gastroduodenoscopy with biopsies of
the small intestine was performed revealing no
macroscopic abnormalities but partial villous atrophy
was found microscopically, suggesting tropical sprue
or coeliac disease.  Antibodies against endomysium
and tissue transglutaminase were negative, ruling
out coeliac disease.  The patient was successfully
treated with vitamin B12, folic acid and doxycycline.
This case shows that tropical sprue should be
considered in the differential diagnosis of chronic
diarrhoea in patients with a history of travel in tropical
regions.  The most frequent medical problem that
travellers to the tropics experience is diarrhoea with
an incidence of 30%.  A small proportion of these
patients eventually present with chronic diarrhoea.
At that moment, the relation to their previous
travelling may not be immediately clear.  One of the
causes of this chronic diarrhoea to be considered is
tropical sprue.

34 Shultz R, Tyllis N.
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Prioritizing health-care delivery in the Solomon
Islands: first things first.
Emerg Med Australas 2005 Oct-Dec;17(5-6):526.

35 Spencer PS, Palmer VS, Ludolph AC.
On the decline and etiology of high-incidence motor
system disease in West Papua (southwest New
Guinea).
Mov Disord 2005 Aug;20 Suppl 12:S119-S126.

The etiology of a high-incidence focus of
amyotrophic lateral sclerosis and parkinsonism-
dementia (ALS/P-D) in south West Papua (Irian
Jaya, Indonesia), first described in the 1960s and
1970s, has been attributed to mineral deficiencies,
hyperparathyroidism, and metal neurotoxicity arising
from reliance on drinking water obtained from springs
and shallow wells. More recent visits (1987 and 1990)
to the south West Papua focus of neurodegenerative
disease cast doubt on this explanation by revealing
changes in disease prevalence in communities with
an unchanged water supply. These communities
have experienced a dramatic decline in ALS and a
reversal in the relative prevalence of ALS and
parkinsonism. The extrapyramidal disorder can be
distinguished from Parkinson’s disease by pyramidal
features (and dementia) reminiscent of Guam P-D.
Topical use of cycad seed (termed kurru)
gametophyte to treat large skin lesions is advanced
as a plausible but unproven etiologic factor. Medicinal
use of untreated cycad seed (Cycas sp.) has also
been linked with ALS foci in Japan (oral use) and
Guam (topical use), with the additional consumption
on Guam of food items prepared from Cycas sp.
seed or animals that consume cycad seed
components.

36 Suroso T, Margono SS, Wandra T, Ito A.
Challenges for control of taeniasis/cysticercosis in
Indonesia.
Parasitol Int 2006;55 Suppl:S161-S165.

Taeniasis/cysticercosis has been reported from
several provinces of Indonesia: Papua (=former Irian
Jaya), Bali, North Sumatra, East Nusa Tenggara,
South East Sulawesi, Lampung, North Sulawesi,
Jakarta, West Kalimantan, and East Java.  The
highest level of endemicity of taeniasis/cysticercosis
has been found in Papua.  Recent surveys in
Jayawijaya District of Papua in 2000 and 2001
showed that 5 of 58 local people (8.6%) harbored
the adult tapeworm, Taenia solium, whereas 44 of
96 people (45.8%), 50 of 71 pigs (70.4%), and 7 of
64 local dogs (10.9%) were seropositive for T. solium
cysticercosis.  Current surveys in Bali and Samosir
District, North Sumatra during 2002-2005 revealed
that Taenia saginata taeniasis has increased in
incidence whereas T. solium cysticercosis is now
rather rare compared to one-two decades ago in Bali.
Taenia asiatica taeniasis is still common in Samosir
District.  Data from other provinces of Indonesia are
very limited or unavailable.  Control of these diseases
is not a priority in the health or veterinary services,
neither at central or local government levels.
However, limited efforts toward control of the
diseases have been implemented such as training
of health personnel, community education on
disease prevention, and provision of anthelminthics.
A working group for control of the disease in
Indonesia and an international collaboration have
been established among Ministry of Health,
Indonesia; University of Indonesia; and Asahikawa
Medical College, Asahikawa, Japan since 1996.
Future goals include implementation of active case

finding (active surveillance) and treatment of
tapeworm carriers, sustainable public health
education, establishment of a system to check the
quality of beef/pork and determine the distribution
of infected animals and strengthening of laboratory
capacity.  Efforts to motivate provinces and districts
should be implemented in developing the strategic
plan to control the disease.  Given the considerable
differences in cultures, religions, levels of education,
socio-economic levels, daily habits and behaviour
etc, control programmes must be adapted to the local
situations.

37 Tanaka M, Umezaki M, Natsuhara K, Yamauchi T,
Inaoka T, Hongo T, Nagano M, Watanabe C,
Ohtsuka R.
No difference in serum leptin concentrations between
urban-dwelling Austronesians and Non-
Austronesians in Papua New Guinea.
Am J Hum Biol 2005 Nov-Dec;17(6):696-703.

Pacific Islands populations can be broadly
divided into Austronesians (AN) and Non-
Austronesians (NAN); obesity and type 2 diabetes
are prevalent in the former, although leptin levels in
both groups have seldom been investigated. Thirty-
seven (20 male and 17 female) adult pairs, matched
by age and percent body fat, from AN-speaking
Balopa and NAN-speaking Huli, all of whom migrated
to settle in Port Moresby, the capital of Papua New
Guinea, were selected for comparison of their serum
leptin concentrations. The Balopa did not differ
significantly from the Huli in age (30.5 +/- 9.7 and
30.0 +/- 8.7 years for males, 33.7 +/- 8.9 and 34.1 +/
- 7.5 years for females, respectively) or percent body
fat (19.4 +/- 5.6 and 18.8 +/- 4.6 for males, 34.1 +/-
6.2 and 33.3 +/- 5.0 for females), although the BMI
of females was lower in the Balopa (26.4 +/- 4.9)
than in the Huli (29.7 +/- 4.7) (P = 0.02). In both
ethnic groups, females had markedly higher leptin
concentrations than males, but there was no
significant inter-group difference in males (3.5 +/-
2.6 and 3.1 +/- 4.7 ng/ml, P = 0.14) or females (22.7
+/- 12.9 and 19.7 +/- 11.9 ng/ml, P = 0.40), after
controlling for lifestyle factors and serum lipids.
Multiple regression analysis revealed that significant
predictors of leptin concentration were % body fat
(beta = 0.58), sex (male, 0; female, 1; beta = 0.27),
and smoker status (non-smoker, 0; smoker, 1; beta
= -0.15) (R(2) = 0.80), implying that the leptin
concentration was primarily determined by lifestyle-
derived body fatness. In conclusion, the NAN
populations do not endogenously differ in leptin
status from the AN populations, who have been
recognized as a typical group with a “thrifty”
genotype.

38 Trejaut JA, Kivisild T, Loo JH, Lee CL, He CL,
Hsu CJ, Li ZY, Lin M.
Traces of archaic mitochondrial lineages persist in
Austronesian-speaking Formosan populations.
PLoS Biol 2005 Aug;3(8):e247.

Genetic affinities between aboriginal Taiwanese
and populations from Oceania and Southeast Asia
have previously been explored through analyses of
mitochondrial DNA (mtDNA), Y chromosomal DNA,
and human leukocyte antigen loci.  Recent genetic
studies have supported the ‘slow boat’ and ‘entangled
bank’ models according to which the Polynesian
migration can be seen as an expansion from
Melanesia without any major direct genetic thread
leading back to its initiation from Taiwan.  We
assessed mtDNA variation in 640 individuals from
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nine tribes of the central mountain ranges and east
coast regions of Taiwan.  In contrast to the Han
populations, the tribes showed a low frequency of
haplogroups D4 and G, and an absence of
haplogroups A, C, Z, M9, and M10.  Also, more than
85% of the maternal lineages were nested within
haplogroups B4, B5a, F1a, F3b, E, and M7.  Although
indicating a common origin of the populations of
insular Southeast Asia and Oceania, most mtDNA
lineages in Taiwanese aboriginal populations are
grouped separately from those found in China and
the Taiwan general (Han) population, suggesting a
prevalence in the Taiwanese aboriginal gene pool of
its initial late Pleistocene settlers.  Interestingly, from
complete mtDNA sequencing information, most B4a
lineages were associated with three coding region
substitutions, defining a new subclade, B4a1a, that
endorses the origin of Polynesian migration from
Taiwan.  Coalescence times of B4a1a were 13.2 ±
3.8 thousand years (or 9.3 ± 2.5 thousand years in
Papuans and Polynesians).  Considering the lack of
a common specific Y chromosomal element shared
by the Taiwanese aboriginals and Polynesians, the
mtDNA evidence provided here is also consistent
with the suggestion that the proto-Oceanic societies
would have been mainly matrilocal.

39 Trenholme KR, Boutlis CS, Kuns R, Lagog M,
Bockarie MJ, Gatton ML, Kemp DJ, Good MF,
Anstey NM, Gardiner DL.
Antibody reactivity to linear epitopes of Plasmodium
falciparum cytoadherence-linked asexual gene 9 in
asymptomatic children and adults from Papua New
Guinea.
Am J Trop Med Hyg 2005 Jun;72(6):708-713.

The cytoadherence-linked asexual gene 9 (clag
9) of Plasmodium falciparum has been implicated in
the cytoadherence of infected erythrocytes. To
determine the immunogenicity of the clag 9 gene
product (CLAG 9 protein) in humans, we measured
antibody responses to 11 synthetic CLAG 9 peptides
in a group of 177 asymptomatic children and adults
subject to intense malaria exposure in Madang,
Papua New Guinea. The CLAG 9 peptides were
immunogenic in adults and children. Antibody
responses to peptides 4 and 10 were high across all
age groups and detectable in a majority of children
less than five years of age. While CLAG 9 peptides
are immunogenic in humans, longitudinal studies will
be required to determine the longevity of antibody
responses to CLAG 9 and their role in protection
from disease.

40 Truong T, Orsi L, Dubourdieu D, Rougier Y,
Hemon D, Guenel P.
Role of goiter and of menstrual and reproductive
factors in thyroid cancer: a population-based case-
control study in New Caledonia (South Pacific), a
very high incidence area.
Am J Epidemiol 2005 Jun 1;161(11):1056-1065.

Exceptionally high incidence rates of thyroid
cancer have been reported for Melanesian women
in New Caledonia (South Pacific). To investigate the
occurrence of thyroid cancer in that country and to
clarify the role of goiter and hormonal factors in that
disease in women, a countrywide population-based
case-control study was conducted in 1993-1999. The
study included 293 cases, identified through
pathology registers and whose thyroid cancer was
verified histologically, and 354 population controls.
Thyroid cancer was associated with goiter, age at
menarche, irregular menstruation, and hysterectomy.

There was a dose-response trend with number of
full-term pregnancies (p = 0.01), with an odds ratio
of 2.2 (95% confidence interval: 1.1-4.3) for women
with eight or more pregnancies. Miscarriage,
particularly as an outcome of the first pregnancy,
was also indicated as a risk factor. The association
between voluntary abortion and thyroid
microcarcinoma could be explained by enhanced
medical surveillance and improved cancer detection
in women undergoing abortion. Oral contraceptives
and hormone replacement therapy were unrelated
to thyroid cancer. The very high birth rate among
Melanesian women in New Caledonia, as well as
late age at menarche, may explain, in part, their
elevated incidence of thyroid cancer.

41 Ubalee R, Tsukahara T, Kikuchi M, Lum JK,
Dzodzomenyo M, Kaneko A, Hirayama K.
Associations between frequencies of a susceptible
TNF-alpha promoter allele and protective alpha-
thalassaemias and malaria parasite incidence in
Vanuatu.
Trop Med Int Health 2005 Jun;10(6):544-549.

Tumour necrosis factor-alpha (TNF-alpha) is one
of the key cytokines that influence the pathology of
microbial infections. The genetic susceptibility to
severe forms of falciparum malaria is differentially
associated with TNF-alpha promoter gene
polymorphisms (TNFP alleles). In a previous study,
we identified a TNFP-allele characterized by a C to
T transition at position -857 (TNFP-D allele) as a
marker for susceptibility to cerebral malaria in
Myanmar. The frequencies of TNFP alleles on six
islands of Vanuatu, Melanesia (South-west Pacific)
were estimated to investigate whether malaria
selection pressure on this susceptibility marker has
influenced its prevalence. Within the archipelago of
Vanuatu there is a decreasing cline of parasite
incidence from North to South. Of the four alleles of
the TNFP gene detected in Vanuatu, the TNFP-D
allele frequencies were inversely correlated with the
parasite incidence of islands; TNFP-D varied from
0.55 on the island with the lowest parasite incidence
to 0.26 on the island with the highest parasite
incidence (r = -0.855, P = 0.03). We also observed
a significant correlation between the frequencies of
alpha-thalassaemia alleles, thought to protect
against malaria, and parasite incidence in the same
populations. These data are consistent with a
previously reported correspondence between the
frequencies of glucose 6-phosphate dehydrogenase
(G6PD) deficiency and parasite incidences on the
islands of Vanuatu and indicate that the degree of
malaria endemicity has influenced the allele
frequencies of at least three loci that confer both
susceptibility (TNFP-D) and protection (alpha-
thalassaemias and G6PD deficiency).

42 Zenner D, Russell S.
Sexually transmitted diseases and HIV/AIDS in
Vanuatu: a cause for concern and action.
NZ Med J 2005 Aug 12;118(1220):U1610.

AIMS: This article argues that sexually
transmitted infections (STIs) and HIV/AIDS in
Vanuatu are a cause for concern and that a strong
response is needed to stem an epidemic.
METHODS: Three sources of data are used: studies
and policy documents on STIs and HIV/AIDS in
Vanuatu; analysis of reported STI cases from public
health facilities; and key informant interviews with
14 policy stakeholders. RESULTS: In Port Vila
(capital of Vanuatu), more than a quarter of the
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women attending antenatal clinics were positive for
at least one STI. Although Vanuatu Ministry of Health
(MoH) case records for gonorrhoea, genital
ulceration, and syphilis show national prevalence
rates have remained relatively constant between
1.2% and 2%, there is probably gross under-
reporting because MoH data exclude trichomoniasis
and chlamydiasis cases; surveillance systems are
poor; and patient access to services is limited. High
STI prevalence and several socioeconomic factors
create a high-risk environment for the rapid spread

of HIV/AIDS. DISCUSSION: The need for a strategic
response in Vanuatu is pressing. Priorities for action
include the scaling up of awareness programmes
for young people, particularly girls, and the
development of surveillance systems. Government
capacity weaknesses mean the MoH should explore
possible partnerships with the non-government
organisation (NGO) sector and point to the need for
international support to implement a new government
Strategic Plan.
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