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EDITORIAL

Laboratory challenges for Papua New Guinea in reaching the 90-90-90 
targets for HIV

In 2014, the Joint United Nations 
Programme on HIV/AIDS (human 
immunodeficiency virus/acquired immune 
deficiency syndrome) (UNAIDS) introduced 
an ambitious new set of treatment targets to 
help end the global AIDS epidemic.  These 
targets have become known as 90-90-90 
and aim, by 2020, for 90% of all people living 
with HIV to be aware of their status, for 90% 
of those who know that they have HIV to be 
receiving sustained antiretroviral therapy 
(ART) and for 90% of those on ART to have 
achieved viral suppression (1).  These targets 
rely heavily on rapidly developing, or already 
having the health system infrastructure 
required to undertake and scale up, HIV 
diagnosis, treatment and laboratory-based 
monitoring, a challenging feat in many low- 
to middle-income countries, which bear the 
burden of the epidemic (2).

By the end of 2017, it was estimated that 
the global progress towards these ambitious 
targets was 75-79-81, with significant variation 
between countries (3).  The first country to 
achieve 90-90-90 was Sweden, a country 
with a low HIV prevalence and excellent 
health infrastructure, and many other high-
income countries are not far behind in being 
able to report a similar success (4).  Much 
greater variation in achievement is evident 
in low- to middle-income countries, with 
more challenging health infrastructures and, 
often, higher HIV prevalence (5,6).   Despite 
these challenges, success stories in these 
constrained settings include Botswana and 
Cambodia, which have already achieved the 
targets, and Malawi, Zimbabwe and Rwanda, 
which are all nearing the three targets (3,7,8).  
Variation is not only seen between countries, 
but also within countries, with diagnostic and 
treatment services often not reaching key 
populations such as people who inject drugs 
and men who have sex with men (MSM) 
(6,9,10).

Papua New Guinea (PNG) currently has 
an HIV prevalence of 0.9% (11), higher in 
urban areas and considerably greater in key 
populations, namely female sex workers and 
MSM (12-14).  For example, in Mt Hagen one 

in five female sex workers has HIV (12).  PNG 
was an early adopter of the option B+ program, 
introducing a policy prescribing lifelong 
treatment for pregnant and breastfeeding 
women in 2012.  Shortly afterwards a ‘test and 
treat’ approach for all others was implemented, 
consistent with World Health Organization 
(WHO) recommendations (15,16).  However, 
despite these progressive guidelines and 
policies, it was estimated that only 21% of 
pregnant women received an HIV test and 
only 55% (26,400/48,000) of people living with 
HIV were receiving ART in 2017 (17).  These 
data indicate that despite an up-to-date and 
progressive treatment policy, PNG is still a 
long way off reaching the first two 90s of the 
UNAIDS targets that it has committed itself to.  
The Central Public Health Laboratory (CPHL), 
PNG’s national public health laboratory, 
began piloting HIV viral load (VL) testing with 
dried blood spots (DBS) in 2013 but faced 
repeated issues with quality and it was not 
until 2017 that the laboratory-based platform 
was validated in this context.  2018 saw initial 
plasma-based testing in Port Moresby, before 
the DBS-based VL testing was scaled up to 
other provinces, initially Morobe.  Despite 
the attempts to take VL testing to scale, 
coverage remains extremely low; in 2018, 
it was estimated that 3620 tests were done 
(W. Porau, personal communication, HIV/
TB (tuberculosis) Technical Working Group 
Meeting, 2019), a far cry from the annual VL 
testing needs of the more than 28,000 people 
who are now on ART in PNG.

The key to continuing positive progress 
in achieving the UNAIDS targets is the 
decentralization of quality laboratory services 
allowing for rapid and accurate HIV diagnosis, 
rapid initiation of ART and then effective 
monitoring of viral load.  In addition to 
laboratory decentralization, a continual focus 
on procurement systems and clinical training 
is essential, as is the ongoing evaluation 
of programs.  Improved innovative health 
promotion programs are also needed to 
encourage people to get tested, to adhere 
to treatment and remain within the treatment 
cascade.  This review focuses specifically 
on the progress and challenges PNG has 
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experienced working towards the 90-90-90 
targets, particularly those associated with 
increasing diagnostic and HIV viral load 
coverage.

The evolution of the HIV testing algorithm

Following the diagnosis of the first case of 
HIV in PNG in 1987, laboratory capacity was 
developed to diagnose HIV at the Central 
Public Health Laboratory in Port Moresby, 
using an enzyme immunoassay and Western 
Blot, with any positive results being referred 
to Australia for confirmation (18).  As rapid 
point-of-care (RPOC) tests were developed, 
and subsequently recommended by the World 
Health Organization, a two-test algorithm was 
validated for national roll-out and use in PNG 
in 2008.  The roll-out, accompanied by a 
comprehensive training program, resulted in 
both health workers and non-health workers 
being accredited to RPOC for HIV testing 
across 498 testing sites.

In 2017, CPHL assessed the performance 
of the two-test diagnostic algorithm in two 
of the biggest HIV clinics, Tininga Clinic 
(Mt Hagen, Western Highlands Province) 
and Heduru Clinic (Port Moresby, National 
Capital District).  This assessment indicated 
that of all tests, 2.3% (range 2.0%-3.5%) at 
Tininga Clinic and 3% (range 2.0%-4.0%) 
at Heduru Clinic, gave inconclusive results.  
In response to these results, and as WHO 
recommendations evolved, as a country 
with an overall HIV prevalence of less than 
5%, PNG has validated a three-test RPOC 
algorithm, with the aim of having a greater 
assurance of accurate test results.  The new 
algorithm will be rolled out in 2019-2020.

The early infant diagnostic (EID) program in 
PNG utilizes DBS technology and laboratory-
based DNA (deoxyribonucleic acid) testing 
platforms.  This program has been running 
since 2008, and by 2017 covered all provinces 
in PNG.  Initially slow turn-around times have 
been improved over the lifetime of the program 
but still remain less than optimal, with some 
facilities looking to point-of-care technologies 
to by-pass this now out-of-date and less than 
adequate platform that relies on a centralized 
laboratory.

The scale-up of HIV monitoring tests

Before the adoption of the ‘test and treat’ 
approach, CD4 enumeration determined 

the timing of ART initiation according to 
WHO guidelines.  Initially performed by BD 
FACScount (BD Sciences, California, USA) 
and only available at high-capacity centralized 
laboratories, this landscape changed with the 
introduction of the point-of-care CD4 test.  The 
Alere PIMA™ analyzer (Abbott Diagnostics, 
Illinois, USA) machines are now widely 
available throughout the country (19).  With 
the change in guidelines now recommending 
ART initiation irrespective of CD4 count, the 
scale-up effort is now focused on viral load 
monitoring, recognized as the gold standard 
way to monitor the virological response in 
people on ART.

Viral load monitoring, with its requirement 
for expensive machinery, highly trained 
personnel and laboratories with sophisticated 
infrastructure, such as vast freezer and 
refrigerator space to store kits, and a 
continuing electricity supply, has previously 
limited viral load tests to the capital city, Port 
Moresby.  This severely restricted the number 
of people on ART who could access testing 
and, more importantly, receive the result 
back within a meaningful timeframe.  The VL 
program has since evolved to enable the use 
of DBS, allowing the collection of samples 
at decentralized sites, similar to that which 
occurs for the EID program. In PNG to date, 
DBS collection for VL testing has been rolled 
out to all high-burden provinces; data on time 
of turn-around of results are not available, but 
it is expected to be slow since the EID program 
and VL program rely on the one machine in 
Port Moresby.

The technology landscape for viral load 
testing has changed rapidly and this means 
that CPHL needs to rapidly move with 
these advances.  The current VL platform 
is becoming obsolete and PNG needs to 
explore alternative biotechnological options 
that ensure that more people undergo VL 
testing and receive their results in a timely 
fashion without jeopardizing the quality of the 
results.  The GeneXpert platform (Cepheid, 
California, USA), which is currently used to 
diagnose pulmonary tuberculosis, including 
rifampicin resistance, among presumptive 
TB patients in PNG, offers an important 
alternative to a system that is reliant on a 
centralized laboratory.  This platform is also 
being used in high-risk human papillomavirus 
(HPV) screening trials and point-of-care 
sexually transmitted infection diagnostic and 
surveillance studies in PNG.  The HIV viral load 
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test available for this platform received WHO 
pre-qualification in 2017, and validations show 
consistent high performance in both high- and 
low-resource settings (20).  This platform also 
allows for decentralization of testing, with 
minimal training and less infrastructure than 
would be required at a central level (20).  While 
CPHL was still trying to validate a VL program 
based on DBS in 2016, the Kauntim mi tu 
study among female sex workers, men who 
have sex with men and transgender women 
was already applying this new technology and 
showed that HIV VL testing using the Xpert 
platform was feasible in the PNG context (12-
14).  The concerns expressed by some in 
PNG regarding biohazard disposal of VL kits  
(which contain a small amount of cyanide) are 
unfounded as all Xpert cartridges (including 
TB) can be disposed of in a hospital-grade 
incinerator of >1000 degrees, and these are 
available in-country.

Monitoring quality

The national HIV testing program in PNG 
has a proud history of high-quality training 
and monitoring the quality of test results.  
Since 2008, more than 1000 health workers 
have been trained at 400 sites.  There are 
now 120 sites which can provide ART.  The 
national HIV external quality assessment 
(EQA) program at CPHL monitors quality of 
testing throughout the county by re-testing 
every twentieth sample from the testing sites.  
Until recently, over 90% of participating sites 
were found to have satisfactory performance.  
Despite this, however, challenges remain.  In 
2017, less than half of the accredited RPOC 
testing sites participated in the EQA program, 
and one-third failed to follow the correct 
testing algorithm, despite participating in the 
accredited training programs. 

How the quality of decentralized and point-
of-care testing is monitored is a key issue, and 
one in which CPHL should play a leadership 
role.  The fact that similar approaches to 
decentralization are being employed by many 
programs should be seen as an advantage, 
with programs adopting learnings from 
each other.  Coordination and collaboration 
between the programs for TB, HIV and 
sexual health and HPV/Well Women Clinics 
for cervical cancer are essential to ensure 
efficient use and maintenance of this multi-use 
platform.  It also means expanding traditional 
roles and partnerships to include those skilled 
and trained in using the Xpert platform for 

more than TB, particularly the PNG Institute 
of Medical Research, which has been at the 
fore in the use of the Xpert platform for sexual 
health work.

Expanding the number of testing sites 
also expands the monitoring and training 
requirements, which is a challenge in an 
environment with already such a high turnover 
of the health workforce, placing greater 
demand on training teams, which cannot 
always be met due to budget constraints.  This 
often results in health workers performing the 
tests (and prescribing ART), even when they 
are not accredited or adequately trained.  The 
National HIV Program has advised strongly 
against this practice, but solutions are still 
being sought.  The quality of test kits at the point 
of testing is a further concern.  Challenging 
geography and logistics often impede the 
maintenance of the cold chain resulting in often 
inadequate storage conditions, which, in turn, 
could lead to suboptimal test performance.  
The inability to perform lot testing at sites 
compounds this problem.  Proper storage 
with generator-powered refrigerators at the 
test site level could improve the quality and 
performance of kits. The capacity for regional 
hospital laboratories to test a proportion of 
new test kits with known panels of samples 
could be developed as an additional quality 
control measure.

A further and very significant disrupter to the 
quality of service offered to people living with 
HIV in PNG is the stock-out of the commodities 
such as testing kits and antiretroviral (ARV) 
drugs.  At the time of writing this manuscript 
the Area Medical Store in Badili reported a 
stock-out of all ART.  Stock-out of these vital 
components of the HIV program results in 
disruption of the testing algorithm, forcing 
the testing sites to use whatever available 
alternative tests they have, including tests that 
have not been validated.  In 2017, a stock-out 
of HIV testing kits in many provinces led to a 
cessation of HIV testing. 

What needs to be done to reach 90-90-90?

PNG needs to focus on continuing to 
decentralize quality HIV testing and monitoring 
services.  In terms of HIV diagnosis, the 
focus needs to be on stabilizing procurement 
issues to avoid stock-outs, finalizing the 
validation of the three-test algorithm and 
ensuring that all sites and staff are trained 
adequately, participate in the EQA program 
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and are monitored effectively.  Advocacy 
and public health programs need to consider 
interventions to increase testing rates, 
particularly among key affected populations 
and women who may become pregnant 
and their partners.  Many countries have 
introduced peer-led community-based testing 
in an attempt to increase HIV testing uptake, 
resulting in more people being aware of their 
status.  This approach has been successful 
in increasing testing uptake to help these 
countries progress the first 90 (4,21-23) and 
has recently been recommended over HIV self-
testing in PNG (24).  For the more challenging 
component of viral load monitoring, PNG 
and the CPHL need to keep up to date with 
biotechnological developments in the point-
of-care market, and carefully consider the 
adoption of any new technology.  The capacity 
to conduct viral load testing for all people on 
ART is essential to monitor the treatment 
program and to ensure that ART drugs are 
being taken effectively.  These advances must 
not be seen as threats to the important skill 
set at CPHL but offer an important opportunity 
to refocus its efforts on the development and 
implementation of quality programs and in 
higher-level laboratory science including HIV 
drug resistance monitoring, whole genome 
sequencing for TB and undertaking all TB 
culturing for the country.

While the National HIV Program has come a 
long way since 1987, political commitment and 
sustainable funding are critical to ensure that 
PNG continues to progress in its attainment 
of the UNAIDS targets of 90-90-90 by 2020, 
as is the flexibility and forward thinking of the 
personnel who staff this program.

Evelyn K. Lavu

Central Public Health Laboratory
Port Moresby General Hospital
Private Mail Bag 1
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National Capital District
Papua New Guinea

Claire E. Nightingale

Monash Rural Health
Monash University 
PO Box 666
Bendigo
Victoria 3552
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Assessment of anaemia and iron status among pregnant women in the 
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SUMMARY

Assessing the prevalence of anaemia, iron deficiency and iron deficiency anaemia among 
non-pregnant and pregnant women is essential for evidence-based intervention programs.  
The purpose of this prospective outpatient and community-based cross-sectional study 
was to assess the prevalence of those conditions among pregnant women resident in 
the National Capital District (NCD) and attending the Outpatient Antenatal Clinic in Port 
Moresby General Hospital.  Blood samples were collected from 50 non-pregnant and 157 
pregnant women who gave consent.  HemoCue was used to measure haemoglobin; the 
serum ferritin, soluble transferrin receptor (sTfR) and C-reactive protein were measured 
by specialized 96-well enzyme-linked immuno-sorbent assay (ELISA) kits.  The ‘sTfR-F 
index’ was calculated.  Mild to moderate anaemia, low serum ferritin and elevated serum 
sTfR were found in 28% of the non-pregnant women; the sTfR-F index showed that 16% 
of them had iron deficiency anaemia.  Among the pregnant women, 60% had mild to 
severe anaemia indicating severe public health significance; 48% had low serum ferritin 
and 38% had elevated serum sTfR; the sTfR-F index showed that 38% of them had iron 
deficiency anaemia.  Mild to severe anaemia was present in 47%, 71% and 62% of the 
pregnant women in the first, second and third trimesters respectively, while iron deficiency 
anaemia was present in 20%, 53% and 48% of the pregnant women in the first, second and 
third trimesters respectively.  The sTfR-F index showed that iron deficiency anaemia was 
present in 36% of primigravida and 40% of multigravida.  Social mobilization, intensive and 
focused education, aggressive awareness campaigns, including all relevant target groups 
and policy makers, are required to effectively address this major public health issue. 

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

2 templevictor@gmail.com 
3 Division of Clinical Sciences, School of Medicine and Health Sciences, University of Papua New Guinea, PO Box 

5623, Boroko, National Capital District, Papua New Guinea                                                                                                                                           
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Introduction

Anaemia is one of the major public health 
problems among women of reproductive 
age, affecting a high proportion of women in 
resource-limited countries (1-6).  Anaemia 
affects the capacity of the blood to adequately 
transport oxygen, resulting in fatigue, reduced 
physical work capacity, low productivity and 

shortness of breath, among other symptoms 
(1-6).  Anaemia has multiple causes: nutritional 
(vitamin and mineral deficiencies), non-
nutritional (infections and genetic causes), 
ineffective erythropoiesis, haemolysis, blood 
loss and a combination of these (1-6).  The 
most common contributing factor is iron 
deficiency (ID), and iron deficiency anaemia 
(IDA) is considered to be one of the top ten 

6-18



Papua New Guinea Medical Journal                                                                               Volume 62, No 1-2, Mar-Jun 2019

7

contributors to the global burden of disease 
(1-5). 

Pregnancy increases the risk of developing 
anaemia and ID, because women’s 
iron requirements during pregnancy are 
substantially higher than those of non-
pregnant women.  Pregnant adolescents are at 
particular risk of developing anaemia because 
of their dual iron requirements, for their own 
growth and that of the fetus (2,7).  Anaemia 
during pregnancy increases the risks of poor 
birth outcomes, including preterm delivery, 
intrauterine growth restriction, low birthweight, 
maternal and perinatal mortality, and poor 
cognitive and motor development outcomes 
in the children (1,2,6-8).  In order to avoid 
some of these negative impacts, anaemia 
and ID should be corrected pre-pregnancy.  
Inadequate bioavailability of dietary iron can 
cause varying degrees of ID, from reduced 
iron stores to early ID and IDA (1,2,6-8).  
Acute and chronic infections contribute to the 
development of anaemia of chronic disease 
(ACD) because these conditions induce 
production of pro-inflammatory cytokines 
that alter the metabolism of iron.  The iron is 
sequestered and stored as ferritin, resulting in 
low production of haemoglobin (Hb) and red 
blood cells (RBCs) (6,9).  Parasitic infections 
such as intestinal helminths may also cause 
IDA or megaloblastic anaemia (6,9).   

Although a low Hb level indicates anaemia, 
it is not, on its own, a suitable indicator of ID 
and IDA.  Anaemic individuals may or may not 
be iron deficient (1,2,6).  Other parameters 
should be assessed to determine if an 
individual is iron deficient or has IDA. 

According to the World Health Organization 
(WHO) and the International Nutritional 
Anaemia Consultative Group (INACG) 
two of the major biochemical parameters 
recommended for assessing iron status are 
serum ferritin (SF), which reflects the size of 
the iron stores, and soluble transferrin receptor 
(sTfR), which is an indicator of functional iron 
(1,10,11). 

SF level below 15.0 µg/l indicates depleted 
iron stores (iron deficiency).  However, it is 
not a reliable parameter because it is an 
acute phase reactant that is elevated in the 
presence of inflammation, infection, chronic 
disease and malignancy (10).  Thus indicators 
of inflammation should be used to assess the 
SF level.  Two recommended indicators are 

C-reactive protein (CRP) and alpha-1-acid-
glycoprotein (AGP).  The CRP is used to 
assess acute subclinical infections (6,8,10).  
AGP is an indicator of chronic inflammation.  
These indicators should be measured and 
used for the interpretation of SF (6,8,9,10).  
According to the WHO, in areas with high 
prevalence of infection and inflammation, the 
cut-off point for SF that indicates ID should be 
raised from 15.0 µg/l to 30.0 µg/l; alternatively, 
serum samples with elevated levels of CRP or 
AGP should be excluded from the assessment 
of ID based on SF (6,10).  Such exclusion, 
however, can unintentionally reduce the 
estimated prevalence of ID among populations 
with widespread infection and inflammation.     

The second parameter is the concentration 
of soluble transferrin receptor (sTfR) in serum.  
The level of iron in cells is inversely related 
to the level of sTfR in serum.  When the level 
of iron is low, the level of transferrin receptor 
increases in an effort to import and transport 
more iron into cells (11).  Thus an increase in 
sTfR in serum is a measure of ID (11,12,13).  
In addition, an increase in sTfR in serum 
indicates deficiency of functional iron, which 
is an indication of iron-deficient erythropoiesis 
(IDE) (11,12,13).  Unlike SF, sTfR is not 
affected by infection or inflammation (10,11).  
However, an increase in serum sTfR may be 
caused by other factors, such as haemolytic 
anaemia, thalassaemias, megaloblastic 
anaemia, hypoxia, malignancies and 
pregnancy (11,12).   

A third indicator of iron status that enhances 
the sensitivity and specificity for the diagnosis 
of ID is ‘soluble serum transferrin receptor 
index’, which is the ratio of sTfR to log ferritin 
(sTfR/log ferritin index), also represented as 
‘sTfR-F index’ (2,10,11).  An sTfR-F index 
≥1.03 suggests ID (alone or in combination 
with inflammatory conditions).  This index is 
also sensitive enough to detect ID before iron-
deficient erythropoiesis is clinically apparent 
(2,10,11,13).

Assessing the prevalence of anaemia, 
ID and IDA in non-pregnant and pregnant 
women is essential for evidence-based 
intervention programs.  An understanding of 
the proportion of anaemia that is attributable 
to ID is particularly relevant to the design and 
implementation of public health programs, 
such as the fortification of staple foods with 
iron and the promotion and distribution of iron 
supplements (1,2,6).
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One of the current major proposals by 
the World Health Assembly is to reduce the 
prevalence of anaemia among women of 
reproductive age by 50% by the year 2025 
(6).  This should improve the health and well-
being of women, their pregnancy outcomes, 
the health of their infants, the health and 
performance of children in schools, women’s 
economic potential and their contribution 
to community development, resulting in 
intergenerational benefits for society (6).  

Achieving this target requires the availability 
of relevant data, which means systematic 
monitoring of anaemia and iron status of 
non-pregnant women in resource-limited 
countries like Papua New Guinea (PNG).  A 
number of small surveys on anaemia, carried 
out between 1970 and 1998, indicated high 
prevalence of anaemia among non-pregnant 
and pregnant women in some districts in 
PNG (14-20), but the prevalence of ID or IDA 
was not assessed in most of these surveys.  
Since the early 1960s, iron supplementation 
and antimalarial drugs have been part 
of the standard treatment for pregnant 
women in PNG.  Folic acid was added to 
iron supplementation in the late 1970s and, 
currently, the standard formulation FefolR, 
which comprises 200 mg ferrous sulphate 
and 0.5 mg folic acid, is recommended for 
pregnant women throughout PNG.  The 
National Nutrition Survey (NNS), carried out in 
PNG in 2005, provided national data indicating 
that the mean Hb level among non-pregnant 
women of childbearing age was 120.6 ± 
10.9 g/l (21).  Just over one-third of the non-
pregnant women were anaemic, regarded 
as of moderate public health significance.  
The prevalence of ID was 14.9% and of IDA 
15.0% nationally (21).  The report also stated 
that more research was needed to assess the 
iron status among non-pregnant women in the 
various districts in PNG; however, the report 
did not provide any information about anaemia 
and iron status among pregnant women (21).  
In response to the findings, the legislation 
for mandatory fortification of white rice with 
iron was promulgated by the PNG National 
Government and incorporated in the PNG 
Food Sanitation Regulation issued in 2007 
(22).  The current PNG National Health Plan 
(2011 to 2020) indicates the need to reduce 
the prevalence of anaemia and ID among the 
vulnerable groups in the population (23).

The purpose of the present study was to 
assess the prevalence of anaemia, ID and IDA 

among pregnant and non-pregnant women in 
the National Capital District (NCD) of PNG.

Subjects and Methods 

Study sites

This study was carried out in the National 
Capital District, which is the incorporated area 
around Port Moresby, the capital of PNG.  
The NCD is located in the Southern Region of 
PNG at an elevation of 79 metres above sea 
level.  The Antenatal Clinic in the Obstetrics 
and Gynaecology (O&G) Department in Port 
Moresby General Hospital (PMGH) was 
the primary site.  The PMGH is the major 
general, specialist and referral hospital in 
NCD and PNG.  It also serves as the teaching 
hospital for the School of Medicine and Health 
Sciences (SMHS), University of Papua New 
Guinea (UPNG).  

Sample size

Calculation of sample size used a design 
effect of one, relative precision of 10% and 
confidence level of 95% (24).  As there were 
limited data on likely prevalence of ID and IDA 
among pregnant women in NCD, a prevalence 
of 25% was used.  With a predicted non-
response rate of 15%, the total sample size of 
about 250 women was obtained. 

Study design and sampling

This prospective (partly hospital outpatient 
and partly community-based) cross-sectional 
study was carried out between April and 
August 2018.  All pregnant women that 
attended the Antenatal Clinic in PMGH 
for the first time during the period of data 
collection were eligible for enrolment in the 
study.  Convenience sampling was used to 
select pregnant women after their routine 
examination by the O&G doctors.  For the 
control group, non-pregnant women of 
childbearing age, residing in the NCD, were 
selected randomly from volunteers in PMGH 
and the School of Medicine and Health 
Sciences.

Exclusion criteria

Women with significant illness, those with a 
history of blood loss, lactating women, women 
not resident in the NCD and women who had 
received iron supplements in the previous six 
months were excluded from the study.
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Collection of blood samples and 
questionnaire data

The purpose of the study was explained 
to each of the women before requesting their 
signed informed consent.  A self-designed 
pretested questionnaire was used to collect 
demographic information, including age, date 
of birth, educational level and residential 
location.  For the pregnant women, the 
gestational age and parity were recorded 
by the O&G doctors.  About 1.0 ml of blood 
was collected by venepuncture from each 
consented woman.  The blood was transferred 
into a labelled sterile trace-element-free 
polypropylene tube, placed inside a cool-
box kept at 4-8ºC and transported to the 
Micronutrient Research Laboratory (MRL) in 
the SMHS.  The clotted blood was centrifuged 
at 3500 rpm at 4ºC for 30 minutes, after which 
aliquots were separated into two labelled 
sterile trace-element-free Eppendorf vials 
and kept frozen at −70ºC until required for 
analysis.  The Hb level was determined, using 
the HemoCue 301 system (25), on capillary 
blood after finger-stick using a single-use 
semi-automated lancet with 2.25 mm needle.

SF level was determined using a 96-well 
commercial enzyme-linked immuno-sorbent 
assay (ELISA) kit for quantitative determination 
of human ferritin in human serum (26).  A 96-
well commercial ELISA kit was also used to 
quantitatively determine the level of soluble 
transferrin receptor (sTfR) in serum (27).  
For calculation of the sTfR-F index the sTfR 
value in mg/l and ferritin value in ng/ml were 
used (12,13).  The high-sensitivity C-reactive 
protein ELISA test kit was used for quantitative 
determination of CRP in serum (28).  The 
procedures and precautions recommended 
by the manufacturer were implemented in 
each of the three assay methods.

Data analysis

The Statistical Package for Social Sciences 
(SPSS) software (version 17) and the 
Microsoft Excel Data Pack 2010 were used 
for statistical analyses of the data.  Data 
distribution was assessed by the Kolmogorov-
Smirnov test.  Mann-Whitney U and Wilcoxon 
W tests were used for differences between 
two groups.  Kruskal-Wallis test, Friedman 
test, one-way analysis of variance (ANOVA) 
and Pearson’s or Spearman’s correlation 
tests were used as appropriate.  A p value of 
<0.05 was considered as significant. 

Interpretation of the data

The WHO guidelines and cut-off points 
were used for the interpretation of some of 
the data (1,2,4,6,10,11).  For non-pregnant 
women, Hb levels below 12.0 g/dl indicate 
anaemia.  Hb levels of 11.0 to 11.9 g/dl, 8.0 
to 10.9 g/dl and below 8.0 g/dl indicate mild, 
moderate and severe anaemia, respectively.  
For pregnant women, Hb levels below 11.0 
g/dl indicate anaemia.  Hb levels indicating 
mild, moderate and severe anaemia were 
10.0 to 10.9 g/dl, 7.0 to 9.9 g/dl and below 
7.0 g/dl, respectively.  Anaemia was classified 
as a mild, moderate or severe public health 
problem when the prevalence was 5.0 to 
19.9%, 20.0 to 39.9% and greater than or 
equal to 40.0%, respectively. 

SF level below 15.0 µg/l was used to indicate 
ID (10,12,13).  To account for the influence 
of infection and inflammation, the SF results 
were stratified according to the level of serum 
CRP (8,10,28).  SF below 15.0 µg/l plus Hb 
level below 12.0 g/dl for non-pregnant women, 
and below 11.0 g/dl for pregnant women, was 
used to indicate IDA (1,10,12,13). 

Serum sTfR ≥21.0 nmol/l was used to 
indicate ID (11-13,27).  The cut-off point for 
serum sTfR plus Hb level below 12.0 g/dl for 
non-pregnant women, and below 11.0 g/dl for 
pregnant women, was used to indicate IDA 
(12,13,27). 

The prevalence of ID is confirmed in a given 
population when the SF levels are below 15.0 
µg/l in more than 20%, and the sTfR levels 
are elevated in more than 10% of their serum 
samples (6,10,11).   The sTfR-F index value 
≥1.03 was used to indicate IDA.  Thus IDA was 
assessed using three different parameters: 
low Hb and low serum ferritin; low Hb and 
elevated sTfR; and a value of sTfR-F ≥1.03.  

In the present study, because of logistical 
reasons, the only indicator of inflammation 
measured was serum CRP.  According to 
the recommendation of the manufacturer, 
a serum CRP level below 8.2 mg/l excludes 
infection or inflammation (28).

Ethical clearance

Ethical clearance and approval for this 
project was obtained from the Ethical 
and Research Grant Committee of the 
SMHS, UPNG and the Medical Research 
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Advisory Committee (MRAC), PNG National 
Department of Health.  Permission was 
obtained from the Chief Executive Officer 
and Director of Medical Services of PMGH.  
In addition, signed informed consent was 
obtained from each of the women before 
collecting the blood sample.

Results 

Informed consent was obtained from 207 
(83%) of the 250 initially selected women, of 
whom 50 (24%) were non-pregnant and 157 
(76%) were pregnant.  All the women were 
resident in the NCD at the time of this study; 

they were all non-smokers and non-drinkers 
of alcohol, but a few of them (9.7%) chewed 
betelnut frequently. 

The demographic and other characteristics 
of the women are presented in Table 1.  
There was no statistical difference between 
the mean ages of the pregnant and the non-
pregnant women.  94% (47/50) of the non-
pregnant women were in the 20 to 34.9 years 
age group compared to 79% (124/157) of the 
pregnant women.

Table 2 shows the summary statistics of 
the Hb level for the non-pregnant women; the 

TABLE 1

DemogrAphic AnD other chArActeristics of the pregnAnt AnD non-pregnAnt women in the stuDy

Parameters All non-pregnant 
women

All pregnant women

Number 50 157
Mean age (years) 23.3 (SD 3.3) 27.6 (SD 5.7)
95% Cl (years) 22.4-24.2 26.7-28.5
Age range (years) 18-36 15-44

Age group (years)
15-19.9               2 (4%)           10 (6.4%)
20-24.9 39 (78%) 38 (24.2%)
25-29.9               6 (12%) 53 (33.8%)
30-34.9               2 (4%) 33 (21.0%)
35-39.9 1 (2%) 18 (11.5%)
40-44.9 0 5 (3.2%)

Employment status 
Student 48 (96%) 17 (10.8%)
Employed 2 (4%)  51 (32.5%)
Unemployed 0 89 (56.7%)

Marital status 
Single 44 (88%)           11 (7.0%)
Married   6 (12%)         146 (93.0%)

SD = standard deviation
CI = confidence interval
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mean was 12.4 ± 1.1 g/dl and the range was 
8.1 to 15.1 g/dl.  The Hb level was below 12.0 
g/dl in 28% (14/50).   Thus, with no severe 
anaemia, mild to moderate anaemia was 
prevalent among 28% of the non-pregnant 
women.   This indicates moderate public 
health significance among the non-pregnant 
women at the time of this study. 

The median CRP was 0.8 mg/l, the 

interquartile range (IQR) was 0.2 to 1.5 mg/l 
and the CRP level was within the normal 
range in all the 50 non-pregnant women. 

The summary statistics of the SF levels 
in the non-pregnant women are presented 
in Table 2.  The median SF level was 28.42 
µg/l and the IQR was 13.54 to 56.51 µg/l.  The 
SF level was below 15.0 µg/l in 14 (28%), 
indicating ID.  Anaemia was present in 4 of the 

TABLE 2

summAry stAtistics of hAemogloBin leVel, AnAemiA stAtus, serum ferritin (sf) leVel, serum soluBle 
trAnsferrin receptor (stfr) leVel AnD the stfr-f inDex for the non-pregnAnt women

Parameters Non-pregnant women 
(n = 50)

Haemoglobin (Hb) level (g/dl)
Mean (g/dl) 12.4 (SD 1.1)
95% Cl (g/dl) 12.2-12.7
Range (g/dl) 8.1-15.1

Haemoglobin cut-off points for anaemia
None: Hb ≥12.0 g/dl 36 (72%)
Mild: 11.0-11.9 g/dl 13 (26%)
Moderate: 8.0-10.9 g/dl 1 (2%)
Severe: Hb <8.0 g/dl 0

Serum ferritin (SF)
Median (µg/l) 28.42
IQR (µg/l) 13.54-56.51
% with ferritin <15.0 µg/l (ID) 28% (14/50)
% with ferritin <15.0 µg/l + low Hb (IDA) 8% (4/50)

Serum sTfR
Median (nmol/l) 15.39
IQR (nmol/l) 10.91-21.35
% with sTfR ≥21.0 nmol/l (ID) 28% (14/50)
% with anaemia and elevated sTfR (IDA) 8% (4/50)

% with sTfR-F index ≥1.03 Iron deficiency 
anaemia 16% (8/50)

SD = standard deviation
CI = confidence interval
IQR = interquartile range
ID = iron deficiency
IDA = iron deficiency anaemia
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14 non-pregnant women with ID.  Thus, IDA 
was present in 4 (8%) of the 50 non-pregnant 
women. 

Spearman’s rho correlation analysis 
indicated a direct but not significant correlation 
between the SF and Hb levels in the non-
pregnant women (rho = 0.125; p = 0.276). 

Table 2 shows the summary statistics of 
the serum sTfR levels in the non-pregnant 
women.  The median sTfR was 15.39 nmol/l 
and the IQR was 10.91-21.35 nmol/l.  The 
serum sTfR level was above the cut-off point 
of 21.0 nmol/l in 14 (28%) of the 50 serum 
samples.  This indicates ID among these non-
pregnant women.  Of these 14, 4 (8%) had 
IDA. 

There was an inverse but not significant 
correlation between the serum sTfR and Hb 
levels (rho = −0.255; p = 0.074) and an inverse 
significant correlation between the sTfR and 
SF level for the non-pregnant women (rho = 
−0.281, p = 0.048). 

The sTfR-F index was calculated and 

used for more detailed assessment of the 
prevalence of IDA among the non-pregnant 
women.  The result shows a 16% (8/50) 
prevalence of IDA among the non-pregnant 
women.  

Table 3 shows the summary statistics of 
the Hb levels for all the pregnant women; 
the mean was 10.5 ± 1.5 g/dl and the range 
was 6.4 to 13.7 g/dl.  There was a significant 
difference (p = 0.001) between the Hb levels 
of the non-pregnant and the pregnant women. 

The distribution of the Hb level, according 
to the WHO cut-off points, is also presented 
in Table 3.  The Hb level was below 11.0 g/
dl in 60% (94/157).  This indicates severe 
public health significance among the pregnant 
women at the time of this study. 

The mean serum CRP level for all the 
pregnant women was 3.3 ± 0.03 mg/l, the 
95% CI was 2.90 to 3.74 mg/l, the range was 
0.1 to 17.5 mg/l, the median was 2.9 mg/l and 
the IQR was 1.4 to 4.4 mg/l.

CRP levels were elevated in 11 (7%) of the 

TABLE 3

summAry stAtistics of hAemogloBin leVel AnD AnAemiA stAtus for All the pregnAnt women AnD for 
those in their first, seconD AnD thirD trimester

Parameters All pregnant 
women

(n = 157)

First 
trimester
(n = 66)

Second 
trimester
(n = 70)

Third 
trimester
(n = 21)

Haemoglobin (Hb) level
Mean (g/dl) 10.5 (SD 1.5) 10.9 (SD 1.56) 10.0 (SD 1.54) 10.3 (SD 1.62)
95% CI (g/dl) 10.3-10.7 10.5-11.3 9.7-10.4 9.6-11.1
Range (g/dl) 6.4-13.7 6.6-13.7 6.3-13.6 4.2-11.8

Haemoglobin cut-off 
points for anaemia

None: Hb ≥11.0 g/dl 63 (40.1%) 35 (53.0%) 20 (28.6%) 8 (38.1%)
Mild: 10.0-10.9 g/dl 43 (27.4%) 17 (25.8%) 17 (24.3%) 9 (42.9%)
Moderate: 7.0-9.9 g/dl 45 (28.7%) 12 (18.2%) 30 (42.9%) 3 (14.3%)
Severe: Hb <7.0 g/dl 6 (3.8%) 2 (3.0%) 3 (4.3%)      1 (4.8%)

SD = standard deviation
CI = confidence interval
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serum samples from the pregnant women.  
The summary statistics of the SF levels for 
all the pregnant women and for the pregnant 
women with normal CRP levels are presented 
in Table 4.  There was no significant difference 
between the SF level of all the pregnant women 
and pregnant women with normal serum CRP 
level.  There was a significant difference (p 
= 0.003) between the SF level of the non-
pregnant and all the pregnant women.  There 
was a direct significant correlation between 
the SF and Hb levels in the pregnant women 
(rho = 0.419, p = 0.001).

The SF level in 75 (48%) of the 157 serum 
samples from pregnant women was below 
15.0 µg/l, indicating ID.  Anaemia was present 
in 58 of the 75 – a prevalence of IDA of 37% 
(58/157).  ID was present in 69 (47%) and IDA 
in 54 (37%) of the 146 pregnant women with 
normal serum CRP. 

The summary statistics of the sTfR level 
for all the pregnant women are presented in 
Table 4.  The serum sTfR was greater than 
or equal to 21.0 nmol/l, indicating ID, in 60 
(38%) of the 157 serum samples.  Of these 60 
pregnant women, 46 were anaemic, giving a 
prevalence of IDA of 29%. 

The percentage differences in the results 
for ID and IDA obtained with the SF and sTfR 
are because SF is a measure of depleted iron 
stores and sTfR a measure of deficiency in 
functional iron (10-13). 

No significant difference (p = 0.112) was 
observed between the sTfR levels of the non-
pregnant and the pregnant women.

There was a significant inverse correlation 
(rho = −0.404, p = 0.001) between the sTfR 
and Hb levels and a strong inverse correlation 
(rho = –0.563, p = 0.001) between the SF and 
sTfR for the pregnant women.

 When the sTfR-F index for more detailed 
assessment was used, IDA was present in 
38% (60/157) of all the pregnant women 
(Table 4). 

The summary statistics of the Hb levels for 
the pregnant women in the three trimesters 
are presented in Table 3.  There were no 
significant differences (p = 0.075) in the 
Hb levels among the women in the three 
trimesters of pregnancy.  Mild to moderate 
status of anaemia was present in 44% (29/66), 

67% (47/70) and 57% (12/21), respectively. 

The summary statistics of the SF levels for 
all the pregnant women in each of the three 
trimesters are presented in Table 4.  SF below 
15.0 µg/l, indicating ID, was present in 26% 
(17/66), 66% (46/70) and 57% (12/21) in the 
first, second and third trimesters respectively.  
IDA was present in 21% (14/66), 51% (36/70) 
and 38% (8/21).  The prevalence of IDA was 
higher in the second trimester than in the first 
trimester (p = 0.001) and third trimester (p = 
0.005). 

Table 4 also shows the results for the 
pregnant women in the various trimesters 
with normal serum CRP levels.  No significant 
difference (p >0.05) was observed between 
the SF levels for all the pregnant women and 
for those with normal serum CRP in each of 
the three trimesters of pregnancy. 

The summary statistics for the serum sTfR 
levels for pregnant women in each of the 
three trimesters are also presented in Table 
4.  The sTfR level was elevated among 23% 
(15/66), 47% (33/70) and 57% (12/21) of 
serum samples in the first, second and third 
trimesters respectively.  IDA was present in 
15% (10/66), 39% (27/70) and 43% (9/21). 

When the sTfR-F index was used, IDA was 
present in 20% (13/66), 53% (37/70) and 48% 
(10/21) of women in the first, second and third 
trimesters of pregnancy respectively (Table 
4). 

36% (56/157) of the women were 
primigravida and 64% (101/157) were 
multigravida.  The summary statistics of the 
Hb levels are presented in Table 5.  There 
was no significant difference (p = 0.077) in the 
Hb levels among the two groups of pregnant 
women.  Mild to moderate anaemia was 
present in 63% (35/56) and 52% (53/101) 
respectively. 

 The summary statistics of the SF and 
serum sTfR levels for the two groups are also 
presented in Table 5.  Low SF levels were 
present in 46% (26/56) and 49% (49/101) of 
the primigravida and multigravida respectively 
and IDA was present in 38% (21/56) and 
37% (37/101).  There was no significant 
difference in the prevalence of IDA among 
the primigravida and multigravida (p = 0.065).  
Similar results were obtained between the two 
groups with normal serum CRP levels (Table 
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TABLE 5

summAry stAtistics of hAemogloBin leVel, AnAemiA stAtus, serum ferritin leVel, serum soluBle 
trAnsferrin receptor (stfr) leVel AnD the stfr-f inDex for the pregnAnt women AccorDing to 

their grAViDity

Parameters Primigravida (n = 56) Multigravida (n = 101)

Haemoglobin (Hb) level
Mean (g/dl) 10.2 (SD 1.54) 10.6 (SD 1.63)
95% CI (g/dl) 9.8-10.6 10.3-10.9
Range (g/dl) 6.9-13.6 4.2-13.7

Haemoglobin cut-off for 
anaemia
None: Hb ≥11.0 g/dl 19 (33.9%) 44 (43.6%)
Mild: 10.0-10.9 g/dl 10 (17.9%) 33 (32.7%)
Moderate: 7.0-9.9 g/dl 25 (44.6%) 20 (19.8%)
Severe: Hb <7.0 g/dl  2 (3.6%) 4 (4.0%)

Primigravida Multigravida

All
(n = 56)

Normal CRP
(n = 50)

All
(n =101)

Normal CRP
(n = 96)

Serum ferritin
Median (µg/l) 16.1 16.1 15.5 15.6
IQR (µg/l) 7.7-40.6 9.5-39.2 7.5-32.7 7.5-32.6
% with ferritin <15 µg/l (ID) 46.4% 

(26/56)
46.0% 
(23/50)

48.5% 
(49/101)

47.9% 
(46/96)

% with ferritin <15 µg/l + 
low Hb (IDA)

37.5% 
(21/56)

38.0% 
(19/50)

36.6%  
(37/101)

36.5% 
(35/96)

Serum sTfR Primigravida
(n = 56)

Multigravida
(n = 101)

Median (nmol/l) 15.9 17.5
IQR (nmol/l) 12.9-24.1 12.0-23.1
% ≥21.0 nmol/l (ID) 41.1%  (23/56) 36.6% (37/101)
% with elevated sTfR and 

low Hb (IDA) 32.1% (18/56) 27.7% (28/101)

sTfR-F index ≥1.03 (IDA) 35.7% (20/56) 39.6% (40/101)

SD = standard deviation
CI = confidence interval
CRP = C-reactive protein
IQR = interquartile range
ID = iron deficiency
IDA = iron deficiency anaemia
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5). 

The serum sTfR level was elevated 
among 41% (23/56) and 37% (37/101) of the 
primigravida and multigravida, respectively, 
indicating ID.  The prevalence of IDA was 
significantly higher (p = 0.025) among the 
primigravida than the multigravida.  

The sTfR-F index showed that the 
prevalence of IDA was similar between the 
primigravida (20/56; 36%) and multigravida 
(40/101; 40%) (p = 0.63).

Discussion 

The 28% prevalence of anaemia obtained 
in the present study for the non-pregnant 
women was lower than the 44.2% prevalence 
among non-pregnant women in the Southern 
Region of PNG that was reported in the PNG 
NNS in 2005 (21).  It was also lower than the 
36.6% reported for PNG, 38.9% for Solomon 
Islands, 31.3% for Samoa and 31.0% for Fiji, 
but higher than the 9.1% for Australia and  
11.6% for New Zealand reported in the WHO 
global health observatory repository (29). 

In the present study, the 28% prevalence 
of ID among the non-pregnant women was 
obtained using both SF and serum sTfR 
markers.  This was slightly lower than the 
30.0% reported for non-pregnant women in 
the Southern Region in the PNG NNS that 
used similar markers (21).  IDA prevalence of 
8% was also lower than the 24.5% prevalence 
reported in the PNG NNS (21).  This seems to 
indicate improvement in the iron status among 
non-pregnant women over the more than 10 
years since the PNG NNS.  It may be due to 
the implementation of the policy for fortification 
of white rice with iron, promulgated after the 
PNG NNS 2005 (21,22).  

The prevalence of IDA among the non-
pregnant women in this study should be 
considered as 16%, using the sTfR-F index, 
which is a more sensitive and specific 
parameter for assessing IDA.  This parameter 
was not used during the PNG NNS (21).  The 
results obtained for the non-pregnant women 
in our present study may not be representative 
of the general population in NCD because 
most of the subjects were students.

The 60% prevalence of anaemia among 
the pregnant women in the present study was 
lower than the values previously reported for 

pregnant women in Port Moresby (16,19), 
the highlands of PNG (62.5%) (30) and in 
some countries in Africa and Asia (31,32).  It 
was, however, higher than the prevalence in 
Solomon Islands (48.6%), Samoa (31.3%), 
Vanuatu (24.0%), New Zealand (20.2%) and 
Australia (20.1%) reported in the WHO global 
health observatory repository (33). 

Our results clearly indicate inadequate iron 
status among the pregnant women attending 
the Antenatal Clinic in the PMGH at the time 
of this study.  The high prevalence of ID and 
IDA should be of concern because of the 
increased risk of poor birth outcomes, and 
perinatal and neonatal mortality. 

Pregnant women visiting the Antenatal 
Clinic in PMGH for the first time during their 
current pregnancy participated in this study.  
There were more pregnant women in their 
second trimester (70/157; 45%) than their 
first trimester (66/157; 42%); 21(13%) were 
in the third trimester at first visit.  The lack of 
funds for transportation was one of the major 
reasons given for delayed first attendance.  
Other factors that can prevent the effective 
use of antenatal clinics include poor education 
of husband and wife, low household income 
and lack of awareness of the importance of 
antenatal care (6). 

The prevalence of anaemia was higher 
among pregnant women in the second 
trimester (71%; 50/70) than in the third 
trimester (62%; 13/21) and the first trimester 
(47%; 31/66); this was similar to the trend 
reported for pregnant women in Peshawar 
(31) and in Calabar (32) in Nigeria.  This 
trend was different among pregnant women 
in Woldia, Ethiopia, with higher prevalence 
among pregnant women in their first trimester, 
followed by the second and third trimesters 
(34).  The difference may be due to variation 
in their diets, as well as the nutritional status 
of the women before pregnancy. 

The SF marker showed that ID was above 
20% in pregnant women in the first, second 
and third trimesters; it was also above 10% 
when the serum sTfR marker was used.  This, 
according to the WHO criteria, is confirmation 
of the prevalence of ID among the pregnant 
women  in the various trimesters (10,11).  

The prevalence of anaemia among the 
primigravida (66%) in our present study was 
higher than among the multigravida (56%).  
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According to the SF and sTfR markers, ID 
was prevalent among both the primigravida 
and multigravida.  Our result supports the 
general observation by other researchers 
that multiparity and short birth spacing can 
lead to ID and IDA among pregnant women, 
especially those that do not make effective 
use of available antenatal services (32,34,35).

Conclusions

Our results clearly indicate a high 
prevalence of anaemia and suboptimal iron 
status among the pregnant women in this 
study.  Thus the need to advocate for improved 
iron status among pregnant women cannot 
be overemphasized.  Some recommended 
long- and medium-term strategies include 
supplementation, fortification, dietary diversity 
(food-based strategies) and appropriate 
nutrition education.  These strategies 
should be complementary and not mutually 
exclusive.  Short-term interventions should 
focus on more aggressive supplementation 
of iron and folic acids, and advocacy for 
consumption of appropriate multivitamins and 
a variety of foodstuffs with high bioavailability 
of iron, such as animal products with haeme 
iron – eggs, lean meat, fish, milk and fortified 
milk products.  Sources of non-haeme iron, 
including nuts, fruits, vegetables, whole 
grains, soy beans and tomatoes, should be 
consumed along with diets that enhance the 
absorption of non-haeme iron, such as foods 
rich in vitamin C (6).  
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Perceptions of the Village Health Volunteer Program implemented in 
remote Papua New Guinea: lessons for policy 

emmA fielD1,2,3, georginA DoVe1, nelson witi1, DominicA ABo1, 
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SUMMARY 

In Papua New Guinea, village health volunteers (VHVs) work in their communities to 
support healthy lifestyles. They form an important link between the community and the 
formal health system.  In the Middle and South Fly Districts of Western Province, the 
VHV Program was implemented as one of the many interventions of the Community Mine 
Continuation Agreement Middle and South Fly Health Program.  For this region of Papua 
New Guinea, it would be the first time the VHV Program had been implemented.  We 
describe how the VHV Program was implemented and document the perspectives of the 
VHV Program from the VHVs, their supervising health workers and the communities they 
serve through focus group discussions and interviews.  The qualitative data revealed that 
some health workers and community members had expectations of the VHVs that differed 
from their role, particularly in regard to the expectation that VHVs do clinical work.  The 
importance of compensation for VHVs for their time was identified by communities, health 
workers and the VHVs.  VHVs and the community also noted the conflicting demands of 
the family of the VHV and their work in the community.  The final theme identified was 
about the interaction between the VHV and the formal health system, where VHVs identified 
needs for access to medical supplies, transport, ongoing training and supervision.  These 
themes are discussed in the context of the international literature and the VHV policy in 
Papua New Guinea.
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Introduction

Lay or ‘community’ health workers are a 
cadre of health workers who receive training 
in one or more health interventions, usually do 
not have a formal qualification in health and 
provide health services to their communities 
with or without remuneration (1).  These 
lay health workers are argued to have the 
advantage of an in-depth understanding of the 
community, culture and language and are well 

placed to provide culturally appropriate health 
services to the community in which they work 
(2).  There are a myriad of terms used for 
lay health workers, including traditional birth 
attendant, community health representative 
and village health volunteer (VHV) (1).  These 
lay health workers often form an important link 
between communities and health facilities (1).  

Globally, lay health workers undertake 
a variety of roles, often including: disease 
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prevention and control; environmental health; 
reproductive health; maternal and child health; 
school health; annual census data collection; 
health education and communication; 
treatment for specific diseases (eg, HIV 
[human immunodeficiency virus] infection, 
tuberculosis [TB]); and provision of basic 
health care (3).  Lay health workers have been 
shown to be effective for interventions such as 
increasing immunization coverage, uptake of 
breastfeeding, improving outcomes for TB and 
mental health, and treating acute respiratory 
infection and malaria (4-8).  However, many 
lay health worker programs have not been 
successfully sustained or scaled up (9).  
Determining what works is also a challenge 
as there is a lack of information on how such 
lay health workers’ programs are developed 
and implemented (10). 

In Papua New Guinea (PNG) village 
health volunteers are a recognized cadre of 
health worker within the health system, with 
a national curriculum covering general health 
and maternal and child health.  At the local 
level, VHVs are not universally available as 
the training is rolled out by provincial health 
offices, and largely by non-government 
organizations in specific locations.  As far 
back as the 1980s there were concerns raised 
about the sustainability of such VHVs in PNG 
due to poor supervision (11).  However, there 
is more recent evidence that VHVs have been 
significant contributors to maternal health 
in some remote communities (12).  While 
there has been a proliferation of publications 
on lay health workers in recent years, there 
have been limited publications from PNG and 
other Pacific countries (3).  Nonetheless, lay 
health workers are particularly relevant to 
the PNG context due to a shortage of formal 
health workers and the challenges associated 
with accessing health services, such as poor 
infrastructure, lack of transport and difficult 
terrain, as well as numerous sociocultural 
barriers (13,14).

Lay health workers have been in existence 
in PNG in some form for decades and the 
current term, VHV, combines all previous 
lay health workers including village birth 
attendant, community-based distributor, 
‘marasin meri’ (medicine woman), village 
health promoter, men’s health educator and 
village health assistant (15).  A review of the 
village birth attendant (VBA) program in Milne 
Bay Province in 2014 found that the VBAs had 
been providing assistance to women during 

childbirth, without remuneration and with 
limited support from their communities or local 
health facilities, for 15-20 years (16).  Despite 
the lack of support, VBAs were motivated by 
internal factors such as a desire to serve, 
religious beliefs and dedication to their 
communities (16).  The review highlighted 
the need for clarity on the role of the VBA 
and better support and supervision of VBAs.  
However, it is not known if this experience 
of the VBAs is similar to that of the broader 
VHVs in PNG. 

The Community Mine Continuation 
Agreement (CMCA) Middle and South 
Fly Health Program is implemented in the 
Western Province of Papua New Guinea 
(17).  The Program aligns with and supports 
the national policies and plans, one of which 
is the Village Health Volunteer Program.  For 
many villages, this was the first opportunity for 
people to have access to and support from a 
VHV.  As part of the midline evaluation of the 
CMCA Middle and South Fly Health Program, 
we examined how the VHV Program was 
implemented and documented the experience 
of the VHVs, their supervising health workers 
and the communities they were engaged to 
serve.  We synthesize the findings from this 
study in this paper with the global literature 
for lay health worker programs to identify 
considerations for policy for PNG and other 
similar settings with low rates of formal health 
workers and challenging geography. 

In PNG the majority of the population (85%) 
live in rural areas (18).  Health services in rural 
areas are delivered through aid posts, health 
subcentres and health centres (19).  Aid posts 
are usually staffed by one community health 
worker (a formal health worker in PNG with 
two years of training, not to be confused with 
lay health workers in other countries who are 
called community health workers) (19).  Health 
subcentres and health centres are usually 
staffed by a mix of community health workers 
and nursing officers (19).  The World Bank 
identified a crisis in the health workforce with 
not only a shortage in the number of health 
workers but also an unequal distribution with 
fewer health workers in rural areas (13).  
Lay health workers are one mechanism to 
counteract the shortfall in health workers (1). 

In PNG the primary role of a VHV is to be a 
link between communities and health services; 
to coordinate community-based projects and 
organizations in relation to health activities; to 
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promote a healthy community; and to provide 
support for prevention of health problems 
(Table 1) (20).

In 2014, as part of a larger program (CMCA 
Middle and South Fly Health Program) aimed 
at improving health service delivery, a VHV 
Program was implemented in the Middle and 
South Fly Districts of Western Province.  The 
program included village mobilization, training 
of VHVs and VHV trainers, with ongoing 
supervision to VHVs and VHV trainers.  
Through the wider CMCA Middle and South 
Fly Health Program two VHV coordinators 
were employed with overall responsibility for 
implementing the VHV Program within the 
villages in the program catchment area.  The 
catchment area covered 84 villages along 
the Fly River in Western Province (CMCA 
villages), from south of Kiunga to the mouth 
of the Fly River (Figure 1).  The villages are 
remote or very remote with extremely limited 
road infrastructure.  Travel is mostly by boat 
and then on foot from the river to villages.  The 
CMCA Middle and South Fly Program covers 
an estimated population of 50,813 (22). 

The VHV Program has been progressively 
implemented in villages in the CMCA area 
using a cascading model, whereby VHV 
training of trainers was conducted followed 
by training of VHVs.  All VHV training was 
carried out by the VHV trainers, supported 
by the VHV coordinators.  First, VHV trainers 
were identified through consultation with 
health workers and communities.  They were 
either health workers or community members 
(n = 11) and participated in a 10-day training 
course.  This training focused on teaching 
skills such as developing lesson plans and 
training materials, VHV training and proposal 
writing to seek funds for VHV activities.  These 
VHV trainers were then supported by the VHV 
coordinator to undertake village mobilization 
to inform community members about the 
VHV Program.  During the mobilization, 
a Memorandum of Understanding (MoU) 
between the VHV Program and the 
community was signed.  The MoU committed 
the community to establish a Village Health 
Committee to support the VHVs. 

During the mobilization, the community 
identified two community members, one 
male and one female, for VHV training.  
The selection criteria for VHVs included the 
ability to read and write, to spend a majority 
of their time living in the community and to 

speak up for the community, and, for women, 
to be married.  The VHV training was then 
conducted in clusters of about 20 participants.  
A total of 11 VHV trainers and 76 VHVs were 
trained covering 35 villages, largely in the 
Suki Fly Gogo, Dudi and Middle Fly CMCA 
regions of the Middle and South Fly Districts.  
The VHV training curriculum consisted of five 
modules: ‘Being a better volunteer’, ‘Learning 
about health’, ‘Safe motherhood’, ‘Healthy 
children’ and ‘Self-help health care’. 

The Village Planning Committee chairman, 
the Village Health Committee chairman, local 
health workers and school teachers were 
invited to attend the final week of training 
where Community Action and Participation 
(CAP) training was undertaken (23,24).  
Healthy Islands is one of the healthy settings, 
which are “settings-based approaches to 
health promotion, (which) involve a holistic 
and multi-disciplinary method which integrates 
action across risk factors” (25).  The intention 
of CAP was to train the community to create 
a greater discussion in the villages to identify 
community health needs in order to guide the 
activities that the VHVs would implement.

After the VHVs were trained, the VHV 
Program coordinators conducted visits to 
the VHVs in the communities (1-4 times per 
year).  In addition, local health workers were 
to provide supervision to the VHVs.

Methods

Study design 

An explorative qualitative study was 
undertaken in September 2015 with interviews 
and focus group discussions, as outlined 
below.  Data collection for the VHV study 
occurred as part of the CMCA Middle and 
South Fly Health Program midline evaluation 
(26).  

Ten villages were selected for participation 
in the CMCA Middle and South Fly Health 
Program midline evaluation representing the 
geographical area serviced by the program 
and including both access to health facilities 
within walking distance and access requiring 
boat transport (26).  6 of these villages had 
participated in the VHV Program and were 
included in this study.  These 6 villages were 
in two geographically distinct regions (referred 
to as Region 1 and Region 2).  At 4 villages, 
two focus group discussions were conducted, 
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TABLE 1

Duties thAt VillAge heAlth Volunteers Are trAineD to unDertAKe (20)

The village health volunteer (VHV) will be trained to:

1. Build and maintain linkages between the village and health service:
• Link with the Aid Post CHW and mobile MCH team
• Encourage individuals and families to be self-reliant and to use health services when 

needed, and to use the support provided by the VHV

2. Coordinate and cooperate with church, school, women’s and youth groups, village 
leaders, other community-based projects and organizations:
• Work with other partners such as the Local Level Government, councillors, 

community-based organizations, etc
• Assist village leaders to coordinate community activities in relation to health

3. Promote a healthy community: 
• Be a positive role model for the village by practising healthy habits
• Encourage safe, healthy practices in the village through health education
• Promote traditional beliefs and practices that support a healthy lifestyle
• Encourage men to support the health needs of women, pregnant mothers and both 

male and female children
• Mobilize village/clan members to be responsible for their own health
• Assist the rural health worker, program staff or other program health motivators to 

educate men and women about the support that the VHV can provide
• Assist health motivators to educate men and women about relevant health topics, 

using culturally appropriate methods and language

4. Provide support to prevent health problems:

Preventive roles for assisting pregnant women:
• Identify pregnant women in the village and encourage them to go for regular 

antenatal checks by a health worker
• Advise pregnant women to go to a health centre for delivery
• Identify pregnant women at ‘high risk’ and encourage them to go to an equipped 

health facility for antenatal care and delivery
Preventive roles for assisting pregnant women with village delivery:

• Assist a woman to have a safe normal delivery in the village (2nd, 3rd or 4th 
baby)*

• Accompany a pregnant woman who has an obstetric emergency to an equipped 
health facility

Preventive roles for post-natal care:
• Check the mother and baby in the village daily during the first five days after 

giving birth
• Encourage the mother to care for herself and the baby during the first six weeks 

after giving birth

Preventive roles for infant and child health:
• Encourage and support immunization of infants, children and pregnant women
• Assist in checking the growth and development of children
• Provide information to parents about nutrition
• Educate parents about diarrhoea and dehydration, fever and respiratory problems 

in children
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Preventive roles for child spacing:
• Provide information on child spacing to all interested persons
• Provide information to individuals and couples on infertility
• Provide appropriate family planning methods to all interested persons
• Refer individuals and couples to a health centre to obtain other temporary and 

permanent methods or for management of complications

Preventive roles for sexually transmitted infections:
• Educate individuals about sexually transmitted infections
• Encourage individuals and couples who may have a sexually transmitted infection 

to seek care at a health facility

Preventive roles for illness:
• Educate individuals and families about injuries, malaria, diarrhoea and 

dehydration, respiratory problems, anaemia, skin problems and ear problems

CHW = community health worker
MCH = maternal and child health
* In 2014 the National Department of Health provided a directive that VHVs were to refer all pregnant women to health 
facilities to give birth (21)

Figure 1.  Map of Western Province, Papua New Guinea, with Community Mine Continuation Agreement Middle and 
South Fly Health Program area shaded (*approximation only).
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one with men and one with women (Table 2). 

Key informant interviews with health 
workers 

As each selected health facility only had 
between 1 and 5 health workers, all available 
health workers at the time the study team 
visited were invited to participate in a semi-
structured interview.  The interview focused 
on exploring the activities that the VHVs had 
undertaken, and how the VHV Program could 
be improved. 

Key informant interviews for the VHV 
Program  

VHVs and VHV trainers located in villages 
and a centrally located VHV coordinator were 
invited to participate in a semi-structured 
interview.  The interview topics included 
activities undertaken since receiving VHV 
training, interaction with the supervising 
health facilities, and barriers and enablers to 
undertaking VHV work. 

Focus group discussions with 
communities 

Focus group discussions allow for 
documentation of perceptions where 
participants can build on others’ comments 
and identify issues of most relevance or 
significance to the group (27).  Focus group 
discussions were carried out for one group 
of 10 adult males and one group of 10 adult 
females in each of the selected villages.  All 
participants were 18 years or older and were 
selected to cover a range of age groups.  
The following topics were covered in the 
focus group discussions: activities VHVs had 
undertaken, barriers and enablers to VHVs 
carrying out their work from a community 
perspective, community support for VHVs and 
what they thought VHVs required to improve 
their work. 

Data analyses

Interviews and focus group discussions 
were conducted in English or Tok Pisin with 
the assistance of an interview/focus group 
discussion guide with questions and prompts 
by two trained evaluators (authors LS and DA).  
The interviews and focus group discussions 
were recorded with an audio recorder.  The 
interviews and focus group discussions were 
transcribed, translated if not in English, and 

uploaded into NVivo (QSR International, 
2011).  Inductive thematic analyses were 
conducted by one author, EF, whereby 
themes were identified from the transcriptions 
without a prior framework nor an extensive 
search of the literature (28).  Common 
themes or patterns across interviews and 
group discussions were sought as well as 
differences between different participants and 
participant groups (28).

Ethics

All key informants and focus group 
discussion participants provided written 
informed consent.  The study was reviewed 
and approved by the PNG Medical Research 
Advisory Committee (MRAC No 15.08) and the 
University of New South Wales (HC15466).

Results

Key informant interviews were carried out 
with seven VHVs, three VHV trainers and 
eight health workers, and eight focus group 
discussions with 10 people per group across 
4 villages (one male and one female focus 
group discussion per village) were conducted 
(Table 2).

Themes from the qualitative data 

The main themes drawn from the qualitative 
data highlighted the conflict between the 
designated duties of a VHV and actual 
duties reported by VHVs, health workers and 
community members.  In addition, issues of 
incentives and remuneration, community 
support for VHVs and participation in VHV 
activities, and the relationship of the VHV 
Program to the health system, especially 
for medical supplies, transport, training 
and supervision, were common topics of 
discussion.

1. Conflict between the designated duties 
of a VHV and actual duties reported by 
VHVs, health workers and community 
members 

The VHVs and trainers interviewed reported 
undertaking a range of activities in line with 
their expected role: assisting community 
members who are sick to get to the health 
facility; assisting the community to build toilets, 
bathrooms, dish racks, rubbish pits; nutritional 
gardening; conducting awareness on health 
issues; encouraging mothers to attend the 
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TABLE 2

numBer of focus group Discussions AnD interViews By locAtion

Location Community 
focus group 
discussion

Interviews

Village 
health 

volunteer

Village health 
volunteer 

trainer

Health 
worker

Region 1 locations
Health subcentre and village 1 2 1 2 1
Village 2 2 - - -
Aid post - - - 1

Region 2 locations
Health subcentre - - - 5
Aid post and village 1 - 1 - 1
Village 2 2 3 1 -
Village 3 2 1 - -
Village 4 - 1 - -

Total 8 7 3 8

health facility for child health checks; and 
providing first aid.  Several of the focus group 
discussions across villages did initially say 
that the VHVs were not active, but on further 
querying it appears that the VHVs were active, 
but not necessarily doing the activities the 
community had expected; for example, one 
focus group discussant described activities 
that had not been anticipated, though they 
were in line with the role (awareness, keeping 
the community clean).  This may be due to 
a perception from both the community and 
health workers that the work of VHVs is 
similar to that of health workers working in a 
health facility.  For example, when asked what 
could be done to improve the work of VHVs, 
one community suggested to build an aid post 
for the VHV to work in.  

I want the aid post to be here in [Village 
name], so that we’ll send these village 
health volunteers for training so that they 
will come and help us over here. (Female 
focus group discussion 1)

In some instances, the work described by 

the VHVs themselves was clinical, beyond 
that of the role of a VHV.  Some VHVs cited 
working in a health facility, rather than doing 
community-based work, assisting Maternal 
and Child Health Clinics with the health 
workers, cleaning the health facility and 
assisting women in labour in the village and at 
the health facility. 

That sister gives me that key in the 
afternoon. When it is night duty I take over. 
How long I sit with that woman when she 
delivers, that’s my work. But I don’t give 
her medicine. When everything is cleared 
I don’t give her medicine. I just leave her 
and tell her that sister will come and help 
you. I go back and tell sister everything is 
done.  (VHV 7)

The VHVs are to supervise births only if 
necessary but their main role in maternal 
health is to encourage and accompany 
women to the health facility to give birth.  
However, from the interviews with VHVs and 
health workers and the community focus 
group discussions it appears that they are 
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regularly supervising births either in the 
village or assisting health workers in the 
health facilities.  In one instance, there was 
only one health worker and the VHV provided 
assistance to women who are in labour during 
the evenings.  Another health worker, male, 
who cited the VHVs assisting with births in the 
village, reasoned that the women prefer to be 
attended to by another woman. 

Sometimes mothers used to get frightened 
and scared. They get frightened to a man 
to help. They feel a female can train up to 
feel that they can help each other. (Health 
worker 2) 

Furthermore, two health workers expressed 
that VHVs required more clinical training, for 
example, in treating illness in the community 
or being trained in a health facility.  However, 
some VHVs and health workers were clearer 
about the VHV role not being about providing 
clinical care, but rather on prevention. 

We are not allowed to practise medicine, 
but we give advice only, to look after 
themselves when they are in need.  (VHV 
trainer 6) 

We don’t get support from them (health 
workers), but they send the word for us, 
or they tell us to go and help them in the 
hospital. But we say that we did not train 
for that, we are trained on the prevention 
side, not the curing.  (VHV 4)

2. Incentives and remuneration

While the VHV position is not a paid 
position in Papua New Guinea, a common 
theme from VHVs and a couple of the health 
workers and from community focus group 
discussions, all in different locations, was that 
there should be financial compensation for 
VHVs in recognition of their work.  A majority 
of the VHVs expressed the desire to be paid 
for their work.  One VHV saw the lack of pay 
as a disincentive when comparing their work 
to that of a paid health worker. 

I want to do that work but in other side I 
say, I can do all the work but I am not paid. 
That’s the part sometimes it puts me down 
as I am not paid. You are giving me this job 
every time, and I’m finding it hard… You 
[health worker] are paid for it; I am not paid 
for it.  (VHV 7)

A couple of the male focus group 
discussions raised the point that VHVs should 
receive some financial support. 

The VHVs themselves, to my observations, 
they are really struggling and facing 
hardships, like they are not paid.  (Male 
focus group discussion 1)

Another thing I found out was that these 
volunteers need to be paid too because 
they will improve their work.  (Male focus 
group discussion 2)

Interviews with the health workers revealed 
that some health workers were informally 
making payments to the VHVs for their 
services.  

They have a rate of, especially with 
deliveries, it’s 20 kina per mother…. as a 
gift because they are volunteers for the 
village. They are not any sort of a paid 
health worker.  (Health worker 8) 

Another health worker paid the VHVs 
similar rates (20-30 kina) for services.  When 
queried as to why, they replied: 

I feel sorry for them, so I say okay, I’ll help 
you just for this.  (Health worker 1)

Generally, the reasons provided for 
payment for VHVs was for recognition for their 
hard work and their time spent doing activities 
which limited their time for collecting food and 
caring for their families. 

In addition to comments on financial 
remuneration, one health worker stated that 
VHVs could be remunerated through non-
monetary incentives that would specifically 
support the VHVs to undertake their work.  

Like buy whatever they need like soap 
and all that stuff. For the community also, 
they should be supporting, giving at least 
food or that to keep them going to help the 
community.  (Health worker 4)

3. Community support for VHVs and 
participation in VHV activities

The community members were largely 
appreciative of the work of the VHVs and 
noted the changes in the village, particularly 
with the construction of toilets, showers and 
hand washing facilities.  There was also an 
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appreciation from community members of 
the VHV work focusing on health promotion.  
While the VHVs generally felt that they were 
well supported by the community, some VHVs 
noted that some community members did not 
listen to them or participate in their activities.  
One VHV offered a reason for a lack of 
community support: 

We are in the village, we are hunters 
and gatherers. So some parents or some 
families, they can stay at home and some 
they go out looking for food.  (VHV 6)

One focus group discussion described 
poor health as a barrier for communities to 
participate in the VHV activities and also family 
obligations of the VHVs themselves creating a 
barrier for them to carry out their work. 

If I have tooth pain, how can I help myself 
and go and do this work.  (Male focus 
group discussion 2) 

But the bad side of it I see is that, they are 
married, sometimes when their children 
they are short of sago, they go to the bush 
and leave the work. That’s one of the bad 
side of it I see. Maybe single is okay.  (Male 
focus group discussion 2)

These quotes indicate that providing for 
families is both a factor in the VHV’s ability 
to undertake the work and the community’s 
ability to participate in and support VHV 
activities. 

4. VHV support from the health system

The support VHVs received or would like to 
have received from the health system was the 
final theme identified.  Within this main theme, 
the sub-themes of medical supplies, transport, 
training and supervision were identified. 

Lack of access to medical supplies was 
often cited by VHVs as an issue that affected 
their ability to undertake their work.  Although 
the issue of medical supplies was not raised 
directly in the community focus group 
discussions, one focus group noted that if the 
VHVs do not have supplies for first aid, they 
cannot carry out their work.

If they send the supply from [the program] 
yes that’s the time they will help us, like sick 
person there or any big cut they will come and 
help. But if they have nothing, or no supply…

they will only help the people to take them 
to the hospital, subcentre there.  (Women’s 
focus group discussion 1)  

Another common need cited by VHVs and 
VHV trainers was transport.  For VHVs the 
need was for transporting patients to health 
facilities.  The VHV trainers, who may be 
located in a different village from the VHVs 
they are required to supervise, cited the need 
for transport to go and supervise their VHVs 
in the communities.  For VHV trainers located 
near health facilities, even though they had 
access to a dinghy and outboard motor, they 
noted that access to fuel was a problem. 

VHV must have our own transport of the 
communities so that [VHV] trainers, they 
can visit all communities, do what they 
learn and to emphasize again to do it.  
(VHV 1)

More training for VHVs was cited by 
VHVs, VHV trainers, health workers and the 
community members as a need.  VHVs wanted 
refresher training or training that focused on 
delivering health awareness on priority topics.  
VHVs also cited that they needed ongoing 
training.  One VHV trainer noted that revision 
of training should occur more frequently than 
it currently does.  

I would like if we can do some revision 
after three months. At the moment I wait for 
maybe four, five months and then do some 
revision. I really want to go around and try 
to motivate the VHVs to do something on 
the ground.  (VHV trainer 2) 

The VHVs and trainers reported that they 
had variable contact with the health workers 
at their supervising health facility.  The health 
workers that did cite providing supervision 
typically described the supervision occurring 
when the VHVs were working in the facility 
or assisting the health worker with a birth in 
the village.  In some cases, the VHV worked 
independently of the health facility.  One 
health worker did not believe they had a 
responsibility to supervise VHVs: 

I [sort of] supervise them, but they’re not 
there with me. I don’t supervise them.  
(Health worker 2)

Discussion

This study has described the experience of 
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the implementation of the VHV Program in the 
Middle and South Fly Districts of PNG from 
the perspective of VHVs, VHV trainers, health 
workers and community members.  The key 
themes raised by the qualitative findings are 
discussed in this section, in the context of the 
global literature, under the following headings: 
conflict between the designated duties of a 
VHV and actual duties reported by VHVs, 
health workers and community members; 
incentives and remuneration; community 
support for VHVs and participation in VHV 
activities; and VHV support from the health 
system. 

Conflict between the designated duties 
of a VHV and actual duties reported by 
VHVs, health workers and community 
members

The role of a VHV, as defined in the Minimum 
Standards for Village Health Volunteers in 
Papua New Guinea, is to be a link between 
communities and health services; coordinate 
community-based projects and organizations 
in relation to health activities; promote a 
healthy community; and provide support to 
prevent health problems (15).  The VHVs are 
to work primarily in the community in which 
they live.  However, in this study we found that 
some VHVs were routinely working in health 
facilities or there was an expectation from 
health workers and communities that they 
work in a health facility. 

The most common activity that VHVs cited 
was attending to births.  However, in 2014 
the National Department of Health provided a 
directive that VHVs were to refer all pregnant 
women to health facilities to give birth (21).  It 
is likely that the VHVs are assisting women 
to give birth to meet a community need due 
to issues of transportation from communities 
to health facilities, limited human resources 
available at health facilities or a preference for 
a female to assist with a birth rather than a 
male health worker.  Furthermore there may 
also be an expectation from VHVs, health 
workers and the communities that VHVs 
attend to births based on knowledge of the 
previous Safe Motherhood Program that was 
implemented in other parts of the province. 

More broadly, there was an expectation 
from the community and health workers 
that the VHVs work in health facilities.  This 
expectation may be a reflection of community 
need for curative services alongside the 

constrained services available at health 
facilities in PNG (29).  Further, if health 
facilities to which VHVs refer cannot provide 
adequate services, this can be a disincentive 
for VHVs, as identified in India with lay health 
workers (30).  Others have argued that 
inclusion of curative services for a lay health 
worker program can improve lay health worker 
motivation and also acceptance within their 
community (31,32), which has implications 
for the VHV Program in PNG.  While Byrne 
and Morgan (2011) outline potential for a 
larger role of VHVs in curative services in the 
critical areas of maternal and child health, 
such expansion of their role would have 
to be accompanied by greater integration 
with and support from the health system 
(33).  Considering the challenges with health 
system support identified from this study, 
expansion of the role to curative services may 
be challenging in PNG.  While the community 
and health workers were briefed on the role of 
VHVs at the initiation of the program, perhaps 
ongoing clarification of the VHV role is required 
to ensure that community and health worker 
expectations are in line with the intended role 
of VHVs.  This will also ensure that VHVs are 
not undertaking activities that are beyond their 
role and ability, for example taking on duties of 
a formally trained health worker.  Alternatively, 
the role of VHVs may need to be reviewed.

Incentives and remuneration

In this study there was a desire from VHVs, 
the community and health workers that there 
should be some sort of financial incentive for 
the work of the VHVs.  Indeed, some health 
workers reported that they were already 
providing a fee for VHV services from their 
own salary.  Incentives are vitally important 
to the sustainability of lay health worker 
programs, recognizing that lay health workers 
usually have low incomes and the time spent 
doing work takes them away from other 
activities used to support themselves and 
their families (eg, gardening), as identified 
in this and other studies (34).  Furthermore, 
in PNG the ‘wantok’ system, which solicits a 
strong sense of obligation between people 
from the same clan or extended family, may 
prioritize family duties over VHV duties (35).  
While the World Health Organization and 
literature suggest that lay health workers are 
to be paid to improve retention and motivation 
(1,32,36), Glenton et al. (2010) argue that 
the evidence for this view is weak and cite 
the lay health worker program in Nepal with 
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no remuneration but a very low attrition rate 
(5%) (37).  The authors suggest that this is 
potentially due to the culture of volunteerism 
and the provision of non-financial incentives 
that meet the needs of the lay health worker 
(37).  Further, remuneration requires a system 
to enable regular payment.  Irregular payment 
can lead to attrition and demotivation as the 
remuneration may be their sole source of 
income (38,39).  Remuneration is likely to 
be difficult in PNG, due to limited financial 
resources and the complexity of enabling a 
regular system for payment. 

The PNG VHV policy discourages payment 
of cash to VHVs, and other non-financial 
incentives are to be determined at the local 
village level (15).  The VHV policy states 
that such incentives should be agreed upon 
at the village level (20).  However, there are 
incentives identified in other settings that a 
community is not likely to be able to provide to 
a VHV, such as job aides, supplies, ongoing 
training and a career pathway into the formal 
health sector (40,41).  There needs to be 
an understanding by the health sector and 
VHV Program implementers of the VHV 
motivations and link to incentives in the 
context of PNG (37).  Appropriate incentives 
may contribute towards addressing the issue 
of VHVs’ obligations to family as a barrier to 
their VHV work.

Community support for VHVs and 
participation in VHV activities

Community support is clearly a factor in 
sustainability of lay health worker programs 
(1,34,40).  The community can be a source of 
motivation to become a lay health worker as in 
the community they are valued and have social 
prestige and credibility, and the community 
provides recognition for the lay health 
workers’ activities (34).  Lack of community 
participation can be a demotivator leading to 
attrition in lay health worker programs (34).

The VHV Program in PNG fosters community 
support through involving the community in the 
selection of VHVs from among its members 
and through a needs assessment at the 
community mobilization stage to guide VHV 
activities.  The literature supports community 
selection of VHVs as the community is likely 
to select people that are already trusted and 
supported by the community (32,42,43).  In 
East Sepik Province in Papua New Guinea, 
community members were more likely to seek 

treatment for their febrile child if the VHV had 
higher social capital, specifically social capital 
obtained through links with people in formal 
positions outside their village (44).  Identifying 
people who are well linked outside their village 
could potentially be a criterion for selection 
of VHVs to improve community engagement 
and participation.  In this study, some VHVs 
from different locations cited that there was 
low participation from the community in their 
activities.  While community selection of 
VHVs did occur, one VHV suggested there 
was a barrier for community participation in 
VHV activities due to their own commitments 
to providing resources to their family.  Other 
explanations for low community participation 
were not identified from the interviews in this 
study and is an area for further investigation.

In this study, one focus group discussant 
suggested that married VHVs may have 
difficulties in finding time to do their work.  In 
Solomon Islands, when younger lay health 
workers married they were more likely to drop 
out than older, married workers (38).  In a 
systematic review the evidence on the effect 
of marriage on retention was mixed (32).  The 
issue may in fact be around time available to 
contribute to VHV activities in the context of 
household obligations as lay health workers 
with fewer household duties were more active 
in Kenya and Bangladesh (32,45,46).

VHV support from the health system 

Shortage of supplies, inadequate or 
irregular supervision, lack of transport, 
insufficient initial and ongoing training and 
inadequate linkage to the health system 
have been identified as issues in the current 
study, and have been well documented as 
factors impacting lay health worker motivation 
and program sustainability and scale-up in 
other country contexts (29,32,34,40,47,48).  
These issues are reflective of the challenges 
experienced in the PNG health system overall 
and in other low-resource settings.  The 
concerns raised about poor supervision of lay 
health workers in the 1980s (11) and more 
recently in the review of VBAs (16) in PNG 
was again raised in this study. 

Supervision has been demonstrated as a 
factor for maintaining motivation of lay health 
workers (39,40) and is associated with better 
performance (49).  The evidence on the 
effectiveness of supervision approaches is 
limited, but good supervision should generally 
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involve supportive approaches, community 
monitoring, quality assurance and problem 
solving (50).  Potentially, specific training for 
supervisors of VHVs, ie, health workers at 
nearby health facilities, on their supervisory 
role may be useful as the attitude of the 
supervisor and the quality and frequency of 
the supervision are important for lay health 
worker retention and performance (29,32).  
While technological solutions for improving 
supervision, such as mobile apps and mobile 
phones among closed user groups (group 
members can make unlimited calls to other 
group members), have been trialled, they 
did not result in improved supervision, job 
satisfaction or motivation in Sierra Leone 
(51).  Frequent supervision of VHVs by health 
workers should be planned and budgeted for, 
including budget for travel to VHVs in their 
communities.  As health workers need to travel 
to villages where VHVs are located to conduct 
outreach clinics, efficiencies may be gained if 
supervision were to occur in conjunction with 
outreach clinics. 

Limitations

There are several limitations to this study.  
Firstly, we attempted to interview at least 
10 VHVs, but as the interviewers were only 
in a village for a brief period, not all VHVs 
were available for interview at the time of 
visit.  Secondly, the review of literature was 
largely limited to publicly available literature.  
For lay health worker programs there is 
likely to be a plethora of evaluations that 
may not be publicly available.  Despite these 
limitations, the combination of qualitative data 
triangulated from multiple perspectives (VHVs, 
VHV trainers, health workers and community 
members) is a strength for discussing issues 
with lay health worker programs in the context 
of Papua New Guinea.

Conclusion

There are limited rigorous evaluations 
of lay health worker programs in the global 
literature.  While this study contributes to the 
knowledge of a lay health worker program in 
PNG, it is not a comprehensive evaluation.  
VHVs are integral to the implementation of 
the National Health Plan (18) and improving 
access to health care in rural and remote 
populations in PNG, yet there are no VHV-
specific indicators in the National Health 
Monitoring and Evaluation Plan (52). 

There is a need to understand attrition 
rate, length of time in service and factors 
affecting VHV retention in PNG in order to 
plan for ongoing recruitment and training.  An 
evaluation of a lay health worker program 
in Solomon Islands identified that lay health 
workers worked on average 4.9 years and 
over a 13-year period there was a 47% attrition 
rate (38).  While there are some VBAs in PNG 
who have provided services for decades (16), 
we do not know the attrition rate and average 
length of service for the VHV Program in PNG.  
A minimal set of nationally agreed indicators 
and targets, with data collection integrated 
within the existing National Health Information 
System, should be considered.  The data 
from the National Health Information System 
can potentially be reportable at a village level, 
which previously has not been possible, if the 
recent pilot of a mobile reporting platform is 
rolled out nationally (53,54). 

This study provided the perspectives of 
VHVs, health workers and the community on 
the VHV Program in Western Province, PNG.  
The main themes identified were conflict 
between the designated duties of a VHV and 
actual duties reported by VHVs, health workers 
and community members; community support 
for VHVs and participation in VHV activities; 
incentives and remuneration; and VHV 
support from the health system, specifically 
for supplies, training and supervision.  This 
study offers considerations for the National 
VHV Policy in PNG.  In order for the VHV 
Program to be sustained, VHVs must be better 
integrated into the health system in order to be 
provided with adequate supervision, ongoing 
training and medical supplies.  Community 
participation and support, through selection of 
community members for VHV training, active 
engagement in the activities of VHVs and 
provision of appropriate incentives for time 
spent doing VHV activities, is also vital for the 
success of the VHV program. 
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Assessment of antibiotics prescribed to patients with peripheral 
lymphadenopathy referred for fine needle aspiration biopsy at Port 
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SUMMARY

The pattern of antibiotics prescribed to patients with peripheral lymphadenopathy was 
assessed and compared with existing standard treatment guidelines (STGs) in Papua 
New Guinea (PNG).  Information was obtained from patients referred to the Port Moresby 
General Hospital for fine needle aspiration biopsy by interviewing patients and reviewing 
patients’ clinic attendance record books and referral letters.  Of the 107 patients recruited 
for the study, 51 (48%) were prescribed antibiotics and, of these, prescription data were 
obtained from 40 (78%).  Amoxycillin, which is recommended as a first-line antibiotic for 
peripheral lymphadenopathy in PNG STGs, was prescribed in only 18/40 patients (45%).  
There was also high variability in other antibiotic selection, antibiotic combinations and 
treatment duration.  The results highlight a need for ongoing training on rational antibiotic 
prescribing.
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Introduction

Peripheral lymphadenopathy is a common 
presentation at the primary health care 
setting and in most cases careful clinical 
examination reveals the primary pathology.  
The pathological causes are determined 
by disease epidemiology varying between 
tropical and non-tropical countries as well 
as between children and adults (1-5).  
Mycobacterium tuberculosis infection (MTB) 
is a common cause for peripheral lymph node 
enlargement in Papua New Guinea (PNG), 
where MTB is endemic (6,7), but lymph node 
enlargement can also be caused by other 

infections and malignancy such as lymphoma 
and leukaemia (8,9).  The common causes 
for peripheral lymphadenopathy amongst 
children in PNG include acute infections, 
tuberculosis and malignancy (8) whereas 
in adults the frequent causes are MTB, HIV 
(human immunodeficiency virus) infection, 
skin or other soft tissue infections, filariasis, 
sexually transmitted infections (STIs), 
lymphoma and other malignancies (9).  In 
non-tropical countries acute viral infections 
and malignancies are a frequent cause of 
peripheral lymphadenopathy (5,10,11).

Empirical antibiotic treatment of peripheral 
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lymphadenopathy is guided by the local 
epidemiology of disease, and standard 
treatment guidelines (STGs) have been 
published (8,9).  The guidelines are aimed at 
assisting health workers in treating patients 
with common conditions before referral to 
the hospital for further evaluation (12).  The 
STGs are widely valued by primary health 
care workers in PNG (13,14) but one study 
found that whilst 77% of health workers in 
urban clinics and rural health centres in PNG 
used the paediatric STGs for all conditions 
only 51% followed the guidelines (13).  
Another study assessed the appropriateness 
of prescribing medicine using PNG STGs and 
found inappropriate prescribing (both drug 
selection and dosage) for 39.9% of children 
and 33.4% of adults (14).  The study also 
showed that amoxycillin was the common 
medicine prescribed across the three health 
facilities studied (14). 

Global antibiotic consumption has been 
increasing over several decades.  A study of 
the pharmaceutical sales data of 76 countries 
showed that the antibiotic consumption 
(defined daily doses [DDD]) increased by 
65% and antibiotic consumption rate (DDD 
per 1000 inhabitants) increased by 39% 
between 2000 and 2015.  The rise was 
driven by low- and middle-income countries 
(LMICs), where there was a 114% increase 
(15,16).  It has been argued that the 
increased antibiotic consumption in LMICs 
can be justified because the highest burden of 
infectious disease is in these countries (16).  
In a review of interventions proven effective 
in guiding medicine use in developing 
countries 10 recommendations including the 
use of STGs were made (17).  Standardizing 
treatment approaches promotes judicious 
antibiotic prescription which reduces antibiotic 
resistance (17,18).  In PNG the paediatric 
STG has now been in use throughout PNG 
health facilities for over 40 years and currently 
is in its tenth edition (8,19).  The PNG adult 
STG was last updated in 2012 and is in its 
sixth edition (9).  This paper describes the 
pattern of antibiotics prescribed to patients 
with peripheral lymphadenopathy referred to 
Port Moresby General Hospital (PMGH) for 
fine needle aspiration biopsy (FNAB).  The 
observed prescribing patterns are compared 
with existing PNG STGs.

Patients/Materials and Methods

PMGH is the only tertiary referral hospital 

in PNG and the teaching hospital for the 
University of Papua New Guinea (UPNG) 
School of Medicine and Health Sciences 
(SMHS).  It also serves as the referral hospital 
for primary health care clinics and small 
private clinics in the city and surrounding area.  
The PMGH Pathology Department conducts 
FNAB clinics three times a week and is the 
only routine FNAB clinic within a public health 
facility in PNG. 

Within the framework of a pilot project 
comparing diagnostic performance of Xpert 
MTB/RIF and microscopy in diagnosing 
tuberculous lymphadenitis (7), information 
on antibiotic use was obtained from patients 
referred for FNAB between November 
2014 and August 2015.  Study subjects 
were recruited during one clinic day every 
week.  Both inpatients and outpatients with 
peripheral lymphadenopathy were eligible.  
Every third consecutive patient was selected 
and consenting subjects were examined and 
interviewed using a pre-tested questionnaire.  
Basic demographic data, clinical history, 
site of lymphadenopathy and information on 
antibiotics prescribed, obtained from clinic 
attendance books and referral letters, were 
recorded.  The paediatric population is defined 
as children up to the age of 13 years.  Data 
were  tabulated and analysed in Microsoft 
Excel.  Ethical clearance was obtained from 
the UPNG SMHS Research and Ethics 
Committee and the Papua New Guinea 
Medical Research Advisory Committee 
(MRAC File No 54-6-2).

Results

1080 patients attended the PMGH FNAB 
clinic during the study period and information 
was obtained from 107 consenting eligible 
subjects. 

Referring health facility

Gerehu Hospital had the most referrals 
(32/107; 30%) followed by referrals from urban 
clinics (30/107; 28%), PMGH (27/107; 25%) 
and the TB Clinic (12/107; 11%).  The rest of 
the referrals were from private practitioners 
(6/107; 6%).

Demographic data: age and gender

There were 45 (42%) males and 62 (58%) 
females.  The overall age range was 1.9-70 
years with a median age of 26 years and 
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interquartile range 16-34.5 years.   There 
were 24 children, age range 1.9-13 years, 
median age 8 years and interquartile range 
4.6-10 years.  There were 83 adults, age 
range 16-70 years, median age 27.5 years 
and interquartile range 23-40 years.

Duration of lymphadenopathy 

Most of the patients had lymph node 
swelling for six months (58/107; 54%).  33 
patients (31%) had lymph node swelling for 
one to six months before seeking medical 
attention and 16 patients (15%) presented 
to the clinic less than one month after lymph 
node enlargement. 

Site of lymphadenopathy

The cervical region was the commonly 
involved site (88/107; 82%), followed by 
inguinal (7/107; 6.5%) and submandibular 
region (3/107; 2.8%).  Other sites noted were 
axillary (2/107; 1.8%), preauricular (2/107; 
1.8%), supraclavicular (2/107; 1.8%) and 
submental region (2/107; 1.8%).  One patient 
had a lump over the lumbosacral region.

Antibiotic prescription pattern

Of the 107 patients 51 (48%) had a history 
of antibiotic use.   Of the 51 patients given 
antibiotics, 11 (11/51; 22%) reported that they 
took antibiotics but there was no record of 
this in their clinic attendance books or referral 
letter nor could they recall the name of the 
antibiotic they had taken.  Hence information 
on prescription pattern was obtained from 
only 40 patients (40/51; 78%).  Dosage and 
frequency were not recorded in all of them.  
Only 8 patients had treatment duration 
recorded and, of these, 4 were treated for 5 
days, 2 for one week, and 1 each for 10 days 
and 2 weeks.

Amoxycillin was the most commonly 
prescribed antibiotic (18/40; 45%), followed 
by chloramphenicol (11/40; 27.5%), 
cotrimoxazole (5/40; 12.5%), flucloxacillin 
(3/40; 7.5%), erythromycin (3/40; 7.5%), 
cefaclor (2/40; 5%), doxycycline (1/40; 2.5%) 
and tinidazole (1/40; 2.5%).  1 patient was 
commenced on tuberculosis treatment and 
referred for FNAB.  3 patients (3/40; 7.5%) 
were prescribed two different antibiotics at the 
same time (amoxycillin and chloramphenicol, 
chloramphenicol and cotrimoxazole, cefaclor 
and tinidazole).  2 patients were prescribed 

amoxycillin initially and later prescribed 
chloramphenicol after the completion of the 
initial treatment.

Discussion

In most cases the primary pathology can 
be determined from the clinical history and 
physical examination (5,10,11,20,21).   The 
age of the patient, onset and duration of 
lymphadenopathy, associated symptoms, 
drug history, occupation, place of residence 
and possible environmental exposures, 
sexual history, past medical history and family 
history are all important.  The anatomical 
location of lymph node enlargement, size 
and characteristics (localized or generalized, 
single or multiple nodes, mobile or fixed, 
feature of overlying skin indicating possible 
inflammation, tender or non-tender, general 
consistency) and careful examination of the 
primary draining site will facilitate diagnosis in 
many cases.  Acute onset of lymphadenopathy 
associated with fever may indicate acute 
infections whereas slow progressive non-
tender enlargement suggests possible 
malignancy or chronic infection (11).  The 
head and neck region is a common site for 
peripheral lymphadenopathy so a careful 
inspection of the scalp and oral cavity should 
be done.  Inguinal lymph node enlargement 
may suggest STIs or malignancies (5,10,11) 
but the lower limbs including the toes and 
soles of the feet must be examined as well.  
An enlarged liver or spleen may suggest 
malignancy or chronic infections. 

The PNG paediatric STG outlines a clear 
and concise management approach to lymph 
node enlargement in PNG children and 
broadly categorizes possible causes as acute 
infections, tuberculosis and malignancy (8).   
It recommends careful visual assessment 
of the mouth, teeth and ears for evidence of 
infection if there are enlarged neck glands 
(8).  The recommended initial antibiotic is 
amoxycillin for two weeks but if cellulitis is 
present cloxacillin is the antibiotic of choice for 
two weeks (8).  Drug dosages are presented 
in tables making it easy for fast and easy 
reference.  There is also a brief description 
on the characteristics of lymphadenopathy 
that may be used to differentiate tuberculosis 
from possible malignancy (8).  These features 
ensure that the PNG paediatric STG is suitable 
for use by health workers in rural and urban 
health facilities (13) and reflects what is now 
over 40 years of experience developing the 
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STG (19).  Lymphadenopathy management 
guidelines in the PNG adult STG are more 
detailed compared with the PNG paediatric 
STGs (8,9).  The additional information 
reflects the primary intended users in PNG 
– doctors and health extension officers.  
Indications for referral for further evaluation 
are suspected malignancy, no improvement 
after initial treatment and bleeding tendencies 
(9).  The PNG adult STG does not give 
antibiotic options.  It is left to the prescriber to 
make the appropriate antibiotic selection after 
identifying the most likely primary pathology.  
The PNG adult STG, however, is more 
specific in the pathology investigation options, 
one of which is FNAB, an element missing in 
the paediatric STGs (8,9).

It took over one month for most patients 
to present to clinics in Port Moresby and this 
may reflect a lack of awareness among the 
public that MTB can start as a lymph node 
swelling.  Knowledge about local antibiotic 
susceptibility patterns should be taken into 
account in deciding antibiotic choice but PNG 
data are scanty because of poor microbiology 
laboratory infrastructure (7).  A recent study 
done in Kundiawa Hospital showed that 79% 
of children diagnosed with osteomyelitis who 
had no prior history of antibiotic use had 
methicillin-resistant Staphylococcus aureus 
(MRSA), suggesting community-acquired 
MRSA (22) and strongly indicating the need 
for ongoing antibiotic susceptibility testing 
and surveillance in PNG.  Inappropriate use 
of antibiotics is increasing in developing 
countries, including PNG (17,22,23).  
Although antibiotics recommended in PNG 
STGs are influenced by the cost of the 
medicine, cadre of health worker prescribing, 
clinical experience and accessibility to the 
drug, future STGs revisions need to consider 
the drug susceptibility patterns.  The wide 
choice of antibiotics prescribed with varying 
combinations is a cause for concern and 
highlights a need for ongoing training of health 
care workers on the use of STGs and rational 
antibiotic prescribing. 

This study had limitations.  Information on 
antibiotic use was not obtained from a fifth 
of those that were prescribed and the study 
results thus represent incomplete data but 
we do not think that this has significantly 
influenced the overall study findings.  
Additionally, the study design did not permit 
conducting culture and antibiotic susceptibility 
testing of non-MTB bacterial isolates from the 

FNAB aspirates, which would have provided 
additional information on the microbiology of 
lymph node aspirates.

Conclusions

Amoxycillin appears to be the preferred first-
choice antibiotic for patients with peripheral 
lymphadenopathy by health care workers at 
clinics in Port Moresby.  However, there is 
high variability in antibiotic selection, antibiotic 
combinations and treatment duration.  The 
results highlight a need for ongoing training on 
the use of STGs in PNG and rational antibiotic 
prescribing. 
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SUMMARY

Tuberculosis (TB) continues to be a serious public health problem in Papua New Guinea 
(PNG).  A key element in the prevention and control of TB is for people to have the correct, 
appropriate and relevant information regarding TB and its prevention and treatment.  In 
PNG, there is no published information about the knowledge of TB among the general 
population.  An understanding of people’s knowledge of various aspects of TB is important 
in developing interventions to address the burden of TB.  This study aimed to assess the 
knowledge of TB among the local population in PNG.  We used a cross-sectional study to 
understand people’s levels of knowledge regarding TB in three sites in PNG: Hiri, Asaro 
and Karkar Island.  A total of 1034 people aged 15 years and above participated in this study 
from May to December 2013.  Our study showed different levels of TB knowledge between 
sites 79% of respondents in Hiri, 27% in Asaro and 23% in Karkar correctly identified TB 
bacteria as the leading cause of TB.  The only site at which respondents gave four correct 
symptoms of TB was Hiri (7%).  Coughing out air droplets was identified as the main mode 
of transmission by 84% of respondents in Hiri, 33% in Asaro and 71% in Karkar.  A tiny 
proportion of the participants in Hiri (4%) knew the three correct ways of TB prevention.  
Despite the availability of free TB treatment only 45% of respondents in Hiri, 18% in Asaro 
and 46% in Karkar knew about it.  In Hiri, 58% of the participants knew the TB treatment 
duration of 6-9 months, compared with 36% in Asaro and 33% in Karkar.  A health facility 
was the most common source of TB information in all three sites.  Providing accurate 
and relevant information about TB through public health education strategies is urgently 
required to help in addressing the current TB crisis.
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Introduction

Tuberculosis (TB) continues to be one of the 
deadliest communicable diseases in the world 
(1).  In 2017, the World Health Organization 
(WHO) estimated that 10.0 million people 
developed TB (2) and 1.5 million people died 
of TB globally every year (1).  TB is a major 
contributor to the burden of diseases in low- 
and middle-income countries (1) including 

Papua New Guinea (PNG) and other Pacific 
countries (3).

In PNG, despite having TB control programs 
established since the 1950s (4,5), TB remains 
a serious infectious disease affecting many 
lives (1,2).  According to available data, the 
current PNG TB prevalence rate is 534 per 
100,000 population (6).  A total of 15,002 new 
cases of all types of TB were reported in 2007 
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(7), rising to 25,000 new TB cases in the year 
2012 (5), indicating that there still remains 
a lot to be done to strengthen public health 
interventions in the country. 

Studies in Ethiopia and Vietnam show that 
knowledge, attitude and practices (KAP) are 
key elements in the prevention and control 
of TB (8,9).  Understanding community-level 
knowledge of TB is essential for effective 
prevention of TB in PNG, but there are no 
published TB KAP studies.  This study aimed 
to fill this knowledge gap.

Methods 

Study design, setting and sample 

The PNG Institute of Medical Research 
(PNGIMR) conducted a cross-sectional study 
from May to December of 2013 with funding 
from PNG Liquefied Natural Gas (LNG)-
ExxonMobil PNG Limited.  Three integrated 
Health and Demographic Surveillance 
System (iHDSS) sites were included: Hiri, in 
Central Province, Asaro, in Eastern Highlands 
Province, and Karkar Island, in Madang 
Province.  A total of 32,353 adult population 
(aged 15 years and above) was recorded: 
Hiri (7,455), Asaro (6,485) and Karkar Island 
(18,413).  The three iHDSS sites recorded 
8543 households: Hiri (1691), Asaro (2872) 
and Karkar Island (3980).  These iHDSS sites 
have been described in full elsewhere (10-13).  
Both men and women (aged 15 to 65 years) 
were selected using the PNGIMR iHDSS 
population census records.  One adult from 
each household in each iHDSS site who was 
available was interviewed.  A questionnaire 
was used to collect quantitative data on 
demographic characteristics (gender, marital 
status, education, occupation, smoking and 
betelnut chewing), general knowledge about 
TB (causes of TB, symptoms, transmission, 
prevention, treatment cost and treatment 
duration) and sources of TB information.  We 
defined the four correct symptoms of TB as: 
cough that lasts for three weeks, cough with 
blood, loss of weight and shortness of breath.  
We defined the three correct prevention ways 
as: good ventilation, BCG (Bacillus Calmette-
Guérin) vaccination and covering the mouth 
when coughing or sneezing. 

Data management 

The data for this study were managed at 
the PNGIMR headquarters in Goroka, Eastern 

Highlands Province.  All data were entered 
using Microsoft Access (Window’s version 
2007) and analysed using the IBM SPSS 
(Statistical Package for Social Sciences) 
version 20.

Ethics 

The PNG Medical Research Advisory 
Committee granted ethical clearance for this 
study (MRAC No 10.17).  The Provincial 
Health Authorities of Central Province, Eastern 
Highlands Province and Madang Province 
also gave approval for this study to be 
conducted in their respective provinces.  The 
study participants gave their written consent 
before the interviews were conducted.

Results

Demographic characteristics 

Table 1 presents the demographic 
characteristics of the 1034 study participants 
in the three surveillance sites.  The proportion 
of male participants was 62% overall and in 
Karkar (85%) and Asaro (54%) were higher 
than in Hiri (41%).  In all three sites, the 
majority of participants were married (75%).  
Altogether, 83% of the participants had 
received some formal education, although 
only 23% overall had progressed beyond 
primary education.  In Asaro (85%) and Karkar 
(62%), the most common occupation among 
participants was subsistence farming, while in 
Hiri, housewife (37%) and private employment 
(27%) were the most common occupations.

General knowledge about tuberculosis 

Table 2 shows TB general knowledge in 
the three study sites.  The participants in Hiri 
were better informed than those in Asaro and 
Karkar.  In Hiri, 79% correctly identified TB 
bacteria as the main cause of TB, compared 
with 27% in Asaro and 23% in Karkar.   28% 
of participants in Hiri correctly identified 
three or four TB symptoms compared with 
4% in Asaro and 14% in Karkar.  84% in Hiri 
indicated coughing out air droplets as the 
transmission pathway of the most common 
form of TB (pulmonary) compared with 33% in 
Asaro and 71% in Karkar.  17% of participants 
in Hiri knew two or three preventive methods 
compared with 3% in Asaro and 2% in 
Karkar.  The proportion of those who knew 
that treatment should be free was similar in 
Hiri (45%) and Karkar (46%) and more than 
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TABLE 1

DemogrAphic chArActeristics of stuDy pArticipAnts By site AnD oVerAll

Characteristics Hiri Asaro Karkar Total
n (%) n (%) n (%) n (%)

Study population N = 295 N = 359 N = 380 N = 1034

Gender 
Male 120 (41%) 193 (54%) 324 (85%) 637 (62%)
Female 175 (59%) 166 (46%)   56 (15%) 397 (38%)

Marital Status
Never married   40 (14%)   67 (19%) 31 (8%) 138 (13%)
Married 230 (78%) 258 (72%) 291 (77%) 779 (75%)
Other 25 (8%) 34 (9%)   58 (15%) 117 (11%)

Education 
None   5 (2%) 146 (41%) 28 (7%) 179 (17%)
Grade 1-8 162 (55%) 180 (50%) 274 (72%) 616 (60%)
Grade 9-12 106 (36%) 30 (8%)   56 (15%) 192 (19%)
Tertiary 22 (7%)   3 (1%) 22 (6%) 47 (4%)

Occupation
Subsistence farmer   42 (14%) 304 (85%) 235 (62%) 581 (56%)
Student 15 (5%)   36 (10%)   3 (1%) 54 (5%)
Housewife 109 (37%)      1 (0.3%) 36 (9%) 146 (14%)
Private employee   79 (27%)   6 (2%)   67 (18%) 152 (15%)
Government worker 16 (5%) 10 (3%) 27 (7%) 53 (5%)
Unemployed 11 (4%)      2 (0.6%)   3 (1%) 16 (2%)
Others 23 (8%)   0 (0%)  9 (2%) 32 (3%)

Smoking
Yes 112 (38%) 184 (51%) 290 (76%) 586 (57%)
No 183 (62%) 175 (49%)   90 (24%) 448 (43%)

Betelnut chewing 
Yes 271 (92%) 233 (65%) 352 (93%) 856 (83%)
No 24 (8%) 126 (35%) 28 (7%) 178 (17%)
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TABLE 2

generAl KnowleDge ABout tuBerculosis (tB) Among the stuDy pArticipAnts By site AnD oVerAll

Knowledge Hiri
n (%)

Asaro
n (%)

Karkar 
n (%)

Total
n (%)

Study population N = 295 N = 359 N = 380 N = 1034

Causes of TB 
TB bacteria 233 (79%)   97 (27%)   89 (23%) 419 (41%)
Smoking    7 (2%) 100 (28%)   87 (23%) 194 (19%)
Alcohol   7 (2%)   4 (1%)   4 (1%) 15 (1%)
Betelnut spit  21 (7%)   56 (16%) 26 (7%) 103 (10%)
Poor hygiene   5 (2%)    8 (2%)   57 (15%) 70 (7%)
Illness complication      2 (0.7%)    3 (1%) 23 (6%) 28 (3%)
Sorcery      1 (0.3%)    7 (2%) 25 (7%) 33 (3%)
Don’t know 19 (6%)   84 (23%)   69 (18%) 172 (17%)

TB symptomsa

One correct symptom 113 (38%) 274 (76%)   45 (12%) 432 (42%)
Two correct symptoms  76 (26%) 30 (8%) 231 (61%) 337 (33%)
Three correct symptoms  63 (21%) 14 (4%)   53 (14%) 130 (13%)
Four correct symptoms 20 (7%)   0 (0%)   0 (0%) 20 (2%)

Transmission of TB
Coughing out air droplets 247 (84%) 119 (33%) 269 (71%) 635 (61%)
Incorrect ways identified   48 (16%) 240 (67%) 111 (29%) 399 (39%)

Prevention of TB b

One correct prevention way 152 (52%) 57 (16%) 166 (44%) 375 (36%)
Two correct prevention ways   39 (13%) 9 (3%)   7 (2%) 55 (5%)
Three correct prevention ways  11 (4%) 0 (0%)   0 (0%) 11 (1%)

Treatment cost 
Treatment is free 133 (45%)   65 (18%) 174 (46%) 372 (36%)
Pay to get treatment   69 (23%) 170 (47%)   89 (23%) 328 (32%)
Don’t know   93 (32%) 124 (35%) 117 (31%) 334 (32%)

Treatment duration
6-9 months 171 (58%) 130 (36%) 124 (33%) 425 (41%)
Others  70 (24%) 104 (29%)  79 (21%) 253 (24%)
Don’t know  54 (18%) 125 (35%) 177 (47%) 356 (34%)

aTB symptoms include cough that lasts for three weeks, cough with blood, loss of weight and shortness of breath 
bTB prevention ways include good ventilation, BCG vaccination and covering the mouth when coughing or sneezing 
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double that in Asaro.  Knowledge of the 
duration of treatment was better in Hiri than in 
Asaro and Karkar.

Sources of TB information 

Table 3 summarizes the sources of TB 
information reported by the study participants.  
In all sites, the most common source of 
information was the health facility.  School and 
family or friends were also important channels 
for health education and communication.

Discussion

TB is rated as the country’s third highest 
cause of morbidity and mortality despite 
having a national TB control program (4,14).  
This study demonstrated that despite having 
these long-standing TB control programs in 
the country, knowledge of TB was generally 
poor.  Knowledge varied across the three sites 
and was highest in Hiri, where nearly 80% of 
participants correctly identified bacteria as 
the cause of TB and 28% knew three or four 
symptoms. 

Although our study showed that some 
people knew that TB is caused by bacteria, 
others related the cause of TB to alcohol, 
smoking, poor hygiene, sorcery, betelnut 
spitting and other factors.  This result is in 
agreement with international studies (15-
20).  While it is important to acknowledge that 

TABLE 3
sources of tuBerculosis (tB) informAtion Among the stuDy pArticipAnts By site AnD oVerAll

Sources of TB 
information

Hiri
n (%)

Asaro
n (%)

Karkar 
n (%)

Total
n (%)

N = 295 N = 359 N = 380 N = 1034

Health facility 94 (32%) 139 (39%) 107 (28%) 340 (33%)
Posters/Pamphlets 31 (11%)   49 (14%)   41 (11%) 121 (12%)
Television/Radio     10 (3%)   3 (1%)   3 (1%) 16 (2%)
TB awareness groups     22 (7%)   6 (2%)   85 (22%) 113 (11%)
School     93 (32%)   35 (10%)   38 (10%) 166 (16%)
Family/Friends 42 (14%) 102 (28%)   84 (22%) 228 (22%)
None 3 (1%) 25 (7%) 22 (6%) 50 (5%)

spitting promotes the transmission of TB (21), 
betelnut in itself does not cause TB. 

Our findings demonstrate that the 
knowledge of TB symptoms is poor.  Only a 
small proportion of participants in Hiri (7%) 
and none in Asaro or Karkar identified the four 
correct symptoms.  This finding is consistent 
with studies from other countries where the 
study populations were reported as having 
poor knowledge of TB, including TB symptoms 
(8,22-25). 

Knowledge of the main mode of TB 
transmission was the highest scoring 
parameter, with 61% of respondents correctly 
identifying coughing out air droplets, although 
this figure masked the poor knowledge in the 
Asaro site (33%). 

Findings from Pakistan, Ethiopia and Sudan 
show that around 60% to 80% of participants 
knew that TB was transmitted through 
coughing (24,26,27), and this is similar to our 
study.  Misconceptions about modes of TB 
transmission were common in all study sites.

Knowledge of TB preventive methods 
was poor, with only one-third of respondents 
overall knowing one method, and only 1% 
knowing three methods. This finding is similar 
to that reported in studies from Vietnam and 
Pakistan (9,24).  One possible reason for this 
result is that only a small proportion (23%) of 
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our study participants had a level of education 
above primary.  An association between higher 
education levels and better TB knowledge has 
been reported elsewhere (28).

Surprisingly, knowledge about TB 
treatment cost was poor, with only 36% of 
participants across all sites reportedly aware 
that treatment is free.  Studies from Pakistan, 
China and Kenya reported that people lacked 
knowledge of the free TB treatment policy 
(24,29-31).  This lack of knowledge is likely to 
be a barrier to accessing TB services. 

Only 41% of participants knew the exact 
duration of TB treatment even though TB 
awareness campaigns through the TB DOTS 
(Directly observed treatment, short-course) 
Strategy has been ongoing in PNG since 2007 
(32-34).  A similar proportion was reported in a 
study from Sudan (27).

Hiri participants clearly knew more about 
TB than those in Asaro and Karkar.  During 
the pre-Independence time, Hiri was under 
the Papuan Region Administration.   At that 
time, TB was recognized as an important 
public health disease that was affecting the 
Papuan Region and the Department of Health 
provided services focusing on controlling TB 
(35).  The situation was similar in the northern 
coastal province of Madang (36).  In contrast, 
TB was uncommon in the highlands region in 
the pre-Independence era, and TB programs 
were not a priority (36).  The long history of 
TB in the Papuan coastal region may have 
resulted in coastal people knowing more 
about TB than the highlanders.

Identifying the sources of information 
where people learn about TB is important as 
it provides insights into TB health education, 
health promotion and health awareness for 
the community.  In all sites, a health facility 
was the main source of information.  A study 
from Raihu District Hospital in the West 
Sepik Province showed that intensive and 
repetitious teaching of TB patients using 
simple messages about their disease and 
the consequences of not completing their full 
course of treatment was effective in ensuring 
compliance with the full treatment course of 
TB treatment (37). Apart from health facilities, 
other sources of information such as family/
friends, school, posters/pamphlets, TB 
awareness groups and television/radio were 
identified by our study as potential channels 
of health education.  However, it is a concern 

that few interviewees did actually receive 
complete information from all these sources.  

A study from China showed that people 
had poor knowledge of TB because of poor 
access to health education (29).   An African 
study reported that key knowledge gaps could 
be addressed by TB health education (23).  
During the 20th century in England, there was 
a huge decline in the prevalence of TB even 
before the introduction of antibiotics and BCG 
vaccination (38).  This happened because 
of the improved social conditions, public 
health interventions and education available 
(39).  It is clear that health education about 
TB is indispensable to the fight against TB 
(9,16,22,40). 

This study had data limitations.  We were 
not able to collect all data from the 8543 
households in Hiri, Asaro and Karkar because 
of the small number of clinicians and field 
researchers assigned to the study.  This 
prevented us from doing further analysis and 
thus this paper provides a descriptive analysis 
only.  However, the study provides useful 
information about the knowledge gap of TB in 
PNG.

Conclusion

Our findings suggest that PNG needs to 
re-evaluate its TB health education strategies 
and scale up its TB public health and 
awareness programs.  A priority should be to 
focus on educating people who have been 
diagnosed with TB so that they understand 
the importance of completing treatment and 
of contact tracing.  All TB patients should 
be educated about the dangers of non-
compliance as this is currently the main cause 
of treatment failure and mortality.
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Causes of delayed presentation in patients with diabetic septic foot: a 
short prospective case series study at Nonga General Hospital

JAcKson g. nuli1 AnD iKAu KeVAu2

Surgery Department, Nonga General Hospital, Rabaul, Papua New Guinea and School 
of Medicine and Health Sciences, University of Papua New Guinea, Port Moresby

SUMMARY

Surgical services in Papua New Guinea (PNG) have seen an increase in admissions of 
patients with diabetic septic foot (DSF).  Perception and beliefs about the causes of foot 
ulcer in PNG differ from medical evidence and may play a role in foot-related behaviours 
among DSF patients.  This hospital-based prospective case series study examined the 
reasons for late presentation among 30 DSF patients in Nonga General Hospital from 
October 2013 to October 2014.  Belief in sorcery was the most common cause of late 
presentation.  Those who chose more than one home treatment were the most likely to 
present late, and those who presented late had a higher chance of getting a lower extremity 
amputation than those who presented early.

1 Surgery Department, Nonga General Hospital, Private Mail Bag 3, Kokopo, East New Britain Province, Papua New 
Guinea                                                                                                                                                                       
jackson.nuli2@gmail.com

2 School of Medicine and Health Sciences, University of Papua New Guinea, PO Box 5623, Boroko, National Capital 
District, Papua New Guinea

Introduction

The earliest studies on diabetes mellitus 
(DM) in PNG carried out by Campbell (1) and 
by Hingston and Price (2) in 1962 showed a 
low prevalence.  Over the years the prevalence 
of type 2 DM increased (3), and in the past 15 
to 20 years DM has become a major public 
health concern and is now included in the 
lifestyle disease program in the PNG National 
Health Plan (4).

DM is a leading cause of premature mortality 
and is ranked among the top 10 causes of 
disability world-wide (5).  PNG and other 
Pacific Island countries (PIC) in particular 
are suffering a huge and growing burden of 
diabetes (5).  The burden of amputation has 
also increased.  Effective primary health 
care, specialist care, limb prostheses and 
rehabilitation services are lacking.  Lower 
extremity amputation (LEA) is one of the most 
feared complications of diabetes (5).  Foot 
care is an important strategy and the first step 
towards preventing LEA (6).  Unfortunately 
foot care clinics are not widely available in 
PNG.  Foot care education in PNG lacks 
explicit direction on how to carry out foot care.  

For various reasons, patients in PNG do not 
seek professional help for foot problems.  
Health care workers may have little training 
in foot care education or foot care practices.  
People’s beliefs about foot complications 
may differ from medical evidence and may 
play a role in foot-care-related behaviours.  
These beliefs are not well documented in 
western literature.  Currently there is not much 
literature in PNG regarding people’s beliefs 
about diabetic septic foot (DSF).

The aim of the study was to identify the 
common reasons for the delay in presentation 
of patients with DSF at Nonga General 
Hospital and to see whether they affect 
outcome, particularly LEA.

Patients and Methods

This was a prospective case series 
questionnaire study carried out at Nonga 
General Hospital from October 2013 to 
October 2014 at the Surgical Unit.  30 patients 
(17 females and 13 males) were recruited 
consecutively when they presented with a 
DSF to the surgical ward.  The objective 
of the study was explained to the patients 
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and their guardians.  Information gathered 
included their origin, age, reasons for delay 
in presentation, the use of any western or 
traditional medications, and the time interval 
between ulcer formation and presentation to 
the hospital.  Written consent was obtained 
from the patients or the relatives.  The patient’s 
surgical management was then followed until 
discharge.

Patients presenting with intentional trauma, 
severe sepsis and diabetic coma were 
excluded.  The Statistical Package for Social 
Sciences (SPSS) version 20 was used for 
statistical analysis.

Ethics

The Chief Executive Officer and Director 
Medical Services of Nonga General Hospital 
were informed of the study before the study 
was commenced.

Results

Details of the patients’ origin, reasons for 
delay in presentation and their relationship 
with the length of delay in presentation are 
shown in Tables 1-3.

Belief in sorcery was the most frequent 
reason cited for delay in presentation, and 
on its own was linked to the longest delay in 
presentation.  

The difference in delayed presentation 
between those who had LEA (18 patients) 
and those who did not (12 patients) is shown 
in Figure 1.  The box plot shows a clear 
difference in time to presentation between 
those who had LEA and those who did not.

Discussion

This study showed that late presentation 

TABLE 1

origin of pAtients (n = 30)

Origin of patients n (%)

Gazelle 13 (43.3)
Kokopo   9 (30.0)
Rabaul  4 (13.3)
Other New Guinea island province  4 (13.3)

TABLE 2

reAsons for DelAy in presentAtion Among the 30 pAtients

Reason for delay in presentation n (%)

Belief in sorcery 12 (40.0)
Religious belief   5 (16.7)
Herbal medicines   5 (16.7)
Health centre medicines   5 (16.7)
Logistic reasons 2 (6.7)
Combination of sorcery, herbal medicines and religious belief 1 (3.3)
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TABLE 3

reAsons for DelAy in presentAtion AnD how long Before pAtients presenteD to the hospitAl

Reason for delay in presentation How long before patients 
presented to the hospital

(mean in days)

Belief in sorcery 17
Religious belief 11
Herbal medicines 13
Health centre medicines 17
Logistic reasons 15
Combination of sorcery, herbal medicines and religious 

belief 22

Figure 1.  Box plot showing the relationship between late presentation and amputation. 

was common in patients presenting with 
DSF and that delay was associated with 
LEA.  Belief in sorcery was the most common 
cause (40%) of late presentation, followed 
by religious belief, use of herbal medicines, 
use of health centre medicines and lack of 
logistical support.

 Those patients who had taken standard 
antibiotic treatment at the health centres still 
made up 17% of those who presented late.  
This showed a lack of urgency in referral.  
One of our patients who chose more than one 
remedy at home to treat his septic foot took 
longer to present to hospital than the others.
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Conclusion

In PNG, people’s beliefs and perceptions 
about certain illnesses like DM or other 
chronic illnesses may differ from the scientific 
knowledge of western medicine.  These 
beliefs can affect the surgical management of 
these patients and contribute to the increasing 
burden of disability.

The challenge in PNG today is to put more 
emphasis on awareness of and education 
about diabetes mellitus and its complications, 
especially in the primary health care setting.  
Training of primary health care workers 
regarding the need for urgent referral is also 
important.
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Adoption and feeding practices among children aged 0-3 years presenting 
to health facilities in the Southern Highlands of Papua New Guinea: a 

descriptive study
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SUMMARY

Child adoption is common in Papua New Guinea (PNG), but little is known about current 
practices.  This study describes the adoption and feeding practices among children up 
to 3 years of age, identified by both community-based and health facility recruitment 
in the Southern Highlands of PNG over a 6-month period in 2017.  85 adopted children 
were identified: 61 (72%) had been customarily or informally adopted and 24 babies (28%) 
had been sold for cash.  Most (93%) were adopted at less than 1 year of age, and two-
thirds in the neonatal period.  73 mothers (86%) had poor knowledge of the adoption 
laws and processes, and 56 (66%) had poor knowledge of infant feeding practices.  8% 
had moderate and 9% had severe malnutrition.  The common reasons for adoption were: 
family breakdown because of divorce, separation or the practice of polygamy; mothers 
who had too many children or wanted to adopt children; teenage pregnancies; and de 
facto relationships.  56 of the adopted children were weaned before 6 months of age, and 
23 before 4 months of age, most onto a diet consisting of a limited range of fruits and 
vegetables.  Ensuring the rights of adopted children to legal protection, optimal nutrition, 
care and education is essential.  Knowledge of and adherence to customary adoption 
laws, involvement of social welfare, and infant and young child feeding practices all need 
to be strengthened in communities, especially in the rural areas.
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2 jkali1043@gmail.com 
3 School of Medicine and Health Sciences, University of Papua New Guinea, PO Box 5623, Boroko, National Capital 
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Introduction

Child adoption in various forms occurs in 
Papua New Guinea (PNG) and most other 
countries.  In a legal sense adoption is a 
process that transfers the legal rights and 
responsibilities of parenthood from a child’s 
birth parents to a new set of (adoptive) 
parents.  The formal process of adoption 
is governed by rules, involving selection of 
appropriate adoptive families, and carries 
certain rights and responsibilities to provide 
care, nurture, nutrition, education and a safe 
home environment.

There are several notable cultural 
variations in the nature and practices of 

adoption, including varying degrees of 
formality and legal status.  Sometimes a child 
whose biological parents are unable to care 
for him/her is cared for by an acquaintance 
or relative.  In some countries this would be 
termed fostering, rather than the more legal 
status of adoption.  A child who is fostered or 
subject to an informal carer arrangement may 
not have the same legal and social status as a 
legally adopted child.  While all societies make 
provision for the rearing of children whose 
own parents are unavailable, not all cultures 
have the same system or understanding of 
adoption as in the Western sense.

The practice of adopting children by a family 
member or close friends as an obligatory  

50-59
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responsibility was common among cultures 
of Polynesia and Melanesia, including PNG.  
When traditional cultural rules are followed 
such adoption practices can be beneficial 
to the child.  However, a study from 2000 in 
the Western Highlands Province showed that 
only 8 out of 100 adopting mothers had any 
knowledge of formal adoption procedures, and 
only 2 of these had adoption forms approved 
and signed at a welfare office (1).

The adverse consequences of some 
adoption practices on child health and 
development have long been observed 
in hospitals in PNG.  These often relate 
to nutrition-related illnesses, morbidity 
and increased mortality.  A 2-year audit 
of mortality in Goroka, Eastern Highlands 
Province, identified deaths of 20 children who 
had been informally adopted or abandoned, 
and adoption was a risk factor for severe 
malnutrition and Gram-negative sepsis (2); 
a small hospital-based study, also in Goroka, 
observed that adoption was a risk factor for 
child abuse (3); and a study at Port Moresby 
General Hospital found that the proportion 
of hospitalized children found to be adopted 
(2.6%) was three times that in the Children’s 
Outpatient Department (0.9%), indicating that 
adoption was a risk factor for hospitalization, 
and that gastroenteritis and stunting were 
commonly associated (4).

Poor nutrition due to suboptimal feeding 

practices during the first 1000 days of life can 
cause life-long and irreversible disadvantage, 
with consequences at the individual, 
community and national level (5,6).  The 
PNG Department of Health Infant and Young 
Child Feeding Policy (IYCF) 2014 outlines the 
important feeding practices that prevent poor 
nutrition and its adverse outcomes in a child 
(7).

No recent study has assessed the 
prevalence of adoption and feeding practices 
of adopted children in PNG.  However, in 
general, knowledge in relation to breastfeeding 
and complementary feeding is lacking, 
especially in rural communities (8).

This study aimed to describe the adoption 
practices and the feeding practices in adopted 
children up to 3 years of age presenting at 
the principal health facilities in the Southern 
Highlands of PNG.

Methods

This study was a descriptive study based 
at health facilities in the Southern Highlands 
Province: Mendi General Hospital, Mendi 
Urban Clinic, Mogol Health Centre, Ialibu 
Rural Hospital, Kagua Health Centre, Erave 
Health Centre, Det Health Centre, Nipa Health 
Centre and Kaupena Health Centre (Figure 1).  
Children and families were enrolled between 
March and August 2017.

Figure 1.  Map of study sites in the Southern Highlands Province of Papua New Guinea.
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Recruitment

Recruitment was both active and passive.  
We advised the people in the communities 
served by the selected health centres who had 
adopted children to come and attend a general 
clinic for the study that was to be carried out.  
The study was explained individually to each 
parent and consent was sought to participate 
and be interviewed.   We also identified other 
adopted children who attended the clinics 
because of illness.  Children aged from birth 
to 3 years who were adopted or being looked 
after by a non-biological parent or parents 
were enrolled. 

Data were collected using a standardized 
questionnaire which was filled out during an 
interview with the adoptive mothers.  The 
questionnaire included questions regarding 
the child’s characteristics and previous 
illnesses, the characteristics of the adoptive 
family, the process of adoption, and feeding 
practices. 

Staff involved in the study were trained on 
how to ask whether children were adopted, 
how to interview the guardians and how to 
fill in the standardized questionnaires, and 
had background knowledge of identifying and 
treating malnutrition.  Weight for length/height 
was calculated for all children.  The trained 

staff had weighing scales, and measuring 
tapes to measure the heights.  Data entry 
and analysis were done using the IBM SPSS 
software (version 20) and Microsoft Excel 
(version 2010). 

Results

A total of 85 adopted children were identified 
at the participating health facilities over the 
6-month period, 29 (34%) from Mendi General 
Hospital and 56 (66%) from the urban clinic 
and rural health facilities (Table 1).  37 (44%) 
of the adopted children were males and 48 
(56%) were females.  48 children were infants 
(10 in the neonatal period and 38 between 1 
month and 1 year) and 37 were between 12 
months and 36 months of age.

Most children (n = 59) were well and had 
not previously been hospitalized.  10 had been 
admitted in the past with a lower respiratory 
tract infection, 7 with gastrointestinal infection, 
5 with malnutrition, and 4 with other illnesses.

Most were of normal weight for length/
height: 52 (61%) had a Z-score from 0 to −1 
and 18 (21%) from −1 to −2.  7 children (8%) 
had moderate malnutrition: a Z-score from −2 
to −3.  8 children (9%) had severe malnutrition: 
7 children had a Z-score from −3 to −4 and 1 
child had a Z-score less than −4.

TABLE 1

heAlth fAcilities inVolVeD in the stuDy AnD numBer of ADopteD chilDren 
seen

Health facility Adopted children
N = 85 
n (%)

Mendi General Hospital 29 (34.1)
Mendi Urban Clinic 6 (7.1)
Mogol Health Centre 10 (11.8)
Ialibu Rural Hospital 6 (7.1)
Kagua Health Centre 5 (5.9)
Erave Health Centre 5 (5.9)
Det Health Centre 10 (11.8)
Nipa Health Centre 8 (9.4)
Kaupena Health Centre 6 (7.1)
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Characteristics of adoptive parents

Socioeconomic characteristics of the 85 
adoptive mothers are shown in Table 2.  67 
(79%) of the mothers who adopted children 
were between the ages of 26 and 45 years.  
23 (27%) had no children, while the rest 
already had children before they adopted.  
Nearly half of the mothers (n = 41) had no 
formal education.  The parents of 52% of the 
children were unemployed; the rest were in 
some form of employment, including being 
self-employed.

The processes and reasons for adoption

No parents adopted their baby through 
a legal process.  Most adoptive mothers (n 
= 73) had poor knowledge of adoption laws 
and processes (Table 2).  61 mothers (72%) 
acquired their child through customary or 
informal adoption with no legal process.  24 
mothers (28%) bought their babies, with 
payments of cash ranging from K300 to 
K1000; in some cases pigs were given in 
exchange for a baby.

Most children were adopted very early in 
life: 53 (62%) in the neonatal period and 26 
(31%) during later infancy (Table 3). 

There were various reasons why these 
children were adopted as seen in Figure 
2.  28 (33%) of the children were adopted 
customarily due to family breakdown in which 
the biological parents divorced or separated, 
or the biological mother left the children 
because of polygamy practised by her 
husband.  20 (24%) of the adoptive mothers 
had the desire to adopt a child either because 
they had no children of their own or because 
of a specific desire to have a son or daughter.  
In 18 cases (21%) children were adopted 
because the biological mother was a minor or 
wished to go back to school, or the baby was 
born as a result of a de facto relationship.  10 
(12%) of the biological mothers were reported 
as believing they had too many children to 
take care of, and thus gave their child up for 
adoption.  9 (11%) of the biological mothers 
had died or had a chronic illness rendering 
them not able to care for the child, so they 
offered the child for adoption.

Out of the 61 children who were adopted 
customarily, 36 had been adopted by their 
maternal family and 25 by their paternal family 
(Table 4).  Among the 24 children who were 

sold by the biological parents, only one was 
adopted by their maternal family while the 
rest were adopted by people with no blood 
relationship to the biological parents (Table 4).

Feeding practices

Adoptive mothers chose different methods 
to feed their children (Figure 3).  33 (39%) 
chose artificial milk feeds such as S26 formula 
milk (Aspen Nutritionals) and lactogen 
milk (Nestle).  24 mothers (28%) chose to 
breastfeed their child as they found it less 
expensive and always available.  Among 
the mothers who chose to breastfeed their 
adopted infant, 12 used medical drugs 
to induce lactation while 11 used breast 
attachment as the stimulus for milk flow (Table 
5).  The other mothers gave mixed feeds, that 
is, artificial feeds and breastmilk, while others 
gave early solids together with milk feeds.

Most mothers weaned their adopted 
children before 6 months of age (Figure 4).  33 
of the adopted children were weaned between 
4 and 6 months of age and 23 at less than 
4 months of age.  42 of the adopted children 
were given mixed solid feeds of fruits and 
vegetables such as banana and sweet potato 
when weaned (Figure 5).

45 (53%) of the adoptive mothers spent 
between K50 and K100 per week on feeds 
for their adopted children (Table 2).  56 (66%) 
of the adoptive mothers had poor knowledge 
of the proper feeding practices for children 
(Table 2). 

Discussion

Child adoption is an important social and 
legal process recognized in most countries, 
including Papua New Guinea.  In most 
Western countries there are strongly enforced 
regulations governing adoption.  In many 
countries adoption rates have fallen markedly 
for several reasons.  Fewer babies are now 
available for adoption because of the greater 
support for and acceptance of single mothers.  
The past practice of removing children from 
poorly functioning families has been replaced 
by a greater appreciation of the risks of 
removing children from their biological parents 
and social culture.

In Melanesian societies adoption has 
traditionally fulfilled important cultural roles, 
and if properly conducted has benefits to 
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TABLE 2

socioeconomic chArActeristics of the ADoptiVe mothers in the stuDy

Characteristic Adoptive mother
N = 85 
n = (%)

Age (years)
15-25 3 (3.5)
26-45 67 (78.8)
>45 15 (17.6)

Biological children 
0 23 (27.1)
1-3 44 (51.8)
≥4 18 (21.2)

Education level 
No formal education 41 (48.2)
Primary education 27 (31.8)
Secondary education 12 (14.1)
College/tertiary education 5 (5.9)

Employment status 
Unemployed 44 (51.8)
One parent employed 22 (25.9)
Both parents employed   9 (10.6)
Self-employed 10 (11.8)

Expenses in a week on feeds for the adopted child
K10-K50 30 (35.3)
>K50-K100 45 (52.9)
>K100-K300 6 (7.1)
>K300 4 (4.7)

Good knowledge of feeding practices 
Yes                29 (34)
No                56 (66)

Knowledge of adoption law and process of adoption 
Yes                12 (14)
No                73 (86)

Type of adoption 
Formal adoption                  0 (0)
Customary adoption                61 (72)
Purchase of child                24 (28)
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TABLE 3

Age of ADoption

Age Male
N = 37
n = (%)

Female
N = 48
n = (%)

Total
N = 85
n = (%)

Birth to <1 month 25 (68) 28 (58) 53 (62)
≥1 month to <1 year   9 (24) 17 (35) 26 (31)
≥1 year to 3 years 3 (8) 3 (6) 6 (7) 

Figure 2.  The reasons given by the adoptive mother for the biological parents wanting to adopt out their children.

TABLE 4

type of ADoption AnD relAtion to chilD

Type of adoption Relation to child

Maternal family
N = 37 

Paternal family
N = 25 

No blood relation
N = 23 

Customary 36 25   0
Purchase   1   0 23
Legal    0   0   0



Papua New Guinea Medical Journal                                                                               Volume 62, No 1-2, Mar-Jun 2019

56

Figure 3.  The different feeds mothers chose for their adopted child.

TABLE 5

methoD for inDucing lActAtion

Method Adoptive mothers
N = 24
n = (%)

Medical drugs 12 (50)
Breast attachment 11 (46)
Traditional 1 (4)

Figure 4.  The age at which mothers introduced complementary feeds.
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Figure 5.  The different complementary feeds given to wean the adopted child.

the child and to the community.  This study 
shows some concerning social trends, where 
no adoptions were legally sanctioned, and a 
quarter of child adoptions involved illegal baby 
selling.  In this study 72% of the adoptions 
were customary and the biological family was 
related to the adoptive parents, thus indicating 
that customary adoption is still a common 
practice in PNG.  

There were no legal formalities followed 
for any of the adoptions in this study.  The 
adoption law in PNG recognizes customary 
adoption, but specifies that an Adoption 
Certificate should be issued by a local court.  
Section 53 of the 1968 Adoption Act (9) states 
in regard to Adoptions by Custom:

Notwithstanding any other law but subject 
to this section, where a child is or has at 
any time been in the custody of and is being 
or has been brought up, maintained and 
educated by any person or by two spouses 
jointly as his, her or their own child under 
any adoption in accordance with custom, 
then for the purposes of any law the child 
shall be deemed to have been adopted by 
that person or by those spouses jointly, as 
the case may be.

More than 90% of the children were 
adopted at less than one year of age.  This is 
the common practice as seen in the previous 
study done in the Western Highlands Province 
in 2000.  Most parents like to have an early 
closed adoption whereby the adopted children 

do not know they are adopted, and parents feel 
that this helps in parent-child bonding (1).  In 
this study often some sort of crisis precipitated 
the adoption.  Children were adopted because 
parents were separated or divorced, and some 
separations were precipitated by the practice 
of polygamy.  In other cases adoptions were 
precipitated by teenage pregnancy where the 
biological mother had to return to school and 
the grandmother agreed to bring up the child.  
Some adoptions occurred because mothers 
had no children of their own and wanted to 
adopt.  In some of these situations customary 
adoption within families in PNG is considered 
a social obligation of responsibility to take 
care of a child.  This can be an important 
social safety net that can help protect children 
from the effects of neglect or extreme poverty, 
if done with the best interests of the child as 
the overwhelming consideration. 

However, within our study a significant 
practice of illegal baby selling was identified.  
This is a form of human trafficking, and is illegal 
under Section 42 of the 1968 Adoption Act (9).  
The Act states that payment can only be legal 
if it is for medical expenses related to the birth 
or legal costs, and only if written approval for 
such payment is given by the Court.  Based 
on our study this illegal practice of baby selling 
appears to be increasing, since in the study 
done in 2000 in Western Highlands Province 
only one baby was bought for cash (1).

The reasons for the lack of adherence to 
the legal process of adoption are likely to be 



Papua New Guinea Medical Journal                                                                               Volume 62, No 1-2, Mar-Jun 2019

58

several: poor knowledge of the adoption law, 
and a bypassing of the law through ignorance, 
indifference or convenience.  86% of the 
adoptive mothers had poor or no knowledge 
of the adoption laws and the legal process 
of adopting a child.  A contributing factor to 
their poor knowledge in this area is low overall 
educational attainment: 48% of mothers had 
no formal schooling.  There is also a lack of 
awareness from health workers of the laws 
and the safeguards on adoption that ensure 
that children’s interests are protected, and 
this is compounded by the lack of involvement 
of, and resources for, social welfare services, 
especially in rural areas.

The health, welfare and rights of adopted 
children have to be given more emphasis.  
Children who are adopted without any legal or 
welfare protection risk adverse outcomes for 
growth and development, have poor nutrition 
because of poor feeding practices (10), and 
some are at risk of neglect or abuse.

Adopted children may also be denied their 
customary and legal rights in the community.  
For example, some mothers said adopted 
children are not entitled to inherit land.  When it 
comes to payments of bride price for a female 
child, biological parents may demand a share 
of the payment.  There is no protection of the 
customary rights of the children and parents if 
customary adoptions are not certified. 

Optimal nutrition is essential for a child 
in their first 2 years of life for their growth 
and development.  Suboptimal nutrition can 
cause lifelong and irreversible damage with 
consequences at the individual, community 
and national level (5,6).  Two-thirds of the 
mothers in this study had poor knowledge 
of the proper feeding practices outlined in 
the Infant and Feeding Policy of PNG (7).  
This includes exclusive breastfeeding for 6 
months before weaning the infant and an 
appropriate range of complementary feeds 
and a balanced diet.  Babies who are adopted 
early in life risk missing out on the important 
protection afforded by breastmilk, and often 
are exposed to the dangers of bottle feeding.  
In our study 8% had moderate and 9% had 
severe malnutrition.

The type of feed the adoptive mothers 
chose was influenced by their socioeconomic 
background; nearly half of the adoptive 
mothers (48%) had no formal education and 
more than half (52%) of the adoptive parents 

were unemployed.  33 of the mothers used 
artificial formula (Figure 3).  This is expensive 
but available in shops in Mendi, some of 
which also sell infant feeding bottles without 
a prescription from a medical practitioner, 
a practice which is against the PNG Baby 
Feeding Act (11).  24 adoptive mothers chose 
to breastfeed.  Induction of lactation (Table 
5) was successful when using either medical 
drugs or attaching the baby to the breast.  
Augmentation of breastfeeding should be 
encouraged and supported, especially among 
mothers in the rural areas, who cannot access 
or afford artificial milk feeds, and cannot safely 
sterilize bottles and teats. 

56 of the mothers weaned their adopted 
child at less than 6 months of age, and 23 by 
4 months (Figure 4).  This practice is common 
in PNG.  The feeding method chosen by the 
adoptive mothers is influenced by their level 
of understanding, the availability and cost of 
formula feeds, and the lack of involvement 
of health care workers and social welfare 
support services.  Early weaning as observed 
in this study will have detrimental effects on 
the growth, health and development of the 
adopted children.

Limitations

Our study is limited as it is a cross-
sectional study; a longitudinal follow-up study 
would give a better picture of the health and 
development of adopted children over time.  
Although our study was health facility based, 
we actively recruited adopted children from 
the community as the health workers asked 
mothers who had adopted children in their 
catchment populations to attend the clinic.  
Of the children identified because they came 
unwell to the clinic we may have missed some 
adopted children if parents did not admit that 
they were adopted.  We did not investigate the 
population of the study areas and therefore 
cannot say from this study what the prevalence 
of adoption is in the community.

Conclusions and recommendations

Adoption is a common occurrence in 
the highlands of PNG, and has serious 
implications for children.  It is a public health 
problem for children that is often ignored.  
Customary laws of adoption need to be 
strengthened in the community, and there is a 
need for far greater community awareness of 
adoption laws and the reasons behind them.  
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Information should include the customary 
rights of adopted children and the rights and 
responsibilities of the adoptive parents, and 
the legal requirement to have customary 
adoptions approved by a local court.

Social welfare services need to be enlarged 
and strengthened in all provinces to protect 
the welfare of children, including their legal 
rights, optimal health, nutrition, development 
and safety.  It should be totally unacceptable 
within communities, as much as it is illegal, 
to sell or buy babies, and this form of human 
trafficking should be outlawed by families and 
communities, indeed by all sections of society, 
as well as by the law. 
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Mining impact on infant mortality and birth rates: a comparison of two 
rural Papua New Guinean communities 1982-2012
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SUMMARY

Two rural communities in Papua New Guinea, the Wopkaimin, which experienced massive 
socioeconomic development through the Ok Tedi Mine Limited (OTML) commencing in 
1983, and Mt Obree, which was without any major economic project during that time, were 
followed annually since 1982.  83 variables including births and deaths were monitored.  
The crude birth rate (CBR) and infant mortality rate (IMR) were high in both areas at the 
beginning.  IMR decreased significantly among the Wopkaimin only.  The Wopkaimin’s 
CBR increased immediately after mining but declined later, with no significant change in 
Mt Obree.  The influence of various socioeconomic, cultural and environmental factors is 
discussed.  Demographic monitoring at the community level is accurate, economical and 
reproducible.
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Introduction

The collection of accurate demographic 
data to reflect the health of any population is 
problematic anywhere, more so in developing 
countries.  Internationally, the infant mortality 
rate (IMR) is a very sensitive indicator of 
health and socioeconomic status (1).  The 
Wopkaimin are the land owners of the giant 
Ok Tedi Mine Limited (OTML) copper and 
gold mine in Western Province.  Their first 
contact with the outside world was as recent 
as 20 years before the mine commenced.  
Administrative contact and the arrival of the 
mine resulted in massive socioeconomic, 
cultural, physical and lifestyle changes that 
thrust them from the Stone Age to the 20th 
century.  In contrast, the isolated Mt Obree 
people living in inland Central Province have 
had no economic project in their area.  

Methods

 The entire 1032 Wopkaimin and 1318 
Mt Obree comparative populations were 
monitored by the same investigator using 
the same forms and equipment to minimize 
bias.  The field studies were initially done six-

monthly, then changed to annually in 2001 
on economic grounds.  Standard Health 
Department vaccines were given to under-
5-year-old children and pregnant women, 
plus medications to the sick in both areas.  
Each person studied received a small card 
with precise questions, space for specific 
measurements, physical findings, vaccination 
status for those eligible and medications.  83 
variables were monitored including medical 
conditions, physical development parameters, 
socioeconomic and politicocultural indices 
and environmental sanitation.  A separate 
family card was filled with details of husband, 
wife and children, and was updated during 
each visit.  At each village a small book, pen 
and calendar were kept by a literate villager.  
At the front of the book the names, birth dates 
and sex of children born since the last visit 
were recorded.  The names and date of death 
of those who had died since the last visit were 
recorded at the back of the book.  During each 
visit, the book was checked and family cards 
updated.  A new calendar was issued with a 
small practical gift for village bookkeepers.  
Data from the books were used to calculate 
the infant mortality rate and crude birth rate 
(CBR) for each year.  The extended Mantel-

60-66
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Haenzsel test was used to determine trends 
over time.

Results

The calculated infant mortality rates in the 
two study populations for each year from 1980 
to 2012 are shown in Table 1 and from 1982 to 
2012 in Figure 1.  The data show a significant 
decrease in IMR for the Wopkaimin population 
(Χ2 linear trend 81.18, 1 df, p <0.001) but not 
for Mt Obree (Χ2 linear trend 0.87, 1 df, p = 
0.350).

The calculated crude birth rates are shown 
in Table 2 and Figure 2.  The data show a 
significant decrease in CBR for the Wopkaimin 
population (Χ2 linear trend 4.08, 1df, p <0.043) 
but not for Mt Obree (Χ2 linear trend 0.01, 1 df, 
p = 0.194).  

Discussion

Infant mortality rate

In 1980 infant mortalities were appallingly 
high and comparable between the two 
communities: 160.1/1000 for Wopkaimin and 
166.7/1000 for Mt Obree (Table 1).  By 1988 the 
Wopkaimin experienced a dramatic decrease 
in their IMR.  By 2012 it was 7.6/1000 (Table 
1 and Figure 1), a highly significant decrease 
(Χ2 linear trend 81.18, 1 df, p <0.001) and one 
of the lowest in Papua New Guinea (PNG), 
much lower than the national IMR of 57/1000 
(2).   Mt Obree’s IMR in 2012 was 151.1/1000 
with no significant change over 30 years 
(X2 linear trend 0.87, 1 df, p = 0.350).  The 
massive economic development among the 
Wopkaimin, but not the Mt Obree population, 
can explain the ‘demographic transition’, 
as historically postulated by McKeown and 
Record (3) to explain the fall in IMR in Europe.  
Similar falls have been reported for China (4) 
and India (5).  The transition happened after 7 
years of economic change in China, and in the 
Wopkaimin such a transition was observed 
6 years after the major economic change in 
the area.  The Organisation for Economic 
Co-operation and Development (OECD) (6) 
reports that the fall in IMR results from the 
overall impact of economic development 
through improved quality, efficiency and 
effectiveness of health systems, as happened 
among the Wopkaimin.  Improved social and 
physical environment, housing, water supply 
and sanitation occurred in the Wopkaimin 
population (7) but not in Mt Obree.  This is 

similar to the Australian experience, where 
Indigenous populations have higher IMRs 
than the non-Indigenous (8).  The associated 
equitable disbursement of Wopkaimin 
mining royalty money on a per capita basis 
also helped reduce IMR (7).  Reduction of 
endemic malaria is known to reduce IMR, as 
experienced in neighbouring Solomon Islands 
(9)  and in Kenya (10), and malaria infection 
was significantly reduced with the intervention 
of the mining Public Health Team among the 
Wopkaimin (11).

Contradictions

It is known that women’s education is 
important in reducing IMR as supported by 
findings from India in 2013 (5), Uruguay 
in 2014 (12) and elsewhere.  Changes in 
maternal education was clearly not a factor 
in the observations made in this study as 
less than 30% of Wopkaimin and Mt Obree 
women had been to school (7).  Short birth 
intervals are recognized contributors to 
increased IMR in many communities, as 
experienced in Zambia (13) and Vietnam 
(14).  Birth intervals decreased significantly 
(Χ2 linear trend 11.4, p <0.01) among the 
Wopkaimin (7) and against expectations their 
IMR also decreased significantly, as shown 
in Table 1 and Figure 1.  Birth intervals in Mt 
Obree people were unchanged (7) and IMR 
remained high.  This contradictory finding is 
partly attributed to the fact that most of the 
Wopkaimin births were in hospital, similar to 
experience in Uruguay (12).  Most of the few 
infant deaths among the Wopkaimin occurred 
in the two distant villages with no vehicle road 
connection to the hospital.  Out of wedlock 
births are also associated with higher IMR 
(15).  Out of wedlock births were equally high 
in both communities (7) yet IMR remained 
high only among the Mt Obree population.  
Improved services, nutrition and environment, 
effected by economic development among the 
Wopkaimin, were more important influences 
on the changes observed in IMR.

Crude birth rate                                    

The Mt Obree population maintained a 
stable CBR throughout (Table 2 and Figure 
2).  Initially the Wopkaimin CBR increased to 
a high over 50/1000 and remained high for 20 
years before a significant decrease occurred 
(X2 linear trend 4.08, p <0.043).  Several 
factors explain this finding – which is contrary 
to what might be expected.  The Wopkaimin 
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TABLE 1

wopKAimin AnD mt oBree infAnt mortAlity rAtes per 1000 
liVe Births 1980-2012

Year Wopkaimin Mt Obree

1980          160.1 166.7
1981          178.6   55.6
1982          266.6   61.5
1983          227.3   78.4
1984          135.6 265.3
1985          127.0 125.0
1986           142.9 125.0
1987           166.7 200.0
1988             82.0   83.3
1989              29.4 142.9
1990              81.1 153.8
1991              78.4   55.5
1992              67.5 238.1
1993              17.5 100.0
1994              25.1 150.2
1995              24.3 175.2
1996              22.2 100.6
1997    20.3 200.6
1998   39.7 185.1
1999                 41.4 150.3
2000   15.5 161.7
2001                 18.9 100.4
2002                 12.8 160.2
2003                 10.6 135.1
2004   14.5 100.0
2005                     8.2 130.3
2006    20.3 100.2
2007   15.7 150.6
2008   22.8 161.3
2009                 16.1 165.2
2010   20.4 170.7
2011                 12.8 145.4
2012     7.6 151.1

Note: Data before 1983 were obtained by retrospective family information



Papua New Guinea Medical Journal                                                                               Volume 62, No 1-2, Mar-Jun 2019

63

Figure 1.  Wopkaimin and Mt Obree infant mortality rates per 1000 live births 1982-2012.

traditional lifestyle was very harsh, with high 
mortality from diseases and warfare.  The 
sudden arrival of OTML, with the provision 
of a wide range of nutritious food, goods 
and services, dramatically reduced morbidity 
and mortality while the traditional desire for 
a large family and clan to survive remained 
unabated.  The authorities paid part of their 
royalty money on a per capita basis to avoid 
corruption accusations.  The villagers realized 
that the more capita per family, the bigger 
the cheque.  The increasing revenue over 
the years has avoided the dilution effect of 
many capita over fixed revenue.  Due to 
increased royalty money men could afford 
more wives from outside traditional marriage 
areas (7).  In Somalia polygamous marriages 
have been associated with lower fertility than 
monogamous unions (16).  It was thought 
that polygamous marriages act as family 
planning – the husband has to divide his time 
and energy between many wives.  Among 
the Wopkaimin the CBR among polygamous 
unions was as high as that of monogamous 
unions (7).   Wopkaimin men traditionally 
lived and slept in men’s houses, unlike the 
custom in Mt Obree.  Since the 1982 lifestyle 
changes most Wopkaimin men live together 
with their wives and children.  Traditional 
small houses had open space.  The new 
houses have rooms for privacy (7).  In addition 
the Wopkaimin increasingly felt a minority in 
their own land.  The increasing mining and 
expanding squatter populations around them 

forced them to increase their birth rate (similar 
to the French pro-natalist policy just before 
World War 2 when faced with increased 
German population and military force [17]).  
The overall outcome of these fundamental 
changes contributed to the increased CBR.  
It took the Europeans about 150 years to 
experience their ‘demographic transition’ (3); 
South Korea and Singapore (18), like the 
Wopkaimin, experienced this transition in 30 
years.  Angeles (19) reported that nowadays 
it takes 10 years after a decrease in IMR 
for fertility to drop but this is not necessarily 
influenced by economic factors.  Dribe et al. 
(20) also support this view and argue that the 
‘demographic transition’ in Europe was due 
more to family spacing, initially by the upper 
and middle classes and later by farmers.  The 
experience from Sri Lanka and Cuba (21,22) 
demonstrates that CBR dropped in those 
countries without any significant economic 
developments.

Contradictions

It is known that women’s education helps 
reduce CBR, as reported from Pakistan (23), 

coupled with women’s work participation, as 
in Singapore (24).  However, few Wopkaimin 
and Mt Obree women have been to school (7) 
and Mt Obree women do most of the village 
gardening and domestic work (7).  African 
experience shows that urbanization and 
contraceptive use contribute to reduced CBR, 
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TABLE 2

wopKAimin AnD mt oBree cruDe Birth rAtes per 1000 populAtion 
1980-2012

Year                Wopkaimin Mt Obree

1980            25.7 37.8
1981            28.3 36.0
1982            44.5   44.0*
1983            42.6 32.9
1984            55.2 30.8
1985            57.8 34.9
1986            49.4 34.2
1987            41.4 24.1
1988            51.7 28.9
1989            55.2 37.3
1990            29.4 30.4
1991            39.4 31.1
1992            44.2 24.1
1993            41.9 33.7
1994             49.1 29.1
1995             50.4 28.8
1996             40.7 29.9
1997 51.1 31.2
1998 48.7 31.4
1999 39.6 29.8
2000 47.2 29.4
2001    42.1 30.2
2002 39.8 30.1
2003  40.3 20.7
2004 39.2 38.6
2005   35.1 29.8
2006  20.5 30.0
2007 30.1 31.1
2008 39.8 28.7
2009 32.1 32.1
2010  31.8 37.3
2011 34.2 39.0
2012 32.2 39.9

*The result for 1982 Mt Obree is based on family recall records
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Figure 2.  Wopkaimin and Mt Obree crude birth rates per 1000 population 1982-2012.

as was the case in Wopkaimin women in the 
later part of the study period.

Implications 

Accurate birth and death data can be 
collected in rural PNG by community health 
workers at no extra cost.  These are not 
daily events.  Collection of such data takes 
advantage of and validates their local 
knowledge. 
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1 Alotaibi N, Overton S, Curtis S, Nickerson JW, 
Attaran A, Gilmer S, Mayer PM.
Toward point-of-care drug quality assurance 
in developing countries: comparison of liquid 
chromatography and infrared spectroscopy 
quantitation of a small-scale random sample of 
amoxicillin.
Am J Trop Med Hyg 2018 Aug;99(2):477-481. doi: 
10.4269/ajtmh.17-0779. Epub 2018 Jun 7.

Substandard antibiotics are thought to be a 
major threat to public health in developing countries 
and a cause of antimicrobial resistance.  However, 
assessing quality outside of a laboratory setting, 
using simple equipment, is challenging.  The aim 
of this study was to validate the use of a portable 
Fourier transform infrared (FT-IR) spectrometer 
for the identification of substandard antibiotics.  
Results are presented for amoxicillin packages from 
Haiti, Ghana, Sierra Leone, Democratic Republic 
of Congo, India, Papua New Guinea, and Ethiopia 
collected over the course of 6 months in 2017, 
including two field trips with the FT-IR to Ghana and 
Sierra Leone.  Canadian samples were used as a 
control.  Regarding drug quality, of 290 individual 
capsules of amoxicillin analyzed, 13 were found 
to be substandard with total active pharmaceutical 
ingredients (API) lying outside the acceptable range 
of 90-110%.  Of these 13, four were below 80% API.  
The FT-IR reliably identified these outliers and was 
found to yield results in good agreement with the 
established pharmacopeia liquid chromatography 
protocol.  We conclude that the portable FT-IR may 
be suitable to intercept substandard antibiotics in 
developing countries where more sophisticated 
techniques are not readily available.

2 Arnaiz-Villena A, Palacio-Grüber J, Juarez I, 
Muñiz E, Hernández E, Bayona B, Campos C, 
Nuñez J, Lopez-Nares A, Martin-Villa M, Silvera 
C.
Study of Colombia North Wiwa El Encanto 
Amerindians HLA-genes: Pacific Islanders 
relatedness.
Hum Immunol 2018 Jul;79(7):530-531. doi: 
10.1016/j.humimm.2018.04.016. Epub 2018 May 2.

We have studied Wiwa/Sanja Amerindians 
HLA-A, -B, -C, -DRB1 and DQB1 allele requencies 
and extended haplotypes in 52 unrelated individuals 
from ‘El Encanto’ town at Guanachaca riverside.  
High frequency alleles were in general present in 
other Amerindian populations.  Also, three extended 
haplotypes and eight ones were respectively both 
‘new found’ and already described in Amerindians 
from North, Central and South America, including 
Lakota-Sioux, Mayas, Teeneks, Quechua and 
Aymaras.  Analyses of HLA-A*24:02 and -C*01:02 
Wiwa high frequency alleles suggested a specific 
relatedness with another Amerindian and Pacific 
Islander ethnic groups (these two particular alleles 
bearing in high frequencies); they include New 

Zealand Maoris, Taiwanese, Japanese, Papua New 
Guineans, and Samoans among others.  This may 
indicate that selective forces are maintaining these 
two alleles’ high frequency within this wide American/
Pacific area.

3 Bainomugisa A, Duarte T, Lavu E, Pandey S, 
Coulter C, Marais BJ, Coin LM.
A complete high-quality MinION nanopore assembly 
of an extensively drug-resistant Mycobacterium 
tuberculosis Beijing lineage strain identifies novel 
variation in repetitive PE/PPE gene regions.
Microb Genom 2018 Jul;4(7). doi: 10.1099/
mgen.0.000188. Epub 2018 Jun 15. 

A better understanding of the genomic changes 
that facilitate the emergence and spread of drug-
resistant Mycobacterium tuberculosis strains is 
currently required.  Here, we report the use of the 
MinION nanopore sequencer (Oxford Nanopore 
Technologies) to sequence and assemble an 
extensively drug-resistant (XDR) isolate, which is 
part of a modern Beijing sub-lineage strain, prevalent 
in Western Province, Papua New Guinea.  Using 
238-fold coverage obtained from a single flow-cell, 
de novo assembly of nanopore reads resulted into 
one contiguous assembly with 99.92 % assembly 
accuracy.  Incorporation of complementary short 
read sequences (Illumina) as part of consensus 
error correction resulted in a 4 404 064 bp genome 
with 99.98 % assembly accuracy.  This assembly 
had an average nucleotide identity of 99.7 % relative 
to the reference genome, H37Rv.  We assembled 
nearly all GC-rich repetitive PE/PPE family genes 
(166/168) and identified variants within these genes.  
With an estimated genotypic error rate of 5.3 % 
from MinION data, we demonstrated identification 
of variants to include the conventional drug 
resistance mutations, and those that contribute to 
the resistance phenotype (efflux pumps/transporter) 
and virulence.  Reference-based alignment of 
the assembly allowed detection of deletions and 
insertions. MinION sequencing provided a fully 
annotated assembly of a transmissible XDR strain 
from an endemic setting and showed its utility to 
provide further understanding of genomic processes 
within Mycobacterium tuberculosis.

4 Baker AL, Pearson T, Sahl JW, Hepp C, Price 
EP, Sarovich DS, Mayo M, Tuanyok A, Currie BJ, 
Keim P, Warner J.
Burkholderia pseudomallei distribution in Australasia 
is linked to paleogeographic and anthropogenic 
history.
PLoS One 2018 Nov 5;13(11):e0206845. doi: 
10.1371/journal.pone.0206845. eCollection 2018.

Burkholderia pseudomallei is the environmental 
bacillus that causes melioidosis, a disease clinically 
significant in Australia and Southeast Asia but 
emerging in tropical and sub-tropical regions around 
the globe.  Previous studies have placed the ancestral 
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population of the organism in Australia with a single 
lineage disseminated to Southeast Asia.  We have 
previously characterized B. pseudomallei isolates 
from New Guinea and the Torres Strait archipelago, 
remote regions that share paleogeographic ties 
with Australia.  These studies identified regional 
biogeographical boundaries.  In this study, we 
utilize whole-genome sequencing to reconstruct 
ancient evolutionary relationships and ascertain 
correlations between paleogeography and present-
day distribution of this bacterium in Australasia.  
Our results indicate that B. pseudomallei from New 
Guinea fall into a single clade within the Australian 
population.  Furthermore, clades from New Guinea 
are region-specific, an observation possibly linked to 
limited recent anthropogenic influence in comparison 
to mainland Australia and Southeast Asia.  Isolates 
from the Torres Strait archipelago were distinct yet 
scattered among those from mainland Australia.  
These results provide evidence that the New Guinean 
and Torres Strait lineages may be remnants of an 
ancient portion of the Australian population.  Rising 
sea levels isolated New Guinea and the Torres Strait 
Islands from each other and the Australian mainland, 
and may have allowed long-term isolated evolution 
of these lineages, providing support for a theory of 
microbial biogeography congruent with that of macro 
flora and fauna.  Moreover, these findings indicate 
that contemporary microbial biogeography theories 
should consider recent and ongoing impacts of 
globalisation and human activity.

5 Bell S, Kennedy E, Black K, Vallely A, Vallely L, 
Mola G, Kaldor J, Bagita M, Ninnes C, Pomat W, 
Kelly-Hanku A.
Youth-centred research to help prevent and mitigate 
the adverse health and social impacts of pregnancy 
amongst young Papua New Guineans.
Reprod Health Matters 2018 Nov;26(54):5-12. doi: 
10.1080/09688080.2018.1512297. Epub 2018 Sep 
27.

Despite persistent international attention, 
adolescent pregnancy remains a major public 
health concern in low- and middle-income countries, 
like Papua New Guinea (PNG), where health 
inequities related to social and cultural norms, 
gender power imbalance, education and socio-
economic deprivation affect young and unmarried 
women in particular.  In PNG – where there is high 
adolescent fertility, high early childbearing and high 
maternal mortality ratio, and evidence of high rates 
of unintended pregnancy and abortion among young 
people – adolescent pregnancy is a policy priority.  
Yet there are no youth-specific sexual, reproductive 
and maternal health services or community-based 
outreach programmes.  There is limited in-depth 
qualitative data on young women’s and young 
men’s experiences of pregnancy, the social contexts 
within which these pregnancies occur, young 
people’s contraception practices and experiences 
with existing sexual, reproductive and maternal 
health services.  These issues inhibit the design 
and delivery of youth-friendly health services and 
outreach support programmes that could prevent 
or mitigate adverse health and social outcomes 
associated with adolescent pregnancy.  In this 
commentary article, we propose the need for novel 
youth-centred research to inform the development of 
policies, health services and outreach programmes 
that pay honest and respectful attention to young 
people’s lived experiences of pregnancy.  Whilst 

we focus on the situation in PNG, these ideas are 
relevant to diverse low resource settings where the 
harmful impacts of health inequities among young 
people persist and are particularly detrimental.

6 Berg Soto A, Xu Z, Wood P, Sanuku N, Robinson 
LJ, King CL, Tisch D, Susapu M, Graves PM.
Combining different diagnostic studies of lymphatic 
filariasis for risk mapping in Papua New Guinea: 
a predictive model from microfilaraemia and 
antigenaemia prevalence surveys.
Trop Med Health 2018 Dec 4;46:41. doi: 10.1186/
s41182-018-0123-8. eCollection 2018.

Background: The Global Programme to 
Eliminate Lymphatic Filariasis has encouraged 
countries to follow a set of guidelines to help them 
assess the need for mass drug administration 
and evaluate its progress.  Papua New Guinea 
(PNG) is one of the highest priority countries in 
the Western Pacific for lymphatic filariasis and the 
site of extensive research on lymphatic filariasis 
and surveys of its prevalence.  However, different 
diagnostic tests have been used and thresholds for 
each test are unclear.  Methods: We reviewed the 
prevalence of lymphatic filariasis reported in 295 
surveys conducted in PNG between 1990 and 2014, 
of which 65 used more than one test.  Results from 
different diagnostics were standardised using a set 
of criteria that included a model to predict antigen 
prevalence from microfilariae prevalence.  We 
mapped the point location of each of these surveys 
and categorized their standardised prevalence 
estimates.  Results: Several predictive models were 
produced and investigated, including the effect of 
any mass drug administration and number of rounds 
prior to the surveys.  One model was chosen based 
on goodness of fit parameters and used to predict 
antigen prevalence for surveys that tested only 
for microfilariae.  Standardised prevalence values 
show that 72% of all surveys reported a prevalence 
above 0.05.  High prevalence was situated on the 
coastal north, south and island regions, while the 
central highland area of Papua New Guinea shows 
low levels of prevalence.  Conclusions: Our study is 
the first to provide an explicit predictive relationship 
between the prevalence values based on empirical 
results from antigen and microfilaria tests, taking into 
account the occurrence of mass drug administration.  
This is a crucial step to combine studies to develop 
risk maps of lymphatic filariasis for programme 
planning and evaluation, as shown in the case of 
Papua New Guinea.

7 Boghossian A, Wang M, Nagu A, Tong A, Knox D.
Profile of gynaecology surgeries from Western 
Province, Solomon Islands.
Rural Remote Health 2018 Nov;18(4):4630. doi: 
10.22605/RRH4630. Epub 2018 Nov 16.

INTRODUCTION: Evidence is lacking on 
the profile of gynaecological conditions affecting 
women in the Solomon Islands, including the 
availability and quality of surgical management.  
METHODS: Prospective analysis of hospital records 
was undertaken on all patients who underwent 
gynaecological surgery at Gizo Hospital, Western 
Province during a 6-day program led by volunteer 
Australian surgeons.  Patient data on pre-operative 
history, investigation results, performed surgical 
procedures and postoperative recovery were 
collected.  RESULTS: Of the 23 patients who 
presented with gynaecological problems requiring 
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surgery, 20 underwent at least one surgical 
procedure during the study period.  The most 
common presenting symptoms were pain and 
abnormal uterine bleeding.  Median body mass 
index was 27, and 70% of patients were overweight 
or obese.  Two surgeries were cancelled due to 
dengue fever.  The surgeries performed were 
12 vaginal operations, 8 laparoscopies and 9 
laparotomies.  Of surgical specimens collected, 61% 
were sent for histopathology testing.  The median 
duration of postoperative hospital admission was 2 
days (interquartile range, 1 day).  CONCLUSION: 
The Solomon Islands presents a unique profile 
of challenges to surgical practice, including the 
impact of dengue infection on fitness for surgery, 
a mobile patient population dispersed across the 
islands, difficult access to pathology services, and 
increased length of stay.  Despite this, most patients 
had surgical outcomes equivalent to those in a 
developed setting.

8 Burkot TR, Bugoro H, Apairamo A, Cooper RD, 
Echeverry DF, Odabasi D, Beebe NW, Makuru 
V, Xiao H, Davidson JR, Deason NA, Reuben H, 
Kazura JW, Collins FH, Lobo NF, Russell TL.
Spatial-temporal heterogeneity in malaria receptivity 
is best estimated by vector biting rates in areas 
nearing elimination.
Parasit Vectors 2018 Nov 27;11(1):606. doi: 10.1186/
s13071-018-3201-1.

BACKGROUND: Decisions on when vector 
control can be withdrawn after malaria is eliminated 
depend on the receptivity or potential of an area 
to support vector populations.  To guide malaria 
control and elimination programmes, the potential 
of biting rates, sporozoite rates, entomological 
inoculation rates and parity rates to estimate malaria 
receptivity and transmission were compared within 
and among geographically localised villages of 
active transmission in the Western Province of the 
Solomon Islands.  RESULTS: Malaria transmission 
and transmission potential was heterogeneous in 
both time and space both among and within villages 
as defined by anopheline species composition and 
biting densities.  Biting rates during the peak biting 
period (from 18:00 to 00:00 h) of the primary vector, 
Anopheles farauti, ranged from less than 0.3 bites 
per person per half night in low receptivity villages 
to 26 bites per person in highly receptive villages.  
Within villages, sites with high anopheline biting 
rates were significantly clustered.  Sporozoite rates 
provided evidence for continued transmission of 
Plasmodium falciparum, P. vivax and P. ovale by 
An. farauti and for incriminating An. hinesorum as 
a minor vector, but were unreliable as indicators 
of transmission intensity.  CONCLUSIONS: In 
the low transmission area studied, sporozoite, 
entomological inoculation and parity rates could not 
be measured with the precision required to provide 
guidance to malaria programmes.  Receptivity and 
potential transmission risk may be most reliably 
estimated by the vector biting rate.  These results 
support the meaningful design of operational 
research programmes to ensure that resources are 
focused on providing information that can be utilised 
by malaria control programmes to best understand 
both transmission, transmission risk and receptivity 
across different areas.

9 Chandler J.
Fighting a polio outbreak in Papua New Guinea.

Lancet 2018 Nov 17;392(10160):2155-2156. doi: 
10.1016/S0140-6736(18)32931-3.

10 Coscione S, Esau T, Kekeubata E, Diau J, Asugeni 
R, MacLaren D, Steer AC, Kositz C, Marks M.
Impact of ivermectin administered for scabies 
treatment on the prevalence of head lice in Atoifi, 
Solomon Islands.
PLoS Negl Trop Dis 2018 Sep 25;12(9):e0006825. 
doi: 10.1371/journal.pntd.0006825. eCollection 2018 
Sep.

BACKGROUND: Scabies and head lice are 
ubiquitous ectoparasitic infestations that are 
common across the Pacific Islands.  Ivermectin is 
an effective treatment for both conditions, although 
the doses used vary.  At a community level, mass 
drug administration (MDA) with ivermectin is 
an effective strategy to decrease prevalence of 
scabies.  To what extent MDA with ivermectin will 
also reduce prevalence of head lice is unknown.  
METHODOLOGY: Head lice prevalence was 
assessed before and after MDA with oral ivermectin 
(at a dose of 200 micrograms per kilogram of body 
weight) administered on day 1 and day 8.  The 
primary outcome was the change in prevalence of 
head louse infestation at two weeks compared to 
baseline.  Longer term efficacy was assessed three 
months after MDA.  RESULTS: 118 participants 
were enrolled.  Baseline prevalence of active head 
louse infestation was 25.4% (95% CI 18.4-34.0).  
At two-week follow-up, prevalence was 2.5% (95% 
CI 0.9-7.2), a relative reduction of 89.1% (95% CI 
72.7-91.4%, p <0.001).  At three-month follow-
up, prevalence was 7.5% (95% CI 2.7-12.3), a 
relative reduction of 70.6% (95% CI 72.7%-91.4%, 
p <0.001).  Head louse infestation was associated 
with younger age (age ≤10 years: prevalence 
46.7%; adjusted odds ratio compared to adults of 
7.2, 95%CI 2.0-25.9) and with having at least one 
other member of the household with active head 
louse infestation (adjusted odds ratio 4.3, 95%CI 
1.7-11.1).  CONCLUSIONS: Head louse infestation 
is common in the Solomon Islands.  This proof of 
principle study shows that oral ivermectin at a dose 
of 200 micrograms per kilogram can reduce the 
burden of active head louse infestation, offering an 
additional collateral benefit of MDA with ivermectin 
for scabies control.  

11 Cousins S.
Polio returns to Papua New Guinea.
Lancet Infect Dis 2018 Oct;18(10):1071-1072. doi: 
10.1016/S1473-3099(18)30560-7.

12 Craig AT, Joshua CA, Sio AR, Lauri M, Kaldor J, 
Rosewell AE, Schierhout G.
Towards effective outbreak detection: a qualitative 
study to identify factors affecting nurses’ early 
warning surveillance practice in Solomon Islands.
BMC Health Serv Res 2018 Sep 10;18(1):702. doi: 
10.1186/s12913-018-3508-9.

BACKGROUND: Intelligence generated by a 
surveillance system is dependent on the quality 
of data that are collected.  We investigated the 
knowledge, attitudes and practices of nurses 
responsible for outbreak early warning surveillance 
data collection in Solomon Islands to identify 
factors that influence their ability to perform 
surveillance-related tasks with rigour.  METHODS: 
We interviewed 12 purposively selected surveillance 
nurses and conducted inductive analysis on resulting 
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data.  RESULTS: Interviewees were knowledgeable 
and willing to contribute to the surveillance system.  
Constraining factors included the perception that 
surveillance was less important than patient care 
and could be ‘deferred’ during busy periods and 
wide variability in the application of case definitions.  
Motivating factors were frequent in-clinic training, 
formal recognition for good performance, incentives 
and designation of a focal point.  Nurses held mixed 
views about the effect of mobile technologies on 
surveillance practice.  CONCLUSIONS: This study 
identified several challenges to consistent and 
accurate data collection and reporting. Engagement 
of different parts of the health system, including 
human resources and health facilities’ management, 
is needed to address these challenges.

13 Craig AT, Joshua CA, Sio AR, Donoghoe M, Betz-
Stablein B, Bainivalu N, Dalipanda T, Kaldor J, 
Rosewell AE, Schierhout G.
Epidemic surveillance in a low resource setting: 
lessons from an evaluation of the Solomon Islands 
syndromic surveillance system, 2017.
BMC Public Health 2018 Dec 20;18(1):1395. doi: 
10.1186/s12889-018-6295-7.

BACKGROUND: Solomon Islands is one of the 
least developed countries in the world.  Recognising 
that timely detection of outbreaks is needed to 
enable early and effective response to disease 
outbreaks, the Solomon Islands government 
introduced a simple syndromic surveillance system 
in 2011.  We conducted the first evaluation of 
the system and the first exploration of a national 
experience within the broader multi-country Pacific 
Syndromic Surveillance System to determine if it is 
meeting its objectives and to identify opportunities for 
improvement.   METHODS: We used a multi-method 
approach involving retrospective data collection and 
statistical analysis, modelling, qualitative research 
and observational methods.  RESULTS: We found 
that the system was well accepted, highly relied upon 
and designed to account for contextual limitations.  
We found the syndromic algorithm used to identify 
outbreaks was moderately sensitive, detecting 
11.8% (IQR: 6.3-25.0%), 21.3% (IQR: 10.3-36.8%), 
27.5% (IQR: 12.8-52.3%) and 40.5% (IQR: 13.5-
65.7%) of outbreaks that caused small, moderate, 
large and very large increases in case presentations 
to health facilities, respectively.  The false alert rate 
was 10.8% (IQR: 4.8-24.5%).  Rural coverage of the 
system was poor.  Limited workforce, surveillance 
resourcing and other ‘upstream’ health system 
factors constrained performance.  CONCLUSIONS: 
The system has made a significant contribution to 
public health security in Solomon Islands, but remains 
insufficiently sensitive to detect small-moderate 
sized outbreaks and hence should not be relied upon 
as a stand-alone surveillance strategy.  Rather, the 
system should sit within a complementary suite of 
early warning surveillance activities including event-
based, in-patient- and laboratory-based surveillance 
methods.  Future investments need to find a balance 
between actions to address the technical and 
systems issues that constrain performance while 
maintaining simplicity and hence sustainability.

14 Diefenbach-Elstob T, Graves P, Dowi R, Gula B, 
Plummer D, McBryde E, Pelowa D, Siba P, Pomat 
W, Warner J.
The epidemiology of tuberculosis in the rural Balimo 
region of Papua New Guinea.

Trop Med Int Health 2018 Sep;23(9):1022-1032. doi: 
10.1111/tmi.13118. Epub 2018 Jul 5.

OBJECTIVE: Papua New Guinea (PNG) has 
an emerging tuberculosis (TB) epidemic which has 
become a national public health priority.  In Western 
Province, there are few data about TB outside Daru 
and the South Fly District.  This study describes the 
epidemiology of TB diagnosed at Balimo District 
Hospital (BDH) in the Middle Fly District of Western 
Province, PNG.  METHODS: All patients (n = 1614) 
diagnosed with TB at BDH from April 2013 to 
February 2017 were recorded. Incidence of reported 
new cases was calculated for the combined Balimo 
Urban and Gogodala Rural local level government 
areas.  Analyses investigated patient demographic 
and clinical information, differences between 
pulmonary and extrapulmonary TB patients, and 
predictors of treatment failure.  RESULTS: The 
average case notification rate (2014-2016) was 
727 TB cases per 100 000 people per year.  One-
quarter of TB cases were in children, and 77.1% 
of all cases had an extrapulmonary TB diagnosis.  
There was a 1:1.1 ratio of female to male TB cases.  
When comparing pulmonary and extrapulmonary 
TB patients, extrapulmonary TB was more likely 
in those aged up to 14 years and over 54 years.  
Extrapulmonary TB was more likely in new patients, 
and pulmonary TB more likely in previously treated 
patients.  Residence in rural regions was associated 
with treatment failure.  CONCLUSION: There is a 
high burden of TB in the Balimo region, including 
a very high proportion of extrapulmonary TB.  
These factors emphasise the importance of BDH 
as the primary hospital for TB cases in the Balimo 
region and the Middle Fly District, and the need for 
resources and staff to manage both drug-susceptible 
and drug-resistant TB cases.

15 Dixson HGW, Komugabe-Dixson AF, Dixson BJ, 
Low J.
Scaling theory of mind in a small-scale society: a 
case study from Vanuatu.
Child Dev 2018 Nov;89(6):2157-2175. doi: 10.1111/
cdev.12919. Epub 2017 Oct 6.

Although theory of mind (ToM) is argued 
to emerge between 3 and 5 years of age, data 
from non-Western, small-scale societies suggest 
diversity.  Deeper investigations into these 
settings are warranted.  In the current study, 
over 400 Melanesian children from Vanuatu 
(range = 3-14 years), growing up in either urban 
or rural remote environments, completed culturally 
tailored ToM batteries.  Results show a marked 
delay in false belief (FB) performance, particularly 
among participants from rural villages.  By further 
investigating a diverse range of concepts beyond 
FB, we illustrate two unique cultural sequences for 
a suite of mental state concepts among urban and 
rural ni-Vanuatu children.  Implications for social and 
cultural influences on the development of ToM are 
discussed.

16 Duke T.
How to do a postgraduate research project and write 
a minor thesis.
Arch Dis Child 2018 Sep;103(9):820-827. doi: 
10.1136/archdischild-2018-315340. Epub 2018 May 
26.

Many universities and colleges in low-income 
and middle-income countries require a masters 
dissertation or thesis as part of postgraduate 
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training, and some colleges offer a 1-year to 2-year 
diploma of child health as a clinical qualification to 
enable skills in child health for generalists, or as 
part of the early phase of paediatric training.  This 
paper describes the stages of doing a research 
project for such a masters or diploma, and describes 
in detail how to write a minor thesis.  The paper is 
designed to provide a practical approach for junior 
researchers, and their supervisors.  Colleges differ 
in their formal requirements of a minor thesis (word 
count, line spacing, referencing style), but this paper 
outlines the principles and practical issues rarely 
covered elsewhere.

17 Duke T.
New WHO standards for improving the quality of 
healthcare for children and adolescents.
Arch Dis Child 2018 Jul;103(7):625-627. doi: 
10.1136/archdischild-2018-315423. Epub 2018 May 
19.

18 Fegan D, Glennon MJ.
Simple leg ulcers: difficult diagnosis.
Trop Doct 2019 Jan;49(1):44-45. doi: 
10.1177/0049475518804703. Epub 2018 Oct 15.

Chronic leg ulcers in children in tropical 
developing countries are common.  They are difficult 
to diagnose clinically and to manage.  Our case 
illustrates that even in areas where yaws is endemic 
and point of care testing is available, the diagnosis 
remains difficult.

19 Field E, Vila M, Runk L, Mactaggart F, Rosewell 
A, Nathan S.
Lessons for health program monitoring and 
evaluation in a low resource setting.
Rural Remote Health 2018 Oct;18(4):4596. doi: 
10.22605/RRH4596. Epub 2018 Oct 12.

Numerous guidelines outline best practices for 
health program monitoring and evaluation (M&E).  
However, health programs are often implemented 
in less than ideal circumstances where these best 
practices may not be resourced or feasible.  This 
article describes how M&E has been conducted 
for a health service delivery improvement program 
in remote Papua New Guinea and outlines lessons 
learned.  The lessons learned were to integrate M&E 
into every aspect of the program, strengthen existing 
health information data, link primary data collection 
with existing program activities, conduct regular 
monitoring and feedback for early identification 
of implementation issues, involve the program 
team in evaluation, and communicate M&E data 
through multiple mediums to stakeholders.  These 
lessons could be applied to other health programs 
implemented in low resource settings.

20 Field E, Usurup J, Nathan S, Rosewell A.
Contextual factors and health service performance 
from the perspective of the provincial health 
administrators in Papua New Guinea.
Rural Remote Health 2018 Oct;18(4):4484. doi: 
10.22605/RRH4484. Epub 2018 Oct 5.

INTRODUCTION: The Rural Primary Health 
Services Delivery Project aims to improve the quality 
and coverage of health services to rural populations 
in Papua New Guinea.  There are limitations in 
measuring performance of such projects through 
analysis of health information system data alone due 
to data quality issues and a multitude of unmeasured 
factors that affect performance.  A mixed methods 

study was undertaken to understand the contextual 
factors that affect health service performance.  
METHODS: A performance assessment framework 
was developed including service delivery indicators 
derived from the National Health Information System.  
Prior to implementation, a baseline analysis of the 
indicators was undertaken.  Subsequently, semi-
structured interviews were conducted with health 
administrators, in which they were asked about 
factors they perceived to influence health facility 
performance.  During the interviews, key informants 
were provided with health indicators for their 
province and asked to interpret the performance 
of facilities. Interviews were transcribed and 
inductive thematic analysis performed.  RESULTS: 
Performance indicators varied greatly within and 
between districts.  Key informants cited a number of 
reasons for this variation.  Health facilities accessible 
by road in urban areas, with competent and/or higher 
level staff and health services operated by churches 
or private companies, were cited as contributors to 
high performance.  For high performing districts, 
key informants also discussed use of health 
information, planning and targeted strategies to 
improve performance. Inadequate numbers of staff, 
poorly skilled staff, funding delays and challenging 
geography were major contributors noted for 
poor performance.  CONCLUSION: Analysis of 
quantitative indicators needs to be performed at 
health facility level in order to understand district 
level performance. Interpretation of performance 
through key informant interviews provided useful 
insight into previously undocumented contextual 
factors affecting health delivery performance.  The 
sequential explanatory mixed methods design could 
be applied to evaluations of other health service 
delivery programs in similar contexts.

21 Fitzpatrick C, Asiedu K, Solomon AW, Mitjà O, 
Marks M, Van der Stuyft P, Meheus F.
Prioritizing surveillance activities for certification of 
yaws eradication based on a review and model of 
historical case reporting.
PLoS Negl Trop Dis 2018 Dec 4;12(12):e0006953. 
doi: 10.1371/journal.pntd.0006953. eCollection 2018 
Dec.

BACKGROUND: The World Health Organization 
(WHO) has targeted yaws for global eradication.  
Eradication requires certification that all countries 
are yaws-free.  While only 14 Member States 
currently report cases to WHO, many more are 
known to have a history of yaws and some of them 
may have ongoing transmission.  We reviewed the 
literature and developed a model of case reports 
to identify countries in which passive surveillance 
is likely to find and report cases if transmission 
is still occurring, with the goal of reducing the 
number of countries in which more costly active 
surveillance will be required.  METHODS: We 
reviewed published and unpublished documents to 
extract data on the number of yaws cases reported 
to WHO or appearing in other literature in any year 
between 1945 and 2015.  We classified countries 
as: a) having interrupted transmission; b) being 
currently endemic; c) being previously endemic 
(current status unknown); or d) having no history of 
yaws.  We constructed a panel dataset for the years 
1945-2015 and ran a regression model to identify 
factors associated with some countries not reporting 
cases during periods when there was ongoing (and 
documented) transmission.  For previously endemic 
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countries whose current status is unknown, we then 
estimated the probability that countries would have 
reported cases if there had in fact been transmission 
in the last three years (2013-2015).  RESULTS: 
Yaws has been reported in 103 of the 237 countries 
and areas considered. 14 Member States and 1 
territory (Wallis and Futuna Islands) are currently 
endemic. 2 countries are believed to have interrupted 
transmission. 86 countries and areas are previously 
endemic (current status unknown).  Reported cases 
peaked in the 1950s, with 55 countries reporting at 
least one case in 1950 and a total of 2.35 million 
cases reported in 1954.  Our regression model 
suggests that case reporting during periods of 
ongoing transmission is positively associated with 
socioeconomic development and, in the short-
term, negatively associated with independence. 
We estimated that for 66 out of the 86 previously 
endemic countries whose current status is unknown, 
the probability of reporting cases in the absence of 
active surveillance is less than 50%.  DISCUSSION: 
Countries with a history of yaws need to be prioritized 
so that international resources for global yaws 
eradication may be deployed efficiently.  Heretofore, 
the focus has been on mass treatment in countries 
currently reporting cases.  It is also important to 
undertake surveillance in the 86 previously endemic 
countries for which the current status is unknown.  
Within this large and diverse group, we have 
identified a group of 20 countries with more than a 
50% probability of reporting cases in the absence 
of active surveillance.  For the other 66 countries, 
international support for active surveillance will likely 
be required.

22 Foster J, McBryde E, Taune M, Peniyamina D.
Cross-border tuberculosis: opportunities, challenges 
and change.
Int J Tuberc Lung Dis 2018 Sep 1;22(9):1107-1108. 
doi: 10.5588/ijtld.18.0275.

23 Foster T, Willetts J.
Multiple water source use in rural Vanuatu: are 
households choosing the safest option for drinking?
Int J Environ Health Res 2018 Dec;28(6):579-589. 
doi: 10.1080/09603123.2018.1491953. Epub 2018 
Aug 6.

Households in low- and middle-income countries 
commonly make use of multiple water sources.  
However, it remains unclear to what extent their 
drinking water choices are optimal from a health 
perspective.  This matched cohort study across 
10 islands in Vanuatu examined communities 
with both a groundwater and rainwater source to 
determine whether their preferred drinking option 
was the safest in microbial terms.  In communities 
that preferred to drink rainwater, 56.5% of rainwater 
sources had ‘high-risk’ or ‘very high risk’ Escherichia 
coli contamination (>10 MPN/100 mL) compared 
with 26.1% of groundwater sources (p = 0.092).  
Moreover, a preference for drinking rainwater was 
significantly associated with rainwater sources 
having ‘high-risk’ or ‘very high risk’ levels of E. 
coli contamination (p = 0.045).  Results show that 
communities do not necessarily choose the safest 
water source for drinking.  Findings also highlight 
the need to bolster local capacity to manage water 
quality risks and for Sustainable Development Goal 
monitoring to distinguish between protected and 
unprotected rainwater tanks.

24 Fowkes FJI, Moore KA, Opi DH, Simpson JA, 
Langham F, Stanisic DI, Ura A, King CL, Siba PM, 
Mueller I, Rogerson SJ, Beeson JG.
Iron deficiency during pregnancy is associated with a 
reduced risk of adverse birth outcomes in a malaria-
endemic area in a longitudinal cohort study.
BMC Med 2018 Sep 20;16(1):156. doi: 10.1186/
s12916-018-1146-z.

BACKGROUND: Low birth weight (LBW) 
and preterm birth (PTB) are major contributors to 
infant mortality and chronic childhood morbidity.  
Understanding factors that contribute to or 
protect against these adverse birth outcomes is 
an important global health priority.  Anaemia and 
iron deficiency are common in malaria-endemic 
regions, but there are concerns regarding the value 
of iron supplementation among pregnant women 
in malaria-endemic areas due to reports that iron 
supplementation may increase the risk of malaria.  
There is a lack of evidence on the impact of iron 
deficiency on pregnancy outcomes in malaria-
endemic regions.  METHODS: We determined 
iron deficiency in a cohort of 279 pregnant women 
in a malaria-endemic area of Papua New Guinea. 
Associations with birth weight, LBW and PTB were 
estimated using linear and logistic regression.  A 
causal model using sequential mediation analyses 
was constructed to assess the association between 
iron deficiency and LBW, either independently 
or mediated through malaria and/or anaemia.  
RESULTS: Iron deficiency in pregnant women was 
common (71% at enrolment) and associated with 
higher mean birth weights (230 g; 95% confidence 
interval, CI 118-514; p <0.001), and reduced odds 
of LBW (adjusted odds ratio, aOR = 0.32; 95% CI 
0.16-0.64; p = 0.001) and PTB (aOR = 0.57; 95% CI 
0.30-1.09; p = 0.089).  Magnitudes of effect were 
greatest in primigravidae (birth weight 351 g; 95% 
CI 188-514; p <0.001; LBW aOR 0.26; 95% CI 0.10-
0.66; p = 0.005; PTB aOR = 0.39; 95% CI 0.16-0.97; 
p = 0.042).  Sequential mediation analyses indicated 
that the protective association of iron deficiency on 
LBW was mainly mediated through mechanisms 
independent of malaria or anaemia.  CONCLUSIONS: 
Iron deficiency was associated with substantially 
reduced odds of LBW predominantly through 
malaria-independent protective mechanisms, which 
has substantial implications for understanding risks 
for poor pregnancy outcomes and evaluating the 
benefit of iron supplementation in pregnancy.  This 
study is the first longitudinal study to demonstrate 
a temporal relationship between antenatal iron 
deficiency and improved birth outcomes.  These 
findings suggest that iron supplementation needs 
to be integrated with other strategies to prevent or 
treat infections and undernutrition in pregnancy to 
achieve substantial improvements in birth outcomes.

25 Goris JM, Temple VJ, Zomerdijk N, Codling K.
Iodine status of children and knowledge, attitude, 
practice of iodised salt use in a remote community in 
Kerema District, Gulf Province, Papua New Guinea.
PLoS One 2018 Nov 28;13(11):e0197647. doi: 
10.1371/journal.pone.0197647. eCollection 2018.

Iodine deficiency is the single most common 
cause of preventable mental impairment in 
communities with suboptimal iodine intake.  Objective 
of the present study was to assess in more detail the 
iodine status and knowledge, attitudes and practice 
(KAP) relating to use of iodised salt in a remote 
community in Kotidanga area, Kerema District, Gulf 
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Province, Papua New Guinea.  This prospective 
school and community based cross-sectional study 
was carried out in 2017.  Simple random sampling 
was used to select schools.  Multistage sampling 
was used to randomly select 300 children aged 6 
to 12 years, of which 289 consented to participate 
in the study.  A single urine sample was collected 
from each of the consenting children, as well as a 
salt sample from their households.  Discretionary 
salt intake was assessed in a sub-sample of the 
children’s households.  Salt iodine content and 
urinary iodine concentration (UIC) were analysed.  
A semi-structured modified Food and Agriculture 
Organisation questionnaire was used to assess KAP 
of three different community groups.  Only 64% of 
households had salt on the day of data collection.  
Mean iodine content in household salt samples was 
29.0 ± 19.1 ppm. Iodine content was below 30.0 
ppm in 54.8% and below 15.0 ppm in 31.2% of salt 
samples.  Mean per capita discretionary intake of 
household salt was 2.9 ± 1.8 g/day.  Median UIC 
was 25.5 μg/L and Interquartile Range was 15.0 
to 47.5 μg/L, indicating moderate status iodine 
nutrition.  Median UIC was 34.3 μg/L for children 
in households with salt, compared to 15.5 μg/L for 
children in households without salt, indicating severe 
iodine deficiency in the latter group.  The three 
community groups had limited knowledge about 
importance of using iodised salt and consequences 
of iodine deficiency on health outcomes.  This remote 
community has limited access to adequately iodised 
household salt due to high cost, inappropriate 
packaging, storage and food preparation, resulting 
in iodine deficiency.  Strategies to increase iodine 
intake are needed.

26 Grant JC, González-Beiras C, Amick KM, Fortney 
KR, Gangaiah D, Humphreys TL, Mitjà O, 
Abecasis A, Spinola SM.
Multiple class I and class II Haemophilus ducreyi 
strains cause cutaneous ulcers in children on an 
endemic island.
Clin Infect Dis 2018 Nov 13;67(11):1768-1774. doi: 
10.1093/cid/ciy343.

Background: Together with Treponema pallidum 
subspecies pertenue, Haemophilus ducreyi is 
a major cause of exudative cutaneous ulcers 
(CUs) in children.  For H. ducreyi, both class I 
and class II strains, asymptomatic colonization, 
and environmental reservoirs have been found 
in endemic regions, but the epidemiology of this 
infection is unknown.  Methods: Based on published 
whole-genome sequences of H. ducreyi CU strains, 
a single-locus typing system was developed and 
applied to H. ducreyi-positive CU samples obtained 
prior to, 1 year after, and 2 years after the initiation 
of a mass drug administration campaign to eradicate 
CU on Lihir Island in Papua New Guinea.  DNA 
from the CU samples was amplified with class I 
and class II dsrA-specific primers and sequenced; 
the samples were classified into dsrA types, which 
were geospatially mapped.  Selection pressure 
analysis was performed on the dsrA sequences.  
Results: Thirty-seven samples contained class I 
sequences, 27 contained class II sequences, and 13 
contained both.  There were 5 class I and 4 class II 
types circulating on the island; 3 types accounted for 
approximately 87% of the strains.  The composition 
and geospatial distribution of the types varied little 
over time and there was no evidence of selection 
pressure.  Conclusions: Multiple strains of H. ducreyi 

cause CU on an endemic island and coinfections 
are common.  In contrast to recent findings with T. 
pallidum pertenue, strain composition is not affected 
by antibiotic pressure, consistent with environmental 
reservoirs of H. ducreyi.  Such reservoirs must be 
addressed to achieve eradication of H. ducreyi.

27 Handley BL, Roberts CH, Butcher R.
A systematic review of historical and contemporary 
evidence of trachoma endemicity in the Pacific 
Islands.
PLoS One 2018 Nov 15;13(11):e0207393. doi: 
10.1371/journal.pone.0207393. eCollection 2018.

INTRODUCTION: Trachoma is endemic in 
several Pacific Island countries.  The aims of this 
study were to (a) identify future trachoma mapping 
needs in the Pacific and (b) to examine whether any 
temporal trends in trachoma prevalence could be 
ascertained from the historical literature on trachoma 
in the Pacific Islands.  METHODS: Human studies of 
trachoma and eye care in the Pacific Islands were 
identified from a systematic search of PubMed, 
EMbase, Scopus and Web of Science databases.  
A published quality assessment system for disease 
prevalence studies was modified to assess studies 
for quality and transparency.  RESULTS: Few 
general ophthalmic studies in the Pacific mention 
trachoma.  In targeted studies of trachoma, cases 
have consistently been identified throughout the 
Pacific since the early twentieth century.  The 
largest numbers of studies come from Papua New 
Guinea and Fiji, whereas some countries have 
no published data on trachoma.  The majority of 
studies identified were published before the Alliance 
for the Global Elimination of Trachoma 2020 was 
convened, so lack the standardisation of population-
based mapping which has been implemented in 
the past decade.  CONCLUSIONS: Population-
based trachoma prevalence estimates have 
been recently generated in Papua New Guinea, 
Solomon Islands, Vanuatu, Kiribati and Fiji.  There 
is insufficient evidence to assess whether there 
has been temporal change in trachoma prevalence 
in these countries over the past century.  Cases of 
trachoma have been identified in some countries (for 
example, Nauru and Samoa) which have no recent 
population-based mapping data, but may be at risk 
of trachoma endemicity.  Deployment of appropriate 
mapping strategies is warranted to identify whether 
interventions are required.

28 Hofmann NE, Gruenberg M, Nate E, Ura A, 
Rodriguez-Rodriguez D, Salib M, Mueller I, Smith 
TA, Laman M, Robinson LJ, Felger I.
Assessment of ultra-sensitive malaria diagnosis 
versus standard molecular diagnostics for malaria 
elimination: an in-depth molecular community cross-
sectional study.
Lancet Infect Dis 2018 Oct;18(10):1108-1116. doi: 
10.1016/S1473-3099(18)30411-0. Epub 2018 Aug 
28.

BACKGROUND: Submicroscopic malaria 
infections contribute to transmission in exposed 
populations but their extent is underestimated even 
by standard molecular diagnostics.  Sophisticated 
sampling and ultra-sensitive molecular methods 
can maximise test sensitivity but are not feasible 
in routine surveillance.  Here we investigate 
the gains achievable by using increasingly 
sensitive methods with the aim to understand 
what diagnostic sensitivity is necessary to guide 
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malaria interventions.  METHODS: Venous blood 
samples were collected from participants in a cross-
sectional survey in two coastal medium-endemic 
villages in Madang Province, Papua New Guinea.  
Using ultra-sensitive quantitative PCR (us-qPCR) 
on concentrated high-volume blood samples (2 
mL) as reference, we quantified the proportion of 
Plasmodium falciparum and Plasmodium vivax 
infections and gametocyte carriers detectable in 
fingerprick blood volumes (200 μL) by standard 
18S rRNA qPCR, us-qPCR, rapid diagnostic test 
(RDT), and ultra-sensitive P. falciparum RDT.  We 
further compared the epidemiological patterns 
observed with each diagnostic approach in the study 
population.  FINDINGS: Venous blood samples 
were collected from 300 participants between Dec 
5, 2016, and Feb 24, 2017 (ie, during peak rainy 
season).  Standard qPCR identified 87 (54%) of 161 
P. falciparum infections and 73 (52%) of 141 P. vivax 
infections detected by the reference method. us-
qPCR identified an additional 11 (7%) P. falciparum 
infections and 14 (10%) P. vivax infections. 80 
(86%) of 93 P. falciparum gametocyte carriers and 
75 (91%) of 82 P. vivax gametocyte carriers were 
found among infections detectable by us-qPCR. 
Ultra-sensitive RDT missed half of P. falciparum 
infections detected by standard qPCR, including 
high gametocytaemic infections. Epidemiological 
patterns corresponded well between standard 
qPCR and the reference method.  As the prevalence 
of P. vivax decreased with increasing age, the 
proportion of P. vivax infections undetectable by 
standard qPCR increased.   INTERPRETATION: 
Almost all potentially transmitting parasite carriers 
were identified with us-qPCR on fingerprick blood 
volumes.  Analysing larger blood volumes revealed 
a large pool of ultra-low-density P. falciparum and P. 
vivax infections, which are unlikely to be transmitted.  
Therefore, current RDTs cannot replace molecular 
diagnostics for identifying potential P. falciparum 
transmitters. 

29 Hoy DG, Raikoti T, Smith E, Tuzakana A, Gill T, 
Matikarai K, Tako J, Jorari A, Blyth F, Pitaboe A, 
Buchbinder R, Kalauma I, Brooks P, Lepers C, 
Woolf A, Briggs A, March L.
Use of The Global Alliance for Musculoskeletal 
Health survey module for estimating the population 
prevalence of musculoskeletal pain: findings from 
the Solomon Islands.
BMC Musculoskelet Disord 2018 Aug 16;19(1):292. 
doi: 10.1186/s12891-018-2198-0.

BACKGROUND: Musculoskeletal (MSK) 
conditions are common and the biggest global cause 
of physical disability.  The objective of the current 
study was to estimate the population prevalence 
of MSK-related pain using a standardized global 
MSK survey module for the first time.  METHODS: A 
MSK survey module was constructed by the Global 
Alliance for Musculoskeletal Health Surveillance 
Taskforce and the Global Burden of Disease MSK 
Expert Group.  The MSK module was included 
in the 2015 Solomon Islands Demographic and 
Health Survey.  The sampling design was a two-
stage stratified, nationally representative sample of 
households.  RESULTS: A total of 9214 participants 
aged 15-49 years were included in the analysis.  The 
age-standardized four-week prevalence of activity-
limiting low back pain, neck pain, and hip and/or 
knee pain was 16.8, 8.9, and 10.8%, respectively.  
Prevalence tended to increase with age, and be 

higher in those with lower levels of education.  
CONCLUSIONS: Prevalence of activity-limited pain 
was high in all measured MSK sites.  This indicates 
an important public health issue for the Solomon 
Islands that needs to be addressed.  Efforts should 
be underpinned by integration with strategies for 
other non-communicable diseases, aging, disability, 
and rehabilitation, and with other sectors such as 
social services, education, industry, and agriculture.  
Primary prevention strategies and strategies aimed 
at self-management are likely to have the greatest 
and most cost-effective impact.

30 Jeanne I, Chambers LE, Kazazic A, Russell TL, 
Bobogare A, Bugoro H, Otto F, Fafale G, Amjadali 
A.
Mapping a Plasmodium transmission spatial 
suitability index in Solomon Islands: a malaria 
monitoring and control tool.
Malar J 2018 Oct 22;17(1):381. doi: 10.1186/s12936-
018-2521-0.

BACKGROUND: Malaria remains a challenge 
in Solomon Islands, despite government efforts 
to implement a coordinated control programme.  
This programme resulted in a dramatic decrease 
in the number of cases and mortality; however, 
malaria incidence remains high in the three most 
populated provinces.  Anopheles farauti is the 
primary malaria vector and a better understanding 
of the spatial patterns of parasite transmission is 
required in order to implement effective control 
measures.  Previous entomological studies provide 
information on the ecological preferences of An. 
farauti but this information has never before been 
gathered and ‘translated’ in useful tools as maps 
that provide information at both the national level 
and at the scale of villages, thus enabling local 
targeted control measures.  METHODS: A literature 
review and consultation with entomology experts 
were used to determine and select environmental 
preferences of An. farauti.  Remote sensing images 
were processed to translate these preferences into 
geolocated information to allow them to be used as 
the basis for a Transmission Suitability Index (TSI).  
Validation was developed from independent previous 
entomological studies with georeferenced locations 
of An. farauti.  Then, TSI was autoscaled to ten 
classes for mapping.  RESULTS: Key environmental 
preferences for An. farauti were: distance to 
coastline, elevation, and availability of water sources.  
Based on these variables, a model was developed to 
provide a TSI.  This TSI was developed using GIS 
and remote sensing image processing, resulting in 
maps and GIS raster layer for all the eight provinces 
and Honiara City at a 250 m spatial resolution.  For 
a TSI ranging from 0 as not suitable to 13 as most 
suitable, all the previous collections of An. farauti 
had a mean TSI value between 9 and 11 and were 
significantly higher than where the vector was 
searched for and was absent.  Resulting maps were 
provided after autoscaling the TSI into ten classes 
from 0 to 9 for visual clarity.  CONCLUSIONS: 
The TSI model developed here provides useful 
predictions of likely malaria transmission larval 
sources based on the environmental preferences 
of the mosquito, An. farauti.  These predictions can 
provide sufficient lead-time for agencies to target 
malaria prevention and control measures and can 
assist with effective deployment of limited resources.  
As the model is built on the known environmental 
preferences of An. farauti, the model should be 
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completed and updated as soon as new information 
is available.  Because the model did not include 
any other malaria transmission factors such as care 
availability, diagnostic time, treatment, prevention, 
and entomological parameters other than the 
ecological preferences, our suitability mapping 
represents the upper bound of transmission areas.  
The results of this study are now being used as the 
basis of a malaria monitoring system which has been 
jointly implemented by the Solomon Islands National 
Vector Borne Disease Control Programme, the 
Solomon Islands Meteorological Services and the 
Australian Bureau of Meteorology.  The TSI model 
development method can be applied to other regions 
of the world where this mosquito occurs and could 
be adapted for other species.

31 Jeanne I, Chambers LE, Kazazic A, Russell TL, 
Bobogare A, Bugoro H, Otto F, Fafale G, Amjadali 
A.
Correction to: Mapping a Plasmodium transmission 
spatial suitability index in Solomon Islands: a malaria 
monitoring and control tool.
Malar J 2018 Nov 19;17(1):431. doi: 10.1186/
s12936-018-2580-2.

Following publication of the original article, one 
of the authors flagged that the images for Figs. 2 and 
3 were swapped in the published article – Fig. 2 had 
the image meant for Fig. 3 and vice versa.

32 Jones PD, Balasundaram N, D’Costa L, Kacker K, 
Kaludewa A, Fink J.
High perinatal mortality rates persist in Kirakira: the 
sustainable development goals for health remain out 
of reach in the provinces of Solomon Islands.
J Paediatr Child Health 2018 Aug;54(8):895-899. 
doi: 10.1111/jpc.13919. Epub 2018 Apr 14.

AIM: This study aimed to calculate the perinatal 
mortality rate in Kirakira Hospital, a remote provincial 
hospital in Solomon Islands, over a 3-year period, 
from 2014 to 2016.  METHODS: A retrospective 
audit of the labour ward admission books for the 
years 2014-2016 was conducted.  Patient files of 
all perinatal deaths and caesarean sections were 
accessed and reviewed.  Stillbirths and early neonatal 
deaths were classified, and results were compared 
with the national health statistics of Australia (2014).  
RESULTS: Between 2014 and 2016, there were 
1311 births and 40 perinatal deaths (mortality rate 
of 31 per 1000).  This is approximately three times 
the Australian rate of 9.6 deaths per 1000.  Of these 
deaths, 28 were stillbirths, and 12 were neonatal 
deaths.  Detailed information was available for 88% 
(35/40) of the perinatal deaths.  Only 15 caesarean 
sections (1.1% of deliveries) were performed, 
compared to a rate of 32.1% of caesarean sections 
in Australia (2014).  CONCLUSIONS: Kirakira 
continues to have a very high perinatal mortality rate 
that has not changed over the last 6 years.  The rate 
is double that reported for Solomon Islands in current 
World Health Organization data.  This discrepancy is 
likely due to an absence of clinical data outside of 
the National Referral Hospital in Honiara.  This paper 
identifies clinical indicators that could be targeted to 
help lower the perinatal mortality rate in this remote 
and impoverished community.

33 Kapitány R, Davis JT, Legare C, Nielsen M.
An experimental examination of object-directed 
ritualized action in children across two cultures.
PLoS One 2018 Nov 28;13(11):e0206884. doi: 

10.1371/journal.pone.0206884. eCollection 2018.
Ritualized actions are common in daily life, and 

prevalent across cultures.  Adults have been shown, 
under experimental conditions, to treat objects 
subjected to ritualized action as special and different 
relative to objects subjected to non-ritualized action.  
Similarly, children as young as 4 are sensitive to 
ritualized actions – frequently reproducing such 
actions at high fidelity.  The current cross-cultural 
experiment attempts to extend existing findings 
among two culturally distinct groups of children 
with regard to object-directed rituals.  We predicted 
that children’s preference for a reward would be 
influenced by ritualized action (but not non-ritualized 
action).  Over two trials we presented children in 
Australia (N = 93; mean age = 6.03 years, SD = 
2.07 years) and Vanuatu (N = 109; mean age = 6.13 
years, SD = 1.96 years) with two identical rewards, 
which were either subjected to ritualized action or 
non-ritualized action.  Contrary to previous findings 
among adults, ritualized action did not influence 
children’s preference for a reward.  We frame the 
current results in the context of socially relevant 
group rituals, and discuss the implications for both 
wider theory and methods.  We conclude with a call 
for pre-registered replications.

34 Kaspar A, Newton O, Kei J, Driscoll C, Swanepoel 
W, Goulios H.
Prevalence of ear disease and associated hearing 
loss among primary school students in the Solomon 
Islands: otitis media still a major public health issue.
Int J Pediatr Otorhinolaryngol 2018 Oct;113:223-
228. doi: 10.1016/j.ijporl.2018.08.004. Epub 2018 
Aug 7.

OBJECTIVE: The present study aimed to assess 
the prevalence of otitis media and associated hearing 
loss among primary school students in the Solomon 
Islands.  METHODS: A total of 604 primary school 
students (280 males, 324 females) aged 4-15 years 
were assessed in two primary schools (government, 
nongovernment) in the capital city Honiara.  School-
based ear examinations were performed, including 
otoscopy and tuning-fork tests.  Students were 
referred to the ENT Clinic for medical intervention 
and/or pure-tone audiometry assessment.  
RESULTS: A total of 342 students (56.6%) did not 
pass their ear examination, with a significantly higher 
fail rate among younger students (p <0.001).  The 
most common ear pathology was Otitis Media with 
Effusion (OME) (34.2%), followed by impacted wax 
(22.8%), and Chronic Suppurative Otitis Media 
(3.1%).  The follow-up attendance rate at the ENT 
Clinic was 81.1%.  Among students with OME in 
at least one ear, 50% failed audiometry screening 
in the affected ear.  While age was a significant 
factor for OME, it was not a significant factor for 
OME-associated hearing loss.  CONCLUSIONS: 
Ear diseases with associated hearing loss are a 
significant public health problem among primary 
school students in the Solomon Islands.  The 
implementation of routine School Ear and Hearing 
Programs could be beneficial, and should reduce the 
national burden of ear diseases.

35 Kaspar A, Newton O, Kei J, Driscoll C, Swanepoel 
W, Goulios H.
Prevalence of otitis media and risk-factors for 
sensorineural hearing loss among infants attending 
Child Welfare Clinics in the Solomon Islands.
Int J Pediatr Otorhinolaryngol 2018 Aug;111:21-25. 
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doi: 10.1016/j.ijporl.2018.05.021. Epub 2018 May 
19.

OBJECTIVES: The present study aimed to 
assess the prevalence of otitis media and risk-
factors for sensorineural hearing loss among infants 
in the Solomon Islands, in order to recommend 
an Infant Ear and Hearing Program that would be 
suitable to the Pacific Island context.  METHODS: 
Ear examinations and the JCIH Risk-Factor 
Questionnaire were administered to 288 infants 
attending Child Welfare Clinics in the Solomon 
Islands.  RESULTS: Overall, 150 infants (52.08%) 
presented with bilateral normal ear examinations 
and no risk-factors for SNHL.  There were 73 infants 
(25.34%) with ear pathology in at least one ear, 13 
(4.5%) of whom required referral to the ENT Clinic for 
medical management.  The most common pathology 
was otitis media with effusion (OME) (21.87%).  
Infants aged 7-12 months were significantly more 
likely to present with OME (p <0.001) and a history of 
otitis media (p = 0.017) than infants aged 0-6 months.  
There were 71 infants (24.65%) with at least one 
risk-factor for sensorineural hearing loss.  The most 
common risk-factors were ototoxicity (8.3%), non-
elective caesarean delivery (6.59%), and possible 
in-utero syphilis infection (5.55%).  CONCLUSIONS: 
The prevalence of otitis media and risk-factors for 
sensorineural hearing loss indicate the importance 
of initiating Infant Ear and Hearing Programs in the 
Solomon Islands.  Programs should facilitate early 
education on prevention of ear disease, as well as 
early diagnosis and management of children with 
hearing loss.

36 Katz SS, Chi KH, Nachamkin E, Danavall D, Taleo 
F, Kool JL, Addo KK, Ampofo W, Simpson SV, Ye 
T, Asiedu KB, Ballard RC, Chen CY, Pillay A.
Molecular strain typing of the yaws pathogen, 
Treponema pallidum subspecies pertenue.
PLoS One 2018 Sep 12;13(9):e0203632. doi: 
10.1371/journal.pone.0203632. eCollection 2018.

Yaws is a neglected tropical disease caused 
by the bacterium Treponema pallidum subspecies 
pertenue.  The disease primarily affects children 
under 15 years of age living in low socioeconomic 
conditions in tropical areas.  As a result of a renewed 
focus on the disease owing to a recent eradication 
effort initiated by the World Health Organization, we 
have evaluated a typing method, adapted from and 
based on the enhanced Centers for Disease Control 
and Prevention typing method for T. pallidum subsp. 
pallidum, for possible use in epidemiological studies.  
Thirty DNA samples from yaws cases in Vanuatu and 
Ghana, 11 DNA samples extracted from laboratory 
strains, and 3 published genomic sequences were 
fully typed by PCR/RFLP analysis of the tpr E, G, 
and J genes and by determining the number of 
60-bp repeats within the arp gene.  Subtyping was 
performed by sequencing a homonucleotide ‘G’ 
tandem repeat immediately upstream of the rpsA 
gene and an 84-bp region of tp0548.  A total of 22 
complete strain types were identified; two strain 
types in clinical samples from Vanuatu (5q11/ak 
and 5q12/ak), nine strain types in clinical samples 
from Ghana (3q12/ah, 4r12/ah, 4q10/j, 4q11/ah, 
4q12/ah, 4q12/v, 4q13/ah, 6q10/aj, and 9q10/ai), 
and twelve strain types in laboratory strains and 
published genomes (2q11/ae, 3r12/ad, 4q11/ad, 
4q12/ad, 4q12/ag, 4q12/v, 5r12/ad, 6r12/x, 6q11/
af, 10q9/r, 10q12/r, and 12r12/w).  The tpr RFLP 
patterns and arp repeat sizes were subsequently 

verified by sequencing analysis of the respective 
PCR amplicons.  This study demonstrates that the 
typing method for subsp. pallidum can be applied to 
subsp. pertenue strains and should prove useful for 
molecular epidemiological studies on yaws.

37 Kelly-Hanku A, Aggleton P, Shih P.
I shouldn’t talk of medicine only: biomedical and 
religious frameworks for understanding antiretroviral 
therapies, their invention and their effects.
Glob Public Health 2018 Oct;13(10):1454-1467. doi: 
10.1080/17441692.2017.1377746. Epub 2017 Sep 
16.

Medical pluralism offers a long-standing means 
of analysing the different ways in which health and 
illness can be interpreted and responded to.  It is not 
unusual for multiple health systems and meanings to 
co-exist at any one moment in time, offering different 
ways of understanding and responding to illness 
and disease.  In addition to biomedical frameworks, 
religious beliefs offer another important means of 
facilitating healing.  Based on qualitative interviews 
with 36 people living with HIV on antiretroviral 
therapies (ART) in Papua New Guinea (PNG), this 
paper examines the ways in which people bring 
together and synthesise religious and biomedical 
therapeutic approaches to the treatment and 
management of HIV.  For most, ART is viewed as 
a divine gift to complement a regime of spiritual 
salvation, and adherence to treatment carries with 
it strong religious undertones.  At the same time, 
ART provides a sense of hope for those living with a 
virus that was previously associated only with death.  
Brought together, these narratives provide important 
insights into the meanings of ART and the role of 
religion, prayer and repentance for people in PNG.  
The study also provides new insight into how people 
with HIV actively synthesise different approaches to 
health and healing.

38 Kelly-Hanku A, Ase S, Fiya V, Toliman P, Aeno H, 
Mola GM, Kaldor JM, Vallely LM, Vallely AJ.
Ambiguous bodies, uncertain diseases: knowledge 
of cervical cancer in Papua New Guinea.
Ethn Health 2018 Aug;23(6):659-681. doi: 
10.1080/13557858.2017.1283393. Epub 2017 Feb 
3.

OBJECTIVES: Within their local realities, 
people experience and interpret disease in diverse 
ways that do not necessarily correlate or converge 
with Western biomedical interventions.  In the 
high cervical cancer burden setting of Papua New 
Guinea, understanding how people experience and 
interpret cervical cancer is necessary for effective 
intervention.  Drawing on work by Street on the 
production of unstable biomedical knowledge, we 
explored how ambiguity and uncertainty, coupled 
with cultural taboos and linguistic limitations, 
affect what and how people ‘know’ about women’s 
reproductive organs and their associated disease.  
DESIGN: A qualitative research approach was 
used to explore and understand how people in 
PNG articulate matters of health and disease as 
they relate to cervical cancer and HPV infection.  
Specifically, how unstable biomedical knowledge is 
produced and sustained.  We employed a mixed-
methods approach in collecting data from 208 (147 
women) participants between 2011 and 2012 across 
3 provinces in PNG.  RESULTS: We found that 
knowledge and awareness about cervical cancer 
were poor.  Five thematic areas emerged in our 
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analysis, which included the gendered knowledge 
of women’s reproductive health, the burden of 
cervical cancer in the community and the role (or 
limitation) of language.  We further identified four 
ways in which ambiguity and uncertainty operate 
on both sociocultural and biological levels, and 
in the intersection between to produce unstable 
biomedical knowledge.   These included poor 
knowledge of where the cervix is located and the 
uncertainty or unreliability of (lay) diagnoses of 
disease.  CONCLUSION: Local understandings of 
cervical cancer reflected the limitations of Tok Pisin 
as a lingua franca as well as the wider uncertain 
biomedical environment where diagnoses are 
assembled and shared.  There is a clear need to 
improve understanding of the female reproductive 
organs in order that people, women in particular, 
can be better informed about cervical cancer and 
ultimately better receptive to intervention strategies.

39 King CL, Suamani J, Sanuku N, Cheng YC, 
Satofan S, Mancuso B, Goss CW, Robinson LJ, 
Siba PM, Weil GJ, Kazura JW.
A trial of a triple-drug treatment for lymphatic 
filariasis.
N Engl J Med 2018 Nov 8;379(19):1801-1810. doi: 
10.1056/NEJMoa1706854.

BACKGROUND: The World Health Organization 
has targeted lymphatic filariasis for global elimination 
by 2020 with a strategy of mass drug administration.  
This trial tested whether a single dose of a three-drug 
regimen of ivermectin plus diethylcarbamazine plus 
albendazole results in a greater sustained clearance 
of microfilariae than a single dose of a two-drug 
regimen of diethylcarbamazine plus albendazole and 
is noninferior to the two-drug regimen administered 
once a year for 3 years.  METHODS: In a randomized, 
controlled trial involving adults from Papua New 
Guinea with Wuchereria bancrofti microfilaremia, we 
assigned 182 participants to receive a single dose 
of the three-drug regimen (60 participants), a single 
dose of the two-drug regimen (61 participants), or 
the two-drug regimen once a year for 3 years (61 
participants).  Clearance of microfilariae from the 
blood was measured at 12, 24, and 36 months after 
trial initiation.  RESULTS: The three-drug regimen 
cleared microfilaremia in 55 of 57 participants (96%) 
at 12 months, in 52 of 54 participants (96%) at 24 
months, and in 55 of 57 participants (96%) at 36 
months.  A single dose of the two-drug regimen 
cleared microfilaremia in 18 of 56 participants (32%) 
at 12 months, in 31 of 55 participants (56%) at 24 
months, and in 43 of 52 participants (83%) at 36 
months (p = 0.02 for the three-drug regimen vs. a 
single dose of the two-drug regimen at 36 months).  
The two-drug regimen administered once a year for 3 
years cleared microfilaremia in 20 of 59 participants 
(34%) at 12 months, in 42 of 56 participants (75%) 
at 24 months, and in 51 of 52 participants (98%) at 
36 months (p = 0.004 for noninferiority of the three-
drug regimen vs. the two-drug regimen administered 
once a year for 3 years at 36 months).  Moderate 
adverse events were more common in the group 
that received the three-drug regimen than in the 
combined two-drug-regimen groups (27% vs. 5%, 
p <0.001).  There were no serious adverse events.  
CONCLUSIONS: The three-drug regimen induced 
clearance of microfilariae from the blood for 3 
years in almost all participants who received the 
treatment and was superior to the two-drug regimen 
administered once and noninferior to the two-drug 

regimen administered once a year for 3 years. 

40 Klaver R, Coe JR.
Barriers to healthcare for female patients in Papua 
New Guinea.
BMJ Case Rep 2018 Sep 23;2018. pii: bcr-2017-
224005. doi: 10.1136/bcr-2017-224005.

A 25-year-old woman presented to hospital in the 
remote highlands of Papua New Guinea (PNG) with 
a 3-year history of increasing abdominal distension, 
amenorrhoea and syncope.  Ultrasound showed a 
large unilocular ovarian cyst.  During her work-up, 
she was found to be HIV positive.  She was treated 
with antiretroviral therapy, and once her CD4 count 
improved, she underwent a laparotomy and removal 
of the ovarian cyst with immediate improvement in 
symptoms.  PNG has high levels of HIV particularly 
in young women and children. 1 This is partly due 
to a lack of screening and treatment facilities and 
partly due to significant gender discrimination. PNG 
is considered one of the most dangerous places in 
the world for females; women are treated as second-
class citizens with few human rights or access to 
services such as healthcare.  2 Rape, sexual assault 
and domestic violence are common, and their lives 
are dictated to them by their husbands or male 
relatives.  3 The lack of healthcare resources and 
significant levels of gender discrimination meant that 
this patient had a delayed presentation resulting in 
potentially grave complications.

41 Koepfli C, Waltmann A, Ome-Kaius M, Robinson 
LJ, Mueller I.
Multiplicity of infection is a poor predictor of village-
level Plasmodium vivax and P. falciparum population 
prevalence in the Southwest Pacific.
Open Forum Infect Dis 2018 Sep 21;5(11):ofy240. 
doi: 10.1093/ofid/ofy240. eCollection 2018 Nov.

Across 8101 individuals in 46 villages, the 
proportion of Plasmodium spp. multiple clone 
infections (0%-53.8%) did not reflect prevalence 
by quantitative polymerase chain reaction (qPCR; 
1.9%-38.4%), except for P. vivax in Solomon Islands 
(p <0.001).  Thus this parameter was not informative 
to identify transmission foci.  In contrast, prevalence 
by microscopy and qPCR correlated well.

42 Kumar B, Manuja A, Gulati BR, Virmani N, 
Tripathi BN.
Zoonotic viral diseases of equines and their impact 
on human and animal health.
Open Virol J 2018 Aug 31;12:80-98. doi: 
10.2174/1874357901812010080. eCollection 2018.

Introduction: Zoonotic diseases are the 
infectious diseases that can be transmitted to human 
beings and vice versa from animals either directly or 
indirectly.  These diseases can be caused by a range 
of organisms including bacteria, parasites, viruses 
and fungi.  Viral diseases are highly infectious 
and capable of causing pandemics as evidenced 
by outbreaks of diseases like Ebola, Middle East 
Respiratory Syndrome, West Nile, SARS-Corona, 
Nipah, Hendra, Avian influenza and Swine influenza.  
Explanation: Many viruses affecting equines are 
also important human pathogens.  Diseases 
like Eastern equine encephalitis (EEE), Western 
equine encephalitis (WEE), and Venezuelan equine 
encephalitis (VEE) are highly infectious and can be 
disseminated as aerosols.  A large number of horses 
and human cases of VEE with fatal encephalitis have 
continuously occurred in Venezuela and Colombia.  
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Vesicular stomatitis (VS) is prevalent in horses in 
North America and has zoonotic potential causing 
encephalitis in children.  Hendra virus (HeV) causes 
respiratory and neurological disease and death in 
man and horses.  Since its first outbreak in 1994, 53 
disease incidents have been reported in Australia.  
West Nile fever has spread to many newer territories 
across continents during recent years.  It has been 
described in Africa, Europe, South Asia, Oceania 
and North America.  Japanese encephalitis has 
expanded horizons from Asia to the western Pacific 
region including the eastern Indonesian archipelago, 
Papua New Guinea and Australia.  Rabies is rare 
in horses but still a public health concern being 
a fatal disease.  Equine influenza is historically 
not known to affect humans but many scientists 
have mixed opinions.  Equine viral diseases of 
zoonotic importance and their impact on animal and 
human health have been elaborated in this article.  
Conclusion: Equine viral diseases though restricted 
to certain geographical areas have huge impact on 
equine and human health.  Diseases like West Nile 
fever, Hendra, VS, VEE, EEE, JE and rabies have 
the potential for spread and the ability to cause 
disease in humans.  Equine influenza is historically 
not known to affect humans but some experimental 
and observational evidence shows that H3N8 
influenza virus has infected man.  Despite our pursuit 
of understanding the complexity of the vector-host-
pathogen mediating disease transmission, it is not 
possible to make generalized predictions concerning 
the degree of impact of disease emergence.  A 
targeted, multidisciplinary effort is required to 
understand the risk factors for zoonosis and apply 
the interventions necessary to control it.

43 Liu LT, Dalipanda T, Jagilly R, Wang YH, Lin PC, 
Tsai CY, Lai WT, Tsai JJ.
Comparison of two rapid diagnostic tests during 
a large dengue virus serotype 3 outbreak in the 
Solomon Islands in 2013.
PLoS One 2018 Aug 10;13(8):e0202304. doi: 
10.1371/journal.pone.0202304. eCollection 2018.

Dengue virus (DENV) infection causes various 
clinical presentations, including asymptomatic 
infection, dengue with or without warning signs 
and severe dengue.  An early and accurate 
diagnosis of DENV infection during the first few 
days of illness supports clinical management and 
significantly reduces dengue-associated mortality 
and morbidity.  However, it is very difficult to confirm 
DENV infection in endemic regions without qualified 
dengue diagnostic laboratories.  In this study, we 
evaluated the performance of two commercially 
available rapid diagnostic tests (RDTs) using serum 
samples collected in the Solomon Islands during 
the 2013 DENV-3 outbreak.  The sensitivity and 
specificity of the tests were calculated by comparing 
the results of DENV nonstructural protein 1 (NS1) 
IgM and IgG RDTs with those obtained by qRT-
PCR.  We also compared the results of the DENV 
IgM/IgG RDT with those obtained using an IgM/
IgG capture enzyme-linked immuno-sorbent assay 
(ELISA).  The sensitivities of the SD and CTK NS1 
RDTs were similar (90.9% and 92.6%), and the 
specificity of the SD NS1 RDT was significantly 
higher than that of the CTK NS1 RDT (100% versus 
78.8%).  The inclusion of IgM and IgG in the RDT 
did not significantly increase the sensitivity for 
DENV diagnosis.  Compared with the SD IgM RDT, 
IgM capture ELISA had the same specificity but 

higher sensitivity.  User-friendly RDTs remain the 
first choice and the most convenient tool in dengue 
endemic regions, where laboratory facilities and 
the corresponding infrastructure are lacking.  Our 
study provided important and practical information 
for comparing the performance and validity of the 
different RDTs for rapid dengue detection.

44 Lui PSC, Dunne MP, Baker P, Isom V.
Adverse childhood experiences, mental health, and 
risk behaviors among men in the Solomon Islands.
Asia Pac J Public Health 2018 Sep;30(6):582-591. 
doi: 10.1177/1010539518792911. Epub 2018 Aug 
22.

Compared with many parts of the world, there 
has been little research in Pacific Island nations 
into the effects of adverse childhood experiences 
(ACEs) on adult health.  This is a significant gap for 
local evidence-based child protection.  We describe 
findings from a survey of 400 men aged 18 to 70 
years recruited from randomly sampled households 
in Honiara city, Solomon Islands.  Most men reported 
multiple adversities during childhood (80.7% 3 
or more; 46% 5 or more), such as exposure to 
community and domestic violence, bullying, physical 
maltreatment, and sexual abuse.  Men with multiple 
ACEs had significantly lower well-being and more 
psychological distress, recent stressful life events, 
and health risk behaviors.  This study reports the 
first observation that betel quid chewing increased 
as a function of multiple ACEs.  In comparison with 
recent East Asian studies, the Solomon Islands data 
suggest that the collective geographic category 
of ‘Asia-Pacific’ masks significant intraregional 
differences in childhood adversities.

45 Luthy S, Rake D, Buchanan T, Schultze C.
First case report of a near lethal envenomation by 
a Salomonelaps par (Solomons coral snake) in the 
Solomon Islands.
Trop Med Infect Dis 2018 Aug 21;3(3). pii: E90. doi: 
10.3390/tropicalmed3030090.

Venomous snake bites in the Solomon Islands 
can be very dangerous due to lack of access to 
health care.  There are no documented case reports 
of envenomation by snake bites in the Solomon 
Islands. This case report highlights the management 
of a patient with potentially lethal neurotoxicity 
secondary to a Solomonelaps par (Solomons 
coral snake) in a low resource setting.  This case 
identifies the potential benefit of further research 
to determine the incidence of lethal envenomation 
as well as analysing the venom to determine if any 
commercially available antivenom would be useful 
in the treatment of envenomation by Salomonelaps 
par and other venomous snakes.  There should 
be consideration given to providing education on 
first aid for people living in remote areas as well as 
education for health workers.

46 Malau E, Ford R, Valcanis M, Jennison AV, Mosse 
J, Bean D, Yoannes M, Pomat W, Horwood PF, 
Greenhill AR.
Antimicrobial sensitivity trends and virulence genes 
in Shigella spp. from the Oceania region.
Infect Genet Evol 2018 Oct;64:52-56. doi: 10.1016/j.
meegid.2018.06.015. Epub 2018 Jun 12.

Shigella is a common cause of diarrhoea in 
Papua New Guinea (PNG) and other Oceania 
countries.  However, little is known about the 
strains causing infection.  Archived Shigella isolates 
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(n = 72) were obtained from research laboratories 
in PNG and reference laboratories in Australia.  
Shigella virulence genes were detected by PCR, 
and antimicrobial susceptibility was determined 
by disk diffusion.  The ipaH virulence gene was 
present in all 72 isolates.  The prevalence of other 
virulence genes was variable, with ial, invE, ipaBCD, 
sen/ospD3 and virF present in 60% of isolates and 
set1A and set1B genes present in 42% of isolates.  
Most S. flexneri isolates contained genes encoding 
enterotoxin 1 and/or enterotoxin 2.  Resistance 
to antibiotics was common, with 51/72 isolates 
resistant to 2-4 antimicrobials.  A greater proportion 
of bacteria isolated since 2010 (relative to pre-2010 
isolates) were resistant to commonly used antibiotics 
such as ampicillin, chloramphenicol, tetracycline, 
and trimethoprim-sulfamethoxazole, suggesting 
that antimicrobial resistance (AMR) in Shigella is 
increasing over time in the Oceania region.  There 
is a need for improved knowledge regarding 
Shigella circulation in the Oceania region and further 
monitoring of AMR patterns.

47 Marks M, Engelman D, Romani L, Mason D, 
Sokana O, Kama M, Whitfeld M, Steer AC, Kaldor 
J.
Exploration of a simplified clinical examination for 
scabies to support public health decision-making.
PLoS Negl Trop Dis 2018 Dec 27;12(12):e0006996. 
doi: 10.1371/journal.pntd.0006996. eCollection 2018 
Dec.

INTRODUCTION: In most settings, the 
diagnosis of scabies is reliant on time-consuming 
and potentially intrusive clinical examination of 
all accessible regions of skin.  With the recent 
recognition of scabies as a neglected tropical 
disease by the World Health Organization there is 
a need for standardized approaches to disease 
mapping to define populations likely to benefit 
from intervention, and to measure the impact of 
interventions.  Development and validation of 
simplified approaches to diagnose scabies would 
facilitate these efforts.  METHODS: We utilised data 
from three population-based surveys of scabies.  We 
classified each individual as having scabies absent 
or present overall, based on whole body assessment, 
and in each of 9 regions of the body.  We calculated 
the sensitivity of diagnosing the presence of scabies 
based on each individual body region compared 
to the reference standard based on whole body 
examination and identified combinations of regions 
which provided greater than 90% sensitivity.  We 
assessed the sensitivity according to gender, age 
group, severity of scabies and the presence or 
absence of impetigo.  RESULTS: We included 1,373 
individuals with scabies.  The body regions with 
highest yield were the hands (sensitivity compared 
to whole body examination 51.2%), feet (49.7%), 
and lower legs (48.3%).  Examination of the exposed 
components of both limbs provided a sensitivity of 
93.2% (95% CI 91.2-94.4%).  The sensitivity of this 
more limited examination was greater than 90% 
regardless of scabies severity or the presence or 
absence of secondary impetigo.  DISCUSSION: We 
found that examination limited to hands, feet and 
lower legs was close to 90% for detecting scabies 
compared to a full body examination.  A simplified 
and less intrusive diagnostic process for scabies will 
allow expansion of mapping and improved decision-
making about public health interventions.  Further 
studies in other settings are needed to prospectively 

validate this simplified approach.

48 Marme GD.
Barriers and facilitators to effective tuberculosis 
infection control practices in Madang Province, PNG 
– a qualitative study.
Rural Remote Health 2018 Aug;18(3):4401. doi: 
10.22605/RRH4401. Epub 2018 Aug 16.

INTRODUCTION: Tuberculosis (TB) remains a 
major public health problem in many countries.  There 
is a greater threat of exposure to TB in congregate 
settings including healthcare facilities, prisons and 
households where health workers treat patients 
with TB.  In healthcare facilities, the key areas of 
risk of infection include settings where people with 
undiagnosed TB, including multidrug-resistant 
TB, congregate, such as outpatient waiting areas, 
pathology waiting areas, radiology departments and 
pharmacies, and wards where untreated patients 
await investigation results.  With high levels of TB in 
the community, and symptoms leading people to seek 
treatment, health services can be TB ‘hot spots’, and 
in the absence of good TB infection control (TBIC) 
a clinical service may actually promote the spread 
of TB, rather than contain it.  Practical and relevant 
control measures are, therefore, necessary to 
monitor the spread of TB.  METHODS: The purpose 
of this hermeneutic phenomenological research 
was to explore rural health workers’ perspectives of 
barriers and facilitators to effective TBIC practices 
in rural health facilities in Madang Province, Papua 
New Guinea (PNG).  The conceptual framework was 
adopted from WHO policy on TBIC in healthcare 
facilities, congregate settings and households 
as a benchmark to guide the study.  Qualitative 
individual and group interviews (with an average 
time of 30 minutes) and field notes were conducted 
with 12 key informants comprising clinicians (n = 9) 
and support staff (n = 3) from the health facilities.  
Trustworthy steps were taken during the semi-
structured interview to ensure data validity through 
member check and repeating participants’ narratives 
to ensure accurate representation of participants’ 
experiences.  All interviews and field notes were 
analysed using standard phenomenological 
methods.  RESULTS: The findings showed that 
numerous interconnected factors have influenced 
the implementation of TBIC measures in the rural 
health facilities in Madang Province.  They include 
issues related to inadequacies in the healthcare 
systems, access to personal protective equipment, 
separation procedures, sputum status, monitoring 
and control, training, and health services as TB ‘hot 
spots’.  CONCLUSIONS: The study found evidence 
that health system factors do impact on the capacity 
to implement TBIC.  Further, factors beyond TBIC 
such as sociocultural factors have an important 
influence on the way TBIC is implemented.  The 
results of this study are useful for clinicians, health 
administrators and policymakers to improve the 
interventions and application of TBIC procedures at 
the rural health facilities in PNG.  The study is limited 
to health services in Madang Province, and therefore 
the findings cannot automatically be generalised 
to other district hospitals and health centres in 
other parts of PNG.  However, the WHO TBIC is a 
standardised policy and the results of the findings 
may be useful for other health facilities that manage 
TB patients in PNG and for future health systems 
researchers to help improve the generalisability 
of the findings.  Further research is needed to 
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explore health workers’ experiences of conditions, 
actions and everyday practical issues affecting the 
application of TBIC measures in the rural health 
facilities of PNG.

49 Mehlotra RK.
Human genetic variation and HIV/AIDS in Papua 
New Guinea: time to connect the dots.
Curr HIV/AIDS Rep 2018 Dec;15(6):431-440. doi: 
10.1007/s11904-018-0417-9.

PURPOSE OF REVIEW: Human genetic 
polymorphisms known to influence HIV acquisition 
and disease progression occur in Papua New 
Guinea (PNG).  However, no genetic association 
study has been reported so far.  In this article, we 
review research findings, with a view to stimulate 
genotype-to-phenotype research.  RECENT 
FINDINGS: PNG, a country in Oceania, has a high 
prevalence of HIV and many sexually transmitted 
infections.  While limited data is available from 
this country regarding the distribution of human 
genetic polymorphisms known to influence clinical 
outcomes of HIV/AIDS, genetic association studies 
are lacking.  Our studies, in the past decade, have 
revealed that polymorphisms in chemokine receptor-
ligand (CCR2-CCR5, CXCL12), innate immune (Toll-
like receptor, β-defensin), and antiretroviral drug-
metabolism enzyme (CYP2B6, UGT2B7) genes are 
prevalent in PNG.  Although our results need to be 
validated in further studies, it is urgent to pursue 
large-scale, comprehensive genetic association 
studies that include these as well as additional 
genetic polymorphisms.

50 Millat-Martínez P, Ila R, Laman M, Robinson L, 
Karunajeewa H, Abel H, Pulai K, Sanz S, Manning 
L, Moore B, Bassat Q, Mitjà O.
Electrocardiographic safety of repeated monthly 
dihydroartemisinin-piperaquine as a candidate for 
mass drug administration.
Antimicrob Agents Chemother 2018 Nov 26:62(12).  
pii: e01153-18: doi: 10.1128/AAC.01153-18. Print 
2018 Dec.

Mass drug administration (MDA) of sequential 
rounds of antimalarial drugs is being considered for 
use as a tool for malaria elimination.  As an effective 
and long-acting antimalarial, dihydroartemisinin-
piperaquine (DHA-PQP) appears to be suitable as a 
candidate for MDA.  However, the absence of cardiac 
safety data following repeated administration hinders 
its use in the extended schedules proposed for MDA. 
We conducted an interventional study in Lihir Island, 
Papua New Guinea, using healthy individuals age 3 
to 60 years who received a standard 3-day course 
of DHA-PQP on 3 consecutive months.  Twelve-
lead electrocardiography (ECG) readings were 
conducted predose and 4 h after the final dose of 
each month.  The primary safety endpoint was QT 
interval correction (QTc using Fridericia’s correction 
[QTcF]) prolongation from baseline to 4 h postdosing.  
We compared the difference in prolongations 
between the third course postdose and the first 
course postdose.  Of 84 enrolled participants, 69 
(82%) participants completed all treatment courses 
and ECG measurements.  The average increase in 
QTcF was 19.6 ms (standard deviation [SD], 17.8 
ms) and 17.1 ms (SD, 17.1 ms) for the first-course 
and third-course postdosing ECGs, risk difference, 
−2.4 (95% confidence interval [95% CI], −6.9 to 
2.1; p = 0.285), respectively . We recorded a QTcF 
prolongation of >60 ms from baseline in 3 (4.3%) and 

2 (2.9%) participants after the first course and third 
course (p = 1.00), respectively.  No participants had 
QTcF intervals of >500 ms at any time point.  Three 
consecutive monthly courses of DHA-PQP were as 
safe as a single course.  The absence of cumulative 
cardiotoxicity with repeated dosing supports the use 
of monthly DHA-PQP as part of malaria elimination 
strategies.

51 Millat-Martínez P, Bassat Q.
Reappraising the cardiosafety of dihydroartemisinin-
piperaquine.
Lancet Infect Dis 2018 Aug;18(8):824-826. doi: 
10.1016/S1473-3099(18)30360-8. Epub 2018 Jun 7.

52 Mohamed Y, Durrant K, Huggett C, Davis J, 
Macintyre A, Menu S, Wilson JN, Ramosaea M, 
Sami M, Barrington DJ, McSkimming D, Natoli L.
A qualitative exploration of menstruation-related 
restrictive practices in Fiji, Solomon Islands and 
Papua New Guinea.
PLoS One 2018 Dec 3;13(12):e0208224. doi: 
10.1371/journal.pone.0208224. eCollection 2018.

Attitudes and beliefs about menstruation can 
place restrictions on menstruating women and girls, 
limiting their ability to fully participate in community 
life, education and employment.  This paper 
presents evidence on menstruation-related beliefs 
contributing to restrictive practices in Papua New 
Guinea (PNG), Solomon Islands (SI) and Fiji.  Focus 
group discussions and interviews were undertaken 
with 307 adolescent girls, women and men in a rural 
and urban site in each country.  Data were analysed 
using an inductive thematic approach.  Participants 
described a range of attitudes and beliefs that 
restrict the behaviour of menstruating women and 
girls.  Themes include the belief that menstrual blood 
is ‘dirty’; that when menstruating, girls and women 
can bring ‘bad luck’ to men; secrecy and shame 
associated with menstruation; and beliefs about 
the impact of certain behaviours on menstruation 
and health.  Restrictive practices were more 
frequently reported in PNG and SI than Fiji, and 
more common in rural compared with urban sites.  
Some restrictions, such as avoidance of household 
chores, were perceived as desirable or driven by 
women themselves.  However, participants identified 
other restrictions, such as not being able to attend 
church or hygienically wash menstrual hygiene 
materials, as unwanted, in some cases impacting 
on participation in school, work and community life.  
Education initiatives guided by women and girls, 
implemented by local stakeholders and grounded 
in a sound understanding of specific contexts are 
needed to address discriminatory attitudes and 
beliefs that contribute to unwanted restrictions, and 
to support enabling attitudes and beliefs regarding 
menstruation.

53 Mooring EQ, Mitjà O, Murray MB.
Spatial-temporal clustering analysis of yaws on Lihir 
Island, Papua New Guinea to enhance planning and 
implementation of eradication programs.
PLoS Negl Trop Dis 2018 Oct 29;12(10):e0006840. 
doi: 10.1371/journal.pntd.0006840. eCollection 2018 
Oct.

BACKGROUND: In the global program for 
the eradication of yaws, assessments of the 
prevalence of the disease are used to decide where 
to initiate mass treatment.  However, the smallest 
administrative unit that should be used as the basis 
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for making decisions is not clear.  We investigated 
spatial and temporal clustering of yaws to help inform 
the choice of implementation unit.  METHODOLOGY/
PRINCIPAL FINDINGS: We analyzed 11 years of 
passive surveillance data on incident yaws cases (n 
= 1448) from Lihir Island, Papua New Guinea.  After 
adjusting for age, sex, and trends in health-seeking, 
we detected three non-overlapping spatial-temporal 
clusters (p <1 × 10−17, p = 1.4 × 10−14, p = 1.4 × 
10−8).  These lasted from 28 to 47 months in duration 
and each encompassed between 4 and 6 villages.  
We also assessed spatial clustering of prevalent 
yaws cases (n = 532) that had been detected in 7 
biannual active case finding surveys beginning in 
2013.  We identified 1 statistically significant cluster 
in each survey.  We considered the possibility that 
schools that serve multiple villages might be loci of 
transmission, but we found no evidence that incident 
cases of yaws among 8- to 14-year-olds clustered 
within primary school attendance areas (p = 0.6846).  
CONCLUSIONS/SIGNIFICANCE: These clusters 
likely reflect transmission of yaws across village 
boundaries; villages may be epidemiologically linked 
to a degree such that mass drug administration may 
be more effectively implemented at a spatial scale 
larger than the individual village.

54 Mukap M, Sprod C, Tefuarani N, Laman M, Page-
Sharp M, Salman S, Moore BR, Batty KT, Davis 
TME, Manning L.
Validation of a dried blood spot ceftriaxone assay in 
Papua New Guinean children with severe bacterial 
infections.
Antimicrob Agents Chemother 2018 Sep 24;62(10). 
pii: e00940-18. doi: 10.1128/AAC.00940-18. Print 
2018 Oct.

Dried blood spot (DBS) antibiotic assays can 
facilitate pharmacokinetic (PK) studies in situations 
where venous blood sampling is logistically and/
or ethically challenging. In this study, we aimed 
to demonstrate the validity of a DBS ceftriaxone 
assay in a PK study of children with severe illness 
from Papua New Guinea (PNG), a setting in which 
health care resources are limited and anemia 
is common.  Using a previously validated liquid 
chromatography-tandem mass spectrometry (LC-
MS/MS) assay, serial plasma and DBS ceftriaxone 
concentrations were measured in PNG children 
aged 5 to 10 years with acute bacterial meningitis 
or severe pneumonia.  The concentration-time data 
were incorporated into population PK models.   Ten 
children were recruited with an admission hematocrit 
of 0.22 to 0.52.  Raw data demonstrated good 
correlation between plasma and DBS concentrations 
(Spearman’s rank correlation coefficient [rs] = 0.94 
[95% confidence interval, 0.91 to 0.97], p <0.0001).  
A marked systematic hematocrit bias was observed, 
with lower hematocrits resulting in underestimation 
of DBS-predicted plasma concentration.  After 
adjustment for red cell partitioning and hematocrit 
bias, a population PK model comparing plasma and 
DBS-predicted plasma concentrations did not differ 
in terms of key PK parameters, including clearance, 
volume of distribution, and residual variability.  The 
performance of the ceftriaxone DBS assay is robust 
and provides reassurance that this platform can 
be used as a surrogate for plasma concentrations 
to provide valid PK and PK/pharmacodynamic 
studies of severely unwell children hospitalized in a 
resource-limited setting.  It highlights the importance 
of hematocrit bias in validation studies of DBS 

assays.

55 Nascimento J, Sampaio VS, Karl S, Kuehn A, 
Almeida A, Vitor-Silva S, de Melo GC, Baia da 
Silva DC, Lopes SCP, Fé NF, Lima JBP, Guerra 
MGB, Pimenta PFP, Bassat Q, Mueller I, Lacerda 
MVG, Monteiro WM.
Use of anthropophilic culicid-based xenosurveillance 
as a proxy for Plasmodium vivax malaria burden and 
transmission hotspots identification.
PLoS Negl Trop Dis 2018 Nov 12;12(11):e0006909. 
doi: 10.1371/journal.pntd.0006909. eCollection 2018 
Nov.

Vector-borne diseases account for more than 
17% of all infectious diseases, causing more than 
one million deaths annually.  Malaria remains one of 
the most important public health problems worldwide.  
These vectors are bloodsucking insects, which can 
transmit disease-producing microorganisms during 
a blood meal.  The contact of culicids with human 
populations living in malaria-endemic areas suggests 
that the identification of Plasmodium genetic material 
in the blood present in the gut of these mosquitoes 
may be possible.  The process of assessing the 
blood meal for the presence of pathogens is termed 
‘xenosurveillance’.  In view of this, the present 
work investigated the relationship between the 
frequency with which Plasmodium DNA is found in 
culicids and the frequency with which individuals 
are found to be carrying malaria parasites.  A cross-
sectional study was performed in a peri-urban area 
of Manaus, in the Western Brazilian Amazon, by 
simultaneously collecting human blood samples 
and trapping culicids from households.  A total of 
875 individuals were included in the study and a 
total of 13,374 mosquito specimens were captured.  
Malaria prevalence in the study area was 7.7%.  The 
frequency of households with at least one culicid 
specimen carrying Plasmodium DNA was 6.4%.  
Plasmodium infection incidence was significantly 
related to whether any Plasmodium positive blood-
fed culicid was found in the same household [IRR 
3.49 (CI95% 1.38-8.84); p = 0.008] and for indoor-
collected culicids [IRR 4.07 (CI95% 1.25-13.24); p = 
0.020].  Furthermore, the number of infected people 
in the house at the time of mosquito collection was 
related to whether there were any positive blood-fed 
culicid mosquitoes in that household for collection 
methods combined [IRR 4.48 (CI95% 2.22-9.05); p 
<0.001] or only for indoor-collected culicids [IRR 4.88 
(CI95% 2.01-11.82); p <0.001].  Our results suggest 
that xenosurveillance can be used in endemic 
tropical regions in order to estimate the malaria 
burden and identify transmission foci in areas where 
Plasmodium vivax is predominant.

56 Ntumngia FB, Thomson-Luque R, Galusic S, 
Frato G, Frischmann S, Peabody DS, Chackerian 
B, Ferreira MU, King CL, Adams JH.
Identification and immunological characterization of 
the ligand domain of Plasmodium vivax reticulocyte 
binding protein 1a.
J Infect Dis 2018 Aug 24;218(7):1110-1118. doi: 
10.1093/infdis/jiy273.

Background: Erythrocyte invasion by malaria 
parasites is essential for blood-stage development.  
Consequently, parasite proteins critically involved in 
erythrocyte invasion, such as the Plasmodium vivax 
reticulocyte binding proteins (RBPs) that mediate 
preferential invasion of reticulocytes, are considered 
potential vaccine targets.  Thus, targeting the RBPs 
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could prevent blood-stage infection and disease.  
The RBPs are large, and little is known about their 
functional domains and whether individuals naturally 
exposed to P. vivax acquire binding-inhibitory 
antibodies to these critical binding regions.  This 
study aims to functionally and immunologically 
characterize Plasmodium vivax RBP1a.  Methods: 
Recombinant proteins of overlapping fragments of 
RBP1a were used to determine binding specificity 
to erythrocytes and immunogenicity in laboratory 
animals.  The naturally acquired antibody response 
to these proteins was evaluated using serum 
samples from individuals in regions of endemicity.  
Results: The N-terminal extracellular region, 
RBP1157-650 (RBP1:F8), was determined to 
bind both reticulocytes and normocytes, with a 
preference for immature reticulocytes.  Antibodies 
elicited against rRBP1:F8 blocked binding between 
RBP1:F8 and erythrocytes.  Naturally acquired anti-
RBP1 binding-inhibitory antibodies were detected in 
serum specimens from P. vivax-exposed individuals 
from Papua New Guinea and Brazil.  Conclusion: 
Recombinant RBP1:F8 binds human erythrocytes, 
elicits artificially induced functional blocking 
antibodies, and is a target of naturally acquired 
binding-inhibitory antibodies.

57 Obaldia N 3rd, Milhous WK, Kyle DE.
Reversal of chloroquine resistance of Plasmodium 
vivax in Aotus monkeys.
Antimicrob Agents Chemother 2018 Aug 27;62(9). 
pii: e00582-18. doi: 10.1128/AAC.00582-18. Print 
2018 Sep.

Chloroquine-resistant (CQR) vivax malaria 
has emerged as a threat to the malaria elimination 
agenda.  The objective of this study was to 
assess if a combination of chloroquine (CQ) and 
prochlorperazine was able to reverse CQ resistance 
of the Plasmodium vivax AMRU-1 strain from 
Papua New Guinea in infected Aotus monkeys.  
For this purpose, in two independent experimental 
drug efficacy trials, a total of 18 Aotus monkeys 
infected with blood obtained from donor animals 
were randomly assigned to treatment and control 
groups and orally administered CQ at 10 mg/
kg or prochlorperazine at 20 mg/kg, alone or in 
combination, for five consecutive days.  Reversal of 
CQR was achieved in animals that received the drug 
combination, whereas neither drug alone produced 
cures.  This same drug combination reverses CQR 
in P. falciparum and could be an alternative for 
treatment in humans with chloroquine-resistant P. 
vivax infections.

58 Olszowy KM, Little MA, Lee G, Pomer A, Dancause 
KN, Sun C, Silverman H, Chan CW, Tarivonda L, 
Kaneko A, Weitz C, Koji Lum J, Garruto RM.
Coming to grips with economic development: 
variation in adult hand grip strength during health 
transition in Vanuatu.
 Am J Phys Anthropol 2018 Dec;167(4):760-776. doi: 
10.1002/ajpa.23704. Epub 2018 Sep 27.

OBJECTIVES: To determine whether (1) 
maximal handgrip strength (HGS) is associated 
with inter-island level of economic development in 
Vanuatu, (2) how associations between island of 
residence and HGS are mediated by age, sex, body 
size/composition, and individual sociodemographic 
variation, and (3) whether HGS is predictive of 
hypertension.  MATERIAL AND METHODS: HGS 
was collected from 833 adult (aged 18 and older) 

men and women on five islands representing 
a continuum of economic development in 
Vanuatu.  HGS was measured using a handheld 
dynamometer.  Participants were administered 
an extensive sociobehavioral questionnaire and 
were also assessed for height, weight, percent 
body fat, forearm skinfold thickness, forearm 
circumference, and blood pressure.  RESULTS: 
HGS was significantly greater in men than in women 
regardless of island of residence.  HGS was also 
significantly positively associated with inter-island 
level of economic development.  Grip strength-to-
weight ratio was not different across islands except 
in older individuals, where age-related decline 
occurred primarily on islands with greater economic 
development.  HGS significantly declined with age 
in both men and women.  CONCLUSION: HGS is 
positively associated with modernization in Vanuatu, 
but the relationship between HGS and modernization 
is largely due to an association of both variables with 
increased body size on more modernized islands.  
Further research on the role of individual variation in 
diet and physical activity are necessary to clarify the 
relationship between HGS and modernization.

59 Orelly T, Welch H, Machine E, Pameh W, Duke T.
Human immunodeficiency virus status disclosure 
and education for children and adolescents in Papua 
New Guinea.
J Paediatr Child Health 2018 Jul;54(7):728-734. doi: 
10.1111/jpc.13866. Epub 2018 Feb 13.

AIM: How to provide human immunodeficiency 
virus (HIV) disclosure and awareness for children 
and young people has not been studied in Papua 
New Guinea or Pacific Island countries.  We 
aimed to determine the current practices of HIV 
disclosure and evaluate whether an incremental 
disclosure education model, as recommended by 
World Health Organization (WHO), would increase 
children’s knowledge about their condition and 
improve adherence to antiretroviral therapy (ART).  
METHODS: We enrolled HIV-infected children on 
ART whose parents consented, and we identified 
whether they were aware that they were HIV positive 
or not.  An incremental education model was used 
to teach the children about their illness and to 
disclose their HIV status if that was the parents’ 
wishes.  Knowledge of HIV and adherence to ART 
before and following education sessions were 
assessed.  RESULTS: A total of 138 HIV-positive 
children were recruited.  Only 7% had previously 
been made aware of their HIV test results; the mean 
disclosure age was 12.7 years. By 10 years of age, 
25 of 34 participants (74%) had not been told they 
had HIV.  The common reasons caregivers gave 
for not disclosing were that the child was too young 
and the potential psychosocial impacts on the child 
and the family.  Using an education model of HIV 
disclosure, children’s knowledge of HIV increased 
significantly, and ART adherence, which was good 
at 95%, increased to 99% an average of 9 months 
after education.  CONCLUSION: There is a low 
rate of disclosure for HIV-infected children in Papua 
New Guinea.  This study underlines the importance 
and value of incorporating age-appropriate HIV 
education within HIV services.

60 Pandey S, Lavu E, Congdon J, Moke R, 
Bainomugisa A, Coulter C.
Characterization of pncA mutations in multi-drug and 
pyrazinamide resistant Mycobacterium tuberculosis 
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isolates cultured from Queensland migrants and 
Papua New Guinea residents.
Tuberculosis (Edinb) 2018 Jul;111:109-113. doi: 
10.1016/j.tube.2018.06.006. Epub 2018 Jun 8.

Outbreak of drug resistant tuberculosis in the 
Western Province, Papua New Guinea is a concern 
to Queensland, Australia due to migration.  We 
performed pncA mutation analysis and genotyping 
of multi-drug/pyrazinamide (MDR/PZA) resistant 
isolates from 18 Queensland (Qld) migrants and 81 
Papua New Guinea (PNG) residents, to compare 
with phenotypic evidence of PZA resistance and 
to evaluate the genotypes obtained from the 
two countries.  Seven different mutations were 
seen from Qld isolates of which 2 have not been 
described previously.  A cluster of mutations were 
found between amino acids L35 and S65.  Amongst 
the PNG isolates, 10 mutations were identified, of 
which 6 were unique and have not been described 
previously.  Majority of the mutations formed 2 
clusters, between amino acids Q10 to A20 and 
W68 to W119.  Mutations identified at nucleotide 
(nt) position 202 and 307 were found to be the 
most common types, occurring in 25% and 51% 
of the PNG isolates respectively.  The majority of 
the mutations were seen in MDR/PZA resistant 
isolates.  These mutations could be utilized for 
direct screening of PZA resistance from PNG patient 
samples.  Genotypic analysis of the isolates showed 
strong clustering amongst the PNG isolates as 
opposed to Qld isolates.  A diversity of mutations 
and genotypes were seen amongst the Qld migrant 
isolates. Majority of PNG isolates had one genotype 
with two distinct pncA mutation patterns (T202C and 
T307G) which highlight on-going transmission.  pncA 
mutation analysis provided a satisfactory alternative 
to PZA culture DST with high positive predictive 
value and an improved result turnaround time.

61 Pinsent A, Solomon AW, Bailey RL, Bid R, Cama 
A, Dean D, Goodhew B, Gwyn SE, Jack KR, 
Kandel RP, Kama M, Massae P, Macleod C, Mabey 
DCW, Migchelsen S, Müller A, Sandi F, Sokana O, 
Taoaba R, Tekeraoi R, Martin DL, White MT.
The utility of serology for elimination surveillance of 
trachoma.
Nat Commun 2018 Dec 21;9(1):5444. doi: 10.1038/
s41467-018-07852-0.

Robust surveillance methods are needed for 
trachoma control and recrudescence monitoring, but 
existing methods have limitations.  Here, we analyse 
data from nine trachoma-endemic populations and 
provide operational thresholds for interpretation 
of serological data in low-transmission and post-
elimination settings.  Analyses with sero-catalytic 
and antibody acquisition models provide insights 
into transmission history within each population.  To 
accurately estimate sero-conversion rates (SCR) for 
trachoma in populations with high-seroprevalence in 
adults, the model accounts for secondary exposure 
to Chlamydia trachomatis due to urogenital 
infection.  We estimate the population half-life of 
sero-reversion for anti-Pgp3 antibodies to be 26 
(95% credible interval (CrI): 21-34) years.  We show 
SCRs below 0.015 (95% confidence interval (CI): 
0.0-0.049) per year correspond to a prevalence of 
trachomatous inflammation-follicular below 5%, the 
current threshold for elimination of active trachoma 
as a public health problem.  As global trachoma 
prevalence declines, we may need cross-sectional 
serological survey data to inform programmatic 

decisions.

62 Pulford J, Saweri OPM, Jeffery C, Siba PM, 
Mueller I, Hetzel MW.
Does test-based prescription of evidence-based 
treatment for malaria improve treatment seeking and 
satisfaction? Findings of repeated cross-sectional 
surveys in Papua New Guinea.
BMJ Glob Health 2018 Nov 16;3(6):e000915. doi: 
10.1136/bmjgh-2018-000915. eCollection 2018.

Introduction: The presumptive treatment of febrile 
illness with antimalarial medication is becoming less 
common in low-income and middle-income countries 
as access to reliable diagnostic tests improves.  
We explore whether the shift towards test-based 
antimalarial prescription, and the introduction of 
highly efficacious artemisinin combination therapies 
(ACTs), reduces critical delays in seeking treatment 
for febrile illness or increases patient satisfaction.  
Methods: We conducted countrywide repeat, cross-
sectional surveys in 118 randomly selected primary 
healthcare services in Papua New Guinea.  The 
clinical case management of 1765 consecutively 
presenting febrile patients was observed and exit 
interviews were completed at discharge.  This was 
done prior to implementation of test-based ACT 
prescription (2011) and at 12 (2012) and 60  months 
(2016) postimplementation.  We conducted multiple 
logistic regressions.  Treatment response time was 
dichotomised as <24  hours from symptom onset 
vs 24+ hours.  Satisfaction was dichotomised as a 
‘high’ vs ‘low’ rating based on participant response 
to a visual, 7-point Likert-type scale.  Results: 
62% (322/517) of febrile patients reported seeking 
treatment within 24  hours of symptom onset in 
2011 compared with 53% (230/434) in 2012 and 
42% (339/814) in 2016.  Adjusted ORs for reporting 
a treatment response time <24  hours in the 
postimplementation surveys were 0.77 (95% CI 0.48 
to 1.26) and 0.45 (95% CI 0.31 to 0.65), respectively 
when compared with the preimplementation period. 
53% (230/533) of febrile patients reported ‘high’ 
satisfaction with the service received in 2011 
compared with 32% (143/449) in 2012 and 35% 
(278/803) in 2016.  Adjusted ORs for reporting 
high satisfaction in the postimplementation surveys 
were 0.52 (95% CI 0.32 to 0.85) and 0.65 (95% CI 
0.39 to 1.10), respectively when compared with the 
preimplementation period.  Conclusion: Nationwide 
implementation of test-based ACT prescription in 
Papua New Guinea has increased the likelihood 
of critical treatment seeking delays and decreased 
patient satisfaction with the service received.

63 Pyke AT, Moore PR, Hewitson G, Burtonclay P.
First reported complete genome sequence of a 
dengue virus serotype 4 strain from Papua New 
Guinea.
Microbiol Resour Announc 2018 Sep 27;7(12). pii: 
e01082-18. doi: 10.1128/MRA.01082-18. eCollection 
2018 Sep.

A male patient in his 50s who traveled from 
Papua New Guinea (PNG) to Australia in 2016 was 
diagnosed with a dengue virus serotype 4 (DENV-4) 
infection, and the virus was isolated from his acute-
phase serum.  Here, we describe the first complete 
genome sequence of a DENV-4 strain from PNG.

64 Romani L, Marks M, Sokana O, Nasi T, Kamoriki 
B, Wand H, Whitfeld MJ, Engelman D, Solomon 
AW, Steer AC, Kaldor JM.
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Feasibility and safety of mass drug coadministration 
with azithromycin and ivermectin for the control 
of neglected tropical diseases: a single-arm 
intervention trial.
Lancet Glob Health 2018 Oct;6(10):e1132-e1138. 
doi: 10.1016/S2214-109X(18)30397-8.

BACKGROUND: Mass drug administration 
has made a major contribution to the public health 
control of several important neglected tropical 
diseases.  For settings with more than one endemic 
disease, combined mass drug administration has 
potential practical advantages compared with 
separate programmes but needs confirmation of 
feasibility and safety.  We undertook a study of 
mass drug administration in the Solomon Islands for 
trachoma and scabies control using ivermectin and 
azithromycin, key drugs in the control of neglected 
tropical diseases worldwide.  METHODS: The 
entire population of Choiseul Province, Solomon 
Islands, was eligible to participate.  An azithromycin-
based mass drug administration regimen was 
offered in line with standard recommendations for 
trachoma elimination (oral azithromycin or topical 
tetracycline).  An ivermectin-based mass drug 
administration regimen was offered at the same 
time (oral ivermectin or topical permethrin), with 
a further dose 7-14 days later, using a modified 
version of a regimen demonstrated to be effective 
for scabies control.  All participants underwent safety 
assessments 7-14 days later. Participants in ten 
randomly selected sentinel villages underwent a 
more detailed safety assessment.  Routine health 
system reports of hospital or clinic admissions 
and deaths were also obtained to compare health 
outcomes in the 12 month period before and after 
the mass drug administration.  FINDINGS: The 
study enrolled 26 188 participants, 99·3% of the 
estimated resident population as determined at the 
2009 census.  Of those enrolled, 25 717 (98·2%) 
received the trachoma regimen and 25 819 (98·6%) 
received the first dose of the scabies regimen 
between Sept 1, and Oct 2, 2015.  A second dose 
of the scabies regimen was received by 21 931 
(83·7%) of participants. Adverse events, all mild and 
transient, were recorded in 571 (2·6%) of the entire 
study population and 58 (4·1%) of participants in 
the ten sentinel villages.  In the 12 months before 
and after the mass drug administration the numbers 
of hospital admissions (1530 vs 1602) and deaths 
(73 vs 83) were similar.  In the month after the mass 
drug administration, 84 individuals were admitted 
to hospital and two died, compared with a monthly 
median of 116 admissions (IQR 106-159) and six 
deaths (IQR 4-7) in the 12 months before and after 
the mass drug administration.  INTERPRETATION: 
In the largest trial so far involving coadministration of 
regimens based on ivermectin and azithromycin, the 
combination was safe and feasible in a population of 
more than 26 000 people.  Coadministration of mass 
drug administration based on these two drugs opens 
up new potential for the control of neglected tropical 
diseases.

65 Sandakabatu M, Nasi T, Titiulu C, Duke T.
Evaluating the process and outcomes of child death 
review in the Solomon Islands.
Arch Dis Child 2018 Jul;103(7):685-690. doi: 
10.1136/archdischild-2017-314662. Epub 2018 Apr 
4.

While maternal and perinatal mortality auditing 
has been strongly promoted by the World Health 

Organization (WHO), there has been very limited 
promotion or evaluation of child death auditing in 
low/middle-income settings.  In 2017, a standardised 
child death review process was introduced in the 
paediatric department of the National Hospital 
in Honiara, Solomon Islands.  We evaluated the 
process and outcomes of child death reviews.  
The child death auditing process was assessed 
through systematic observations made at each of 
the weekly meetings using the following standards 
for evaluation: (1) adapted WHO tools for paediatric 
auditing; (2) the five stages of the audit cycle; (3) 
published principles of paediatric audit; and (4) WHO 
and Solomon Islands national clinical standards of 
Hospital Care for Children.  Thirty-three child death 
review meetings were conducted over 6 months, 
reviewing 66 neonatal and child deaths.  Some areas 
of the process were satisfactory and other areas 
were identified for improvement.  The latter included 
use of a more systematic classification of causes of 
death, inclusion of social risk factors and community 
problems in the modifiable factors and more follow-
up with implementation of action plans.  Areas 
for improvement were in communication, clinical 
assessment and treatment, availability of laboratory 
tests, antenatal clinic attendance and equipment 
for high dependency neonatal and paediatric care.  
Many of the changes recommended by audit require 
a quality improvement team to implement.  Child 
death auditing can be done in resource-limited 
settings and yields useful information of gaps which 
are linked to preventable deaths; however, using 
the data to produce meaningful changes in practice 
is the greatest challenge.  Audit is an iterative and 
evolving process that needs a structure, tools, 
evaluation, and needs to be embedded in the culture 
of a hospital as part of overall quality improvement, 
and requires a quality improvement team to follow-
up and implement action plans.

66 Sandall J, Tribe RM, Avery L, Mola G, Visser GH, 
Homer CS, Gibbons D, Kelly NM, Kennedy HP, 
Kidanto H, Taylor P, Temmerman M.
Short-term and long-term effects of caesarean 
section on the health of women and children.
Lancet 2018 Oct 13;392(10155):1349-1357. doi: 
10.1016/S0140-6736(18)31930-5.

A caesarean section (CS) can be a life-saving 
intervention when medically indicated, but this 
procedure can also lead to short-term and long-
term health effects for women and children.  Given 
the increasing use of CS, particularly without 
medical indication, an increased understanding 
of its health effects on women and children has 
become crucial, which we discuss in this Series 
paper.  The prevalence of maternal mortality and 
maternal morbidity is higher after CS than after 
vaginal birth. CS is associated with an increased risk 
of uterine rupture, abnormal placentation, ectopic 
pregnancy, stillbirth, and preterm birth, and these 
risks increase in a dose-response manner.  There 
is emerging evidence that babies born by CS have 
different hormonal, physical, bacterial, and medical 
exposures, and that these exposures can subtly 
alter neonatal physiology.  Short-term risks of CS 
include altered immune development, an increased 
likelihood of allergy, atopy, and asthma, and reduced 
intestinal gut microbiome diversity.  The persistence 
of these risks into later life is less well investigated, 
although an association between CS use and greater 
incidence of late childhood obesity and asthma are 
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frequently reported.  There are few studies that focus 
on the effects of CS on cognitive and educational 
outcomes.  Understanding potential mechanisms 
that link CS with childhood outcomes, such as the 
role of the developing neonatal microbiome, has 
potential to inform novel strategies and research for 
optimising CS use and promote optimal physiological 
processes and development.

67 Sekihara M, Tachibana SI, Yamauchi M, 
Yatsushiro S, Tiwara S, Fukuda N, Ikeda M, Mori 
T, Hirai M, Hombhanje F, Mita T.
Lack of significant recovery of chloroquine sensitivity 
in Plasmodium falciparum parasites following 
discontinuance of chloroquine use in Papua New 
Guinea.
Malar J 2018 Nov 26;17(1):434. doi: 10.1186/
s12936-018-2585-x.

BACKGROUND: Chloroquine treatment for 
Plasmodium falciparum has been discontinued 
in almost all endemic regions due to the spread 
of resistant isolates.  Reversal of chloroquine 
susceptibility after chloroquine discontinuation 
has been reported in dozens of endemic regions.  
However, this phenomenon has been mostly 
observed in Africa and is not well documented in 
other malaria endemic regions. To investigate this, 
an ex vivo study on susceptibility to chloroquine and 
lumefantrine was conducted during 2016-2018 in 
Wewak, Papua New Guinea where chloroquine had 
been removed from the official malaria treatment 
regimen in 2010.  Genotyping of pfcrt and pfmdr1 
was also performed.  RESULTS: In total, 368 
patients were enrolled in this study.  Average 
IC50 values for chloroquine were 106.6, 80.5, and 
87.6 nM in 2016, 2017, and 2018, respectively.  
These values were not significantly changed from 
those obtained in 2002/2003 (108 nM).  The majority 
of parasites harboured a pfcrt K76T, the mutation 
responsible for chloroquine resistance.  However, 
a significant upward trend was observed in the 
frequency of the K76 (wild) allele from 2.3% in 2016 
to 11.7% in 2018 (p = 0.008; Cochran-Armitage trend 
test).  CONCLUSIONS: Eight years of chloroquine 
withdrawal has not induced a significant recovery 
of susceptibility in Papua New Guinea.  However, 
an increasing tendency of parasites harbouring 
chloroquine-susceptible K76 suggests a possibility 
of resurgence of chloroquine susceptibility in the 
future.

68 Solomon AW, Willis R, Pavluck AL, Alemayehu 
W, Bakhtiari A, Bovill S, Chu BK, Courtright P, 
Dejene M, Downs P, Flueckiger RM, Haddad D, 
Hooper PJ, Kalua K, Kebede B, Kello AB, Macleod 
CK, McCullagh S, Millar T, Mpyet C, Ngondi J, 
Nwobi B, Olobio N, Onyebuchi U, Rotondo LA, 
Sarr B, Shafi O, Sokana O, West SK, Foster A; for 
the Global Trachoma Mapping Project.
Quality assurance and quality control in the Global 
Trachoma Mapping Project.
Am J Trop Med Hyg 2018 Oct;99(4):858-863. doi: 
10.4269/ajtmh.18-0082.

In collaboration with the health ministries that we 
serve and other partners, we set out to complete the 
multiple-country Global Trachoma Mapping Project.  
To maximize the accuracy and reliability of its outputs, 
we needed in-built, practical mechanisms for quality 
assurance and quality control.  This article describes 
how those mechanisms were created and deployed.  
Using expert opinion, computer simulation, working 

groups, field trials, progressively accumulated in-
project experience, and external evaluations, we 
developed 1) criteria for where and where not to 
undertake population-based prevalence surveys 
for trachoma; 2) three iterations of a standardized 
training and certification system for field teams; 3) 
a customized Android phone-based data collection 
app; 4) comprehensive support systems; and 5) a 
secure end-to-end pipeline for data upload, storage, 
cleaning by objective data managers, analysis, health 
ministry review and approval, and online display.  We 
are now supporting peer-reviewed publication.  Our 
experience shows that it is possible to quality control 
and quality assure prevalence surveys in such a 
way as to maximize comparability of prevalence 
estimates between countries and permit high-speed, 
high-fidelity data processing and storage, while 
protecting the interests of health ministries.

69 Tavul L, Hetzel MW, Teliki A, Walsh D, Kiniboro 
B, Rare L, Pulford J, Siba PM, Karl S, Makita L, 
Robinson L, Kattenberg JH, Laman M, Oswyn G, 
Mueller I.
Efficacy of artemether-lumefantrine and 
dihydroartemisinin-piperaquine for the treatment of 
uncomplicated malaria in Papua New Guinea.
Malar J 2018 Oct 5;17(1):350. doi: 10.1186/s12936-
018-2494-z.

BACKGROUND: In 2009, the Papua New Guinea 
(PNG) Department of Health adopted artemether-
lumefantrine (AL) and dihydroartemisinin-
piperaquine (DHA-PPQ) as the first- and second-line 
treatments for uncomplicated malaria, respectively.  
This study was conducted to assess the efficacy 
of both drugs following adoption of the new policy.  
METHODS: Between June 2012 and September 
2014, a therapeutic efficacy study was conducted 
in East Sepik and Milne Bay Provinces of PNG 
in accordance with the standard World Health 
Organization (WHO) protocol for surveillance of anti-
malarial drug efficacy.  Patients ≥6 months of age 
with microscopy confirmed Plasmodium falciparum 
or Plasmodium vivax mono-infections were enrolled, 
treated with AL or DHA-PPQ, and followed up for 
42 days.  Study endpoints were adequate clinical 
and parasitological response (ACPR) on days 28 
and 42.  The in vitro efficacy of anti-malarials and 
the prevalence of selected molecular markers 
of resistance were also determined.  RESULTS: 
A total of 274 P. falciparum and 70 P. vivax cases 
were enrolled.  The day-42 PCR-corrected ACPR 
for P. falciparum was 98.1% (104/106) for AL and 
100% (135/135) for DHA-PPQ.  The day-42 PCR-
corrected ACPR for P. vivax was 79.0% (15/19) 
for AL and 92.3% (36/39) for DHA-PPQ.  Day 3 
parasite clearance of P. falciparum was 99.2% with 
AL and 100% with DHA-PPQ.  In vitro testing of 96 
samples revealed low susceptibility to chloroquine 
(34% of samples above IC50 threshold) but not to 
lumefantrine (0%).  Molecular markers assessed 
in a sub-set of the study population indicated high 
rates of chloroquine resistance in P. falciparum (pfcrt 
SVMNT: 94.2%, n = 104) and in P. vivax (pvmdr1 
Y976F: 64.8%, n = 54).  CONCLUSIONS: AL and 
DHA-PPQ were efficacious as first- and second-
line treatments for uncomplicated malaria in PNG.  
Continued in vivo efficacy monitoring is warranted 
considering the threat of resistance to artemisinin 
and partner drugs in the region and scale-up of 
artemisinin-based combination therapy in PNG.
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70 Tay AK, Mohsin M, Rees S, Tam N, Kareth M, 
Silove D.
Factor structures of complex posttraumatic stress 
disorder and PTSD in a community sample of 
refugees from West Papua.
Compr Psychiatry 2018 Aug;85:15-22. doi: 10.1016/j.
comppsych.2018.05.001. Epub 2018 May 26.

OBJECTIVES: The intention to include a 
category of Complex Posttraumatic Stress Disorder 
(CPTSD) in ICD-11 has renewed interest in this 
construct.  Although growing evidence from high 
income countries supports the construct validity of 
CPTSD, little parallel research has been undertaken 
across cultures.  We tested theoretically supported 
CPTSD structures (a one-factor, six-factor, one-
factor higher-order, and two-factor higher order 
structure) in a community sample of West Papuan 
refugees living in a remote town, Kiunga, in 
Papua New Guinea (PNG).  PROCEDURES: A 
community-wide survey was conducted (2016-
2017; response rate 85.5%) amongst 486 West 
Papuans.  Culturally adapted measures were 
applied to assess cumulative traumatic exposure, 
postmigration living difficulties (PMLDs), CPTSD 
symptoms, and functional impairment.  FINDINGS: 
A six factor structure for CPTSD provided the best fit 
to the data, consistent with our past study amongst 
West Papuans.  CONCLUSIONS: The cross-
cultural validity of our findings is supported by the 
isolation of West Papuan participants from services 
treating traumatic stress.  To further support the 
universal applicability of CPTSD, our findings need 
to be confirmed amongst other refugee groups from 
diverse cultural backgrounds.

71 Tessema SK, Utama D, Chesnokov O, Hodder AN, 
Lin CS, Harrison GLA, Jespersen JS, Petersen 
B, Tavul L, Siba P, Kwiatkowski D, Lavstsen T, 
Hansen DS, Oleinikov AV, Mueller I, Barry AE.
Antibodies to intercellular adhesion molecule 
1-binding Plasmodium falciparum erythrocyte 
membrane protein 1-DBLβ are biomarkers of 
protective immunity to malaria in a cohort of young 
children from Papua New Guinea.
Infect Immun 2018 Jul 23;86(8). pii: e00485-17. doi: 
10.1128/IAI.00485-17. Print 2018 Aug.

Plasmodium falciparum erythrocyte membrane 
protein 1 (PfEMP1) mediates parasite sequestration 
to the cerebral microvasculature via binding of 
DBLβ domains to intercellular adhesion molecule 
1 (ICAM1) and is associated with severe cerebral 
malaria.  In a cohort of 187 young children from 
Papua New Guinea (PNG), we examined baseline 
levels of antibody to the ICAM1-binding PfEMP1 
domain, DBLβ3PF11_0521, in comparison to 
four control antigens, including NTS-DBLα and 
CIDR1 domains from another group A variant and 
a group B/C variant.  Antibody levels for the group 
A antigens were strongly associated with age and 
exposure.  Antibody responses to DBLβ3PF11_0521 
were associated with a 37% reduced risk of high-
density clinical malaria in the follow-up period 
(adjusted incidence risk ratio [aIRR] = 0.63 [95% 
confidence interval {CI}, 0.45 to 0.88; p = 0.007]) 
and a 25% reduction in risk of low-density clinical 
malaria (aIRR = 0.75 [95% CI, 0.55 to 1.01; p = 
0.06]), while there was no such association for other 
variants.  Children who experienced severe malaria 
also had significantly lower levels of antibody to 
DBLβ3PF11_0521 and the other group A domains 
than those that experienced nonsevere malaria.  

Furthermore, a subset of PNG DBLβ sequences 
had ICAM1-binding motifs, formed a distinct 
phylogenetic cluster, and were similar to sequences 
from other areas of endemicity.  PfEMP1 variants 
associated with these DBLβ domains were enriched 
for DC4 and DC13 head structures implicated in 
endothelial protein C receptor (EPCR) binding and 
severe malaria, suggesting conservation of dual 
binding specificities.  These results provide further 
support for the development of specific classes of 
PfEMP1 as vaccine candidates and as biomarkers 
for protective immunity against clinical P. falciparum 
malaria.

72 Thiessen J, Bagoi A, Homer C, Rumsey M.
Qualitative evaluation of a public-private partnership 
for reproductive health training in Papua New 
Guinea.
Rural Remote Health 2018 Dec;18(4):4608. doi: 
10.22605/RRH4608. Epub 2018 Dec 12.

INTRODUCTION: The recent policy environment 
in both Papua New Guinea and Australia for 
partnering with private entities to address health 
issues has led to a public-private partnership (PPP) 
between the National Department of Health in Papua 
New Guinea, the Australian Government and the Oil 
Search Foundation.  A reproductive health training 
unit was formed to provide health worker training 
in essential obstetric care and emergency obstetric 
care.  This article provides a qualitative evaluation of 
the PPP, looking at facilitating features and barriers 
to the PPP’s target of improving the competence 
of frontline health workers in obstetric care service 
provision in Papua New Guinea.  METHOD: A 
qualitative methodology gathered data since the 
PPP’s inception in 2012.  A dataset of 85 interviews 
with partners and relevant stakeholders from across 
Papua New Guinea was analysed using thematic 
analysis.  RESULTS: Themes of facilitating features 
of the PPP were (1) understanding and agreeing 
with the national plan for PPPs and maternal and 
child health; (2) having strong champions, strong 
relationships and a formal decision-making body; 
and (3) creating autonomy and branding.  Themes 
outlining the barriers to the PPP’s effectiveness 
were (1) lacking governance framework creating 
confusion in decision making and roles and 
responsibilities; (2) differing institutional cultures and 
ownership struggles; and (3) lacking capacity within 
the institutes themselves, particularly the National 
Department of Health.  CONCLUSION: The findings 
of this service provision case study confirm what has 
been found in other infrastructure-led PPPs.  Further 
research into how to overcome power imbalances 
between partners in a PPP as well as setting up a 
governance framework in a dynamic environment 
could inform this growing area of collaboration 
between the private and public sectors.

73 Toliman PJ, Kaldor JM, Badman SG, Gabuzzi 
J, Silim S, Kumbia A, Kombuk B, Kombati Z, 
Munnull G, Guy R, Vallely LM, Kelly-Hanku A, 
Wand H, Ryan C, Tan G, Brotherton J, Saville M, 
Mola GDL, Garland SM, Tabrizi SN, Vallely AJ.
Performance of clinical screening algorithms 
comprising point-of-care HPV-DNA testing using self-
collected vaginal specimens, and visual inspection 
of the cervix with acetic acid, for the detection of 
underlying high-grade squamous intraepithelial 
lesions in Papua New Guinea.
Papillomavirus Res 2018 Dec;6:70-76. doi: 
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10.1016/j.pvr.2018.10.009. Epub 2018 Nov 1.
The performance of different clinical screening 

algorithms comprising point-of-care HPV-DNA 
testing using self-collected vaginal (‘V’) specimens, 
and visual inspection of the cervix with acetic 
acid (VIA) was evaluated in Papua New Guinea.  
Women aged 30-59 years provided V specimens 
that were tested at point-of-care using the Xpert 
HPV Test (Cepheid, Sunnyvale, CA).  A clinician-
collected cervical (‘C’) specimen was then collected 
for point-of-care Xpert testing, and liquid-based 
cytology (LBC).  Following this, VIA examination was 
conducted, blind to HPV test results, and ablative 
cervical cryotherapy provided if indicated.  Detection 
of high-grade squamous intraepithelial lesion (HSIL) 
by LBC was the reference standard used to evaluate 
clinical screening algorithms.  Of 1005 women, 36 
had HSIL+. Xpert HPV Test performance using V 
specimens (sensitivity 91.7%, specificity 87.0%, PPV 
34.0%, NPV 99.3%) was superior to VIA examination 
alone (51.5%, 81.4%, 17.5%, 95.6% respectively) in 
predicting underlying HSIL+.  A screening algorithm 
comprising V specimen HPV testing followed by 
VIA examination had low sensitivity (45.5%) but 
comparable specificity, PPV and NPV to HPV testing 
alone (96.3%, 45.5%, 96.3% respectively).  A ‘test-
and-treat’ screening algorithm based on point-of-
care HPV testing of V specimens had superior 
performance compared with either VIA examination 
alone, or a combined screening algorithm comprising 
HPV testing plus VIA.

74 Vallely AJ, Toliman PJ, Ryan C, Rai G, Wapling 
J, Gabuzzi J, Kumbia A, Kombuk B, Kombati Z, 
Vallely LM, Kelly-Hanku A, Wand H, Tabrizi SN, 
Mola GDL, Kaldor JM.
Association between visual inspection of the cervix 
with acetic acid examination and high-risk human 
papillomavirus infection, Chlamydia trachomatis, 
Neisseria gonorrhoeae and Trichomonas vaginalis 
in Papua New Guinea.
Aust NZ J Obstet Gynaecol 2018 Oct;58(5):576-581. 
doi: 10.1111/ajo.12783. Epub 2018 Jan 30.

BACKGROUND: Papua New Guinea (PNG) has 
among the highest estimated burdens of cervical 
cancer globally but currently has no national cervical 
screening program.  Visual inspection of the cervix 
with acetic acid (VIA) is a low-cost screening strategy 
endorsed by the World Health Organization that has 
been adopted in many low-resource settings but not 
previously evaluated in PNG.  AIM: To evaluate the 
association between VIA examination findings and 
high-risk HPV (hrHPV) infection; and the impact 
of concomitant genital Chlamydia trachomatis, 
Neisseria gonorrhoeae and Trichomonas vaginalis 
on the interpretation of VIA findings.  METHODS: A 
prospective clinical cohort study among women aged 
30-59 years attending Well Woman Clinics in PNG.  
Main outcome measures were VIA examination 
findings and laboratory-confirmed hrHPV, 
C. trachomatis, N. gonorrhoeae and T. vaginalis.  
RESULTS: A total of 614 women were enrolled, of 
whom 87.5% (537/614) underwent VIA, and 12.5% 
(77/614) did not due to pre-existing cervicitis or 
inability to visualise the transformation zone.  Among 
the 537 women who underwent VIA, 21.6% were 
VIA positive, 63.7% VIA negative, and 14.7% had 
indeterminate findings.  The prevalence of hrHPV 
infection (n = 614) was 14.7%; C. trachomatis, 7.5%; 
N. gonorrhoeae, 8.0%; and T. vaginalis, 15.0%.  VIA 
positive women were more likely to have HPV16 

(odds ratio: 5.0; 95%CI: 1.6-15.6; p = 0.006) but there 
was no association between HPV18/45, all hrHPV 
types (combined), C. trachomatis, N. gonorrhoeae 
or T. vaginalis.  CONCLUSIONS: VIA positivity 
was associated with HPV16, but not with other 
hrHPV infections, nor with genital C. trachomatis, 
N. gonorrhoeae or T. vaginalis in this setting.

75 Vallely LM, Egli-Gany D, Pomat W, Homer CS, 
Guy R, Wand H, Silver B, Rumbold AR, Kaldor 
JM, Low N, Vallely AJ.
Adverse pregnancy and neonatal outcomes 
associated with Neisseria gonorrhoeae, Mycoplasma 
genitalium, M. hominis, Ureaplasma urealyticum and 
U. parvum: a systematic review and meta-analysis 
protocol.
BMJ Open 2018 Nov 28;8(11):e024175. doi: 
10.1136/bmjopen-2018-024175.

INTRODUCTION: Several bacterial sexually 
transmitted and genital mycoplasma infections 
during pregnancy have been associated with poor 
pregnancy and perinatal outcomes.  Comprehensive 
and systematic information about associations 
between sexually transmitted infections (STI) and 
genital infections in pregnancy and adverse perinatal 
outcomes is needed to improve understanding about 
the evidence for causal associations between these 
infections and adverse pregnancy and neonatal 
outcomes.  Our primary objective is to systematically 
review the literature about associations between: (1) 
Neisseria gonorrhoeae in pregnancy and preterm 
birth; (2) Mycoplasma genitalium in pregnancy 
and preterm birth; (3) M. hominis, Ureaplasma 
urealyticum and/or U. parvum in pregnancy and 
preterm birth.  METHODS AND ANALYSIS: We will 
undertake a systematic search of Medline, Excerpta 
Medica database and the Cochrane Library and 
Cumulative Index to Nursing and Allied Health 
Literature.  Following an initial screening of titles 
by one reviewer, abstracts will be independently 
assessed by two reviewers before screening of full-
text articles.  To exclude a manuscript, both reviewers 
need to agree on the decision.  Any discrepancies 
will be resolved by discussion, or the adjudication 
of a third reviewer.  Studies will be included if they 
report testing for one or more of N. gonorrhoeae, 
M. genitalium, M. hominis, U. urealyticum and/or 
U. parvum during pregnancy and report pregnancy 
and/or birth outcomes.  In this review, the primary 
outcome is preterm birth.  Secondary outcomes 
are premature rupture of membranes, low birth 
weight, spontaneous abortion, stillbirth, neonatal 
mortality and ophthalmia neonatorum.  We will use 
standard definitions, or definitions reported by study 
authors.  We will examine associations between 
exposure and outcome in forest plots, using the I2 
statistic to examine between study heterogeneity.  
Where appropriate, we will use meta-analysis to 
combine results of individual studies.  ETHICS 
AND DISSEMINATION: This systematic review 
of published literature does not require ethical 
committee approval.  Results of this review will be 
published in a peer reviewed, open access journal. 

76 White MT, Walker P, Karl S, Hetzel MW, Freeman 
T, Waltmann A, Laman M, Robinson LJ, Ghani A, 
Mueller I.
Mathematical modelling of the impact of expanding 
levels of malaria control interventions on Plasmodium 
vivax.
Nat Commun 2018 Aug 17;9(1):3300. doi: 10.1038/
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s41467-018-05860-8.
Plasmodium vivax poses unique challenges for 

malaria control and elimination, notably the potential 
for relapses to maintain transmission in the face of 
drug-based treatment and vector control strategies.  
We developed an individual-based mathematical 
model of P. vivax transmission calibrated to 
epidemiological data from Papua New Guinea 
(PNG).  In many settings in PNG, increasing bed net 
coverage is predicted to reduce transmission to less 
than 0.1% prevalence by light microscopy; however, 
there is substantial risk of rebounds in transmission 
if interventions are removed prematurely.  In several 
high transmission settings, model simulations predict 
that combinations of existing interventions are not 
sufficient to interrupt P. vivax transmission.  This 
analysis highlights the potential options for the future 
of P. vivax control: maintaining existing public health 
gains by keeping transmission suppressed through 
indefinite distribution of interventions; or continued 
development of strategies based on existing and 
new interventions to push for further reduction and 
towards elimination.

77 Williams DJ, Habib AG, Warrell DA.
Clinical studies of the effectiveness and safety of 
antivenoms.
Toxicon 2018 Aug;150:1-10. doi: 10.1016/j.
toxicon.2018.05.001. Epub 2018 May 7.

In the 1890s, hyperimmune sera proved 
effective in animals against challenge by the snake 
venom against which they had been raised.  They 
were first used, apparently successfully, in a human 
patient in about 1895.  Since then, antivenoms 
have become accepted as the only reliable specific 
treatment for snake-bite envenoming.  Despite 
decades of accumulated clinical experience and a 
number of published randomized comparative and 
observational studies, the clinical effectiveness and 
safety of some antivenoms remain open to question, 
due to a lack of robust randomized controlled 
trial data.  Antivenoms in some poorly regulated 
markets may have high rates of potentially fatal 
adverse effects and their use must be balanced 
by demonstrable effectiveness.  Even those 
manufactured to strict regulatory requirements 
may pose a rare risk of severe adverse reactions.  
Most antivenoms currently marketed around the 
world were registered without first being studied 
clinically.  There is increasing pressure to subject 
antivenoms, even those that are long-established, 
to the same protocols of rigorous pre-clinical and 
clinical assessment that are standard regulatory 
requirements for other drugs.  Conventional 
clinical testing progresses through Phases I, II, III 
to IV.  Most authorities consider antivenoms too 
dangerous to be used in Phase I studies in healthy 
volunteers.  An alternative method for preliminary 
estimation of safety, dose-finding and effectiveness 
is proposed – the “3 + 3” dose escalation or de-
escalation design, in volunteer patients, as used in 
oncology to test cytotoxic drugs.  Antivenoms are 
so widely used and well trusted that there are few 
ethical justifications for placebo controls.  However, 
placebo might be ethically justified if there were no 
proven effective treatment and or if withholding or 
delaying treatment posed acceptably negligible 
risks to the participants.  Antivenom trials are most 
urgently needed in low-to middle-income countries 
where there are many practical, logistical and 
funding challenges.  Basic requirements for clinical 

trials include identification of the biting species of 
snake in every case; the use of objective, clinically-
relevant endpoints, such as restoration of blood 
coagulability; definition of inclusion, exclusion and 
withdrawal criteria; assurance of antivenom safety; 
ethical considerations; inclusion of one or more 
control (comparator) groups; and analysis based 
on intention to treat.  The highest quality evidence 
comes from Phase II and larger Phase III studies 
that have been designed as statistically powerful, 
randomized, controlled trials (RCTs), ideally with 
blinding of patients and investigators to avoid bias.  
Because of the challenges to carrying out clinical 
trials of antivenoms, Phase IV trials (post-marketing 
surveillance) are potentially more important and 
useful than for most other drugs.

78 Willie N, Zimmerman PA, Mehlotra RK.
Plasmodium falciparum histidine-rich protein 2 gene 
variation in a malaria-endemic area of Papua New 
Guinea.
Am J Trop Med Hyg 2018 Sep;99(3):697-703. doi: 
10.4269/ajtmh.18-0137. Epub 2018 Jun 28.

Histidine-rich protein 2 of Plasmodium 
falciparum (PfHRP2) forms the basis of many 
current malaria rapid diagnostic tests (RDTs). It is 
concerning that there are parasites that lack part or 
all of the pfhrp2 gene, and thus do not express the 
PfHRP2 protein; such parasites are not identifiable 
by PfHRP2-detecting RDTs.  Very limited information 
is available regarding pfhrp2 genetic variation in 
Papua New Guinea (PNG).  In the present study, 
this gene variation was evaluated using 169 samples 
previously collected from the Wosera area in East 
Sepik Province of PNG.   Molecular diagnosis of 
these samples showed that 81% were infected, and 
P. falciparum was present in 91% of those infected 
samples.  One hundred and twenty samples were 
amplified for pfhrp2 exon-2, from which 12 randomly 
selected amplicons were sequenced, yielding 
18 sequences, all of which were unique.  Baker 
repeat type 2 × type 7 numbers ranged from 0 to 
108.  Epitope mapping analysis revealed that three 
major epitopes, DAHHAHHA, AHHAADAHHA, and 
AHHAADAHH, were present in high prevalence and 
frequencies.  These major epitopes have been shown 
to be recognized by the monoclonal antibodies 3A4 
and PTL-3 (DAHHAHHA), C1-13 (AHHAADAHHA), 
and S2-5 and C2-3 (AHHAADAHH).  This study 
provides further information on the high genetic 
variation of pfhrp2 and its unclear relationship with 
prediction of RDT detection sensitivity, and identifies 
major epitopes in this gene from PNG.  These results 
could be relevant and useful to understand the 
genetic diversity of this gene and the performance 
of current and future RDTs in this malarious region 
of the world.

79 Zamunu A, Pameh W, Ripa P, Vince J, Duke T.
Antibiotic use in the management of children with the 
common cold at a provincial hospital in Papua New 
Guinea: a point-prevalence study.
Paediatr Int Child Health 2018 Nov;38(4):261-265. 
doi: 10.1080/20469047.2018.1489628. Epub 2018 
Aug 6.

BACKGROUND: Antibiotic prescribing for self-
limiting viral infections such as the common cold 
or viral upper respiratory tract infection (URTI) 
is irrational and increases the risk of antibiotic 
resistance.  However, such a practice is widespread 
and is likely to be as common in Papua New Guinea 



Papua New Guinea Medical Journal                                                                               Volume 62, No 1-2, Mar-Jun 2019

89

as in many other countries.  METHODS: In a cross-
sectional descriptive study, children were recruited 
who had been diagnosed with a common cold or 
URTI by attending clinical staff – mostly nurses 
–  in a provincial hospital’s children’s outpatients 
department using a standard definition.  The 
frequency of antibiotic prescribing was determined 
and the clinical knowledge and practices of nurses, 
health extension officers, community health workers 
and doctors working in the children’s outpatients 
department regarding the common cold and its 
management was assessed.  RESULTS: One 
hundred and eight children diagnosed with the 
common cold were enrolled; 89 (82.4%) were 
prescribed antibiotics.  Children with fever on 
examination, those older than 12 months and those 
whose symptoms lasted ≥7 days were more likely 
to be prescribed antibiotics.  Of the health workers 
surveyed, 95% knew that viruses were the cause of 
the common cold, but 30% thought that antibiotics 
were needed for treatment.  CONCLUSIONS: 
Although among health-care workers, there was a 
gap between knowledge of aetiology and knowledge 
of appropriate management of the common cold, 
there was a larger apparent gap between that 
knowledge and practice.  Findings from this study 
could be used to identify interventions promoting 
rational antibiotic use, targeting both health-care 
workers and the community.

80 Zheng Z, Zhang M, Wang Y, Ma R, Guo C, Feng L, 
Wu J, Yao H, Lin D.

Structural basis for the complete resistance of the 
human prion protein mutant G127V to prion disease.
Sci Rep 2018 Sep 4;8(1):13211. doi: 10.1038/
s41598-018-31394-6.

Prion diseases are caused by the propagation of 
misfolded cellular prion proteins (PrPs).  A completely 
prion disease-resistant genotype, V127M129, has 
been identified in Papua New Guinea and verified 
in transgenic mice.  To disclose the structural basis 
of the disease-resistant effect of the G127V mutant, 
we determined and compared the structural and 
dynamic features of the G127V-mutated human PrP 
(residues 91-231) and the wild-type PrP in solution. 
HuPrP(G127V) contains α1, α2 and α3 helices and 
a stretch-strand (SS) pattern comprising residues 
Tyr128-Gly131 (SS1) and Val161-Arg164 (SS2), 
with extending atomic distances between the SS1 
and SS2 strands, and a structural rearrangement 
of the Tyr128 side chain due to steric hindrance of 
the larger hydrophobic side chain of Val127.  The 
extended α1 helix gets closer to the α2 and α3 
helices.  NMR dynamics analysis revealed that 
Tyr128, Gly131 and Tyr163 underwent significant 
conformational exchanges.  Molecular dynamics 
simulations suggest that HuPrP(G127V) prevents 
the formation of stable β-sheets and dimers.  
Unique structural and dynamic features potentially 
inhibit the conformational conversion of the G127V 
mutant.  This work is beneficial for understanding 
the molecular mechanisms underlying the complete 
resistance of the G127V mutant to prion disease and 
for developing new therapeutics for prion disease.
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