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EDITORIAL

Lessons for child health from the 2016-2018 Demographic and Health
Survey
per 1000 live births. Since the first DHS in
PNG, there have been consistent reductions
in child mortality (Table 1).

Demographic and health surveys (DHSs)
are nationally representative surveys which
provide important information on people’s
lives and health at a community, regional
and national level. From these surveys we
can understand patterns of health and social
practices, identify needs and priorities, and
track progress over time. DHSs have been
conducted in 90 low- and middle-income
countries, and since 1984 the DHS Program,
funded by the United States Agency for
International Development (USAID) and
United Nations (UN) partners, has carried out
over 300 DHSs. Papua New Guinea (PNG)
has had four large DHSs conducted in 1991,
1996, 2006 and 2016-2018 (1-3). For the
decade between 2006 and 2016-2018 in PNG
there were no good population-based data;
all other estimates from UN agencies and
others during that time were extrapolations or
from modelling. So far from the 2016-2018
DHS only a Key Indicators Report has been
published (4), but already it can teach us a lot
when compared to the previous surveys done
with similar precision. In this brief summary I
discuss the lessons on child health from the
DHSs. In addition to these there are many
other lessons that can be gleaned, in particular
on maternal and reproductive health, HIV and
malaria.

The bad news
Despite the reductions in child mortality,
there are important areas which urgently
need addressing if the health of children and
mothers are to continue to improve. These
include: (i) falling rates of vaccine coverage;
(ii) very high rates of domestic violence; and
(iii) static uptake of antenatal and maternal
care.
Inequality
In the DHS of 2016-2018, for almost every
health statistic there is a strong social gradient.
Children from families which are poor or rural
or whose mothers are poorly educated have
less access to all basic health services, and
worse health outcomes. Specific examples of
this from the 2016-2018 DHS are given below.
This social, rural and educational gap is not
new – it was seen in 2006 and 1996. It is
virtually universal – common in all countries
– but it is key to understanding where further
progress will come from.
Vaccinations

The 2016-2018 survey included over 16,000
households in rural and urban areas. In all
households every woman aged 15-45 years
was included, and in every second household
every male aged 15-45 years was included.
This resulted in surveying over 15,000
women and over 7000 men. In every second
household all children had their height, weight
and mid-upper-arm circumference measured.

Only 35% of children had received all basic
vaccinations by 12-23 months. This compares
with 52% in the 2006 and 39% in the 1996
surveys. The individual vaccination figures for
the three DHS data sets are shown in Table 2.
42% of children aged 12-23 months had
received the 3rd dose of pentavalent and polio
vaccines in the 5 years before the 2016-2018
DHS. 59% had received measles and rubella,
and 40% had received a second dose of
measles and rubella vaccine. 24% of children
had not received any vaccines. Children were
more likely to be vaccinated if they were urban,
living in the Islands or Southern Regions, or
had mothers with more education or families
with greater wealth. Children were less likely
to be fully vaccinated if they were from a poor,
rural family, or from the Highlands Region.

The good news
Ten years on from the previous DHS there
are some positive results, with significant
reductions in child, infant and neonatal death
rates. The estimated under-5 mortality rate
is now 49 per 1000 live births, the infant
mortality rate is 33, and the neonatal mortality
rate is 20 per 1000 live births. This is a major
improvement since the last DHS survey in
2006, when the under-5 mortality rate was 75
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Table 1
Mortality over time (deaths per 1000 live births)

Under-5 mortality rate
Infant mortality rate
Neonatal mortality rate

1991

1996

2006

2016-2018

133
82

94
69
30

75
57
29

49
33
20

Table 2
Vaccine coverage from the three DHS data sets
Vaccine

BCG
OPV3
DTP3
Hepatitis B3
Measles
All vaccines

Coverage (%) at 12-23 months
1996

2006

90.7
46.5#
46.5#
57.4
75.6*
39

89.5
68.3
66.8
64.5
81.5
52

2016-2018
69.4
42.2
41.7
57.5
58.7**
35

DHS = demographic and health survey
BCG = Bacillus Calmette-Guérin tuberculosis vaccine
OPV = oral polio vaccine
DTP = diphtheria, tetanus toxoid, pertussis
#
OPV3 and DTP3 reported together in 1996
*One dose of measles vaccine in 1996
**First dose of measles vaccine = 58.7%; second dose coverage = 40.1%

Antenatal care and births

with only 29% of women with no education.
Similarly in the lowest wealth quintile (the
poorest mothers) only 31% of women had 4+
ANC visits, compared with 66% of the highest
wealth quintile (the richest) mothers.

In the 2016-2018 DHS, 76% of women who
gave birth in the previous 5 years attended
at least one antenatal care (ANC) visit. 49%
attended 4+ ANC visits (in 2006 it was 55%,
and in 1996 it was 49%, the same as the
current era).

Only 38% of women were adequately
protected against tetanus during pregnancy
(at least 2 doses during the first pregnancy
and one dose in each subsequent pregnancy).
The metrics used in the previous DHSs on
tetanus toxoid in pregnancy differ, reporting
any tetanus vaccine in the last pregnancy,

The strong educational and economic
gradient is well demonstrated in access to
maternal care: 67% of women with secondary
education received 4+ ANC visits, compared
92
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of 4-5 months (Table 3).

rather than adequate protection. In 1996 69%
and in 2006 70% of women received tetanus
toxoid during their last pregnancy.

Care seeking for pneumonia, diarrhoea
and fever

In the last 28 years there has been virtually
no change in the proportion of women in labour
accessing skilled assistance and delivering in
a health facility. In 2016-2018 56% of births
were delivered by a skilled birth attendant
(including doctors, nurses, village midwives
and traditional birth attendants) and 55% were
delivered in a health facility. In 1996 and 2006
58% of all births were delivered by a skilled
birth attendant and 51% (1996) and 53%
(2006) of all births occurred in a health facility.

The DHS records how parents seek care
for their children, and what basic treatment
they receive. The survey asks questions
about three different types of illnesses that
may have occurred in the previous 2 weeks,
to ensure that parents have accurate recall
of events. The DHS can give some idea
about disease prevalence, but the information
is subjective, and the numbers of children
experiencing the symptoms in the previous 2
weeks are often small.

In 2016-2018 if a mother was urban, in a
higher wealth quintile, more educated or living
in the Islands Region, she was much more
likely to deliver in a health facility than if she
was rural, poor or uneducated.

In the 2016-2018 DHS, 63% of children
had an acute respiratory infection (ARI) in the
previous 2 weeks, the same percentage as in
the 2006 DHS. In 1996 there may have been
more awareness of the importance of cough
and fast breathing, as 75% had been taken to
a health facility with these complaints.

Infant feeding
62% of infants aged under 6 months were
exclusively breastfed. 24% of infants under 6
months of age were started on complementary
feeds. Only 8% of infants aged under 6
months were using a bottle with a teat.
Although somewhat different age intervals are
reported in the current DHS, the decrement in
breastfeeding that begins after 1 month of age
is evident again, and consistently only 1/3 of
infants were exclusively breastfed by the age

Awareness of fever and use of health
services has been largely unchanged: in
2016-2018, 49.5% of children with fever were
taken to a health care facility, and in 1996 the
percentage was 48% (no data on care seeking
for children with fever were reported in 2006).
Of children who had diarrhoea in the 2
weeks prior to the survey, only 38% were

Table 3
Exclusive breastfeeding in the first year of life
Age in months

0-1
2-3
4-5
6-7
8-9
10-11

Babies who were being exclusively breastfed (%)
1996

2006

2016-2018

87.7
62.6
34.4
21.2
16.8
11.0

79.8
57.7
35.6
20.1
11.5
12.9

81.6
68.6
33.0
6-8*
9-11*
12-17*

*Different age categories (in months) used in the 2016-2018 demographic and health survey
93
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as 87% in the Momase Region.

taken to a health care facility, but if taken to
a health facility, most (30% out of the 38%)
were given oral rehydration solution (ORS).
However, only 5% of children with diarrhoea
received both ORS and zinc. Care seeking
and treatment seem to have improved
somewhat since 2006, when 30% of children
with diarrhoea were taken to a health facility,
and only 8% of children received ORS (Table
4).

Education
Since 1996 there have been increases in
educational participation by women: in 1996
39% of women had no education, and only
17% of women had education beyond grade
6. By 2016-2018, 23% of women aged 1549 years had received no education, and 27%
had received education to grade 9 and above,
including tertiary education. The metrics used
are slightly different, and the percentages
underestimate the positive change, but there
is clear progress. In that time men’s education
improved by a larger extent: in 1996 41.5%
of men aged 15-49 years had no education,
and only 17% had education to grade 7 or
above; by 2016-2018 only 13% of men had no
education and 35% were educated to grade 9
or above, including to tertiary level.

Insecticide-treated bed nets
Since 2006 DHSs have asked questions
about the use of mosquito nets and whilst the
questions differ from survey to survey, overall
trends can be seen. In the current 20162018 DHS, 52% of children slept under a bed
net the night before the survey. The highest
proportion (71%) was in Momase Region
followed by Southern Region (59%), Islands
Region (54%) and Highlands Region (32%).
Usage was greater in 2006; the metrics
are different, but of the households with a
mosquito net, 73% used a mosquito net every
night, and reported nightly usage was as high

Domestic or gender-based violence
This is the first DHS in PNG that included
questions regarding domestic violence, and

Table 4
Prevalence of diarrhoea and treatment administered
1996

2006

2016-2018

Prevalence of diarrhoea in the
previous 2 weeks

16.3%
(320/1968)

4.5%
(176/3893)

14.0%
(184/1315)

Prevalence of bloody diarrhoea

1.6%

0.3%

-

If diarrhoea, % taken to health
facility

32.7%

30.1%

38.4%

If diarrhoea, % given ORS

16.7%

8.0%

30.0%

If diarrhoea, recommended home
remedy

21.9%

7.4%

-

-

-

7.3%

If diarrhoea, % given zinc
ORS = oral rehydration solution
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roles. Better organization of services at a
province level through the Provincial Health
Authorities may be starting to play a role.
Improved rates of ORS use in children with
diarrhoea since 2006 may point to better
availability of such basic treatments in primary
health care facilities and better health worker
knowledge and practice.

the results are alarming. 59% of women
surveyed had been victims of physical or
sexual violence, including 43% of 15-19
year old girls. 72% of women sought help
from family members, and 10% of women
who experienced physical or sexual violence
sought help from police.
Discussion

Two of the biggest challenges are to
confront the terrible problem of domestic
violence against women and improve
educational opportunities and achievement
for girls. Domestic violence is a human rights,
public health and economic issue, and is,
sadly, a problem world-wide. The evidence
from countries where this has been studied
through DHS data shows that children of
mothers who have suffered domestic abuse
are at an increased risk for poor health
outcomes. Children’s exposure to intimate
partner (domestic) violence, even if they
are not directly affected, increases the risk
of poor psychological, social and emotional
development and well-being (5) and also
carries increased risks of common physical
illnesses in the child. Mothers are less likely
to receive antenatal care in the first trimester
of their pregnancy if they have experienced
violence, and are more likely to have a
stillborn child. Children of mothers who have
experienced domestic violence had higher
under-five mortality rates in 7 of 9 countries
where this has been studied (6).

Based on the recent DHS, there have been
significant and encouraging reductions in
child, infant and neonatal mortality in the last
decade. This confirms consistent progress in
child mortality over the last 25 years. Some
commentators have suggested that the DHS
method underestimates young child mortality,
especially early newborn deaths where a baby
is born alive but dies soon afterwards, and
may be classified as stillborn, which the PNG
DHS does not report on. Even if this was the
case, the same systematic error would exist
in all DHSs, so over time downward trends in
infant mortality can be relied upon.
The good news of reduced infant and child
mortality is offset by the falling vaccination
coverage rates, and high rates of domestic
violence. The low vaccination rates have
resulted in outbreaks of vaccine-preventable
diseases in the last decade, including polio,
pertussis and major epidemics of measles.
Low vaccine coverage remains a big risk to
child health, and a barrier to the effectiveness
of new (and old) vaccines. The low vaccine
coverage also means that funding agencies
would be reluctant to fund introduction of other
important vaccines, eg, human papilloma
virus and rotavirus vaccines.

Addressing these challenges in a serious
way across all communities is of the
highest importance if we are to achieve the
Sustainable Development Goals (SDGs),
which are holistic and speak to the overall
health, welfare and dignity of all people and
all communities, and are not just isolated to
targets for rates of disease or death.

Why have there been improvements in child
mortality despite falling immunization rates?
One likely reason that is measurable
within the DHS is the increased education
attainment for both females and males, which
flows onto better parenting and economic
prospects for families. Improvements in other
socioeconomic areas, such as road access in
the highlands, rural economic development,
communications and urbanization, have
likely played a role in improvements in child
mortality. Another reason is improved quality
of paediatric care in hospitals throughout
PNG. There are more paediatricians in the
provinces, and public health and clinical
programs to reduce deaths from pneumonia
and malnutrition have also played important

The strong social gradient in every aspect
of child and maternal health suggests that
without public health, social and education
approaches that improve the health and
opportunities for the poorest people, further
progress will occur mostly among the middleclass and the wealthy people. Countries that
have major inequality have more civil unrest,
and it is the challenge for government and all
sectors to have a pro-poor approach, which
has been successful in other developing
countries (7,8).
The Sustainable Development Goal for
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child mortality is for an under-5 mortality rate
at least as low as 25 per 1000 live births and
a neonatal mortality rate at least as low as
12 per 1000 live births by 2030 (9). There
is a long way yet to go, but it is possible to
achieve this if we act upon the lessons from
the current DHS, and seek the broader aims
of the SDGs in the Pacific: peace, prosperity,
people and planet.
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Neonatal admissions to the Eastern Highlands Provincial Hospital Special
Care Nursery 2011-2015
Temane Korowi1,2, Ilomo Hwaihwanje1, Wendy Pameh3, Trevor Duke3,4 and John D. Vince3,5
Department of Paediatrics, Eastern Highlands Provincial Hospital, Goroka, Papua
New Guinea, Department of Paediatrics, Port Moresby General Hospital, Papua New
Guinea, Discipline of Child Health, School of Medicine and Health Sciences, University of
Papua New Guinea, Port Moresby and Centre for International Child Health, University of
Melbourne, Australia

summary
Background: According to the Papua New Guinea (PNG) 2015 Annual Report on Child
Morbidity and Mortality, neonatal conditions remained the second leading cause of hospital
admission. We aimed to identify the common causes of neonatal admissions and deaths
in the Eastern Highlands Provincial Hospital (EHPH) Special Care Nursery, and to identify
interventions to improve neonatal outcomes in EHPH. Method: This was a retrospective
descriptive study of neonatal admissions over a 5-year period: 2011 to 2015. Data
collected from the ward admission register included demographic information, admission
diagnoses, outcomes and causes of death where applicable. Results: From 2011 to 2015
there were 5177 neonatal admissions and 504 deaths with an overall case fatality rate of
9.7%. More than one admission diagnosis was recorded for some babies. The leading
diagnoses were prolonged rupture of membranes (PROM) (25%), low birthweight (LBW)
(20%), neonatal sepsis (NNS) (18%), meconium aspiration syndrome (MAS) (16%) and birth
asphyxia (BA) (14%). The leading causes of death by admission diagnosis were LBW
(259/1013, 26%), BA (141/746, 19%), MAS (80/852, 9%), NNS (79/915, 9%) and babies born
before arrival (BBA) (61/306, 20%). 76% of the admissions were hospital-born babies,
but 46% of deaths were in the 24% of babies born outside the hospital. The independent
predictors of neonatal death were LBW (odds ratio [OR] 7.31), BA (OR 5.94), health centre
birth (OR 3.07) and village birth (OR 2.18). Conclusion: LBW, BA and being born outside
of a hospital were the strongest risk factors for neonatal death in the Eastern Highlands
during this 5-year period. For PNG to achieve the Sustainable Development Goal of a
neonatal mortality rate of 12 per 1000 live births, these 3 areas need to be addressed by
multifaceted approaches within and outside the health sector.
Introduction

Demographic and Health Survey, the underfive mortality rate was 75 per 1000 live births,
the national neonatal mortality rate was 29
deaths per 1000 live births and the neonatal
mortality rate for the Highlands Region was 32
per 1000 live births (1). The most recent data
indicate an under-5 mortality rate of 49, and

Although neonatal conditions are among
the leading causes of admission and death
in hospitals throughout Papua New Guinea
(PNG), relatively little attention is given to this
group of patients. According to the 2006 PNG
1
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resuscitation). Five neonates with jaundice
can be treated at any one time: there is a
phototherapy unit which can accommodate
2 cots, a ‘bili blanket’ and 2 other portable
phototherapy lights.

infant mortality of 33/1000 (2) and neonatal
mortality is estimated to account for around
two-thirds of all infant deaths at 22/1000 live
births (3). 35-40% of total child mortality
occurs in the first 28 days, making the neonatal
period the most hazardous time of life (4). In
the Eastern Highlands Province (EHP), with
more than 600,000 people, health centres and
rural hospitals commonly refer sick neonates
without proper care and management, and it
is uncertain if any progress has been made in
hospital outcomes in recent years.

The nursing staff includes the ward
manager or sister-in-charge plus 8 nursing
officers and 5 community health workers
(CHWs). The morning shift usually comprises
3-4 nursing officers and 1 CHW, the afternoon
shift 2 nursing officers and 1 CHW and the
night shift 1 nursing officer and 1 CHW.

This study aimed to obtain background data
from which to determine ways of improving
neonatal care and reducing neonatal mortality
in EHP. The objectives were to identify:
•

the common causes of neonatal
admissions in the Eastern Highlands
Provincial Hospital (EHPH) Special
Care Nursery

•

the common causes of neonatal deaths
in the EHPH Special Care Nursery and
the trends over time

•

practical interventions
outcomes.

to

At the time of this study, one part-time
specialist medical officer (SMO) was attached
to the Paediatric Unit of the EHPH, and
conducted ward rounds in the SCN once or
twice a week. A full-time paediatrician was
recruited in 2014. The Paediatric Unit has
two registrars or medical officers (MOs), who
divide their time between the paediatric ward
and the SCN. If the Paediatric Unit has more
than 1 resident medical officer (RMO) then the
SCN gets a full-time RMO. However, when
there is only 1 RMO in the unit, the RMO is
always based in the paediatric ward.

improve

Methodology

Study setting

This is a retrospective descriptive study of
the data/records of neonates admitted into the
neonatal unit in the five years 2011 to 2015.
Data on all neonates admitted to the unit were
collected from the admission and discharge
book kept in the SCN. Gender, age on
admission, place of birth, weight on admission
or birth, referral facility, final diagnosis and
outcomes (discharged, absconded, leaving
hospital at own risk or death) were entered by
the nursing officers or the SMO. Some babies
had more than one diagnosis recorded (for
example, prolonged rupture of membranes
[PROM] and neonatal sepsis [NNS]).

The Eastern Highlands Provincial Hospital
is the major referral hospital for EHP. It
receives referrals from all 8 districts of the
province and provides health care services to
a population of more than 600,000.
The Paediatric Unit of the hospital comprises
the Children’s Outpatient Department, a
Paediatric Ward and the Neonatal Unit. The
neonatal unit is made up of the Special Care
Nursery (SCN) and the ‘Susu Mama’ room
(the maternal ward for postnatal mothers and
their babies). The SCN is located next to the
operating theatre, which is adjacent to the
labour ward. The Susu Mama room is located
in the Obstetrics and Gynaecology (O&G)
Ward. It has 10 beds and accommodates
mothers whose babies are currently admitted
in the SCN and mothers with babies who had
been admitted to the SCN and were transferred
to be with their mothers when their condition
stabilized. The SCN is a single room with big
windows providing a lot of natural lighting.
It has 14 cots, 3 incubators (2 are currently
working) and 2 infant warmers (1 working and
used for observing very sick babies and for

The study population included babies born
in the EHPH labour ward, those born in and
referred from other health facilities and those
born outside a health facility. Neonates
who died before arrival to hospital or before
admission into the SCN were not recorded in
the admission record book.
Data for this study were collected from the
time period 1 January 2011 to 31 December
2015, entered in Microsoft Excel and analysed
using Stata 11 IC. Simple proportions and
fatality rates for different diagnoses and
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one diagnosis on their admission charts. 25%
(n = 1313) of neonates admitted to the EHPH
SCN had either a single or co-diagnosis of
PROM and this was the leading admission
diagnosis followed by low birthweight (LBW)
(20%), NNS (18%), meconium aspiration
syndrome (MAS) (16%) and birth asphyxia
(BA) (14%). 9 babies admitted to the SCN
had no diagnosis recorded.

conditions were calculated. Logistic regression
analysis was used to evaluate the risk factors
for death. We included variables which were
assessable at the time of admission to the
SCN, such as location of birth, birthweight and
the presence of perinatal asphyxia.
Approval to do this study was given by
the Ethics Committee of EHPH. Approval
was also provided by the then acting Chief
Executive Officer of the Eastern Highlands
Provincial Health Authority.

504 neonates died while admitted at the
EHPH SCN between 2011 and 2015. The
case fatality rate for babies born in the EHPH
labour ward was 6.9% (272/3925), for village
births was 16.3% (113/695), for babies born
in health centres and referred to the EHPH
25.3% (58/229) and for those born before
arrival at either the hospital or another health
facility was 19.9% (61/306); small changes to
the denominators for village and health centre
births are due to missing data. Although only
24% (1252/5177) of admissions were in babies
born outside the hospital, 46% (232/504) of all
neonatal deaths occurred in these babies at
the EHPH SCN between 2011 and 2015.

Results
There were 5177 neonatal admissions to
the SCN between 2011 and 2015 (Table 1).
During this time there were 504 neonatal
deaths – an overall case fatality rate (CFR)
of 9.7%. The male:female ratio was 1.28:1
and was consistent across the five years.
The median birthweight of the neonates
admitted to the SCN at the EHPH was 3.0 kg
(interquartile range [IQR] 2.45-3.41).
The median length of hospital stay for
neonates admitted to the SCN was 2 days
(IQR 2-5 days), while the average number
of days spent in the hospital was 5.8 days
(standard deviation [SD] 8 days).

The fatality rate for males was 9.70%
(282/2907), and for females was 9.78%
(222/2270).
Figure 2 shows the number of deaths and
case fatality rates by diagnosis for the 10
most common admission diagnoses. The 5
leading causes of death per diagnosis, with
CFRs, were LBW (n = 259/1013, 26%), BA
(n = 141/746, 19%), MAS (n = 80/852, 9%),
NNS (n = 79/915, 9%) and babies born before
arrival (BBA) (n = 61/306, 20%). There were
34 deaths from respiratory distress syndrome
(RDS), with a diagnosis fatality rate of 72%.
Although PROM was the most common
admission diagnosis, it had one of the lowest

75.8% (n = 3925) of babies admitted to
the EHPH SCN between 2011 and 2015
were born in the EHPH labour ward, 13.5%
(n = 700) were village births, 4.5% (n = 231)
were born at surrounding health centres and
referred to the EHPH SCN, and 5.9% (n = 306)
were born before arrival at the hospital; 0.3%
(n = 15) of admissions had no birth location
recorded. Figure 1 illustrates the diagnoses
upon admission to the EHPH SCN between
2011 and 2015. Many babies had more than

Table 1
Neonatal admissions and deaths per year and case fatality rates (CFRs)

Total neonatal admissions
Neonatal deaths
CFR (%)

2011

2012

2013

2014

2015

No year
recorded

Total

970

1117

1028

1064

997

1

5177

87

147

83

89

98

0

504

8.97

13.16

8.07

8.36

9.83

-

9.74
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Figure 1. The 10 most common causes of admission to the Eastern Highlands Provincial Hospital Special Care Nursery
(numbers and percentages of all admissions).
Notes
1. Some babies had more than 1 diagnosis.
2. The total number of LBW babies in Figure 1 = 1013 and in Table 2 = 1328: this is because many of the bigger babies
with birthweight between 2 and 2.5 kg admitted with a diagnosis, eg, NNS, did not necessarily have LBW written as a
co-diagnosis.
PROM = prolonged rupture of membranes
LBW = low birthweight
NNS = neonatal sepsis
MAS = meconium aspiration syndrome
BA = birth asphyxia
PNA = pneumonia
BBA = born before arrival
HIV = human immunodeficiency virus

fatality rates (4%).

In the multivariate regression independent
predictors of neonatal death were LBW, health
centre birth, village birth and birth asphyxia
(all p <0.0001) (Table 4). Neonates referred
from health centres were 3 times more likely
to die. Those with LBW had the highest risk of
dying (odds ratio [OR] 7.31, 95% confidence
interval [CI] 5.85-9.12).

Table 2 shows the categories of low
birthweight babies and associated fatality
rates. The mean CFR for extremely low
birthweight (<1000 g) was 88%, for very low
birthweight (between 1000 and 1499 g) was
51% and for low birthweight babies between
1500 and 2499 g was 13%. These rates were
reasonably consistent across the five years.

The length of stay for newborns who died
was a median of 2 days (IQR 1-5). The deaths
of 127 newborns (25% of deaths) occurred
in the first 24 hours, 103 (20%) between 25
and 48 hours, 57 (11%) between 49 and 72
hours, 44 (9%) between 73 and 96 hours, and
24 (5%) between 97 and 120 hours. 66% of
deaths occurred in the first 4 days of life. 42
(8% of deaths) occurred beyond 2 weeks of
hospitalization and 5 (1%) died beyond one
month of hospitalization; however, the deaths
after discharge are not included, so more

Table 3 shows the univariate regression
analysis of some risk factors related to neonatal
death. LBW, birth asphyxia, being born in the
village or health centre, and being born before
arrival were associated with increased risk.
There were 18 maternal deaths out of 5155
births (equating to maternal mortality rate
349/100,000 live births). In this cohort of 18
mother-baby pairs, there was no increased
risk of neonatal mortality.
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Figure 2. The 10 commonest causes of death and case fatality rates (%).
CFR = case fatality rate
LBW = low birthweight
BA = birth asphyxia
MAS = meconium aspiration syndrome
NNS = neonatal sepsis
BBA = born before arrival
PROM = prolonged rupture of membranes
RDS = respiratory distress syndrome
CA = congenital abnormalities
PNA = pneumonia
HIV = human immunodeficiency virus
PTCT = parent to child transmission

deaths may have occurred in babies beyond
2 weeks or one month, but this is not known.

neonatal sepsis and birth asphyxia (4). In
PNG these conditions account for 75-87% of
neonatal deaths (6). This study adds a single
centre’s experience of sick newborn care, with
results that are consistent.

Discussion
This study showed relatively static results
for neonatal case fatality rates at EHPH over
a 5-year period. The rates were consistently
between 8 and 10% each year, apart from one
year (2012) when the neonatal CFR was 13%.
LBW, being born outside hospital and BA were
strong independent predictors of neonatal
death in this study. The case fatality rate
for very low birthweight (VLBW), a sentinel
condition indicating quality of newborn care,
was high in each of the 5 years, exceeding
40% and including one year (2012) when it
was 78%. This 5-year study suggests that
there is scope for improvement in many areas
of neonatal care.

As has been shown in other studies
(7), in EHPH LBW was a highly significant
independent predictor of neonatal death,
with a risk of death 5 times higher than that
in babies weighing above 2.5 kg. PNG’s
SDG target for neonatal mortality will not
be achieved without improved outcomes
from LBW and VLBW babies. Optimal care
of the newborn LBW baby – and indeed all
newborn babies – begins well before birth.
It aims to ensure that by the time of delivery
a woman is in optimal health, and to ensure
that mothers who are at risk of delivering LBW
and other high-risk babies are delivered in
hospital. Neonatal mortality has been clearly
demonstrated to be lower in babies born to
mothers who have attended antenatal clinic
than that in the babies of non-attenders.
Studies in PNG and internationally show
that the number of antenatal visits correlates

One key aim of the Sustainable Development
Goals (SDGs) is to achieve a neonatal
mortality rate of 12 per 1000 live births (5). In
low- and middle-income countries the leading
causes of neonatal death are low birthweight,
101

Papua New Guinea Medical Journal

Volume 62, No 3-4, Sep-Dec 2019

Table 2
Mortality rates for different categories of low birthweight by year
Birthweight
Low birthweight
(1.5 kg-2.49 kg)

2011

2012

2013

2014

2015

Total

178

240

197

215

195

1025

23

38

20

23

25

129

13%

16%

10%

11%

13%

13%

Admissions

44

49

44

39

53

229

Deaths

19

38

20

16

24

117

43%

78%

45%

41%

45%

51%

Admissions

16

19

12

16

11

74

Deaths

14

18

10

14

9

65

88%

95%

83%

88%

82%

88%

Admissions
Deaths
CFR

Very low birthweight
(1kg-1.49 kg)

CFR
Extremely low
birthweight (<1 kg)

CFR
See Note 2 in Figure 1
CFR = case fatality rate

Table 3
Univariate logistic regression analysis of risk factors for neonatal death
Characteristic

Number
n (%)a

Maternal death

18 (0.35%)

Neonatal
deaths
n (%)b

Odds
ratio

95% CI

p value

0.54

0.07-4.08

0.552

113 (16.3%)

2.02

1.61-2.53

<0.0001

1 (5.6%)

Village birth

*695 (13.4%)

Birth in health centre

*229 (4.4%)

58 (25.3%)

3.41

2.49-4.66

<0.0001

Born before arrival

306 (5.9%)

61 (19.9%)

2.47

1.84-3.33

<0.0001

Birth asphyxia

746 (14.4%)

141 (18.9%)

2.60

2.10-3.21

<0.0001

1005 (19.4%)

259 (25.8%)

5.53

4.57-6.70

<0.0001

Low birthweight

†

a
Percentages
b

equal the number divided by the total number of admissions (5177)
Percentages equal deaths divided by the corresponding Number
*Data on outcomes for 5 babies born in the villages and 2 babies born in the health centres were missing (complete
data 700 village births and 231 health centre births)
†
Reduced from 1013 because of missing data
CI = confidence interval
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Table 4
Multivariate logistic regression analysis
Risk factors

Number

Neonatal
deaths

Odds
ratio

95%
Confidence
interval

p value

Birth in health centre

229

58

3.07

2.18-4.33

<0.0001

Village birth

695

113

2.18

1.69-2.83

<0.0001

1005

259

7.31

5.85-9.12

<0.0001

746

141

5.94

4.61-7.66

<0.0001

Low birthweight
Birth asphyxia

make appropriate interventions and the
paediatric team to prepare for resuscitation.
In a study from the Port Moresby General
Hospital risk factors for perinatal asphyxia
included maternal causes (eg, anaemia in
pregnancy) and antepartum and peripartum
causes (antepartum haemorrhage, maternal
fever, signs of fetal distress, abnormal fetal
heart rate, meconium staining of amniotic fluid,
and prolonged first and second stage) (13).
Whilst it is true that post-delivery interventions
in babies with severe intrauterine asphyxia
are unlikely alone to improve outcomes,
appropriate resuscitation of those with less
severe asphyxia reduces mortality and
long-term morbidity. Functioning bag and
mask equipment should be available in all
health facilities offering delivery, and all staff
attending mothers in labour should be skilled
in neonatal resuscitation.

positively with favourable perinatal outcome
(8-10).
Care of the LBW baby at birth includes
immediate drying and skin contact with the
mother, attention to warmth, breastfeeding
with early colostrum, nursing with the mother
wherever possible, provision of oxygen
and respiratory support if necessary, and
prevention of infection. Hospital-acquired
complications – infections, intravenous
cannula extravasations and fluid overload
– particularly carry great risks in preterm
and very low birthweight babies. Judicious
use of steroids for the mothers in preterm
labour can reduce the likelihood of their baby
developing RDS of prematurity (11), although
if their mothers are at risk of infection, prenatal
steroids may increase the risk of neonatal
sepsis. In LBW babies oxygen must be
carefully titrated to avoid retinopathy. The
risks are many, but studies have shown that
mortality from VLBW can be decreased by
an approach which provides the basics and
avoids complications (12).

In our study, delivery outside of a health
facility was associated with high neonatal
mortality. It is also well recognized as a risk
for maternal death. More than 50% of PNG
women have home deliveries. Recent studies
have explored the reasons why women do not
access a health facility birth (14,15). They
include customary beliefs, rundown health
facilities, poor staff attitudes and concern
over the possibility of being attended to
by a male health worker. Babies born at
inadequately equipped and staffed health
facilities are unlikely to receive the immediate
care necessary for stabilization should this be
required. Babies born at home and brought
to such facilities are also unlikely to receive
appropriate care. They are thus likely to be
referred in poor condition and with the risk of

As with LBW, neonatal mortality rates
in PNG will not fall substantially without
prevention of and improved outcomes from
birth asphyxia. The majority of the babies
with birth asphyxia in this study were hospitalborn babies. Those born with severe birth
asphyxia outside of hospital are unlikely to
reach the hospital. Meconium aspiration is
a comorbidity of birth asphyxia and together
they accounted for 1598 admissions (31%)
to the SCN. The anticipation of a difficult
delivery and the use of a partograph should
alert the midwifery and obstetrics team to
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babies requires attention to detail, doing the
basics right, avoiding harmful practices, and
resources. Many interventions for VLBW care
are low tech and low cost, including preferring
expressed breastmilk over IV fluids, avoiding
prolonged exposure to antibiotics, removing
an intravenous cannula when not needed,
and skin-to-skin warmth with the mother
(Kangaroo Mother Care) (22,23).

hypothermia, hypoglycaemia, hypoxia and
sepsis. Such delays and complications are
likely to account for the high mortality found in
referred babies in our study. Similar findings
have been reported from other centres. A
Nigerian study reported a significantly higher
mortality amongst out-born babies than
babies born in the hospital (16) and a study
from Modilon Hospital in Madang Province of
PNG also showed that the CFRs in neonates
born at health centres and transferred to
hospital and in those born before arrival
were significantly higher than in those born in
hospital (17).

In the situation where access to hospital
is limited, improved SCN care will make little
impact on overall neonatal mortality. The
introduction of the Early Essential Neonatal
Care Programme (24) is designed to
improve neonatal care at all health facilities.
The Guidebook “aims to provide health
professionals with a user-friendly, evidencebased protocol to essential newborn care –
focusing on the first hours and days of life.
The target users are skilled birth attendants
including midwives, nurses and doctors,
as well as others involved in caring for
newborns.” This program has been modified
for the PNG context and widely disseminated.
Other efforts include the production of simple
educational leaflets for mothers pointing out
the importance of breastfeeding, keeping
the baby warm and observation for signs of
infection with quick attendance for assessment
and care.

World-wide, it was estimated that more than
1 million babies died within 24 hours of birth
in 2011. This comprises more than one-third
of all neonatal deaths and 15% of all deaths
in children younger than 5 years (18). In our
study 25% of neonatal deaths occurred in the
first 24 hours of life and 57% within the first
72 hours, a figure very similar to that found in
other low- and middle-income countries (1820).
The achievement of the SDG target will
depend on many factors. Some are not
directly related to the health service, such
as improving access to and duration of
education for all children and particularly for
girls, and improving road infrastructure and
transport. Some relate to the larger picture
of health and government – the provision of
adequately resourced and maintained health
facilities and the supply of adequate numbers
of appropriately trained health workers.
There are, however, important areas in which
paediatricians and other health staff have a
vital role.

Neonatal mortality is not the sole
responsibility of the paediatric team.
It
depends on good communication between
paediatricians,
obstetricians,
hospital
and provincial health authorities and staff
working in health facilities out of the hospital.
Hospital perinatal audit is a vital part of
this communication and the advent and
widespread use of mobile telephones has
enabled improved communication between
staff in hospitals and health centres, and this
should be more fully utilized.

In 1999 the Paediatric Society of PNG
outlined minimal standards of neonatal care
in hospitals with the aim of reducing neonatal
mortality by utilizing available resources
and technology in the hospitals (21).
Interventions in neonatal care to meet these
standards, including increased allocation of
space, introduction of alcohol hand rub and
the introduction of basic equipment, were
implemented at the then Goroka General
Hospital in December 1997 and resulted
in a significant decrease in the neonatal
mortality rate (44% lower; decrease from
18% to 9.8%) (12). Despite the introduction
of minimal standards of care for neonates,
the mortality rate for VLBW babies has not
improved significantly. The survival of these

The limitations to this study included
missing data from the SCN admissions ledger.
Some information on birthweight, gender and
final diagnosis was not recorded. However,
these omissions were relatively few and the
data certainly provided an adequate basis for
drawing conclusions.
In this study PROM was the most common
diagnosis leading to SCN admission. PROM
is a risk factor rather than a diagnosis, and
may be a surrogate for other more serious
illnesses. However, many babies born
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should have a trained midwife and
paediatric nurse

following PROM are well and do not require
SCN admission, but can be managed with
judicious use of antibiotics and observation
for signs of sepsis (25). The unnecessary
admission of such babies to the SCN creates
unnecessary pressure on space and staff
and puts them at risk of hospital-acquired
complications.
Conclusions
Efforts to reduce neonatal mortality can be
considered as:
Priorities having a longer-term effect
Improved education of young people,
particularly girls

1

•

Improving
transport
infrastructure
between rural areas and referral health
facilities.

2

Medium-term effect

•

3

Providing
well-equipped,
wellmaintained and appropriately staffed
health facilities in the province to
meet the National Department of
Health Minimal Standards; all facilities
providing birth facilities should be
staffed by trained birth attendants

4
5

Support for Village Health Workers
with the emphasis on antenatal health
encouraging all women and particularly
those at risk to attend a health facility
for birth

•

Providing readily accessible family
planning services

•

Ensuring that high-quality antenatal and
postnatal care services are available
in all areas, including education on
maternal and infant nutrition, care
seeking, and support for mothers who
are breastfeeding.

6

7
8

9

10

Short-term effect
•

Widespread
dissemination,
use
and continuing support for the Early
Essential Neonatal Care Programme

•

Ensuring that all hospitals meet the
minimal standards

•

Hospitals with more than 500
deliveries per year should be staffed
with a paediatrician, medical officers,
midwives and paediatric nursing staff
with a specific responsibility for, interest
in, and training in neonatal care

•

Improved communication between
all those involved in maternal and
neonatal health services.
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Comparison of Xpert® MTB/RIF with microscopy and cytology in the
diagnosis of tuberculous lymphadenopathy in patients presenting for fine
needle aspiration biopsy at the Port Moresby General Hospital
Rodney Itaki1,2, Jacklyn Joseph2, Ruth Magaye3, Jennifer Banamu3, Karen
Johnson3, Francis Bannick2, Evelyn Lavu3 and Henry Welch4,5
Division of Pathology and Division of Clinical Sciences, School of Medicine and Health
Sciences, University of Papua New Guinea, Port Moresby, Pathology Department and
Central Public Health Laboratory, Port Moresby General Hospital, Papua New Guinea
and Baylor College of Medicine and Texas Children’s Hospital, Houston, United States of
America
summary
Patients with a clinical diagnosis of tuberculous lymphadenitis (TBLN) undergoing fine
needle aspiration (FNA) biopsy at Port Moresby General Hospital (PMGH) were recruited
in a pilot study to compare Xpert® MTB/RIF (Xpert) with microscopy and cytology. From a
total of 1080 patients attending the FNA clinic during the study period 107 were recruited, of
whom 105 were analysed. Xpert detected Mycobacterium tuberculosis in 65/105 subjects
(62%), acid-fast bacilli (AFB) were found in 35/105 (33%) and cytology was positive in
59/105 (56%). 3 of 7 samples unsuitable for microscopy and 9 of the 28 cases (32%) initially
classified as non-TBLN were Xpert positive. Xpert was comparable to cytology but more
sensitive than microscopy. Xpert also detected multidrug-resistant tuberculosis (MDR-TB)
TBLN cases. The results demonstrated that FNA samples are suitable for Xpert analysis at
PMGH to diagnose TBLN, which has the added advantage of detecting MDR-TB.

Introduction

medical laboratory personnel to do cytology
microscopy (2-4).

The sensitivity and specificity of microscopy
are variable with the form of extrapulmonary
tuberculosis (EPTB) (1).
Although Papua
New Guinea (PNG) national guidelines
recommend microscopy of fine needle
aspiration (FNA) samples for laboratory
confirmation of tuberculous lymphadenitis
(TBLN), in practice diagnosis is often made
based on clinical features. This may be
due to inadequate laboratory infrastructure,
and/or shortage of pathologists and trained

Microscopic diagnosis of TBLN at Port
Moresby General Hospital (PMGH) is based
on identification of cytomorphological features
of granulomatous inflammation (epithelioid
cells, caseous necrosis, granulomas) using
May-Grünwald-Giemsa (MGG) stain with or
without stainable acid-fast bacilli (AFB) by
Ziehl-Neelsen (ZN) stain. Xpert® MTB/RIF
(Xpert) testing for Mycobacterium tuberculosis
complex (MTB) is available in 17 public health
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Inclusion criteria

facilities throughout PNG and used for testing
respiratory specimens. The World Health
Organization (WHO) has published guidelines
for Xpert testing of non-respiratory samples
but these recommendations are conditional
and the test has to be evaluated against local
settings for optimum use (5,6).

Patients with lymph node enlargement of
the cervical, axillary or inguinal regions with
a clinical suspicion of TBLN were included.
Both male and female patients in all age
groups were eligible for the study. Criteria for
culture were 1) rifampicin resistance detection
by Xpert, and 2) study sample selected for
external quality assurance testing. External
quality assurance sample selection was done
per standard operating procedure for MTB
at the PNG National Department of Health
(NDoH) Central Public Health Laboratory
(CPHL) housed within PMGH. Cultures were
done at the Queensland Mycobacterium
Reference Laboratory (QMRL), Brisbane,
Australia.

Denkinger et al. (1) conducted a systematic
review and meta-analysis of 18 studies that
evaluated Xpert diagnostic accuracy against
culture from tissues of FNA specimens in
detecting tuberculosis (TB) in lymph nodes
and found Xpert to have a sensitivity range
between 50% and 100% (1). When Xpert
was evaluated against a composite reference
standard for TBLN the pooled sensitivity was
81.2% (1). Xpert was also found to perform
better than existing methods of diagnosing
EPTB using other samples such as pleural
fluid or cerebrospinal fluid (1). As a result,
WHO recommends Xpert over conventional
tests for TBLN and other non-respiratory
specimens to exclude TB infection in a very
sick child (1).

Lymph node sampling and processing
Nodes larger than two centimetres were
sampled using aspiration and nodes smaller
than two centimetres were sampled using
a non-aspiration technique; both were
considered as FNA. A 22- or 23-gauge
hypodermic needle attached to a 10 ml syringe
was used with the aspiration technique. A
2 ml vacuum pressure was created in the
syringe after inserting the needle into the
chosen sampling site and the needle moved
back and forth using a rapid steady motion
without completely withdrawing the needle.
Sampling was stopped when sample (blood,
pus or mixture of both) was visible at the hub
of the needle. In the non-aspiration method,
a 22- or 23-gauge needle was passed into
the enlarged gland without the syringe and
sampling was done by moving the needle
back and forth using a rapid steady motion
without completely withdrawing the needle.
The sample was drawn into the needle by
capillary action. One or two passes were
done for each study subject.

With the objective of nation-wide
implementation of Xpert testing of FNA
aspirates this pilot study was done at PMGH to
evaluate the diagnostic performance of Xpert
compared to AFB microscopy and cytology for
TBLN diagnosis.
Methodology
Study population, setting and sampling
procedure
Port Moresby General Hospital is the only
tertiary referral hospital in PNG and has
approximately 600 beds. The Pathology
Department conducts a twice weekly FNA
clinic that processes a maximum of 30 patients
per clinic day. Patients clinically suspected of
TBLN by the treating physicians referred for
FNA between November 2014 and August
2015 were recruited via the regular FNA clinics.
Every third consecutive patient meeting the
eligibility criteria was invited to participate
in the study. Both inpatient and outpatient
attenders were recruited. Each patient was
clinically examined and interviewed using a
standardized questionnaire piloted before the
study implementation. Ethical approval was
obtained from the Medical Research Advisory
Committee of Papua New Guinea at the
National Department of Health (MRAC file No
54-6-2, 11 Nov 2014).

Two smears were made for each study
subject. One slide was stained with MGG stain
and the other with ZN stain. The remainder of
the sample in the needle was rinsed with 2
ml physiological saline in a sterile container.
The saline-aspirate mixture was sent to CPHL
and used in the Xpert assay. Samples testing
positive for rifampicin resistance on Xpert or if
selected as part of the CPHL external quality
program were sent to QMRL in Brisbane,
Australia for culture.
Standard personal protection equipment
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4.6-10 years. There were 83 adults, age
range 16-70 years, median age 27.5 years
and interquartile range 23-40 years.

was worn and biosafety procedures were
followed at all times.
Index and reference tests

The microscopy and cytology results
were taken as final and reported (Table 1).
2 subjects with missing microscopy results
were excluded from the analysis. 7 subjects
with unsatisfactory microscopy and cytology
reports were included in the analysis because
all completed Xpert testing. Of the 105
subjects analysed TBLN was diagnosed in
70/105 subjects (67%). Xpert detected MTB
in 65/105 cases (62%), AFB were found in
35/105 cases (33%) and cytology was positive
in 59/105 cases (56%). Xpert detected MTB
in 3 of the 7 unsatisfactory samples. Of the
28 non-TBLN cases 10 were reported as
non-specific lymphadenitis, 7 as suppurative
lymphadenitis, 2 as reactive lymphadenitis
and the remaining 9 were grouped as other (6
cystic lesions, 3 malignant lesions). Among
the 10 non-specific lymphadenitis cases 2
were Xpert positive (20%), of the 7 suppurative
lymphadenitis 6 were Xpert positive (86%)
and of the 9 cases classified as other, 1 was
Xpert positive (11%).

Xpert was defined as the index test. The
reference tests were 1) AFB microscopy, 2)
cytology and 3) culture. A positive AFB test
was defined as stainable AFB by ZN stain and
positive cytology was defined as presence
of cytological features of granulomatous
inflammation (epithelioid cells, granulomas,
caseous necrosis) by MGG stain. Positive
Xpert was defined as MTB detection by Xpert
assay (positive or borderline positive).
Data were tabulated in Microsoft Excel
and prepared for analysis. Demographic
and clinical characteristics were recorded
to describe the study population. Xpert was
compared with AFB microscopy and cytology
using 2x2 contingency tables to assess
diagnostic concordance.
Results
A total of 1080 patients attended the
FNA clinic during the study period and 107
consenting eligible subjects were recruited for
the study. There were 45 (42%) males and
62 (58%) females. The age range was 1.970 years with a median age of 26 years and
interquartile range of 16-34.5 years. There
were 24 children, age range 1.9-13 years,
median age 8 years and in terquartile range

Table 2 shows the diagnostic concordance
between Xpert and AFB microscopy, cytology
and culture. Of the 35 AFB-positive cases
Xpert detected MTB in 30 (86%) and of the
70 AFB-negative cases Xpert detected MTB
in 35 (50%). Compared to cytology Xpert
detected MTB in 43 of the 59 cases that were

table 1
Final diagnosis of study subjects based on AFB microscopy and cytology
(N = 105)
Final diagnosis

Number (%)

Tuberculous lymphadenitis
Reactive lymphadenitis
Suppurative lymphadenitis
Non-specific lymphadenitis
Other*
Unsatisfactory

70 (66.7)
2 (1.9)
7 (6.7)
10 (9.5)
9 (8.6)
7 (6.7)

AFB = acid-fast bacilli
*6 cystic lesions, 3 malignant lesions
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cytology positive (73%) and of the 46 negative
cytology cases Xpert was positive in 22 (48%).

3

10

0

14

24

7
14

3

Negative

Culture was completed on 24 subjects with
positive isolates in 14 cases (58%) (Table
2). Xpert detected MTB in 21 of the 24
subjects that completed culture (88%) (Table
2). Xpert detected MTB in all 14 culturepositive samples, and both cytology and
AFB detection were positive in 7/14 culturepositive samples. Of the culture-negative
samples Xpert was positive in 7/10 (70%),
AFB was positive in 3/10 (30%) and cytology
was positive in 7/10 (70%). Of the 14 isolates
9 (64%) were resistant to at least one drug
tested (Table 3). 6 of the 9 resistant isolates
(67%) were multidrug-resistant TB (MDR-TB),
with a mono-resistant rate of 33%.

105
46

Xpert and cytology were comparable in
detecting TBLN cases but Xpert picked up
nearly twice as many as AFB microscopy.
When compared with AFB microscopy
Xpert was 86% positive in the AFB-positive
cases and in the AFB-negative cases Xpert
was negative in 50%. Xpert picked up an
additional 35 TBLN cases missed by AFB
microscopy. Compared to cytology Xpert was
positive in 73% of the positive cytology cases
and negative in 52% of the negative cases.
Xpert picked up an additional 22 TBLN cases
that were cytology negative. Furthermore,
Xpert detected an additional 9 MTB in the 28
cases initially classified as non-TBLN and in
3 of the 7 unsatisfactory samples. The rate
of MTB detection by Xpert among non-TBLN
cases was highest (86%) among suppurative
lymphadenitis. These were most likely false
negatives by microscopy and cytology because
Xpert detected rifampicin resistance in 3 of
the 7 cases of suppurative lymphadenitis,
of which 2 were culture positive. The Xpert
positivity rates compared to microscopy and
cytology are reflective of the highly sensitive
nature of the assay, although the possibility of
false positive results cannot be excluded.
Xpert was 100% positive in 14 samples that
were culture positive. Both AFB and cytology
were 50% positive in the 14 culture-positive
cases. Of the 10 culture-negative cases,
7 were positive on Xpert, of which 6 were
cytology positive and 2 were AFB positive.
Studies evaluating Xpert in diagnosing
TBLN have used composite reference tests
or culture reference tests and obtained

AFB = acid-fast bacilli

105
Total

35

70

59

40
24
40
35
5
Negative

65
30
Positive

35

Positive
Xpert

Total

16

22

65

Discussion

43

Negative

Total

Positive

21
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Negative

Positive

Cytology
AFB microscopy

Concordance between Xpert and AFB microscopy, cytology and culture

Table 2

Culture

Total
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inflammation. These methods are labour
intensive, require trained cytologists and have
a long result turn-around time. This practice
is the same in most resource-limited settings
(4,13-17). Although microscopy of FNA is
cheap and suitable in resource-limited settings,
cytomorphological features are non-specific
and lack sensitivity without demonstration
of AFB (18-20). The presence of caseous
necrosis and neutrophils is associated with
high AFB positivity (14). There is also a
positive association between pus aspirates,
granulomas, presence of neutrophils or
necrosis and AFB detection and it has been
suggested that AFB must be demonstrated and
other causes of granulomatous inflammation
excluded before making a diagnosis of TBLN
(18-20). In PNG, where there is a shortage of
pathologists, laboratory medical scientists can
be trained to do needle aspiration of enlarged
lymph nodes and process FNA aspirates for
Xpert diagnosis of TBLN. This may improve

sensitivities ranging between 59% and 96.1%
(7-12). The sensitivity of Xpert is also variable
with respect to the gross appearance of the
aspirate, with sensitivities between 73% and
87%; the presence of pus was associated with
a higher sensitivity rate (8-12). Although the
sample size is small, the results in this study
agree with this evidence because Xpert had
a positivity rate of 86% in cases reported as
suppurative lymphadenitis based on cytology.
When culture is used as a reference test
Xpert specificities range between 88.9% and
100% (6,8-12). In the present study culture
was completed for only 24 samples because
culture facilities were not available at PMGH
at the time of the study and samples were sent
to Australia. However, in this small sample
Xpert was as good as culture.
Laboratory confirmation of TBLN at PMGH
is based on AFB microscopy and identifying
cytological features of granulomatous

Table 3
Drug susceptibility test results of resistant isolates (total isolates
= 14, total resistant isolates = 9)

Drugs tested

Resistant rate

Amikacin

0

Streptomycin

0

Isoniazid 0.1 mg/l

3/9 (33.3%)

Isoniazid 0.4 mg/l

6/9 (66.7%)

Ofloxacin

1/9 (11.1%)

Rifampicin

9/9 (100%)

Ethambutol

4/9 (44.4%)

Pyrazinamide

2/9 (22.2%)

Ethionamide

3/9 (33.3%)

Kanamycin

0

Capreomycin

0

Cycloserine

0

PAS

0

PAS = para-aminosalicylic acid
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pyrazinamide (22%). This pattern is similar to
other published data on MTB drug resistance
in PNG (21,22,24). Whereas other studies
in PNG reported isolates showing resistance
to streptomycin, capreomycin and paraaminosalicylic acid (21,22), isolates in this
study did not show resistance to these drugs.
The observed differences may be due to
different strains causing TBLN, as suggested
by a study in Ethiopia (25).

result turn-around time and allow earlier
commencement of TB treatment. Xpert also
has the advantage of detecting MDR-TB
and allows clinicians to consider secondline drugs while culture results are pending,
particularly in sick children where obtaining
respiratory or gastric aspirate samples is
challenging. Fine needle aspirate smear and
cytological microscopy for TBLN diagnosis
in PNG is limited to pathologists and their
shortage hinders nation-wide implementation
of FNA cytology for TBLN diagnosis. Although
Xpert is currently available in 17 sites in PNG,
making it possible to diagnose TBLN in health
facilities that have no resident pathologist, a
cheaper alternative could be to train medical
laboratory scientists in PNG to perform FNA
cytomorphological analysis for the diagnosis
of TBLN.

The use of Xpert in PNG is limited to testing
respiratory specimens with the exception
of cerebrospinal fluid (2). The results of
the present study provided evidence to reevaluate this recommendation in PNG and
contributed to the development of a laboratory
algorithm for processing of FNA specimens.
The newly developed laboratory algorithm
has been included in the revised PNG national
guidelines for the testing of EPTB specimens.
This study further demonstrates that Xpert
processing of FNA aspirates can be tailored
to local settings in other high TB-burden
countries.

This study reports a mycobacterial culture
yield of 58% (14/24). Culture yield of MTB from
FNA is reported to be between 42% and 83%
(13). Positive HIV status is also associated
with a higher yield from FNA aspirates in
adults (13). The present study’s design did not
permit gathering information of the HIV status
of subjects. Factors contributing to negative
culture results may have included inadequate
volume (one patient) or TB treatment for more
than two weeks (two patients). Although
physiological saline was used for emulsifying
the FNA sample before shipment for culture,
the yield is higher in MTB-specific transport
mediums (13). Prolonged storage (more
than 10 days at CPHL) of specimens before
shipment to Australia may have resulted in
reduced number of viable bacilli and negatively
affected culture results, as suggested by
some studies (6).

There are limitations to our study. Although
culture is the preferred reference standard,
only 24 samples were sent for culture and
reflect the realities of the study setting. We
did not follow up cases to determine clinical
outcome. A follow-up prospective study that
includes monitoring of clinical outcomes
can help show the impact of Xpert on the
management of drug-resistant TBLN in PNG.
The use of 2 ml physiological saline may
be inadequate; it also may not be the ideal
transport medium for MTB culture, and an
MTB-specific solution may have produced
higher culture yields.
Conclusions

Studies on MDR-TB in PNG have reported
rates of 4.6% and 26% (21,22). A large
population-based survey in PNG has shown
that the national MDR-TB rate is 2.7% in
new cases and 19.1% in previously treated
cases (23). Of the 14 isolates 9 (64%) were
resistant to at least one drug, with a rifampicin
mono-resistant rate of 33% and an MDR-TB
rate of 67%. The high rate is preliminary
and indicates the need for a study with a
larger sample size looking at the resistance
pattern of MTB isolates from subjects with
TBLN at PMGH. The present study’s drug
susceptibility test results are consistent with
those of Aia et al., who showed that MTB drug
resistance in PNG is heterogeneous (23).
The MDR-TB isolates showed resistance to
rifampicin (100%), ethambutol (44%) and

The results suggest that Xpert is
comparable to cytology but more sensitive
than AFB microscopy in diagnosing TBLN at
PMGH. The results further demonstrate that
the Xpert assay can be used for processing
lymph node aspirates in patients clinically
diagnosed with TBLN and has the added
advantage of detecting MDR-TB.
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A surveillance system for pigbel in Papua New Guinea, based on a clinical
case definition and laboratory confirmation
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Centre for International Child Health, University of Melbourne, Australia, School of
Medicine and Health Sciences, University of Papua New Guinea, Port Moresby, Kudjip
Nazarene Hospital, Papua New Guinea and World Health Organization, Port Moresby,
Papua New Guinea
summary
AIMS: This study aimed to evaluate a surveillance system for pigbel (enteritis
necroticans), an enteric disease caused by Clostridium perfringens type C beta-toxin. Pigbel
was formerly endemic in Papua New Guinea. Surveillance was based on a standardized
clinical case definition, plus laboratory confirmation using a new assay for Clostridium
enterotoxin that may be identified in intestinal secretions or stool. METHODS: Patients
admitted to the Nazarene Hospital in the Jiwaka Province were eligible for inclusion if they
had severe abdominal pain of less than 2 weeks’ duration. A standardized case definition
of pigbel was used to distinguish cases of acute abdominal pain very likely to be due to
pigbel from cases likely to be accounted for by other diagnoses. Children enrolled in the
study were tested with a new ELISA (enzyme-linked immunosorbent assay) for Clostridium
perfringens beta-toxin. The number and types of samples tested depended on the clinical
features and illness severity, and included gastric aspirate, stool and intestinal fluid if
surgery was required. RESULTS: Between October 2012 and January 2015 105 patients
with acute abdominal pain were admitted. The median age (interquartile range) was 5 (26) years. 48 children met the standardized criteria for the clinical diagnosis of pigbel. 34
of 67 children tested with ELISA fulfilled the criteria for clinical pigbel, of whom 12 tested
positive and 22 negative. The sensitivity of the ELISA test against the clinical diagnosis
was therefore 35%. The test was positive in 4 children with abdominal pain who did not
fulfil all the clinical criteria for pigbel, suggesting that they had a mild form of the disease.
There were 4 surgically confirmed patients who were ELISA negative. In total, laboratory or
surgically confirmed pigbel was found in 20 patients, but it is likely that there were others
with pigbel among the 105 patients with acute abdomen. 5 of the study children died.
CONCLUSIONS: The ELISA test for Cl. perfringens beta-toxin can be a useful confirmatory
test and can help to validate the clinical impression of pigbel. However, the sensitivity is
low, even in children who are likely to have pigbel, and therefore a negative test cannot
rule out the diagnosis. Because the differential diagnosis of the clinical features of pigbel
is broad, having the combination of clinical and laboratory-based surveillance for pigbel
would help monitor the true burden of disease, and could be used to guide public health
interventions.
Introduction
Pigbel

(enteritis

necroticans)

was

important cause of illness and death in children
in Papua New Guinea (PNG) in the 1960s
and 1970s. From 1961, when pigbel was

an
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first reported in PNG, until the early 1980s,
pigbel was the second most common cause of
death in children over 1 year of age in several
hospitals in the highlands (1,2). Following
the introduction of a highly effective toxoid
vaccine in 1979, a marked and apparently
persistent decrease in cases was seen (3).
Production of the vaccine ceased in 1992.
While it was widely believed that pigbel was
no longer endemic, a study in 2001 showed
that pigbel caused between 9% and 16% of
cases of acute abdominal pain in children
presenting to some remote health centres in
the highlands, with substantial geographical
clustering of cases at the Western HighlandsEnga border (4).

hygiene) and consumption of a high-protein
meal (frequently pork meat). Predisposing
factors include protein malnutrition (resulting
in decreased pancreatic activity) and a staple
diet of sweet potato (which contains pancreatic
enzyme inhibitors) (1).
There is a new antigenic ELISA (enzymelinked immunosorbent assay) for Clostridium
perfringens beta-toxin made in Belgium (Bio-X
Diagnostics, Jemelle). This has been used
in veterinary practice to diagnose enteritis
caused by various Clostridium enterotoxins in
sheep, calves and goats (7,8). We evaluated
whether this ELISA test could provide
confirmatory evidence of pigbel, and enable
more accurate surveillance.

In the last few years, many cases have
been reported from Nazarene Hospital at
Kudjip in the Jiwaka Province (formerly part of
Western Highlands) (5). One of the problems
of pigbel diagnosis and surveillance for pigbel
is the non-specific nature of clinical symptoms.
The clinical features of many diseases –
including typhoid, dysentery, worm infection,
intussusception, urinary tract infection and
appendicitis – overlap with pigbel, and pigbel
can be missed or overdiagnosed, which may
contribute to high rates of reporting of pigbel
from remote health centres (4). A more specific
laboratory confirmation test would assist the
accuracy of disease burden estimates and
surveillance.

Aim of the study
The study aimed to evaluate a surveillance
system for pigbel that is based on a
standardized clinical case definition and an
ELISA test.
Methods
Location
The study was conducted in Nazarene
Hospital, Kudjip in Jiwaka Province of Papua
New Guinea.
Entry criteria and case definition

Clinical features and disease causation

Patients were eligible for inclusion if they
had abdominal pain of less than 2 weeks’
duration. Both adults and children were
included.
Patients with diarrhoea and/
or vomiting without abdominal pain were
excluded. A standardized case definition of
pigbel (Table 1) was used to distinguish cases
of acute abdominal pain very likely to be due
to pigbel from cases likely to be accounted for
by other diagnoses (such as gastroenteritis,
typhoid, dysentery, intussusception, urinary
tract infection, appendicitis and others).

Pigbel
(enteritis
necroticans)
is
characterized by acute abdominal pain,
especially in the upper abdomen and made
worse with eating, vomiting of blood or
coffee grounds, bloody diarrhoea, abdominal
distension and, in very severe cases, by
shock and collapse. Pigbel is caused by the
beta-toxin from the anaerobic Gram-positive
bacillus Clostridium perfringens type C (6).
After ingestion of the Clostridium perfringens
type C, usually in poorly cooked meat,
bacteria proliferate in the gastrointestinal tract
and release a toxin. The pancreatic enzymes
trypsin and chymotrypsin can inactivate the
toxin, but these enzymes may be suppressed
during protein malnutrition. If the toxin is
not inactivated, it may cause segmental
haemorrhagic, inflammatory or ischaemic
necrosis of the mucosal lining of the jejunum
and ileum. This is associated with toxaemia
and is often fatal if untreated. The disease
depends on exposure to the organism (a
greater risk where there is a close association
between people and pigs, and a poor level of

Pigbel surveillance and laboratory testing
Stool and gastric aspirate samples were
taken from patients with acute abdominal pain,
depending on their symptoms, the treatment
required (such as a nasogastric tube) and the
availability of samples. If treating clinicians
did not consider a nasogastric tube necessary
for the clinical management of the patient, a
tube was not placed solely for the study, and
so gastric aspirate samples were not taken on
every patient. Patients undergoing surgery
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Table 1
Case definition for pigbel
Clinical case definition for pigbel
Acute abdominal pain of less than 2 weeks’ duration
Plus
four or more of the following features:
 Meat meal eaten in the last 7 days
 Severe abdominal pain
 Pain most severe in the upper abdomen
 Pain worse with feeding
 Vomiting blood or foul material
 Upper abdominal distension or X-ray findings of multiple air-fluid levels
 Bloody diarrhoea
 Blood leukocytosis WCC >15,000
 Toxic shock
Final diagnosis is pigbel if:
•
•
•

clinical case definition is positive, or
a positive ELISA test for enterotoxin on gastric fluid or stool, or
diagnostic intestinal lesions seen at surgery +/- histopathology

WCC = white cell count (per μl)
ELISA = enzyme-linked immunosorbent assay

for suspected pigbel had an intestinal fluid
sample tested. The samples were marked as
to their type (stool, gastric aspirate, surgical)
and the ELISA test for beta-toxin was done by
the laboratory at Nazarene Hospital.

and the Nazarene Hospital. The patients and
their caregivers were informed of the study
and asked to participate. They were free to
decline. Written consent was not required as
no additional treatments or procedures were
performed.

Ethical issues

Data recording

Most patients with suspected pigbel have a
nasogastric tube passed as part of standard
clinical practice to decompress the stomach
and prevent vomiting; however, if this was
not considered necessary it was not done
just for the study. There were no additional
blood tests beyond standard investigations
for acute abdominal pain and enteritis (tests
for typhoid, full blood examination and
electrolytes). The study was approved by the
PNG Medical Research Advisory Committee

Data were recorded on a pigbel surveillance
form (Figure 1) which included the clinical
case definition. Data were entered in an Excel
spreadsheet and analysed in Stata.
Results
Between October 2012 and January
2015 there were 105 patients (including one
20-year-old adult) with acute abdominal pain.
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The median age was 5 years (interquartile
range 2 years to 6 years). 67 (64%) were
male. 48 of the 105 fulfilled the standardized
clinical criteria for pigbel with the presence of
4 or more criteria; 31 had 3 criteria, and 26
had 2 or less criteria. The clinical features
most commonly found in children with a
positive ELISA test for Cl. perfringens type
C enterotoxin and those who fulfilled the
predetermined clinical case definition of pigbel
are outlined in Table 2.

(13 patients) and Kudjip (9 patients).
Discussion
The study proves that there is an ongoing
burden of pigbel disease in the highlands
of PNG. In 28 months active surveillance
identified 48 children who fulfilled the clinical
case definition for pigbel, and confirmed the
presence of Cl. perfringens enterotoxin in
12/34 of these cases that were tested. We
also found the causative enterotoxin in 4
children with acute abdominal pain who did
not fulfil the full case definition, indicating
the relative insensitivity of the strict case
definition for milder cases of pigbel. And we
found classical pathological lesions of pigbel
at surgery in an additional 4 cases who tested
negative on ELISA. In total, laboratory or
surgically confirmed pigbel was found in 20
cases, but it is likely that some other of the
105 cases of acute abdomen were also pigbel.

Other diagnoses included dysentery,
appendicitis, worm infection, pyomyositis,
malrotation and intestinal torsion, malaria,
mesenteric adenopathy and constipation.
67 children were tested using the ELISA.
In total 103 tests were done: 43 from gastric
aspirate, 47 from stool and 13 from surgical
fluid. 39 children had one test, 20 had 2 tests
and 8 had 3 tests.
34 of the 67 children who were tested
with ELISA had a clinical diagnosis of pigbel.
Among these 34, 12 had at least one positive
ELISA and in 22 all ELISA tests were negative.
The sensitivity of the ELISA test against the
clinical case definition was 12/34 = 35%.

This study was conducted in one institution,
and was initiated by a cluster of reports of
cases in 2012 (5). Therefore, it may be that
the communities using Nazarene Hospital in
Jiwaka Province have a higher incidence of
pigbel than other highlands areas, but it is
also possible that pigbel is under-recognised
in some other locations where it is prevalent.
Some degree of under-recognition of pigbel
is likely, given that the milder forms can have
non-specific features. Although referral bias
may also have a role in this apparent highburden cluster, as Nazarene Hospital has
good surgical services, all patients lived within
the province of Jiwaka.

4 additional children with acute abdominal
pain who did not fulfil the clinical diagnosis
of pigbel had a positive ELISA test; 3 of
these had 3 clinical criteria, and 1 had just 2
clinical criteria, suggesting that these children
probably had milder pigbel. Therefore in total,
16 ELISA tests for Clostridium enterotoxin
were positive.
5 children died, including 4 with a clinical
diagnosis of pigbel, one of whom had a positive
ELISA test for Clostridium enterotoxin.

This is the first time the ELISA test for
Cl. perfringens beta-toxin has been used to
diagnose human disease. This study shows
that it can be a useful confirmatory test and
can help to validate the clinical impression of
pigbel. However, the sensitivity is low, even
in children who are likely to have pigbel, and
therefore a negative test cannot rule out the
diagnosis. We know for example that there
were 4 patients who had surgical pathology
consistent with pigbel (ulcerating mucosal
lesions and ischaemia of the small bowel with
Gram-positive rods seen on Gram stain), but
who had negative ELISA tests on surgical
samples or gastric aspirate.

13 of the 105 patients had surgery, and
pigbel was confirmed on macroscopic
appearance of bowel, histopathology and
microbiology (Gram-positive rods on Gram
stain) in 9 patients. Of these 9 patients, 5 were
among the 16 with at least one positive ELISA
for Cl. perfringens enterotoxin. The other 4
surgically confirmed cases were ELISA test
negative. Therefore laboratory or surgically
confirmed pigbel was found in 20 patients.
The 105 patients with acute abdominal pain all
resided within Jiwaka Province. They came
from 50 different villages, with higher numbers
coming from the larger and geographically
accessible villages of Minj (14 patients), Banz

The test kit costs $440 (about K1000) for a
12-sample test kit, plus transport costs. This
equates to about K100 per test. The test kit
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Figure 1. Pigbel surveillance form. ELISA = enzyme-linked immunosorbent assay; SD = standard deviation; IV =
intravenous; WCC = white cell count (per μl)
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Table 2
Clinical features in children with a positive ELISA for Clostridium perfringens type C enterotoxin
and those who fulfilled the predetermined clinical case definition of pigbel

Clinical feature

ELISA positive
N = 16

Clinical diagnosis of pigbel
(4 or more criteria)
N = 48

Vomiting

15/16

40/48

Vomiting black or blood*

4/16

9/45

Bloody diarrhoea*

11/16

25/48

Upper abdominal pain worse with eating*

12/14

39/44

Severe upper abdominal pain*

9/16

36/48

Mild upper abdominal pain

7/16

12/48

Upper abdominal distension*

10/15

27/47

Upper abdominal tenderness*

10/15

37/48

Toxic shock*

1/15

2/48

Meat meal in last 7 days*

12/14

38/46

WCC >15*

6/11

18/41

Severe malnutrition

0/13

1/43

Oedema

1/16

1/38

Underweight

2/13

4/43

Normal weight

11/13

38/44

*Criteria used in the clinical case definition of pigbel
WCC = white cell count (x109 per l)

risk. These strategies would also include
community awareness and education about
food preparation, the dangers of pigbel, the
clinical symptoms of pigbel and when to seek
care. Ongoing surveillance using the clinical
case definition is needed as a minimum,
ideally with an ELISA confirmatory test.

needs to be kept at a temperature between
+2° and +8° C, and therefore refrigerated
transport is required, so this adds to the
overall cost.
Because the differential diagnosis of the
clinical features of pigbel is broad, having the
combination of clinical and laboratory-based
surveillance for pigbel can help document the
true burden of disease. This may be used to
guide public health interventions. With a better
understanding of pigbel disease patterns
through the use of a focused surveillance
program, outbreaks could be confirmed and
mapped, and effective prevention strategies
could be put in place for the groups at highest
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A retrospective observational study reviewing characteristics of inpatients
receiving rehabilitation services at a single provincial hospital in West
New Britain Province, Papua New Guinea
Takashi Saito 1,2,3, Angelberth Bai1, Nobuko Matsui4, Kazuhiro P.
Izawa5, Shuichiro Watanabe6 and Alfred Malagisa7
Physiotherapy Department and Medical Services Department, Kimbe Provincial
Hospital, Papua New Guinea, Japan International Cooperation Agency, Tokyo,
Department of Physical Therapy, University of Tokyo Health Sciences, Japan, Department
of Public Health, Graduate School of Health Sciences, Kobe University, Japan and
Graduate School of Gerontology, J.F. Oberlin University, Tokyo, Japan
Summary
Development of medical rehabilitation services for persons with disability is a major
health issue in Papua New Guinea (PNG). However, there are few previous studies
and data have not been reported on specific patient characteristics. This study aimed
to investigate the characteristics of patients receiving rehabilitation services in order
to understand the rehabilitation needs in PNG. Methods: A retrospective observational
study was conducted at a provincial hospital in PNG. The records of inpatients admitted
from 1 August 2016 and discharged by 31 October 2018 (Total group) and the records
of inpatients receiving rehabilitation services during the study period (physical therapy
group [PT group]) were reviewed separately. The records of inpatients with non-medical
and non-surgical diagnoses were excluded from the analysis. Details of sex, age and
diagnosis were recorded and a ratio of the number of inpatients in the PT group to that in
the Total group by diagnosis (PT ratio) was calculated. Results: Data from 6679 records
of eligible inpatients and 344 records in the PT group were analysed. Among the records
of the PT group, infectious diseases, injury, circulatory diseases and musculoskeletal
disease were the dominant diagnostic groups, with percentages of inpatients (and the PT
ratios) being 33% (0.10), 26% (0.10), 13% (0.24) and 7% (0.27), respectively. The dominant
age category (in years) for each diagnostic group was, in the same order, age <20, 20< age
<39, 40 <age, 40< age <59. Conclusion: This information will help the health services to
understand the rehabilitation needs in PNG.
Introduction

income country (1), some health-related
indicators are comparable with those of some
low-income countries (2). Disease-induced
disabilities and rehabilitation measures for
persons with disability are major health issues
in PNG (3).

Papua New Guinea (PNG), with an
estimated population of >8 million people (1),
is the largest developing country in the Pacific
region. Although ranked as a lower-middle1
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records. This study is one part of a research
project that explored optimal methods for
international cooperation on rehabilitation
services in PNG.

In
developed
countries,
medical
rehabilitation services have a long history and
are recognized as essential counter measures
for addressing disability (4). In contrast,
medical rehabilitation services in PNG are
still in their infancy. An education program for
one kind of rehabilitation profession, physical
therapists, was established in 2008 in PNG (5),
but the current number of Papua New Guinean
physical therapists is insufficient, estimated
as 85 people (6). To address this situation,
foreign aid, including that from governmental,
non-governmental
and
faith-based
organizations and foreign volunteers, plays
an important role in providing rehabilitation
services in PNG. As one example, the Japan
International Cooperation Agency, a Japanese
governmental organization, has sent 33
Japanese volunteer physical therapists to
PNG since 1998.

Ethics
This study was approved by the clinical
service directorate of Kimbe Provincial
Hospital. All data were kept confidential.
Study setting
This study was conducted at Kimbe
Provincial Hospital, WNB Province, PNG.
WNB Province is located on the island of
New Britain, with adjacent small islands,
to the north of the main island of PNG.
The population is estimated to be 264,264
citizens, with a median age of 19.9 years
and 2.2% aged 65 years or more (8,13).
Kimbe Provincial Hospital, with 180 beds for
inpatient care, provides inpatient services,
outpatient services and community outreach
services. Inpatient services consist of internal
medicine, surgery, paediatrics, obstetrics and
gynaecology, ophthalmology, accident and
emergency, anaesthetics and rehabilitation.
Rehabilitation services are provided by
physical therapists. A tuberculosis-specific
treatment ward is also available. Although
basic laboratory and X-ray investigations
are available, computed tomography scans
and magnetic resonance imaging are not
available. The necessity for rehabilitation
services is determined by the physicians who
make referrals to the rehabilitation department.
Rehabilitation services are provided in the
rehabilitation room or ward by two registered
Papua New Guinean physical therapists and
one assistant. Unfortunately, other kinds of
rehabilitation services, such as occupational
therapy and speech therapy, are not provided
in this hospital. In principle, rehabilitation
services for inpatients are provided three
times a week.

The goals for foreign aid organizations and
foreign volunteers are to improve the quality
of rehabilitation services and to contribute to
social development in PNG (7). To achieve
these goals, it is crucial for them to share
information on characteristics of clients or
patients of rehabilitation services with local
policy-makers and health professionals.
From this information, they can understand
the rehabilitation service needs for the country
and devise a strategic plan for delivering and
improving rehabilitation services.
Previously
reported
nation-wide
epidemiological data do not accurately reflect
the rehabilitation service needs in PNG (8-10).
Surveys that specifically focus on the patients
receiving rehabilitation services are needed.
The few previously published articles (11,12)
regarding rehabilitation services in PNG do not
provide data on specific patient characteristics.
To address this gap, the aim of this study was
to investigate and describe the characteristics
of patients receiving rehabilitation services in
a West New Britain (WNB) provincial hospital,
with the expectation that it would provide
information about the current situation of
rehabilitation services and would be useful in
understanding the rehabilitation needs more
generally in PNG.

Recruitment and data collection
We reviewed two sets of inpatient records
separately: one included the records of
all inpatients who were admitted to Kimbe
Provincial Hospital from 1 August 2016 and
were discharged by 31 October 2018 and who
received some sort of medical services (Total
group); and the second included the records of
inpatients who received rehabilitation services
by physical therapy (PT group). These two

Methods
Study design
This was a retrospective, hospital-based,
observational study that utilized inpatient
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investigated. Of those in the Total group,
we excluded 5562 records from the analysis
because of non-medical or non-surgical
diagnoses: normal delivery (n = 4713),
abortion (n = 570), contraception (n = 231),
removal of pin or plate from bone (n = 11) or
missing data (n = 37). The final number of
records for analysis in the Total group was
6679. Among the records of the PT group, we
excluded 6 records because of re-admission
(n = 3) or missing data (n = 3). Therefore, the
final number of records for analysis in the PT
group was 344.

record sets were preserved independently
and were impossible to be combined together
due to anonymity of records of the Total
group. In both groups, the data on sex,
age and diagnosis classified according to
the International Classification of Diseases
Version 10 (ICD-10) code (14) were recorded.
Age was recorded as: less than 1 year old, 1
to 4 years, 5 to 19 years, 20 to 39 years, 40 to
59 years, and 60 years and older.
In the PT group, additional data on gait
function at the start of rehabilitation services
and outcome of inpatient rehabilitation
services were included and were available
for analysis. Gait function at the start of
rehabilitation services was classified as
‘independent’ or ‘dependent or no gait function’
and the outcome of the patient receiving
inpatient rehabilitation services was recorded
as ‘discharged’, ‘transferred’ or ‘died’.

Characteristics of both groups are
presented in Table 1. The dominant age
category was 20 to 39 years for both groups.
Approximately 65% and 80% were aged <40
years in the PT group and the Total group,
respectively.
In the PT group, the four most dominant
diagnostic groups, accounting for about 80%
of all diagnoses, were infectious and parasitic
diseases (infectious diseases, ICD-10 code:
A00-B99), injury, poisoning and certain other
consequences of external causes (injury, ICD10 code: S00-T88), diseases of the circulatory
system (circulatory diseases, ICD-10 code:
I00-I99), and musculoskeletal system and
connective tissue diseases (musculoskeletal
disease, ICD-10 code: M00-M99). Overall,
33% of diagnoses in the PT group were
infectious diseases, 26% were due to injury,
13% had circulatory diseases and 7% were
due to musculoskeletal disease (Table 1).

Diagnostic data of the PT group included
the name of the disease or disability relevant
to rehabilitation services and were not all
completely classified into ICD-10. To ensure
that the diagnostic data were comparable
between the two groups, the diagnostic
data of the PT group were confirmed by the
investigators and converted into ICD-10
codes.
We excluded the inpatient records with
diagnoses of ‘normal delivery’, ‘abortion’,
‘contraception’ and ‘removal of pin or plate
from bone’. We also excluded records with
missing data. Some patients were re-admitted
with the same diagnosis. To avoid multiple
counting in the PT group, we only included
the records of the initial admission. However,
we could not exclude re-admission data in the
Total group due to the anonymity of the data.

The detailed diagnoses for both groups
and the ratio of the number of inpatients
in the PT group to that in the Total group
are shown in Table 2. The most dominant
detailed diagnoses for each diagnostic group
were tuberculosis-related disease (especially
tuberculous meningitis) and cerebral malaria
in infectious diseases, fracture and ‘wound
or injury’ in injuries, cerebrovascular disease
in circulatory diseases and ‘back pain’ and
arthritis (including infectious arthritis) in
musculoskeletal disease (Table 2). Among
the infectious diseases, there were 20 records
in the PT group of ‘tuberculosis in other
parts of the body’. Of these 20 records, 19
were specifically of tuberculous spondylitis
(Pott’s disease). The ratios of the number of
inpatients in the PT group to that in the Total
group were higher among the inpatients with
circulatory diseases and musculoskeletal
disease, more than twice that of those with

Data analysis
Categorical variables are reported as
number and percentages. For descriptive
purposes, we summarized the characteristics
of the patients and described the diagnostic
data by sex. Additionally, we calculated the
ratio of the number of inpatients in the PT
group to that in the Total group by diagnostic
groups.
Results
Records of 12,241 inpatients in the
Total group and 350 in the PT group were
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Our findings indicate that infectious
disease, especially tuberculous meningitis, is
the most common diagnosis among inpatients
receiving rehabilitation services. Tuberculous
spondylitis (Pott’s disease), which can induce
back pain and/or paralysis and affect daily
life, is also a common specific diagnosis.
According to the World Health Organization,
the prevalence of tuberculosis in PNG is 541
per 100,000 population and is the highest
in the region (2). It is assumed that this
high prevalence explains our findings. It
should, however, also be pointed out that
there is a possibility of overestimation of
this diagnosis. Duke and colleagues (15)
pointed out that many children with acute or
subacute febrile encephalopathy or elevated
intracranial pressure are empirically treated
as tuberculous meningitis in settings with
limited diagnostic capacity.

infectious diseases and injury (Table 2).
Age categories, gait function and
outcome among rehabilitation inpatients
with four diagnoses
Table 3 shows age categories, gait
function at the start of rehabilitation services
and outcome of rehabilitation services by
diagnostic group in the PT group. Overall, the
dominant age category in infectious diseases
was infant to adolescent (less than 20 years
old). The young adult category (20 to 39 years
old) accounted for the majority of injuries, the
middle- and senior-age category (40 years
and older) for the majority of circulatory
diseases and the middle-age category (40
to 59 years old) for musculoskeletal disease.
More than half of rehabilitation inpatients had
impairment of walking function at the start of
rehabilitation services, except for those with
musculoskeletal disease. 77% of those with
circulatory conditions, 82% of those with
infections, 92% of those with musculoskeletal
problems and 93% of those with injuries were
discharged.

The next most prevalent diagnosis was
injury, especially fracture, wound or injury. Our
study also found that the age category of 20 to
39 years old is the most dominant age group
suffering the injury. This finding is in accord
with national statistics (9). In PNG, ‘trauma
and injury’ has been recognized as a major
health problem, and ‘road traffic accidents’,
‘domestic violence’, ‘industrial injuries’ and
‘tribal fights’ were listed as probable causes
of injuries (16). In 2010, the PNG government
pointed out that the main causes of injuries in
PNG were believed to be transport or violence
related (3). Although our data were not
specific, given these previous reports (3,16),
we speculate that the rehabilitation needs
of inpatients with injury may in particular be
the consequence of road traffic accidents or
violence.

Discussion
We reviewed 344 consecutive records of
inpatients receiving rehabilitation services
and described their characteristics. The data
from this survey provide useful information to
assist in estimating the rehabilitation needs
in PNG. For example, it highlighted the
importance of tuberculosis-related disability in
children. These data imply that it is important
for volunteer aid workers to have an adequate
knowledge and experience with rehabilitation
services to treat children with tuberculosisrelated disease and disability. They should
also have experience in the rehabilitation of
patients with injury, the second most dominant
diagnostic group.

The numbers and proportions of circulatory
diseases and musculoskeletal disease in the
PT group were less than those for infectious
diseases and injury. However, these two
diagnostic groups had two noteworthy
features. First, their dominant age categories
were those older than 40 years. Second,
the ratio of rehabilitation inpatients to total
inpatients in these two diagnostic groups was
more than double that for infectious diseases
and injury. The prevalence of cerebrovascular
disease and musculoskeletal disease,
especially chronic pain conditions, increases
with age (17,18). Increasing life expectancy
(3) and the rapid progressing of noncommunicable diseases (3) in PNG indicate
that the needs for rehabilitation for patients

Our study also found that each diagnostic
group had specific dominant age categories.
Combining with provincial demographic
data and hospital consultation rates, our
findings can allow estimation of the potential
rehabilitation needs by diagnosis and by age
category in the province and can provide
evidence for planning current and future
rehabilitation services. These estimates could
be useful for foreign aid organizations and
PNG policy-makers in planning rehabilitation
services delivery in the country.
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50 (39.4)
21 (16.5)
12 (9.4)
14 (11.0)
30 (23.6)

Diagnosis
Infectious diseases
Injury
Circulatory diseases
Musculoskeletal disease
Others

78 (61.4)
49 (38.6)

Dependent or no gait function

Independent

Gait

11 (8.7)
23 (18.1)
20 (15.7)
37 (29.1)
28 (22.0)
8 (6.3)

Age
<1 year
1 to 4 years
5 to 19 years
20 to 39 years
40 to 59 years
60 years and older

Female
(N = 127)
n (%)

78 (35.9)

139 (64.1)

65 (30.0)
69 (31.8)
32 (14.7)
10 (4.6)
41 (18.9)

11 (5.1)
24 (11.1)
38 (17.5)
57 (26.3)
56 (25.8)
31 (14.3)

Male
(N = 217)
n (%)

PT group

127 (36.9)

217 (63.1)

115 (33.4)
90 (26.2)
44 (12.8)
24 (7.0)
71 (20.6)

22 (6.4)
47 (13.7)
58 (16.9)
94 (27.3)
84 (24.4)
39 (11.3)

Total
(N = 344)
n (%)

Participant characteristics

Table 1

NA

NA

525 (14.6)
289 (8.0)
76 (2.1)
33 (0.9)
2676 (74.4)

623 (17.3)
309 (8.6)
571 (15.9)
1517 (42.2)
457 (12.7)
122 (3.4)

Female
(N = 3599)
n (%)

NA

NA

654 (21.2)
609 (19.8)
107 (3.5)
57 (1.9)
1653 (53.7)

681 (22.1)
421 (13.7)
539 (17.5)
742 (24.1)
458 (14.9)
239 (7.8)

Male
(N = 3080)
n (%)

Total group

NA

NA

1179 (17.7)
898 (13.4)
183 (2.7)
90 (1.3)
4329 (64.8)

1304 (19.5)
730 (10.9)
1110 (16.6)
2259 (33.8)
915 (13.7)
361 (5.4)

Total
(N = 6679)
n (%)
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PT = physical therapy
NA = not available

Outcome
Discharged
Transferred
Died
112 (88.2)
3 (2.4)
12 (9.4)

187 (86.2)
8 (3.7)
22 (10.1)

299 (86.9)
11 (3.2)
34 (9.9)

NA
NA
NA

NA
NA
NA

NA
NA
NA
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127

31 (62.0)
9 (18.0)
5 (10.0)
4 (8.0)
1 (2.0)
50 (100)

14 (66.7)
2 (9.5)
4 (19.0)
1 (4.8)
0 (0)
21 (100)
12 (100)
0 (0)
12 (100)

Infectious diseases
TB meningitis
TB in other parts of the body
Respiratory TB
Cerebral malaria
Others
Total

Injury
Fracture
Wound or injury
Injury of nerves and spinal cord
Burn
Others
Total

Circulatory diseases
Cerebrovascular disease
Others
Total

Female
n (%)

128
32 (100)
0 (0)
32 (100)

34 (49.3)
19 (27.5)
10 (14.5)
6 (8.7)
0 (0)
69 (100)

36 (55.4)
11 (16.9)
12 (18.5)
2 (3.1)
4 (6.2)
65 (100)

Male
n (%)

PT group

44 (100)
0 (0)
44 (100)

48 (53.3)
21 (23.3)
14 (15.6)
7 (7.8)
0 (0)
90 (100)

67 (58.3)
20 (17.4)
17 (14.8)
6 (5.2)
5 (4.3)
115 (100)

Total
n (%)

12 (15.8)
64 (84.2)
76 (100)

104 (36.0)
125 (43.3)
3 (1.0)
12 (4.2)
45 (15.6)
289 (100)

21 (4.0)
82 (15.6)
63 (12.0)
30 (5.7)
329 (62.7)
525 (100)

Female
n (%)

38 (35.5)
69 (64.5)
107 (100)

234 (38.4)
309 (50.7)
14 (2.3)
11 (1.8)
41 (6.7)
609 (100)

47 (7.2)
71 (10.9)
80 (12.2)
39 (6.0)
417 (63.8)
654 (100)

Male
n (%)

Total group

50 (27.3)
133 (72.7)
183 (100)

338 (37.6)
434 (48.3)
17 (1.9)
23 (2.6)
86 (9.6)
898 (100)

68 (5.8)
153 (13.0)
143 (12.1)
69 (5.9)
746 (63.3)
1179 (100)

Total
n (%)

Detailed diagnosis of the participants by sex and ratio of rehabilitation inpatients to total inpatients

Table 2

0.24 (44:183)

0.10 (90:898)

0.10 (115:1179)

Ratio of the PT
group to the
Total group

Papua New Guinea Medical Journal
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5 (35.7)
1 (7.1)
1 (7.1)
7 (50.0)
14 (100)

1 (10.0)
3 (30.0)
3 (30.0)
3 (30.0)
10 (100)

6 (25.0)
4 (16.7)
4 (16.7)
10 (41.7)
24 (100)

0 (0)
0 (0)
8 (24.2)
25 (75.8)
33 (100)

0 (0)
1 (1.8)
13 (22.8)
43 (75.4)
57 (100)

PT = physical therapy
TB = tuberculosis
a
The inpatient number in the Total group is smaller than that in the PT group; this discrepancy has occurred because inpatients with
back pain and infectious arthritis in the PT group were classified into different ICD-10 codes in the Total group records

Back pain (site unspecified)a
Infectious arthritisa
Arthritis
Others
Total

Musculoskeletal disease
0 (0)
1 (1.1)
21 (23.3)
68 (75.6)
90 (100)
0.27 (24:90)
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table 3
Age groups, gait function and outcome among rehabilitation inpatients by diagnostic group
Infectious
diseases
(N = 115)
n (%)

Injury
(N = 90)
n (%)

Circulatory
diseases
(N = 44)
n (%)

Musculoskeletal
disease
(N = 24)
n (%)

<1 year

13 (11.3)

1 (1.1)

0 (0)

0 (0)

1 to 4 years

31 (27.0)

4 (4.4)

0 (0)

1 (4.2)

5 to 19 years

29 (25.2)

17 (18.9)

0 (0)

2 (8.3)

20 to 39 years

22 (19.1)

45 (50.0)

4 (9.1)

8 (33.3)

40 to 59 years

13 (11.3)

18 (20.0)

24 (54.5)

9 (37.5)

7 (6.1)

5 (5.6)

16 (36.4)

4 (16.7)

Dependent or no
gait function

84 (73.0)

51 (56.7)

39 (88.6)

4 (16.7)

Independent

31 (27.0)

39 (43.3)

5 (11.4)

20 (83.3)

Discharged

94 (81.7)

84 (93.3)

34 (77.3)

22 (91.7)

Transferred

2 (1.7)

5 (5.6)

3 (6.8)

0 (0)

19 (16.5)

1 (1.1)

7 (15.9)

2 (8.3)

Age

60 years and older
Gait

Outcome

Died

who have rehabilitation needs in PNG.

with these diseases will rise substantially in
the near future. To cope with these potential
rehabilitation needs, foreign aid organizations,
volunteers and local policy-makers should
develop a strategy for improving the skills and
knowledge of local health personnel regarding
rehabilitation services.

Whilst the information from our study
is valuable, it does not provide foreign aid
organizations, volunteers and local policymakers with a full understanding of the
rehabilitation needs in PNG. O’Brien and
Hardman (19) reported that foreign volunteers
working in developing countries have to
understand the local needs in the local
context. Australian volunteer hand therapists
having experience of working in Bangladesh
described how first-world treatment standards
are not always feasible in developing countries
(19). Studies examining the specific local
needs for disability and rehabilitation services
in the context of Papua New Guinean medical

There are several limitations in the present
study. Our findings do not necessarily reflect
the characteristics of people living in other
provinces or districts, because the provinces
and districts in PNG vary in their geographic,
demographic and social characteristics and
health-related statistics (8,9). Studies using
nation-wide probability samples are needed to
better examine the characteristics of patients
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and rehabilitation standards are needed.

6

In conclusion, we investigated and
described the characteristics of inpatients
receiving rehabilitation services in the
provincial hospital in WNB, PNG. Our findings
indicated high percentages of infectious
diseases, injury, circulatory diseases and
musculoskeletal disease. Information from
the study should be useful for foreign aid
organizations, volunteers and local policymakers in understanding the rehabilitation
needs for the country and in developing
a strategy for delivering and improving
rehabilitation services.
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Sociodemographic characteristics of people tested HIV-positive by
notifying testing facilities in Papua New Guinea, 2010-2014: a descriptive
analysis
McKenzie Maviso1
School of Medicine and Health Sciences, University of Papua New Guinea, Port
Moresby
SUMMARY
Introduction: Human immunodeficiency virus (HIV) infection continues to be a growing
public health burden in HIV-endemic countries, including Papua New Guinea (PNG). The
aim of this analysis was to describe the sociodemographic characteristics and sexual
risk behaviours of people tested positive with HIV by notifying testing facilities in PNG.
Methods: A descriptive analysis was conducted using the national HIV/STI (sexually
transmitted infection) surveillance data from 2010 to 2014. Descriptive statistics were
utilized to compare categorical variables: sociodemographic characteristics, reasons for
HIV testing and HIV-related risk factors. The chi-squared test was conducted to ascertain
differences between categorical variables. Results: There were 13,687 HIV-positive cases,
with a mean age of 34.9 years (± SD 10.1) for males and 28.2 years (± SD 8.2) for females.
62% were female, of whom 36% were aged 15-24 years and 39% had no formal education.
The overall proportion who were married was 66%, many in polygamous relationships.
64% of females and 45% of males were unemployed. 60% overall were from the Highlands
Region. 51% of people were tested HIV-positive through voluntary counselling and testing
(VCT) services, along with clinical suspicion (30%). Heterosexual sex with non-regular
sex partners was an important risk factor in both males (57%) and females (59%). The
number of HIV-positive cases reported decreased significantly over the 5-year period.
Conclusions: The study found specific sociodemographic factors and risky sexual
behaviours, along with high HIV infection rates, in geographically concentrated settings.
This demands comprehensive antiretroviral therapy (ART) coverage, with context-specific
and targeted behavioural change prevention strategies, in accordance with the national
HIV treatment cascade.
Introduction

been downwards, with a 14% decline in new
HIV infection rates, the prevalence shows
a substantial geographic heterogeneity,
differing considerably across the countries in
the region (1,2).

Despite
progress
in
improvement
and
delivery
of
successful
human
immunodeficiency virus (HIV) prevention
interventions, HIV infection continues to be
a major public health burden and adversely
undermines the development prospects of
many countries in the Asia-Pacific region
(1). In 2017, an estimated 5.2 million people
had been infected with HIV in the region,
contributing to about 14% of people living
with the infection globally (1). The region
represents a diverse group of countries and
is disproportionately affected by the high HIV
prevalence among the adult population (aged
15-49 years) because of its large population
(2). While the epidemiological trends have
1

Papua New Guinea (PNG) is one of
the countries in the Asia-Pacific region
most heavily affected by the HIV and AIDS
(acquired immune deficiency syndrome)
pandemic. The national HIV prevalence rate
among adults (aged 15-49 years) stands at
0.9% at present (3,4). In 2018, there were
2100 new HIV infections, contributing to
45,000 people living with HIV in PNG (5), with
young women disproportionately affected (5).
Until recently, the country has been described
as ‘mixed epidemic’, neither concentrated nor

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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90-90 targets by 2020 (1). The relationships
between HIV testing and factors associated
with the risk for HIV transmission among
adults in general and in key populations are
well documented (7,12-18). The types of
relationship individuals participate in, with
marital aspirations, multiple concurrent
sexual partners and risky sexual behaviours,
perhaps encourage the decision to seek
HIV testing, treatment and care. Equally,
factors associated with the sociodemographic
characteristics and risky sexual behaviours of
HIV-positive people are especially relevant to
the prevention and control of HIV. The analysis
in the present study aimed to describe the
sociodemographic characteristics of people
tested positive for HIV and gain insights into
factors associated with testing in PNG.

generalized, suggesting that prevalence is not
only high in key populations (ie, sex workers,
men who have sex with men, transgender
people) but also in those who are not among
these populations (6,7).
Unprotected
heterosexual
intercourse
remains
the
predominant mode of HIV transmission in
PNG, followed by parent-to-child transmission
(4%), body piercing/tattooing and homosexual
contacts (3,4).
Interestingly, the epidemiology of HIV
displays a substantial heterogeneity by
geographic settings, with the majority of HIV
cases reported from the Highlands Region (4).
When adjusted by province, HIV prevalence
was largely concentrated in the five highlands
provinces and the National Capital District (3).
For example, HIV prevalence was estimated
to be 1% in the Highlands Region (3), with
growing new infection rates in Western
Highlands (26%), Eastern Highlands and
Enga (11%), followed by Southern Highlands
and Simbu (6%), together with the National
Capital District (21%) (3,8). It is increasingly
evident that unparalleled HIV rates suggest
that behaviour patterns have facilitated further
transmission (6,7,9) and thus underscore the
demand for effective prevention interventions
tailored to the general population.

Methods
Study design
A descriptive analysis was conducted using
the national HIV/STI (sexually transmitted
infection) surveillance data obtained through
the National Department of Health (NDoH).
Data obtained for analysis included the
notified HIV-positive cases reported from
2010 to 2014 by HIV testing clinics and sites
which had submitted their surveillance reports
to the National HIV/STI Surveillance Unit.

In recent years, PNG has made significant
progress in scaling up HIV testing and
treatment in order to achieve the ambitious
90-90-90 targets: 90% of all people living
with HIV will be diagnosed, 90% of all people
diagnosed will receive antiretroviral therapy
(ART), and 90% of all people on ART will have
viral suppression (10). The cascade of HIV
testing, care and treatment is a priority for the
government of PNG and is emphasized as
part of its primary health care service. HIV
testing services have increased by 16%,
and involve 329 antenatal clinics through
the integrated prevention of parent-to-child
transmission (PPTCT) services and 94
voluntary counselling and testing (VCT) sites
conducting HIV testing (11). The PEPFAR
(President’s Emergency Plan for AIDS Relief)
report further indicated that reporting coverage
has improved from 68% to 75% and reporting
of PPTCT services has improved from 82%
to 90% since 2014 (11). By 2018, new HIV
infection rates declined by 26%, and about
65% of people infected with HIV have access
to ART in PNG (5). Nonetheless, there is a
growing challenge towards strengthening HIV
testing services to reach the ambitious 90-

Data collection procedures
The NDoH Surveillance Unit has four
main HIV databases: 1) monthly HIV case
reporting; 2) monthly HIV testing; 3) National
Health Information System database for STIs;
and 4) monthly ART. HIV-positive cases are
reported from various testing facilities using
a standardized notification (surveillance)
form. The form contains sociodemographic
information, including reasons for testing,
HIV-related risk factors, sexual behaviours
and HIV/STI status. In addition, a certified
HIV counsellor or a health worker at the
testing facility completes this form. Confirmed
HIV-positive tests are then recorded and sent
to the NDoH HIV/STI Surveillance Unit. The
routine HIV case reporting database therefore
comprises only confirmed people tested
HIV-positive with their demographic and
behavioural characteristics. The summary
of HIV-positive reports from testing facilities
is sent to the NDoH on a monthly basis
(during the second week of the following
month) for HIV surveillance and estimation
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Ethical considerations

of the HIV prevalence. Not all government
facilities are providing testing services, and
some testing facilities do not submit their
reports to the NDoH or they have their own
HIV surveillance database system, such as
the ‘Heduru Clinic’ at Port Moresby General
Hospital. It is therefore important to note that
the data provided for this analysis constitute
only a sample of the actual number of people
tested HIV-positive. Nor is it a selected,
representative sample, and this must be borne
in mind when interpreting the results of this
analysis. The obtained data from surveillance
database 1 comprised monthly HIV case
reports provided in an Excel spreadsheet.
The original data extracted from the database
were individually identifiable by the unique
code that each HIV-positive client has on his/
her HIV clinical record from the testing facility.
However, the data had been de-identified,
which did not permit the researcher to search
for and exclude any duplicate records.

Ethical approval was sought from and
granted by the HIV Research Advisory Council
of PNG. Permission to enable access to the
HIV dataset was sought from the NDoH HIV/
STI Surveillance Unit.
Results
Sociodemographic characteristics
Overall, 14,380 people were reported as
HIV-positive from notifying testing facilities;
693 (5%) had incomplete information for
outcome variables and were excluded from
this analysis. Demographic characteristics
are presented in Table 1. The mean age
was 34.9 years (± SD 10.1) for males and
28.2 years (± SD 8.2) for females. There
were more females overall (62%) and more
females (36%) than males (13%) in the young
adult (15-24 years) age group.

Data analysis

Concerning marital status, two-thirds were
married, while 18% reported as separated
and/or widowed (14% males and 21%
females). Both males and females were
commonly in a polygamous relationship but
36% did not specify the type of their marriage
in the database. 39% of females had no
formal education and 38% had received
only primary level education. The majority
of females (64%) had no formal employment
and this differed markedly from males. Some
males (24%) and females (21%) reported as
being self-employed. There were significant
sex differences observed with respect to
age, marital status, education level and
employment status.

Sociodemographic (age, marital status)
and socioeconomic (education, employment)
variables, risk behavioural characteristics
(risky sexual behaviours in the 12 months
before testing) and reasons for HIV testing
were tabulated for males and females
separately. Additionally, data were available
that allowed comparisons between provinces
and regions by year and the description of
estimated trends and patterns of HIV infection
within PNG. Data were limited to people who
tested HIV-positive, and thus statistical tests
were focused on describing demographic and
behavioural characteristics, including reported
risk factors, associated with HIV acquisition
and transmission.

Distribution of HIV-positive people by
region, province, sex and year

Sociodemographic
and
behavioural
characteristics and HIV-related risk factors
of people tested HIV-positive were presented
as proportions and percentages. Pearson’s
Chi-squared (χ2) Test with a p value of 0.05
and below as the criterion for significance was
used for the categorical data to determine
the probability that any observed difference
between the variables measured had emerged
by chance. Sociodemographic characteristics,
reasons for undertaking HIV testing and HIVrelated risk factors were analysed by sex. All
analyses were conducted using STATA v.13.1
(College Station, TX: StataCorp LP).

Results in Table 2 show that a much higher
proportion of people who were tested HIVpositive came from the Highlands Region
(60%) than the other three regions. However,
at the provincial level, the National Capital
District was the most severely affected (Table
3). Results further indicated that an equal
proportion of males and females were tested
positive with HIV in the Highlands Region
(61% vs 59%) and in Momase (16% vs 15%)
(Table 2) and indeed across all provinces
(Table 3). The proportion of HIV-positive
people recorded in the Islands Region was
notably low (3%).
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prevalence have been well documented
in other studies (20-22), which highlighted
that lack of education and poor HIV-related
knowledge, together with low socioeconomic
status, are predictors of HIV transmission.
In a previous study conducted in PNG, risky
sexual behaviours, low uptake of HIV testing
and high HIV prevalence were found among
females with no education or inadequately
educated about safe sex practices, including
the dangers of HIV (23). Lower educational
attainment provides fewer opportunities
to clearly understand HIV infection and
prevention. Harling and Bärnighausen (22)
argued that education is a ‘social vaccine’ to
address HIV and other STIs, and it is further
recognized as one of the pillars for sustainable
development (24). People who have attained
formal education, are employed and have
general knowledge about HIV are more likely
to adopt safer sexual practices and access
HIV testing services (22,25).

The regional distribution of HIV-positive
cases is presented by year from 2010 to
2014 in Table 4. The number of HIV-positive
cases reported from testing facilities declined
considerably by the end of 2014, and this
decline was seen in all regions.
Reasons for HIV testing
The results in Table 5 show that half (51%)
of the people positive with HIV were tested
through VCT, followed by clinical suspicion
(30%).
Concerning integrated PPTCT
services during antenatal care, 11% were
pregnant women and 6% were recorded as
having HIV-positive partners. Among those
who reported their reason as being sexually
assaulted, most (46/56) were females. Nonspecific STIs were low among males (0.7%)
and slightly more in females (1.1%). There
was a significant difference by sex in the
recorded reasons for undertaking HIV testing
(p <0.001).

Whilst there are differing perceptions about
the level of education that is relevant to HIV
infection, socioeconomic (ie, education,
employment) determinants cannot be ignored,
and must be accepted as key drivers for HIV
transmission. Educational level is closely
associated with other socioeconomic markers
such as employment; however, the education
links remain persuasive even when adjusted
for employment (26,27). The present study
found an unequal distribution of HIV-positive
cases across the socioeconomic strata,
where 64% of the females had no formal
employment. In recent studies, high rates of
HIV and the vulnerability for HIV transmission
were more pronounced in females with low
socioeconomic status and/or not employed
(6,7,17,28-30).
It is plausible that low
socioeconomic position and social insecurity
may have compelled females to adopt coping
strategies to meet their basic necessities,
including sex work.
There is empirical
evidence suggesting that sex workers are at
increased risk for HIV transmission due to
their involvement in sexual risk behaviours
(6,7,16). While only 42 females have reported
as sex workers in this study, having lower
rates of infection in female sex workers should
not be ignored in the HIV prevention cascade
and behavioural change programs, including
future livelihood programs.

HIV-related risk factors reported as
occurring in the 12 months before testing
Table 6 presents HIV-related risk factor
variables reportedly occurring in the 12
months before testing. People being tested
were asked, “In the past 12 months have
you…?” and a response to more than one
item from the list provided was expected.
Among the risk factors, the proportion who
engaged in heterosexual sex with non-regular
sex partners was 59% in females and 57% in
males and 2% (females) and 0.7% (males)
had heterosexual anal intercourse in the 12
months before HIV testing. The proportion
reporting homosexual behaviour was low
(1.7%). Less than 1% of people who tested
positive for HIV were exposed to non-sexual
risk factors.
Discussion
The findings from this analysis provide some
information towards a better understanding of
the dynamics of the concentrated-generalized
HIV epidemic in PNG. Among the people
who tested positive with HIV, the majority
were female, commonly young adults who
had no formal education or had attended
only primary school. This is consistent with
the most recent report suggesting that more
females (23%) than males (13%) in PNG are
not attending school (19). The relationships
between educational attainment and HIV

Concerning the type of marriage, we
found that many HIV-positive females were
in polygamous marriages. The evidence
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Table 1
Demographic characteristics of study population by sex
Total
n (%)

Male
n (%)

Female
n (%)

13687

5145 (37.6)

8542 (62.4)

p value

Characteristics
Overall (N)
Age group (years):

0.001

15-24

3733 (27.3)

647 (12.6)

3086 (36.1)

25-34

5749 (42.0)

2109 (41.0)

3640 (42.6)

35-44

2791 (20.4)

1409 (27.4)

1382 (16.2)

45-54

1081 (7.9)

723 (14.1)

358 (4.2)

333 (2.4)

257 (5.0)

76 (0.9)

N = 13178

N = 4915

N = 8263

Single

2012 (15.3)

851 (17.3)

1161 (14.1)

Married

8745 (66.4)

3372 (68.6)

5373 (65.0)

Separated/Widowed

2421 (18.4)

692 (14.1)

1729 (20.9)

≥55
Marital status:

Missing
Type of marriage:

509

230

279

N = 8745

N = 3372

N = 5373

Monogamous

3525

1416

2109

Polygamous

2096

730

1366

Not known*

3124 (35.7)

1226 (36.4)

1898 (35.3)

Education level:

N = 12841

N = 4779

N = 8062

No formal education

4502 (35.1)

1390 (29.1)

3112 (38.6)

Primary school

4779 (37.2)

1679 (35.1)

3100 (38.5)

High school

2551 (19.9)

1113 (23.3)

1438 (17.8)

College/University

1009 (7.9)

597 (12.5)

412 (5.1)

366

480

N = 12594

N = 4662

N = 7932

Employed

2244 (17.8)

1346 (28.9)

898 (11.3)

Unemployed

7200 (57.2)

2094 (44.9)

5106 (64.4)

Self-employed

2784 (22.1)

1109 (23.8)

1675 (21.1)

Missing

846

Employment status:

42 (0.3)

0 (0.0)

42 (0.5)

Student

324 (2.6)

113 (2.4)

211 (2.7)

Unknown
Missing

956
137

417
66

539
71

Sex work

†
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Tested at usual residence:

0.018

Yes

10429 (76.2)

3863 (75.1)

6566 (76.9)

No

3258 (23.8)

1282 (24.9)

1976 (23.1)

*Information was missing in the dataset to indicate the type of marriage (ie, monogamy or polygamy) at the time of
HIV testing
†
Men and women who transact sex may have not disclosed their statuses for various unknown reasons
HIV = human immunodeficiency virus

Table 2
Distribution of people tested HIV-positive by region

Region
Overall (N)
Southern
Highlands
Momase
Islands

Total
n (%)
13687
3046 (22.3)
8174 (59.7)
2099 (15.3)
368 (2.7)

Male
n (%)

Female
n (%)

5145 (37.6)

8542 (62.4)

1061 (20.6)
3132 (60.9)
806 (15.7)
146 (2.8)

1985 (23.2)
5042 (59.0)
1293 (15.1)
222 (2.6)

HIV = human immunodeficiency virus

seems to suggest that sexual prohibitions
are more relaxed where there is polygamy
in PNG. Polygamy, a social phenomenon
where a man is married to more than one
woman, is socioculturally embedded within
gender domains, particularly in the Highlands
Region of PNG, where patrilineal values
remain predominant (28-30). Reasons for
polygamous marriages in patrilineal societies
are renowned: prestige, power, labour, sexual
contentment, children, security and alliances,
as well as caring for widows (29-31). It has
been argued that it has positive aspects, not
the least of which is the very survival of some
cultures. However, recent anthropological
accounts
have
observed
remarkable
restructuring of traditional polygamy practice,
with subsequent social, Christian and
economic transformations (29,30). Notably,
increased
financial
wealth
intensifies
and influences contemporary polygamy
and concurrent sexual relationships, with
transactional sex driven by greater access to

disposable income (29,32). There is much
written on the correlates of HIV risk and wider
sets of sexual relationships and behaviour, of
which the practice of polygamy is one form
(28,29,32,33). This will contribute to power
imbalances and sexual dynamics that make
females more vulnerable to HIV infection;
especially relevant is the inability to curtail
their husband’s/partner’s infidelity or to insist
on protective measures (ie, condom use)
(31,34,35). The present study did not clearly
distinguish concurrent sexual relationships
from polygamous marriages. Nonetheless,
it is possible that sexual emancipation and
changes in the understanding of marriage,
financial wealth and other assets may be
making females more vulnerable to concurrent
relationships and coerced sexual transactions,
with greater risk for HIV transmission (29).
A polygamous relationship is an important
element of partnership dynamics that could
help to explain increasingly high rates of
HIV-positive females. However, in this study
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Table 3
Distribution of HIV-positive males and females by province, 2010-2014
Region
Southern

Province

Total
n (%)

Male
n (%)

Female
n (%)

262 (1.9)

107 (2.1)

155 (1.8)

30 (0.2)

13 (0.3)

17 (0.2)

115 (0.8)

31 (0.6)

84 (1.0)

2439 (17.8)

831 (16.2)

105 (0.8)

42 (0.8)

63 (0.7)

95 (0.7)

37 (0.7)

58 (0.7)

Southern Highlands

1436 (10.5)

540 (10.5)

896 (10.5)

Enga

2026 (14.8)

796 (15.5)

1230 (14.4)

Western Highlands

2376 (17.4)

896 (17.4)

1480 (17.3)

Western
Gulf
Central
National Capital District
Milne Bay
Oro

Highlands*

Simbu

Momase

Islands

795 (5.8)

1608 (18.8)

305 (5.9)

490 (5.7)

Eastern Highlands

1541 (11.3)

595 (11.6)

946 (11.1)

Morobe

1468 (10.7)

557 (10.8)

911 (10.7)

Madang

486 (3.6)

188 (3.7)

298 (3.5)

East Sepik

86 (0.6)

33 (0.6)

53 (0.6)

West Sepik

59 (0.4)

28 (0.5)

31 (0.4)

Manus

50 (0.4)

18 (0.3)

32 (0.4)

New Ireland

63 (0.5)

30 (0.6)

33 (0.4)

East New Britain

131 (1.0)

52 (1.0)

79 (0.9)

West New Britain

86 (0.6)

31 (0.6)

55 (0.6)

Autonomous Region of
Bougainville

38 (0.3)

15 (0.3)

23 (0.3)

13687

5145

8542

*Jiwaka and Hela Provinces were not captured in the HIV surveillance dataset; HIV data analysis was therefore limited to
the five provinces of the Highlands Region at the time
HIV = human immunodeficiency virus
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Table 4
People tested HIV-positive by region by year from 2010 to 2014

Year
Overall

Total
N
13687

Southern
n (%)
3046

Highlands
n (%)
8174

Momase
n (%)
2099

Islands
n (%)
368

2010

3854

960 (31.5)

2214 (27.1)

558 (26.6)

122 (33.2)

2011

3637

623 (20.5)

2331 (28.5)

562 (26.8)

121 (32.9)

2012

2727

616 (20.2)

1704 (20.8)

352 (16.8)

55 (14.9)

2013

2020

584 (19.2)

1080 (13.2)

321 (15.3)

35 (9.5)

2014

1449

263 (8.6)

845 (10.3)

306 (14.6)

35 (9.5)

HIV = human immunodeficiency virus

influencies (14,38,39).

there are many unknowns and missing
data concerning types of marriage, which is
reflective of the authenticity of the challenge
in capturing personal information in a discreet,
accurate manner during the time of HIV
testing.

The present analysis found a significant
difference by sex in the recorded reasons
for undertaking HIV testing. VCT for HIV
was reported as the main reason. Other
studies have found that getting tested was
associated with being knowledgeable about
the risks, transmission and prevention of
HIV, together with the availability of services
and their benefits (14,17,18,40).
Other
possible reasons are the pressure exerted
from husbands and partners (ie, HIV-positive
partners) and a person’s own ill-health status
that prompts them to seek medical attention,
and ultimately to be tested for HIV. Other
studies have shown that uptake of HIV testing,
as well as sexual and reproductive health
services, are influenced by men’s decisions
(14,41-43). Additionally, efforts to avert HIV
have been integrated into antenatal care as
a critical component in PPTCT services. By
2018, an estimated 79% of pregnant mothers
were receiving antiretroviral therapy compared
to 5% in 2010 (5). Conversely, uptake of HIV
testing through integrated PPTCT services
was low in all regions. While reasons for
this are undetermined, evidence from other
countries suggests that fear of knowing HIV
status, stigma and discrimination, disclosing
of hidden sexual infidelity (for married men),
male-unfriendly VCT services, and loss of
trust and confidentiality with health care
providers (44,45) are all relevant. These
factors similarly limit men’s involvement in the
HIV transmission prevention cascade, and

There were marked regional differences
found in the proportion of people tested
positive with HIV in the analysis of this study.
The proportions were high in the Highlands
(60%) and Southern (22%) Regions,
particularly in the National Capital District
(Tables 2 and 3). The findings concurred with
the earlier published literature (4,9,36), which
described differing rates of HIV infection in
PNG. Efforts to prevent HIV and improve ART
coverage have increased by 16% (with 329
antenatal clinics and 94 VCT sites) in recent
years (11), and there was a general decline
in reported HIV-positive cases. The decline
from 2010 to 2014 in all regions is shown in
Table 4. This was comparable to a previous
HIV surveillance report for 2009 indicating that
HIV cases declined from over 5000 in 2007
to 3711 in 2009 (37). The regional variations
with reported HIV-positive cases still remain
apparent, and this could be explained by
differences in the availability of testing sites.
Urban areas offer greater access to HIV testing
services than rural areas. Lack of HIV testing
services, under-resourced testing sites, poor
coordination and inefficient reporting systems
are some structural determinants associated
with inadequate reporting of HIV cases
(4), together with sociocultural and gender
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Table 5
Reasons for HIV test, for males and females recorded as HIV-positive

Reason for HIV test
Overall (N)

Total
n (%)

Male
n (%)

13094

4912

Female
n (%)

8182

Antenatal care*

1053 (8.0)

115 (2.3)

938 (11.5)

Blood donation

144 (1.1)

119 (2.4)

25 (0.3)

3875 (29.6)

1633 (33.2)

2242 (27.4)

HIV+ partner

866 (6.6)

410 (8.3)

456 (5.6)

PICT

227 (1.7)

75 (1.5)

152 (1.9)

Pre-employment

13 (0.1)

13 (0.3)

0 (0.0)

Sexual assault

56 (0.4)

10 (0.2)

46 (0.6)

122 (0.9)

33 (0.7)

89 (1.1)

Clinical suspicion§

STIs (non-specific)
VCT
Unknown
Missing

6738 (51.5)

2504 (51.0)

4234 (51.7)

24

9

15

569

224

345

*

Mandatory HIV testing for pregnant women and their partners for prevention of parent-to-child transmission
Includes chronic and recurrent illnesses, such as diarrhoea, respiratory infections, weight loss, oral thrush, lower
abdominal pains and tuberculosis (all forms)
HIV = human immunodeficiency virus
PICT = provider-initiated counselling and testing
STIs = sexually transmitted infections
VCT = voluntary counselling and testing

§

perhaps this is one area where the present
analysis can be useful. Access to HIV
services that require a partner’s involvement
can be improved by linking HIV testing to
antenatal services, which can also serve
as a key behavioural change strategy for
HIV-positive couples for treatment and care
(13,15). However, more generally, efforts to
curtail preconception sexual risk behaviours
and men’s involvement must address gender
norms and power inequities. Unfortunately,
data as to how many couples were tested and
reasons pertaining to low uptake of PPTCT
services over the 5-year period were not
included in the dataset available for this study.

In a previous surveillance report, risk
behaviours associated with HIV transmission
were mostly heterosexual (60%) (37). This
is consistent with the findings of the present
study, which revealed that over half of people
tested positive with HIV had engaged in
heterosexual sex with non-regular sex partners
in the 12 months before HIV testing. There
is increasing evidence that heterosexual sex
remains the primary mode of HIV transmission
in PNG, and the heterogeneous state of high
HIV rates can be explained by behavioural
risk factors at the individual (number of sex
partners) and structural (settings with high
HIV prevalence) levels (6,7,13,34). While the
present study found only a small proportion of
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Table 6
HIV-related risk factors that occurred in the 12 months before HIV testing

Male

Female

Yes
n (%)

No
n (%)

Yes
n (%)

No
n (%)

p value

2931 (57.0)

2214 (43.0)

5054 (59.2)

3488 (40.8)

0.012

Anal sex (with a male)

85 (1.7)

5060 (98.3)

170 (2.0)

8372 (98.0)

0.157

Anal sex (with a female)

35 (0.7)

5110 (99.3)

7 (0.1)

5138 (99.9)

6 (0.1)

8536 (99.9)

0.226

Body piercing/tattooing

46 (0.9)

5099 (99.1)

71 (0.8)

8471 (99.2)

0.699

Occupation exposure

47 (0.9)

5098 (99.1)

66 (0.8)

8476 (99.2)

0.378

Risk factor
Non-regular sex partner

Injecting drug use

HIV = human immunodeficiency virus

HIV cases reported among people injecting
drugs, body piercing/tattooing and occupation
exposure (each <1%), there is a paucity of
well-informed behavioural studies on these
factors in PNG, highlighting an opportunity for
further HIV prevention interventions.

population-based cohort surveys on coverage
of ARTs in Canada and South Africa have
shown significant declines in HIV incidence
(47,48). HIV prevention strategies within
the treatment cascade may differ by settings
and should be contextualized and adaptable
across affected populations. However, in
all settings constant health education and
advocacy on the importance of ART uptake
and adherence among HIV-positive people
will yield substantial benefits at the population
level.

Implications for public health
interventions
The time sequence of events leading up
to HIV transmission needs further enquiry to
better understand and ascertain the dynamics
of HIV infection and its consequences in
geographically concentrated settings. The
effort to address HIV demands collaborative
and comprehensive strategies, and particularly
requires expanding access to ART for all who
need it. HIV treatment is a critical instrument
to avert the epidemic at the population level.
The HIV treatment cascade, which sets
out the steps required for achievement of
viral suppression with ART, has provided a
practical and unifying framework for policymakers, researchers and stakeholders, and
has encouraged the universal scale-up of
HIV treatment services (46). For example,

Conclusion
It can be concluded that certain
sociodemographic indicators (ie, younger
age, low socioeconomic status, type of
marriage) and sexual risk factors affect HIV
infection rates in PNG. This analysis further
notes that the number of HIV cases reported
was geographically concentrated, mostly
from the Highlands and Southern Regions.
HIV infection rates were higher among
females who had low educational attainment,
who were unemployed and who were in
heterosexual relationships. All HIV testing
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facilities and associated partner stakeholders
will need collaborative effort to scale up
ART coverage in high-prevalence settings,
together with the integration of appropriately
targeted behavioural intervention strategies,
in accordance with the national HIV treatment
policies. Expediting ART coverage among
HIV-affected populations is imperative for viral
suppression, and should be recognized as a
critical component of prevention intervention.
Finally, there is a need for future research
to evaluate ART coverage and efficacy in
settings with a high HIV burden, including
long-term treatment outcomes.
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Characteristics of inpatients with four major non-communicable diseases
receiving rehabilitation services in a Pacific island country, Papua New
Guinea: a subanalysis of a retrospective observational study
Takashi Saito1,2,3, Angelberth Bai1, Nobuko Matsui4, Kazuhiro P.
Izawa5, Shuichiro Watanabe6 and Alfred Malagisa7
Physiotherapy Department and Medical Services Department, Kimbe Provincial
Hospital, Papua New Guinea, Japan International Cooperation Agency, Tokyo,
Department of Physical Therapy, University of Tokyo Health Sciences, Japan, Department
of Public Health, Graduate School of Health Sciences, Kobe University, Japan and
Graduate School of Gerontology, J.F. Oberlin University, Tokyo, Japan
Summary
Papua New Guinea (PNG) is one of the Pacific island countries facing a noncommunicable disease (NCD) crisis. Little has been reported about rehabilitation services
for them. This study aimed to describe the characteristics of inpatients with the four major
NCDs receiving rehabilitation services in PNG: cardiovascular disease (CVD) (divided into
cerebrovascular disease and ischaemic heart disease), diabetes, cancer and respiratory
disease. We conducted a subanalysis of our previous study. We reviewed the inpatient
records of all inpatients (12,241 records, Total group) and those of inpatients receiving
rehabilitation services by physical therapy (PT) (350 records, PT group). After extracting
the records of patients with NCDs, we investigated the demographic data, diagnostic data
and gait function. We calculated the percentages of inpatients’ characteristics and the
ratio of the number of inpatients in the PT group to that in the Total group by diagnosis (PT
ratio). The final analysis included 442 records in the Total group and 68 records in the PT
group. Diagnoses and percentages in the PT group were cerebrovascular disease (65%),
diabetes (22%), cancer (9%), respiratory disease (4%) and ischaemic heart disease (0%).
The PT ratio was the highest in cerebrovascular disease (0.88), followed by diabetes (0.16)
and other diagnosis (≤0.05). The inpatients with cerebrovascular disease and diabetes
were more likely to have poor gait function than those with other NCDs. Our findings
suggested that the provision of rehabilitation services for inpatients with the four NCDs
was limited and biased for specific conditions. For development of rehabilitation services
for patients with NCDs in PNG, scaling up the service provision and expanding its scope
would be a possible way forward.
Introduction

and cancer are a leading cause of morbidity
and mortality throughout the world (1).
Cardiovascular disease, cancer, respiratory
disease and diabetes are termed the four

Non-communicable diseases (NCDs) such
as cardiovascular disease (CVD), diabetes
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major NCDs, and are responsible for 82%
of NCD deaths (1). As observed elsewhere,
NCDs are one of the major health challenges
in the Pacific island countries (PICs) (2).
According to a World Health Organization
(WHO) report, in many PICs with available
data NCDs account for more than 70% of
deaths, and the probability of the risk of
premature death (death among those at an
age at which they should be economically
productive, ie, between the ages of 30 and 70
years) from NCD was 25% and over (3).

comprehensive political strategy against
NCDs, the National Multisectoral Strategic
Plan for the Prevention and Control of NonCommunicable Diseases (2015-2020) (8).
This strategic plan is in synchrony with PNG’s
National Health Plan 2011-2020 (10), in which
the importance of three levels of prevention
(11) against NCDs was endorsed: an increase
in population-based awareness of the risk
factors for NCDs to reduce their impact
(primary level), early detection and immediate
clinical intervention (secondary level), and
limiting or reversing NCD-induced disability
through rehabilitation services (tertiary level)
(10).

Economic growth in many PICs has been
sluggish during the past few decades, and
poverty and inequality have been increasing
in this region (4). Premature death can
potentially affect labour productivity and can
lead to major losses in the economic activity
of PICs (5).

The PNG government has slowly but
steadily progressed in their counter measures
against NCDs in accordance with their
strategic plans. Of 19 international indicators
developed by WHO for preventing and
managing NCDs, 6 indicators (eg, conducting
a national NCDs risk factor survey and
banning tobacco advertising, promotion and
sponsorship) were recorded as ‘partially
achieved’, and 1 indicator (smoke-free policy
eliminating exposure to second-hand tobacco
smoke in all public places) was recorded as
‘fully achieved’ (3). These achievements are
mainly related to the primary and secondary
levels of prevention of NCDs.

NCDs are chronic diseases that in
most cases require lifelong treatment and
sometimes cause lifelong disability, such as
with CVD (6). Virtually all PICs still need
to address an unfinished agenda relating
to communicable diseases and maternal,
newborn and child health (7). Consequently,
most PICs are confronted with two kinds
of challenges simultaneously, the burden
induced by NCDs and that induced by
communicable diseases. This situation poses
physical, mental and economic hardships not
only on patients themselves but also on their
families, communities and society in the PICs
(5).

However, the third level of prevention of
NCDs, namely counter measures for NCDinduced disability through the provision of
rehabilitation services, has fallen behind. An
education program was established in PNG
in 2008 for rehabilitation experts, namely
physical therapists (12), but the number of
physical therapists in PNG (estimated to be
85 [13]) remains insufficient. Moreover, as far
as we know, cardiac rehabilitation following
myocardial infarction and rehabilitation in
stroke units, both health policies suggested by
WHO to address NCDs (2), are not available
in PNG.

Papua New Guinea (PNG), with an
estimated population of 8 million people, is
one of the biggest PICs facing a NCD crisis
(8). According to the PNG’s nation-wide
epidemiological survey conducted during
March 2007 to March 2008, 99.6% of the
population was at moderate to high risk from
NCDs, with 77.7% classified as being at high
risk (9). A WHO report indicated that the
percentage of deaths and the probability of
premature deaths from NCDs in 2015 were
56% and 36%, respectively (3), with the 36%
figure being the highest of all countries with
available data (3). Moreover, the probability
of premature deaths in 2012 was 26.4% (1),
indicating that in PNG the probability had
increased by 10 percentage points within the
3 years between 2012 and 2015.

The rapid increase of the NCD burden
in PNG indicates the enormous potential
need for rehabilitation services for patients
with NCDs and NCD-related disabilities. To
minimize their negative impact, accumulating
and sharing knowledge on rehabilitation and
encouraging the development of the clinical
practice of rehabilitation for patients with
NCDs in PNG is essential.

To address this rapidly increasing NCDs
crisis, the PNG government announced a
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were discharged by 31 October 2018. These
records included not only medical diagnoses
but also non-medical and non-surgical
diagnoses, such as normal delivery, abortion,
contraception, removal of pin or plate from
bone. We reviewed two kinds of inpatient
records: those of all inpatients receiving some
sort of medical services (Total group, 12,241
records), and those of all inpatients receiving
rehabilitation services by physical therapy (PT
group, 350 records). The study setting and
study participants are detailed in our previous
report (17).

rehabilitation services in PNG are scarce and
fragmentary. As far as we know, no previous
reports have focused on NCDs, and the current
situation of rehabilitation services for patients
with NCDs in PNG remains unclear. This
lack of information impedes the development
of the clinical practice of rehabilitation for
patients with NCDs.
To address this information gap, we
conducted a subanalysis of our previous
study (17) to investigate the characteristics
of patients with four major NCDs receiving
rehabilitation services.
We focused on
patient characteristics, such as demographic
data, diagnostic data and physical function,
because they are essential clinical information
and can be useful in understanding the current
situation of rehabilitation services for patients
with NCDs in PNG.

Overview of data collected from our
previous research
The records of the Total group included
anonymous data regarding sex, age (<1 year,
1 to 4 years, 5 to 19 years, 20 to 39 years,
40 to 59 years and ≥60 years) and diagnosis
classified according to the International
Classification of Diseases Version 10 (ICD10) code (20).

The objectives of the present study were
to describe the characteristics of the four
major NCDs in patients with rehabilitation
services. We expected that our subanalysis
would both provide information on the current
situation of rehabilitation services for patients
with NCDs and also suggest the way forward
for development of rehabilitation services for
patients with NCDs in PNG.

The records of the PT group included data
on the patients’ name, age, sex, diagnosis, gait
function at the start of rehabilitation services
(gait function) and outcome of rehabilitation
services (PT outcome). The diagnostic data
of the PT group included the name of the
disease or disability relevant to rehabilitation
services and was not completely classified
according to the ICD-10 codes. To ensure that
the diagnostic data were comparable between
the two groups, those of the PT group were
confirmed by the investigators and converted
into ICD-10 codes. Age and diagnostic data
were categorized as in the Total group, and
other data were categorized as follows: gait
function (dependent or no gait function,
independent) and PT outcome (discharged,
transferred, died).

Methods
This study was a subanalysis of our
previous study (17) that explored optimal
methods for international cooperation on
rehabilitation services in PNG.
Study design, setting and participants in
our previous research
Briefly, our previous study (17) was a
retrospective, observational study based
on one provincial hospital that used the
hospital’s inpatient records to elucidate
the characteristics of inpatients receiving
rehabilitation services.
That study was
conducted at Kimbe Provincial Hospital, with
180 beds for inpatient care, in West New
Britain (WNB) Province, PNG. The population
of WNB Province is estimated to be 264,264
citizens, with a median age of 19.9 years and
2.2% aged 65 years or more (18,19). It is the
only hospital providing secondary and tertiary
medical services in WNB Province.

Definition of the four major NCDs and
extraction of inpatient records
In this subanalysis, we focused on the
major four NCDs (1), namely cardiovascular
disease, cancer, respiratory disease and
diabetes.
Cardiovascular disease was
divided into ischaemic heart disease (IHD)
and cerebrovascular disease (or stroke), thus
creating five categories for our analysis. We
defined NCDs in accordance with the ICD-10
code (20) as follows: cerebrovascular disease
as I60 to I69 and ischaemic heart disease as
I20 to I25, diabetes as E10 to E14, cancer

We included the records of inpatients
who were admitted from 1 August 2016 and
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Results

as C00 to D48 and respiratory disease as
J40 to J47. We extracted the records of the
inpatients with NCDs from the dataset used in
our previous study (17) for use in the present
subanalysis.

Of the 12,241 records in the Total group,
we extracted 442 records of inpatients with
NCDs, and these records were analysed in
the present study. Of 350 records in the PT
group, the records of 68 inpatients with NCDs
were extracted for analysis (Figure 1).

Statistical analyses
Categorical variables are reported as
number and percentage. We summarized the
characteristics of the patients by sex in both
groups for descriptive purposes. Additionally,
we calculated the ratio of the number of
patients in the PT group to that in the Total
group (PT ratio) by diagnosis of NCDs as an
index representing the frequency of referral
for rehabilitation services.

Characteristics by sex
Characteristics of the inpatients by sex are
presented in Table 1. The numbers of female
and male inpatients in the Total group were
244 and 198, respectively. The dominant
age group was 40 to 59 years old, accounting
for 47% of the total. In the PT group, the
numbers of female and male inpatients were
21 and 47, respectively. The dominant age
group was the same as that for the Total group
and accounted for 57% of the PT patients.

Ethical considerations
This study was approved by the Clinical
Service Directorate of Kimbe Provincial
Hospital. All procedures performed in this
study were in accordance with the ethical
standards of the 1964 Helsinki Declaration and
its later amendments or comparable ethical
standards. All data were kept confidential. As
this was a retrospective study, the requirement
for patient informed consent was waived.

Diagnoses of inpatients with NCDs
The summarized and specific diagnoses
in both groups are shown in Tables 1 and 2,
respectively. In Table 2, specific diagnoses
accounting for a frequency of ≥5% in the Total
group are listed whereas diagnoses with a

Figure 1. Flow diagram of the study selection. The Total group included the records of all inpatients who received
some sort of medical services. The PT group included the records of inpatients who received rehabilitation services
provided by a physical therapist. We excluded records of inpatients with other than non-communicable disease. The
final analysis included 442 of 12,241 records in the Total group and 68 of 350 records in the PT group.
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frequency of <5% are merged as ‘Others’.

older, and the most dominant diagnosis was
cancer in the Total group and cerebrovascular
disease in the PT group. Among patients
receiving rehabilitation services, those with
cerebrovascular disease and diabetes,
accounting for 87% of the PT group, were more
likely to have poorer gait function and to be
more frequently referred to the rehabilitation
service than those with other NCD diagnoses.

Cancer (51%) and diabetes (21%) were the
dominant diagnoses in the Total group. IHD
was the least dominant diagnosis, accounting
for only 1% (Table 1).
Regarding specific diagnoses in the Total
group, oral cancer was the most dominant
type of cancer except for benign neoplasms
(Table 2). Among the inpatients with diabetes,
59% were classified as having type 2 diabetes
(Table 2). Among the respiratory diseases,
asthma (45%) and chronic obstructive
pulmonary disease (42%) were the dominant
diagnoses. Of the 5 inpatients with IHD, 4 had
suffered an acute myocardial infarction.

Cancer was the most dominant diagnosis in
the Total group, and oral cancer was the most
dominant specific diagnosis (17%) except for
benign neoplasms. The average world-wide
frequency of oral cancer is relatively low,
whereas in some areas of the Western Pacific
Region it has been reported to be extremely
high (21). PNG has a high prevalence of
leukoplakia (4.6-17%) and a high annual
average reported rate of oral cancer (50.7%
of cancers for men and 21.8% for women in
the Island provinces of PNG) (21).

In the PT group, cerebrovascular disease
(65%) and diabetes (22%) were the dominant
diagnoses (Table 1).
Cancer (9%) and
respiratory disease (4%) were less dominant
diagnoses. There were no inpatients with IHD
in the PT group.

One remarkable contributing factor for the
high rate of oral cancer in PNG is the habit of
betelnut chewing (22). Betelnuts are the fourth
most common addictive substance in the world
(23), and betelnut chewing is carcinogenic to
humans (24). Betelnut chewing is a common
practice in PNG and is deeply entrenched
in the culture of the population (24). The
prevalence of betelnut consumption in PNG is
extremely high at 79.0% (80.3% in males and
77.8% in females) (9). Therefore, a specific
strategy for betelnuts to prevent and manage
NCDs is included in the National Strategic
Plan for NCDs (8). Our findings reflected
the challenges related to the unique NCDs
occurring in PNG.

Specific diagnoses in the PT group included
diabetes in 15 patients and complications of
lower limb amputation in 14 patients (Table
2). All 15 of the patients with diabetes were
classified as having ‘diabetes unknown type’
because reliable information on diabetes type
was not available for the PT group patients.
Ratio of rehabilitation inpatients to total
inpatients and gait function by diagnostic
group
The PT ratio and gait function by diagnostic
group are shown in Table 3. The highest PT
ratio, 0.88, was found for cerebrovascular
disease, followed by diabetes with 0.16.
Among these two diagnoses, more than 85%
of the inpatients had poor gait function defined
as ‘dependent or no walking function’. In
contrast, the PT ratios for respiratory disease
and cancer (0.05 and 0.03 respectively)
were smaller than those for the former two
diagnoses, but the inpatients had better gait
function, with 100% and 67% respectively
defined as ‘independent’.

In terms of rehabilitation services for
patients with NCDs, the conditions most
frequently diagnosed in the PT group were
cerebrovascular disease and diabetes
accompanied by relatively poor gait
function. In contrast, the least frequently
diagnosed conditions, accounting for 13% of
all diagnoses, were cancer and respiratory
diseases, which were accompanied by
relatively better gait function. As an index
representing the frequency of referrals for
rehabilitation services, the PT ratio was
relatively high in cerebrovascular disease
(0.88) and diabetes (0.16), whereas in other
diagnostic groups was low (0 to 0.05). These
data indicated that rehabilitation services for
inpatients with NCDs were insufficient and
biased towards specific medical conditions.

Discussion
To our best knowledge, this is the first
article to describe rehabilitation services for
inpatients with the major four NCDs in PNG.
In the Total group 70% and the PT group
85% of the patients were aged 40 years or
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All 15 patients with diabetes in the PT group were classified as ‘diabetes unknown type’ because reliable information on diabetes type was not available for these patients
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communities had a higher burden in terms of
cardiovascular disease-related risk factors but
lower rates of cardiovascular disease events
and case fatality rates than those living in rural
communities. The study authors commented
that there might be a large difference between
urban and rural communities in the access to
and the quality and affordability of health care,
which might contribute to the higher rates of
death from cardiovascular disease in rural
areas despite the lower risk-factor burden
(27).

We consider that increasing the capacity of
health personnel of rehabilitation services and
diversifying the medical conditions referred to
the services are needed for the development
of rehabilitation services for patients with
NCDs in PNG.
Because there are few other data in
PNG with which to compare our findings, it
is difficult to clarify the reasons behind our
observed findings and to tell whether they are
specific to our area of research or reflect a
general tendency in PNG. As for a possible
interpretation, however, we speculate that
the rehabilitation needs of an inpatient who
manifests walking disability could be easily
recognized by medical doctors and nurses.
In contrast, the rehabilitation needs of an
inpatient with no walking disability might be
difficult for the medical staff to recognize.
Therefore, cerebrovascular disease and
diabetes, especially that involving amputation,
were the most frequent diagnoses and
cancer and respiratory disease the least
frequent diagnoses among the inpatients
receiving rehabilitation services. Although
this interpretation is hypothetical and requires
further study for verification, our finding
appears to reflect the current situation in
PNG: rehabilitation to improve gait function
is prioritized among inpatients with NCDs,
and other malfunctions or disabilities that can
be treated or limited through rehabilitation
services, such as disorders of swallowing
induced by oral cancer (25) and disability in
daily activity induced by respiratory disease
(26), might be neglected.

Coronary heart disease including IHD is
responsible for 80% of sudden cardiac deaths
(28), and EMS is integral to better outcomes
from IHD (29). Challenges regarding EMS
in low- and middle-income countries include
unavailability of transportation (30), inadequate
sharing of the patient’s medical information
(31), geographical conditions (terrain and
physical access) (32) and an inappropriate
triage process in the pre-hospital subsystem
leading to a mismatch between the patient’s
condition and the receiving health facility
(33). A quality EMS system is beginning to
be established in urban areas of PNG (34).
However, an integrated and quality EMS is not
available in WNB Province, nor is communitybased
cardiopulmonary
resuscitation,
including the use of automated external
defibrillators, realistically available. Because
no available data exist on case fatality rates
for IHD, the true picture of mortality due to
IHD in WNB Province is not clear. However,
given the current lack of EMS in the province,
we speculate that the survival rate of people
with IHD in the community is relatively lower
than that in developed countries. Thus the
particular medical care system within WNB
Province might, in part, influence our findings
regarding patients with IHD.

This study found minimum proportions of
inpatients with IHD in both groups, namely
1% in the Total group and 0% in the PT group.
Although the reason is unclear, the health
care system in WNB Province might have
partially influenced our findings. Specifically,
we surmise that many patients with IHD could
not be transported to the hospital owing to the
province’s undeveloped emergency medical
services (EMS) system. Thus the resulting
mortality rate after IHD-related events could
be high in WNB Province, and our findings
might underestimate the actual number and
medical service needs of patients with IHD.

There are several limitations in the present
study. First, in regard to generalizations when
interpreting our data, our findings were based
on records of inpatients receiving rehabilitation
services provided by physical therapists
in one provincial hospital. However, the
number of physical therapists is insufficient
in PNG (13). Thus, rehabilitation services
may be provided by various kinds of health
professionals, such as medical doctors,
nurses and community health workers. The
variety in the background of rehabilitation
service providers may affect the quality and
scope of the rehabilitation services delivered.
Therefore, the characteristics of inpatients

Health care systems have a great impact
on outcomes of cerebrovascular disease and
IHD. According to an international longitudinal
comparison study (27), in low- and middleincome countries, people living in urban
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receiving rehabilitation services may differ in
other places where rehabilitation services are
provided by health professionals other than
physical therapists. Moreover, our findings
do not necessarily reflect the characteristics
of people living in other provinces or districts
of PNG because health-related statistics
differ between provinces and districts (35).
Additional studies using representative
samples from hospitals and clinics nation-wide
are needed to gain a better understanding
of the characteristics of patients with NCDs
and rehabilitation service provision for them.
Second, we focused on the major four
NCDs and excluded other types of NCD,
such as mental, neurological and substance
use disorders. Further study focusing on
these NCDs is needed. Third, the present
study focused only on the characteristics
of inpatients with NCDs. Other aspects of
rehabilitation services, such as the content of
services provided and changes in the patients
from before to after the services, were not
examined. Further studies addressing these
other issues related to rehabilitation services
among inpatients with NCDs are needed.
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Rehabilitation services for inpatients with stroke in a provincial hospital in
Papua New Guinea: a retrospective observational study
Takashi Saito1,2,3, Angelberth Bai1, Nobuko Matsui4, Kazuhiro P. Izawa5,
Shuichiro Watanabe6 and Alfred Malagisa7
Physiotherapy Department and Medical Services Department, Kimbe Provincial
Hospital, Papua New Guinea, Japan International Cooperation Agency, Tokyo,
Department of Physical Therapy, University of Tokyo Health Sciences, Japan, Department
of Public Health, Graduate School of Health Sciences, Kobe University, Japan and
Graduate School of Gerontology, J.F. Oberlin University, Tokyo, Japan
summary
Objective: Papua New Guinea (PNG) is the largest of the Pacific island countries that is
facing challenges related to the burden of cerebrovascular disease. There are few reports
on rehabilitation services for inpatients with cerebrovascular disease, including stroke.
This study aimed to examine the provision of rehabilitation services, physical therapy
(PT) and service outcomes in PNG. Methods: A subanalysis of our previous retrospective
observational study at a single provincial hospital in PNG was conducted in which
patient records of all inpatients (Total group, n = 12,241) and those of inpatients receiving
rehabilitation services (PT group, n = 350) were reviewed, and the records of inpatients
with cerebrovascular disease were extracted for analysis. For descriptive purposes,
demographic data, service provision statistics (length of hospital stay and duration and
frequency of PT services provided) and gait function were summarized. Results: The final
analysis comprised 50 of 12,241 records in the Total group and 34 of 350 records in the PT
group. All of these studied patients suffered a stroke. The dominant age in both groups
was ≥40 years. The median length of stay in hospital was 9 days in the Total group. The
median frequency and duration of PT services were 4 times and 8.5 days, respectively.
Of the 34 inpatients in the PT group, 32 (94%) were discharged with poor gait function
defined as ‘dependent or no walking function’. Conclusions: The results implied that
stroke patients who were discharged with poor gait function and restarted their life in the
community would confront significant barriers and challenges in PNG. This first report, to
our knowledge, on rehabilitation services for stroke in PNG may provide a reference point
for further clinical research.
Introduction

be ischaemic or haemorrhagic disturbances
of the cerebral blood circulation (1).
Cerebrovascular disease is classified as one
of the non-communicable diseases (NCDs),
which are mainly caused by behavioural
factors (insufficient activity, unhealthy diet,

Cerebrovascular disease is accompanied
by rapidly developing clinical signs of focal
(or global) disturbance of cerebral function,
and its pathological background may either
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New Guinea (PNG), with a population of
approximately 8 million people (12), is one
of the LMICs facing challenges of NCDs
including cerebrovascular disease. According
to a PNG nation-wide epidemiological survey
conducted during the period March 2007 to
March 2008, 99.6% of the population was at
moderate to high risk for NCDs, with 77.7%
of the population classified as being at high
risk (13). National statistics published by
the PNG government reported that NCDs
caused 32.4% of the inpatient deaths in PNG
(14), and cardiovascular disease including
cerebrovascular disease accounted for 4.6%
of the causes of inpatient deaths in this report
(14).

tobacco use, harmful use of alcohol and so
on) and are leading causes of morbidity and
mortality world-wide (2). NCDs are chronic
diseases that in most cases require lifelong
treatment and in some cases, especially
in patients with stroke, the most common
manifestation of cerebrovascular disease,
cause lifelong physical and psychological
disabilities (3).
In the medical care of stroke, inability to
walk is the most common physical disability
leading to referral for rehabilitation services,
and independence in walking is a primary goal
and a reasonable expectation for most stroke
patients in their recovery (4). Jørgensen
and colleagues reported that 33% of 509
stroke inpatients who had no independent
walking function on admission improved
their walking function, and 23% of those
achieved independent walking function with
rehabilitation (5). According to a review of
methodologically robust studies regarding
recovery from physical disability after stroke,
approximately 65% of hospitalized stroke
survivors with initial paralysis of a leg showed
some degree of motor function recovery but
less than 15% of those with initial paresis
attained complete motor recovery for both
upper and lower limbs (6). Thus, post-stroke
rehabilitation plays an essential role in the
recovery of patient function including walking
function and integration of the patients into
their community (7).

The PNG government has predicted
an increase in NCD-related burden over
the coming decades and announced a
comprehensive political strategy against
NCDs (15). In this strategy, the importance
of rehabilitation services for limiting or
reversing NCD-induced disability as a third
level of prevention against the NCD burden
is mentioned along with the first and second
levels of prevention (15).
However, rehabilitation services in PNG
are still not well developed. Although an
education program for rehabilitation experts,
namely physical therapists, was already
established in 2008 in PNG (16), the number
of Papua New Guinean physical therapists
is still small, at an estimated 85 people (17).
Rehabilitation services for patients with stroke,
including a specialized interdisciplinary stroke
care unit as a health policy suggested by
WHO to tackle the stroke burden (18), are not
available in PNG.

There are some discrepancies in stroke
burden and outcome between wealthier
countries and poorer countries.
The
majority of the stroke burden was observed
in developing countries and accounted for
75.2% of all stroke-related deaths and 81.0%
of the associated disability-adjusted life-years
lost (8). Previous multinational comparison
studies reported higher rates of major
cardiovascular events including stroke (9)
and worse recovery from disability after the
onset of the stroke events (10) in people living
in low- and middle-income counties (LMICs)
than in those in high-income countries. As
for rehabilitation outcome for stroke patients,
Rhoda and colleagues used secondary data
and reported better recovery patterns of motor
functions in patients receiving rehabilitation
services in a developed country (Germany)
than in those in a developing country (South
Africa) (11).

There are few previous articles on
rehabilitation services in PNG (19-21), and
only a few studies (22) have reported on
rehabilitation services for stroke patients. As
one exception, we reported the characteristics
of 344 inpatients receiving rehabilitation
services in one provincial hospital in PNG (22).
This study revealed that while communicable
disease and injury were dominant diagnoses
accounting for 60% of inpatients receiving
rehabilitation
services,
cerebrovascular
disease (stroke) accounted for 13%.
This study indicated the relatively small
but actual rehabilitation needs for stroke in
PNG. A look at the prevalent NCD-related risk
factor burden in PNG suggests the enormous

Located in the Western Pacific, Papua
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study was conducted at Kimbe Provincial
Hospital, a 180-bed hospital in West New
Britain Province of PNG, which is the only
provider of secondary and tertiary acute
medical services in the province.

potential need for rehabilitation services for
stroke-related disabilities. Therefore much
needs to be done to improve the current state
of rehabilitation services for stroke patients if
PNG is to achieve service quality development
and minimize the negative impact of strokeinduced disability.

We included the records of inpatients that
were admitted from 1 August 2016 and were
discharged by 31 October 2018. The records
included those of all inpatients receiving
any type of medical services (Total group,
12,241 records) and those of inpatients
receiving rehabilitation services (PT group,
350 records). Details on the study setting
and participants can be found in our previous
report (22).

Our previous study (22) did not include
statistics on service provision such as the
duration and frequency of services provided,
which give basic information about the current
state of services offered. Moreover, the
important outcome of stroke rehabilitation,
specifically walking function, was not
examined in that study.
Therefore, to address the knowledge gap
regarding rehabilitation services for stroke
patients in PNG, we conducted a subanalysis
of our previous study (22). The objectives of
the present study were to describe statistics
related to the provision of rehabilitation
services and the outcome of physical therapy
(PT) services in terms of walking function.
Our hypothesis assumed that rehabilitation
services for inpatients with stroke would be
provided during their short length of stay in
hospital and relied on a finding of a previous
study in LMICs that the mean length of stay in
hospital for stroke inpatient care was relatively
short, specifically 7 to 12 days (23). We
also assumed that poor recovery of walking
function at discharge would be attributed
to this restricted length of stay in hospital.
We expected that this subanalysis would
provide information on the current situation
of rehabilitation services for inpatients with
stroke and could be a reference point for
subsequent clinical research on rehabilitation
services for these patients in PNG.

Medical services for inpatients with stroke

Methods

The need for rehabilitation is determined
by the physician, who refers the patient to
the rehabilitation department. Rehabilitation
services are provided in a PT room or on the
ward by two registered Papua New Guinean
physical therapists, who are graduates of the
Bachelor of Physical Therapy course in PNG,
and a PT assistant. In principle, the inpatient
rehabilitation services are provided three
times a week.

Inpatient care for stroke in this hospital is
provided by general physicians in the general
medical ward.
Computed tomography
scans, magnetic resonance imaging and
specialized interdisciplinary stroke care,
namely typical stroke unit care (24-26), are
not available. Medical decision-making is
made through comprehensive assessment
including meticulous history taking, physical
examination and laboratory investigations.
General management for stroke includes good
nursing care, maintenance of pulmonary and
cardiovascular function, fluid, electrolyte and
nutritional balance and avoidance of systemic
complications. For inpatients with cerebral
infarction, antiplatelet drug therapy (low
doses of aspirin) is the first line of treatment
as anticoagulation therapy and thrombolysis
are not provided.
For inpatients with
haemorrhage, antihypertensive drug therapy
is the first-line treatment; neurosurgical
intervention is not available.

This study was a subanalysis of our
previous study (22) that explored optimal
methods for international cooperation in the
provision of rehabilitation services in PNG.
Overview of the study design, setting and
participants in our previous research
Briefly, the previous study (22) was
a
retrospective,
observational
study
that examined inpatient records from a
single provincial hospital to describe the
characteristics
of
inpatients
receiving
rehabilitation services, specifically PT. The

The contents of the rehabilitation services,
specifically stretching exercises, muscle
strengthening exercises, walking exercises,
training for daily activities and others, are
optimized by the physical therapist depending
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Japan). We first calculated the PT service
referral ratio, ie, the ratio of the number of
inpatients with stroke in the PT group to that
in the Total group. Then we summarized
demographic characteristics of sex and age,
and length of hospital stay in the Total group
and PT service provision statistics and gait
function in the PT group using descriptive
statistics.

on each inpatient’s general condition.
Unfortunately, occupational and speech
therapy are not provided in this hospital.
Collected data
Data collected from the Total group included
anonymous data on sex (female/male), age
(<5, 5-19, 20-39, 40-59 and ≥60 years old),
date of admission, date of discharge and
diagnosis as classified by the International
Classification of Diseases Version 10 (ICD10) codes (27).

Ethical considerations
The clinical service directorate of Kimbe
Provincial Hospital approved this study. All
data were kept confidential.

Data collected from the PT group records
included name, sex, age, diagnosis, service
provision statistics (duration [days] and
frequency [times] of rehabilitation services
provided) and gait function (measured at
the beginning of rehabilitation services [gait
function T1] and end of rehabilitation services
[gait function T2]). Date of admission and
discharge were not available in the PT group.
PT group diagnostic data included the disease
or disability name as related to PT services,
and thus they were not classified exactly
according to ICD-10 names. However, the
PT group diagnostic data were confirmed by
the investigators and converted into ICD-10
codes to ensure that they were comparable
between the Total and PT groups. Age and
diagnostic data were categorized as done in
the Total group and gait function T1 and T2
were categorized as ‘dependent or no walking
function, independent’.

Results
We extracted 50 records of inpatients with
stroke from the 12,241 records of the Total
group and 44 records of inpatients with stroke
from the 350 records of the PT group and
analysed these records in the present study.
The resulting PT service referral ratio was
0.88 (44:50).
For further descriptive analysis, we
excluded 10 records in the PT group because
of transfer to another hospital (n = 3) or patient
death (n = 7). Information on the purposes
and destinations of the transferred patients
and the causes of death was not available.
Finally, 34 records were used for descriptive
analysis in the PT group (Figure 1).
Age of inpatients and length of hospital
stay

Definition of cerebrovascular accident
and inclusion of inpatient records

The age of the inpatients and their length
of stay in hospital are presented in Table
1. In both groups, the dominant age group
was 40 years and older accounting for 90%
of all inpatients. The median length of stay
in hospital was 9 days in the Total group; this
information was not available in the PT group.

In this study, we defined cerebrovascular
disease in accordance with the ICD-10 codes
(27), specifically I60 to I69. We extracted the
records of inpatients with a cerebrovascular
disease diagnosis from the dataset used in
the previous study (22). All such patients
suffered a stroke (cerebrovascular accident).
We included all records in the analysis of the
Total group, whereas in the analysis of the
PT group we included only the records of
inpatients who were discharged to their own
home and excluded the records of inpatients
who were transferred to another hospital or
died.

Service provision statistics and change of
gait function
Duration and frequency of rehabilitation
services provided and gait function T1 and
T2 are presented in Table 2. The median
frequency and duration of rehabilitation
services were 4 times and 8.5 days,
respectively. Of the 34 inpatients, 32 (94%)
were considered ‘dependent or no walking
function’ at gait function T1. This proportion
remained the same at gait function T2,

Statistical analyses
Statistical analyses were conducted with
Microsoft Excel (version 2007, Microsoft
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Figure 1. The Total group consisted of the records of all inpatients receiving some sort of medical services. The physical
therapy (PT) group consisted of records of inpatients receiving rehabilitation services provided by physical therapists.
We excluded records of inpatients with other than cerebrovascular accident (stroke) from both groups. Also, for further
descriptive analysis, we excluded records of patients in the PT group who were transferred to another hospital (n = 3) or
who died (n = 7). The final analysis comprised 50 records in the Total group and 34 records in the PT group.
indicating that none of the inpatients in the PT
group experienced a change in gait function
after receiving PT services.

no walking function’. Our results supported
our hypothesis and indicated the current
situation of inpatient rehabilitation services
for stroke patients. These findings imply
that stroke patients who are discharged with
poor gait function and restart their life in the
community would confront significant barriers
and challenges.

Discussion
According to our review of the literature,
this is the first article in PNG to focus on
rehabilitation services for inpatients with
stroke. We hypothesized that these patients
would receive rehabilitation services for a short
period and would poorly regain gait function at
discharge. In the present study, the ratio of
inpatients with stroke referred for rehabilitation
services was 0.88. Of the 44 inpatients
receiving rehabilitation services, 34 were
discharged to their own home after undergoing
rehabilitation services 4 times over a period
of 8.5 days. 94% of the inpatients receiving
rehabilitation services were discharged with
poor gait function, specifically ‘dependent or

Access to medical care for urgent or lifethreatening conditions, including the onset
of stroke, is a key expectation in many
communities (28). As one example in a
developed country, in Copenhagen, Denmark,
all patients suffering acute stroke that requires
admission to a hospital are referred to and
treated at an acute-care hospital (5). The
median time from stroke onset to admission
was 12 hours (5). In developing countries
the time from onset to admission tends to
be longer than that in developed countries.
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TABLE 1
Age and length of hospital stay of the inpatients by sex
PT group
Female
(N = 9)
n (%)

Male
(N = 25)
n (%)

Total group
Total
(N = 34)
n (%)

Female
(N = 12)
n (%)

Male
(N = 38)
n (%)

Total
(N = 50)
n (%)

Age, years
<5

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

5 to 19

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

20 to 39

1 (11.1)

2 (8)

3 (8.8)

0 (0)

5 (13.2)

5 (10)

40 to 59

4 (44.4)

14 (56)

18 (52.9)

7 (58.3)

16 (42.1)

23 (46)

≥60 years

4 (44.4)

9 (36)

13 (38.2)

5 (41.7)

17 (44.7)

22 (44)

NA

NA

NA

11 (5, 23)

8 (4, 24)

9 (4, 23)

LSH (days),
Median (IQR)

PT = physical therapy
LSH = length of stay in hospital
IQR = interquartile range
NA = not available

table 2
Service provision statistics and change of gait function in patients receiving rehabilitation services
Female
(N = 9)
Service provision statistics
Duration (days) – median (interquartile
range)
Frequency (times) – median
(interquartile range)

Male
(N = 25)

Total
(N = 34)

11 (3, 15)

8 (2, 11)

8.5 (2, 15)

3 (2, 9)

4 (2, 8)

4 (2, 8)

Gait function (dependency or no
walking function)
At start of rehabilitation services, n (%)

9 (100)

23 (92)

32 (94.1)

At end of rehabilitation services, n (%)

9 (100)

23 (92)

32 (94.1)

Rhoda and colleagues reported this time as
0.3 to 6.8 days based on their findings in three
African countries, South Africa, Tanzania and
Rwanda (23). Unfortunately, our data did not
include information on time from stroke onset
to admission. However, the present study

was conducted at only one provincial hospital
in which secondary to tertiary acute medical
services were provided. Given the role of this
provincial hospital, we estimated that most of
the participants were admitted to this hospital
within a few days after the onset of stroke and
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community.
Those without independent
walking function would likely confront
significant barriers and challenges in their
home and community life. Of more concern
is the fact that these inpatients were unable
to avoid discharge without any assurance of
post-acute rehabilitation services, indicating
that community-dwelling people with stroke in
PNG have virtually no opportunities to receive
systematic and integrated post-acute or longterm rehabilitation services to improve their
functions and prevent their worsening.

were in the acute stage of stroke.
Although the data for length of stay in
hospital were not available in the PT group,
the median duration of rehabilitation services
(8.5 days) in the PT group and the median
length of stay in hospital (9 days) in the
Total group were almost the same. 88% of
the inpatients with stroke were referred for
rehabilitation services, and they received
the services once every two or three days
throughout the admission period.
The
previous study in South Africa, Tanzania
and Rwanda (23) reported various service
provision statistics regarding stroke inpatient
care. Specifically, the rehabilitation service
referral rate was 0.40 to 0.98, the average
length of stay in hospital was 0.3 to 6.8 days,
and the average frequency of rehabilitation
services was 2 to 3 times. According to a
similar report from the developed country of
Denmark, the rehabilitation service referral
rate was 0.71, the length of stay in hospital
was 35 days on average, and rehabilitation
services were provided daily (5). These
service provision statistics can vary depending
on several factors, such as the particular role
of a hospital, the labour force of health care
workers and national strategies, including a
health insurance system for providing medical
care. Therefore it is difficult to compare these
figures and to decide which provision statistics
are better. Our findings should be considered
as the actual current situation at one provincial
hospital in PNG and may not be comparable
to those at other hospitals.

In developed countries, after discharge
from the acute inpatient setting, stroke
patients may proceed through the latter
phases of post-acute rehabilitation in a variety
of settings, such as inpatient rehabilitation
hospitals, rehabilitation units in acute-care
hospitals, nursing facilities, the patient’s own
home or outpatient facilities (7). The primary
goals in these settings are to assess and
recover any cognitive and physical abilities to
help minimize or compensate for the patients’
remaining impairments (7).
However,
post-acute
rehabilitation
services are limited or not available in
some developing countries (23,30,31). No
post-acute rehabilitation services such as
community rehabilitation centres, skilled
nursing facilities and long-term care hospitals
are available in our study setting. The only
means of providing a post-acute rehabilitation
service is through the outpatient rehabilitation
services provided in the study hospital. The
financial means to access transportation
and the physical geographic surroundings
remain as challenges and obstacles affecting
access to outpatient services (32). In our
study setting, access to outpatient services
presents various obstacles, and attendance
by community-dwelling people with stroke,
especially those with poor walking function
who live in rural areas, would not be practical.
Community-based (33) and home-based
rehabilitation services that involve and require
training of caregivers (34) would be necessary
and beneficial potential solutions in PNG.

Our findings indicated that 94% of the
inpatients could not walk independently at
the start of rehabilitation services, and they
were discharged to their own home with no
remarkable recovery in walking function.
We cannot compare this treatment outcome
to those of developed countries because of
various differences between them regarding
stroke treatment and health care systems
(29). Moreover, there are few other data on
rehabilitation services in PNG, which also
makes the comparison of the quality of this
outcome with other data in PNG difficult.

There are several limitations in the
present study. First is the validity of the
diagnosis. The diagnosis of stroke in the
present study was made chiefly through
history taking and physical examination
without the aid of computed tomographic
scans and magnetic resonance imaging.
This makes clear-cut diagnosis difficult and

Nevertheless, the fact that most of the
discharged stroke inpatients returned to their
home without regaining independent walking
function is noteworthy. Independent walking
is an essential function allowing communitydwelling people with stroke to live in their
home and to integrate themselves into the
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commercial or not-for-profit sectors.

could lead to overestimation of stroke. The
differential diagnosis of stroke includes
cerebral cysticercosis, malaria, tuberculous
or cryptococcal meningitis, encephalitis, brain
abscess, brain tumour and cerebral parasitic
infection (35). When interpreting our findings,
the possibility of overestimation must be
taken into account. Second is generalization
of the findings. Each province in PNG is
different in their geographical, demographic
and social diversity, as well as their healthrelated statistics and health resources (14).
Therefore service provision statistics and
service outcomes of stroke inpatients in other
provinces and districts might differ from our
findings. Lastly, this is a preliminary study, and
our findings can be used only as a reference
point for further clinical research contributing
to the development of rehabilitation services
for stroke patients. Various further studies,
eg, studies exploring factors resulting in better
rehabilitation outcomes, randomized control
trials examining the efficacy of rehabilitation
treatment, and studies developing feasible
and useful strategies to support communitydwelling people with stroke, are needed.
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Case Report
A case of mummified baby in Madang, Papua New Guinea
John W. Bolnga1,2,3, Sammy Thomas1 and Moses Laman2
Modilon General Hospital, Madang, Papua New Guinea and Papua New Guinea
Institute of Medical Research, Madang
Summary
We report an extremely rare case of lithopedion or a mummified baby that presented
a diagnostic dilemma and perplexed us during diagnosis and surgery. This is the first
published report of a lithopedion case in Papua New Guinea.
Introduction

village births and her last child had been born
5 years before. Following this, she recalled
being amenorrhoeic for a period of time but
could not recall for how long or the exact dates.
Then about 2 years before, she re-established
her periods, which had since been regular.
She had never used any family planning. She
often had pains in her abdomen but the pains
were described as mild. However, in recent
months the pains had become severe and
prolonged. Over the past 2 weeks before she
presented, the pains became excruciating.

Lithopedion describes an intra-abdominal
calcified dead fetus. Lithopedion (litho =
stone; pedion = child) is an exceedingly rare
phenomenon that results from abdominal
pregnancy and has an incidence of 0.0054%
for all pregnancies. Such cases may not be
detected for decades and may cause a variety
of complications, particularly in elderly women
with abdominal masses (1). The earliest case
recorded was in France in 1852 (2). Since
then, not many cases have been reported.
In developed countries, it has become a
rare clinical scenario because sophisticated
diagnostic modalities mean that patients are
diagnosed early before cases could progress
to this late stage of abdominal pregnancy. In
resource-limited settings where diagnostic
facilities are scarce and late presentation to
hospital is common, these cases can perplex
a surgeon. We report a case of lithopedion
in Madang Province of Papua New Guinea
(PNG).

She did not have compressive symptoms
of pelvic pains, urinary bladder or rectum.
Physical examination performed by the
admitting surgical team revealed a vague
mass in her right iliac fossa, which was
firm and tender. A provisional diagnosis
of appendicular mass was made.
Her
haematological profile included haemoglobin,
haematocrit and platelets, which were all
within the normal range, and a slight degree of
leukocytosis. She was taken to the operating
theatre and surgery revealed a hard mass
that was covered with omentum and fascia. It
felt solid and gritty. Further dissection finally
revealed a calcified fetal skeleton (Figure 1). At
that stage intraoperatively, the gynaecological
team took over the management of the case.

Case report
The case is a 39-year-old parity-5 woman
who was admitted with complaints of an
excruciating right iliac fossa pain which was
associated with nausea and vomiting. At
the time of admission, she was feverish and
moderately dehydrated.
Medical history
revealed that her previous deliveries were all

The lithopedion was further dissected off
the right tube which was firmly adhered and
had formed fibrous tissue around it together
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with omentum and had some attachment
to large bowel. Further careful dissection
resulted in complete removal of the lithopedion
(Figure 2). The right ovary was also removed

together with the fallopian tube as they were
tightly adhered and the lithopedion had grown
into them. The uterus was grossly normal as
well as the contralateral tube and ovary. Left

Figure 1. Calcified mass extracted from the abdominal cavity, adhering to segments of large bowel and omentum.

Figure 2. Lithopedion after extraction in a Papua New Guinean woman.
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abdominal pain, a suspicion and diagnosis of
an appendicular mass was considered and
she was managed as a surgical emergency
without the privilege of diagnostic modalities
such as an X-ray or ultrasound.

tubal ligation was also performed.
The patient recovered uneventfully and
was discharged in a stable condition after a
few days in hospital.
Discussion

Surgery is the mainstay of management
since lithopedion is usually diagnosed
incidentally during operation or on abdominal
X-ray.
The procedure is frequently
straightforward with less bleeding to manage
but needs to be performed with extreme care
and sometimes may require the assistance
of general surgeons (5). In this case, it
was possible that she had an extrauterine
abdominal pregnancy that extruded from the
right fallopian tube which at dissection was
evident with adherence and calcified into the
lithopedion. The uterus was grossly normal.

Lithopedion is an extremely rare condition
with just over 330 cases being reported worldwide in the medical literature over the last 400
years (1). Lack of diagnostic modalities makes
it a more challenging diagnosis in developing
countries than in developed countries.
A lithopedion can result from a primary
abdominal pregnancy or from a secondary
abdominal implantation following tubal
abortion or rupture of tubal or intrauterine
pregnancy.
It occurs when a sterile
extrauterine fetus survives for more than
3 months in the abdominal cavity along with
minimal and sluggish circulation inviting
calcium deposition around the fetus (3). In the
literature, the age of the patients at the date of
diagnosis of lithopedion varies from 23 to 100
years and the majority of them were over 40
years of age. The period of fetus retention or
the duration of time the fetus remains in the
abdominal cavity ranged from 4 to 60 years.
Fetal death occurs between 3 and 6 months
of pregnancy and the fetus is retained and
calcified (1,4-6).

This is the first reported case of a
lithopedion in PNG. The case report highlights
that even though lithopedion is a rare entity,
in patients who have not been exposed to
appropriate diagnostic modalities and have an
inconclusive obstetric history, presenting with
an abdominal mass and/or lower abdominal
pain, lithopedion should be considered in the
differential diagnosis.
consent

Written informed consent was obtained
from the patient for the publication of this
report and accompanying images.

In this case, our patient was nearly 40
years old but it was difficult to ascertain the
period of fetus retention. It is possible that
she conceived after the last childbirth 5 years
before or she may have carried the lithopedion
before the last childbirth.
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Often the diagnosis is revealed by a
suggestive clinical history, by a pelvic mass
identified during physical examination or
frequently by an X-ray of the abdomen (3,5).
Ultrasound examination could show an empty
uterine cavity, and a non-specific appearance
of the abdominal mass may create confusion.
In our resource-limited setting, because the
patient presented in acute distress with severe

references

1

2

166

de Oliveira FEG, Santos SRAD, Duarte BG,
Sisnando AS.
Lithopedion causing intestinal
obstruction in a 71-year-old woman: a case report.
Litopedia causando obstrução intestinal em idosa
de 71 anos: relato de caso. [PT] Rev Bras Ginecol
Obstet 2019;41:129-132.
Bondeson J.
The earliest known case of a
lithopedion. J R Soc Med 1996;89:13-18.

Papua New Guinea Medical Journal

3
4

5

Volume 62, No 3-4, Sep-Dec 2019

Irick MB, Kitsos CN, O’Leary JA. Therapeutic
aspects in the management of a lithopaedion. Am
Surg 1970;36:232-234.
Gebresenbet FF, Mulat AM, Nur NM, Getaneh FB.
Neglected intrauterine fetal demise for more than two
decades leading to the development of a lithopedion:
a case report. J Med Case Rep 2019;13:330.
Spiritos NM, Eisenkop SM, Mishell DR Jr.

6
7

167

Lithokelyphos: a case report and literature review. J
Reprod Med 1987;32:43-46.   
Frayer CA, Hibbert ML. Abdominal pregnancy in a
67-year-old woman undetected for 37 years. A case
report. J Reprod Med 1999;44:633-635.         
Lachman N, Satyapal KS, Kalideen JM, Moodley
TR. Lithopedion: a case report. Clin Anat 2001;14:5254.  

Papua New Guinea Medical Journal

Volume 62, No 3-4, Sep-Dec 2019

List of Medical Research Projects in Papua New Guinea
Approved or Noted
By the Medical Research Advisory Committee in 2018
Guinea)

Determining ceftriaxone utilization pattern
in Port Moresby General Hospital, Medical
Ward
Ms Barbara Ann Angoro (Pharmaceutical
Services
Standards
Branch,
National
Department of Health, PO Box 807, Waigani,
National Capital District, Papua New
Guinea)

Strengthening the national capacity in
health and epidemiological surveillance in
Papua New Guinea
Dr Bang Pham (Papua New Guinea
Institute of Medical Research, PO Box 60,
Goroka, Eastern Highlands Province, Papua
New Guinea)

Maternal and neonatal health in PNG: a
synthesis of evidence and identification of
gaps
Dr Proochista Ariana (Program Director,
International Health and Tropical Medicine,
University of Oxford, Medawar Building,
South Parks Road, Oxford OX1 3SY, United
Kingdom)

Understanding
the
socio-cultural
dimensions of tuberculosis in Papua New
Guinea: knowledge to optimise public health
solutions
Dr Angela Kelly-Hanku (Papua New Guinea
Institute of Medical Research, PO Box 60,
Goroka, Eastern Highlands Province, Papua
New Guinea)

Strengthening contact investigation to
increase the uptake of IPT amongst children
less than 5 years who are household
contacts of confirmed bacteriological TB
cases in Mendi Provincial Hospital, Southern
Highlands
Province,
Papua
New
Guinea: an interventional study
Ms Cathrine Alu Ramoni (Clinical Health
Extension Officer, Southern Highlands
Provincial Health Authority, Private Mail Bag,
Mendi, Southern Highlands Province, Papua
New Guinea)

Developing youth-centred health promotion
strategies to prevent and mitigate the adverse
health impacts of pregnancy amongst young
people in Papua New Guinea
Dr Stephen Bell and Dr Angela Kelly-Hanku
(Papua New Guinea Institute of Medical
Research, PO Box 60, Goroka, Eastern
Highlands Province, Papua New Guinea)
International
Surveillance
Study
of
Movement Behaviours in the Early Years or
SUNRISE study
Dr Bang Pham (Papua New Guinea
Institute of Medical Research, PO Box 60,
Goroka, Eastern Highlands Province, Papua
New Guinea)

Clinical performance of the histidine rich
protein 2 (HRP2) highly sensitive rapid
diagnostic test (HS-RDT) for malaria diagnosis
in pregnant women in Papua New Guinea
Dr Leanne Robinson and Dr Moses Laman
(Papua New Guinea Institute of Medical
Research, PO Box 378, Madang, Madang
Province, Papua New Guinea)

Men's experiences living with untreated
prostate cancer in Papua New Guinea
Mr John Indoro (26A/42 Akoranaga Drive,
Northcote, Auckland 0627, New Zealand)

Accelerating access to postnatal care and
chlorhexidine in Papua New Guinea
Dr Christopher Morgan, Dr Moses Laman,
Ms Elsie Buka, Dr Lisa Davidson and Ms
Freda Walai Sui (Papua New Guinea Institute
of Medical Research, PO Box 60, Goroka,
Eastern Highlands Province, Papua New

End of program monitoring of the Western
Pacific Sanitation Marketing and Innovation
Program
Dr Regina Souter (International Water
Centre, Sir Samuel Griffith Centre, Griffith
University, 170 Kessels Road, Nathan,
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The use of newborn foot length to identify
preterm birth and low birthweight babies in
rural Papua New Guinea or Neofeet Study
Dr Alice Mengi (Papua New Guinea Institute
of Medical Research, PO Box 378, Madang,
Madang Province, Papua New Guinea)

Queensland 4111, Australia)
Solar powered oxygen therapy in district/
rural hospitals and district health centres in
Papua New Guinea: a large scale effective
trial
Dr Francis Pulsan (Paediatrician, School of
Medicine and Health Sciences, University of
Papua New Guinea, PO Box 5623, Boroko,
National Capital District, Papua New Guinea)

Collaborative operational research to
establish a reference malaria slide bank
and Plasmodium species and parasite-free
control panel bank in Central Public Health
Laboratory, Papua New Guinea
Dr Evelyn Lavu (Director, Central Public
Health Laboratory, Private Mail Bag 1, Boroko,
National Capital District, Papua New Guinea)

Hepatitis B Pilot Treatment Programme: a
pilot model of public/private partnership 20172020
Dr Alice Lee (Hepatitis B Free, PO Box
3053, Rhodes, New South Wales 2138,
Australia)

IMPROVE: a pilot study to determine
the feasibility, safety and possible impact
of probiotics to prevent early-life infections
and early pneumococcal colonization and
enhance vaccine immunity in PNG infants
Dr William Pomat, Dr Anita van den
Biggelaar, Dr Tobias Strunk, Dr Andrew
Greenhill, Dr Peter Richmond and Dr Tobias
Kollman (Papua New Guinea Institute of
Medical Research, PO Box 60, Goroka,
Eastern Highlands Province, Papua New
Guinea)

Evaluation of a project to improve basic
emergency obstetric and neonatal care and
timely referral of maternal and newborn
problems from rural health centres through
training of community health workers in
Eastern Highlands Province, Papua New
Guinea
Dr
Kalimini
Lokuge
(Humanitarian
Research Program Leader, National Centre
for Epidemiology and Population Health, The
Australian National University, 62 Mills Road,
Acton, Australian Capital Territory 2601,
Australia)

Evaluation of the National Malaria Control
Program, 2018-2020
Dr William Pomat and Dr Manuel Hetzel
(Papua New Guinea Institute of Medical
Research, PO Box 60, Goroka, Eastern
Highlands Province, Papua New Guinea)

Factors associated with fear of childbirth
among pregnant women in Papua New
Guinea
Ms Olivien Winnie Venudi (National Taipei
University of Nursing & Health Sciences, PO
Box 365, Ming-de, Beitou District 112-19,
Taipei, Taiwan)

Aedes mosquito surveillance in Papua New
Guinea
Dr Stephan Karl, Mr Lincoln Timinao, Ms
Rebecca Vinit, Dr Leanne Robinson and Dr
Moses Laman (Papua New Guinea Institute
of Medical Research, PO Box 378, Madang,
Madang Province, Papua New Guinea)

ASIA-PACIFIC
ICEMR:
PNG
Epidemiological and Entomological Malaria
Surveillance
Dr Moses Laman, Dr Leanne Robinson, Dr
Stephan Karl and Prof. Ivo Mueller (Papua
New Guinea Institute of Medical Research,
PO Box 378, Madang, Madang Province,
Papua New Guinea)

Note:
These projects have been examined and
cleared by the MRAC but they have not all
started, nor is there any guarantee that they
all will, since in many cases this still depends
on funding. It should be noted that the project
funds for the MRAC were deleted from the
Health Budget from 1997 to 2018.

A correlation study of the knowledge,
attitude and practice of nurses in postoperative
pain management in the hospital in Papua
New Guinea
Ms Joelyn Salo (National Taipei University
of Nursing & Health Sciences, PO Box 365,
Ming-de, Beitou District 112-19, Taipei,
Taiwan)

Information about these projects may be
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obtained from the investigators. The contact
for the Medical Research Advisory Committee
is the Manager, Performance Monitoring &

Research Branch, National Department of
Health, PO Box 807, Waigani, National Capital
District, Papua New Guinea.
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MEDLARS BIBLIOGRAPHY
Publications of relevance to Papua New Guinea
Bibliographic Citation List generated from MEDLARS

1

2

on health care. Government services are scarce in
remote islands. It is a tropical country, with many
tropical diseases. YWAM Medical Ships - Australia
is a Christian charity that is actively developing
communities by addressing health care and training
needs in PNG in partnership with the relevant
national and provincial government administrations.
The program is guided by the PNG's National Health
Plan: 2011-2020. METHODS: As part of this effort
YWAM runs the YWAM PNG, a large hospital ship
that serves the remote parts of the country. The
services provided include mentoring and support of
local health care teams, eye surgery, dentistry, and
three mobile teams that include primary health care,
mother and child care, childhood immunizations,
physiotherapy, optometry and health education.
The Israeli Ministry for Foreign Affairs signed a
joint declaration of intent (DOI) with YWAM last
year. The DOI outlines the Ministry for Foreign
Affairs commitment to encourage Israeli medical
professionals to volunteer on board the MV YWAM
PNG, in rural and remote areas of PNG. RESULTS:
This paper summarizes the experience of four
infectious diseases specialists on board. The main
infections observed were malaria, tuberculosis,
tropical ulcers and filariasis. CONCLUSIONS: The
exposure to primary care in a remote part of the
world is an emotional, personal and professional
experience which can benefit the population the
ship serves, as well as the volunteers, for whom the
outreach on the ship is a memorable experience.

Akins PT, Jian B.
The frozen brain state of Cryptococcus gattii: a
globe-trotting, tropical, neurotropic fungus.
Neurocrit Care 2019 Apr;30(2):272-279. doi:
10.1007/s12028-018-0538-4.
Initially reported in tropical regions, Cryptococcus
gattii infection is now diagnosed globally. Methods:
case report; literature review. Although initial reports
described outbreaks of pulmonary and central
nervous system (CNS) disease in tropical regions
such as Australia and New Guinea, it is now clear that
Cryptococcus gattii is a global, neurotropic pathogen.
In contrast with C. neoformans, C. gattii patients are
more likely to present with cryptococcomas in the
brain and lungs and are often HIV negative. Imaging
findings can mimick cancer leading to delays in
diagnosis and definitive treatment. Some experts
have speculated that the spread of C. gattii is due
to climate change, newly recognized genotypes that
cause disease in temperate zones (genotype VGII),
international travel, and improved awareness among
physicians and veterinarians.
We emphasize
neurocritical and neurosurgical management,
because patients with CNS involvement often have
high intracranial pressures (ICP). Cryptococcus
gattii patients often have elevated ICP without
'red flag' radiographic signs of elevated ICP such
as ventriculomegaly, cerebral edema, or effaced
basal cisterns. Therefore, diagnosis of high ICP
should be suspected based on clinical symptoms
such as incapacitating headaches, progressive
visual loss and associated papilledema, and then
confirmed by measuring the opening pressure with
lumbar puncture (LP). Cerebral intraparenchymal
deposition of the large cryptococcal polysaccharide
capsule and cryptococcal organisms causes poor
brain compliance leading to a 'frozen brain state.'
Mortality rates and clinical outcomes are significantly
improved with early diagnosis, antifungal therapies,
steroids, and aggressive management of elevated
ICP including cerebrospinal fluid (CSF) diversion
by serial LP's, external ventricular drains and CSF
shunts. Following institution of antifungal therapy,
about 10% of patients can worsen due to immune
reconstitution inflammatory syndrome which
responds to steroids. We recommend neurocritical
and neurosurgical management of C. gattii patients
with CNS involvement and elevated ICP. There is
often poor correlation between elevated ICP and
neuroimaging due to the frozen brain state.

3

Alkan M.
Israeli volunteers on the YWAM ship, Papua New
Guinea, 2018. [Heb]
Harefuah 2019 May;158(5):309-312.
BACKGROUND: Papua New Guinea (PNG) is a
young nation. It has been independent since 1975.
It consists of more than 290 inhabited islands, and
its people speak more than 800 different languages.
The GDP per capita is $2100, and only 4.3% is spent
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Badman SG, Willie B, Narokobi R, Gabuzzi J,
Pekon S, Amos-Kuma A, Hakim AJ, Weikum D,
Gare J, Silim S, Guy RJ, Donovan B, Cunningham
P, Kaldor JM, Vallely AJ, Whiley D, Kelly-Hanku A.
A diagnostic evaluation of a molecular assay used
for testing and treating anorectal chlamydia and
gonorrhoea infections at the point-of-care in Papua
New Guinea.
Clin Microbiol Infect 2019 May;25(5):623-627. doi:
10.1016/j.cmi.2018.08.001. Epub 2018 Aug 11.
OBJECTIVES: Papua New Guinea has among
the highest prevalences of sexually transmissible
infections (STIs) globally with no services able to
accurately test for anorectal Chlamydia trachomatis
(CT) and Neisseria gonorrhoeae (NG) infections.
Here we prospectively evaluated the diagnostic
performance of a molecular CT/NG assay
used at the point-of-care (POC) with the aim of
enhancing anorectal STI screening and same-day
treatment. METHODS: Men who have sex with
men, transgender women and female sex workers
taking part in Papua New Guinea's first large-scale
biobehavioural study were enrolled and asked to
provide a self-collected anorectal swab for POC
GeneXpert CT/NG testing. Same-day treatment
was offered if positive. A convenience sample
of 396 unique and randomly selected samples
was transported to Australia for comparison using
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the Cobas 4800 CT/NG test (Roche Molecular
Diagnostics, Pleasanton, CA, USA). RESULTS:
A total of 326 samples provided valid results by
Cobas whereas 70 samples provided invalid results
suggesting inhibition. The positive, negative and
overall percentage agreements of GeneXpert CT/
NG for the detection of C. trachomatis were 96.7%
(95% CI 92.3%-98.9%), 95.5% (95% CI 91.3%98.0%) and 96.0% (95% CI 93.3%-97.8%), and for
N. gonorrhoeae were 93.0% (95% CI 86.1%-97.1%),
100.0% (95% CI 98.3%-100.0%) and 97.8% (95% CI
95.6%-99.1%), respectively. CONCLUSIONS: The
overall rate of agreement between the GeneXpert
and Cobas CT/NG assays was high with 96.0%
for C. trachomatis and 97.8% for N. gonorrhoeae.
Results from this study data suggest that the
GeneXpert CT/NG assay is suitable for testing selfcollected anorectal specimens at the POC and that
same-day treatment was feasible.
4

5

genome
sequencing
(WGS)
to
delineate
transmission
dynamics,
characterize
drugresistance markers, and identify risk factors of
transmission among Papua New Guinea residents
of the Torres Strait Protected Zone (TSPZ) who
had tuberculosis diagnoses during 2010-2015. Of
117 isolates collected, we could acquire WGS data
for 100; 79 were Beijing sublineage 2.2.1.1, which
was associated with active transmission (odds
ratio 6.190, 95% CI 2.221-18.077). Strains were
distributed widely throughout the TSPZ. Clustering
occurred more often within than between villages (p =
0.0013). Including 4 multidrug-resistant tuberculosis
isolates from Australian citizens epidemiologically
linked to the TSPZ into the transmission network
analysis revealed 2 probable cross-border
transmission events. All multidrug-resistant isolates
(33/104) belonged to Beijing sublineage 2.2.1.1
and had high-level isoniazid and ethionamide
co-resistance; 2 isolates were extensively drug
resistant. Including WGS in regional surveillance
could improve tuberculosis transmission tracking
and control strategies within the TSPZ.

Bai SH, Brooks P, Gama R, Nevenimo T, Hannet
G, Hannet D, Randall B, Walton D, Grant E,
Wallace HM.
Nutritional quality of almond, canarium, cashew and
pistachio and their oil photo-oxidative stability.
J Food Sci Technol 2019 Feb;56(2):792-798. doi:
10.1007/s13197-018-3539-6. Epub 2018 Dec 18.
Daily consumption of nuts is recommended
as a part of a healthy diet as they contain protein
and are rich in beneficial fatty acids and essential
nutrients. The nutritional qualities of nuts are
affected by their fatty acid composition and other
factors such as maturity. Oil oxidative stability is
important to determine nut nutritional quality in terms
of fatty acid composition over storage. Therefore,
this study aimed to (a) assess the nutritional quality
(photo-oxidative stability and nutrient composition)
of almond, cashew, pistachio and canarium (a newly
commercialised indigenous nut); and (b) explore
differences in nutrient concentrations between
immature and mature canarium nuts. A decrease
in polyunsaturated fats after photo-oxidation in
almond and pistachio was observed. Canarium oil
did not change following photo-oxidation suggesting
canarium may display a long shelf life when stored
appropriately. Our study indicated that almond
provided over 50% of the recommended daily intake
for manganese whereas canarium intake provided
50% of the recommended daily intake for iron (for
males). Pistachio was richer in potassium compared
with other nuts and canarium was richer in boron, iron
and zinc than other nut species. Mature canarium
kernels were richer in boron, iron and zinc but
contained less potassium than immature canarium.
Therefore, the current study recommended to store
kernels in dark to decrease oil photo-oxidation, and
maturity of canarium kernels at the harvest time
was important affecting nutrient concentrations of
kernels.
Bainomugisa A, Pandey S, Donnan E, Simpson
G, Foster J, Lavu E, Hiasihri S, McBryde ES,
Moke R, Vincent S, Sintchenko V, Marais BJ,
Coin LJM, Coulter C.
Cross-border movement of highly drug-resistant
Mycobacterium tuberculosis from Papua New
Guinea to Australia through Torres Strait Protected
Zone, 2010-2015.
Emerg Infect Dis 2019 Mar;25(3):406-415. doi:
10.3201/eid2503.181003.
In this retrospective study, we used whole-
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Bauri M, Wilkinson AL, Ropa B, Feldon K, Snider
CJ, Anand A, Tallis G, Boualam L, Grabovac V,
Avagyan T, Reza MS, Mekonnen D, Zhang Z,
Thorley BR, Shimizu H, Apostol LNG, Takashima
Y.
Notes from the field: circulating vaccine-derived
poliovirus type 1 and outbreak response – Papua
New Guinea, 2018.
MMWR Morb Mortal Wkly Rep 2019 Feb 8;68(5):119120. doi: 10.15585/mmwr.mm6805a6.

7

Bird MI, Condie SA, O'Connor S, O'Grady D,
Reepmeyer C, Ulm S, Zega M, Saltré F, Bradshaw
CJA.
Early human settlement of Sahul was not an
accident.
Sci Rep 2019 Jun 17;9(1):8220. doi: 10.1038/
s41598-019-42946-9.
The first peopling of Sahul (Australia, New
Guinea and the Aru Islands joined at lower sea
levels) by anatomically modern humans required
multiple maritime crossings through Wallacea, with
at least one approaching 100 km. Whether these
crossings were accidental or intentional is unknown.
Using coastal-views hedanalysis and ocean drift
modelling combined with population projections, we
show that the probability of randomly reaching Sahul
by any route is <5% until ≥40 adults are 'washed
off' an island at least once every 20 years. We
then demonstrate that choosing a time of departure
and making minimal headway (0.5 knots) toward a
destination greatly increases the likelihood of arrival.
While drift modelling demonstrates the existence of
'bottleneck' crossings on all routes, arrival via New
Guinea is more likely than via northwestern Australia.
We conclude that anatomically modern humans had
the capacity to plan and make open-sea voyages
lasting several days by at least 50,000 years ago.

8

Blanc J, Locatelli I, Rarau P, Mueller I, Genton B,
Boillat-Blanco N, Gehri M, Senn N.
Retrospective study on the usefulness of pulse
oximetry for the identification of young children with
severe illnesses and severe pneumonia in a rural
outpatient clinic of Papua New Guinea.
PLoS One 2019 Apr 15;14(4):e0213937. doi:
10.1371/journal.pone.0213937. eCollection 2019.

Papua New Guinea Medical Journal

Volume 62, No 3-4, Sep-Dec 2019

OBJECTIVE: This secondary analysis of data of
a randomized controlled trial (RCT) retrospectively
investigated the performance of pulse oximetry
in identifying children with severe illnesses, with
and without respiratory signs/symptoms, in a
cohort of children followed for morbid episodes
in an intervention trial assessing the efficacy of
Intermittent Preventive Treatment for malaria in
infants (IPTi) in Papua New Guinea (PNG) from
June 2006 to May 2010. SETTING: The IPTi study
was conducted in a paediatric population visiting
two health centres on the north coast of PNG in the
Mugil area of the Sumkar District. PARTICIPANTS:
A total of 669 children visited the clinic and a total
of 1921 illness episodes were recorded. Inclusion
criteria were: age between 3 and 27 months, full
clinical record (signs/symptoms) and pulse oximetry
used systematically to assess sick children at all
visits. Children were excluded if they visited the
clinic in the previous 14 days. OUTCOMES: The
outcome measures were severe illness, severe
pneumonia, pneumonia, defined by the Integrated
Management of Childhood Illness (IMCI) definitions,
and hospitalization. RESULTS: Out of 1921 illness
episodes, 1663 fulfilled the inclusion criteria. A total
of 139 severe illnesses were identified, of which 93
were severe pneumonia. The ROC curves of pulse
oximetry (continuous variable) showed an AUC of
0.63, 0.68 and 0.65 for prediction of severe illness,
severe pneumonia and hospitalization, respectively.
Pulse oximetry allowed better discrimination
between severe and non-severe illness, severe and
non-severe pneumonia, admitted and non-admitted
patients, in children ≤12-months of age relative
to older patients. For the threshold of peripheral
arterial oxygen saturation ≤94% measured by pulse
oximetry (SpO2), unadjusted odds ratios for severe
illness, severe pneumonia and hospitalization
were 6.1 (95% Confidence Interval (CI) 3.9-9.8),
8.5 (4.9-14.6) and 5.9 (3.4-10.3), respectively.
CONCLUSION: Pulse oximetry was helpful in
identifying children with severe illness in outpatient
facilities in PNG. A SpO2 of 94% seems the most
discriminative threshold. Considering its affordability
and ease of use, pulse oximetry could be a valuable
additional tool assisting the decision to admit for
treatment.
9

Bodimeade C, Marks M, Mabey D.
Neglected tropical diseases: elimination and
eradication.
Clin Med (Lond) 2019 Mar;19(2):157-160. doi:
10.7861/clinmedicine.19-2-157.
The term neglected tropical diseases (NTDs)
describes a disparate group of diseases which
affect populations living in poverty and are important
causes of morbidity and mortality worldwide. Global
programmes for the control of NTDs benefit by
large-scale donations made by pharmaceutical
companies. A number of NTDs have internationally
agreed targets for their control, elimination and
eradication. Eradication is defined as the permanent
reduction to zero of the worldwide incidence of
infection. Elimination is defined as the reduction
to zero of the incidence of infection in a specified
geographic area.
Considerable progress has
been made towards elimination and eradication of
some NTDs but unexpected new challenges have
emerged which threaten the eventual achievement
of these goals.
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Burnett A, Lee L, D'Esposito F, Wabulembo G,
Cama A, Guldan G, Nelisse M, Koim SP, Keys D,
Poffley AJ, Limburg H, Garap J.
Rapid assessment of avoidable blindness and
diabetic retinopathy in people aged 50 years
and older in the National Capital District of
Papua New Guinea.
Br J Ophthalmol 2019 Jun;103(6):743-747. doi:
10.1136/bjophthalmol-2017-311803. Epub 2018 Jul
4.
BACKGROUND/AIMS:
To
conduct
an
assessment of avoidable blindness, diabetes
mellitus and diabetic retinopathy (DR) in adults
aged 50 years and older in the National Capital
District (NCD) region of Papua New Guinea (PNG).
METHODS: A cross-sectional population-based
survey was performed for which 25 clusters of 50
people aged ≥50 years were randomly selected from
the NCD region. The standardised rapid assessment
of avoidable blindness (RAAB) with diabetic
retinopathy (+DR) methodology was used. Blindness
was defined as presenting visual acuity <3/60 in the
better eye. Participants were classified as having
diabetes if they were known to have diabetes or if
their random blood glucose level was ≥200 mg/dL.
Dilated fundus examination and Scottish DR grading
were performed. RESULTS: In total, 1192 out of
1250 eligible participants (95.4%) were examined.
Of these, 7.8% had known or newly diagnosed
diabetes. Seventy-one per cent of participants with
known diabetes had a blood glucose level ≥200 mg/
dL, and 82.9% had never had an ophthalmological
examination for DR. Prevalence of DR and/or
maculopathy was 46.4%. The age-adjusted and
sex-adjusted prevalence of diabetes was estimated
at 8.1% (95% CI 5.7% to 10.4%) in the population
aged 50 years or older in the NCD region of PNG.
CONCLUSIONS: Prevalence of diabetes in adults
aged 50 years and older was lower than reported
elsewhere in the region, and lower than in other
RAAB+DR surveys. Despite this, the prevalence of
DR is high compared with other RAAB+DR surveys
and demonstrates the need for increased awareness
and accessibility to eye services for people with
diabetes.

11

Chan JA, Boyle MJ, Moore KA, Reiling L, Lin Z,
Hasang W, Avril M, Manning L, Mueller I, Laman
M, Davis T, Smith JD, Rogerson SJ, Simpson JA,
Fowkes FJI, Beeson JG.
Antibody targets on the surface of Plasmodium
falciparum-infected erythrocytes that are associated
with immunity to severe malaria in young children.
J Infect Dis 2019 Feb 15;219(5):819-828. doi:
10.1093/infdis/jiy580.
BACKGROUND: Sequestration of Plasmodium
falciparum-infected erythrocytes (IEs) in the
microvasculature contributes to pathogenesis
of severe malaria in children. This mechanism
is mediated by antigens expressed on the IE
surface. However, knowledge of specific targets
and functions of antibodies to IE surface antigens
that protect against severe malaria is limited.
METHODS: Antibodies to IE surface antigens were
examined in a case-control study of young children
in Papua New Guinea presenting with severe or
uncomplicated malaria (n = 448), using isolates
with a virulent phenotype associated with severe
malaria, and functional opsonic phagocytosis
assays. We used genetically modified isolates and
recombinant P. falciparum erythrocyte membrane
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burden exist. INTERPRETATION: The new metric
facilitates the shift from thinking not just about
chronological age but the health status and disease
severity of ageing populations. Our findings could
provide inputs into policymaking by identifying
key drivers of variation in the ageing burden and
resources required for addressing the burden.

protein 1 (PfEMP1) domains to quantify PfEMP1
as a target of antibodies associated with disease
severity. RESULTS: Antibodies to the IE surface and
recombinant PfEMP1 domains were significantly
higher in uncomplicated vs severe malaria and were
boosted following infection. The use of genetically
modified P. falciparum revealed that PfEMP1 was a
major target of antibodies and that PfEMP1-specific
antibodies were associated with reduced odds of
severe malaria. Furthermore, antibodies promoting
the opsonic phagocytosis of IEs by monocytes were
lower in those with severe malaria. CONCLUSIONS:
Findings suggest that PfEMP1 is a dominant target
of antibodies associated with reduced risk of severe
malaria, and function in part by promoting opsonic
phagocytosis.
12

Chang AY, Skirbekk VF, Tyrovolas S, Kassebaum
NJ, Dieleman JL.
Measuring population ageing: an analysis of the
Global Burden of Disease Study 2017.
Lancet Public Health 2019 Mar;4(3):e159-e167.
doi:10.1016/S2468-2667(19)30019-2.
BACKGROUND:
Traditional
metrics
for
population health ageing tend not to differentiate
between extending life expectancy and adding
healthy years. A population ageing metric that
reflects both longevity and health status, incorporates
a comprehensive range of diseases, and allows for
comparisons across countries and time is required to
understand the progression of ageing and to inform
policies. METHODS: Using the Global Burden of
Diseases, Injuries, and Risk Factors Study 2017,
we developed a metric that reflects age-related
morbidity and mortality at the population level.
First, we identified a set of age-related diseases,
defined as diseases with incidence rates among
the adult population increasing quadratically with
age, and measured their age-related burden,
defined as the sum of disability-adjusted life-years
(DALYs) of these diseases among adults. Second,
we estimated age-standardised age-related health
burden across 195 countries between 1990 and
2017. Using global average 65-year-olds as the
reference population, we calculated the equivalent
age in terms of age-related disease burden for all
countries. Third, we analysed how the changes in
age-related burden during the study period relate
to different factors with a decomposition analysis.
Finally, we describe how countries with similar levels
of overall age-related burden experience different
onsets of ageing. We represent the uncertainty of
our estimates by calculating uncertainty intervals (UI)
from 1000 draw-level estimates for each disease,
country, year, and age. FINDINGS: 92 diseases
were identified as age related, accounting for 51·3%
(95%UI 48·5-53·9) of all global burden among adults
in 2017. Across the Socio-demographic Index (SDI),
the rate of age-related burden ranged from 137·8
DALYs (128·9-148·3) per 1000 adults in high SDI
countries to 265·9 DALYs (251·0-280·1) in low SDI
countries. The equivalent age to average 65-yearolds globally spanned from 76·1 years (75·6-76·7)
in Japan to 45·6 years (42·6-48·2) in Papua New
Guinea.
Age-standardised age-related disease
rates have decreased over time across all SDI levels
and regions between 1990 and 2017, mainly due to
decreases in age-related case fatality and disease
severity. Even among countries with similar agestandardised death rates, large differences in the
onset and patterns of accumulating age-related
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Chen N, Dowd S, Gatton ML, Auliff A, Edstein
MD, Cheng Q.
Cytochrome P450 2D6 profiles and their relationship
with outcomes of primaquine anti-relapse therapy
in Australian Defence Force personnel deployed to
Papua New Guinea and East Timor.
Malar J 2019 Apr 18;18(1):140. doi: 10.1186/s12936019-2774-2.
BACKGROUND:
Primaquine,
an
8-aminoquinoline with anti-hypnozoite activity
against Plasmodium vivax, is metabolized by
human cytochrome P450 2D6 (CYP2D6) to its
active metabolite. Human CYP2D6 activities may
influence the metabolism of primaquine and the
risk of experiencing Plasmodium relapses following
primaquine anti-relapse therapies (PART). In this
study, the CYP2D6 profile and its relationship with
outcomes of PART in Australian Defence Force
(ADF) personnel is retrospectively investigated.
METHODS: Genomic DNA was isolated from stored
and de-identified serum or blood samples from ADF
personnel deployed on peacekeeping duties to
Papua New Guinea (PNG) (1999) and East Timor
(1999-2000) who received PART before returning to
Australia and after experiencing relapses. CYP2D6
allelic type was determined by PCR and Sanger
sequencing. CYP2D6 allele frequency, predicted
phenotypes and activity scores were compared
among personnel who did not experience P. vivax
(ADF-NR, n = 48) and those who experienced at
least one (ADF-R, n = 109) relapse, as well as
between those who experienced 1 (n = 79), 2 (n = 21)
and 3-5 (n = 9) relapses within the ADF-R group.
RESULTS: 16 CYP2D6 alleles were observed in 157
ADF personnel. Alleles *1, *4, *2 and *41 were major
alleles (>5%). The CYP2D6 allele frequency profile
in the ADF-NR group matched that of a European
population. There was an increased proportion of
non-functional CYP2D6 alleles in the ADF-R group
compared to the European population and ADF-NR
group. However, frequencies of predicted CYP2D6
phenotype and activity score were not different
between the ADF-R and ADF-NR groups, nor
among sub-groups experiencing multiple relapses
within the ADF-R group. CONCLUSIONS: CYP2D6
phenotype or activity score based on the allele
classification was not a major contributor to P. vivax
relapse in this ADF cohort. Other factors such as
adherence and/or parasite tolerance to primaquine
are likely contributing factors to P. vivax relapses in
this cohort.

14

Dhewantara PW, Ipa M, Widawati M.
Individual and contextual factors predicting selfreported malaria among adults in eastern Indonesia:
findings from an Indonesian community-based
survey.
Malar J 2019 Apr 4;18(1):118. doi: 10.1186/s12936019-2758-2.
BACKGROUND: Malaria is still an important
parasitic infectious disease affecting poor and
vulnerable communities in many developing
countries, including Indonesia. During the period
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(DR-TB). DR-TB has been identified in patients in
Western Province, although there has been limited
study outside the provincial capital of Daru. This
study focuses on the Balimo region of Western
Province, aiming to identify the proportion of DRTB, and characterise Mycobacterium tuberculosis
(MTB) drug resistance-associated gene mutations.
Sputum samples were investigated for MTB
infection using published molecular methods. DNA
from MTB-positive samples was amplified and
sequenced, targeting the rpoB and katG genes to
identify mutations associated with rifampicin and
isoniazid resistance respectively. A total of 240
sputum samples were collected at Balimo District
Hospital (BDH). Of these, 86 were classified as
positive based on the results of the molecular
assays. For samples where rpoB sequencing was
successful, 10.0% (5/50, 95% CI 4.4-21.4%) were
considered rifampicin-resistant through detection
of drug resistance-associated mutations.
We
have identified high rates of presumptive DR-TB
in the Balimo region of Western Province, PNG.
These results emphasise the importance of further
surveillance, and strengthening of diagnostic and
treatment services at BDH and throughout Western
Province, to facilitate detection and treatment of DRTB, and limit transmission in this setting.

of 2010-2017, there have been approximately 2.2
million confirmed malaria cases reported across
Indonesia. This study aimed to identify individual,
household and village-level factors associated
with self-reported malaria among adults more
than 15 years of age in Maluku, West Papua and
Papua province. METHODS: This study analysed
a subset of the data from nationally representative
population-based Indonesian National Basic Health
Research (Riset Kesehatan Dasar) (N = 1,027,763 in
294,959 households in 33 provinces) in 2013. Total
of 41,079 individuals (20,326 males and 20,753
females) aged ≥15 years in 19,269 households in
Maluku, West Papua and Papua provinces were
included. Participants were interviewed if they ever
had been diagnosed and laboratory confirmed of
having malaria by a physician in the past 12 months.
Mixed effects multilevel logistic regression models
were developed to assess the associations between
socio-demographical
variables
at
individual,
household and village level and self-reported malaria.
RESULTS: Individuals aged ≥15 years in 701 villages
in Maluku (n = 11,919), West Papua (n = 8003) and
Papua (n = 21,157) were analysed. In all provinces,
gender distribution was equally represented. The
prevalence of self-reported malaria was 4.1%
(Maluku), 12.4% (West Papua) and 18.8% (Papua).
At the individual level, primary industry workers (OR
1.29, 95% CI 1.15-1.46 [Maluku]; OR 1.17, 95%
CI 1.09-1.25 [Papua]) and having higher education
were associated with self-reporting malaria (OR 0.67,
95% CI 0.53-0.83 [Maluku]; OR 1.27, 95% CI 1.151.40 [Papua]). Household level factors including
having bed net and better off wealth index were
associated with increased self-reporting malaria
among West Papua (OR 1.21, 95% CI 1.09-1.34
and OR 1.38, 95% CI 1.17-1.65, respectively) and
Papuan (OR 1.12, 95% CI 1.02-1.23 and OR 1.33,
95% CI 1.11-1.57, respectively) adults. Increased
odds of self-reporting malaria were associated with
time required to reach healthcare facility (OR 1.30,
95% CI 1.01-1.67 [Maluku]). Contextual village-level
characteristics such as living in rural (OR 1.31, 95%
CI 1.12-1.54 [Maluku]; OR 1.56, 95% CI 1.17-2.07
[West Papua]), higher community education level
(OR 1.28, 95% CI 1.02-1.63 [West Papua]; OR
1.45, 95% CI 1.23-1.72 [Papua]), higher community
bed net ownership (OR 0.59, 95% CI 0.45-0.77
[West Papua]) were associated with self-reported
malaria. CONCLUSIONS: Factors associated with
self-reported malaria varied between provinces
suggesting locally-specific determinants exist at
individual, household and community levels. This
study highlights the need for specific interventions by
taking into consideration the contextual factors within
the region and involving multi-sectoral collaboration
between health authorities and related stakeholders
(eg, Bureau of Education, Bureau of Public Works
and Infrastructure) to improve designs in planning
and intervention strategies to successfully eliminate
malaria in Maluku and Papua.
15
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Diefenbach-Elstob T, Guernier V, Burgess G,
Pelowa D, Dowi R, Gula B, Puri M, Pomat W,
McBryde E, Plummer D, Rush C, Warner J.
Molecular evidence of drug-resistant tuberculosis in
the Balimo Region of Papua New Guinea.
Trop Med Infect Dis 2019 Feb 10;4(1). pii: E33. doi:
10.3390/tropicalmed4010033.
Papua New Guinea (PNG) has a high burden
of tuberculosis (TB), including drug-resistant TB
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Duffield GE, Acri DJ, George GF, Sheppard AD,
Beebe NW, Ritchie SA, Burkot TR.
Diel flight activity of wild-caught Anopheles farauti
(s.s.) and An. hinesorum malaria mosquitoes from
northern Queensland, Australia.
Parasit Vectors 2019 Jan 22;12(1):48. doi: 10.1186/
s13071-018-3271-0.
BACKGROUND: Species in the Anopheles
farauti complex are major malaria vectors in the
Asia Pacific region. Anopheline mosquitoes exhibit
circadian and diel rhythms in sugar- and bloodfeeding (biting), flight activity, oviposition, and in some
species, a short-lived dusk/early night associated
swarming behaviour during which mating occurs. A
behavioural study of wild-caught mosquitoes from
Queensland, Australia was conducted to investigate
the differences in diel rhythmic flight activity between
two cryptic species in several reproductive states.
RESULTS: The 24-hour flight activity of individual
adult female mosquitoes under light:dark cycle
conditions was monitored with a minute-to-minute
time resolution using an infrared beam break
method. Mosquitoes were analyzed for reproductive
state (insemination and parity) and identified to
species [An. farauti (s.s.) Laveran and An. hinesorum
Schmidt] by PCR analysis. We compared daily
total flight activity, timing of activity onset, the peak
in early nocturnal activity, and patterns of activity
during the scotophase (night). Species-specific
differences between An. farauti and An. hinesorum
were observed. Compared to An. farauti, An.
hinesorum had an earlier onset of dusk activity, an
earlier peak in nocturnal activity, and a higher level of
activity at the onset of darkness. Small differences
between species were also observed in the pattern
of the dusk/early-night bouts of activity. A second
nocturnal peak in inseminated nulliparous An.
hinesorum was also observed during the middle of
the scotophase. CONCLUSIONS: The behavioural
differences between these two sympatric species of
the An. farauti complex might contribute to subtle
differences in habitat adaptation, the timing of hostseeking and/or sugar-feeding activity. This study

Papua New Guinea Medical Journal

Volume 62, No 3-4, Sep-Dec 2019

10.1016/j.jplph.2018.11.024. Epub 2018 Nov 28.
Taro (Colocasia esculenta L. Schott) is an
important staple food crop in tropical and developing
countries, having high water requirements. The
purpose of this study was to evaluate the feasibility
of using carbon and nitrogen isotopic composition
(δ13C and δ15N) as a physiological indicator of
taro response to drought, and elucidation of the
relationship between the water use efficiency
(WUE) under drought conditions and carbon isotope
discrimination (Δ13C). As an alternative to WUE
determination, obtained by measuring plant growth
and water loss during an entire vegetative cycle,
we have used Δ13C to determine the tolerance of
C3 taro plants to drought. Seven taro accessions
from Madeira, Canary Islands and the Secretariat
of the Pacific Community (Fiji) collections were
grown under greenhouse conditions and subjected
to different watering regimes during a one-year
cycle. Total plant biomass (TPB), WUE and δ15N
were determined at the whole-plant level (WP).
Corms and shoots were evaluated separately for
nitrogen content (N), δ13C, Δ13C and δ15N. WUE
showed positive correlation with TPB (r = 0.4) and
negative with Δ13C (r = −0.3); corm δ15N showed
positive correlations with WP δ15N (r = 0.6) and
corm N (r = 0.3). Accordingly, the taro plants with
enhanced WUE exhibited low Δ13C and δ15N values
as a physiological response to drought stress. The
approach used in the present study has developed
new tools that could be used in further research on
taro response to environmental stresses.

provides baseline data for analysis of populations of
mosquitoes from other geographical regions where
these species are malaria vectors, such as in the
Solomon Islands and Papua New Guinea. This is
important as selective pressures due to long-term
use of indoor residual spraying of insecticides and
insecticide-treated bed nets are shifting the nocturnal
profile of biting behaviour of these vectors to earlier
in the night.
17

Fegan D.
Splenic rupture.
Clin Med (Lond) 2019 Mar;19(2):188-189. doi:
10.7861/clinmedicine.19-2-188.

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.
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Foxlee ND, Townell N, McIver L, Lau CL.
Antibiotic resistance in Pacific island countries and
territories: a systematic scoping review.
Antibiotics (Basel) 2019 Mar 19;8(1). pii: E29. doi:
10.3390/antibiotics8010029.
Several studies have investigated antimicrobial
resistance in low- and middle-income countries, but
to date little attention has been paid to the Pacific
Island Countries and Territories (PICTs). This study
aims to review the literature on antibiotic resistance
(ABR) in healthcare settings in PICTs to inform
further research and future policy development for
the region. Following the PRISMA-ScR checklist
health databases and grey literature sources
were searched. Three reviewers independently
screened the literature for inclusion, data was
extracted using a charting tool and the results
were described and synthesised. Sixty-five studies
about ABR in PICTs were identified and these are
primarily about New Caledonia, Fiji and Papua New
Guinea. Ten PICTs contributed the remaining 21
studies and nine PICTs were not represented. The
predominant Gram-positive pathogen reported was
community-acquired methicillin resistant S. aureus
and the rates of resistance ranged widely (>50%
to <20%). Resistance reported in Gram-negative
pathogens was mainly associated with healthcareassociated infections (HCAIs). Extended spectrum
beta-lactamase (ESBL) producing K. pneumoniae
isolates were reported in New Caledonia (3.4%) and
Fiji (22%) and carbapenem resistant A. baumannii
(CR-ab) isolates in the French Territories (24.8%).
ABR is a problem in the PICTs, but the epidemiology
requires further characterisation.
Action on
strengthening surveillance in PICTs needs to be
prioritised so strategies to contain ABR can be fully
realised.
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Gouveia CSS, Ganança JFT, Slaski J, Lebot V,
Pinheiro de Carvalho MÂA.
Stable isotope natural abundances (δ13C and
δ15N) and carbon-water relations as drought stress
mechanism response of taro (Colocasia esculenta
L. Schott).
J Plant Physiol 2019 Jan;232:100-106. doi:
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Greene SA, Ahmed J, Datta SD, Burns CC,
Quddus A, Vertefeuille JF, Wassilak SGF.
Progress toward polio eradication – worldwide,
January 2017-March 2019.
MMWR Morb Mortal Wkly Rep 2019 May
24;68(20):458-462. doi:10.15585/mmwr.mm6820a3.
Since the Global Polio Eradication Initiative
(GPEI) began in 1988, transmission of wild poliovirus
(WPV) has been interrupted in all countries except
Afghanistan, Nigeria, and Pakistan. WPV type 2
(WPV2) was declared eradicated in 2015; WPV
type 3 has not been detected since 2012. After the
certification of the eradication of WPV2, a global
switch from trivalent oral poliovirus vaccine (tOPV,
containing vaccine virus types 1, 2, and 3) to bivalent
oral polio virus vaccine (bOPV, containing types 1
and 3) was completed in April 2016. Nigeria last
reported WPV type 1 (WPV1) cases in 2016. This
report describes global progress toward poliomyelitis
eradication during January 1, 2017-March 31, 2019,
and updates previous reports. Afghanistan and
Pakistan reported their lowest annual number of
WPV cases (22) in 2017; however, 33 WPV1 cases
were reported in 2018. During January-March 2019
(as of May 3), 12 WPV1 cases had been reported
worldwide, four more than the eight reported during
the corresponding period in 2018. The occurrence
of polio cases caused by circulating vaccine-derived
poliovirus (cVDPV) is rare and occurs where oral
polio virus vaccine (OPV) coverage has been low
and vaccine virus reverts to neurovirulence. Eight
countries (Democratic Republic of the Congo [DRC],
Indonesia, Mozambique, Niger, Nigeria, Papua New
Guinea, Somalia, and Syria) reported 210 cVDPV
cases during 2017-2019 (as of May 3). Reaching
children during supplemental immunization activities
(SIAs), accessing mobile populations at high risk,
and variations in surveillance performance represent
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MSM/TGW had ever tested for HIV. HIV prevalence
among MSM/TGW was 8.5% in Port Moresby and
6.9% in Lae. Among participants in Mt. Hagen it
was 1.3%. HIV was associated with not having sex
with a woman in the last six months and sexually
transmitted disease symptoms in the last 12 months
in Port Moresby and Lae. In Port Moresby, it was
also associated with an uncut foreskin, and in Lae
with earning income in the formal sector and being
unable to rely on other MSM or TGW to accompany
them to healthcare services. CONCLUSIONS: The
large proportion of MSM and TGW with concurrent
sexual partnerships, combined with the low testing
coverage, indicates strong potential for the spread of
HIV. The different correlates of HIV in Port Moresby
and Lae highlight the importance of conducting
surveys in multiple locations and using data to
develop locally appropriate interventions even within
a country.

ongoing challenges. Innovative efforts to vaccinate
every child and strengthen coordination efforts
between Afghanistan and Pakistan will help achieve
eradication. For cVDPV outbreak responses to
promptly stop transmission, intensified programmatic
improvements are needed to make the responses
more effective and limit the risk for generating future
outbreaks.
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Greenhill AR, Mutreja A, Bulach D, Belousoff
MJ, Jonduo MH, Collins DA, Kas MP, Wapling
J, Seemann T, Lafana A, Dougan G, Brown MV,
Horwood PF.
Wave 2 strains of atypical Vibrio cholerae El Tor
caused the 2009-2011 cholera outbreak in Papua
New Guinea.
Microb Genom 2019 Mar;5(3). doi: 10.1099/
mgen.0.000256. Epub 2019 Feb 27.
Vibrio cholerae is the causative agent of cholera,
a globally important human disease for at least 200
years. In 2009-2011, the first recorded cholera
outbreak in Papua New Guinea (PNG) occurred. We
conducted genetic and phenotypic characterization
of 21 isolates of V. cholerae, with whole-genome
sequencing conducted on 2 representative isolates.
The PNG outbreak was caused by an atypical El
Tor strain harbouring a tandem repeat of the CTX
prophage on chromosome II.
Whole-genome
sequence data, prophage structural analysis and
the absence of the SXT integrative conjugative
element was indicative that the PNG isolates were
most closely related to strains previously isolated in
South-East and East Asia with affiliations to global
wave 2 strains. This finding suggests that the
cholera outbreak in PNG was caused by an exotic
(non-endemic) strain of V. cholerae that originated in
South-East Asia.
Hakim AJ, Coy K, Badman SG, Willie B, Narokobi
R, Gabuzzi J, Pekon S, Kupul M, Hou P, Aeno
H, Boli RN, Nembari J, Ase S, Amos A, Dala N,
Weikum D, Callens S, Kaldor JM, Vallely AJ,
Kelly-Hanku A; Kauntim mi tu Study Team.
One size does not fit all: HIV prevalence and
correlates of risk for men who have sex with men,
and transgender women in multiple cities in Papua
New Guinea.
BMC Public Health 2019 May 22;19(1):623. doi:
10.1186/s12889-019-6942-7.
BACKGROUND: Biobehavioral data about men
who have sex with men (MSM) and transgender
women (TGW) in Papua New Guinea (PNG) are
limited to those who sell sex. Information about those
MSM and TGW who do not sell sex is necessary
to guide HIV prevention and treatment efforts.
METHODS: We conducted respondent-driven
sampling (RDS) surveys among MSM and TGW in
Port Moresby, Lae, and Mt. Hagen, PNG in 2016
and 2017. Eligibility criteria were: aged >12 years,
born male, could speak English or Tok Pisin and had
oral or anal sex with another person born male in
the past 6 months. Participants were interviewed
face-to-face and offered rapid HIV testing. Weighted
data analysis was conducted using RDS-Analyst
(v. 0.62). RESULTS: We enrolled 400 participants
in Port Moresby, 352 in Lae, and 111 in Mt Hagen.
In the last six months, 73.2% of MSM/TGW in Port
Moresby, 77.9% in Lae, and 75.9% in Mt. Hagen,
had a concurrent sexual partnership. Upwards of
70% of MSM/TGW in all three cities had sex with
a woman in the same period. Less than half of
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Hall NL, Matthews S, Hickson A, Hill PS.
Health and the sustainable development goals:
challenges for four Pacific countries.
Int J Health Plann Manage 2019 Jan;34(1):e844-e859.
doi: 10.1002/hpm.2701. Epub 2018 Nov 7.
Sustainable Development Goal 3 (SDG 3)
focuses on health and well-being. To understand
the in-country monitoring challenges for developing
countries of reporting against SDG 3, this research
sought published data for the four Pacific countries
of Fiji, Papua New Guinea (PNG), the Solomon
Islands, and Vanuatu – within a region with welldocumented and significant health challenges.
This research found that there are limited recent,
comprehensive, and comparable data with identified
sources against the SDG 3 outcome indicators at an
in-country level. Without such data, there is a risk of
relying on data that may be inaccurate because of
aggregation, estimation, and modelling. The results
from these data can influence the funding and
other resources that could be made available to the
Melanesian countries to address health inequities.
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Harrison R, Meyer L, Chauhan A, Agaliotis M.
What qualities are required for globally-relevant
health service managers? An exploratory analysis of
health systems internationally.
Global Health 2019 Feb 6;15(1):11. doi: 10.1186/
s12992-019-0452-3.
BACKGROUND: Globally, health service leaders
and managers have a critical role in strengthening
health systems.
Competency frameworks for
health service managers are usually designed to
describe expectations of good performance of a
health manager within a country-specific health
sector context. However, a growing number of
health service management roles operate beyond
a country-specific level, with managers requiring
a global perspective and the skills and knowledge
to work effectively across a range of countries
and contexts. This study provides an exploratory
analysis of the most relevant qualities perceived to
facilitate health service managers to be effective
when working in such roles.
METHODS: A
qualitative, descriptive, and exploratory multi-centre
study was undertaken. Semi-structured individual
interviews were conducted between August and
November 2017 with 15 health service managers
or leaders at a range of levels from seven countries
[Australia (5), China (2), Indonesia (3), Oman (1),
Papua New Guinea (1), United Kingdom (1) and
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vaccine for P. vivax malaria.

United States of America (2)]. RESULTS: Five
themes emerged relating to the qualities required
from health leaders in order to be effective when
working in a global context: i) Managing and
Making Change, ii) Collaborative Managers and
Compassionate Leaders, iii) Continuous Learning,
iv) Balancing Management Theory and Practice, and
v) Leadership Skills. CONCLUSION: Our findings
highlight underpinning themes relating to making
and managing change and collaboration, reflecting
the changing needs of health services to deliver
high quality care. These themes were identified in
addition to some of the common qualities required of
healthcare leaders and managers that are identified
that reflect many country-specific frameworks.
26

He WQ, Shakri AR, Bhardwaj R, França CT,
Stanisic DI, Healer J, Kiniboro B, Robinson LJ,
Guillotte-Blisnick M, Huon C, Siba P, Cowman A,
King CL, Tham WH, Chitnis CE, Mueller I.
Antibody responses to Plasmodium vivax Duffy
binding and erythrocyte binding proteins predict risk
of infection and are associated with protection from
clinical malaria.
PLoS Negl Trop Dis 2019 Feb 15;13(2):e0006987.
doi:10.1371/journal.pntd.0006987. eCollection 2019
Feb.
BACKGROUND: The Plasmodium vivax Duffy
Binding Protein (PvDBP) is a key target of naturally
acquired immunity. However, region II of PvDBP,
which contains the receptor-binding site, is highly
polymorphic. The natural acquisition of antibodies
to different variants of PvDBP region II (PvDBPII),
including the AH, O, P and Sal1 alleles, the central
region III-V (PvDBPIII-V), and P. vivax Erythrocyte
Binding Protein region II (PvEBPII) and their
associations with risk of clinical P. vivax malaria are
not well understood. METHODOLOGY: Total IgG
and IgG subclasses 1, 2, and 3 that recognize four
alleles of PvDBPII (AH, O, P, and Sal1), PvDBPIII-V
and PvEBPII were measured in samples collected
from a cohort of 1 to 3 year old Papua New Guinean
(PNG) children living in a highly endemic area of
PNG. The levels of binding inhibitory antibodies
(BIAbs) to PvDBPII (AH, O, and Sal1) were also
tested in a subset of children. The association of
presence of IgG with age, cumulative exposure
(measured as the product of age and malaria
infections during follow-up) and prospective risk of
clinical malaria were evaluated. RESULTS: The
increase in antigen-specific total IgG, IgG1, and
IgG3 with age and cumulative exposure was only
observed for PvDBPII AH and PvEBPII. High levels
of total IgG and predominant subclass IgG3 specific
for PvDBPII AH were associated with decreased
incidence of clinical P. vivax episodes (aIRR = 0.560.68, p ≤0.001-0.021). High levels of total IgG and
IgG1 to PvEBPII correlated strongly with protection
against clinical vivax malaria compared with IgGs
against all PvDBPII variants (aIRR = 0.38, p <0.001).
Antibodies to PvDBPII AH and PvEBPII showed
evidence of an additive effect, with a joint protective
association of 70%. CONCLUSION: Antibodies
to the key parasite invasion ligands PvDBPII and
PvEBPII are good correlates of protection against P.
vivax malaria in PNG. This further strengthens the
rationale for inclusion of PvDBPII in a recombinant
subunit vaccine for P. vivax malaria and highlights
the need for further functional studies to determine
the potential of PvEBPII as a component of a subunit
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Heath R, Tomaszewski P, Kuri M, Atua V, Phillips
G.
Message in a bottle: how evidence-based medicine
and a programme change model improved
asthma management in a low-income emergency
department in Papua New Guinea.
Emerg Med Australas 2019 Feb;31(1):97-104. doi:
10.1111/1742-6723.13212. Epub 2018 Dec 20.
OBJECTIVE: To improve asthma care in
a complex, low resource, developing country
setting. This observational study was carried out
in a challenging low-income real-life setting in the
ED at Modilon Hospital, Papua New Guinea. The
only government hospital in Madang Province, with
258 beds, it provides medical care to a population
of nearly 700 000 people of whom 40% live on
less than US$1.25/day. METHODS: An asthma
management analysis questionnaire followed by
action research, with a four-step programme change
model (exposure, adoption, implementation and
practice), were used to develop and implement new
department asthma guidelines. Staff perceptions
were gathered via discussion groups and a
questionnaire. RESULTS: Asthma management
initially involved frequent antibiotics, intravenous
steroids, multiple short acting bronchodilators (oral,
inhaled and nebulised) and limited oral steroids.
No spacers, preventative inhaled steroid therapy
or asthma action plans were used. On review after
new guideline implementation staff felt antibiotic
dispensing and concurrent use of multiple short
acting oral bronchodilators decreased and spacer,
preventer therapy and action plan use increased.
CONCLUSION: This project highlights the difficulties
experienced with change management, both in
general and in a limited resource setting. Lack of
data limits conclusions about asthma management
improvement.
However, positive trends were
apparent and make this approach reasonable for
those considering change management strategies in
a similar setting.
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Imhoff-Kunsch B, Shakya I, Namohunu SAD,
Pitaboe A, Wong P, Tsang BL, Codling K, Foley
J, Pachón H.
Potential dietary contributions from rice and wheat
flour fortification in the Solomon Islands: results from
the 2012-2013 Household Income and Expenditure
Survey.
Food Nutr Bull 2019 Mar;40(1):71-86. doi:
10.1177/0379572118817179. Epub 2019 Jan 3.
BACKGROUND:
Solomon
Islands
(SI)
mandated wheat flour fortification in 2010. Rice is a
key staple food in SI, and its fortification may provide
an opportunity to deliver additional micronutrients
to the population.
OBJECTIVE: To determine
whether fortified rice (proposed) and fortified wheat
flour potentially benefit women of reproductive age
(WRA). METHODS: We analyzed data from the
2012-2013 Household Income and Expenditure
Survey to quantify food purchases, which served
as a proxy for food consumption. We accounted
for varied household composition by using adult
male equivalent (AME) adjustments. RESULTS:
Among 4478 households, 95.6% purchased rice
and 86.6% purchased at least 1 food containing
fortified wheat flour in the previous 14 days. Median
apparent intake of rice among WRA was 205 g/d/
AME. If fortified according to proposed standards,
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of these received a chest X-ray. All patients had
at least one of the following: fever, night sweats,
chronic cough and haemoptysis as part of their
clinical TB presentation. Thirty-six completed the
full 8-week duration of intensive HRZE treatment as
inpatients of KKH. The audit shows the treatment of
TB consumes 15% of the current healthcare budget
of Makira-Ulawa Province. CONCLUSION: TB
remains a common clinical diagnosis in KKH. TB
consumes 15% of the current healthcare budget of
Makira-Ulawa Province. The limited capacity and
data about the management of TB in Makira province
mean that it is not currently possible to measure if
there has been any progress towards eradicating TB
in Solomon Islands. Laboratory investigations for TB
available in Makira including sputum analysis and the
GeneXpert are required to improve the accuracy of
diagnosis and identify multidrug resistant strains of
TB. This needs to be coupled with robust monitoring
and data collection of both inpatients and outpatients
to ensure the current treatment protocols for TB are
being followed in Makira-Ulawa Province. These
steps are essential if TB is to be eradicated from the
provinces of Solomon Islands by 2030.

this apparent intake could result in the consumption
of 12.3 mg iron/d, fulfilling 44% of the estimated
average requirement (EAR), and 226 µg folic acid/d,
satisfying 57% of World Health Organization's
recommended intake of 400 µg/d. Overall, apparent
rice consumption could fulfill 113%, 114%, and 131%
of the EAR for WRA for zinc, thiamin, and niacin,
respectively. Fortified wheat flour was consumed in
much lower quantities, with an estimated apparent
median intake of 22 g/d/AME among WRA and
78 g/d/AME among women in urban populations.
CONCLUSIONS: The potential benefit of fortified
wheat flour in SI is likely limited to urban populations.
Apparent consumption of fortified rice in SI could
contribute considerably to daily intake of iron, B
vitamins including folic acid, and zinc among WRA.
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Jacobs GS, Hudjashov G, Saag L, Kusuma P,
Darusallam CC, Lawson DJ, Mondal M, Pagani L,
Ricaut FX, Stoneking M, Metspalu M, Sudoyo H,
Lansing JS, Cox MP.
Multiple deeply divergent Denisovan ancestries in
Papuans.
Cell 2019 May 2;177(4):1010-1021. e32. doi:
10.1016/j.cell.2019.02.035. Epub 2019 Apr 11.
Genome sequences are known for two archaic
hominins – Neanderthals and Denisovans – which
interbred with anatomically modern humans as they
dispersed out of Africa. We identified high-confidence
archaic haplotypes in 161 new genomes spanning
14 island groups in Island Southeast Asia and New
Guinea and found large stretches of DNA that are
inconsistent with a single introgressing Denisovan
origin. Instead, modern Papuans carry hundreds of
gene variants from two deeply divergent Denisovan
lineages that separated over 350 thousand years
ago. Spatial and temporal structure among these
lineages suggest that introgression from one of
these Denisovan groups predominantly took place
east of the Wallace line and continued until near the
end of the Pleistocene. A third Denisovan lineage
occurs in modern East Asians. This regional mosaic
suggests considerable complexity in archaic contact,
with modern humans interbreeding with multiple
Denisovan groups that were geographically isolated
from each other over deep evolutionary time.
Jones P, Denniss A, Subhaharan D, Doolan B,
Karnik T, Fink J, Rara G.
TB or not TB? That is the question regarding TB
treatment in a remote provincial hospital in Solomon
Islands.
Rural Remote Health 2019 May;19(2):4918. doi:
10.22605/RRH4918. Epub 2019 May 18.
INTRODUCTION: Tuberculosis (TB) remains
a significant public health challenge in Solomon
Islands. Limited healthcare resources, geography,
and sociocultural beliefs, coupled with lack of
laboratory diagnostic tools, leads to diagnostic
and treatment outcome uncertainty. METHODS:
Kirakira Hospital (KKH) is the main provincial
hospital of Makira-Ulawa Province in Solomon
Islands. A retrospective clinical audit of hospitalised
TB patients in KKH over a 2-year period between
July 2015 and July 2017 was conducted. The cost
of TB treatment was estimated by calculating the
total number of inpatient bed days of treatment.
RESULTS: Data were available for 42 of 78 listed TB
patients including 23 males and 19 females, and 9
children aged less than 16 years. The average age
was 35 years (range 9 months-74 years). Thirty-five
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Joseph H, Sullivan S, Wood P, Melrose W, Taleo
F, Graves P.
Investigation of mixture modelling algorithms as
a tool for determining the statistical likelihood of
serological exposure to filariasis utilizing historical
data from the Lymphatic Filariasis Surveillance
Program in Vanuatu.
Trop Med Infect Dis 2019 Mar 8;4(1). pii: E45. doi:
10.3390/tropicalmed4010045.
As the prevalence of lymphatic filariasis declines,
it becomes crucial to adequately eliminate residual
areas of endemicity and implement surveillance. To
this end, serological assays have been developed,
including the Bm14 Filariasis CELISA which
recommends a specific optical density cut-off level.
We used mixture modelling to assess positive
cut-offs of Bm14 serology in children in Vanuatu
using historical OD (Optical Density) ELISA values
collected from a transmission assessment survey
(2005) and a targeted child survey (2008). Mixture
modelling is a statistical technique using probability
distributions to identify subpopulations of positive
and negative results (absolute cut-off value) and an
80% indeterminate range around the absolute cut-off
(80% cut-off). Depending on programmatic choices,
utilizing the lower 80% cut-off ensures the inclusion
of all likely positives, however with the trade-off of
lower specificity. For 2005, country-wide antibody
prevalence estimates varied from 6.4% (previous
cut-off) through 9.0% (absolute cut-off) to 17.3%
(lower 80% cut-off). This corroborated historical
evidence of hotspots in Pentecost Island in Penama
province. For 2008, there were no differences in
the prevalence rates using any of the thresholds. In
conclusion, mixture modelling is a powerful tool that
allows closer monitoring of residual transmission
spots and these findings supported additional
monitoring which was conducted in Penama in
later years. Utilizing a statistical data-based cut-off,
as opposed to a universal cut-off, may help guide
program decisions that are better suited to the
national program.
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Kelly-Hanku A, Bell S, Ase S, Boli-Neo R, Vallely
AJ, Badman SG, Nightingale CE, Wapling J.
Developing a culturally appropriate illustrated tool
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villages was assessed. Mosquitoes captured on
village and bush sides of the barrier screens were
sorted by feeding status and by hour of collection,
and their numbers were compared using negative
binomial generalized linear models. RESULTS:
Females of seven Anopheles species were present
in the sample. Species richness ranged from four
to six species per village, but relative abundance
was highly uneven within and between villages, and
community composition was similar for two pairs
of villages and highly dissimilar in a fifth. For most
Anopheles populations, more unfed than blood-fed
mosquitoes were collected from the barrier screens.
More blood-fed mosquitoes were found on the side
of the barrier screens facing the village and relatively
more unfed ones on the bush side, suggesting
commuting behaviour of unfed host-seeking females
into the villages from nearby bush and commuting
of blood-fed females away from villages towards the
bush. For most populations, the majority of hostseeking mosquitoes arrived in the village before
midnight when people were active and unprotected
from the mosquitoes by bed nets. CONCLUSION:
The uneven distribution of Anopheles species
among villages, with each site dominated by different
species, even among nearby villages, emphasizes
the importance of vector heterogeneity in local
malaria transmission and control. Yet, for most
species, nocturnal activity patterns of village entry
and host seeking predominantly occurred before
midnight indicating common behaviours across
species and populations relative to human risk of
exposure to Anopheles bites.

for the self-collection of anorectal specimens for the
testing of sexually transmitted infections: lessons
from Papua New Guinea.
BMC Public Health 2019 Feb 20;19(1):214. doi:
10.1186/s12889-019-6506-x.
BACKGROUND: Papua New Guinea (PNG) has
a high prevalence of sexually transmitted infections
(STIs). There is increasing evidence that anorectal
STIs are important in terms of the dual epidemics of
HIV and STIs in this setting. At the time of this study,
anorectal STI testing was not possible, and there
was no mechanism for self-collection of anorectal
specimens among at risk 'key populations'. This
paper documents the development of a culturally
appropriate tool that has been used to facilitate
self-collection of anorectal specimens with key
populations in PNG. METHODS: This qualitative
study involved four focus groups conducted with
a purposive sample of 35 participants, including
female sex workers, men who have sex with men
and transgender women in Port Moresby and Goroka
in 2015. During focus groups, participants reviewed
and provided critical feedback for the adaption of a
previously piloted and published pictorial anorectal
specimen collection tool for use with key populations
in PNG. RESULTS: The final instruction tools are
presented in English language and Tok Pisin. To
develop these, participants’ feedback resulted in six
key areas of the existing instruction document being
modified to ensure it was appropriate for use in PNG.
These included translating complex words for sexual
health issues (ie, 'STIs', 'anorectal STIs', 'anus', 'anal
sex'), biomedical instruments (ie, 'specimen bottle',
'specimen packet' and 'swab'), and aspects of the
clinical procedure (ie, inserting the swab 3-4 cm
into the anus to collect a specimen). The visual
identity of the graphics was redesigned to localise
the images for use in PNG. CONCLUSIONS: This
paper describes the development of a culturally and
linguistically appropriate tool for a biomedical and
clinical intervention with key populations in PNG
based around self-collection of anorectal specimens
for molecular STI testing. The final tools have been
used to facilitate the self-collection of anorectal
specimens following a clear clinical protocol during
a large bio-behavioural survey in PNG.
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Keven JB, Katusele M, Vinit R, Koimbu G, Vincent
N, Thomsen EK, Karl S, Reimer LJ, Walker ED.
Species abundance, composition, and nocturnal
activity of female Anopheles (Diptera: Culicidae) in
malaria-endemic villages of Papua New Guinea:
assessment with barrier screen sampling.
Malar J 2019 Mar 25;18(1):96. doi: 10.1186/s12936019-2742-x.
BACKGROUND: Community composition of
Anopheles mosquitoes, and their host-seeking
and peridomestic behaviour, are important factors
affecting malaria transmission. In this study, barrier
screen sampling was used to investigate species
composition, abundance, and nocturnal activity of
Anopheles populations in villages of Papua New
Guinea. METHODS: Mosquitoes were sampled
from 6 pm to 6 am in five villages from 2012 to
2016. The barrier screens were positioned between
the village houses and the perimeter of villages
where cultivated and wild vegetation ("the bush")
grew thickly. Female Anopheles that rested on
either village or bush side of the barrier screens, as
they commuted into and out of the villages, were
captured. Similarity in species composition among
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Keven JB, Walker ED, Venta PJ.
A microsatellite multiplex assay for profiling pig DNA
in mosquito bloodmeals.
J Med Entomol 2019 Jun 27;56(4):907-914. doi:
10.1093/jme/tjz013.
Genetic profiling has been used to link mosquito
bloodmeals to individual humans, but this analysis
has not been done for other mammalian bloodmeals.
In this study, we describe a microsatellite-based
method for identifying individual pigs in mosquito
bloodmeals based on their unique multilocus
genotypes. Eleven tetranucleotide microsatellites
and a sex-specific marker were selected based
on Smith-Waterman DNA sequence alignment
scores from the reference genome and primers
were designed with features that reduce primer
dimers, promote complete adenylation, and enable
fluorescent labeling of amplicons. A multiplex
polymerase chain reaction (PCR) assay was
optimized and validated by analyzing DNA of
individual pigs from several nuclear families and
breeds before it was used to analyze genomic DNA
of pig-derived mosquito bloodmeals from villages
of Papua New Guinea. Population analysis of the
nuclear families showed high expected and observed
heterozygosity. The probability of observing two
unrelated or sibling individuals sharing the same
genotype at a single microsatellite locus or a
combination of loci was vanishingly low. Samples
had unique genotypes and gender was accurately
predicted. Analysis of 129 pig bloodmeals identified
19 unique genotypes, which varied greatly in
frequency in the mosquito bloodmeal samples. The
high allelic diversity of the microsatellite loci and
low probability of false attribution of identity show
that this genotyping method reliably distinguishes
distantly and closely related pigs and can be used
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Biochim Biophys Acta Biomembr 2019 Jun
1;1861(6):1260-1274. doi:10.1016/j.bbamem.2019.
03.020. Epub 2019 Apr 2.
BACKGROUND: Antibiotic resistance is a
problem that necessitates the identification of new
antimicrobial molecules. Milk is known to have
molecules with antimicrobial properties (AMPs).
Echidna Antimicrobial Protein (EchAMP) is one
such lactation specific AMP exclusively found in
the milk of the echidna, an egg-laying mammal
geographically restricted to Australia and New
Guinea. Previous studies established that EchAMP
exhibits substantial bacteriostatic activity against
multiple bacterial genera. However, the subsequent
structural and functional studies were hindered due
to the unavailability of pure protein. RESULTS: In
this study, we expressed EchAMP protein using a
heterologous expression system and successfully
purified it to >95% homogeneity. The purified
recombinant protein exhibits bacteriolytic activity
against both Gram-positive and Gram-negative
bacteria as confirmed by live-dead staining and
scanning electron microscopy. Structurally, this
AMP belongs to the family of intrinsically disordered
proteins (IDPs) as deciphered by circular-dichroism,
tryptophan fluorescence, and NMR spectroscopy.
Nonetheless, EchAMP has the propensity to acquire
structure with amphipathic molecules, or membrane
mimics like SDS, lipopolysaccharides, and liposomes
as again observed through multiple spectroscopic
techniques. CONCLUSIONS: Recombinant EchAMP
exhibits broad-spectrum bacteriolytic activity by
compromising the bacterial cell membrane integrity.
Hence, we propose that this intrinsically disordered
antimicrobial protein interacts with the bacterial cell
membrane and undergoes conformational changes
to form channels in the membrane resulting in cell
lysis. GENERAL SIGNIFICANCE: EchAMP, the
evolutionarily conserved, lactation specific AMP
from an oviparous mammal, may find application as
a broad-spectrum antimicrobial against pathogens
that affect the mammary gland or otherwise cause
routine infections in humans and livestock.

to identify individual pigs from genotyped mosquito
bloodmeals.
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Kitur U, Adair T, Lopez AD.
Patterns of all-cause mortality in Papua New Guinea,
2011.
Asia Pac J Public Health 2019 May;31(4):315-324.
doi: 10.1177/1010539519841492. Epub 2019 Apr 9.
Existing estimates of mortality for Papua New
Guinea (PNG) have primarily been based on models
using little empirical data, and without estimation of
life expectancy at subnational level. We used data
on deaths from the 2000 and 2011 censuses and
indirect demographic methods to estimate under-5
mortality (5q0), adult mortality (45q15), and life
expectancy by province and sex. A Socioeconomic
Composite Index was constructed to assess
the plausibility of life expectancy estimates. We
generated 5q0 estimates (68 per 1000 live births
for males and 58 for females), 45q15 (269 per 1000
for males and 237 for females), and life expectancy
(62.0 years for males and 64.3 for females) in
PNG in 2011. Provinces with low life expectancy
had correspondingly low levels of development as
measured by the Composite Index, and vice versa.
These subnational estimates of mortality levels and
patterns may be useful at the provincial level to
improve population health in PNG.
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Kitur U, Adair T, Lopez AD.
Estimating adult mortality in Papua New Guinea,
2011.
Popul Health Metr 2019 Apr 18;17(1):4. doi: 10.1186/
s12963-019-0184-x.
BACKGROUND: Mortality in Papua New Guinea
(PNG) is poorly measured because routine reporting
of deaths is incomplete and inaccurate. This study
provides the first estimates in the academic literature
of adult mortality (45q15) in PNG by province and
sex. These results are compared to a Composite
Index of provincial socio-economic factors and
health access. METHODS: Adult mortality estimates
(45q15) by province and sex were derived using the
orphanhood method from data reported in the 2000
and 2011 national censuses. Male adult mortality
was adjusted based on the estimated incompleteness
of mortality reporting. The Composite Index was
developed using the mean of education, economic
and health access indicators from various data
sources. RESULTS: Adult mortality for PNG in 2011
was estimated as 269 per 1000 for males and 237
for females. It ranged from 197 in Simbu to 356
in Sandaun province among men, and from 164 in
Western Highlands to 326 in Gulf province among
women. Provinces with a low Composite Index
(Sandaun, Gulf, Enga and Southern Highlands) had
comparatively high levels of adult mortality for both
sexes, while provinces with a higher Composite Index
(National Capital District and Manus) reported lower
adult mortality. CONCLUSIONS: Adult mortality in
PNG remains high compared with other developing
countries. Provincial variations in mortality correlate
with the Composite Index. Health and development
policy in PNG needs to urgently address the main
causes of persistent high premature adult mortality,
particularly in less developed provinces.
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Kumar A, Parveen S, Sharma I, Pathak H,
Deshmukh MV, Sharp JA, Kumar S.
Structural and mechanistic insights into EchAMP: an
antimicrobial protein from echidna milk.
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Laman M, Aipit S, Bona C, Aipit J, Davis TME,
Manning L.
Contribution of malaria to inhospital mortality in
Papua New Guinean children from a malariaendemic area: a prospective observational study.
Am J Trop Med Hyg 2019 Apr;100(4):835-841. doi:
10.4269/ajtmh.18-0769.
We aimed to identify clinical and laboratory
predictors of mortality in children from a malariaendemic area of Papua New Guinea hospitalized for
severe illness. Children aged 0.5-10 years presenting
with any WHO-defined feature of severe malarial
illness were eligible for recruitment. Each child
was assessed with a detailed clinical examination,
blood film microscopy, malaria rapid diagnostic
testing (RDT), a full blood examination, and blood
glucose and lactate concentrations. Clinical care
was coordinated by local medical staff in accordance
with national guidelines. Daily study assessments
were conducted until death or discharge. Other
biochemical tests and malaria polymerase chain
reaction (PCR) tests were performed subsequently.
Logistic
regression
identified
independent
predictors of death. Of 787 evaluable children with
severe illness, 336 had confirmed severe malaria
(microscopy and PCR positive) and 58 (6.6%) died
during hospitalization. The independent predictors of

Papua New Guinea Medical Journal

Volume 62, No 3-4, Sep-Dec 2019

and pinhole visual acuity (VA) assessment and lens
examination. Those with pinhole VA <6/12 in either
eye had a dilated fundus examination to determine
the primary cause of reduced vision. Those with
obvious lens opacity were interviewed on barriers to
cataract surgery. RESULTS: A total of 4818 adults
were examined. The age-adjusted and sex-adjusted
prevalence of blindness (VA <3/60), severe vision
impairment (SVI, VA <6/60 but ≥3/60), moderate
vision impairment (MVI, VA <6/18 but ≥6/60) and
early vision impairment (EVI, VA <6/12 but ≥6/18) was
5.6% (95% CI 4.9% to 6.3%), 2.9% (95% CI 2.5%
to 3.4%), 10.9% (95% CI 9.9% to 11.9%) and 7.3%
(95% CI 6.6% to 8.0%), respectively. The main
cause of blindness, SVI and MVI was cataract, while
uncorrected refractive error was the main cause of
EVI. A significantly higher prevalence of blindness,
SVI and MVI occurred in the Highlands compared
with NCD. Across all regions, women had lower
cataract surgical coverage and spectacle coverage
than men. CONCLUSIONS: PNG has one of the
highest reported prevalences of blindness globally.
Cataract and uncorrected refractive error are the
main causes, suggesting a need for increased
accessible services with improved resources and
advocacy for enhancing eye health literacy.

mortality were hyperlactatemia (adjusted odds ratio
[95% CI]: 2.85 [1.24-6.41], p = 0.01), malnutrition
(2.92 [1.36-6.23], p = 0.005), renal impairment (3.85
[1.53-9.24], p = 0.002), plasma albumin (0.93 [0.880.98] for a 1 g/L increase, p = 0.004), and Blantyre
coma score (BCS) ≤2 (10.3 [4.77-23.0] versus a
normal BCS, p <0.0001). Confirmed severe malaria
(0.11 [0.03-0.30] versus non-malarial severe illness,
p <0.0001) was independently associated with
lower mortality. Although established risk factors
were evident, malaria was inversely associated with
mortality. This highlights the importance of accurate
diagnosis through blood film microscopy, RDTs, and,
if available, PCR to both guide management and
provide valid epidemiological data.
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Lee AH, Shannon CP, Amenyogbe N, Bennike
TB, Diray-Arce J, Idoko OT, Gill EE, Ben-Othman
R, Pomat WS, van Haren SD, Cao KL, Cox M,
Darboe A, Falsafi R, Ferrari D, Harbeson DJ, He
D, Bing C, Hinshaw SJ, Ndure J, Njie-Jobe J,
Pettengill MA, Richmond PC, Ford R, Saleu G,
Masiria G, Matlam JP, Kirarock W, Roberts E,
Malek M, Sanchez-Schmitz G, Singh A, Angelidou
A, Smolen KK; EPIC Consortium, Brinkman RR,
Ozonoff A, Hancock REW, van den Biggelaar
AHJ, Steen H, Tebbutt SJ, Kampmann B, Levy O,
Kollmann TR.
Dynamic molecular changes during the first week of
human life follow a robust developmental trajectory.
Nat Commun 2019 Mar 12;10(1):1092. doi: 10.1038/
s41467-019-08794-x.
Systems biology can unravel complex biology
but has not been extensively applied to human
newborns, a group highly vulnerable to a wide range
of diseases.
We optimized methods to extract
transcriptomic, proteomic, metabolomic, cytokine/
chemokine, and single cell immune phenotyping
data from <1 ml of blood, a volume readily obtained
from newborns. Indexing to baseline and applying
innovative integrative computational methods
reveals dramatic changes along a markably stable
developmental trajectory over the first week of
life. This is most evident in changes of interferon
and complement pathways, as well as neutrophilassociated signaling.
Validated across two
independent cohorts of newborns from West Africa
and Australasia, a robust and common trajectory
emerges, suggesting a purposeful rather than
random developmental path. Systems biology and
innovative data integration can provide fresh insights
into the molecular ontogeny of the first week of life, a
dynamic developmental phase that is key for health
and disease.
Lee L, D'Esposito F, Garap J, Wabulembo G,
Koim SP, Keys D, Cama AT, Limburg H, Burnett A.
Rapid assessment of avoidable blindness in Papua
New Guinea: a nationwide survey.
Br J Ophthalmol 2019 Mar;103(3):338-342. doi:
10.1136/bjophthalmol-2017-311802. Epub 2018
May 23.
OBJECTIVE: To estimate the prevalence and
main causes of blindness and vision impairment
in people aged 50 years and older in Papua New
Guinea (PNG). DESIGN: National cross-sectional
population-based survey in National Capital District
(NCD), Highlands, Coastal and Islands regions.
METHODS: Adults aged 50 years and above were
recruited from 100 randomly selected clusters.
Each participant underwent monocular presenting
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Lerch A, Koepfli C, Hofmann NE, Kattenberg JH,
Rosanas-Urgell A, Betuela I, Mueller I, Felger I.
Longitudinal tracking and quantification of individual
Plasmodium falciparum clones in complex infections.
Sci Rep 2019 Mar 4;9(1):3333. doi: 10.1038/s41598019-39656-7.
Longitudinal tracking of individual Plasmodium
falciparum strains in multi-clonal infections is
essential for investigating infection dynamics of
malaria. The traditional genotyping techniques
did not permit tracking changes in individual
clone density during persistent natural infections.
Amplicon deep sequencing (Amp-Seq) offers a
tool to address this knowledge gap. The sensitivity
of Amp-Seq for relative quantification of clones
was investigated using three molecular markers,
ama1-D2, ama1-D3, and cpmp. Amp-Seq and
length-polymorphism based genotyping were
compared for their performance in following minority
clones in longitudinal samples from Papua New
Guinea. Amp-Seq markers were superior to lengthpolymorphic marker msp2 in detecting minority
clones (sensitivity Amp-Seq: 95%, msp2: 85%).
Multiplicity of infection (MOI) by Amp-Seq was 2.32
versus 1.73 for msp2. The higher sensitivity had
no effect on estimates of force of infection because
missed minority clones were detected in preceding
or succeeding bleeds. Individual clone densities
were tracked longitudinally by Amp-Seq despite
MOI >1, thus providing an additional parameter for
investigating malaria infection dynamics. Amp-Seq
based genotyping of longitudinal samples improves
detection of minority clones and estimates of MOI.
Amp-Seq permits tracking of clone density over
time to study clone competition or the dynamics of
specific, ie, resistance-associated genotypes.
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Loch C, Liaw Y, Metussin AP, Lynch CD, Wilson
N, Blum IR, Brunton PA.
The teaching of posterior composites: a survey of
dental schools in Oceania.
J Dent 2019 May;84:36-43. doi: 10.1016/j.
jdent.2019.01.005. Epub 2019 Jan 25.
OBJECTIVE: To investigate current teaching
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53% (8/15) of S. aureus isolates were macrolideresistant in the combined treatment arm, but no
resistant strains (0/13) were detected at 12 months.
CONCLUSIONS: Co-administration of azithromycin
with ivermectin led to similar decreases in scabies
and impetigo prevalence compared to ivermectin
alone. The proportion of impetigo lesions containing
pyogenic streptococci declined following MDA.
There was a transient increase in the proportion
of macrolide-resistant S. aureus strains following
azithromycin MDA.

and operative techniques of posterior composite
restorations in dental schools in Oceania (Australia,
New Zealand, Fiji and Papua New Guinea).
METHODS: A 24-item validated questionnaire
including closed and open questions was mailed to
the Heads of Department of Operative/Restorative
Dentistry in 16 dental schools. Responses were
compiled in Excel and analyzed. RESULTS: The
response rate of this study was 94% (n = 15). All
respondent schools taught the use of posterior
composites for occlusal and occluso-proximal
cavities in premolars and molars.
The mean
percentage of preclinical teaching devoted to
composites was greater than for amalgam (39%
vs 29%). This proportion was anticipated to be
3:1 for posterior composite/amalgam in five years'
time. Most posterior restorations placed by students
are composites (average 64%, ranging from 10 to
100%), with amalgam representing 19.5% of the
restorations placed (ranging from 0% to 50%). Slottype cavities were the preparation techniques most
commonly taught (80%) and most schools (67%)
teach the mandatory use of rubber dam for moisture
control. The most common contraindication to
composite placement (67% of the schools) was
a history of adverse reaction to composites. The
phase down of teaching and use of amalgam in
Oceania is expected to occur within 8-10 years.
CONCLUSIONS: Despite minimally invasive
approaches becoming increasingly common
worldwide, the use of amalgam is still taught in
Oceania. Future studies should assess whether the
clinical teaching of posterior composites is in keeping
with material development and trends in mainstream
dental practice.
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Marks M, Toloka H, Baker C, Kositz C, Asugeni J,
Puiahi E, Asugeni R, Azzopardi K, Diau J, Kaldor
JM, Romani L, Redman-MacLaren M, MacLaren
D, Solomon AW, Mabey DCW, Steer AC.
Randomized trial of community treatment
with azithromycin and ivermectin mass drug
administration for control of scabies and impetigo.
Clin Infect Dis 2019 Mar 5;68(6):927-933. doi:
10.1093/cid/ciy574.
BACKGROUND: Scabies is a public health
problem in many countries, with impetigo and its
complications important consequences. Ivermectinbased mass drug administration (MDA) reduces
the prevalence of scabies and, to a lesser extent,
impetigo. We studied the impact of co-administering
azithromycin on the prevalence of impetigo
and antimicrobial resistance.
METHODS: Six
communities were randomized to receive either
ivermectin-based MDA or ivermectin-based MDA
co-administered with azithromycin. We measured
scabies and impetigo prevalence at baseline and
12 months. We collected impetigo lesion swabs at
baseline, 3 and 12 months to detect antimicrobial
resistance. RESULTS: At baseline, scabies and
impetigo prevalences were 11.8% and 10.1% in
the ivermectin-only arm and 9.2% and 12.1% in
the combined treatment arm. At 12 months, the
prevalences had fallen to 1.0% and 2.5% in the
ivermectin-only arm and 0.7% and 3.3% in the
combined treatment arm. The proportion of impetigo
lesions containing Staphylococcus aureus detected
did not change (80% at base line vs 86% at 12
months; no significant difference between arms) but
the proportion containing pyogenic streptococci fell
significantly (63% vs 23%, p <0.01). At 3 months,
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McLaughlin K, Russell TL, Apairamo A, Bugoro
H, Oscar J, Cooper RD, Beebe NW, Ritchie SA,
Burkot TR.
Smallest Anopheles farauti occur during the peak
transmission season in the Solomon Islands.
Malar J 2019 Jun 24;18(1):208. doi: 10.1186/
s12936-019-2847-2.
BACKGROUND: Malaria transmission varies
in intensity amongst Solomon Island villages where
Anopheles farauti is the only vector. This variation
in transmission intensity might be explained by
density-dependent processes during An. farauti
larval development, as density dependence can
impact adult size with associated fitness costs and
daily survivorship. METHODS: Adult anophelines
were sampled from six villages in Western and
Central Provinces, Solomon Islands between March
2014 and February 2017. The size of females
was estimated by measuring wing lengths, and
then analysed for associations with biting densities
and rainfall. RESULTS: In the Solomon Islands,
three anopheline species, An. farauti, Anopheles
hinesorum and Anopheles lungae, differed in size.
The primary malaria vector, An. farauti, varied
significantly in size among villages. Greater rainfall
was directly associated with higher densities of An.
farauti biting rates, but inversely associated with
body size with the smallest mean sized mosquitoes
present during the peak transmission period. A
measurable association between body size and
survivorship was not found.
CONCLUSIONS:
Density dependent effects are likely impacting the
size of adult An. farauti emerging from a range
of larval habitats. The data suggest that rainfall
increases An. farauti numbers and that these more
abundant mosquitoes are significantly smaller in
size, but without any reduced survivorship being
associated with smaller size. The higher malaria
transmission rate in a high malaria focus village
appears to be determined more by vector numbers
than size or survivorship of the vectors.
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Mola GDL, Unger HW.
Strategies to reduce and maintain low perinatal
mortality in resource-poor settings – findings from
a four-decade observational study of birth records
from a large public maternity hospital in Papua New
Guinea.
Aust NZ J Obstet Gynaecol 2019 Jun;59(3):394-402.
doi: 10.1111/ajo.12876. Epub 2018 Sep 13.
BACKGROUND: In many low- to middle-income
countries (LMIC) assisted vaginal birthrates have
fallen, while caesarean section (CS) rates have
increased, with potentially deleterious consequences
for maternal and perinatal mortality. AIMS: To review
birth mode and perinatal mortality in a large LMIC
hospital with strict labour management protocols
and expertise in vacuum extraction. MATERIALS
AND METHODS: We conducted a retrospective
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age range from 5 geographic locations across South
Africa (N = 126), Vanuatu (N = 190), and Australia
(N = 106), which varied in their levels of exposure
to Westernized culture. Children were shown a
horizontal, transparent tube that had a sticker in
its middle. Children were sequentially given each
incomplete tool, which when accurately constructed
could be used to push the sticker out of the tube. As
predicted, older children were better at performing
the innovation tasks than younger children across
all cultures and innovation actions. We also found
evidence for cultural variation: while all non-Western
groups performed similarly, the Western group
of children innovated at higher rates. However,
children who did not innovate often adopted
alternate methods when using the tools that also led
to success. This suggests that children’s innovation
levels are influenced by the cultural environment,
and highlights the flexibility inherent in human
children’s tool use.

observational study at Port Moresby General
Hospital in Papua New Guinea. Birth registers from
1977 to 2015 (39 years) were reviewed. Overall and
modified (fresh stillbirths and early neonatal deaths
≥500 g) perinatal mortality rates (PMRs) were
calculated by birthweight/birth mode. RESULTS:
There were 365,056 births (5215 in 1977; 14,927
in 2015), of which 14,179 (3.9%) were vacuum
extractions, 609 (0.2%) forceps births and 14,747
(4.4%) CS (increase from 2% to 5%). The failure
rate of vacuum extraction was 2.5% (range 0.55.4%). Symphysiotomy was employed for 184
births. From 1989 to 2015, the modified mean PMR
for babies ≥2500 g was 8.1/1000 births (range 5.612.1; 6.9 in 2015), 9.1/1000 for babies ≥1500 g (7.314.8; 9.1 in 2015) and 7.5/1000 (0-21.7; 9.0 in 2015)
for vacuum extractions (98% were ≥2500 g). The
overall PMR for these years was 29.7/1000 births.
CONCLUSIONS: In an LMIC with rapidly increasing
birth numbers a comparatively low PMR can be
achieved while maintaining low CS rates. This may
be in part accomplished through strict use of secondstage protocols, perinatal audit, and supportive
training that promotes judicious and proficient use of
vacuum extraction and CS.
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Morre R, Sobi K, Pameh W, Ripa P, Vince JD,
Duke T.
Safety, effectiveness and feasibility of outpatient
management of children with pneumonia with chest
indrawing at Port Moresby General Hospital, Papua
New Guinea.
J Trop Pediatr 2019 Feb 1;65(1):71-77. doi: 10.1093/
tropej/fmy013.
Implementing the World Health Organization
(WHO)
recommendations
on
home-based
management of pneumonia with chest indrawing
is challenging in many settings. In Papua New
Guinea, 120 children presenting with the WHO
definition of pneumonia were screened for danger
signs, comorbidities and hypoxaemia using pulse
oximetry; 117 were appropriate for home care. We
taught mothers about danger signs and when to
return, using structured teaching materials and a
video. The children were given a single dose of
intramuscular benzylpenicillin, then sent home on
oral amoxicillin for 5 days, with follow-up at Days 2
and 6. During the course of treatment, five (4%) of
the 117 children were admitted and 15 (13%) were
lost to follow-up. There were no deaths. Treating
children with pneumonia with chest indrawing but
no danger signs is feasible as long as safeguards
are in place – excluding high-risk patients, checking
for danger signs and hypoxemia and providing
education for mothers and follow-up.
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Neldner K, Redshaw J, Murphy S, Tomaselli K,
Davis J, Dixson B, Nielsen M.
Creation across culture: children’s tool innovation is
influenced by cultural and developmental factors.
Dev Psychol 2019 Apr;55(4):877-889. doi: 10.1037/
dev0000672. Epub 2019 Jan 14.
Prior research suggests that human children lack
an aptitude for tool innovation. However, children’s
tool making must be explored across a broader
range of tasks and across diverse cultural contexts
before we can conclude that they are genuinely
poor tool innovators. To this end, we investigated
children’s ability to independently construct 3 new
tools using distinct actions: adding, subtracting, and
reshaping. We tested 422 children across a broad
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Noguera-Julian M, González-Beiras C, Parera M,
Ubals M, Kapa A, Paredes R, Mitjà O.
Etiological characterization of the cutaneous ulcer
syndrome in Papua New Guinea using shotgun
metagenomics.
Clin Infect Dis 2019 Jan 18;68(3):482-489. doi:
10.1093/cid/ciy502.
Background: Treponema pallidum subsp.
pertenue and Haemophilus ducreyi are causative
agents of cutaneous ulcer (CU) in yaws-endemic
regions in the tropics. However, a significant
proportion of CU patients remain polymerase chain
reaction (PCR) negative for both bacterial agents.
We aimed to identify potential additional etiological
agents of CU in a yaws-endemic region. Methods:
This population-based cohort study included children
in Lihir Island (Papua New Guinea) examined
during a yaws eradication campaign in October
2013-October 2014. All consenting patients with a
traumatic exudative ulcer of >1 cm diameter were
enrolled. Lesional swabs were collected for real-time
PCR testing for T. pallidum subsp. pertenue and H.
ducreyi. We then performed shotgun whole DNA
metagenomics sequencing on extracted DNA and
taxonomically assigned shotgun sequences using a
human microbiome reference. Results: Sequence
data were available for 122 samples. Shotgun
sequencing showed high classification agreement
relative to PCR testing (area under the curve for T.
pallidum/H. ducreyi was 0.92/0.85, respectively).
Clustering analysis of shotgun data revealed
compositional clusters where the dominant species
(median relative abundance ranged from 32% to
66%) was H. ducreyi (23% of specimens), T. pallidum
subsp. pertenue (16%), Streptococcus dysgalactiae
(12%), Arcanobacterium haemolyticum (8%),
and Corynebacterium diphtheriae (8%). Sample
clustering derived from ulcer microbial composition
did not show geographical patterns. Conclusions:
These data suggest a diverse etiology of skin ulcers
in yaws-endemic areas, which may help design
more accurate diagnostic tools and more effective
antimicrobial treatment approaches to the cutaneous
ulcer syndrome.
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Nolens B, Capelle M, van Roosmalen J, Mola G,
Byamugisha J, Lule J, Faye A, van den Akker T.
Use of assisted vaginal birth to reduce unnecessary
caesarean sections and improve maternal and
perinatal outcomes.
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model. RESULTS: Ivermectin was 375-fold more
mosquitocidal than moxidectin (24 hLC50 = 17.8 ng/
ml vs 6.7 µg/ml) in MFAs, and reduced mosquito
fecundity by >50% at ≥5 ng/ml. Treatment of pigs
with subcutaneous doses of 0.6 mg/kg ivermectin
caused 100% mosquito mortality 8 days after
administration. Lethal effects persisted for up to
15 days after administration (75% death within 10
days). CONCLUSION: The application of these
empirical data to a unique malaria transmission
model that used a three-host system (humans, pigs
and dogs) predicts that the application of ivermectin
will cause a significant reduction in the entomological
inoculation rate (EIR = 100 to 0.35). However, this
is contingent on local malaria vectors sourcing a
significant proportion of their blood meals from pigs.
This provides significant insights on the benefits
of deploying endectocides alongside long-lasting
insecticide-treated nets (LLINs) to address residual
malaria transmission.

Lancet Glob Health 2019 Apr;7(4):e408-e409. doi:
10.1016/S2214-109X(19)30043-9.
Oge R.
Chinese evergreen plant (Aglaonema) poisoning in a
child presenting to an urban hospital in Papua New
Guinea.
Emerg Med Australas 2019 Jun;31(3):491-492. doi:
10.1111/1742-6723.13279. Epub 2019 Mar 18.
Olita’a D, Barnabas R, Vali Boma G, Pameh W,
Vince J, Duke T.
Simplified management protocol for term neonates
after prolonged rupture of membranes in a setting
with high rates of neonatal sepsis and mortality: a
quality improvement study.
Arch Dis Child 2019 Feb;104(2):115-120. doi:
10.1136/archdischild-2018-315826. Epub 2018 Nov
24.
In low-income and middle-income countries,
courses of antibiotics are routinely given to term
newborns whose mothers had prolonged rupture
of membranes (PROM). Rational antibiotic use is
vital given rising rates of antimicrobial resistance
and potential adverse effects of antibiotic exposure
in newborns. However, missing cases of sepsis can
be life-threatening. This is a quality improvement
evaluation of a protocol for minimal or no antibiotics
in term babies born after PROM in Papua New
Guinea. Asymptomatic, term babies born to women
with PROM >12 hours prior to birth were given a stat
dose of antibiotics, or no antibiotics if the mother
had received intrapartum antibiotics, reviewed and
discharged at 48-72 hours with follow-up. Clinical
signs of sepsis within the first week and the neonatal
period were assessed. Of 170 newborns whose
mothers had PROM, 133 were assessed at 7 days:
signs of sepsis occurred in 10 babies (7.5%; 95% CI
4.4% to 13.2%) in the first week. Five had isolated
fever, four had skin pustules and one had fever with
periumbilical erythema. An additional four (3%) had
any sign of sepsis between 8 and 28 days. There
was one case of bacteraemia and no deaths. 37
were lost to follow-up, but hospital records did not
identify any subsequent admissions for infection. A
rate of sepsis was documented that was comparable
with other studies in low-income countries. This
protocol may reduce antimicrobial resistance and
consequences of antibiotic exposure in newborns,
provided safeguards are in place to monitor for signs
of sepsis.
Pasay CJ, Yakob L, Meredith HR, Stewart R, Mills
PC, Dekkers MH, Ong O, Llewellyn S, Hugo RLE,
McCarthy JS, Devine GJ.
Treatment of pigs with endectocides as a
complementary tool for combating malaria
transmission by Anopheles farauti (s.s.) in Papua
New Guinea.
Parasit Vectors 2019 Mar 19;12(1):124. doi: 10.1186/
s13071-019-3392-0.
BACKGROUND:
Outdoor,
early-biting,
zoophagic behaviours by Anopheles farauti (s.s.)
can compromise the effectiveness of bed nets
for malaria control. In the Western Pacific region,
pigs and dogs represent significant alternative
bloodsources for mosquitoes.
Treating these
animals with endectocides may impact mosquito
survival and complement control measures. This
hypothesis was explored using membrane feeding
assays (MFAs), direct feeds on treated pigs,
pharmacokinetic analyses and a transmission
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Paterson K, Hinge N, Sparks E, Trieu K, Santos
JA, Tarivonda L, Snowdon W, Webster J,
Johnson C.
Mean dietary salt intake in Vanuatu: a population
survey of 755 participants on Efate Island.
Nutrients 2019 Apr 24;11(4). pii: E916. doi: 10.3390/
nu11040916.
Non-communicable diseases are responsible
for 63% of global deaths, with a higher burden in
low- and middle-income countries. Hypertension is
the leading cause of cardiovascular-disease-related
deaths worldwide, and approximately 1.7 million
deaths are directly attributable to excess salt intake
annually. There has been little research conducted on
the level of salt consumption amongst the population
of Vanuatu. Based on data from other Pacific island
countries and knowledge of changing regional diets,
it was predicted that salt intake would exceed the
World Health Organization’s (WHO) recommended
maximum of 5 g per day. The current study aimed
to provide Vanuatu with a preliminary baseline
assessment of population salt intake on Efate Island.
A cross-sectional survey collected demographic,
clinical, and urine data from participants aged 18 to
69 years in rural and urban communities on Efate
Island in October 2016 and February 2017. Mean
salt intake was determined to be 7.2 (SD 2.3) g/day
from spot urine samples, and 5.9 (SD 3.6) g/day from
24-h urine samples, both of which exceed the WHO
recommended maximum. Based on the spot urine
samples, males had significantly higher salt intake
than females (7.8 g compared to 6.5 g; p <0.001) and
almost 85% of the population consumed more than
the WHO recommended maximum daily amount. A
coordinated government strategy is recommended
to reduce salt consumption, including fiscal policies,
engagement with the food industry, and education
and awareness-raising to promote behavior change.
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Persson A, Kelly-Hanku A, Bell S, Mek A, Worth
H, Nake Trumb R.
“Vibrant entanglements”: HIV biomedicine and
serodiscordant couples in Papua New Guinea.
Med Anthropol 2019 Apr;38(3):267-281. doi:
10.1080/01459740.2018.1530670. Epub 2018 Nov
15.
The global ambition to end AIDS hinges on the
universal uptake of HIV treatment-as-prevention and
is undergirded by the assumption that biomedical
technologies have consistent, predictable effects
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2017. Here, we describe the first complete genome
sequences of DENV-2 strains from Vanuatu and the
Solomon Islands.

across highly diverse settings. But as anthropologists
argue, such technologies are actively transformed
by their local encounters, with various constitutive
effects. How priority populations, such as HIV
‘serodiscordant’ couples, negotiate treatment-asprevention remains relatively unknown. We consider
the ‘vibrant entanglements’ that can shape couples’
engagement with global biomedical technologies in
the local context of Papua New Guinea (PNG) – a
relatively uncharted biomedical landscape – and
what we hope our current research in this setting will
achieve.
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Pomat WS, van den Biggelaar AHJ, Wana S,
Francis JP, Solomon V, Greenhill AR, Ford R,
Orami T, Passey M, Jacoby P, Kirkham LA,
Lehmann D, Richmond PC; 10v13v PCV Trial
Team.
Safety and immunogenicity of pneumococcal
conjugate vaccines in a high-risk population: a
randomized controlled trial of 10-valent and 13-valent
pneumococcal conjugate vaccine in Papua New
Guinean infants.
Clin Infect Dis 2019 Apr 24;68(9):1472-1481. doi:
10.1093/cid/ciy743.
BACKGROUND: There are little data on the
immunogenicity of PCV10 and PCV13 in the
same high-risk population. METHODS: PCV10
and PCV13 were studied head-to-head in a
randomized controlled trial in Papua New Guinea
in which 262 infants received 3 doses of PCV10
or PCV13 at 1, 2, and 3 months of age. Serotypespecific immunoglobulin G (IgG) concentrations,
and pneumococcal and nontypeable Haemophilus
influenzae (NTHi) carriage were assessed
prevaccination and at 4 and 9 months of age. Infants
were followed up for safety until 9 months of age.
RESULTS: One month after the third dose of PCV10
or PCV13, ˃80% of infants had IgG concentrations
≥0.35 µg/mL for vaccine serotypes, and 6 months
post vaccination IgG concentrations ≥0.35 µg/mL
were maintained for 8/10 shared PCV serotypes
in >75% of children vaccinated with either PCV10
or PCV13. Children carried a total of 65 different
pneumococcal serotypes (plus nonserotypeables).
At 4 months of age, 92% (95% confidence interval
[CI] 85-96) of children vaccinated with PCV10 and
81% (95% CI 72-88) vaccinated with PCV13 were
pneumococcal carriers (p = 0.023), whereas no
differences were seen at 9 months of age, or for
NTHi carriage. Both vaccines were well tolerated
and not associated with serious adverse events.
CONCLUSIONS: Infant vaccination with 3 doses
of PCV10 or PCV13 is safe and immunogenic in
a highly endemic setting; however, to significantly
reduce pneumococcal disease in these settings,
PCVs with broader serotype coverage and potency
to reduce pneumococcal carriage are needed.
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Pyke AT, Cameron J, McMahon J, De Jong A,
Burtonclay P.
First complete genome sequences of dengue virus
serotype 2 strains from the Solomon Islands and
Vanuatu.
Microbiol Resour Announc 2019 Jan 10;8(2). pii:
e01360-18. doi:10.1128/MRA.01360-18. eCollection
2019 Jan.
Isolates of dengue virus serotype 2 (DENV2) were recovered from a female resident of the
Solomon Islands in 2016 and another female patient
who had traveled from Vanuatu to Australia in
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Quah YW, Waltmann A, Karl S, White MT, Vahi V,
Darcy A, Pitakaka F, Whittaker M, Tisch DJ, Barry
A, Barnadas C, Kazura J, Mueller I.
Molecular epidemiology of residual Plasmodium
vivax transmission in a paediatric cohort in Solomon
Islands.
Malar J 2019 Mar 28;18(1):106. doi: 10.1186/
s12936-019-2727-9.
BACKGROUND:
Following
the
scaleup of intervention efforts, malaria burden has
decreased dramatically in Solomon Islands (SI).
Submicroscopic and asymptomatic Plasmodium
vivax infections are now the major challenge for
malaria elimination in this country. Since children
have higher risk of contracting malaria, this study
investigated the dynamics of Plasmodium spp.
infections among children including the associated
risk factors of residual P. vivax burden. METHODS:
An observational cohort study was conducted
among 860 children aged 0.5-12 years in Ngella
(Central Islands Province, SI).
Children were
monitored by active and passive surveillances for
Plasmodium spp. infections and illness. Parasites
were detected by quantitative real-time PCR (qPCR)
and genotyped. Comprehensive statistical analyses
of P. vivax infection prevalence, molecular force
of blood stage infection (molFOB) and infection
density were conducted. RESULTS: Plasmodium
vivax infections were common (overall prevalence:
11.9%), whereas Plasmodium falciparum infections
were rare (0.3%) but persistent. Although children
acquire an average of 1.1 genetically distinct P. vivax
blood-stage infections per year, there was significant
geographic heterogeneity in the risks of P. vivax
infections across Ngella (prevalence: 1.2-47.4%,
p <0.01; molFOB: 0.05-4.6/year, p <0.01). Malaria
incidence was low (IR: 0.05 episodes/year-at-risk).
Age and measures of high exposure were the key risk
factors for P. vivax infections and disease. Malaria
incidence and infection density decreased with
age, indicating significant acquisition of immunity.
G6PD deficient children (10.8%) that did not receive
primaquine treatment had a significantly higher
prevalence (aOR: 1.77, p = 0.01) and increased risk
of acquiring new blood stage infections (molFOB
aIRR: 1.51, p = 0.03), underscoring the importance
of anti-relapse treatment. CONCLUSION: Residual
malaria transmission in Ngella exhibits strong
heterogeneity and is characterized by a high
proportion of submicroscopic and asymptomatic P.
vivax infections, alongside sporadic P. falciparum
infections. Implementing an appropriate primaquine
treatment policy to prevent P. vivax relapses and
specific targeting of control interventions to high risk
areas will be required to accelerate ongoing control
and elimination activities.
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Rambhatla JS, Turner L, Manning L, Laman
M, Davis TME, Beeson JG, Mueller I, Warrel J,
Theander TG, Lavstsen T, Rogerson SJ.
Acquisition of antibodies against endothelial
protein C receptor-binding domains of Plasmodium
falciparum erythrocyte membrane protein 1 in
children with severe malaria.
J Infect Dis 2019 Feb 15;219(5):808-818. doi:
10.1093/infdis/jiy564.
BACKGROUND:
Plasmodium
falciparum

Papua New Guinea Medical Journal

Volume 62, No 3-4, Sep-Dec 2019

groups but the CVD metabolic risk factors were
most prevalent among homemakers, peri-urban
and rural highlands, and the highest (4th and 5th)
wealth quintile population. Adults in the highest
wealth quintile had high risks of obesity, elevated
HbA1c and metabolic syndrome (MetS) that were
greater than those in the lowest quintile although
those in the highest wealth quintiles were less
likely to smoke tobacco. Compared to people from
the Island community, peri-urban residents had
increased risks of increased waist circumference
(WC) (RR: 1∙67, 95% CI: 1∙21-2∙31), hypertension
(RR: 2∙29, 95% CI: 1∙89-4∙56), high cholesterol
(RR: 2∙22, 95% CI: 1∙20-4∙10), high triglycerides
(RR: 1∙49, 95% CI: 1∙17-1∙91), elevated HbA1c
(RR: 5∙54, 95% CI: 1∙36-21∙56), and metabolic
syndrome (MetS) (RR: 2∙04, 95% CI: 1∙25-3∙32).
Similarly, rural Highland residents had increased risk
of obesity (Waist Circumference RR: 1∙70, 95% CI:
1∙21-3∙38, Waist-Hip-Ratio RR: 1∙48, 95% CI: 1∙281∙70), hypertension (RR: 2∙60, 95% CI: 1∙71-3∙95),
high triglycerides (RR: 1∙34, 95% CI: 1∙06-1∙70) and
MetS (RR: 1∙88, 95% CI: 1∙12-3∙16) compared to
those in the rural Island site. INTERPRETATION:
CVD risk factors are common in PNG adults but
their association with SES varies markedly and
by location. Our findings show that all community
members are at risk of CVD whether they are part of
high or low SES groups. These results support the
notion that the association between CVD risk factors
and SES differs greatly accordingly to the type of
SES measure used, risk factors and the population
studied. In addition, our findings contribute further to
the limited literature in LMICs. Longitudinal studies
are needed to monitor changes in rapidly changing
societies such as PNG to inform public health policy
for control and prevention of NCDs in the country.

erythrocyte membrane protein 1 (PfEMP1) mediates
parasite sequestration in postcapillary venules in P.
falciparum malaria. PfEMP1 types can be classified
based on their cysteine-rich interdomain region
(CIDR) domains. Antibodies to different PfEMP1
types develop gradually after repeated infections
as children age, and antibodies to specific CIDR
types may confer protection. METHODS: Levels of
immunoglobulin G to 35 recombinant CIDR domains
were measured by means of Luminex assay in
acute-stage (baseline) and convalescent-stage
plasma samples from Papua New Guinean children
with severe or uncomplicated malaria and in healthy
age-matched community controls.
RESULTS:
At baseline, antibody levels were similar across
the 3 groups. After infection, children with severe
malaria had higher antibody levels than those with
uncomplicated malaria against the endothelial protein
C receptor (EPCR) binding CIDRα1 domains, and
this difference was largely confined to older children.
Antibodies to EPCR-binding domains increased
from presentation to follow-up in severe malaria,
but not in uncomplicated malaria. CONCLUSIONS:
The acquisition of antibodies against EPCR-binding
CIDRα1 domains of PfEMP1 after a severe malaria
episode suggest that EPCR-binding PfEMP1 may
have a role in the pathogenesis of severe malaria in
Papua New Guinea.
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Rarau P, Pulford J, Gouda H, Phuanukoonnon
S, Bullen C, Scragg R, Pham BN, McPake B,
Oldenburg B.
Correction: Socio-economic status and behavioural
and cardiovascular risk factors in Papua New
Guinea: a cross-sectional survey.
PLoS One 2019 Feb 20;14(2):e0212894. doi:
10.1371/journal.pone.0212894. eCollection 2019.
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Rarau P, Pulford J, Gouda H, Phuanukoonon
S, Bullen C, Scragg R, Pham BN, McPake B,
Oldenburg B.
Socio-economic status and behavioural and
cardiovascular risk factors in Papua New Guinea: a
cross-sectional survey.
PLoS One 2019 Jan 23;14(1):e0211068. doi:
10.1371/journal.pone.0211068. eCollection 2019.
BACKGROUND: Risk factors for cardiovascular
disease (CVD) are negatively correlated with socioeconomic status (SES) in high-income countries
(HIC) but there has been little research on their
distribution by household SES within low- and
middle-income countries (LMICs). Considering the
limited data from LMICs, this paper examines the
association between behavioural and cardiovascular
risk factors and household SES in Papua New
Guinea (PNG). METHODS: Reported here are
results of 671 participants from the 900 randomly
selected adults aged 15-65 years. These adults
were recruited from three socioeconomically and
geographically diverse surveillance sites (peri-urban
community, rural Highland and an Island community)
in PNG in 2013-2014. We measured their CVD risk
factors (behavioural and metabolic) using a modified
WHO STEPS risk factor survey and analysis of
blood samples. We assessed SES by education,
occupation and creating a household wealth index
based on household assets. We calculated risk
ratios (RR) and their 95% confidence intervals (CI)
using a generalized linear model to assess the
associations between risks and SES. FINDINGS:
Elevated CVD risk factors were common in all SES
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Reiling L, Boyle MJ, White MT, Wilson DW, Feng
G, Weaver R, Opi DH, Persson KEM, Richards
JS, Siba PM, Fowkes FJI, Takashima E, Tsuboi T,
Mueller I, Beeson JG.
Targets of complement-fixing antibodies in protective
immunity against malaria in children.
Nat Commun 2019 Feb 5;10(1):610. doi: 10.1038/
s41467-019-08528-z.
Antibodies against P. falciparum merozoites
fix complement to inhibit blood-stage replication in
naturally-acquired and vaccine-induced immunity;
however, specific targets of these functional
antibodies and their importance in protective
immunity are unknown. Among malaria-exposed
individuals, we show that complement-fixing
antibodies to merozoites are more strongly
correlated with protective immunity than antibodies
that inhibit growth quantified using the current
reference assay for merozoite vaccine evaluation.
We identify merozoite targets of complement-fixing
antibodies and identify antigen-specific complementfixing antibodies that are strongly associated with
protection from malaria in a longitudinal study of
children. Using statistical modelling, combining three
different antigens targeted by complement-fixing
antibodies could increase the potential protective
effect to over 95%, and we identify antigens that were
common in the most protective combinations. Our
findings support antibody-complement interactions
against merozoite antigens as important antimalaria immune mechanisms, and identify specific
merozoite antigens for further evaluation as vaccine
candidates.
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25 000 with high efficacy and this level of efficacy
can be achieved when mass drug administration for
scabies is integrated with mass drug administration
of azithromycin for trachoma. These findings will
contribute to development of population-level control
strategies. Further research is needed to assess
durability and scalability of mass drug administration
in larger, non-island populations, and to assess
its effect on the severe bacterial complications of
scabies.

Romani L, Marks M, Sokana O, Nasi T, Kamoriki
B, Cordell B, Wand H, Whitfeld MJ, Engelman D,
Solomon AW, Kaldor JM, Steer AC.
Efficacy of mass drug administration with
ivermectin for control of scabies and impetigo,
with coadministration of azithromycin: a single-arm
community intervention trial.
Lancet Infect Dis 2019 May;19(5):510-518. doi:
10.1016/S1473-3099(18)30790-4. Epub 2019 Apr 4.
BACKGROUND: In small community-based
trials, mass drug administration of ivermectin has
been shown to substantially decrease the prevalence
of both scabies and secondary impetigo; however,
their effect at large scale is untested. Additionally,
combined mass administration of drugs for two or
more neglected diseases has potential practical
advantages, but efficacy of potential combinations
should be confirmed. METHODS: The azithromycin
ivermectin mass drug administration (AIM) trial was a
prospective, single-arm, before-and-after, community
intervention study to assess the efficacy of mass
drug administration of ivermectin for scabies and
impetigo, with coadministration of azithromycin for
trachoma. Mass drug administration was offered to
the entire population of Choiseul Province, Solomon
Islands, and of this population we randomly selected
two sets of ten sentinel villages for monitoring, one
at baseline and the other at 12 months. Participants
were offered a single dose of 20 mg/kg azithromycin,
using weight-based bands. Children weighing less
than 12·5 kg received azithromycin oral suspension
(20 mg/kg), and infants younger than 6 months
received topical 1% tetracycline ointment. For
ivermectin, participants were offered two doses of
oral ivermectin 200 μg/kg 7-14 days apart using
weight-based bands, or 5% permethrin cream 7-14
days apart if ivermectin was contraindicated. Our
study had the primary outcomes of safety and
feasibility of large-scale mass coadministration of
oral ivermectin and azithromycin, which have been
previously reported. We report here the prevalence
of scabies and impetigo in residents of the ten
baseline villages compared with those in the ten
12-month villages, as measured by examination of
the skin, which was a secondary outcome of the trial.
Further outcomes were comparison of the number
of all-cause outpatient attendances at government
clinics in Choiseul Province at various time points
before and after mass drug administration. The
trial was registered with the Australian and New
Zealand Trials Registry (ACTRN12615001199505).
FINDINGS: During September, 2015, over 4 weeks,
26,188 people (99·3% of the estimated population
of Choiseul [n = 26 372] as determined at the 2009
census) were treated. At baseline, 1399 (84·2%) of
1662 people living in the first ten villages had their
skin examined, of whom 261 (18·7%) had scabies
and 347 (24·8%) had impetigo. At 12 months after
mass drug administration, 1261 (77·6%) of 1625
people in the second set of ten villages had their skin
examined, of whom 29 (2·3%) had scabies (relative
reduction 88%, 95% CI 76·5-99·3) and 81 (6·4%)
had impetigo (relative reduction 74%, 63·4-84·7). In
the 3 months after mass drug administration, 10,614
attended outpatient clinics for any reason compared
with 16,602 in the 3 months before administration
(decrease of 36·1%, 95% CI 34·7-37·6), and during
this period attendance for skin sores, boils, and
abscesses decreased by 50·9% (95% CI 48·6-53·1).
INTERPRETATION: Ivermectin-based mass drug
administration can be scaled to a population of over
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Roscoe P, Chacon RJ, Hayward D, Chacon Y.
Social signaling and the warrior-big-man among the
Western Dani: a man called Tibenuk.
Hum Nat 2019 Jun;30(2):176-191. doi: 10.1007/
s12110-019-09345-5.
We employ the Social Signaling Model (SSM)
and life history of a Western Dani big-man, Tibenuk,
to analyze a neglected curiosity in the career of
the big-man type. The big-man is renowned as
an economic entrepreneur, the master of material
displays. In New Guinea, however, big-men had
invariably first gained fame and some influence as
eminent warriors. The SSM accounts for this twopart career path by proposing that small-scale social
organization rests on honest, competitive signaling
of individual and collective fighting strength, with
leaders being those who excel in these contests.
The performances for which big-men are already
known, conspicuous ceremonial displays, broadcast
this strength indirectly. Explicitly conceptualized
as symbolic fighting, they constituted indexical
proxies for their sponsors’ individual and collective
willingness and ability to fight. Success on the
battlefield, though, signaled fighting strength more
directly. Men therefore had to demonstrate strength
on both the battlefield and the ceremonial ground if
they were to become big-men. This was Tibenuk’s
achievement. When he was young and at his physical
peak, he demonstrated outstanding capability in war.
War is a young man’s game, however, and as his
physical capacities waned, he shifted to politics, an
older man’s game, honing his political talents and
developing extensive political networks that allowed
him to sponsor massive pig feasts, the principal form
of conspicuous ceremonial display. Tibenuk’s career
also reveals synergies between warrior and political
talents that hitherto have been overlooked in bigman analysis.
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Slater HC, Ross A, Felger I, Hofmann NE,
Robinson L, Cook J, Gonçalves BP, Björkman A,
Ouedraogo AL, Morris U, Msellem M, Koepfli C,
Mueller I, Tadesse F, Gadisa E, Das S, Domingo
G, Kapulu M, Midega J, Owusu-Agyei S, Nabet
C, Piarroux R, Doumbo O, Doumbo SN, Koram
K, Lucchi N, Udhayakumar V, Mosha J, Tiono
A, Chandramohan D, Gosling R, Mwingira F,
Sauerwein R, Paul R, Riley EM, White NJ, Nosten
F, Imwong M, Bousema T, Drakeley C, Okell LC.
The temporal dynamics and infectiousness of
subpatent Plasmodium falciparum infections in
relation to parasite density.
Nat Commun 2019 Mar 29;10(1):1433. doi: 10.1038/
s41467-019-09441-1.
Malaria infections occurring below the limit
of detection of standard diagnostics are common
in all endemic settings. However, key questions
remain surrounding their contribution to sustaining
transmission and whether they need to be detected
and targeted to achieve malaria elimination. In
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level measurement were collected from finger pricks
one day after the planned last third dose intake. Only
children allocated to the SP-AQ arm were included in
the present analysis. Indeed, the half-life of AS is too
short to assess if drugs were given or not. Because
of the short half-life of AQ, desethyl-AQ (metabolite of
AQ (DAQ)) measurements were used to investigate
AQ medication adherence. Two PK (PK) models
from previously published studies in paediatric
populations were applied to the dataset using nonlinear mixed effect modelling (NONMEM) to estimate
the number of doses really given by the parents. The
study nurse reported the administration time for the
first AQ dose while it was estimated by the parents
for the remaining two doses. Out of 206 children, 64
were in the SP-AQ arm. The adjusted dosing history
for each individual was identified as the one with the
lowest difference between observed and individual
predicted concentrations estimated by the two PK
models for all the possible adherence schemes. The
median (range) blood concentration AQ in AQ arm
was 9.3 ng/mL (0-1427.8 ng/mL), (Quartiles 1-3: 2.4
ng/mL-22.2 ng/mL). The median (range) for DAQ
was 162.0 ng/mL (0-712 ng/mL), (Quartiles 1-3:
80.4 ng/mL-267.7 ng/mL). Under the assumption of
full adherence for all participants, a marked under
prediction of concentrations was observed using
both PK models. Our results suggest that only 3950% of children received the three scheduled doses
of AQ as prescribed, 33-37% two doses and 17-24%
received only the first dose administered by the
study nurse. Both models were highly congruent
to classify adherence patterns. CONCLUSIONS:
Considering the IPTi intervention, our results seem
to indicate that medication adherence is low in the
ideal trial research setting and is likely to be even
lower if given in day-to-day practice, questioning the
real impact that this intervention might have. More
generally, the estimation of the number of doses
truly administered, a proxy measure of adherence
and an assessment of the feasibility of the mode of
administration, should be more thoroughly studied
when discussing the efficacy of the interventions
in trials investigating self-administered malaria
preventive treatments.

this study we analyse a range of malaria datasets
to quantify the density, detectability, course of
infection and infectiousness of subpatent infections.
Asymptomatically infected individuals have lower
parasite densities on average in low transmission
settings compared to individuals in higher
transmission settings. In cohort studies, subpatent
infections are found to be predictive of future
periods of patent infection and in membrane feeding
studies, individuals infected with subpatent asexual
parasite densities are found to be approximately a
third as infectious to mosquitoes as individuals with
patent (asexual parasite) infection. These results
indicate that subpatent infections contribute to the
infectious reservoir, may be long lasting, and require
more sensitive diagnostics to detect them in lower
transmission settings.
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Slater HC, Ross A, Felger I, Hofmann NE,
Robinson L, Cook J, Gonçalves BP, Björkman A,
Ouedraogo AL, Morris U, Msellem M, Koepfli C,
Mueller I, Tadesse F, Gadisa E, Das S, Domingo
G, Kapulu M, Midega J, Owusu-Agyei S, Nabet
C, Piarroux R, Doumbo O, Doumbo SN, Koram
K, Lucchi N, Udhayakumar V, Mosha J, Tiono
A, Chandramohan D, Gosling R, Mwingira F,
Sauerwein R, Paul R, Riley EM, White NJ, Nosten
F, Imwong M, Bousema T, Drakeley C, Okell LC.
Author Correction: The temporal dynamics and
infectiousness of subpatent Plasmodium falciparum
infections in relation to parasite density.
Nat Commun 2019 Jun 11;10(1):2644. doi: 10.1038/
s41467-019-10790-0.
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Sottas O, Guidi M, Thieffry B, Schneider M,
Décosterd L, Mueller I, Genton B, Csajka C, Senn
N.
Adherence to intermittent preventive treatment
for malaria in Papua New Guinean infants: a
pharmacological study alongside the randomized
controlled trial.
PLoS One 2019 Feb 6;14(2):e0210789. doi:
10.1371/journal.pone.0210789. eCollection 2019.
BACKGROUND: The intermittent preventive
treatment in infants (IPTi) trial that took place in
Papua New Guinea showed an overall reduction of
29% of the risk of malaria when delivering singledose sulfadoxine-pyrimethamine (SP) associated to
3 days of amodiaquine (AQ) every three months to
children during the first year of life. The aim of the
present study was to assess if the last two doses
of AQ were truly administered as prescribed by the
parents at home based on drug level measurement
and PK modelling, which is a good proxy of medication
adherence. It provides also important information
to discuss the efficacy of the intervention and on
feasibility of self-administered preventive malaria
treatment. METHODS AND FINDINGS: During the
three-arm randomized double-blinded IPTi trial, each
child was prescribed one dose of SP (day 0) and 3
doses of either AQ or artesunate (AS) at day 0, 1 &
2 adjusted to weight or placebo. Treatments were
given at 3, 6, 9 and 12 months of age. The first day
of treatment was delivered by nursing staff (initiation
under directly observed treatment (DOT)) and the
two last doses of AQ or AS by parents at home
without supervision. For this cross-sectional study,
206 consecutive children already involved in the IPTi
trial were enrolled over a 2-month period. At the time
of the survey, allocation of the children to one of the
three arms was not known. Blood samples for drug
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Sparks E, Paterson K, Santos JA, Trieu K, Hinge
N, Tarivonda L, Snowdon W, Johnson C, Webster
J.
Salt-related knowledge, attitudes, and behaviors on
Efate Island, Vanuatu.
Int J Environ Res Public Health 2019 Mar 21;16(6).
pii: E1027. doi:10.3390/ijerph16061027.
In Vanuatu, mean salt intake exceeds the
recommended maximum daily intake, and contributes
to the high proportion of deaths attributable to
cardiovascular diseases. Understanding salt-related
knowledge, attitudes, and behaviors of the Vanuatu
population can inform appropriate interventions.
This cross-sectional study was conducted as part of
the 2016-2017 Vanuatu Salt Survey. In total, 753
participants aged between 18 and 69 years from
rural and urban communities on the island of Efate
were included. Demographic and clinical data were
collected and a salt-related knowledge, attitudes,
and behaviors survey was administered. Knowledge
relating to the need to reduce salt consumption was
high, but reported behaviors did not reflect this
knowledge. A total of 83% of participants agreed
that too much salt could cause health problems, and
86% reported that it was “very important” to lower
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in 87% (13/15), 92% (11/12), 77% (10/13) and
64% (7/11) of responding countries, respectively.
CONCLUSIONS: Most responding countries have a
solid foundation for policy, planning, legislation and
organisation of health information systems. Further
evaluation is needed to assess the quality of data
generated from systems. Periodic evaluations may
be useful in monitoring progress in strengthening
and harmonising these systems over time.

the amount of salt in the diet. However, more than
two-thirds of the population reported always/often
adding salt to food during cooking/meal preparation
and at the table, and always/often consuming
processed foods high in salt. Strategic, targeted,
and sustained behavior change programs in parallel
with interventions to change the food environment
to facilitate healthier choices should be key
components of a salt reduction program. Actions
should be implemented as part of a comprehensive
strategy to prevent and control non-communicable
diseases in Vanuatu.
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Stürchler D.
Solomon’s riches and risks.
Travel Med Infect Dis 2019 May-Jun;29:86. doi:
10.1016/j.tmaid.2019.05.005. Epub 2019 May 15.
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Suthar AB, Khalifa A, Joos O, Manders EJ,
Abdul-Quader A, Amoyaw F, Aoua C, Aynalem
G, Barradas D, Bello G, Bonilla L, Cheyip M,
Dalhatu IT, De Klerk M, Dee J, Hedje J, Jahun
I, Jantaramanee S, Kamocha S, Lerebours L,
Lobognon LR, Lote N, Lubala L, Magazani A,
Mdodo R, Mgomella GS, Monique LA, Mudenda
M, Mushi J, Mutenda N, Nicoue A, Ngalamulume
RG, Ndjakani Y, Nguyen TA, Nzelu CE, Ofosu AA,
Pinini Z, Ramírez E, Sebastian V, Simanovong
B, Son HT, Son VH, Swaminathan M, Sivile S,
Teeraratkul A, Temu P, West C, Xaymounvong D,
Yamba A, Yoka D, Zhu H, Ransom RL, Nichols E,
Murrill CS, Rosen D, Hladik W.
National health information systems for achieving
the Sustainable Development Goals.
BMJ Open 2019 May 16;9(5):e027689. doi: 10.1136/
bmjopen-2018-027689.
OBJECTIVES: Achieving the Sustainable
Development Goals will require data-driven public
health action.
There are limited publications
on national health information systems that
continuously generate health data. Given the need
to develop these systems, we summarised their
current status in low-income and middle-income
countries.
SETTING: The survey team jointly
developed a questionnaire covering policy, planning,
legislation and organisation of case reporting, patient
monitoring and civil registration and vital statistics
(CRVS) systems. From January until May 2017, we
administered the questionnaire to key informants
in 51 Centers for Disease Control country offices.
Countries were aggregated for descriptive analyses
in Microsoft Excel. RESULTS: Key informants in 15
countries responded to the questionnaire. Several
key informants did not answer all questions, leading
to different denominators across questions. The
Ministry of Health coordinated case reporting,
patient monitoring and CRVS systems in 93%
(14/15), 93% (13/14) and 53% (8/15) of responding
countries, respectively.
Domestic financing
supported case reporting, patient monitoring and
CRVS systems in 86% (12/14), 75% (9/12) and
92% (11/12) of responding countries, respectively.
The most common uses for system-generated
data were to guide programme response in 100%
(15/15) of countries for case reporting, to calculate
service coverage in 92% (12/13) of countries for
patient monitoring and to estimate the national
burden of disease in 83% (10/12) of countries for
CRVS. Systems with an electronic component
were being used for case reporting, patient
monitoring, birth registration and death registration
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Tay AK, Rees S, Tam N, Kareth M, Silove D.
Developing a measure of adaptive stress arising
from the psychosocial disruptions experienced by
refugees based on a sample of displaced persons
from West Papua.
Int J Methods Psychiatr Res 2019 Mar;28(1):e1770.
doi: 10.1002/mpr.1770. Epub 2019 Feb 11.
OBJECTIVES: We report the testing and
refinement of the Adaptive Stress Index (ASI), a
psychosocial assessment tool designed to measure
the longer term stressors of adapting to the
psychosocial disruptions experienced by refugees.
METHODS: The ASI is based on a theoretical model,
the Adaptation and Development After Persecution
and Trauma (ADAPT), which postulates that five
psychosocial domains are disrupted by conflict
and displacement, namely, safety and security,
attachment, access to justice, roles and identities,
and existential meaning. We used confirmatory
factor analysis (CFA) and item response theory
(IRT) to shorten and refine the measure based on
data obtained from 487 refugees participating in a
household survey in Papua New Guinea (response
rate: 85.8%). RESULTS: CFA allowed the exclusion
of low loading items (<0.5) and locally dependent
items. A good fit was found for single models
representing each of the five ASI domains. A graded
response IRT model identified items with the highest
discrimination and information content in each of the
five derived scales. CONCLUSIONS: The analysis
produced a shortened and refined ASI for use
amongst refugee populations. The study offers a
guide to adapting measures of stress for application
to diverse populations exposed to mass conflict and
refugee displacement.
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Tay AK, Mohsin M, Rees S, Tam N, Kareth M,
Silove D.
The structure and psychosocial correlates of
complicated bereavement amongst refugees from
West Papua.
Soc Psychiatry Psychiatr Epidemiol 2019
Jun;54(6):771-780. doi:10.1007/s00127-019-016661. Epub 2019 Feb 18.
PURPOSE: Refugees may be at risk of
experiencing a complicated form of bereavement. As
yet, however, the nosological status of this putative
category across cultures remains in question. We
apply qualitative and quantitative methods to
investigate the manifestations, prevalence, factorial
structure and psychosocial correlates of complicated
bereavement amongst refugees from West Papua,
a population with no past exposure to western
concepts of grief or to formal mental health services.
METHODS: Qualitative methods (focus groups and
informant interviews) were used to identify cultural
expressions of complicated bereavement derived
from international classification systems, that is,
DSM 5 persistent complex bereavement disorder
(PCBD) and ICD-11 prolonged grief disorder (PGD)
in developing a structured interview applied by
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and 95.3% for Aptima HPV. Similar results were
observed for all hrHPV types (combined) and for
HPV types 18/45, on all three assays. The detection
of any hrHPV using self-collected specimens
had high sensitivity (86%-92%), specificity (87%94%) and negative predictive value (>98%) on all
assays for HSIL positivity. CONCLUSIONS: Xpert
HPV, using self-collected vaginal specimens, has
sufficient accuracy for use in point-of-care ‘test-andtreat’ cervical screening strategies in high-burden,
low-resource settings.

trained field workers. Participants were adult West
Papuan refugees and their offspring recruited from
households (n = 486, response 85.8%) across nine
villages in a remote town in Papua New Guinea.
RESULTS: The qualitative data obtained from focus
groups (n = 20) and informant interviews (n = 4) with
local psychiatrists supported the cultural validity
of complicated bereavement. 16% (n = 78) of the
sample met criteria for PCBD based on DSM-5
criteria and 103 (21%) met criteria for PGD based on
ICD-11 criteria. Confirmatory factor analysis yielded
a six-factor model of complicated bereavement with a
moderately good fit to the data. The model included
dimensions of anger/negative appraisal (AN),
avoidance/giving up, estrangement from others,
and confusion and diminished identity. In contrast,
the DSM-5 three-factor model and the ICD-11 twofactor model each yielded a poor fit. Cumulative
traumatic losses (β = 0.16, p = 0.03), duration
since displacement (β = 0.10, p = 0.02) and post
migration living difficulties (β = 0.20, p = 0.01) were
associated with an aggregated index of complicated
bereavement, supporting the concurrent validity of
the structure identified. CONCLUSIONS: Culture
and exposure to persecution and displacement may
contribute to the content and configuration of the
complicated bereavement reaction, an issue that
requires recognition in international classification
systems and clinical practice.
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Titus B.
NCF in Papua New Guinea.
J Christ Nurs 2019 Apr/Jun;36(2):72. doi: 10.1097/
CNJ.0000000000000596.
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Toliman PJ, Kaldor JM, Badman SG, Phillips S,
Tan G, Brotherton JML, Saville M, Vallely AJ,
Tabrizi SN.
Evaluation of self-collected vaginal specimens for
the detection of high-risk human papillomavirus
infection and the prediction of high-grade cervical
intraepithelial lesions in a high-burden, low-resource
setting.
Clin Microbiol Infect 2019 Apr;25(4):496-503. doi:
10.1016/j.cmi.2018.05.025. Epub 2018 Jun 12.
OBJECTIVES: To compare the performance of
self-collected vaginal (V) specimens with cliniciancollected cervical (C) specimens for detection of
high-risk human papillomavirus (hrHPV) and cervical
disease using the Cepheid Xpert HPV, Roche
Cobas 4800 HPV and Hologic Aptima HPV assays.
METHODS: Women aged 30-59 years (n = 1005)
were recruited at two clinics in Papua New Guinea,
and they provided specimens for testing at point-ofcare using the Xpert HPV Test, and for subsequent
testing using the Cobas HPV (n = 981) and Aptima
HPV (n = 983) assays. Liquid-based cytology was
performed on C specimens to predict underlying
high-grade squamous intraepithelial lesions (HSIL).
V specimen results of each assay were evaluated
against a constructed reference standard and for
detection of HSIL or worse. RESULTS: There was
substantial (κ >0.6) agreement in hrHPV detection
between V and C specimens across all three
assays. The sensitivity, specificity, and positive and
negative predictive values of Xpert HPV using selfcollected V specimens for the detection of HPV type
16 according to the constructed reference standard
were 92.1%, 93.1%, 63.6% and 98.9%, respectively;
compared with 90.4%, 94.3%, 67.8% and 98.7%
for Cobas 4800 HPV; and 63.2%, 97.2%, 75.0%
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Unger HW, Hansa AP, Buffet C, Hasang W, Teo
A, Randall L, Ome-Kaius M, Karl S, Anuan AA,
Beeson JG, Mueller I, Stock SJ, Rogerson SJ.
Sulphadoxine-pyrimethamine plus azithromycin
may improve birth outcomes through impacts
on inflammation and placental angiogenesis
independent of malarial infection.
Sci Rep 2019 Feb 19;9(1):2260. doi: 10.1038/
s41598-019-38821-2.
Intermittent
preventive
treatment
with
sulphadoxine-pyrimethamine (SP) and SP plus
azithromycin (SPAZ) reduces low birthweight
(<2,500 g) in women without malarial and
reproductive tract infections. This study investigates
the impact of SPAZ on associations between plasma
biomarkers of inflammation and angiogenesis and
adverse pregnancy outcomes in 2,012 Papua New
Guinean women. Concentrations of C-reactive
protein (CRP), α-1-acid glycoprotein (AGP), soluble
endoglin (sEng), soluble fms-like tyrosine kinase-1
(sFlt-1) and placental growth factor (PlGF) were
measured at enrolment and delivery in a trial
comparing SPAZ to SP plus chloroquine (SPCQ). At
antenatal enrolment higher CRP (adjusted odds ratio
1.52; 95% confidence interval [CI] 1.03-2.25), sEng
(4.35; 1.77-10.7) and sFlt1 (2.21; 1.09-4.48) were
associated with preterm birth, and higher sEng with
low birthweight (1.39; 1.11-3.37), in SPCQ recipients
only. Increased enrolment Flt1:PlGF ratios were
associated with LBW in all women (1.46; 1.111.90). At delivery, higher AGP levels were strongly
associated with low birthweight, preterm birth and
small-for-gestational age babies in the SPCQ
arm only. Restricting analyses to women without
malaria infection did not materially alter these
relationships. Women receiving SPAZ had lower
delivery AGP and CRP levels (p <0.001). SPAZ may
protect against adverse pregnancy outcomes by
reducing inflammation and preventing its deleterious
consequences, including dysregulation of placental
angiogenesis, in women with and without malarial
infection.
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Vallely A, Toliman P.
Health service delivery models for scaling use of
point-of-care HPV ‘test and treat’ strategies in highburden, low-income settings.
J Virus Erad 2019 Mar 4;5(Suppl 1):1-3.
Visual inspection of the cervix with acetic acid
(VIA) has shown disappointing performance when
used alone as part of screen and treat strategies for
cervical cancer prevention in Papua New Guinea.
Point-of-care testing with the Xpert® HPV assay
(Cepheid, Sunnyvale, CA, USA) offers a new
approach, enabling ‘test and treat’ services using
self-collected specimens with same-day curative
cervical ablation (cryotherapy or thermocoagulation).
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Vallely LM, Emori R, Gouda H, Phuanukoonnon

Papua New Guinea Medical Journal

Volume 62, No 3-4, Sep-Dec 2019

micro-dose of PPV at 23 months of age to study the
capacity to respond to a pneumococcal challenge.
PPV vaccination resulted in significantly increased
IgG responses (1.4 to 10.5-fold change) at 10
months of age for all PPV-serotypes tested. Both
PPV-vaccinated and PPV-naive children responded
to the 23-month challenge and post-challenge
seroprotection rates (IgG ≥0.35 μg/mL) were similar
in the two groups (80-100% for 12 of 14 tested
vaccine serotypes). These findings show that PPV
is immunogenic in 9-month-old children at high risk
of pneumococcal infections and does not affect the
capacity to produce protective immune responses.
Priming with currently available PCVs followed by
a PPV booster in later infancy could offer improved
protection to young children at high risk of severe
pneumococcal infections caused by a broad range
of serotypes.

S, Homer C, Vallely AJ.
Women’s knowledge of maternal danger signs
during pregnancy: findings from a cross-sectional
survey in Papua New Guinea.
Midwifery 2019 May;72:7-13. doi: 10.1016/j.
midw.2019.02.001. Epub 2019 Feb 4.
OBJECTIVE: To explore knowledge of
pregnancy related danger signs among women
attending antenatal clinics in Papua New Guinea.
DESIGN: Cross-sectional survey undertaken as
part of a wider integrated health and demographic
survey. SETTING: Three sites in Papua New
Guinea: Hiri District (Central Province), Karkar
(Madang Province) and Asaro (Eastern Highlands
Province). PARTICIPANTS: 482 women aged 1544 years. FINDINGS: Almost all (95.2%; 459/482)
women attended for antenatal care at least once;
68.2% attended four or more times. Among women
who attended the antenatal clinic, 53.6% (246/459)
reported receiving information about danger signs in
pregnancy from a health worker. Of these 60.2%
(148/246) could recall at least one danger sign.
In addition, 16.4% (35/213) of women who did
not receive information from the antenatal clinic
reported pregnancy related danger signs. Among
the 183 women who reported danger signs, 47.5%
(87/183) reported fever; 39.3% (72/183) reported
vaginal bleeding and 36.6% (67/183) reported
swelling of the face, legs and arms. Women who
reported receiving information at the antenatal clinic
were significantly more likely to know any danger
signs, compared with women who did not receive
information at the antenatal clinic (OR 7.68 (95%
CI: 4.93-11.96); p ≤0.001). Knowledge of danger
signs was significantly associated with secondary
school education, compared with none or only
primary education (OR 3.08 (95% CI: 2.06-4.61);
p ≤0.001). CONCLUSIONS AND IMPLICATIONS
FOR PRACTICE: Every antenatal clinic visit should
be used opportunistically to provide women with
information about key danger signs during pregnancy
and childbirth. Recognising maternal danger signs,
together with the importance of seeking early transfer
to the health facility and the importance of attending
for a health facility birth are critical to improving
outcomes for mothers and babies especially in low
income settings such as Papua New Guinea.
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van den Biggelaar AHJ, Pomat WS, Masiria G,
Wana S, Nivio B, Francis J, Ford R, Passey M,
Kirkham LA, Jacoby P, Lehmann D, Richmond P;
10v13v PCV Trial Team.
Immunogenicity and immune memory after a
pneumococcal polysaccharide vaccine booster
in a high-risk population primed with 10-valent
or 13-valent pneumococcal conjugate vaccine: a
randomized controlled trial in Papua New Guinean
children.
Vaccines (Basel) 2019 Feb 4;7(1). pii: E17. doi:
10.3390/vaccines7010017.
We
investigated
the
immunogenicity,
seroprotection rates and persistence of immune
memory in young children at high risk of
pneumococcal disease in Papua New Guinea
(PNG).
Children were primed with 10-valent
(PCV10) or 13-valent pneumococcal conjugate
vaccines (PCV13) at 1, 2 and 3 months of age and
randomized at 9 months to receive PPV (PCV10/
PPV-vaccinated, n = 51; PCV13/PPV-vaccinated,
n = 52) or no PPV (PCV10/PPV-naive, n = 57;
PCV13/PPV-naive, n = 48). All children received a
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van Horn A, Weitz CA, Olszowy KM, Dancause KN,
Sun C, Pomer A, Silverman H, Lee G, Tarivonda
L, Chan CW, Kaneko A, Lum JK, Garruto RM.
Using multiple correspondence analysis to identify
behaviour patterns associated with overweight and
obesity in Vanuatu adults.
Public Health Nutr 2019 Jun;22(9):1533-1544. doi:
10.1017/S1368980019000302. Epub 2019 Mar 8.
OBJECTIVE: The present study evaluates the
use of multiple correspondence analysis (MCA), a
type of exploratory factor analysis designed to reduce
the dimensionality of large categorical data sets, in
identifying behaviours associated with measures of
overweight/obesity in Vanuatu, a rapidly modernizing
Pacific island country.
DESIGN: Starting with
seventy-three true/false questions regarding a
variety of behaviours, MCA identified twelve most
significantly associated with modernization status
and transformed the aggregate binary responses of
participants to these twelve questions into a linear
scale. Using this scale, individuals were separated
into three modernization groups (tertiles) among
which measures of body fat were compared and OR
for overweight/obesity were computed. SETTING:
Vanuatu. Participants Ni-Vanuatu adults (n 810)
aged 20-85 years. RESULTS: Among individuals
in the tertile characterized by positive responses to
most of or all the twelve modernization questions,
weight and measures of body fat and the likelihood
that measures of body fat were above the US 75th
percentile were significantly greater compared with
individuals in the tertiles characterized by mostly or
partly negative responses. CONCLUSIONS: The
study indicates that MCA can be used to identify
individuals or groups at risk for overweight/obesity,
based on answers to simply-put questions. MCA
therefore may be useful in areas where obtaining
detailed information about modernization status is
constrained by time, money or manpower.
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Vardy T, Atkinson QD.
Property damage and exposure to other people in
distress differentially predict prosocial behavior after
a natural disaster.
Psychol Sci 2019 Apr;30(4):563-575. doi:
10.1177/0956797619826972. Epub 2019 Feb 20.
The persistent threat of natural disasters and
their attendant resource shocks has likely shaped
our prosocial drives throughout human evolution.
However, it remains unclear how specific experiences
during these events might impact cooperative
decision making. We conducted two waves of four
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specialists who trained overseas tended to migrate.
METHODS: A narrative review was undertaken
of the training programmes delivered through the
University of Papua New Guinea and Fiji National
University’s Fiji School of Medicine, and support
provided through Australian Aid and the Royal
Australasian College of Surgeons (RACS), including
scholarships and visiting medical teams. RESULTS:
The Fiji School of Medicine MMed programme, which
commenced in 1998, has 39 surgical graduates.
Sixteen of 22 Fijians, nine of ten Solomon Islanders
and four of five in Vanuatu currently reside and/or
work in-country. Surgical training in PNG began in
1975, and now has 104 general surgical graduates,
11 of whom originate from the Pacific Islands or
Timor Leste. The PNG retention rate of local
graduates is 97 per cent, with 80 per cent working
in the public sector. Twenty-two surgeons have
also undertaken subspecialty training. Timor Leste
has trained eight surgical specialists in PNG, Fiji,
Indonesia or Malaysia. All have returned to work
in-country. The RACS has managed Australian Aid
programmes, providing pro bono visiting medical
teams to support service delivery and, increasingly,
capacity building in the region. The RACS has
funded scholarships and international travel grants
to further train or sustain the surgical specialists.
CONCLUSION: The local MMed programmes have
been highly successful in retaining specialists in the
region. Partnerships with Australian Aid and RACS
have been effective in ensuring localization of the
faculty and ongoing professional development.

modified dictator-game experiments with the same
individuals in Vanuatu (N = 164), before and after
Cyclone Pam in 2015. After the cyclone, participants
were generally less likely to show prosocial motives
toward both in-group and out-group members and
more likely to show parochialism when sharing
between groups. Experiencing greater property
damage predicted a general decrease in prosocial
allocations and preference for participants’ in-group.
By contrast, exposure to other people in distress
predicted increased prosocial allocations to both
participants’ in-group and out-groups. Our results
suggest that people adjust their prosocial behavior
in response to natural disasters but that the nature
and direction of the effect depend on the type and
severity of their experiences.
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Wanefalea LE, Mitchell R, Sale T, Sanau E,
Phillips GA.
Effective triage in the Pacific region: the development
and implementation of the Solomon Islands triage
scale.
Emerg Med Australas 2019 Jun;31(3):451-458. doi:
10.1111/1742-6723.13248. Epub 2019 Mar 13.
OBJECTIVE: The ED at the National Referral
Hospital in Honiara, Solomon Islands, receives
approximately 50 000 patients per year. A 2014
review of ED functioning identified deficiencies in
triage processes. Placement of Australian volunteer
advisors provided an opportunity to develop and
implement a purpose-designed triage system.
METHODS: Action research methodology and the
‘plan, act, observe, reflect’ cycle was employed,
leading to the development of a three-tier triage
system based on the South African Triage Scale.
ED patient flow and data management processes
were simultaneously updated, and staff were
trained in the new system. After a pilot period, the
Solomon Islands Triage Scale was implemented in
August 2017. Evaluation after 3 months of operation
included predictive validity (using admission and
case fatality rates as surrogate markers of urgency)
and reliability (based on inter-rater agreement at
retrospective chart review by an independent nurse).
RESULTS: In the period 1 August to 31 October,
there were 10 905 presentations, of which 97.1%
were allocated a triage category (1% category
1, 21.3% category 2 and the remainder category
3). Admission rates correlated closely with triage
category (p <0.01). The case fatality rate was
22.1% for category 1 patients, 0.09% for category
2 and 0.01% for category 3 (p <0.01). An audit of
96 records conducted in October 2017 revealed
88.4% agreement for triage category allocation.
CONCLUSION: Solomon Islands Triage Scale is the
first three-tier triage scale to be implemented in the
Pacific region and appears to have adequate validity
and reliability. The partnership between Australian
volunteers and local clinicians is a positive example
of capacity development and represents a model
that could be implemented in other resource-limited
settings.
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Watters DA, McCaig E, Nagra S, Kevau I.
Surgical training programmes in the South Pacific,
Papua New Guinea and Timor Leste.
Br J Surg 2019 Jan;106(2):e53-e61. doi: 10.1002/
bjs.11057.
BACKGROUND: There is a surgical workforce
shortage in Papua New Guinea (PNG), the Pacific
and Timor Leste.
Previously, Pacific Island
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Weikum D, Kelly-Hanku A, Hou P, Kupul M, AmosKuma A, Badman SG, Dala N, Coy KC, Kaldor JM,
Vallely AJ, Hakim AJ.
Kauntim mi tu (“Count me too”): using multiple
methods to estimate the number of female sex
workers, men who have sex with men, and
transgender women in Papua New Guinea in 2016
and 2017.
JMIR Public Health Surveill 2019 Mar 21;5(1):e11285.
doi: 10.2196/11285.
BACKGROUND: Female sex workers (FSW),
men who have sex with men (MSM), and transgender
women (TGW) are at high risk of acquiring HIV in
many settings, such as Papua New Guinea (PNG).
An understanding of the approximate size of these
populations can inform resource allocation for HIV
services for FSW, MSM, and TGW. OBJECTIVE:
An objective of this multi-site survey was to conduct
updated population size estimations (PSE) of FSW
and MSM/TGW. METHODS: Respondent-driven
sampling (RDS) biobehavioral surveys of FSW and
MSM/TGW were conducted in 3 major cities – (1)
Port Moresby, (2) Lae, and (3) Mount Hagen –
between June 2016 and December 2017. Eligibility
criteria for FSW included: (1) ≥12 years of age, (2)
born female, (3) could speak English or Tok Pisin
(PNG Pidgin), and (4) had sold or exchanged sex
with a man in the past six months. Eligibility for
MSM/TGW included: (1) ≥12 years of age, (2) born
male, (3) could speak English or Tok Pisin, and (4)
had engaged in oral or anal sex with another person
born male in the past six months. PSE methods
included unique object multiplier, service multiplier,
and successive sampling-population size estimation
(SS-PSE) using imputed visibility. Weighted data
analyses were conducted using RDS-Analyst and
Microsoft Excel. RESULTS: Sample sizes for FSW
and MSM/TGW in Port Moresby, Lae, and Mount
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total of 12,280 participants were treated with DA,
and 14,556 were treated with IDA. On day 1 or 2
after treatment, 97.4% of participants were assessed
for AEs. The frequency of all AEs was similar after
IDA and DA treatment (12% versus 12.1%, adjusted
odds ratio for IDA versus DA 1.15, 95% CI 0.87-1.52,
p = 0.316); 10.9% of participants experienced mild
(grade 1) AEs, 1% experienced moderate (grade 2)
AEs, and 0.1% experienced severe (grade 3) AEs.
Rates of serious AEs after DA and IDA treatment
were 0.04% (95% CI 0.01%-0.1%) and 0.01% (95%
CI 0.00%-0.04%), respectively. Severity of AEs was
not significantly different after IDA or DA. Five of six
serious AEs reported occurred after DA treatment.
The most common AEs reported were headache,
dizziness, abdominal pain, fever, nausea, and
fatigue. AE frequencies varied by country and were
higher in adults and in females. AEs were more
common in study participants with microfilaremia
(33.4% versus 11.1%, p <0.001) and more common
in microfilaremic participants after IDA than after DA
(39.4% versus 25.6%, p <0.001). However, there
was no excess of severe or serious AEs after IDA
in this subgroup. The main limitation of the study
was that it was open-label. Also, aggregation of
AE data from multiple study sites tends to obscure
variability among study sites. CONCLUSIONS: In
this study, we observed that IDA was well tolerated
in LF-endemic populations. Post treatment AE rates
and severity did not differ significantly after IDA or
DA treatment. Thus, results of this study suggest
that IDA should be as safe as DA for use as an MDA
regimen for LF elimination in areas that currently
receive DA.

Hagen included: (1) 673 and 400, (2) 709 and 352,
and (3) 709 and 111 respectively. Key chains were
used for the unique object multiplier method and
were distributed 1 week before the start of each
RDS survey. HIV service testing data were only
available in Port Moresby and Mount Hagen and
SS-PSE estimates were calculated for all cities.
Due to limited service provider data and uncertain
prior size estimation knowledge, unique object
multiplier weighted estimations were chosen for
estimates. In Port Moresby, we estimate that there
are 16,053 (95% CI 8232-23,874) FSW and 7487
(95% CI 3975-11,000) MSM/TGW, approximately
9.5% and 3.8% of the female and male populations
respectively. In Lae, we estimate that there are 6105
(95% CI 4459-7752) FSW and 4669 (95% CI 30686271) MSM/TGW, approximately 14.4% and 10.1%
of the female and male populations respectively. In
Mount Hagen, we estimate that there are 2646 (95%
CI 1655-3638) FSW and 1095 (95% CI 913-1151)
MSM/TGW using service multiplier and successive
sampling, respectively. This is approximately 17.1%
and 6.3% of the female and male populations
respectively. CONCLUSIONS: As the HIV epidemic
in PNG rapidly evolves among key populations, PSE
should be repeated to produce current estimates for
timely comparison and future trend analysis.
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Weil GJ, Bogus J, Christian M, Dubray C, Djuardi
Y, Fischer PU, Goss CW, Hardy M, Jambulingam
P, King CL, Kuttiat VS, Krishnamoorthy K,
Laman M, Lemoine JF, O’Brian KK, Robinson LJ,
Samuela J, Schechtman KB, Sircar A, Srividya
A, Steer AC, Supali T, Subramanian S; DOLF IDA
Safety Study Group.
The safety of double- and triple-drug community
mass drug administration for lymphatic filariasis: a
multicenter, open-label, cluster-randomized study.
PLoS Med 2019 Jun 24;16(6):e1002839. doi:
10.1371/journal.pmed.1002839. eCollection 2019
Jun.
BACKGROUND: The Global Programme to
Eliminate Lymphatic Filariasis (GPELF) provides
antifilarial medications to hundreds of millions
of people annually to treat filarial infections and
prevent elephantiasis. Recent trials have shown
that a single-dose, triple-drug treatment (ivermectin
with
diethylcarbamazine
and
albendazole
[IDA]) is superior to a two-drug combination
(diethylcarbamazine plus albendazole [DA]) that is
widely used in LF elimination programs. This study
was performed to assess the safety of IDA and
DA in a variety of endemic settings. METHODS
AND FINDINGS: Large community studies were
conducted in five countries between October 2016
and November 2017. Two studies were performed in
areas with no prior mass drug administration (MDA)
for filariasis (Papua New Guinea and Indonesia), and
three studies were performed in areas with persistent
LF despite extensive prior MDA (India, Haiti, and Fiji).
Participants were treated with a single oral dose of
IDA (ivermectin, 200 μg/kg; diethylcarbamazine, 6
mg/kg; plus albendazole, a fixed dose of 400 mg)
or with DA alone. Treatment assignment in each
study site was randomized by locality of residence.
Treatment was offered to residents who were ≥5
years of age and not pregnant. Adverse events
(AEs) were assessed by medical teams with active
follow-up for 2 days and passive follow-up for an
additional 5 days. A total of 26,836 persons were
enrolled (13,535 females and 13,300 males). A
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Wen NJ, Clegg JM, Legare CH.
Smart conformists: children and adolescents
associate conformity with intelligence across
cultures.
Child Dev 2019 May;90(3):746-758. doi: 10.1111/
cdev.12935. Epub 2017 Aug 24.
The current study used a novel methodology
based on multivocal ethnography to assess the
relations between conformity and evaluations of
intelligence and good behavior among Western
(US) and non-Western (Ni-Vanuatu) children (6- to
11-year-olds) and adolescents (13- to 17-year-olds;
N = 256). Previous research has shown that US
adults were less likely to endorse high-conformity
children as intelligent than Ni-Vanuatu adults. The
current data demonstrate that in contrast to prior
studies documenting cultural differences between
adults’ evaluations of conformity, children and
adolescents in the United States and Vanuatu have
a conformity bias when evaluating peers’ intelligence
and behavior. Conformity bias for good behavior
increases with age. The results have implications for
understanding the interplay of conformity bias and
trait psychology across cultures and development.
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Witter S, Anderson I, Annear P, Awosusi A,
Bhandari NN, Brikci N, Binachon B, Chanturidze
T, Gilbert K, Jensen C, Lievens T, McPake B,
Raichowdhury S, Jones A.
What, why and how do health systems learn from
one another? Insights from eight low- and middleincome country case studies.
Health Res Policy Syst 2019 Jan 21;17(1):9. doi:
10.1186/s12961-018-0410-1.
BACKGROUND: All health systems struggle to
meet health needs within constrained resources.
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was 13.4%/4.7% for underweight, 15.4%/17.3% for
overweight and 5.6%/8.6% for obesity. However,
the prevalence varied largely across countries and
regions. Based on the IOTF criteria, the prevalence
of underweight ranged from 0.0% in Niue to 48.8%
in Sri Lanka and obesity ranged from 0.1% in
Vanuatu to 35.0% in Niue; a prevalence exceeding
10.0% for both underweight and excess weight
(overweight and obesity combined) was found in
29.3% of these countries. Underweight was more
prevalent in Southeast Asia and Africa, while obesity
was more frequent in Central and South America.
There were no age and sex differences in the
prevalence of weight categories for most countries.
CONCLUSIONS: Our data confirm the continued
dual burden of underweight and overweight in young
adolescents in many LMICs and the need for policy
and programmes to address both conditions.

This is especially true for low-income countries. It
is critical that they can learn from wider contexts
in order to improve their performance. This article
examines policy transfer and evidence use linked to
it in low- and middle-income settings. The objective
was to inform international investments in improved
learning across health systems. METHODS: The
article uses a comparative case study design,
drawing on case studies conducted in Bangladesh,
Burkina Faso, Cambodia, Ethiopia, Georgia, Nepal,
Rwanda and Solomon Islands. One or two recent
health system reforms were selected in each case
and 148 key informants were interviewed in total,
using a semi-structured tool focused on different
stages of the policy cycle. Interviewees were
selected for their engagement in the policy process
and represented political, technical, development
partner, non-governmental, academic and civil
society constituencies.
Data analysis used a
framework approach, allowing for new themes to be
developed inductively, focusing initially on each case
and then on patterns across cases. RESULTS: The
selected policies demonstrated a range of influences
of externally imposed, co-produced and home-grown
solutions on the development of initial policy ideas.
Eventual uptake of policy was strongly driven in most
settings by local political economic considerations.
Policy development post-adoption demonstrated
some strong internal review, monitoring and sharing
processes but there is a more contested view of
the role of evaluation. In many cases, learning
was facilitated by direct personal relationships with
local development partner staff. While barriers
and facilitators to evidence use included supply
and demand factors, the most influential facilitators
were incentives and capacity to use evidence.
CONCLUSIONS: These findings emphasise the
agency of local actors and the importance of
developing national and sub-national institutions for
gathering, filtering and sharing evidence. Developing
demand for and capacity to use evidence appears
more important than augmenting supply of evidence,
although specific gaps in supply were identified.
The findings also highlight the importance of the
local political economy in setting parameters within
which evidence is considered and the need for a
conceptual framework for health system learning.
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Yang L, Bovet P, Ma C, Zhao M, Liang Y, Xi B.
Prevalence of underweight and overweight among
young adolescents aged 12-15 years in 58 lowincome and middle-income countries.
Pediatr Obes 2019 Mar;14(3):e12468. doi: 10.1111/
ijpo.12468. Epub 2018 Aug 28.
BACKGROUND:
The
co-existence
of
underweight and overweight is a great challenge
for public health in low-income and middle-income
countries (LMICs). OBJECTIVES: The objective of
the study is to report the prevalence of underweight,
overweight and obesity among young adolescents in
58 LMICs. METHODS: Data were from the Global
School-based Student Health Survey (2007-2013) in
57 LMICs and from the Chinese National Surveys on
Students’ Constitution and Health (2010). A total of
177,325 young adolescents aged 12-15 years from
58 LMICs were included. Weight status was defined
based on both the updated International Obesity
Task Force (IOTF) and World Health Organization
(WHO) criteria. RESULTS: Based on the IOTF/
WHO criteria, the overall prevalence of weight
categories among young adolescents in LMICs
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Yoshii A, Sekihara M, Furusawa T, Hombhanje F,
Tsukahara T.
Factors associated with children’s health facility
visits for primaquine treatment in rural Papua New
Guinea.
Malar J 2019 Feb 20;18(1):42. doi: 10.1186/s12936019-2675-4.
BACKGROUND: To control and eventually
eliminate vivax malaria, radical treatment with
primaquine (PQ) is essential after completion of
blood-stage treatment. Although in many malariaendemic countries, village health volunteers (VHVs)
are engaged in diagnostic treatment of malaria in
remote communities, they principally provide bloodstage treatment. In such a situation, access to PQ
following blood-stage treatment can be a barrier to
complete treatment. However, studies on access to
PQ treatment have been scarce and limited in health
facility-based settings. This study aimed to identify
factors associated with access to PQ treatment in
rural Papua New Guinea (PNG) from the community
case management perspective.
METHODS: A
community-based, cross-sectional survey was
conducted to collect sociodemographic information
on children under 15 years of age, their households,
and their caretakers in East Sepik Province, PNG.
Data collection lasted from February to March,
2015. Information on the diagnoses of potential
non-falciparum malaria and prescription of PQ in the
preceding year (January to December 2014) were
obtained from child health-record books. Then,
a multilevel logistic regression model was used to
determine the factors associated with formal health
facility visits for PQ treatment among children with
potential non-falciparum malaria. RESULTS: Of
420 episodes diagnosed as potential non-falciparum
malaria, 46 (11%) were immediately given PQ. The
rest were instructed to visit formal health facilities
(HFs) for PQ, and the patients obtaining PQ during
the second visit to HFs was 44%. Consequently,
the overall proportion of PQ prescription was 50%.
Logistic regression analysis suggested that among
the patients who were instructed to visit HFs for
PQ treatment, the initial visit to VHV and higher
transportation costs to HF were inversely associated
with PQ prescription during the second visit to an
HF. CONCLUSIONS: Few children received PQ
treatment during the second visit to HFs following
diagnosis of potential non-falciparum malaria.
These findings suggest a need to establish a policy
to reduce structural and economic barriers and
improve rural inhabitant access to PQ treatment.
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Yuen LKW, Littlejohn M, Duchêne S, Edwards R,
Bukulatjpi S, Binks P, Jackson K, Davies J, Davis
JS, Tong SYC, Locarnini S.
Tracing ancient human migrations into Sahul using
hepatitis B virus genomes.
Mol Biol Evol 2019 May 1;36(5):942-954. doi:
10.1093/molbev/msz021.
The entry point and timing of ancient human
migration into continental Sahul (the combined
landmass of Australia, New Guinea, and Tasmania)
are subject to debate. Unique strains of hepatitis
B virus (HBV) are endemic among modern-day
Australian Aboriginals (HBV/C4) and Indigenous
Melanesians (HBV/C3). We postulated that HBV
genomes could be used to infer human population
movements because the main HBV transmission
route in endemic populations is via mother-to-child
for genotypes B and C infections. Phylogenetic

and phylogeographic analyses of HBV genomes
inferred the origin of HBV/C4 to be >59 thousand
years ago (ka) (95% HPD: 34-85 ka), and most likely
to have occurred on the Sunda Shelf (southeast
extension of the continental shelf of Southeast
Asia). Our analysis further suggested an age of >51
ka (95% Highest Posterior Density (HPD): 36-67
ka) for the most recent common ancestor of HBV/
C4 in Australia, correlating with the arrival time of
anatomically modern humans into Australia, with
the entry point suggested along a southern route via
Timor. While we also inferred the origin of HBC/C3
to be on the Sunda Shelf, our analyses suggested
that it was carried into Melanesia by Indigenous
Melanesians who migrated through New Guinea
north of the highlands. These findings reveal that
HBV genomes can be used to infer ancient human
population movements.
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