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Background: In Papua New Guinea (PNG), a malaria treatment policy using rapid 
diagnostic tests (RDTs) plus artemisinin-based combination therapy (ACT) was widely 
introduced to rural communities in 2012. The objectives of the study were to evaluate the 
effect of this RDT/ACT introduction to a rural PNG population on health service utilization 
and to compare factors associated with health service utilization before and after the 
RDT/ACT introduction.

Methods: Household surveys with structured questionnaires were conducted before 
and after the introduction of RDT/ACT in a catchment area of a health center in East 
Sepik Province, PNG. We interviewed caregivers with children less than 15 years of 
age and collected data on fever episodes in the preceding 2 weeks. Using propensity 
score matching, febrile children before the introduction of RDT/ACT were matched to 
febrile children after the introduction. Then, the adjusted difference in the proportion 
of health service utilization [i.e., the average treatment effect (ATE) of the introduction 
of RDT/ACT on health service utilization] was estimated. We also employed a mul-
tilevel Poisson regression model to investigate factors influencing the use of health 
services.

results: Of 4,690 children, 911 (19%) were reported to have a fever episode. The 
unadjusted proportion of health service utilization was 51.7 and 57.2% before and after 
the RDT/ACT introduction, respectively. After matching, no significant difference in the 
health service utilization was observed before and after the introduction of RDT/ACT 
(ATE: 0.063, 95% confidence interval −0.024 to 0.150). Multilevel regression analysis 
showed that the consistent factors associated with a higher utilization of health services 
were severe illness and being female.
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conclusion: The utilization of health services was not significantly different before and 
after the introduction of RDT/ACT. Villagers may have neither sufficient informations on 
the new protocol nor high acceptance of RDT/ACT. The observed gender bias in health 
service utilization could be due to female caregivers’ preferences toward girls.

Keywords: antimalarials, delivery of health care, health service needs and demand, treatment-seeking behavior, 
sex factors

inTrODUcTiOn

Despite the recent progress of investments in global malaria 
control, an estimated 212 million malaria cases and 429,000 
malaria deaths still occurred in 2015 worldwide (1). Accurate 
diagnosis and prompt treatment with appropriate antimalarial 
drugs are critical for reducing the malaria burden. Because of the 
widespread resistance of Plasmodium falciparum malaria parasite 
species to chloroquine and sulphadoxine/pyrimethamine (SP), 
the World Health Organization (WHO) has recommended 
quality-assured artemisinin-based combination therapy (ACT) 
for uncomplicated falciparum malaria since 2005 (2).

Parasite-based diagnosis is desirable before use of ACT 
because over-prescription of ACT, which is much more expensive 
than using conventional drugs, is a great threat to cost-effective 
intervention. Moreover, parasitological diagnosis can reduce the 
risk of adverse drug reactions as well as unnecessary drug pres-
sure to malaria parasites. In most remote rural health facilities 
in malaria-endemic regions, however, microscopic diagnosis is 
limited, and malaria diagnosis has traditionally relied much on 
the history of fever and symptom-based diagnosis. Rapid diagno-
sis test (RDT) for malaria, therefore, enables accurate diagnosis in 
rural settings because it is easy to use, not time-consuming, and 
does not require electricity unlike microscopic examination (3). 
Consequently, in 2010, WHO changed the policy from clinical 
diagnosis to parasitological diagnosis, with either microscopy 
or RDT for all suspected malaria cases prior to treatment (4). 
Parasitological confirmation of malaria before treatment has 
been mandatory since 2015 in the latest guidelines for treatment 
of malaria (5).

Many studies have evaluated the impact of the introduction 
of RDT/ACT from health provider perspectives: reduction in 
antimalarial prescriptions (6–10); reduced hospital stays and 
prescription of antibiotics (11) and improved availability of anti-
malarial drugs (12). On the other hand, comparative studies of 
patient treatment-seeking behavior before and after the introduc-
tion of RDT/ACT have been quite few, although investigations 
of changes in health demand will be essential in evaluating the 
effectiveness of the newly introduced policy. A community-based 
study in Tanzania reported no significant change in health facility 
attendance for child fever before and after the introduction of 
RDT/ACT (13). In that study, however, health facility utilization 

Abbreviations: ACT, artemisinin-based combination therapy; ATE, average treat-
ment effect; ATET, average treatment effect on the treated; CI, confidence interval; 
GPS, global positioning system; PNG, Papua New Guinea; PR, prevalence ratio; 
RDT, rapid diagnostic test; SP, sulphadoxine/pyrimethamine; VHV, village health 
volunteer; WHO, World Health Organization.

for febrile children was exceptionally high (>75%) in the baseline 
survey partly because of a long-term social campaign at the site. 
Consequently, little information is available about the impact of 
introducing RDT/ACT on health service utilization in routine 
health service settings in malaria-endemic areas.

Papua New Guinea (PNG) remains a high-risk country for 
malaria in the Asia Pacific region. The number of malaria cases 
per 1,000 population was estimated to be 118 in 2015 (1). In 
2011, the PNG government introduced a new protocol recom-
mending ACT as the first-line malaria treatment together with 
parasite-based diagnosis with either RDT or microscopy as a 
result of widespread chloroquine resistance (14). By the end of 
the year 2012, malaria diagnosis using RDT and ACT treatment 
became available at the community level, including all remote/
rural health facilities.

In the present study, we assessed the impact of the introduc-
tion of RDT/ACT on health demand in a rural PNG population. 
If patients rationally decide to maximize their utility and recog-
nize the benefit of accurate RDT diagnosis and efficacious ACT, 
health demand for RDT/ACT will increase after the introduction 
of RDT/ACT. To prove this, we aimed to evaluate the effect of the 
introduction on health facility utilization to adjust for covariates 
using propensity score matching. Further, we investigated factors 
associated with health facility utilization before and after the 
introduction of RDT/ACT.

MaTerials anD MeThODs

study area and antimalarial Drug supply 
in the area
We conducted the study in a malaria-endemic lowland coastal 
area within the catchment area of a major health facility (i.e., a 
health center) located approximately 56  km from Wewak, the 
provincial capital of East Sepik Province, PNG. Malaria transmis-
sion in the study area is all-year round, and malaria is a leading 
cause of health facility visits. Prior to introduction of the RDT/
ACT protocol, malaria was diagnosed clinically without support 
of microscopy at the health facility, with the antimalarial drug 
treatment regimen consisting of chloroquine plus SP for adults 
and amodiaquine plus SP for children.

Rapid diagnostic test/ACT was introduced to the formal 
health facilities in Wewak District in December 2011. Other than 
the health center, five aid posts were operated in the study site 
and the surrounding areas. Health center staff occasionally visited 
communities for a mobile clinic. There were a general hospital 
and two clinics in Wewak town; however, residents of the study 
site rarely used those facilities for malaria treatment (15). In 2007, 
each community assigned a village health volunteer (VHV) who 
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clinically diagnosed malaria and provided SP plus chloroquine 
or amodiaquine after completion of a 1-month initial training. 
VHVs were allowed to use RDT/ACT after retraining in August 
2012.

Data collection
A baseline cross-sectional survey among 20 communities was 
undertaken in February 2011 and February 2012. All caregivers 
with children aged less than 5  years were included as target 
interviewees. Trained field assistants interviewed caregivers 
to collect data on the fever episodes of their children, treat-
ment choices, and caregiver and patient characteristics in the 
2  weeks preceding the interview. If a caregiver had children 
aged 5–14  years, information on these children was also col-
lected. The caregivers were primarily mothers; if not mothers, 
the caregivers included adult household members who mainly 
cared for the children, such as fathers, aunts, and grandmoth-
ers. We also obtained information on the characteristics of the 
health facility from direct observation or interviews with health 
workers. The detailed procedures of the baseline survey have 
been described elsewhere (15).

In February–March, 2015, a follow-up cross-sectional survey 
was conducted in 23 communities. The target population included 
all children aged less than 15 years. The same information as that 
in the baseline survey was collected. In addition, caregivers were 
asked about their knowledge of health facility locations and the 
experience of malaria treatment visits at health facilities in the 
preceding year.

Outcome and covariates
The outcome variable was whether caregivers of a febrile child 
initially chose health providers who were able to provide diagnosis 
and treatment in accordance with the national protocol in case of 
malaria (i.e., hospital, health center, aid post, clinic, mobile clinic, 
or VHV = 1; traditional health practitioner, pharmacy, general 
shop, neighbor, or self-care = 0). Covariates were selected based 
on our previous study (15) as follows: household’s asset index, 
patient’s gender, patient’s age, severity of the illness as perceived 
by the caregiver, the caregiver’s education, direct cost for utiliza-
tion of the nearest health facility to patient’s house, distance from 
patient’s house to the nearest health facility, and drug availability 
at the nearest health facility.

In general, there was no user fee for VHV, but VHVs were 
allowed to charge a small amount. The observed maximum fee 
was PNG Kina 1 (USD 0.48 in 2011) in 2011 and 2012 and Kina 2 
in 2015. In contrast, the outpatient fee for a child at formal health 
facilities was PNG Kina 1 (USD 0.48 in 2011) before November 
2011 and Kina 2 for age <6 years and Kina 3 for age between 6 and 
14 years after November 2011. This fee included the examination, 
a prescription, drugs, and revisit costs. The nearest health facili-
ties for the patients were located within walking distance from 
their houses; thus, medical costs were equivalent to direct costs. 
The locations of houses and health facilities was recorded with 
global positioning system devices and direct distance from the 
house to the health-care facility was calculated using a digital map 
of the area (PASCO Satellite Ortho, PASCO Corporation, Tokyo, 
Japan) and Quantum GIS 2.14.1. To estimate asset index, seven 

dummy variables were selected: own mobile phone, own radio 
or stereo, own house with tin roof, own house with western-style 
wall, own generator, own rainwater tank for drinking, and own 
car or outboard motorboat (15). Assets were used as a proxy vari-
able for long-term economic status by constructing a linear index 
of asset ownership and housing characteristics using principle 
component analysis (16).

statistical analysis
Propensity score was estimated using a logistic regression 
adjusted with the covariates described above, which were 
possible determinants of utilization of health facilities. The 
vector of the covariates was defined as X. Binary outcome 
Y = 1 denoted utilization of health facilities and Y = 0 denoted 
otherwise. Treatment dummy variable Z was assigned 1 for a 
treated individual, that is, a febrile child after the introduction 
of RDT/ACT, and 0 for a comparison individual, that is, a febrile 
child before the introduction of RDT/ACT. Propensity score of 
individual i was given as
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Each individual i had potential outcomes, Y1i if Z  =  1, and 
Y0i if Z = 0; however, only one of Y1i and Y0i was observed in the 
study setting. Propensity score matching enabled us to estimate 
the missing potential outcome for each individual. We applied 
a full matching method: a treated individual was matched to 
one or more comparison individuals, with replacement, and 
a comparison individual was matched to one or more treated 
individuals with replacement. Nearest-neighbor matching was 
adopted within a caliper of 0.2 of the SD of the logit of the pro-
pensity score (17). We adjusted the standardized difference after 
matching to achieve balance of covariate (18); thereafter, average 
treatment effect (ATE) and average treatment effect on the treated 
(ATET) were estimated. Stata SE14.2 command teffects psmatch 
(StataCorp, TX, USA) was applied for the analysis. ATE and 
ATET were defined as:

 ATE = −E Y Yi i[ ],1 0  

 ATET = − =E Y Y Zi i[ | ].1 0 1  

To investigate factors associated with health facility utilization, 
a two-level random-intercept Poisson regression model with a 
robust variance estimator was applied to the pooled data (19). 
Individual level was determined as level one and village level was 
applied as level two. The same variables as the covariates used 
for propensity score matching plus the treatment dummy vari-
able were included in the vector of the explanatory variables V. 
Random intercept of village j was defined as uj. The probability 
of the outcome Y selected by the individual i living in the village 
j was represented as
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where µ ( )ij ju= +exp Vij
′′ββ . We estimated adjusted prevalence 

ratio (PR) and confidence interval (CI) using Stata SE14.2 

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive


TaBle 2 | Standardized differences of covariates.

standardized differences

covariates Unmatched Matched

Antimalarial drug availability: yes 0.325 0.008
Direct cost (PNG Kinaa) −0.235 −0.088
Distance (km) 0.092 −0.017
Age of patient (years) 0.582 −0.065
Gender of patient: male −0.019 0.102
Illness severity: moderate 0.182 −0.005
Illness severity: severe 0.203 0.048
Education of caretaker (years) −0.058 0.040
Asset index −0.023 −0.043

aPNG Kina 1 = USD 0.48 in 2011.

TaBle 1 | Descriptive statistics.

comparison group Treated group

(N = 418) (N = 493)

Variables n % n % p-Value

Health facility utilization
Yes 216 51.7 282 57.2 0.094
No 202 48.3 209 42.4
Missing 0 0.0 2 0.4

Drug availability: yes 281 67.2 403 81.7 <0.001
Direct cost  
(PNG Kinaa)

0b 0–1c 0b 0–1c <0.001

Distance (km) 0.70b 0.26–1.18c 0.84b 0.21–1.61c 0.493
Age of  
patient (years)

4b 2–5c 5b 3–9c <0.001

Gender of  
patient: male

215 51.4 257 52.1 0.834

Illness severity
Mild 233 55.7 227 46.0 <0.001
Moderate 113 27.0 181 36.7
Severe 40 9.6 85 17.2
Missing 32 7.7 0 0.0

Education  
of caretaker (years)

6b 6–8c 6b 6–8c 0.953

Missing 23 5.5 0 0.0
Asset index −0.312b −0.91–0.58c −0.312b −0.91–0.33c 0.805

Missing 5 1.2 8 1.6
Number of villages 20 22d

To compare the difference of variables between the comparison [before the 
introduction of rapid diagnostic test (RDT)/artemisinin-based combination therapy 
(ACT)] and treated (after the introduction of RDT/ACT) groups, chi square test was 
used for categorical variables and Wilcoxson rank-sum test was used for continuous 
variables.
aPNG Kina 1 = USD 0.48 in 2011 (average exchange rate calculated by the World 
Bank).
bMedian.
cInterquartile range.
dOf 23 villages studied, no fever episode was reported in a village.

4

Tsukahara et al. Health Service Utilization in PNG

Frontiers in Public Health | www.frontiersin.org March 2018 | Volume 6 | Article 75

command mepoisson. The threshold for significance was set at 
p < 0.05 (two-tailed).

ethical clearance
Ethical clearance for the study was obtained from the Medical 
Research Advisory Committee of the PNG National Department 
of Health (No. 09.26; No. 14.22) and the Tokyo Women’s Medical 
University Ethical Committee (No. 1744). This study was con-
ducted in accordance with the Declaration of Helsinki and the 
recommendations of those committees with written informed 
consent from all participants.

resUlTs

Descriptive statistics
The participation proportion of the target households was 87% 
(736/851) in the baseline survey and 96% (1062/1103) in the 
survey after the introduction of RDT/ACT. A total of 4,690 
children belonging to 2,143 caregivers participated in the study, 
and 911 (19%) fever episodes were reported in the preceding 
2 weeks. Unadjusted (i.e., prematching) descriptive statistics of 

comparison (before the introduction of RDT/ACT) and treated 
(after the introduction of RDT/ACT) groups are presented in 
Table  1. The proportion of health service utilization increased 
from 52% before the introduction of RDT/ACT to 57% after the 
introduction, but the increase was not significant. The distribu-
tions of availability of antimalarial drugs at the nearest health 
facility, direct cost of the nearest facility, age of patients, and ill-
ness severity perceived by caregivers were significantly different 
between the comparison and treated groups.

In 2015, about 3  years after the introduction of RDT/ACT, 
99% (1165/1171) of caregivers knew the location of at least one 
health facility and 70% (815/1171) had visited a health facility 
to seek malaria diagnosis and/or treatment for their child in the 
preceding year.

estimation of aTe Using Propensity score 
Matching
We excluded 7.5% (68/911) of episodes due to at least one miss-
ing value of the covariates used for matching. Consequently, 360 
children from the comparison group and 483 from the treated 
group were included for calculating the propensity score. 
Although the standardized difference with respect to the gender 
of patients slightly exceeded 10%, the covariate balance after 
matching was improved (Table 2). After matching, the adjusted 
difference of the proportion of health service utilization after the 
introduction of RDT/ACT compared with the baseline propor-
tion was positive but not statistically significant [ATE: 0.063, 
95% CI −0.024 to 0.150, p = 0.153; ATET: 0.057, 95% CI −0.047 
to 0.161, p = 0.283].

Factors associated With health-care 
Utilization Using regression Models
In line with the results of propensity score matching, the effect 
of the introduction of RDT/ACT on the utilization of health-
care facilities was not significant using the multilevel Poisson 
regression model (PR, 1.07; 95% CI, 0.92–1.24) (Table 3, Model 
1). Moderate- and severe-febrile patients were approximately 
30 and 50% more likely, respectively, to use health facilities than 
mild-febrile patients (moderate: PR, 1.31; 95% CI, 1.11–1.56; 
severe: PR, 1.50; 95% CI, 1.22–1.87), whereas being male was 
inversely associated with health service utilization (PR, 0.85; 
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TaBle 3 | Estimation results of multilevel Poisson model.

Model 1: pooled data

Fix variables Prevalence ratio 95% confidence interval p-Value

Treatment dummy (comparison = 0/treated = 1) 1.07 0.92–1.24 0.38
Drug availability (no = 0/yes = 1) 1.02 0.83–1.25 0.84
Direct cost (PNG Kinaa) 0.99 0.83–1.18 0.90
Distance (km) 0.88 0.84–0.93 <0.001
Age of patient (years) 0.99 0.97–1.00 0.16
Gender of patient (female = 0/male = 1) 0.85 0.78–0.93 <0.001
Illness severity: moderate 1.31 1.11–1.56 0.002
Illness severity: severe 1.51 1.22–1.87 <0.001
Education of caretaker (years) 1.02 0.99–1.05 0.24
Asset index 1.00 0.93–1.07 0.98
Intercept 0.51 0.38–0.70 <0.001
Random variable
Village (variance of intercept) 0.01 0.00–0.10
Number of individuals 843
Number of villages 24

Model 2: comparison group Model 3: treated group

Fix variables Prevalence ratio (Pr) 95% confidence interval (ci) p-Value Pr 95% ci p-Value

Treatment dummy (comparison = 0/treated = 1)
Drug availability (no = 0/yes = 1) 0.98 0.68–1.42 0.92 0.93 0.74–1.18 0.57
Direct cost (PNG Kinaa) 1.24 0.90–1.71 0.19 0.91 0.78–1.06 0.21
Distance (km) 0.83 0.72–0.95 0.007 0.90 0.82–1.00 0.050
Age of patient (years) 0.98 0.95–1.01 0.11 0.99 0.98–1.01 0.42
Gender of patient (female = 0/male = 1) 0.86 0.76–0.98 0.020 0.83 0.71–0.97 0.022
Illness severity: moderate 1.32 1.06–1.64 0.013 1.32 1.07–1.62 0.009
Illness severity: severe 1.57 1.20–2.05 0.001 1.50 1.19–1.91 0.001
Education of caretaker (years) 1.03 0.97–1.09 0.30 1.02 0.99–1.05 0.25
Asset index 0.98 0.88–1.09 0.68 1.00 0.92–1.10 0.93
Intercept 0.49 0.32–0.75 0.001 0.59 0.43–0.81 0.001
Random variable
Village (variance of intercept) <0.001 <0.001
Number of individuals 360 483
Number of villages 20 22b

The data collected before and after the introduction of rapid diagnostic test/artemisinin-based combination therapy were defined as comparison and treated groups, respectively.
Adjusted PR and 95% CI for fix variables and variance of intercept for a random variable are shown.
aPNG Kina 1 = USD 0.48 in 2011.
bOf 23 villages studied, no fever episode was reported in a village.
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95% CI, 0.78–0.93) (Table  3, Model 1). The effect of illness 
severity as well as gender of patient on health service utiliza-
tion was nearly consistent before and after the introduction of 
RDT/ACT (Table 3, Models 2 and 3). Distance to the nearest 
health facility was inversely associated with health service 
utilization in the pooled data (PR, 0.88; 95% CI, 0.84–0.93); 
however, the association was not significant after the introduc-
tion of RDT/ACT (Table 3, Models 1 and 3).

DiscUssiOn

We have shown that (a) the introduction of RDT and ACT did 
not significantly affect the utilization of health facilities offering 
such services and (b) illness severity and gender of patient were 
consistent determinants of health service utilization before and 
after the introduction of RDT/ACT.

As a theoretical framework of access to health care, physical 
accessibility to health facilities and availability of good health ser-
vices, financial affordability, and perceived acceptability of health 

services by patients are considered indispensable dimensions 
of health-care access (20, 21). We showed no significant effect 
of RDT/ACT on health service utilization with adjustments for 
availability, accessibility, and affordability of health-care facilities 
as well as patient-related individual characteristics using pro-
pensity score matching. If caregivers suspecting child malaria 
show a higher acceptance of RDT/ACT than of the conventional 
protocol, a higher utilization of health-care facilities is expected 
to be observed.

Incomplete information on RDT/ACT may have influenced 
the decision-making of caregivers. There was no active promo-
tion of the introduction of the new protocol in PNG. Health 
workers informally noticed the policy change to the general 
public at their visits to formal health facilities. In the study area, 
almost all caregivers knew the location of health facilities, and a 
substantial proportion of them had a recent experience of malaria 
diagnosis and/or treatment. However, this does not mean that 
they had heard of the benefit and necessity of the introduction of 
RDT/ACT from health professionals. To increase the demand for 
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utilization of RDT/ACT, active promotion of its importance to 
villagers through mass media and/or short message service may 
be helpful (22, 23).

Although villagers have information about the new protocol, 
rational decision-making is a different aspect. Several studies in 
African countries showed trust and positive acceptance by villag-
ers of RDT performed by village community workers (24–26). In 
contrast, qualitative studies indicated that those who are familiar 
with conventional drugs had a negative acceptance of ACT in 
rural communities (27, 28). Some people in the study area may 
prefer chloroquine that was withdrawn from public health-care 
facilities. It was possible for them to get the drug at pharmacies 
and general shops and use it as self-medication, although it 
was not common to get over-the-counter drugs in the private 
sector (15). Investigation of villagers’ stated preferences among 
conventional and newly introduced protocols will be useful in 
formulating health promotion strategies. The management of 
over-the-counter drugs also needs to be considered.

The magnitude of the effect of perceived illness severity on 
access to health-care facilities was consistently the largest before 
and after the introduction of RDT/ACT, suggesting that this 
variable was a primary and reliable determinant of decision-
making for health-care utilization. Encouragement of health 
facility utilization by caregivers even for their perceived mild 
fever in children may increase the overall use of health facilities. 
Systematic reviews reported that caregiver assessment of fever in 
children by palpation was relatively accurate in excluding fever 
and that its specificity was low (29, 30). Thus, a higher number 
of negative malaria test cases would be expected with a higher 
utilization proportion for perceived fever episodes. Training for 
VHVs on integrated fever management, including treatment for 
negative malaria test cases, should be required (31).

Economists have argued gender bias of parental care as 
unequal allocation of parental investment to maximize one’s 
own utility. Thomas (32) proposed the “like father, like son; 
like mother, like daughter” hypothesis. In the resource-limited 
condition, parents may make unequal allocations of resources 
among children. If men and women have socially different tasks, 
mothers may invest more in daughters and fathers in sons due to 
expectations of future returns to the investments in the form of 
help for their tasks from children of the same gender as them. If 
there is a conflicting interest between the father and mother about 
investment in a child, whether father or mother has the power to 
make a decision should be considered as another key determinant 
influencing actual behavior.

The observed gender bias of utilization of health-care facilities 
for febrile children may be a girl preference by female caregivers. 
In the study area, the division of labor based on gender and coop-
eration of labor between household members for food production 
from sago palm (Metroxylin sagu), the staple food of the area, were 
reported (33). The result was in accordance with the economic 
hypothesis mentioned above. However, recent analysis in 57 
low- and middle-income countries reported that the proportion 
of utilization of health facilities for common illness of children 
was similar for boys and girls (34). In only two countries (Haiti 
and Uganda), females were more likely to be taken to health facili-
ties, although the result from PNG was not included in the study. 

Because female bias in caregiver health-care-seeking behavior 
seemed rare (34), caution should be exercised with application of 
the “like father, like son; like mother, like daughter” hypothesis. 
Female vulnerability due to lower general health status in PNG 
could be a reason for the observed gender bias in health-care 
facility utilization (15).

Our study includes several limitations. First, propensity score 
matching can reduce selection bias in estimating treatment 
effects due to observed differences between the treatment and 
comparison groups, but our estimation is subject to biases from 
unobserved covariates. In particular, we were not able to remove 
the influence of an unobserved time change between 2011 and 
2015 because policy change was simultaneously introduced in 
the study area. The global trend in treatment seeking for formal 
health facilities was estimated to show a 0.93 percentage point 
increase per year during the last 20  years (34). If this was the 
case in the study area, the trend increase is estimated to show a 
3.7 percentage point increase before and after the introduction 
of RDT/ACT. Considering the magnitude of estimated ATE, a 
6.3% point increase, there may be little risk of bias in the main 
findings because the difference of health service utilization before 
and after the introduction of RDT/ACT is expected to be smaller. 
Second, the external validity of the study was limited because 
our study population was limited to a catchment area of a health 
center in rural PNG. The proportion of health service utilization 
may be relatively high partly because over-the-counter use was 
not common in the study area. This may influence the results. 
Third, all information related to individual characteristics was 
based on caregiver reports. To minimize recall bias, we focused 
on fever episodes in the 2-week preceding reports.

In conclusion, we performed a propensity score matching 
analysis with a rural PNG population before and after the intro-
duction of RDT/ACT to evaluate the effect of the policy change 
on the utilization of health facilities. The estimated ATE was not 
significant. The result was consistent with that of a conventional 
multilevel Poisson regression model. Further, we compared the 
factors associated with health service utilization before and after 
the introduction of the new malaria treatment policy. Illness 
severity and gender of patient were consistent determinants. 
Continued research in the same area will be needed to increase 
the internal validity of the study findings.

eThics sTaTeMenT

Ethical clearance for the study was obtained from the Medical 
Research Advisory Committee of the Papua New Guinea National 
Department of Health (No. 09.26; No. 14.22) and the Tokyo 
Women’s Medical University Ethical Committee (No. 1744). 
This study was conducted in accordance with the Declaration 
of Helsinki and the recommendations of those committees with 
written informed consent from all participants.

aUThOr cOnTriBUTiOns

TT conceived the study, designed the study, conducted the data 
collection, analyzed and interpreted the data, wrote the first draft 
of the manuscript, and completed the final version. TS designed 

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive


7

Tsukahara et al. Health Service Utilization in PNG

Frontiers in Public Health | www.frontiersin.org March 2018 | Volume 6 | Article 75

the study and interpreted the data. TF and FH collected and 
interpreted the data. All authors critically revised the draft and 
approved the final version.

acKnOWleDgMenTs

The authors thank all study participants, VHVs and health 
professionals in the study area, the Catholic Church Health 
Services of Wewak Diocese, the Division of Health of East 
Sepik Province, and Wewak General Hospital for conduct-
ing the field survey. The authors are grateful to Mr. Makoto 

Sekihara, Dr. Jun Baba, and Mr. Masato Yamauchi for the 
data collection, Mr. Hikaru Hamaguchi for the collection 
and calculation of the GPS data, and Dr. Katsunori Shimada 
for his assistance on the questionnaire design and data entry 
program.

FUnDing

This study was funded by the JSPS KAKENHI Grant numbers 
JP22406012 and JP25305023, and a grant from the National 
Center for Global Health and Medicine, Japan (22-3).

reFerences

1. World Health Organization. World Malaria Report 2016. Geneva: World 
Health Organization (2016).

2. World Health Organization. Guidelines for the Treatment of Malaria. Geneva: 
World Health Organization (2006).

3. World Health Organization. Universal Access to Malaria Diagnostic Testing: An 
Operational Manual. Geneva: World Health Organization (2011).

4. World Health Organization. Guidelines for the Treatment of Malaria. 2nd ed. 
Geneva: World Health Organization (2010).

5. World Health Organization. Guidelines for the Treatment of Malaria. 3rd ed. 
Geneva: World Health Organization (2015).

6. Kyabayinze DJ, Asiimwe C, Nakanjako D, Nabakooza J, Counihan H, 
Tibenderana JK. Use of RDTs to improve malaria diagnosis and fever case 
management at primary health care facilities in Uganda. Malar J (2010) 9:200. 
doi:10.1186/1475-2875-9-200 

7. Thiam S, Thior M, Faye B, Ndiop M, Diouf ML, Diouf MB, et  al. Major 
reduction in anti-malarial drug consumption in Senegal after nation-wide 
introduction of malaria rapid diagnostic tests. PLoS One (2011) 6(4):e18419. 
doi:10.1371/journal.pone.0018419 

8. Bastiaens GJ, Schaftenaar E, Ndaro A, Keuter M, Bousema T, Shekalaghe SA.  
Malaria diagnostic testing and treatment practices in three different 
Plasmodium falciparum transmission settings in Tanzania: before and 
after a government policy change. Malar J (2011) 10:76. doi:10.1186/1475- 
2875-10-76 

9. Masanja IM, Selemani M, Amuri B, Kajungu D, Khatib R, Kachur S, et  al. 
Increased use of malaria rapid diagnostic tests improves targeting of anti-malar-
ial treatment in rural Tanzania: implications for nationwide rollout of malaria 
rapid diagnostic tests. Malar J (2012) 11:221. doi:10.1186/1475-2875-11-221 

10. Odaga J, Sinclair D, Lokong JA, Donegan S, Hopkins H, Garner P. Rapid 
diagnostic tests versus clinical diagnosis for managing people with fever in 
malaria endemic settings. Cochrane Database Syst Rev (2014) 4:CD008998. 
doi:10.1002/14651858.CD008998.pub2 

11. Boyce RM, Muiru A, Reyes R, Ntaro M, Mulogo E, Matte M, et al. Impact of 
rapid diagnostic tests for the diagnosis and treatment of malaria at a peripheral 
health facility in Western Uganda: an interrupted time series analysis. Malar J 
(2015) 14:203. doi:10.1186/s12936-015-0725-0 

12. Alba S, Hetzel MW, Goodman C, Dillip A, Liana J, Mshinda H, et  al. 
Improvements in access to malaria treatment in Tanzania after switch to 
artemisinin combination therapy and the introduction of accredited drug 
dispensing outlets – a provider perspective. Malar J (2010) 9:164. doi:10.1186/ 
1475-2875-9-164 

13. Alba S, Dillip A, Hetzel MW, Mayumana I, Mshana C, Makemba A, et  al. 
Improvements in access to malaria treatment in Tanzania following commu-
nity, retail sector and health facility interventions – a user perspective. Malar 
J (2010) 9:163. doi:10.1186/1475-2875-9-163 

14. National Competency Training Project. Malaria Diagnosis and the New 
Treatment Protocol: A Training Manual for Health Workers in Papua New 
Guinea. Madang, Papua New Guinea: Divine Word University (2010).

15. Tsukahara T, Ogura S, Sugahara T, Sekihara M, Furusawa T, Kondo N, et al. 
The choice of healthcare providers for febrile children after introducing 
non-professional health workers in a malaria endemic area in Papua New 
Guinea. Front Public Health (2015) 3:275. doi:10.3389/fpubh.2015.00275 

16. Filmer D, Pritchett LH. Estimating wealth effects without expenditure 
data – or tears: an application to educational enrollments in states of India. 
Demography (2001) 38(1):115–32. doi:10.2307/3088292 

17. Austin PC. Optimal caliper widths for propensity-score matching when esti-
mating differences in means and differences in proportions in observational 
studies. Pharm Stat (2011) 10(2):150–61. doi:10.1002/pst.433 

18. Austin PC. Using the standardized difference to compare the prevalence of a 
binary variable between two groups in observational research. Commun Stat 
Simul Comput (2009) 38(6):1228–34. doi:10.1080/03610910902859574 

19. Zou G. A modified Poisson regression approach to prospective studies with 
binary data. Am J Epidemiol (2004) 159(7):702–6. doi:10.1093/aje/kwh090 

20. Penchansky R, Thomas JW. The concept of access: definition and 
relationship to consumer satisfaction. Med Care (1981) 19(2):127–40. 
doi:10.1097/00005650-198102000-00001 

21. Evans DB, Hsu J, Boerma T. Universal health coverage and universal 
access. Bull World Health Organ (2013) 91(8):546A–546A. doi:10.2471/
blt.13.125450 

22. Liu JX, Modrek S. Evaluation of SMS reminder messages for altering treat-
ment adherence and health seeking perceptions among malaria care-seekers 
in Nigeria. Health Policy Plan (2016) 31(10):1374–83. doi:10.1093/heapol/
czw076 

23. Adinan J, Damian DJ, Mosha NR, Mboya IB, Mamseri R, Msuya SE. Individual 
and contextual factors associated with appropriate healthcare seeking behav-
ior among febrile children in Tanzania. PLoS One (2017) 12(4):e0175446. 
doi:10.1371/journal.pone.0175446 

24. Mukanga D, Tibenderana JK, Kiguli J, Pariyo GW, Waiswa P, Bajunirwe F,  
et al. Community acceptability of use of rapid diagnostic tests for malaria by 
community health workers in Uganda. Malar J (2010) 9:203. doi:10.1186/ 
1475-2875-9-203 

25. Jegede AS, Oshiname FO, Sanou AK, Nsungwa-Sabiiti J, Ajayi IO, Siribie M, 
et al. Assessing acceptability of a diagnostic and malaria treatment package 
delivered by community health workers in malaria-endemic settings of 
Burkina Faso, Nigeria, and Uganda. Clin Infect Dis (2016) 63(Suppl 5):S306–11. 
doi:10.1093/cid/ciw630 

26. Mushi AK, Massaga JJ, Mandara CI, Mubyazi GM, Francis F, Kamugisha M, 
et al. Acceptability of malaria rapid diagnostic tests administered by village 
health workers in Pangani District, North Eastern Tanzania. Malar J (2016) 
15(1):439. doi:10.1186/s12936-016-1495-z 

27. Wasunna B, Zurovac D, Goodman CA, Snow RW. Why don’t health workers 
prescribe ACT? A qualitative study of factors affecting the prescription of 
artemether-lumefantrine. Malar J (2008) 7:29. doi:10.1186/1475-2875-7-29 

28. Okungu V, Gilson L. "…still waiting for chloroquine": the challenge of commu-
nicating changes in first-line treatment policy for uncomplicated malaria in a 
remote Kenyan district. Malar J (2014) 13:258. doi:10.1186/1475-2875-13-258 

29. Teng CL, Ng CJ, Nik-Sherina H, Zailinawati AH, Tong SF. The accuracy of 
mother’s touch to detect fever in children: a systematic review. J Trop Pediatr 
(2008) 54(1):70–3. doi:10.1093/tropej/fmm077 

30. Li YW, Zhou LS, Li X. Accuracy of tactile assessment of fever in children 
by caregivers: a systematic review and meta-analysis. Indian Pediatr (2017) 
54(3):215–21. doi:10.1007/s13312-017-1034-1 

31. Johansson EW. Beyond ‘test and treat’ – malaria diagnosis for improved pedi-
atric fever management in sub-Saharan Africa. Glob Health Action (2016) 9.  
doi:10.3402/gha.v9.31744 

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
https://doi.org/10.1186/1475-2875-9-200
https://doi.org/10.1371/journal.pone.0018419
https://doi.org/10.1186/1475-
2875-10-76
https://doi.org/10.1186/1475-
2875-10-76
https://doi.org/10.1186/1475-2875-11-221
https://doi.org/10.1002/14651858.CD008998.pub2
https://doi.org/10.1186/s12936-015-0725-0
https://doi.org/10.1186/
1475-2875-9-164
https://doi.org/10.1186/
1475-2875-9-164
https://doi.org/10.1186/1475-2875-9-163
https://doi.org/10.3389/fpubh.2015.00275
https://doi.org/10.2307/3088292
https://doi.org/10.1002/pst.433
https://doi.org/10.1080/03610910902859574
https://doi.org/10.1093/aje/kwh090
https://doi.org/10.1097/00005650-198102000-00001
https://doi.org/10.2471/blt.13.125450
https://doi.org/10.2471/blt.13.125450
https://doi.org/10.1093/heapol/czw076
https://doi.org/10.1093/heapol/czw076
https://doi.org/10.1371/journal.pone.0175446
https://doi.org/10.1186/
1475-2875-9-203
https://doi.org/10.1186/
1475-2875-9-203
https://doi.org/10.1093/cid/ciw630
https://doi.org/10.1186/s12936-016-1495-z
https://doi.org/10.1186/1475-2875-7-29
https://doi.org/10.1186/1475-2875-13-258
https://doi.org/10.1093/tropej/fmm077
https://doi.org/10.1007/s13312-017-1034-1
https://doi.org/10.3402/gha.v9.31744


8

Tsukahara et al. Health Service Utilization in PNG

Frontiers in Public Health | www.frontiersin.org March 2018 | Volume 6 | Article 75

32. Thomas D. Like father, like son; like mother, like daughter: parental resources 
and child height. J Hum Res (1994) 29(4):950–88. doi:10.2307/146131 

33. Toyoda Y, Todo R, Toyohara H. Sago as food in the Sepik area, Papua New 
Guinea. Sago Palm (2005) 13:1–11. 

34. Calu Costa J, Wehrmeister FC, Barros AJ, Victora CG. Gender bias in 
careseeking practices in 57 low- and middle-income countries. J Glob Health 
(2017) 7(1):010418. doi:10.7189/jogh.07.010418 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 

construed as a potential conflict of interest. The funders of this study played no 
direct role in its design or execution.

Copyright © 2018 Tsukahara, Sugahara, Furusawa and Hombhanje. This is an 
open-access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) and the copyright owner are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
https://doi.org/10.2307/146131
https://doi.org/10.7189/jogh.07.010418
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Comparison of Health Service Utilization for Febrile Children Before and After Introduction of Malaria Rapid Diagnostic Tests and Artemisinin-Based Combination Therapy in Rural Papua New Guinea
	Introduction
	Materials and Methods
	Study Area and Antimalarial Drug Supply in the Area
	Data Collection
	Outcome and Covariates
	Statistical Analysis
	Ethical Clearance

	Results
	Descriptive Statistics
	Estimation of ATE Using Propensity Score Matching
	Factors Associated With Health-Care Utilization Using Regression Models

	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	References


