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A combined school survey and reactive case =i

detection reveals minimal local transmission
of malaria in the Highlands Region of Papua
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Abstract

Background The Highlands of Papua New Guinea are non-endemic for malaria compared to the rest of the country.
This study aimed to explore the local transmission of malaria in the Highlands through a cross-sectional school survey
coupled with reactive case detection.

Methods Between July and November 2019, 5575 schoolchildren and 1048 household members were screened

for malaria using Rapid Diagnostic Tests, subsequently validated by light microscopy. In addition, an analysis of malaria
cases (2017 to 2019) was conducted across 33 health facilities within the catchment areas of the surveyed schools
and households.

Results Thirteen individuals were diagnosed with malaria: eleven with Plasmodium falciparum (five schoolchildren,
six household members) and two with Plasmodium vivax (one student, one household member); all were aged

ten years or older. Malaria prevalence was 0.09% [95% Cl 0.03, 0.3] among schoolchildren and 1.7% [95% Cl 0.3,

9.11 among household members. Eleven positive individuals (84%) reported recent travel, mainly to lower-altitude
endemic areas. Long-Lasting Insecticidal Nets were used by 34.8% [95% Cl 28.7, 40.8] of household members. The
average annual malaria incidence in the catchment areas was 3.7 cases per 1000 [95% Cl 2.6, 5.3] among the general
population, while children under 15 years accounted for 19% [95% Cl 14, 27] of the positive cases.

Conclusions Local malaria transmission appears to be minimal in the surveyed Highlands areas. Strengthening
surveillance-response system to control imported cases and stop local foci could support malaria elimination in PNG.
However, effective operational triggers for reactive case finding remain to be determined.
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Background

Malaria is endemic throughout Papua New Guinea
(PNG) except in the Highlands, where occasional epi-
demics occur in certain areas [1-3]. While four species
of Plasmodium are known to circulate in PNG, Plas-
modium falciparum causes most malaria infections in
the country, followed by Plasmodium vivax [4, 5]. With
the heterogeneous geography of PNG, varieties of mos-
quitoes mostly belonging to the Anopheles punctulatus
group have adapted to different ecological niches and
maintain malaria transmission [6].

Located centrally in the mainland of PNG is the High-
lands Region, which covers about 463,000 km?, or 16%
of PNG’s total land area. This region is characterized by
the Central Range (reaching above 4,500 m) with deep
valleys where agricultural activities occur, and neigh-
bouring endemic coastal areas. The Region is divided
into seven provinces: Southern Highlands, Hela, Enga,
Western Highlands, Jiwaka, Chimbu, and Eastern
Highlands. According to the 2011 National Census,
the Highlands Region had a population of 2.85 million,
making up 39% of the entire population of PNG [7].

Previous studies on malaria in the Highlands showed
a negative correlation between malaria prevalence and
altitude, especially during non-epidemic periods [1-3].
Areas above 2000 m are considered non-receptive for
malaria transmission, regions at altitudes 1200-2000 m
are considered as epidemic-prone, and areas below
1200 m as endemic [3]. A recent stratification of the
incidence of malaria (2011-2019) in PNG revealed
that over 95% of the population in the Highlands live in
areas of very low-to-low risk [3].

The National Malaria Control Programme (NMCP)
has been relying on various interventions including
distributions of long-lasting insecticidal nets (LLINSs),
prompt diagnosis and treatment with artemisinin-
based combinationtherapy (ACT), and home man-
agement of malaria (HMM) in selected areas. After a
significant reduction of malaria burden, achieved with
Global Fund support that started in 2004, a resurgence
has been reported in PNG since 2014 [8, 9]. How-
ever, the increase is not uniform, and malaria risk has
remained low in the Highlands. In 2016/17, the Malaria
Indicator Survey (MIS) had reported infections in only
three villages (out of 20) in the region. Notably, none of
the eight malaria cases (out of 1442 tested persons) was
in children under five years, suggesting importation
of infections rather than local transmission [8, 10]. In
2015, partly due to funding shortfalls, the NMCP and
Rotarians Against Malaria (RAM) stopped the distribu-
tion of LLINs in areas above 2000 m and targeted only
children under five years above 1600 m [3].
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As PNG aims to progress towards malaria elimination,
a confirmation of the very low malaria prevalence in the
Highlands was required to support sub-national tailoring
of interventions, such as the change in the LLIN strategy,
in light of very limited resources.

School malaria surveys (SMS) target children who are
likely to be stationary than adults, who may acquire an
infection elsewhere. SMS has gained increased attention
for national surveillance, complementing household sur-
veys including MIS. Schools are often well organised, eas-
ily accessible, and provide the opportunity of collecting
malariometric data from many children in a short period
of time and at a low cost compared to Demographic and
Health Surveys (DHS) or MIS [11, 12]. As a result, SMS
can be useful for understanding local transmission and
planning targeted interventions [11].

In order to investigate local malaria transmission in the
Highlands and generate evidence to optimise the imple-
mentation of preventive and curative interventions, an
SMS was conducted in the region. Prevalence of malaria
in schoolchildren aged 5-16 years and associated travel
history information were used to establish a proxy meas-
ure for locally acquired malaria infections. In addition, a
Reactive Case Detection (RCD) survey at the household
level aimed to confirm whether positive schoolchildren
were indicative of local transmission clustered in their
households. Previous studies showed that malaria cases
cluster in space at the household level, near breeding
sites, and are affected by human and mosquito behav-
iours [13, 14]. Hence, RCD may be useful to identify
clusters of malaria infections and investigate sources of
transmission. The RCD approach has been used in sev-
eral studies to find and treat asymptomatic malaria cases
living near clinical index cases [15].

Methods

Selection of schools

A comprehensive list of operational primary (n=784)
and elementary (n=1719) schools across the seven prov-
inces was acquired from the National Department of
Education, serving as a sampling frame for the selection
of thirty schools along with two backups. Thirty schools
were selected due to logistical and cost constraints. This
number ensures the schoolchildren sample mean fol-
lows a normal distribution, based on the Central Limit
Theorem (CLT). The School Malaria Survey (SMS)
aimed to assess malaria prevalence among children aged
5-16 years; thus, pairs of elementary (grades 1 and 2) and
primary schools (grades 3—8) were chosen to encompass
this age range. The corresponding elementary school
within the primary school’s catchment area was selected.
To account for the altitude effect on malaria prevalence,
a stratified sampling approach was employed. Catchment
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areas of the schools were mapped using ArcGIS 10.3,
and these delineated areas were grouped by malaria inci-
dence categories. Hence, three incidence categories were
defined: low (<1), moderate (1-10), and high (>10 per
1000). A weighted random sampling, utilizing a random
number table in STATA, was then performed within each
incidence category to select the schools.

Selection of schoolchildren, and households for RCD
Within each pair of schools, 200 schoolchildren were
randomly sampled from a list of all students. Capping
the total at the 200 was due to practical reasons given the
time and resources limits of the survey. In case a sam-
pling frame contained less than 200 individuals, all availa-
ble students were selected. Then, sampled schoolchildren
were tested for malaria as described below. Those who
tested positive using RDTs were chosen for a subsequent
RCD household survey. Additional households were ran-
domly selected from the group of schoolchildren who
tested negative, bringing the total to ten households per
school. Every present household member was then tested
for malaria.

Data collection forms

In the SMS, three data collection forms were utilized: a
school summary form, a malaria test register, and a stu-
dent questionnaire. The first two forms were filled out
once per school by the team leader and research nurse,
while the third form, an electronic structured question-
naire was administered to the selected schoolchildren.
Additionally, during the RCD survey, three electronic
questionnaires were employed, aimed at the household
head and other members. These questionnaires, adapted
from the Malaria Indicator Survey set [16], included a
household questionnaire (one per household), a treat-
ment-seeking questionnaire (one per household mem-
ber with a recent febrile illness), and a prevalence form
(one per household member tested for malaria), all pro-
grammed in Open Data Kit (ODK) at PNGIMR and
administered via tablet computers.

Survey implementation procedures

The SMS and RCD were conducted from July to Novem-
ber 2019 by three PNGIMR field teams operating con-
currently at different locations. Each team comprised
two nursing officers, a scientific officer, and one or two
research assistants, all of whom underwent comprehen-
sive training on the project background, survey protocol,
and sampling techniques.

Upon arriving at a selected school, an informational
meeting with parents and the school board was arranged
to explain the study and its methods. RCD interviews
were held with household heads, while all household
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members provided blood samples and those with a
recent fever episode were interviewed on treatment seek-
ing. The survey spanned 6-7 days per school (including
RCD households). Handheld GPS devices (Garmin) were
used to log the geo-coordinates and elevations of the sur-
veyed schools and households.

Testing of malaria and anaemia

Trained nurses collected blood samples by finger-prick
from study participants (i.e., selected schoolchildren and
household members) aged six months or older. One thick
and one thin smear were prepared on the same glass slide
for malaria diagnosis by light microscopy. In addition, a
rapid diagnostic test (RDT)(CareStart Malaria HRP2/
pLDH (Pf/pan) Combo Test, Access Bio) was performed,
and a microcuvette sample was prepared to measure
haemoglobin (Hb) levels using a handheld HemoCue Hb
201 +analyser (HemoCue, Angelholm, Sweden).

During the surveys, positive RDT results were clas-
sified as P, falciparum (control line with HRP2 test-line
only), non-P. falciparum (control line with pLDH test-
line only), or P. falciparum or mixed infection (control
line with two test lines for HRP2 and pLDH) [17]. If an
invalid RDT result was encountered (i.e., no control line,
irrespective of the two test lines), the test was repeated.

The axillary temperature of participants was meas-
ured with an electronic thermometer, an acute fever was
defined as exceeding 37.5 °C. In addition, children aged
(2-9) years were examined for splenomegaly and graded
according to the Hackett grading system [18]. The nurs-
ing officers provided treatment for RDT positive individ-
uals following the national treatment protocol. They also
offered treatment for other minor ailments encountered
or gave referral advice.

Light microscopy was done at the PNGIMR in Madang
following established procedures for research studies [5,
19]. Two qualified microscopists had examined blood
slides independently and were blinded to results of each
other. Slides were considered positive for malaria if
judged positive by at least two microscopists. A third sen-
ior microscopist examined slides with discrepant results.

Passive case detection in the nearby health facilities

Data on malaria cases reported in the health facilities
(HFs) between 2017 and 2019 was sourced from the
electronic Health Information System (eNHIS). Since
the obtained dataset does not provide information on
malaria cases at the aid post level, the analysis was lim-
ited to the nearest health centres and urban clinics.
Nearest HFs to the surveyed schools and households
were identified using shapefiles of the surveyed sites and
health facilities in the Highlands, and a travel friction ras-
ter, as described in [3]. The gdistance package in R was
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employed to calculate cost distance of travel time (min-
utes) from surveyed sites to HFs.

Only cases confirmed by RDTs or microscopy at the
HFs were included in the analyses. Malaria incidence
within the catchment areas of surveyed schools and
households was computed for the general population, as
well as for the children under five years and children at
school age (5-14 years). The population projections for
the three years, based on 2011 Census and growth rates
reported by the National Statistics Office of PNG were
utilized in incidence estimations. Given that the annual
incidence rates exhibit over-dispersion, negative bino-
mial models were employed to estimate the average inci-
dence rates, along with 95% confidence intervals.

Data management and analysis

Data were collected electronically using the ODK Collect
application installed on tablet computers. Completed and
verified collected forms were uploaded directly to the
project server at the Swiss TPH using the local mobile
phone network (Digicel). ODK Briefcase v1.4.9 was used
to download the data and export it for analysis in STATA/
IC 14.2 (StataCorp LLC, College Station, TX, USA).

Weighted statistics with 95% confidence limits were
calculated using the survey design command set in Stata
(svy). Schools and households were established as the
primary sampling units, while the seven provinces were
treated as strata. Separate sampling weights were cal-
culated for schools and household surveys based on the
inverse of an observation’s probability of selection. The
overall selection probability was determined from the
eight combination categories of altitude and incidence
within the primary schools’ sampling frame. For each
school, the selection probability of a RCD household was
computed among tested schoolchildren. Since all mem-
bers of the sampled family were eligible, individual-level
weights were set equal to the household weights to which
an individual belonged.

Malaria prevalence was calculated separately for tested
schoolchildren and household members as a propor-
tion of positive results detected by light microscopy.
WHO adjustments of Hb measurements, considering
sex and altitude [20] were applied prior to determining
the anaemia status of each tested individual and calcula-
tion of prevalence among the study groups. Prevalence
of malaria and anaemia were age-standardised using the
overall age distribution of the PNG population reported
from the 2011 Census by the National Statistics Office
(NSO) of PNG.

Contingency tables and odds ratios with 95% confi-
dence intervals were generated separately for the school-
children and household groups to explore the relative risk
of malaria infection by travel history, ownership, and use
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of bed nets. Where appropriate, Microsoft Excel graphs
of percentage and cumulative frequencies were used to
compare the participants’ groups. Further, to account for
the relationship of altitude and malaria transmission, four
altitudinal categories were used in the analyses in line
with previous publications [3]: <1200 m, 1200-1600 m,
1600-2000, and above 2000 m.

LLIN ownership and use

Bed net ownership and use were calculated following
standard procedures [21]. The population percentage
with access to an LLIN was evaluated at the household
level by creating an intermediate variable named the
potential users of LLINs [22]. Hence, the number of LLIN
sleeping spaces, assuming two per LLIN, was calculated
as potential users, which was then divided by the num-
ber of people sleeping in the household the previous
night. However, the access proportion was adjusted if the
potential use exceeded the number of people in the house
the last night, i.e., to converge the access proportion to
one. Net use among the people with access to LLINs was
calculated by dividing the number of people using an
LLIN by the total population with access (multiplying the
weighted proportion with access by the total population).

Results

Surveyed schools

Thirty pairs of primary schools along with their feeder
elementary schools (30+30) were selected across the
Highlands provinces (Fig. 1). The altitudes of the sur-
veyed schools ranged from 937 to 2409 m above sea level.
Within a 5 km radius surrounding these schools, the min-
imum altitudes were less than 1600 m in the catchment
areas of 18 schools, but none of the surveyed schools or
adjacent villages were located at altitudes below 800 m.

SMS and RCD survey participants
Table 1 presents the total numbers of individuals sampled
in the SMS and RCD surveys. The SMS encompassed
5775 schoolchildren hailing from 237 different villages.
Additional information on surveyed schoolchildren by
province and age is provided in Supplementary Table S1.
The 1,048 participants in the RCD belonged to 296
households in 106 villages (i.e. a subsample of the 237
villages). Approximately half of the household heads
engaged in subsistence activities, including farming and
fishing. Other characteristics of RCD households, such
as their main sources of lighting, drinking water, and
income, detailed in Supplementary Table S2.

Malaria prevalence
Overall, malaria prevalence by light microscopy was very
low among the schoolchildren (0.09%; 95% CI 0.03, 0.3)
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Fig. 1 Locations of surveyed schools in the Highlands, PNG 2019. The thirty primary schools: 1 Yauna, 2 Shinler, 3 Gotumi, 4 Kafetina, 5 Gorohanota,
6 Silma, 7 Goglme, 8 Gon, 9 Keram, 10 Anglimp, 11 Ageka, 12 Rebiamul, 13 Minimp, 14 Kotna, 15 Arawagai, 16 Dalapana, 17 Yano, 18 Minamb, 19 Par,
20 Sakarip, 21 Pumakos, 22 Yalis, 23 Margarima, 24 Ugu, 25 Lake Kutubu, 26 Tubo, 27 Poroma, 28 Fogomau, 29 Apenda, 30 Tunda

Table 1 Participants of the school and RCD household surveys in the Highlands provinces, PNG 2019

School Survey RCD household survey

Province/variable School pairs® Tested schoolchildren No. villages No. households No. HH
members

Eastern highlands 5 1010 26 47 183
Chimbu 3 560 18 30 196
Jiwaka 2 401 9 20 77
Western highlands 7 1398 35 70 272
Enga 5 906 28 50 123
Southern highlands 4 802 11 40 135
Hela 4 698 10 39 62
All provinces 30 5775 137 296 1048

2 Each pair is one primary school and one elementary school

and household members (1.7%; 95% CI 0.3, 9.1). Plasmo-
dium falciparum infections were predominant, 11 of 13
positive cases, while only two infections of P. vivax were
detected, Table 2. The prevalence of P. falciparum in the
SMS and RCD surveys was therefore 0.1% [95% CI 0.0,
0.3] and 1.5% [95% CI 0.2, 9.8], respectively. These infec-
tions were identified in four provinces: Hela (n=6), Enga
(n=5), Eastern Highlands (n=1) and Western Highlands
(n=1). The age of all positive cases was above ten years.

Further, microscopy and RDTs showed 100% concord-
ance, i.e. the 13 infections were detected by both meth-
ods. The microscopy analysis identified the composition
of positive strips of RDTs as nine P falciparum, three
non-falciparum, and one strip of P, falciparum or mixed
infection.

For additional details of positive malaria cases detected
in the SMS and RCD surveys, see Supplementary
Table S3.
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Table 2 Malaria microscopy results, number of cases and malaria prevalence, among surveyed schools and households by province

Province Number of cases (Schoolchildren + household Prevalence?®
members) [95% Cl]
(Positive cases/total tested)
P. falciparum P. vivax Schoolchildren Household members

Eastern Highlands 0 1 0.0% 1.9%

(0/1010) [04,73]
(1/180)

Chimbu 0 0 0.0% 0.0%
(0/560) (0/194)

Jiwaka 0 0 0.0% 0.0%
(0/401) (0/77)

Western Highlands 1 0 0.0% 0.2%
(0/1398) [0.02,1.5]

(1/271)

Enga 4 1 0.3% 0.0%
[0.2,0.7] (0/123)
(5/906)

Southern Highlands 0 0 0.0% 0.0%
(0/802) (0/130)

Hela 6 0 0.1% 17.0%
[0.0,2.0] [13.2,19.2]
(1/698) (5/62)

All provinces 11 2 0.1% 1.7%
[0.0,0.3] [0.3,9.1]
(6/5775) (7/1037)

Overall summary statistics for total cases and prevalence across all surveyed provinces (in bold)

2 weighted and age-standardised

None of the positive schoolchildren had a positive
individual in their household. The four households with
positive members belonged to negative schoolchildren.
Similarly, there was mismatch at the village scale, i.e.,
infected schoolchildren did not originate from villages
with positive households. For distribution of household
members and locations with positive cases of schoolchil-
dren and non-students, see Supplementary Figure S1.

Among the 296 households visited for RCD, partici-
pants with a malaria infection were located in only four
out of 137 villages, all above 1600 m, with a single excep-
tion of a residence at 1529 m in the Eastern Highlands
Province. Conversely, 46.2% (n=132) of the negative
households were situated in 59 villages at altitudes below
1600 m.

Fever, anaemia and splenomegaly

All thirteen individuals who tested positive for malaria in
this study, except one, were found to be asymptomatic,
exhibiting no fever in the last two days or other common
signs (such as chills, headache, vomiting).

All individuals tested positive for malaria by micros-
copy were non-anaemic with normal spleens exami-
nations. The prevalence of anaemia among the
schoolchildren was 14.8% [95% CI 10.3, 19.2]. In con-
trast, a higher prevalence of 23.3% [95% CI 20.2, 26.9]

was observed among RCD household members. There
was also a notable variation in anaemia prevalence
across different provinces, particularly between Jiwaka
(where it was most common) and Chimbu (where it was
least common), as depicted in Supplementary Figure S2.
Severe anaemia, defined as a haemoglobin level of less
than 8 g/dl, was found in only 0.1% of the schoolchil-
dren and 0.3% of the household members. Among the
1131 schoolchildren aged 5-9 years who were examined
for splenomegaly, only 2.2% [95% CI 0.4, 11.7] exhibited
signs of splenomegaly, as defined by a Hackett score of
1-5. Moreover, none of the 227 household members aged
2-9 years who had their spleen palpated had an enlarged
spleen.

Travel history and risk of malaria

There is no travel history reported by 83% (N=4790)
of the schoolchildren and 90% (N=934) of the house-
hold members. Among the participants who travelled,
endemic coastal provinces are the destination for 23%
(N'=231) of the schoolchildren and 40% (N=39) of the
household members. Intra-provincial travel or travel to
other Highlands provinces accounted for 67% (N=759)
and 60% (N =75) of the travel undertaken by schoolchil-
dren and household members, respectively.



Seidahmed et al. Malaria Journal (2025) 24:3

Notably, 11 of the 13 cases (84.6%) reported travel
within the previous month. Specifically, a cluster of
four positive individuals living in Margarima station
(Hela) disclosed prior visits to three low-altitude loca-
tions. Interestingly, two individuals with P falciparum
infections resided at elevations above 2000 m in Enga
Province, but did not report a recent travel history. In
contrast, only 17.1% schoolchildren and 10.8% household
members reported travel in the previous month among
who tested negative; see Supplementary Table S4.

Ownership and use of bed nets

Table 3 shows the ownership and use of bed nets by the
altitude of RCD households. There is a decrease in house-
hold ownership and use of LLIN as altitude increases.
Moreover, a substantial disparity in bed nets accessibility
by individuals is observed in households above 1200 m
compared to those below this elevation, 47% and 87%,
respectively. Nevertheless, among the thirteen positive
cases, 85% reported that they do not have a bed net in
the house, and none slept under a net the previous night
(Supplementary Table S5 and Table S6).

Treatment-seeking behaviour by sick individuals
Overall, 11.6% (668/5775) of the interviewed students
reported school absenteeism due to illness within the
preceding two weeks. Within this subset, 90% (603/668)
reported experiencing a fever, yet 62% (372/603) sought
medical attention at HF, with 8% (50/603) being diag-
nosed with malaria. In contrast, 3.6% (38/1038) of the
household members had reported recent fever symp-
toms, but only 34% (13/38) visited a HF for treatment.
Among the six positive cases of the schoolchildren,
three reported absenteeism from the school during the
last two weeks due to illness. Two of the sick school-
children sought medical care at a HF but neither was
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diagnosed with nor treated for malaria. Likewise, in the
RCD survey, the positive household members did not
report any illness nor did they seek treatment in a HE.

Malaria incidence in nearby health facilities (HFs)

Overall, 33 HFs were identified in the catchment areas
of the surveyed schools and households (Supplementary
Table S7). Three HFs accounted for 66% (N=11,091) of
reported malaria cases: Tinsley Health Centre (38%),
Rebiamul Urban Clinic (19.8%) and Kundiawa Hospital
(8.2%). Three HFs reported no malaria infection among
children 5-14 years, while ten HFs documented no cases
in children under 5 years. Among the confirmed cases,
8797 (79%) were infections of P. falciparum as diagnosed
by microscopy or RDTs, including (potentially) mixed
infections.

The average annual malaria incidence (2017 and 2019)
was 3.7 cases per 1,000 individuals [95%CI 2.6, 5.3]
among the general population. Figure 2 shows incidence
and positivity rates of malaria plotted by altitude and
proportion of positive children. Higher incidences and
positivity rates mainly corresponded to the large number
of cases in Tinsley and in areas below 2000 m. The aver-
age percentage of positive cases among children relative
to all positive cases was 19.1% [95% CI 14.1, 26.7], but
higher proportions are noticed in areas between 1400
and 1800 m.

Discussion

The SMS investigated a proxy measure for local trans-
mission in the Highlands, assuming schoolchildren aged
5-16 years are less likely to travel away from their home
than older age groups. The few positive cases of infec-
tion detected in the schoolchildren and members of
RCD households correspond well with the low incidence
rates in 2017-2019, suggesting minimal local malaria

Table 3 Ownership and use of bed nets by RCD households stratified by altitude (with 95%ClI)

Altitude (m) No. Households % of Households ownership [95% Cl] % of Household members [95% Cl]
(total)®
Any net LLINs LLINs for two® with access to LLINs® using LLINs¢
<1200 30 100% 100% 60.6% 87% 84.2% [68,100]
(247) [38.5,79] [77.1,96.9]
1200-1600 104 69% 68.1% 35% 54.9% 43.6%
(695) [55.8,79.7] [55.2,78.7] [25.6,45.8] [45.0,64.7] [32.2,55]
1600-2000 104 67.3% 61.7% 33% 55.2% 31.5%
(642) [55.1,77.5] [49.4,72.8] [22.7,454] [44.5,65.9] [22.6,404]
>2000 58 36.1% 34.4% 25.6% 31% 13.5%
(278) [204,55.5] [18.8,54.4] [114,48] [13.2,489] (5.0,22.1]
All 296 62.6% 59.9% 33.7% 51.4% 34.8% [28.7,40.8]
(1856) [54.5,70.1] [51.9,67.5] [26.5,41.7] [44, 58.8]

2 The de facto population who slept in houses the previous night. ®Percentage of households with at least one LLIN available for every two people. “Percentage of
household members with access to LLIN within their house. “Percentage of household members who slept under an LLIN the previous night
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Fig. 2 Incidence and positivity rates of malaria in the nearby health facilities by altitude and proportion of positive children (2017-2019)

transmission in surveyed areas. According to WHO cri-
teria for stratification of transmission intensity [23], a
very low transmission is characterized by an annual par-
asite incidence of<100 cases per 1000 population and
prevalence of P. falciparum/P. vivax>0 but<1%. Hence,
the prevalence and incidence rates established in this
study indicate very low transmission, suggesting condu-
cive conditions to accelerate towards local elimination in
the Highlands of PNG.

In the subsequent Malaria Indicators Survey
2019/2020, malaria infections were found in only two
villages (out of 40) in the Highlands, with a prevalence
0.03% using light microscopy and 0.3% when considering
RDTs [10]. In a survey early 2000s, Mueller and others
reported prevalence of >10% during epidemic outbreaks
in 11 villages at 1400-1700 m in the Highlands [2]. In
comparison, the results show lower prevalence propor-
tions (< 1%) in all surveyed schools and villages. However,
the SMS was conducted during the dry season (July and
November), i.e., an unlikely suitable time for epidemics.

The two infections in schoolchildren without travel his-
tory in Enga (two places: Minamb and Par) remain diffi-
cult to explain. After completing the survey, the heads of
households were contacted to recheck any travel during
the past year by their children. However, they asserted
there had been no trip during that period. One of the
design limitations of this work is that respondents do

not report day trips as travel history, especially if there
was no overnight stay in the visited places. Mapping
day-movements between high and low-risk areas might
provide additional insights about the risk of malaria
importation associated with day trips.

This study demonstrated the feasibility of implement-
ing RCD as a reactive focal search for malaria infections
in certain areas of the Highlands of PNG. However, fol-
lowing up schoolchildren with a malaria infection at their
home did not result in the detection of additional infec-
tions. This finding may indicate a lack of clustering of
malaria cases at households of infected schoolchildren,
for example because transmission did not occur near
their homes, supporting the conclusion of limited local
transmission. Similarly, cases among schoolchildren may
not be suitable index cases to direct re-active searches
for clusters of malaria infections, particularly as most
infected schoolchildren had a travel history. In the low-
transmission settings of Zanzibar [14] and Namibia [24],
symptomatic malaria patients detected passively at health
facilities were useful to guide reactive focal interventions
and detect clustered infections in their households. It
remains to be determined whether clinical index cases
are a more suitable operationally trigger for re-active case
finding in the Highlands of PNG.

Malaria microscopy was used to confirm the results of
RDTs and provide accurate species-specific diagnoses.
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Individual discrepancies, e.g. the case identified as non-P
falciparum by RDTs and as P. falciparum by light micros-
copy, may be related to the sensitivity of RDTs in detect-
ing low-density infections [17, 25]. The detection limit
of RDTs (and conventional light microscopy) of approxi-
mately 100 parasites/ul blood may have resulted in an
under-estimation of the malaria prevalence in this study.
However, while this has been a major limitation to the
effectiveness of RCD in previously high endemic settings
[25], in the Highlands of PNG immunity against malaria
is expected to be largely absent (except maybe in frequent
travellers to the coast), making it less likely that infec-
tions in the local population remain low-density, asymp-
tomatic, and hence un-detected. In contrast, detection of
low-density infections could require the use of molecular
surveillance tools to eliminate residual cases.

One of the main limitations of this study is under-sam-
pling in some parts of the Highlands, mainly Jimi Val-
ley (Jiwaka and Western Highlands provinces), Karimui
(Chimbu), Obura-Wonenara (Eastern Highlands), Lake
Kopiago (Southern Highlands), Mt. Bosavi Rural (Hela),
and Lagaip/Pogera (Enga). In the latter two areas, ongo-
ing tribal fighting forced the survey teams to withdraw
and replace the selected schools using the backup list.
Other areas such as Obura-Wonerra and Lake Kopiago
were inaccessible due to flooding during the survey time.
Conducting an SMS in these zones at a suitable time
could provide valuable additional insights, especially as
these areas might be receptive to malaria transmission
based on evidence from previous surveys [1]. Also, these
epidemiological surveys should be combined with ento-
mological surveys — a limitation to this study — to bet-
ter understand the role of local malaria vectors in the
Highlands.

Accelerating efforts towards malaria elimination in
the Highlands of PNG requires measures to prevent
local transmission and control the importation of infec-
tions from endemic areas in the lowlands. A previous
study already reported 82% of malaria cases in Goroka
to be associated with travel to coastal areas [26]. While
less than 20% of participants in this study reported travel
during the previous month, most of these trips occurred
within the Highlands Region. Endemic coastal prov-
inces were the destination for only 10% to 17% of trav-
elled survey participants in the SMS and RCD. As the
Highlands become more connected with endemic prov-
inces through infrastructural developments, the risk and
potential severity of outbreaks associated with importa-
tion may increase in the non-immune population [1].

In a pre-elimination phase, it is therefore essential for
the malaria control program to establish an effective
surveillance-response mechanisms as an integral compo-
nent of the suite of interventions, with an approach that
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allows tracing the source of reported infections followed
by routine focal interventions, particularly where local
transmission persists. With few cases in the Highlands,
a decentralized malaria programme can implement both
active and reactive investigation and clearance of foci to
interrupt transmission. However, such a surveillance-
response system requires individual case-based report-
ing including a thorough examination of detected cases
to determine the source of infection. In addition, this
system requires sufficient human resources as well as
financial and logistical capacity to investigate trans-
mission foci, including, for example RCD. Case-based
surveillance will be an indispensable tool to prevent rein-
troduction in settings freed of malaria [27]. Establishing
such a system may require specific structural changes in
the national malaria policy to leverage needed resources
from both national and sub-national (province, district)
levels.

Conclusions

Findings from this study identify an opportunity to
accelerate towards malaria elimination in the Highlands
of PNG, from an epidemiological point of view. Fol-
lowing guidance provided in the WHO framework for
malaria elimination, the PNG malaria programme should
invest in sub-national tailoring to implement interven-
tions along the existing continuum of malaria transmis-
sion from high to very low [23]. In support of targeted
elimination efforts, further evidence on suitable triggers
for reactive focal interventions are required alongside a
continuous strengthening of the National Health Infor-
mation System to include near-real-time individual case-
based reporting of malaria cases.
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