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Introduction

Papua New Guinea (PNG) is renowned for
the complexity of its malaria situation (1).  All
4 human Plasmodium species are present and
transmission intensities range from highly
endemic in some lowland areas to complete
absence of local malaria transmission in areas
above 2000 m (2).  At present, P. falciparum is
the dominant malaria parasite, but both P.
vivax and P. malariae can reach high
prevalence in selected areas, and mixed
infections are common (3-5).

Most of the Anopheles mosquitoes found in
Papua New Guinea are highly anthropophilic
and in some villages people experience up to
500 bites/person/night (6).  The main malaria
vectors belong to the Anopheles punctulatus
group which consists of at least 12 species
(7,8), 7 of which make up the An. farauti

complex.  The sibling species within the
Anopheles farauti complex are
morphologically very similar and can only be
reliably differentiated using allozyme and
DNA-based techniques (9,10).  9 of the 12
members of the An. punctulatus group
including 5 of the 7 known sibling species
within the An. farauti complex are found in
Papua New Guinea (8,9,11).  Mosquitoes of
the Anopheles punctulatus group are
distributed from the coastal and inland regions
to the highlands.  The most widely distributed
is An. farauti s.s., which is found throughout
the coastal areas.  Anopheles farauti no. 2 and
no. 4 are found in coastal and inland areas
while An. farauti no. 5 and An. farauti no. 6
have only been recorded in the highlands
(8,9,11).  Other known malaria vectors in
Papua New Guinea include An. bancroftii and
An. karwari (12).

SUMMARY

A cross-sectional malaria survey of the Pabrabuk area in the Western Highlands Province
found that all 4 human malaria species were present in a single village, with an overall parasite
prevalence rate of 27%.  Plasmodium falciparum was the most frequently detected infection
(14%) followed by P. vivax (11%), P. malariae (5%) and P. ovale (3%).  10 of the 51 infections
were mixed.  Anopheles punctulatus was the most frequent vector species in the area, but both
An. farauti no. 6 and An. karwari were also present in low numbers.  This diversity in both
parasite and vector populations indicates that complex malaria patterns are found in Papua
New Guinea even at the moderate transmission levels found in low-lying inter-montane valleys.
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Most recent studies on malaria
epidemiology were focused in low-lying areas
in the north (Sepik and Madang Provinces) and
the south-west of the country (Western
Province).  Less is known about the complexity
of malaria in the malarious areas of the
highlands.  Apart from P. ovale, for which
there are no previous published accounts, all
human plasmodial species have been found in
the PNG highlands (13,14).  There is, however,
a marked decrease in malaria endemicity with
increasing altitude (14,15), most profoundly in
P. malariae and least in P. vivax (16).  All
major vector ecology studies in the PNG
highlands (17) predate the revised
identification of species within the An. farauti
complex (9).  However, the fact that
individuals of An. farauti no. 5 and no. 6 have
so far only been found in highlands collections
indicates both a diverse and distinct highlands
anopheline fauna.

Here we present data from a survey
conducted in a single village in the Pabrabuk
area of Western Highlands Province (WHP)
that confirms the existence of all 4
Plasmodium species and documents the high
diversity in both parasites and vectors found in
parts of the PNG highlands.

Materials and Methods

The survey described here was conducted in
September 2001 in Kungmul village near
Pabrabuk in the Nebilyer District of the WHP.
The village is situated at 1300 m above sea
level on flat, mostly cultivated land between
two small rivers and is within walking distance
(<2 km) of the Highlands Highway. 

The cross-sectional malaria survey included
190 individuals from 59 households,
representing approximately 60% of all
household members.  From each individual, a
thick and thin blood film was prepared, the
spleen palpated in the lying position, axillary
temperature taken and haemoglobin level
measured.  Symptomatic individuals were
tested with Optimal test kits (Diamed,
Switzerland) and those found positive were
treated with chloroquine plus Fansidar.  A
short questionnaire on current symptoms and
past malaria episodes was administered to each
subject or their guardian.  Giemsa-stained

blood films were examined under the
microscope for 100 thick film fields under oil
immersion before being declared negative.
The parasite species in positive films were
identified and densities recorded as the number
of parasites/200 white blood cells (WBC).
Densities were converted to the number of
parasites/µl of blood assuming 8000 WBC/µl.
The slides were read independently by two
experienced microscopists at the Papua New
Guinea Institute of Medical Research
(PNGIMR) in Madang.

Mosquitoes were collected using the CDC
light-trap and the landing catch methods as
described previously by Bockarie et al. (18).
CDC light-traps were operated inside 2 houses
between 1800 and 0600 hours and landing
catches were conducted outdoors at the same
time.  Sampling was carried out for two
consecutive nights.  A rapid, nonquantitative
larval survey was conducted on water bodies in
the vicinity of the village.  Mosquitoes were
stored dry in silica gel, larvae in ethanol; all
samples were transported to the PNGIMR
laboratory in Madang for identification.
Mosquitoes were first identified
morphologically according to the keys
described by Belkin (19).  Specimens
identified as belonging to the An. punctulatus
group were then processed by polymerase
chain reaction (PCR) following the method of
Beebe and Saul (10).  

Parasite densities were log-transformed.  As
haemoglobin levels are known to be age and
gender dependent, nonlinear regression was
used to obtain residual scores which are
corrected for these effects.  Differences in
categorical variables were tested using χ2 and
Fisher’s exact test and continuous variables
using t-test and ANOVA.  All statistical
analyses were done using STATA statistical
software (Version 6, Stata Corp. TX). 

Results

Out of the 190 blood slides taken in
Kungmul, 51 (27%) were positive by
microscopy (Table 1), 27 (14%) people were
infected with P. falciparum, 20 (11%) with P.
vivax, 9 (5%) with P. malariae and 5 (3%)
with P. ovale.  Of these infections 10 (20%)
were mixed (Table 1).  Malarial infection was
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significantly associated with age (χ2=20.7,
df=3, p<0.001): it was most prevalent in the 2-
4 year old children (58% positive slides),
followed by the 5-9 year olds (45%) and <2
year olds (33%).  The prevalences in
adolescents (10-19 years) and adults (>20
years) were 16% and 18%, respectively.

Most of the infections were of very low
density, with only 7 (14%) reaching more than
2500 parasites/µl (Table 1).  Mixed infections
had the highest densities (geometric mean of
1101/µl combined) and P. malariae and P.
ovale infections the lowest.  However, these
differences did not reach statistical
significance, due to the low number of such
infections observed.

While over 70% of people with positive
blood slides showed some form of malaria-
related morbidity, only 20% reported acute
illness (ie fever during the last 3 days).
However, haemoglobin levels in infected
people were reduced by 1.3 g/dl (CI 0.7-1.9,
p<0.001) as compared to noninfected people.
As a consequence, 50% had mild (Hb<10 g/dl)

and 10% moderate (Hb<7.5 g/dl) anaemia
compared with only 23% mild and 3%
moderate anaemia in uninfected individuals.
50 (27%) of 185 people checked had enlarged
spleens (average spleen size 2.6 following
Hackett’s grading); 17 (34%) of these had
concurrent infections and 5 (10%) reported a
recently treated malaria episode.  As with the
pattern of malaria infection, enlarged spleens
were strongly age dependent (p<0.001),
reaching more than 50% in children under 10
years.  Anaemia was significantly more
common and profound in mixed than in single
infections (9/10 vs 21/40, p=0.015) and
enlarged spleens tended to be more common in
infection with P. malariae and P. ovale (8/14
vs 11/36, p=0.08). 

The two nights of landing catches yielded a
total catch of 27 anopheline mosquitoes
including 26 An. punctulatus and 1 An.
karwari.  Only one anopheline mosquito, An.
farauti no. 6, but many culicines were caught
in the light traps.  Hundreds of An. punctulatus
larvae were found in murky sunlit pools made
by pigs along the dirt road through the village.

TABLE  1

RESULTS OF PARASITOLOGICAL SURVEY (N=190)

Species Cases Parasite density
(parasites/µl)

Geometric 95% Confidence Number 
mean limits >2500

P. falciparum 18 523 [201, 1363] 4

P. vivax 12 588 [274, 1264] 1

P. malariae 7 204 [93, 447] 0

P. ovale 4 320 [52, 1955] 0

P. f./P. v. 7 640a [159, 2574] 1
308 [113, 844]

P. f./P. m. 1 21000a 1
8320

P. f./P. o. 1 640a 0
120

P. v./P. m. 1 80a 0
440

All infections 51 526 [337, 821] 7

a first number denotes density of first mentioned species
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Discussion

The work presented here confirms that all 4
human malaria species occur in a PNG
highlands area with moderate to low
transmission and gives an indication of the
complexity of the vector fauna in these areas. 

All 4 human malaria species have been
found before in large surveys in highly
endemic areas around Madang and East Sepik
(5) and the highlands of West Papua, Indonesia
(20,21).  But to our knowledge, this is the first
published account of P. ovale in the PNG
highlands.  While P. ovale was clearly present
in PNG before the second world war (22)
relatively little is known about the actual
distribution of this species in the country.
When found, it was in the lowlands mainland
areas (1) and at low frequency.  In a recent
survey in the East Sepik Province, P. ovale was
not observed microscopically but detected by
PCR diagnosis in 16% of the samples, all in
mixed infections (5).  The fact that P. ovale has
not been noted in the PNG highlands before
may be due to the common use of thick
smears in many earlier surveys and routine
hospital microscopy.  Differentiation of P.
ovale from P. vivax, however, needs careful
reading of the thin smear by an experienced
microscopist (23). 

The overall prevalence rate of over 20%, the
strong age dependence of infection and the
high number of low-level infections without
acute disease all indicate endemic malaria
transmission in the area, which leads to at least
a partial build-up of immunity.  Malaria is
clearly a major source of morbidity in the area,
although much of it is in the form of anaemia
and enlarged spleens rather than acute febrile
illness.  Because of the small sample size,
however, little can be said about the difference
in morbidity associated with infection by
different Plasmodium species.

The diversity in parasite species is matched
by the entomological situation, with 3 different
malaria vectors.  Although the number of
mosquitoes caught in this study was small, the
species composition, biting rate and relative
abundance of the Anopheles species is of great
epidemiological significance to the current
malaria situation in the highlands. Anopheles

punctulatus , the most commonly caught
mosquito in Kungmul, was uncommon in the
highlands region in the 1950s and 1960s when
An. farauti s.l. was the predominant human
biting mosquito (12,24).  Human biting rates of
Anopheles species were relatively low
compared to the coastal region (<5
bites/person/night in WHP, 1958-1960).  In the
present survey a much higher biting rate of 13
bites/person/night was observed for An.
punctulatus alone.  The increase in the relative
abundance and biting rate of this species may
be related to forest clearing and soil
disturbance for housing and cultivation of
vegetable gardens or to an increase in pig
husbandry, all of which result in many sun-lit
temporary pools that favour the establishment
of An. punctulatus.  Such disturbances were
correlated with the unusually high densities of
An. punctulatus which subsequently became
the dominant local species (25-27).  Anopheles
punctulatus is a highly efficient vector of
malaria because it is highly anthropophilic and
anthropophagic.  It is also strongly endophilic
and endophagic.  Recent reports of escalation
of malaria transmission intensity in the
highlands region may therefore be related to
the increase in the biting rates for this species.

While Anopheles farauti s.l. was the most
common mosquito in the WHP in the 1950s
and 1960s (17), it was evident that the ecology
and behaviour of the An. farauti s.l. found in
the highlands was different from the type
species of An. farauti s.l. found in the coastal
region (12).  The highlands An. farauti s.l.
were also larger than the coastal ones (17).  In
recent surveys the only members of the An.
farauti complex observed so far in the
highlands are An. farauti no. 5 and no. 6 (8,9)
and more recently An. farauti no. 2 (11).  Their
respective roles in malaria transmission in the
highlands are yet to be established.

Anopheles karwari, a known malaria vector
elsewhere in PNG, has not been previously
recorded in the PNG highlands.  Anopheles
karwari is probably not indigenous to Papua
New Guinea.  According to Lee et al. (28), it
may have been introduced to West Papua in the
1920s from South-East Asia where it is
widespread.  Since that time it has been caught
in human biting catches in the Wosera area,
East Sepik Province (29). 
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The complexity of both parasites and vector
species documented here might be linked to
several different characteristics of the survey
area.  Malaria is clearly endemic in Kungmul,
even though it is situated at 1300 m.  However,
as observed in other parts of the PNG
highlands, transmission is likely to be seasonal.
Both the local health staff and the community
mentioned that malaria is much more frequent
in the drier season.  Strong seasonal differences
in transmission are likely to favour parasites
with either prolonged liver stages (P. vivax and
P. ovale) or long-lasting, often subpatent
infections (P. malariae) (30). The higher
number of enlarged spleens in cases of
P. malariae and P. ovale might be an
indication of such chronic infections.

Influx of malarial infections from other
areas may also contribute to diversity.  The
Pabrabuk area is adjacent to lower-lying,
malarious areas in East Kambia (WHP) and
Gulf Province.  Moreover, the increase of
travel on the Highlands Highway is likely to
have increased the number of infections
introduced from coastal areas (31).  The
potential role of the different vector species in
maintaining parasite diversity is difficult to
assess since very little is known about the
possible interactions between individual vector
and parasite species.  However, it is well
established that anopheline mosquitoes can
simultaneously be infected with more than one
Plasmodium species (32, 33) and can thus
potentially transmit multiple infections with a
single inoculum.

The malaria situation found in Kungmul is
comparable to the one observed earlier in the
highlands of West Papua, Indonesia (26).
There, a heightened malaria transmission was
observed following the construction of new
houses and drainage ditches which resulted in
increased breeding of An. punctulatus.  As in
our survey, malaria was endemic and all 4
malaria species were present.

Changes in both human ecology and
behaviour may therefore have created
favourable conditions for complex patterns of
malaria epidemiology in the New Guinea
highlands regions by increasing both the
introduction of infections from the lowlands
and the breeding potential of An. punctulatus.

These changes may have greatly influenced the
epidemiology of malaria in the PNG highlands
and may lead to an aggravation of the malaria
problem in these areas.
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