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INTRODUCTION

This study had two majar abjectives. The first was the
measurement of the malarial infectiousness of the human
populaticon in the Madang area of Papua New Guinea to mosquitoes,
and the second was to determine the extent of the human immune
response to gametocyte and gamete stages of malaria and how this

influences infectiousness.,

Infectiousness of a human population can be thought of as the
praoportion of the human population which at any one time is
capable of infecting mosquitoes. Alternatively it can be defined
as the proportion ot mosquitoes biting a human population on any
one night which acquire an infection. In the prezsent paper we
ucrr the second meaning for infectiousness end define it as the
mosquito infection probability (K)., This term is used in
preference to ’'Infectious reservoir’ as uced in the grant

application.

Three approaches were adopted to measure the mosquito infectian
probability K. The direct approach was to feed groups of
mosquitoes on a demographically representative human population,
w.thout regard to parasitoclogucal!l status. A value was thus
obtained for the praportion of individuals capable of infecting
mosquttores, and among such infecticus individuals, of the
proportion of mosquitoes which bgcome infected. From these data

a value for K was estimated.



The secand approach was to determine the prevalence of gametocyte
carriers in threoe villages in the Madang area by blood slide
surveys, while data an infectivity of gametocyte carriers was
independently obtained by feeding mosnquiteoes on known gametocyte
carriers presenting to health facilities. The infection
prabability K was then derived by muitiplying the mean
prabability of infection (from th=2 ganetocyte carriers tested) by

the prevalence of gametacyte carriers in the human populatian.

The third approach was to estimate the proportion of mosquitao
bload meals which pick up infection using a mathematical model
develaped in collaboration with Dr. Allan Saul of the Queensland
Institute of Medical Research. In this model mosquito infectian
rates together with human blood 1ndices can be used to estimate
the mosquito infection probability. Data generated in the
present study has been used to investigate and validate the
mathematical model. The model has the advantaqe that mosquitoes
cauqgnt i1n biting collections as well as blood-fed in indoor or
autdoor resting catches may be used to measure infection rates

and hence the i1nfection probability.

In the second major objective of this project, factars affecting
the infectiousness of individuals to mosquitoes were investigated
by testing sera fram the endemic area in membrane feeding studies
together with Plasmodium falciparum gametocytes graown in vitro.
Gamete surface antigens recognised by the sera were investigated

by inmunoprecipitation from 185-] surface labelled gametes.

Responses to the antigens were correlated with the effects of the



sera on infectivity.

1) Measurement of the infectiousness of the human population.

a) Direct measurement of infectivity to mosquitoes of individuals
in the human population.

i. Village base. infectivity studies.

During surveys in the villages of Mebat, Umun and Bahor in 1984,
infectivity of individuals to mosquitoes was studied by membrane
feeding. The labaratory reared naisquitoes used were from a

5> farauti established from a cross between wild

0

colony of Anaphele

i
i

caught females from the village of Agan, Madang province, and
males of a colony of An.farauti No. 1 from Rabaul, East New
Britarn province, provided by Dr. Tuny Sweeney, Army Malaria
Research Unit, Ingleburny, N.S.W, Nustratlia. At the wvillage
surveys fingerprick blood samples of at least 200 ul were drawn
into heparinised containers and the blood immediately presented
to starved An,farauti through water jacketed (37OC) glass feeders
us1ng Heudrucoe membrane. Because of the reluctance of
An.farauti to feed through membranes, in 1983 villagers in

Butelgut, Mebat, Sah and Buksak were asked to allow groups of 20-

30 masquitoes to feed directly on themselves.

Immediately after being offered blood, mosquitoes were sorted and

unfeds discarded. Engorged mosquitoes were held in an insectary
o

at ambient temperature (mean 27-28 C) for 7 to ? days, with a

continuous supply of 10% sucrose solutian. Their stomachs were



then dissected, stained with 0.2% mercurachrome and examined at

<400 for oocysts.

Groups of mosquitoes were dissected from feeds performed on 201
individuals (Table 1), of which 8 (4.0%4) gave rise to infections
tn moaquitoes. The mear percent of mosquitues infected in feeds
on these G infectious individualgs was 37.9% (range ?2.1% -
73.0%) . The average number of crosquitoes dissected per feed

was 3.0 (s.d.= 3.9). [t is possible to estimate the mosquito
infection prubability K by multiplying th: above two proportiaons
(0.379 x 0.04) giving 0.015. However because of the large
standard errar arising from such a multiplication it was
preferable to estimate K from the average of the prouportion
infected in each group (weighted by sample size) as N.C13 +
0.003. ANAs a third alternative, dividing the total number of
mosquitoes infected (21) by the total dissected (14610) gave an

estimate of 0.013 + 0,003 for the mosquito infection probability.

O0n subsequent examination of the blood slides, 17 persons (8.5%)
were oboerved to have gametocytes (any species), and & of these
people were infectious. However, out of the 12 persons in whose
slides only P.vivax asexual stages were reported, two were
infectious to mosquitoes, indicating that in these cases P.vivax
gametncytes had been undetected. In no cases were infected

mosquitoes obtained from persons whose slides were reported to

show Plasmodium falciparum, P.malariae and/or P.ovale

stages only, ar no parasites of any stage. Only one of the 5S4

P.falciparum cases (any stage) was infectious whereas five aof the



20 P.vivax cases were infectious.

The distribution of individuals in the different age categories
upon wham feeds were successfully performed was compared with the
denographic prafile of the population at large. Accurate, up-to-
date demagraphic data from house-to-house surveys during 1985 was
available for the villages of Butelgut, Mebat, Maraga and Sah
(Table 2) . there was a significant difference between the
demographic profila of the population on which mosquitoes fed and

the demaographic profile of the population as a whele

2

(e terogeneity ¥ = 8.91, p=0.031). This arose from a
signtificant underrepresentation aof 0-4 year aolds in feeding

2
studies compared to their numbers in the population (X = $.07,
p=0.024), due to the refusal of many young children to allow
mosquitoes to feed on them. After correcting for the

distribution of feeds on different age groups, the proportion of

persons infectious was estimated as 3.8%.

ii. Infectivity of gametocyte carriers and measurement of

gametocyte rates in the population.

Membrane or direct feeds were performed on gametocyte

carriers identified amongst ocutpatients at Yagaum and Alexishaven
Health Centres, Madang Province, and at Gorcka Hospital, Eastern
Highlands Province. Feeds on 31 P.falgiparum gametocyte carriers

revealed that 45.2% of them were infectious (Table 3). The

average number of mosquitoes dissected per group was 10.9. The



overall proportiun of mafquitoes infected in the total of 335 fed
was 0.119 + 0.018. Since there was extreme heterogeneity in the
degree of infectiousness of diffoerent peopley, the mean proportion
of mosquitnes infected was calculated by averaging the praportion
infected 1n each group, giving a value of 0,118 + 0.039. The
mean number of aoccysts per infected mosquito ranged from 1.0 to

34.2 1n the different groups.

For P.vivax (Table 4), 14 out 2B feeds were infectious (50.0%).

These 1nclude three feeds on P.vivax infected people in whose
slides gametocytes were undetected and three feeds on persons
1nowhom the density of gametocytes was not known. The overall
proportior. of mosquitoes infected was 0.147 + 0.019, but again to
allow for heterogencity between individuals the mean proportion
infected was obtained by averaging the probabilities in each

groupy giving an estimate of 0.203 + 0.051. The average number

of mocquitoes dissected was 12.4 anm the mean number of ococysts per
infected mosquito ranged from 1.0 to 31.5. The presence of a
P.falciparum ascxual infection in conjunction with P.vivax

appeared to reduce the infectivity of P.vivax cases: only three

out 2f 12 such mixed infections were infectious caompared to 11
2

out of 16 of the cases with P.vivax only (X = 3.65, p=0.056).

Table 3 shows data from all feeds performed on P.malariae
infected cases. In all except two of them, gametocytes were
detected.,  Four out ot 11 gametocyte carriers (36.4%) produced

infections in the mosquitoes; the averall proportion cf

mosquitoes infected was 0.072 + 0.026. The mean proportion



infected per group was 0.111 + 0.062, The mean number of
masqul toes fed was 10.6 and the mean number of oocysts per

infected mosquito ranged from 1.0 to 7.0.

The influeance of parasite density and age on infectiousness was
Investigated by logistic regression using the GLIM statistical

falciparun, there was a statistically

package. In the case of P

significant di ference between the infectiousness of the different
el
p
classes of gametacyte density (X = 9.3, p < 0.05), but
3
there vas no trend of infectiousness increasing or decreasing

with parasite density. However 1f the one case in which 100% of

mosquitoes were infected was excluded, the effect was no longer

el

[
significant (X = 3.85%). Analysis of the effect of age on

3
Infectiousness, which was restricted to cases in the endemic area
a2
of Madang (23 cases), showed no significant effect (X =
1

1.3&). Similar analysis of the offect of gametocyte density on
P.vivax infectiousness was not possible hecause of the restricted

numher of gametocyte density classes. In the Madang feeds (14
cases), infectiousness ef P.vivax increased with age (Xa =
14.84), althougn the limited data available means that Lgis
vesult should be interpreted with caution. Similar lack of
sufficient data precluded analysis of factors affecting
P.malariae infectiousness,

There was no significant difference between the three malaria

species 1n the praoportion of game%ocyte carriers whao were

infectious to mosquitoes, which averaged 47.5%. Nor was there a



significant difference in the proportion of mosquitoes infected
per group by the three malaria species. An overall estimate of
mean propartion infectad, obtained by averaging the proportian

infected per qroup, was 0,151 0,029,

Of the P.falciparum gametecyte carriers from Madang (Table 3),
the numhers in each age group, and the percentage infectious,
were as follows: O - 4 years, 9 (36%75 5 ~- 9 years, 7 (29%)3 10 -
17 years, 3 (33%); > 20 years, 1 (0%). For P.vivar, the figures

w2re as fol lows: 0O - 4 years, 5 (40%); 9 ~ Y years, 4 (50%); 10

- 19 years, 4 (79%); > 20 years, 1 (100%).

To determine gametocyte rates, six parasitological surveys were
carried out in the villages of Butelgut, Metat and Maraga between
June 1983 and September 190%. Faur surveys at three-monthly
intervals were followed by two surveys at 92 monthly intervals.,

P.vivax, P.malariae and P.ovale asexual stages and gametocytes by

age group, which are presented in Fig 1. There was no
significant difference hetween the three villages in the
prevalence of P.falciparum asexual stages or gametocytes, which
ranged from 2.2% in Maraga to 4.0% in Butelgut. Neither was
there a significant difference bhotween the villages in the
vivax qametngyto rate, either overall or in any of the age

graoups.

The prevalence of gametocytes (al’l species) was 7.3% in Maraga,

7.8% in Butelqut and 10.4% in Mebat. These differences between

9
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villages are not significant. The overall prevalence of
gametocytes in the three village populations was 3.3%

vivax and G.7% P.malariae, giving a combined

P.falciparum, 4.0% P
gametocyte prevalence of gv%. The gametocyte rates of
P.falciparum and P.vivax were not significantly ditfarent.,

The peat prevalence of P.falciparum was ohserved in the S-9 years
age group in Butelgut and Mebat but in the 10-19 yedrs age group
in Maraqga. Prevalence rates of P.vivax peaked in the S-9 years

aqge groaup in all three villageas. For P.falciparum, gametocyte

rates were always highest in the O-4 age group,

Relative ratios betwcen infections with sexual and asexual stages
were obtained from the prevalences far each age group shaown in
Fig.1. Despite highest asexual prevalence in 5-9 year olds, the
relative ratio bHetween P.falciparum infections with gametocytes

and those with only acexuals declined sharply from 19.3% in 0-4
year olde to B.7% in 5-9 year aolda. In P.vivax the gametocyte
rate was higher in the 95-9 vear age group than in 0-4 vear olds,
but the relative proportion of P.vivax infections which had
gametocytes was highest in the 0O--4 age group (95.8%) and declined

through the subsequent 4ge groups to 10.4% in the aver 20 age

group.,

Examination of 1541 bload slides taken in Butelgut, Mebat and
Maraga during 1983-05 revealed a total of 51 infections with

P.falciparum gametacytes, &2 with P.vivax gametocytes, and 10



with P.malariae gametocytes. These numbers are insufficient to
investigate the distribution of parasite dernsities by aqge groups.
Thevefore P, falciparun gametocyte and asexual densities by age
were analysed using a larger sample of blood slide surveys
urdertaken in Madang villages during 1983-1985, in which there
were a total of 1958 gametocyte and 1133 asexual infections (Table
&Y. Despite highest prevalence rates of P.falciparum asexual
stages in 99 voar olde (Fig 1), average asexual parasite density
grade showed a decline with age fram 3.7 in 0-4 vyear olds to 1.8
in over <0 yvear olds. There was a caorresponding decline in
gametocyte density grade through the age groups (Table &). The
decline in P,falciparum density with age is clear in Fig 2; in
the case ot P.falciparum gametocytes the majority of infections
were 1n the lowest density grade. However the proportion of
infections with density greater than grade 2 was significantly

2
higher in the 0-4 yoear olds than in the other age groups (X

i}

?.14, p=0,003).

The infectiocusness of the population was estimated by combining
the data on the averanqe proportion of mosquitoes infected by a
gametocyte carrier (0.151 + 0.029) with the overall gametocyte
prevalence in the population (0.080 + 0.007). This leads to an

estimate of 0.012 + 0.003 for the mosquito infectiaon probability.

b) Measurement of mocquito infection probability from wild caught

mosquitoes,

Mosquito collections were performed in Butelgut, Mebat and Maraga

11



villages by a team of four collectors who visited each village in
rotation for four consecutive nights at four to six week
intervals for an ei1ghteen month period, Coltectors pertormed
biting catches hetweer 1800 and 0400 anc collections faor
mosquitoes resting outdoors between 0700 ¢nd 00GCO. Collections
for mosquitoes resting inside houuses were performed between 0600
and 0430 by an anhabitant ov cloce relative of the inhabitancs
who searchoed all moosquito nets and walls in each village house.
All mosquitoes were placed in an insulated box and transported

back to the laboratory by 1000 hours.

Moaquitoes caught biting were used to determine the sporozoite
rate by ELISA (1,2) or, in Mebat and Butelgut, the delayed
infection rate. This parameter is the proportion of mosquito
stomachs observed to be infected with ococysts after they have
been held in the laboratory for sufficient time to allow all
their oocyst infe:tions to be visible at x400 magnification.
These rates include ruptured oocysts which can be clearly seen
reemaining on the stomach after the sporozoites have been
released. Mosquitoes caught biting were held for (hree daysg
engneged mosauitoes caught in indoor and outdoor resting
collections were used either immedately to determine the human
blood index by CLISA (1) or for determination of the the delayed

infection rates after holding in the insectary for S days.

The delayed oocyst rates from the various types uf catch, the

sporozoite rates and the human bloocd indices (where available) in



the villages of Butelgut, Mebat and Maraga are given in Tables 7-
?. The equations uscd to estimate the mosquito infection
probability K fraom these data are given in Table 10, together
with equations for the estimated variance which were derived by
Dr. Richard Hayes, Landon Schoaol of Hygiene and Tropical
Medicine. The estimates of K obtained fraom these equations are
ohown in Table 11. The mosquito 1nfection probability was found
to be signitficantly higher for dn.koliensis in Butelgut (0.174 +

0,037) than in Mebat (O,04% + 0.012) (z = 3.21, p < 0.01). The

value of I for An.kolilensis in Butelgut was alse naogher than K

!

for An.punctulatus in the same village ¢ 0.074 + 0.027) ¢ z =

{

2.18, p = 0.01).

To determine wheoether there 1s a diffuerential susceptibility of
the three members of the An.punctulatus complex to malaria
parasites, the mean oocyst number in each species was compared.
[t was not ponsible to compare the proportiors of mosquitoes
infectoed, because of the differing human blood indices and
species proportions in cach village. Qverall the geometric mean
af oocyat numhor was 3.71. Analysis of variance on the mean log
of oocyst number indicated no difference between the mosquito
species (Tahle 12) ar between the three types of collection (not
shown), but a significantly higher wmean cocyst number in Butelgut

by

than in the other two villages (Table 1&).

In Mebat village, there was a significantly higher proportion of
mosquitoes infected with ococysats in indoor than outdaar biting

catches (the two types of catch being conducted simultaneously),

13
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(X by Mantel-Haentzel test = 7.4, p < 0.01). In Butelgut, no

such difference was abserved (Table 13). In Maraga, dissection
of mosquitoes from biting catches was nat done. Hhen the
slorozolite rate in 1ndoar and outdoor biting catches was

compared, no significant difterenc:.. was observed between the

rates 1n the tuo types 2f catch in any aof :he villages (Table 13).
Fasaible hiaa 1in the estimates of orcyst rates in Mebaet due to

the different infection rates in each sample was avoidcd by
dissecting approximata2ly equal numbers of mosquitoes from indoor

ard outdoor collections.

2) Immunity anc

Progress on this part of the proposed study has not been as rapid
as for the reat of the project and we do not feel able to report on
results at present, This situation has arisen mainly from the
return of Dr. Richard Carter from the Queensland Institute of
Medical Raseirch to the MNational Institutes ot Health, and his
subsequent move to the University of Edinburgh, where these

studies are still continuing.

H) Maturally aoccurring serum factors which affect infectivity of

gametocytes to masquitoes.

Blocod samples of S9-10 ml were collected from consenting adults



attending the outpatients department at Yagaum Health Centre,
Madang. Bload samples were also drawn from a cross-csectional
sample of individuals over the 99 of 4 years attanding surveys
in the villages of Agan, Macdang Frovince and Tau, East Sepik
Province. At Gorokae Hospital, sera were collected fraom adults
who had recently visited a coas*al area and who presented with
suspected malaria, Blood was a¢llowed to clot and the serum

shipped frozen to the Naticnal lnstitutes of Health.

Gametocytes of strain NFS4-2D7 grown in culture were allowed to
activate, the gametes purified on Nycodenz gradients and then
labelled with 129-1 by the lactoperaxidase method. The labelled
cells were extracted in SDS xnd Triton X-100 before
immunoprecipitation with the human sera followed by separation of
tmnuna complexes with Protein-i Sepharose, 5DS-polyacrylamide gel
electrophoresias and autoradicqgraphy. The sera were also tested
grown in culture by feeding to masquitoes together with fresh
humar erythrocytes and non-immune serum as a source of
complement. Control consisted of at least two different non-
imaune (U.5.A.) sera included in each experiment. Nine ocut of 41
sera from endemic areas consistently reduced infectivity to less
than 5% of control, as did three out of seven sera from the non-—

endemic area.

The major curface antigens recngnised by the sera were of the

same molecular weights (230 and 48B/43 kilodaltons) as the tarqget

15



antigens of antigamet® monoclonal antibodies (4). One panel of 18
sera were tested together in two feeding experiments and aigo in
a single immunoprecipitation experiment. Results from these sera
arae thus directly comparable with one another (Fig.3). A strong
negative carrelation (r = -0.007) was found between the total
counts per minute 1mmunaprecipitated and the average number of
oocysts per gut in membrane feeds. The reqgression coefficient

was highly significant (&= 5,47, p<0.001).

In order to compare the results obtained during different feeding
experiments, in which control infectivity varied, results with
individual sera (gocysts per qut) were normalised by expressing
them as a percent of the mean control infectivity in each
exporiment.  These normalised infectivities, ranked in order of
magnitude of suppression, were correlated with the amount of
antigen counts immunoprecipitated from the 230 and 48/45 kD
proteins, measured by cutting out the relevant region of the gel
ard counting in a gamma counter. Spearmann’s rank correlation
coefficient showed there to be a significant negative
correlation between infectivity and counts associated with the

230 kD protein (rho = -0.3804, p<0.01),

Extensive membrane feeding studies in Papua New Guinea involving
washing and resucpending of gametocytes in autologous and non-
autologous sera were precluded for the following reasons:

1) Difficulties is rearing sufficient numbers of An.farauti over

and above the requirements of the studies already described,

2} The extreme youth of most gametocyte carriers in Madang whicn

16



prevented venous hlood being taken,

3) The lower than expected gametocyte rates in Madang, conpared
to Africa.

Studies still in progress involve the feeding of An,freeborni on
cultured gametocytes together with sera from panels of gametocyte
carriers from the Madang area, which will enable further
infarmatien an the effects of transmission blocking antibodies

during infections to be determined.

¢

c) Effects aof *ransmission blaocking monoclonal centibodies on

infectivity of matural infections to mosquitoes.

Three monoclonal antibodies known to have transmission blocking
activity, and which recognise the three gamete surface antigens of
230, 48 and 45 kD (4), were tested against 20 isnlates of
gametocytes fram Madang by immunofluoresence. All reacted
positively and there was no evidence of strain variation in the
gamete antigens, as has been previously described (5). It is to
be expected tiherefore that thoy would block transmission of
strains from Papua New Guinea; however this was not tested

directly for the reasons mentioned above.

17



DISCUSSION

The proportion of bloodmeals taken on humans which are infectious
to mosquitoes in the Madang area, Papua bNew Guinea was estimeated
by three methods. In the first, laboratory reared An. farauti
were fed on individuals of all ageq at village surveys. The
results showed that 3.8% of peaple were infectious and that the
mean percent of mosquitoes which became infected by feeding an
thece people was 37.9%. From the average proportion of
mosqQuitoes infected, the praobability that a mosquito feeding on a

human would pick up infection was 0.013 + 0.003.

These studies which involved feeding mosquitoes on large nunbers of
people were hampered by logistical problems including the
reluctance of laboratory reared mosquitoes to feed and reluctance
of the population, particularly children, to allow mosquitoes to
feed on them. A second approach to estimating infectivity was
therefore adopted which involved feeding mosquitoes orn

gametocyte carrierg to measure their infectivity. The results
obhtained were combined witn data on the prevalence of gametocyte

carriers to estimate the infectivity of the population act large.

The feeding studies on gametocyte carriers indicated that 47.5%
of them were infectious and that the mean probabiiity of a
mosquita becoming infected after feeding on a gametocyte carrier
was 0,131 + 0.029. Gametoucyte prevalence rates in all ages
measured over 18 months in three villages averaged 3.3%

P.falciparum, %.0%4 P.vivax and 0.7% P.malariae, totalling 8.0 =+

18



0.7%. Combining these two proportions gave an estimate of 0.012
+ 0.003 for the probability aof a mosquito hecoming infected
following a blood meal an a member of the human population.
There was no clear evidence far a relationship between gametocyte
density or age and infectivity. Highest gametacyte densities for
P.falciparum were observed in the under S year alds. Infectious
individuals were predominantly under 10 but a significant
proportion were over this age. The parasitological data
demonstrated that gametocyte prevalence declines with age as
immunity increaces. The data further indicate that gametocytes
of P.falciparum and P.vivax decline ir prevalence relative to
asexual stages, cven when the latter is rising, as in the 5-9
yoar age roup. This suggests that some form of acquired
immunity may be directly affecting the production of gametocytes
and/or their survival., In P.falciparum the proportion of
gametocyte carriers who were infectious was higher in the O - 4

year olds than in the over 5 year olds, as would be expected

given the difference in gametocyte density.

Mosquita infection probability was aAlso estimated using data on
mosquito infection rates and human blood indices using the
mathematical model of Allan Saul. Jppraximate variance formulae
have been dorived for the estimates from the Saul model . The
patimate for K for An, kollensis was significantly hig.er in
Butelgut village (0.174) than in Mebat (0.049), and also higher
than An.punctulatus in Butelgut (0.074).
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Estimates of K from wild caught mosquitoes using the Saul model
are thus much higher than the measurements obta:ned from direct
feeding studies or estimates from gametocyte prevalence rates and
infectivity af gametocyte carr 1€7S. There are at least three
possible explanations for the discrepancy. Firatly there may be
poar estimation of same of the parameters in the Saul model,
perhaps the human blood index because of the difficulty of
representative sampling. Secondly the difference may be
explained b/ nan-random feeding by mosqu: toes an individuals in
the population, i.e. either preferential feeding on infectious
people or 1ncreased feeding on a2 subpopulation of individuals who
would thus be more likely to be infected and infectious. A final
possibility is that cubpopulations of mosquitoes which prefer to
bite and/or rest 1ndoars exist. There is some evidence in favour
of this in the higher ococyst rates in indoor- than outdoor-
biting An.koliengsis ohaerved in Mebat. N similar sub-population

kaliensis in Butelqgut could explain the higher K estimated

o
Iad

for this apncies than An.punctulatus. In this study species

i

identifications were made on a morpholoagical tasis, but it is
likely that one ar mors Grypoic species exist, possibly with

different feeding and restine behaviours.

The K as measured from wild-caught mosquitoes is probably a more
realistic reflection of the proportion of mosquitoes that are
actually picking up infections than estimates from direct feeding
studies. Sampling the wild mosquito population to estimate K

also avaids logistical problems associated with direct feeding

20



studies.

The small size of village populations and the lack of significant
variation between gametocyte rates in the three study villages
prevented detailed analysis of the relationship of K to
prevailing vectorial capacity and inoculation rate. Separate
studies have chown the vectorial capacity to average 2.2 for
An.koitenals 1o Batelgut, 2.0 for An.farauti in Maraga, and 29.2
for An.toliensis in Mebat. The 1noculatron rates in terms of
average number of sporozoite infected bites per year were 433 in
Butelgut, JU3 1n Mebhat and 291 in Maraga (T.R.Burkot,
unpublished). Given the significant variaticn observed in the
present study betweon the estimates of K for the different
mosquito specres itn oa village, 1t is difficult at present to krow

how to construct a relationship between infection probability and

inoculation rate for a village unit.

The fact that certain individuals with high gametocyte densities
did not infect mosquitoes indicated that gametocytes are impaired
or otherwice prevented fraom infecting maosquitoes in these
individuala. It is urlikely that this is due to the
sparonticidal effects af antimalarial drugs since Fansidar was
not available to thecse study groups through local health
Bervices., Data from feeding P.falcipacum gametocytes fraom 1n
vitro cultureqs to mosquiltoes by membrane feeding have shown that

many sera from irdividuals 1n FPapua MNew Guinea suppress

infectivity of parasites to mosquitoes. A strong negative

n
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carrelation wis shown between the infectivity of these sera and
the presence of antibodies against P.falciparum gamete surface
antigens. However the response of persons ta 1ndividual gamete
antigens wags extromely varitable and hard to explain in terms of
variable degrees of exposure to diffevrent gamete antigens,
suggesting that the capacity of individuals to respond was an
important factor. The presence of antibodies against gamete
antigens was not age related and could well account for the

fartlure of many gametoacyte carriers in any age group to infect

masqultoes.,
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Table 1: Mosquitn feeds at village surveys in Madang.

Slide Number of feeds performed (no. intectious)

resul t 0-4 yrs 5-%9yrs 10-19yrs  >=20 yrs Total

P.falciparum 1 2 3 (1) (o) & (1)
P.vivax 3 (1) 1 2 (1) 1 (1) 7 (3)
P.malariae 1 2 (2) 1 (o} 4 (2)

Asexuals anly:

P.falciparum 3 11 18 16 48
P.vivax 0 2 (1) 6 (1) S 13 (2)
P.fal. + P.vivax 1 2 2 o] =]
P.malariae o 0o 0 (o] 0
P.fal. + P.ovale 0 1 o] 0 1
No parasites any stage:

10 14 30 &3 117
Total: 19 (1) 35 (3) 62 (3) 85 (1) 201 (8)
Percent
infectious: 5.3 8.6 4.8 1.2 4.0
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Table 2: Demographic profile of study villages compared to

mosquito feeds on each age group.

Age group
Q-4 5-9 10-19 >=20 Total
Number of people 89 79 129 248 545

(146.3%) (14.5%)y (23.7%4) (45.35%)

Humber of
rosqulto feeds 19 35 &2 85 201

(2.54) (17.4%) (30.8%) (42 ,3%)
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Table 4: Results of mosquito feeds on P,.vivax
gametocyte carriers.

Place Type nge Parasite No. No. Mean ococysts
of feed (yra) density(c) nosq. infected per infected
ta) (b) Pta Pva Pvg d155. mosquito
L Dy 109 ¢} 1 O 10 3 1.3
1 Mem 1 O 3 (6] 2h 2 2.3
M Dir Q 3] 3 0O b6 2 2.0
* M Bir 17 0 1 1 ? 4 1.8
* M Dir 54 0 1 1 4 3 1.3
¥ M ftem 4 5 1 1 11 [0}
* M Dir i 1 3 1 “ 2 1.0
* M Dir 10 3 3 1 <) o}
* M Iem 3] & 3 1 & [0}
G Dir 14 3 & 1 4 o]
G Mem 16 ) 4 1 16 (o}
L Mem 3 0 5 1 11 (0]
M Dir 12 o] ) 1 4 3 4,0
G Dir 27 0 S 1 9 (0]
G Mem 17 G 3 1 10 (0]
M Mem 5 3 5 1 16 (0]
G Dir 50 0 b 1 3 2 31.3
G Mem 30 0 & 1 9 1 1.0
G Mem 20 0 & ) 16 2 1.0
3 Mem 14 (o) & 1 17 (0]
G Dir 16 3 7 1 5 o]
G Mem ? &4 i 1 14 0
M Me.n a2 0 2] 1 352 2 3.8
G Mem 35 (0] a a2 19 (o}
G Mem 22 8 4 a2 13 o]
14 Dir 7 3 4 ? 8 4 3.3
G Mem 20 o] & 7 23 14 5.0
Q Mem 29 0 7 ? 15 7 4.1

¥ Feed at village survey, included in Table 1.
(a): Location: M=Madang, G=Goroka.
(b): Type of feed: Mem = membrane, Dir = direct.

(c): Parasite density: O=negative, 1=<80, 2=B1-200, 3=201-400,
4=601-1400, 5=1401-3400, 6(=3401-8000, 7=8001-199450, 8=>19941
parasites per mm3.

Pfa = P.falciparum asexual stages, Pva = P,vivax asexual
stages, Pvg = P,vivax gametocytes.
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infected individuals.

Place Type nge Parasite No . No. Mean ooccysts
of feed (yrs., density () mosc. infected per infected
(a) (b) Pfa Pma i'ng dises. mosuito
H Mem i 0 3 0 30 6]
M Dir ty 3 3 0 3 IS 1.0
™ Dir $} 1 i 4 6}
* M D 7 ) 3 1 11 1 1.0
LI Dir 7 C 4 1 14 3 7.0
™M Mem 3 0 5 1 <) GO
[¥] Mem 7 [0} 5 1 11 6}
M Dir 8 G 4 1] 4 1 1.0
I Mem 0 0 bH 2 2] o)
gl Dir 10 1 1 I 7 0]
* M Dir 1e 1 4 a4 18 (0]
* M Dir I 0] 4 & il (o]

* Feed at village survey, included in Table 1.
(a): Location: M=Madang, G=Goroka.
(b): Type of feed: Mem = membrane, Dir = direct.

(c): Parasite density: O=negative, 1=<80, 2=81-200, 3=201-&00,
4=4601-1400, 5=1401-3400, 6£=3401-H000, 7=0001-19960, B8=>199461
parasites per mm3,

Pfa = P,falciparum asexual stages, Pma = P.malariae asexual

stages, Pmg = P.malariae gametocytes.
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Table &: Averaqe P.falciparum density grade by age,

1983-1983.

Age group
0-4 5-9 10-1% »=20 Total

P.falciparum
asexuals:

Mean densaity 3.65 3.42 2.4 1.83 2.76
s.d. 2.30 2.18 1.83 1.47 2.07
N (211) (289) (3463) (290) (1133)

P.falciparum
gametocytes:

Mean density 1.46 1.16 1.20 1.07 1.26

5.d. 0.87 0.73 0.66 0.37 074

i (56) (43) (30) (29) (158)
3

Parasite density grades: (parasites per mm )

O=negative, 1=<80, 2=-81-2C2, 3=201-600, 4=401-1400,
9=1401-3400, 4=3401~-B000, 7=8001-19960, A=>19961.
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Table 7: Butelqut: Pelayed infection rates, sporozoite rates

and human blood indices.

FARAUTIL KOLTENSIS PUNCTULLATUS

Delayed infection rates:

Db (N) 0.0645 (62) 0.0566 (601) 0.0681 (1387)

Df’ (D) 0.052& (19) 0.2000 (215) 0.1359 (206)

Spaorozoilte rates:

P.falciparum 0.0161 0.0101 0.0195
PL.vivax 0.0000 0.0152 0.01350
Total (N) 0.0161 (62) 0.0253 (792) 0.0343 (2462)

Human biood indices:

Q (N) - - 0.714 (14)

Q’ (N) - 0.875 (24) 0.985 (136)
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Table 8: Mebat: Delayed infection rates, spcrozoite rates

and human bload indices.

FARAUT KOLIENSIS PUNCTULATUS

Db (N) 0.0411 (314) 0.0414 (2536) 0.0594 (303;
Df (N} 0.0193 (154) 0.0556 (234) 0.0000 (2a)
Df’ (M) 0.1081 (37) 0.0820 (931) 0.0645 (31)

P.falciparum 0.005249 0.00786 0.00000
P.vivax 0.01056 0.00402 0.01234

Total (N) 0.01584 (568) 0.01188 (5728) 0.01234 (729)
He blood indices:

5‘ (;; _________ 8?559 (39) 0.5798 (&66) 0.469 (16)
Q' (N 0.4667 () 0.861 (83) 0.889 ()

3e



Table 9: Maraga: Delayed infection rates, sporozoite rates

and human blood indices.

FARAUT 1 KOLIENSIS PUNCTULATUS

Delayed infection rates:

Df (N) 0.0132 (2374) 0.0213 (24) 0.2000 (8)

DE* (N 0.09%6 (4350) 0.0553 (1393) 0.0000 (1)

P.falciparum 0.00138 0.00244 0.0000
P.vivax 0.00063 0.00137 0.0000
Total (N) 0.00200 (24000) 0.00382 (6547) 0.0000 (203°

Human blood indices:

Q (N) 0.071 (6846) 0.3564 (22) -

Q’ (N) 0.631 (251) 0.808 (409) -
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Table 10: Equations for the mosquito infection probability K

(1) K=+«(D > ~- D) / Q' (l—D))
f b

o (8 ) )

(E)K=(D'—D)/((D(lD)—O(l—D'))
f f

N {(a )" [l r)  1-06) V(1)
+ (o =) (-0 )Y B) ¢ (10 V(Q')]J
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Table 11: Estimates of mosquitn infection probability K.

Village Snecies Eqn. Estimate Estimated
GL.E.
Mebat An.farauti 7 0.103 0.085
Mabat An.koliensis 7 0.04% 0.012
Hutelgut An.koliensis ? Q.174 0.037
Butelgut An.punctulatus 7 0.074 0.027
Maraga An.tarauti 2} 0.074 0.019
Maraga An.koliensis 8 0.0764 0.038



Table 12
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Butelgut

Mebat

species

Maraga

and

FAR
Mean log. 0.9533
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Table 13: Proportion of mosquitoes infected with oocysts and
spurozoites in indoor and cutduor biting collectiaons.

Percent of mosquitoes infected (no. examined)
BUTELGUT MEBAT MARAGA

00CYSTS

Ean 2,9¢ 34) 7.10 28 4.9(¢ 1322) 4.0( 176) N.D. N.D.
KCL  &.00 300) 3.3¢(290) B.1(1162) 3.2(1104)

Putl A6 729) &HL20758) Q.20 132 3.8¢C 131

TOT  4H.301050) H.201070)  5.50141646) 3.301411)

e I

P = 0,01, N.G. £ = 7.9, P<O.01t

SPORCZOITES

FAR  0.0¢ an J.1« ae) 1.60 320) 1.3(¢ 308) €.2(14023) 0.8{(16417)
KOL 2,00 442) 2,60 420) 1.1(3310) 1.0(352%9) 0.2¢ 3262) 0.5 3770)

TOT 2.501980) J.s212a2) 1.204126) 1.004505) 0.2(17363) 0.:3(20349)

X2 = 3.04, N.S, 2 = 0.50, N.S,. X2 = 0.62, N.S.
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FIGURE LEGENDS

Fig t: Prevalence of asexual stages (solid lines) and gametocytes
(dashed lines) of P.falciparum, P.vivax ond P.palariae by age

group in the villages of Butelgut, Mebat and Maraga combined,

19683-1205. Hara represent biromial standard errors.

Fig @: Frequency distribution of densities of asexual stages (N) and
gametocytes (B an P.falciparum infections by age group in the

Madang study area, 1987-09, The nunber in each sample of asexual

and gametocyte infections respectively was as follows: 0-4 years:

Q1L 9Hb4; 99 yeara: 209, 455 10-19 years: 343, 303 220 years:

3
250, 29. The density grades were as follows (parasites per mm )

1=0-200, 2=201-1400, 3=1401-0000, 4=>80C0,

Fig.3: Relationship between infectivity in the presence of Papua
Mew Guinea sera and counts per minute immunoprecipitated from
125-1 labelled gametes, Solid circies = sera from Madang and

Tau. Open circle = sera from Goroka.



FIGURE LEGENDS

Fig l: Prevalence of asexual stages (solid lines) and gametocyten

(daghed lines) of P.falciparun, F.vivax and P.onalariae by age

aroup 1n the viliages of Butelqgut, Hebat and Maraga combined,

1903 19849, Bara reprecent biroamial otandard errors.,

Fig @: Frequency distribution of densities of asewual stages (A)
gametocytes (D) an P.falciparum infections by age groul. in the
Madang study area, 1983-845., T number N each sample of asexual
and gametocytoe infections respectively was as follows: 0-4 yeara:
a1, 065 U-9 yeara: 289, 435 10-19 yeara: 343, 303 220 years:

3

a0, a9. The density grades were as follows (parasites per am )

1=0-200, 2=201-1400, 3=1401-0000, 4=>8000,

Fig.3: Relationship between infectivity in the presence of Papua
New Guinea sera and caunts per minute immuneoprecipitated from
125~1 labelled gametes. Solid circles = sera from Madang and

Tau. Open circle = sera from Goroka.
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The Papua tiew Guinea Institute of Medical Resparch (PHGIMR)
has been conducting a multidiscialinary rescarch program on wdalaria
in approcimatety /0 villages aromnd Madang for the past % years.
On the basis of information on parasite rales and mrevalence of tne
different species of mosquito vestors in different partys ol the

Study  Area, three villages were selected for intensive study under

ihe proposal. These villages ar2 Haraga, charaterised by a very

large mosquito population  of  oredominant ly Anopheles  tarauti;
Mebat, which  hay an mtermadiate  mosquito punulation  of
predominantly  An. koliensis;, and  Butelqgut, in which the major

vector, An.  punctulatus, is present in very low numbers.,

The Tocation af each village is characteristic of the three
types of wnvironment found within the heterogencous environs of
Madang, namely owempy  coastal  lowland  (Maraga),  well-drained
coastal  Towland (Mebat) and inland upland (Butelgut). These three
villages have been included in langitudinal epidemiological surveys
for the past 7 years, the rewults of wiich are currently being
analysed and will yield detailed information on the parasite rates.
An additional survey was carricd out in Lhe 3 villages in September
1985 to obtain more detailed information for  the present  study.
Overall, the parasite rate dees not  differ between the three
vitlages; however,  presiminary  data from  previous surveys
indicates a differing age provasrence curve in the 23 villages, with
the parasile rate peaking in a younger age group in lutelqgut  than

in Mebat, and 3t an even later age in Maraga (Fig., 1),

Feasibility studies have indicated the most effective ways to
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collect mosquitoes in the study villages in order Lo determine the
infectious raservoir. The  hsuses are  of  ertremely  open
construction, and exit-trap collections are not. possible.  However,
it owas Tound that numerous  hleod-fed mosquitoeys  could be  found
resting indoors in the first hou- after dawn, after which time they
leave the house, . Since a targe  proportion of  houses musl be
searched  in order to oblain a rapresentative cample of mosquitoes,
it was found to be most produclive to  teach  Lhe inhabitants to
search  the wally and mosquito nets of Lheir own houses shortly
after arising.  This also overcame taboos about outsiders entering
houses. These indoor  resting collections are being used to
determine hath  the human bload  index (using ELISA), and the
infectious reservoir, by holdina the mosquitoes in Lhe laboratory
for five days.  These paramelers can alen be measured in blood-fed
mosquitoes  caught  resting ouldnors, but the search for these
mosquitoes has proved to be produclive only in Maraga, and to a
lesser  cxtent  in Mebal. This reflects the relatijve species
distributions in the three villaoes {since An. faranti {5 easier

to find in  the bush ¢lose Lo the viltage) as well as the overall

mosquitlo numbers .

Biting rollectinons are also made in the study villages to
obtain mosquiloes foar determination of the sporozoite rate (which
is done in Madang esing ELISA), and also to measure the human
biting rate tor detormination nf the vectorial capacity, Despite
the fairly similar parasite prevalences in the study villages, the
sporozoite rates  are markedly different, being considerably lower

(0.3%) in HMaraga than in HMebat and Butelgut  (1.7% and 3.3%

W
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respectively). A large part ¢f this difference apnears to be due
to an extremely low human bload index  in Maraga. However,  Lhe
inoculation rate in Maraga is much higher than would be expected
given such a4 low <spororoite rate, due to  the large biting

population of mosquitovs.

Mosquitors from the biting collection are alses used to
determine  the  infectious  ceservoir. In the time between the
submissicn ot this proposal  and  the start of funding, a
mathematical wodel has  been  developed by Allan Saut (Queensland
Institute of Medical Research) ta determine the vectorigl capacity

sing infection rate data from the three types of catch (biting,
indoor resting and outdonr resting). This model makes significant
modificationy to  the model farmalated by Macdonald which underlay
the methods originally given in ne proposal for  analysis of the
data. The essential difference  in the  Saul model is that it
assumes a coenstant mosquito surv-val rate per feeding cycle, rather
than per day. This assumption approximates more closely to
reatity, and gives estimates of vectorial capacily differing from
those of Macdonald under certain conditions. The data generated in

the present study will be of importance in testing the Saul model.

farauti No. 1 is now established in

A healthy colony of An.
Madang  for «<tudies on the infectiousness of individuals, However,
the overall proportion of infect ous persons in the population, as
measured  from o the uptake of  oocysts in owild-caught mosquitoes,
appears to be low, i.e. of the oarder of 5%, and random feeds

nerformed to date on village populations have identified only a few
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infectious ndividuals (Table '), A more productive approach  may
be to comntuct feeds on gametacyte  carriers and other infected
individusl . adentaitied at health-care facilities, and relate
finding., TRTY Ly the observed  prevalences  of  parasitemic

individuals in the village populations. Suchi studier  are being

pursued At present.,
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No. persons

No. batches infected

P. falciparum asexual

P. vivax

P. falciparum asexual +
P. vivax

P. falciparum gametocytes

P. malariae

Negative

Total

a1

10

10

6 (4.2%)
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1) Measurement of the Infectious heservolr in the Human Population

a) Parasite prevalences in the study villages.

Three vilages in the Madang stely arca have tbeon selected for
intensive stwly: Butelgar, Mbat and Maraga. These villages
represent. the range of variation chserved in this arca in nosgquito

Liting density and prevalence of the three vector sp-cies fnopheles

farauti, An.koliensis and Ancpunctulatus.  The average biting rates

(all species) during 19841989 were 67 hites per person por night
in Butelgut, 195 in Mebat and 488 in Maraga (Burkot ot al, in
press).  The mosaquito population corprised sainly An.pan talatus in

Butelgut, An.kolicensis in #ebat and An.farouti b taraga.

Six parasitological surveys at three-six month intervals have been
carried oat in these vidlages, at which bleod [1dms were made for
dutermination of the rates of infoction with Plasaendivm faleipanrn,

P.faleiparun guntooytes, Povivax,

Povivax ganctooytes, Panilaviae

anel P Average proevalence for cach age groap for each of

these speecies 15 given in Tables 1-30 0 The peak prevalence of

Polaleipenm was obmerved in the 59 vears age group in Butelqut

atxd Febat but in the W0-19 years cge group in Maraga. i

parnm

gunztooyte raten peaked inall cases in the O-1 year-olds. P.vivax

rates (asexuals and ganctooytes) peaked in the 5-9 vears olds.
Plaswedivn falaiparen gumetooyte rates in all age groups were
significantly Ligheer o Butelqgot (0.0%) and Hebat (3.6%) than in
Maraga (2.2%) (p-0.0%) 0 In ther 000 years age group, the
P.falcipanizn gt ooyte rate was significantly higher in Butelgut

than in Maraga. ‘e prevalence of Povivax infections was
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significantly higher in Mebat than the other two villages;  Mebat
also had the highest Povivax quoctooyte rate of Hoa%.  The
proportion of nfections of either specica with gouetooytes wis
lawer in Maraga than in the other two villages,  FPhoas on Maraga
3.3% of Pufalciparim infections hed goostooytes, while in Butelgut
and Mebat the poreentages wers 1009 and 10037 reopectively. For
Povivax, 18.8% of infections in Maraga had ganstocytes vhilst in
Butelgut and Mobat guunetocytes wore present in 40.0% and 36,249 of

infectinns,

b) Direct measurcment ot infectivity to mosquitoes of individuals

in the hann popnlation.

Rardam feeding of batches of laboratory reared Ancpheles farauti
was conducted at the parasitologicar surveys in the three study
village:s vhen the supply of aesaquitoes penmitted, ITn oadlition
varelom foeds were performe-d n the villages of an, Babor, Sah and
Buksak.,  Anocheles faranti hoe cot proved to be oo avid mabrane
focder ared tnns direet fecds were performed where possible if
individuals g thear consent. Otherwisoe monbrace feeds wore
rerformed with fingerprick blood saples.  The results of the
rardlom feeds at the village surveys are given in Table 4. On

average, 6.4% of foods gave rise to an infection in the mosquito.

ecause of “he difficulty of fecding on the under five year-olds,
vho represent the age-groap with the highest rate of P.falciparun
Garertocyte infections, mosquitoos were transportoed to Goroka, in

ther Papua New Gainea Highlands, Lo perform feeds on gametocyte
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carriers presenting to the Corcka Haspital. Sinee malaria
transmission docs not occur in Goroks, thise paticnts are adults
wiho have acquired thelr infections g coastal area. Blool
samples were Gbtainesd From consent by persons sl offered to
An.farautl by weadiane feeding, Lesults of thene Leeds are shown
in Table 5. In Garoka half of thee Pofaloiparam aentooyte carriers
were infectiows wel ane third of the Povivinr casen. Sernan samples
have been ebtarnad from these individoads for Later assesomnt of
transmission bl cking damnity,  Tn fadang, 28,6 of P.vivax cases
were infectiows, which is oot siognis contly different. from the

rroportion of 39,00 chorerved dn Gorod g,

Fven when o person was infectious, ant all mosquitoes in a batch
becam: infected. Table 6 shows Lhe P.falciparimn carriers from both
Madang and Goraia ranked in arder o density, with the pereent of
mosaquitees infectod and the average mubeonr of oocysts observed in
cach case. Tabile 7 gives similar iafommation for P.vivasx, although

In this case only the foeds on infootions persons are given.

Fran the data on randem feods given in Table 4, and the age of the
persons on v fecds were performed, the proportion of cach age
group who are ntectiows can be detormined (Tabie 8). From this
data and the doemogryhice profile of the stu Iy villagos (Table 9),
the proportion of the gverall pepulation who are iafectious may be
estimatesd by multiplying the proportion of percons infecliows in a
particular age group by the proportion of the population vhich that
age group represents. By this method 1t g estimoned that, .42 of

the poputation are infectious (for all malaria sparcies) .
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) Measuramnt of the infectious reservoir fran wild caught

ros(uitoes .

The infectinus reservoir is defined as the proportion of posgquivo
feeds taken on oo which pick up oan infection. Pecently Do,
Allan Saul of the Ouecnsland Tnstit ate of trdical Fescoreh has
developed a mexdel whitch uses intection rates in w1 bd-caughs

mosquitoes to estimate posquito surzival rate aned the reservoir of

ifection (Saul etoal, submitted) o Dato from wesguitoos caughit.

cither biting cr blooxd-fod in resting catohes may Yo used as inpat

to o the mexdel, an Jong as the hooeen Biood dodey 1 o so known.
)

Mosquitoes bhove ben colleated in the study villags and their
infection rates (delayed cocyst rates and soorozoite rate:)
determined, Hown blocd fedices from indoor and ontaoor resting
colicctions tuve teon neasure d (Burkot 2t al, submitted) . Although
the mosquito colbections bhave boen conpleted, thes data are stitl
Boing analysed woing the wodel of Saal et al for eotination of the
infections resersoir, and results of the analysis will be given in

the noxt progres: report,
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2) Inmunity and parasite antigenicity in relation to infectivity of

quitors

the huwin population 1o

a) Natuvrally occurn ing serun factors vhich affect infectivity of

ganrtoaytes Lo mosauitoes,

To assess the effect of transmission blocking activity in scrum

is fed to wosaquiteos 1o the presence of acvtologons sorrvm oo vashed

and resuspeendhad o nonc-inmnne serame Seraoay aloo bae testaed
against Pofaloiparme guoetooytes guosn in oulture, In Madang it
has net proved poosible to perionn wabrone teeds iavolving washing
ardd reswspension of blocsd foon genetooyte cavriors, beooaase of the

extrom? youth of such carriers el thicir low frequency in the

population. AU HeLb S weete hiowever porfored in Goroka.,
The: resaltys e given in Toble 100 Ther wans evilenoe: for the

presence of transiinsicn-Lloching activity o serm in Lwo cases:
o4 (1’_;‘1'_1;‘,/{_"',) ardl So (Pufalorsarin) . o the cther cases,
resuspension Of tndcote hlocd dn non=-innune serwn did not result

in non-infection: coeve eooming i sstious.

In ordrr to tost the effect of sera fros individuals in Madang on
Pofalaiparan rgaretooytos grown 1n calture, sera fron a
cross-gecticnal sanple of individuals of all ages living in two
villages in endemic aveas {Agan aned Tan) wore taken to Dr. Richard
Carter's laboratory at the Hational Institutes af Health.,  ‘These
studics were originally planned Lo coke place ot the Dueensland

Institute of tedical Research, but due to delay in the start of the

grant.,, Dr. Carter had already returned to the NULUHL . 'The sera

gﬁ
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were canbined with ganctocytes of strain NFS4 and fed to
An.freeborni mosquitoes. Cortrols consisted of US.AL sera
included in cach experiment.  Transmission blocking activity was

assessed by the redaction 1n average meiber of oocysts on the

-~

rosquito stonachs at dissection 9 days after foeeding. Resulis of

onc serics of feeding experiments ace shown in Fig 1o Each point

represents one test of cach sernua. Forty-two sera have bLaen tested
so far, and nine of these consistently reduced infectivity to less

than 5% of control.

sted with 125-I-surface latxzlled game:tes,

¥hen the sera were reac
many (although not all) of the blocking sera inmunoprecipitated a
230 KD gamete swrface protein, and one reacted with the 230 KD and
48745 KD prateins. A negative correlation was observed between the
rotal c.p.an.  nmnoprecipitated ard the average oooysts per gut
{nean of two cexperiments). The data obtained in one series of
immunoprecipitotions is shown in Fig. 2. 'he relationship is
descrilad iy the regression line y = 106.8 ~ 23.76 = (t = 5.47,
p<0.01). Reaction of sera with particular proteins was
investigated by counting the rodicactivity associated with
particular bands cut out of the polyacrylamide gels. Because of
the differing ivm.um';it;y of infecticn in experiments not performad
concurrently, results from such experimz:nts cannot be combined.
However, infectivity in the presence of different sera can s
ranked, and Speannann's rank correlation coefflcient showed a
strong negative correlation between infectivity and counts
assoctated with the 230 KD protein trho = ~0.384, p<3.01l) but not

with the 48/45 KD doublet (rho = -0 142, p=0.17}).

2



PAGE 8

REFERENCES

BURKOT, T.R., GRAVES, P.M., CATTANI, J., WIRTZ, R.A. and
GIBSON, F.D. ‘e efficiency of transmission of
sporozoites of the humn malarias Plasmoadiun
falcipanm and . vivax. Bulletin of the World Health
Organization, (in pres:

BURKOT, T R, GIAVES, P.M., PAKU, K. and LAXG, M. ‘The mixed blood
feeding habits of the malaria vectors in the Anopheles
panctulatus bDonitz coaplex. Bulletin of the World Hhealth

Organisat ton, (subsitted) .

SAUL, AL, GRAVES, P.ML. and KAY, B. A cyclical meslel of disease
trapsmizsion anl itys application Lo determining vectorial
capacity fron vector infection rates. Bulletin of Lhee
World Health Organisation, (sulmitved)” 777



PAGE 9

Table 1l: Average parasite prevalence by age in Butelgut.

Species 0-4 5-9 10-19 over 20) Total
P.falciparun:

asexuals 41.8 50.6 46.9 24.3 36.6
gam=tocytes 9.0 6.7 3.4 2.0 4.0
P.vivax:

asexualy 10.4 22.5 7.6 1.2 9.1
ganztocytes 9.5 13.0 2.0 0.0 3.6
P.malariae: 0.0 1.1 2.1 0.0 0.7
P.ovale: 0.0 1.1 0.7 0.0 0.4
Overall: 49.3 65.2 51.0 29,1 43.1
N : 67 89 145 251 552

<
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Table 2: Average parasite prevalence by age in Mebat,

Age group

Species 0-4 5-9 10-19 over 20 Total

P.falciparium:

asexuals 45.6 52.0 30.8 22.5 34.3
guamn:tocytes 7.8 5.0 1.a 2.0 3.6
P.vivas:

asexuals 22.2 2u.0 10.6 2o 14.9
gametocytes 10.5 11.4 2.8 1.4 5.4
Pomalariae: 1.1 10.0 1.8 2.5 4.2
Poovale: 1.1 0.0 0.0 0.0 0.2
Overalls 56.7 69.0 42.3 33.3 46.6

N : 90 100 104 204 498
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Table 3: Average parasite prevalence by age in Maraga.

fje group

Species Q-4 5-9 10-19 over 20 Total
P.falciparun:

asexuals 28.8 42.6 44.3 17.6 30.5
gametocytes 5.8 1.1 1.9 1.1 2.2
P.vivax:

asexuals 8.7 25.5 11.3 1.1 9.6
ganetocytes 1.4 4.6 1.4 0.8 1.8
P.malariae: 1.0 3.2 0.9 0.5 1.2
P.ovale: 0.0 0.0 0.0 0.0 0.0
Overall: 33.7 62.8 53.8 19.3 38.1
N : 104 94 106 187 491

<,
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Table 4: Mosquits feeds on individuals living in Madang.

Slide result Total feeds Tota. feeds, No. % persons
>=5 mosg.* pos feeds  infectious

Negative 151 103 G

Pf asex 18 46 2

Total, Nez + Pf asex 229 149 0 0.0

PI zsex + Pig 7 4 1

PZg cnly 2 0 0

Total Pfg 9 4 1 25.0

P only 32 2 1

P asen + v 20 : 11 3

Total ?v 52 35 10 28.5

Pm cnly 15 19 2

Pl sex + Pm 7 4 0

Tot em 22 14 2 4.3

TOTAL 312 202 13 6.4

*No. of feeds in which at lee squitoes were dissectad.

!



Table 5: Mosquito feeds on patients attending Goroka Hospital.

PAGE 13

Slide result Total feeds Total feeds, No. % persons
>=5 mosqg.* pos feeds infectious

Pf asex + Pfg 7 7 4

Pfg conly 1 1 0

Total Ppig 8 8 4 50.0

Pv only 12 10 5

Pf asex + Pv 6 5 0

Total Bv 18 15 5 33.3

TOTAL, 26 23 9 39.1

* No. of feeds in which at

least 5 mosquitoes were dissected.

=N
-—
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Table 6: Feeds on P.falciparun ganetocyte carriers.
ID No. Leocation Age  Density* $ inf No.diss. Mean oocysts
E/156-40 Madang 8 1/100 0.0 10
E/168-2 " 7 17109 0.0 5
E,/156-7 " 2 2./100 0.0 7
£/180-26 " 13 57100 23.1 13 1.3
IS ,/GVo Goroxa 35 ©,/100 11.1 i8 3.5
RS/GL3 " 25 127100 63.6 11 3.0
PS/C23L " 33 16/100 0.0 33
IMS/G36 " 25 10/20¢ 0.0 12
IS /49 " 39 10/200 0.0 10
NS /G832 " 17 1€/200 5.4 37 1.0
JMS /G222 " 15 20,200 2o.0 12 S4.2
JMS/GL1 " 50 44/200 0.0 8

* Density measured

per 200 wbc or (for scanty infecticns) per 100 fields.

1.

;

4
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Table 7: Feeds on infectious P.vivax cases.
ID No. Locaticn Age Density* % inf No.diss. Mean oocysts
E/183~14  Madang 17 6/100 44 .4 9 1.8
T/188-26 " 54 11/100 75.0 4 1.3
E/184-2 " 4 127200 14.3 14 1.0
E/188-212 " 9 12,200 33.3 6 2.0
£,180-32 " 7 31,200 50.0 8 3.3
LEN 72 " 12 62,200 75.0 4 4.0
IMS /G54 Geroka 20 877200 12.5 16 1.0
IMS,/G2% " 20 1187200 60.9 23 5.0
M3 /E29 " 30 171/200 11.1 9 1.0
IMS /G3 " 50 190,200 66.7 3 31.5
IS G8 " 25 2137200 46.7 15 4.1
L 79 i H 8.2 24 1.0
LRG 55 2 VH 3.8 52 1.0

*Density measured per 200 whe or p2r 100 fields
H = Heavy (30-100 parasites per field)
VH = Very iHeawvy ( mcre than 100 parasites per field)

‘\ﬁ‘&
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Table B: Proportion of infectious feeds by age group.
Agegroup
0-4 5-9 10-19 over 20
No. oI feeds 19 45 60 74
No. infecticus feeds
P.falcipamm 0 0 1 0
P.vivax: 3 3 2 "0
P.malariae 2 2 0 0
Total: 3 5 3 0
Percent 15.8 11.1 5.0 0.0



Table 9: Cemographic profile of the study villages.
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Village Agegroup

-4 5-9 10-19 over 20 Total
Butelgut 16 14 33 48 111
Mebat 36 54 80 123 293
Maraga 38 24 34 87 183
Total 90 az 147 258 587
Percent 15.3 15.7 25.0 44.0

!

\
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Table 10: Membrane feeds of washed and resuspended blood from patients
attending Goroka Hospital.

Species Case No. Percent of moscuitoes infected (no. dissected)
from:
Wnole Resuspended in Resuspended in
Blood Aust. serum T plasma
P.VIVAX 54 12.5 (16) 3.8 (26) 0.0 ( 9}
115 0.0 ( 7) 0.0 (13) 0.0 (13)
136 0.0 ( 6) 0.0 (19) 0.0 ( 2)
161 0.0 ( 9) 0.0 (12) 0.0 ( 3)
242 0.0 ( 8) 0.0 (12) C.0 ( 5)
P.FALCIPARUM 36 0.0 (12 6.7 (12) 0.0 (15)
49 0.0 (10) 0.0 (11) 0.0 ( 5)
70 r.d. 0.0 {13} I1.1 (18}
83 7.1 (13) 5.3 (19) 3.6 (28)
222 100.0 ( 8) 72.7 (11) 87.5 { 8)
231 0.0 (23) 0.0 (14) 0.0 (13)
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During thas iz -nonth periaod data collected 1o the: project has
been extengively analyqged. Data on mouguito for s ot viidbaoe
survays deacr ibed 1n the laot Progress cepoel e born crrrect od
alvd rueatnial sued, Thes resulta ace Combineo tr e cbor b ol
tnfarmat Lua an the ganetocyle: rates 1n the ferst s v v whiom ferids
werE per torined Lo grovitde mord o curat e et poned e cor e
procortion of tofectious bloodaesl e taben Ly oo .o baes an frarang
(the mougqur bto infectyon probabiv bty ¥, Contput e aiial vt s wi

malaria curvey data from the thr oo study vl laigpes balelant s Mzoat

and Maraga have claryfred thae Prevalenee ot Gl oenetual ot aqes
and ganaetaoyten of the three mal o Gpeches Bl ooanoh o
falciparuam, 2.1 vae anag omalartae 1o the pornurat ton ar onnd
Madang. Larger womples of blood sludos from e T atonng areea
durang 1200190 have alco heen anal yeod i Ohlatn g e
dunsr bty o of fofalciparum aserual slages acdd gamclocytes by aqu
graup. Furthee roesults from freding otudies oo ) oo, gametocyl w
carriuera ore desceibiod, and these data (combied e bt the

B

ganetocyte prevalonce data) gre used an a s an-thwd of

vatimating the praportion of musyuito fueds on bomana which pich

up an anfoectron.

Feoeds at village BUr veys

Fucds of laboratory reared Anopheles

WerE succenstully
performed on 20t anivideals (Table DYy uf wlach U (4.0%) gave
rigo to anfections in sosqui toes. The maan el cent Gf mowgmg Loas
infocted an foeds on these O infect fous thoividoaal s wan 57,.9%%

(range 2.1 - 7%.07%). The: average ouober Go mosgon Coes
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3.9 . Oy thioase teeds 1

dissucted per f(e¢ed was 0.0 (s.d.=

which a minimam of (our mosguitoss FTed and survived to drssect ton

were 1ncladed., Un scbsequent. ecaminat ton of the blovwl <l ides, 17

perasana WLOLY%) were obuserved to have gamet oo gbes Cance wpeties)
antd 6 af thewe people were vofectioas. Ploweever o oo 0f the |2
per Gunsg b0 whose slides only Povivai aseonal =0 Ggee et e

reported, tuo vwere anfectious to mosguitocs, tdicatyng that an

HOa Caus2s

theee cases ', vivarx gametocytes had been uncoeto ted, b

veee anfected mowquitoes obtarned from person. whooe shides oere

reported ta show Pofalciparun, Pomalar tac or Poove!l e aceaal
stages only ar no parasites of any stage, Phavs 8 oat Gt L9
gametor,te Carrierag woere infectious (42,017 L thee teean nombier

af wowquitors anfected per batch was 37.9%, giving a probability

of U LY tor a mosquito to become infected ofter feeding on a

gametaocyte carrier,

The distribution of ‘ndividuals in the difiorent age categuries
upan wham feedy were saccessfally performed wos compared with the
denograptne profile of the population at lar g, a4 reper el 1o
the laust pragruewys report. There was o s1gatitcant difberencs
betweeo the demographic prafile of the population on wahach
mosquitoes werw fed and the demographic profile ot the populaticn
.
(X = 0.91, p=0.03%1)., This arcae from a sigmifrcant under -

roepresentation of 0-4 year olds in feeding wludies compared ta

their numbers 1n the population at large (X = .07, p=0,004),
thiee to the refusal of many younyg children to allow aosgntoes Lo

feed an them, Nfter correcting for the diwtraibolion of famds an




drffoerent age neoups, the proportion af persore, 1t t s was

cot imated e 5. 0%,

Since ool all mowqui boew feeding on an anfec ticas ' e s bt Ome

tnfected, cobtlmates of the mosgmato infect oo peohab b bat, 1 anet

tabe atcount of bhath the non 10t et 1 Gus e b b T onnd b on

and the propartian af mosguitova whreh farl e o o Piobee Ll
atter feeding oy an antectiog., persaon, v et vt e Gf b may te

mader fram thas e sl proportyan of MOLQuUL L Ges Lot c by L adne

tnfected ot Gof Wb thoae fed an tho propalat pors al Jarge, whach

vids D,0b Y 0 gl o0t M- 161G),
Gametocyts prevalaence rates

The prevalence of ganetocytes (all GspiClen) was

in Dutelgal ang to 3% io Mebat . These differvaninee e ot

signifycant (£ S UL, peOaL 7y, The Gvee sl avvalence Gi

Gami-too, ten g The three village pupulat bong Conbaned woe., L.

tanter nierd

Fotalorparonm, a,0% Povivet and u. 7Y% Fomalarvce, gy canyg a

gamet aeyte peevalsance of Q% Thas gamet orste rotees Gf i,

falcrparum and | oviva were not wiguifrcantt o ity et Oy

0.5, =t Ty

Consirdering the villages suparately, gangtocyteo @ ales of
Patalcipar am were 2000 an Maraga, 2.&6% 10 Mebial aied 9.0% 1n
Butobgat 3 bevavayg Hametocyte rates woere 20975 0 biar wility .64 a0
Mebat and S06% a0 Butelgat, Ther e vas no gt rcant dit fer pnce

Jametacyte

betweonn the villages 10 the Pofaletpasum av b, o1

TOTV v Maraga, 7.08%



rates, either averall or in any of the age grougs.

The peal. provalence of Pofalciparun asexual st e i vetd

Phothe 5.9 years sge group in Botelgoat o anm Mot U o s Ve 1015
yrars age geoupn in Marago, whitle prevalence roates b b,y vas
preeabed a0 the o pear age graap an oatl o the - el o, in
Pofalorparam, gumetolyte ratea we e alwayss baghest an thie o 4 age
qgrotaup, e tee tagheut assiital provalence an S % sear Glos, e
relative praportion 9f gametor pte and asectial  dbrf oo bienes i bh
ofadoaparin declined shiarply tron 19.00% 11 1w ECERTEERYE NY SRR VIS PADAA
I Lo L ear Glda (Fag. ). P bovavan the goamet o vbe ate gas
.

higher a0 the Y% 9 sear age groag than 1o -4 Vit Galay, NI 2 s

the relataive proporitron of Poyrvay tnfocticns where b bod

Gganetocytey was haighaut on the 0-4 age grocgs (5507 aned decl tiieed
through tiee cobueguent age groaps to 10.4% 360 Ll 2o g Ry

groap. tFrg 102

[n the three villages studied tntensively dursng 190 Lo 1905,

surveys of 1541 hlood slides revealed a tatal of <0 amteel uns
vt ofalchparan gametorytos, 670 with oy var guonet cnlytes, wnd
1O v bty Pomad ar gy ae gametacyt ey, fhist: nuaber s o e bt s ent

to investigate the dictritbution of dencitice oo fror s beess 1 Lhiee

it ferent age granpu. Therefare guametocyte ang guaninal denst bios

sfalciparam by age have hoen anal yeed (NS TS BRI VAR TET S P S S
af blood slide carveys undertalen in Madang duraeg E783 - 196%, o
vhich thero were a total of 190 gametacyte 1ateations and 1L

asenttial infectyons (Table 2). Deuni te highor o tvalence 1 ates o

v
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Fefolciparum averual stages in L-2 year obde thon O 4 gear olaa
(Fig 1), average auvcitdal paravite density ge soe e booed oo S, 7
A O-3 year alda ta 04 a0 S92 year obdu aond s b §ob g

Lhe oder 20 year ol 1, There vas o Correspinodang o b

Gamuebooyte denaty grade the ough thie ages goonas . Cab e ), Tt

ratrabotaicn obf densaty grodes by agee groags bor Foar gl [NTRRIANTIN

anesial s and Guanet o ytes 1e shown 1o Fig. Phoer cteec Litves Uiy

Parasite tenwit y thoough the age grouaps o e bor b bl 1 nin

dutualay o the cave af Totparum gamet oo ,tes, Lae qua a1ty Of

tnfectionsg were 1o the foweat denasity g ade, Tt oa by e the

G4 yeae olda that there wa g wrgnn fag st by hagbeer oot ran of

tnfecttan, tn thae hagher dencety gr ades (% R I TR B FTIS B
The paracitologiecal data demunete ate that oot G vt e presval e
dueclines with age aa tmOunily 1HCE catn. Fhee e don bher 1Nl cate

that gametocytes of Pofaloiparim and Fevivig fechine an

provalence relative to asexual ctageu, Gven ahen the latter e
.

L

rising, as an the %9 yedr age group. e sagges

~w that sowe

form of acquired rtmmunity may he directly affecting the

wroductian af gametocytes and/or thetr suarvival .,
Y

Mosquita feeding on known gametocyte carriers

Freda of lTaboratory reared dn, facsati an Pofalcpa i e aaet Gyt
carriers tdentified at autpatient clinics in Hadaog ared Goraba
reveaoled that A5.0% of them were anfoctioons G 71y Ciatadee vy,

However the proportion of mosquitoss anfected b oeac b o asme: varied

from 5.47% Lo tO0%, averaging 6. 1%, The: aoverage nowbies of

&

'\_f



modul t ous Ted oo cach person wat 10,9 amd Uhae nan fotdies Gt
Gutyatsa per anfected mosquito ranged from boe L

Tl o

tn the cave af (Table 41, 19 out TH fecds

wore tnfectious (50,0%), Therse dnclades thr o b

tnfectoed people 1o whose slides gametooyteo Lol oot Leen gt ten
and? threee tecds o peraons whoss Shides vaer e et ecamitbead for
amest oyt e, fhve percent of mosguitoss tnrectod per bateh
averaged G0 0% Gange SUOY% ta N7 and thie aver e Goaibaer of
moLqur taes daen bed waa 12,4 The mean oaunb, o G0 gy - s o
tnfoected mnguta ranged from Lot LY, [RITERE TR S PTRTON R B

Potalorparan aueiual anfection oo conjunct b v bt by

apperaresd tooreduc e the anfectivity of Py

Caaeeltotnt s Uhr e

out of 17 v mreed nfectiang wer e pnfecttone s anpared ta by
i

out of 1o of thae cases with vy andy (s sty e e,

Tabile U whows data from all feedas performed oo Comadart

tnfected casen, Tao all escept two of them, o ?u"' vt e e
duotected, Four out of 1 ganettoyte carrve . 6 L0800 0 cudig e
tnfectirons 1n the wosquitoeus the average e ot Cioo o

mosui tors anferted was SO0L7 (range Yo% ta fa0 200, Ihas mitean

oucher of mosqurtoes fed was 1006 and the: wesn ousher Gf nGeyels

prr o anfected sonquito ranged from 1.0 Lo 7.0,

Thore was va Significant difference betweon the thiree mal aria

spreecias 1N the proportion of ganctocyte cort 1o, vl vier te
-

tnfrctious ta monguitoes (X s Db, p=E00PY)Y o, hoavin el




( mosqurtses vt fed on anfectious eshiet oo e o e uy an
average Gf L5077 becane tnfoc ted, althaugh ther o vas a e v large
varitatyon an thaeya propor tyon. Ther efor e v aatr v b 0y, L7
QA% G L SA G Vhe mongrirtacs el Fod o o Lo A s ar bt u
beet s pnde ted. Tad 10 a0t G Caint e ¢ oana by e (ST

Eofoo by guamet oy tee Coarr Lo ey the beecding G L e e ta

Cottmate that o,

G DLOED OF thae aneaqus o . tau g e o
getert e e carraer (any Spec e vould pac i st st
Hince Vhe gametaoyte rate (al) B R R S PR F IV AT SR NI TR O I N Y

mosguita antectaon probabr Lty b e et bmoetee, s Lhe pioocadanct

Ehieease tonn for qur tiania, 1,0, 0L 00, Phaes tuig e thoatg ol
cabtbmat aneg the mosgquarte anbeot s on praliabit bt 5 e s at e
frgur e o appruanately 1% of mogur boeae freedineg cne bitanant 1 hal

Well o bees e decfae ted,
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Table 1: Masquita feeds at village surveys oo THadd st .
Slide Humber of fueds performed o, snfectious)
result 0-4 yra 5S-Yyra 10-19yr RIAY VY G bt al
Gamet acyteny:
o falciparam 1 2 301 o & ()
Frevivas 3 (1) ! 2D 1) 7 ()
Fomalar i ae 1 2 1 [¥] 4 {0
Agexualy anly:
F.lalciparum 3 1t 18 Vi 40
Fu vl vax [s) 2 (1) 6 (1) i) 13 (2)
Pofal. ¢« Povivanr 1 2 2 0 ]
fPomalart ac o} o Q 3 (]
FP.ovale [¢) 1 0 [} 1
No parasitoyg any stage:

10 14 30 &3 117
Totalte 19 (1) 15 (3 62 (D) €5 (1) 201 (a)
Percent
infoctionss .3 U.& 4.8 .2 4,0

q



Tablw 2:

1905

Potalcipgaran
aueiiual w:
Musan

duenoaty
G.d.

N

e falciparam
gamuetocytens
Mean denuity
RN

M

Parasuite

dunsity

Osnegat 1 v,

ERIRIVE

aa0,

AYe groap
-4 Y9 116
3.4 oAl 2,873
2.7 2.1y 1.07%
(21 1) (26193 (545%)
1.44 .14 1.20
0. 0.75% O, 4¢
(5é) (1% [QUVH]

gradus:

Loty 2+t4d
4 A0 - doou

o
.l,l(v'

(parauttes per o mn o

PRIV R AN
Tefion - 19900,

Averane P falciparum density grade by age,
19as.

Y Total
L.t S
1.4/ 2.0
(0} (SR AV
I 1.26
[V .74
(oY) s
d-doot 1 a0,

brtrbd .

T


http:lCJCl.Ca

Fahle 3: Results of mosqui ta feeds on FP.falaiparun
gametocyte carriers.

Place  Type e FParasite No. M. Fleeats oot o
Of toeed (yrey densi bty (c) MOse). tnd et od mer botectoed
() (h) f'fta Pilg 1 Ge, e i
(&} [RIN 0 [0} 1 33 0
% hr 10) 0 1 4 L
14 e 13 O 1 18] 1 2.0
8] Flen o 0 3 () 0
11 Meem 4 0 1 7 { 1.0
8] Iem ; (0] 1 8] v}
i [RESHN V] 1 7 ()
LN Br 18 (8} 1 13 (%]
i1 Fe2m 1 1 1 4 0
(; tlerm 28 1 1 11 7 2.0
" M Flezm 2 1 1 7 Q
® Plem 1§} 1 1 10 8]
M Mexm gl 1 1 7 1 {.0
LI G| Mean 7 i 1 b L)
LI Dir 15 & ! 3 A 1.3
t Mem o5 &4 1 183 2 3.9
4l Ilesm o 0 3 V4 1 1.0
™M e {3 0 3 10 0)
™ tMeam 3 0 3 4 1 1.0
& team 24 4 3 12 4]
&} Mean 59 £} 3 10 0
] Ie2in 50 Q 4 20 (¥}
4] Men 0 0 B S ¢}
M Meamn 2 1 4 S 0
5} Mom 17 1 q 7 2 1.0
H Merm 2 ! 4 5] 1 1.0
£) Meam 14 & 4 14 12 54.2
" Men 3 2} 4 & 2 S.49
1 Mem ? ¢} 5 14 4 L5
0 D S50 7 5 3 0
I Mem 7 8 5 7 1 1.0

# Feed at village survey, included in Table 1.

(a): Lacation: M=Madang, G=Goraoka.

—_
—
&)
~
.

Type af feed: Mem = memhrane, Dir = dircet.

2001 =500,
Hhy b= -1yl

(cr: Parasite density: O=negative, =00, 2=01~-200 ,
A-6H0L- 1400, H=1d01 =2400, H="1401-8000 y SO0 1 9g
parasites per omm .

Ffa = 1, falciparum  aseiusl stages, iy o= o, faigciparum
gametocyteas.,
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Table 4: Results of mosquito feeds on P.vivas
gametucyle carrtiers.

Flace [ype e FFaraul te No. bho. Mesan oyt =
af foeed (yiryd denui bty () MmOse}. [ R TN X4 B Y ST YR RV OIS
(a) ) Pra Pva v traa, wostin Ly
® M Dir 14 0 1 0 10 A 1.7
I Meam 1 0O 8} 0 24 U L
r M Dir 7 12} 3 0 € b 2.0
[ e 17 O 1 1 @ 4 1.8
[ L] Darre “4 O 1 1 4 4 1.3
L] Ptesin 4 9 1 1 11 )
A [S3%: + 1 z 1 4 2 1.0
"« 11 Die to 3 A 1 13) 0
% Mesn s 4 2 1 b (V]
(¥} Dir 14 o} 4 1 4 €)
(1 Me:n {é 4] 4 1 16 (¥]
1 Me2in ) V] 1 1 11 )
I Dir 12 5] v 1 4 3 4.0
] Dir 7 0 1 1 5 (]
(j [RIEI 17 V] 9] { 10 (¥]
" Fen 4 Z 9 1 16 (X
(i ir S0 0 é 1 2 2 31.9
1 Me2n S0 v} I 1 @ 1 1.0
¥ Mezin 20 QO &b 1 14 o 1.0
G Flem ] €) b 1 17 0
15 Dir 143 3 7 1 5 %]
& Ieain i 3 7 1 16 )
[R] Plean o (6] 3] 1 a2 2 .8
$] Ie2n T4 0 18] 2 19 (§]
(s e U 3 i 2 133 (W]
I Dir 7 A 4 i 8 4 3.3
I3 Me2in 2o 0 3 it 23 14 5.0
i Floem ] O 7 > 5 7 4.1

“ Feed at village survey, included in Tabloe .

ta): Location: M=Madanqg, G=Goroka.

(th: Type of {feed: Mom = membrane, Dir = direct.

() : Parasite donoi ty: O=negative, 1=<80, 2Z-01-200), Z=l01--400,
4=0601- 1400, & 1401-3400, 4=73401 0000, JoHO0 - 19U, E1= 1994
parasttes poer omm’.

Fra = otalciparum aseiial stages, Mea = Povivan  asednad
stages, Fvg < Povivan gamotocytbes,

12



fable 9: Reusults of mosquito feeds an P.omal ariae
tnfected individual s,

i*lace  Type N Frarasi te e Ny, Mean moovet e
Of  foad Gy ) densirty (o) Mmasey. tivbected  per antect ed
() (L) Ffa Fma i G, Nrsqul o
a] e q 0 z (§] 20 O
! hr 4 3 3 [ 2 1.0
it Dar t 0 1 1 < ¥
LI L ber «© 0 3 1 it 1 1.0
LI Dir / 0 4 1 14 N 7.0
I Mom B 0 9 { 4 v
11 Fieem 7 O & { 11 0
11 e 8] O 4 2 4 1 1.0
I Mem £ O & 2 0 0
5| D1 1O 1 1 2 7 0
LI hr 12 t 4 3 16 W
r 2 0 4 4 11 0

~ I hir

» teed at village survey, includid in Table 1.

() Location: M Madang, G=Goroba.

() : Type of feed: Mem ~ membrane, Dir = direct.

() Paracite duncaty: O=negative, =00, T:=51--200, D870 =A0G0,
A4=601-1400, 4L,=1401-12400, 6= 53401-8000, SOOI 19040, B=219941
parasitos per omml.

Fifa = Pofalciparum aseixaal stages,  Poo = Miaalariae aseroal
stages, mg = Pomafar tae nametocytes.

13



FIGURE LEGENDS

Fig 1: Prevalence of asexual stages (solid lines) and ganetaocytes
{dashed Yines) of P.falcipavum P.vivax and P.malariae by age
group in the villages of Butelgut, Mebat and Maraga combined,

1683-1985.  Bars represent binamial standard ervors.

Fig 2: Frequency distribution of densities of asexual stajes and
gametocytes in P falciparum infections by age group in the Madang

study area, 1983-85. For density grades see footnote to Table 7.
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