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INTRODUCT I ON
 

This study had two major objectives. The first was the 

measurement of the mnalarial infectiousness of the human
 

population in the Madang area of Papua New Guinea to mosquitoes, 

and the second was to dete:-mine the extent of the human immune 

response to gametocyte and gamete stages of malaria and how this
 

influences infectiousness.
 

Infectiousnss of a human population can be thought of as the 

proportion 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 present paper we 

usEr the second meaning for infectiousness and define it as the 

mosquito infection probability (K). This term is used in 

preference to 'Infectious reservoir' as used in the grant 

appl ication. 

Three approaches were adopted to measure the mosquito infection
 

probability K. The direct approach was to feed groups of
 

mosquit0es on a demographically representative human population, 

J.thou t regard to paras itologAc11 status. A value was thus 

oLtained for the. proportion of individuals capable of infecting 

moc;qLitoes, and among such infecticis individuals, of the 

proportion of mosquitoes which become infec'ed. From these data 

a value for K was estimated. 

2
 



The second approach was to determine the prevalence of gametocyte
 

carriers in throe villages in the Ilidang area by blood slide 

surveys, whi le data on infectivity of gametocyte carriers was 

independently obtained by feeding mosquitoes on known gametocyte 

carriers presenting to health fcilities. The infection 

probability K was then derived by mtitiplyiig the mean 

probdbility of infection (from th3 gaetocyte carriers tested) by
 

the prevalence of gametocyte carriers in the human population.
 

The third approach was to estimate the proportion of mosquito
 

blood meals which pick up infection using a mathematical model
 

developed in collaboration with Dr. Allan Saul of the Queensland 

Institute of Medical Research. In this model mosquito infection 

rates torjether with human blood indices can be used to estimate 

the nosquito infection probability. Data generated in the 

present 3cudy has been used to investigate and validate the 

mathematical model. The model has the advantage that mosquitoes 

caugnt in biting collections as well as blood-fed in indoor or
 

outdoor resting catches may be used to measure infection rates
 

and hence the infection probability.
 

In the second major objective of this project, factors affecting 

the irtfectinusness of individuals to mosquitoes were investigated 

by testing sera from the endemic area in membrane feeding studies 

together with Plismodium falcip!cum gametocytes grown in vitro. 

Gamete surface antigens recognised by the sera were investigated 

by inmunoprecipitation fron 125-I surface labelled gametes.
 

Responses to the antigens were correlated with the effects of the
 

3
 



sera on infectivity.
 

1) Measurement o f the i nf ec t i ousness of the human pu 1ation. 

a) Direct measurement of infectivity to mosquitoes of individuals 

i.n the human popo lat ion. 

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 laboratory reared risquitoes used were from a 

colony of Anopfheies fEarauti established from a cross between wild 

caugh t fema 1es from the vi 1 lage of Agan, Madang province, and 

maIes of a colony of An.farauti. Mn. 1 from Rabaul, East New 

Britain province, provided by Dr. Tony Sweeney, Army Malaria 

Research Unit, Ingluburn, N.S.W Oustralia. At the village 

surveys fingerprick blood samples of at least 200 ul were drawn
 

into heparinised containers and the blood immediately presented 
0 

to starved An.farma.ati through water jacketed (37 C) glass feeders 

usilng BotUdrTIche membrane. Because of the reluctance of 

An.fariuti to feed through membranes, in 1985 villagers in 

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

30 mosrquitoes; to feed directly on themselves. 

Immediately after beino offered blood, mosquitoes were sorted and 

unfeds discarded. Engorged mosquitoes were held in an insectary 
0 

at ambient temperature (mean 27-28 C) for 7 to 9 days, with a
 

continuous supply of 10% sucrose solution. Their stomachs were
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then dissected, stained with 0.2% mercurochrome and examined at
 

x400 for oocysts.
 

Groups of mosquitoes were dissected from feeds performed on 201
 

individuals (Table I), of which 8 (14.0%) gave rise to infections 

in mosquitoes. The mear, percent of mosqu i toes infec ted in feeds 

on thuese 0 infectious individualsi was 37.91. (range 9.1% ­

75 .0% ) . The aveorage number of rrosquitoes dissected per feed 

was 13.0 (s.d.= :3.5). It is possible to estimate the mosquito 

infection probability K by multiplying th, above two proportions 

(0.379 x 0.04) giving 0.015. However because of the large 

standard error arising from such a multiplication it was 

preferablo to c-tirnate K from the average of' the p -uportion 

iifected in each group (weighted by sample size) as 0.C13 + 

0.005i . )s a third alternative, dividing the total number of 

mosquitoes infected (21) by the total dissected (1610) gave an 

estimate of 0.013 0.003 for the mosquito infection probability.
 

On subsequent examination of the blood slides, 17 persons (8.5%) 

were observed to have gametocytes (any species), and 6 of these 

people were infectious. Ho-iever, out of the 12 persons in whose 

s-Iidc-_s only ,.viva- aseXual starie:, were reported, two were 

i nfoc t, i tis to mosqi i toes, ind irat i ng that in these cases P.vivax 

g imotocyte-, had t)bree undetected. In no cases were infected 

,no[;qui toes ohbtined frnm persons whose sl ides were reported to 

sho- Plasmoditim fainrpans, Ln.malariae and/or P.ovale asexual 

s:tage.s only, or no parasites of any stage. Only one of the 54 

-,Ql2 cases stage) was infectious whereas five of theEg! (any 
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20 	P.vivax cases were infectious.
 

The 	distribution of individuals in the different age categories
 

upon whom feerls were stjrces,.sful ly per formed jas compared with the 

det;ioji-aph it: profilo of the popo 1at ion at 1arge. Accurate, up-to­

date demogriphic da ta from house-to-house surveys during 1985 was 

available for tho villages of fButelgut, Mebat, Maraga and Sah 

( rah IL). hore was a significant difference between the 

demcgraphic profile of the popul ation on which mosquitoes fed and 

tho 	demrngruphic profile of the population a whcleas 


(Hoterogvneity X =8.91, p=O.031). This arose from a
 

';ignificant tindrrepresentation of 0-4 year olds in feeding
 
2 

studies compared to their numbers in the population (X = 5.07, 

p=0.024), due to the refusal of many young children to allow 

mosqu itoes 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 w.ere performed on gametocyte 

carriers identified amongst outpatients at Yagaum and Alexishaven
 

Heal th Centres, Madang Province, and at Goroka Hospital, Eastern 

Highlands Province. Feeds on 31 P.falciparumn gametocyte carriers 

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

average number of mosquitoes dissected per group was 10.9. The
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overall proportiun of moaquitoes infected in the total of 337 fed
 

was 0.119 + 0.010. S i nce there was extreme heterogeneity in the 

degree of i nfec t i nsrv,; &f di if frent people, the mean proport ion 

of mosqui t0e iitrctvd Was calcilated by averaging the proportion 

infectod in each group, cJiv og0 a va Lue of 0.110 + 0.039. The 

mean number of oocysts per inf ected mosquito ranged from 1.0 to 

54.2 in the different groups. 

For P.v/iva_ (Table 4), 14 out 20 feeds were infectious (50.0%). 

Th,-,e include thren feeds on P.vi vax infected people in whose 

oI i dten (>amtoc:ytes were tindetec ted and three feeds on persons 

i n whim the density of' gametocytes was not known. The overall 

proportini. of mosquitoes infected was 0.147 + 0.019, but again to 

allOw for heteroqeneity between individuals the mean proportion 

i nf ct ed vias cobtai ned by averaging the probabilities in each 

grruip, giving an estimate of 0203 -4- 0.051. The average number 

of mono i tonfs di ssec ted was 12.4 an the mean number of oocysts per 

infected mo-.quito ranged from 1.0 to 31.5. The presence of a 

L2fo iparum asexual infection in conjunction with P.vivax 

appea-ed to reduce the infectivity of P.vivax cases: only three 

Out Df I12 such mixed infections were infectious compared to 11 

2 
onit uf 16 of the cases with P.vivax only (X = 3.65, p=0.056). 

Table 5 shows data from all feeds performed on P.malariae
 

infected cases. In all except two of them, gametocytes were
 

detected. Four out of II gameto-,yte carriers (36.4%) produced 

infections in the mosquitoes; thin overall proportion cf 

mosquitoes infected was 0.072. 0.026. The mean proportion 
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infected per group was 0.111 0.062. The mean number of
 

mosqui toes fed was 10.1, 
 and the mean number of oocysts per
 

infec ted (nosCIUito ranged f rorn I . ) to 7.0.
 

The influence of parasite density and age on infectiousness was 

investigated by logistic regression using the GLIM statistical
 

package. In the case of P.falc 
ip- ruQ, there was a statistically
 

significant di ference between the 
 infectiousness of the different
 

classics of gametcryte density (X - 9.3, p < 0.05), but
 
:1


there voaw no trend of infectiousness increasing or decreasing 

wit parasite deris ty. However if the one case in which 100% of 

mosq ti toes were infected was excluded, the offect was no longer 

signifi¢rant (X 3.95). Analysis if th, effect of age on 

ir~ 'cic]Line r, - jhich w-. restricted to cases in the endemic area 

1
 

J Similar of the effect
.:3L. analysis of gametocyte density on 

P.viva.x infectiLusness was not possible because of the restricted 

number of gametocyte density classes. In the Madang feeds (14
 

2
 
cases), infectiousn.Qss of P.vivoIM increased with age (X = 

3 
ls.94) , al thouon the limited data available means that this 

,-esult should be interpreted with caution. Similar lack of 

sufficient data pr2clude2d analysis of factors affecting 

P.mlar o infectiousness. 

There was no significant difference beZween the three malaria 

species in the proportion of gametocyte carriers who were
 

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

6 



significant difference 
in the proportion of mosquitoes 
infected
 

per group by the; 
three malaria species. On overall 
estimate of 

mean proportion infvct~d, obtained by averag ing the proportion
 

infected per qroup, vJ, , 0.151 + .029.-

Of 
theL P.t,_I .-rpir_ gametocyte carriers from Madang (Table 3),
 

the numbers in 
each age group, and the percentage infectious,
 

were as fol Iovjns: 0 - 4 years, 9 (56/.); 5 -
 Y years, 7 (291); 10 ­

19 years, 3 (33 ); > 20 years, 1 (0/). For P.vivax, the figures 

vj2re as fol Iows: 0 - e years, 5 (60); 5 - 9 years, I (50%); 10 

- 19 years, 4 (75%); _ 20 years, 1 (100%). 

To determine gametoryt-e rates, six parasitological surveys were
 

carried Out 
in the villages of [Butelgut, Metat and Maraga between
 

June 19A-l and 2.eptember I190'j. Four surveys at three-monthly
 

inte rvals .JereU fol lnd 
 by t- surveyS at 9 monthly intervals.
 

Slides were examined to deturmine prevalence of P.fac iQarum,
 

P.vivax , P'.ma],ari, tie and P.oval . .exual 
 stages and gametocytes by 

age grup, wh i ch are p resen ted in F ig 1. There was no 

significant difference 
between the three villages in the
 

prevalence of 
 asexual4P-.liXI.1m stages or gametocytes, which 

ranged from 2.2% in Maraga to 4.0% in Butelgut. Neither was 

there a significant difference between the villages in the 

P.vtivax gametocyte rate, 
either overall 
or in any of the age
 

groups.
 

Thi, prevalence of gametocytes (all species) was 7.3% 
in Maraga,
 

7.8% in Dlutelgut and 
10.4Y. in Mehat. These differences betw,een
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villages are not significant. 
 The overall prevalence of
 

gametc cytes in the three vi 1 age popu 1at i ons 
was 3.3.
 

-P.-f"l(~-I?!prU(-, ',.0 7 3.vivax and 0.7/ P.malarja , giving a combined 

gametot:yte! p rev,illeoc of 0".. Thje gametocyte rates of 

Ph faIK ![2d .,a,,d P.vivax were not significantly different. 

Thue peak preva 1Leric-_of f_. icprumr observed in the 5-9) was years 

aqg? groUp in HUtPI got and thibat but in the 10-19 years age group 
in Maraqa. Prevaence ra tes of P.,vivax paked in the 5-9 years 

a,11e grrjup in all three vi laes. For P_.falciEL, gametocyte 

rat-,"; ier e always, hi ghi st in the 0-4 age group. 

Relative ratios het aoen infections with 
sexual and asexual stages 

were obtained from the prevalencc' for each 
age group shown in
 

Fig.l. Despite highest asexual prevalence in 
5-9 year olds, the
 
relativ ratio .)tween P.faicr-prm infections with gametocytes
 

and those with only a'wxiials declined sharply from 19.3% in 0-4
 

y ar old, to 
 H.7%. in 5-9 year oldca. In P.vivax the gametocyte
 

rate wai hicher in 
 the 5--9 yar ,Ie group than in 0-4 year olds, 

but the relative proportion of P.vivax 
infections which had
 

gamet oytes was highest in 
 the 0.'. age group (55.8%) and declined 

throu,(gh the subseque;nt age groups to 10.4% in the over 20 age 

groulp 

Examination of 
153. olood slides taken in Butelgut, Mebat and
 

Maraga during 
1983-85 revealed a 
total of 51 infections with
 

P.fa!i.iarom gametocytes, 62 with P.%,ivax 
gametocytes, and 
10
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with P.maIariae gametocytes. toThese numbers are insufficient 


investigate the distrit)ution of 
parasite densities by age groups. 

Thee 
 -ctjo .falc i(?r,_ gametocyte and asexual densivies by age 

Or 1i1i I y'if.d Ll' I rI1 I I irger n Iirpie of h Io d s 1 i de surveys
 

under ta ke n i n Madang vi I Iages dur i ng 
 190 3-1 9135 , i n wh i c h there 

were a total of 1'3 gametocyte and I133 asexual infections (Table 

6) [onp i to highest preva ILen e ra to? of P.fac.i _EiU!pasexual
 

stages in 5--9 year ) 1t1L (F ig 
 I , aver-ago asexual par asi te density 

uiradL shoWod a declei 1F -i th ago from 3.V in 0-4 year olds to 1 .0 

in io,,,r 10 year old,-. There waa a corresponding decline in 

gametocyte dens ity grade through the age groups (Table 6). The 

decli 
no in _.fa niOarum donsi ty with age is cltzar in Fig 2; in
 

the case 
ot P. failcip r-urm g.ametocytes the majority of infections
 

were 
 in the 1 owes t density 
ofgrade. However the proportion 


infections with density greater 
 than grade 2 was significantly 

higher in 2
the 0-1, year olds than in the other age groups (X = 

9.14, p=0.003). 

The infectiousness of the population was estimated by combining
 

the data 
on the averarJe proportio.i of mosquitoes infected by 
a
 

ganetocyte carrier (0.151 #- 0.029) 
with the overall gametocyte 

preva lence in the population (0.000 -- 0.007). This leads to an
 

estimate of 0.012 + 
0.003 for the mosquito 
infection probability.
 

b) Measurement of mosquito 
infection probability from wild caught
 

mosqui toes.
 

Mosquito collections were performed in butelgut, Mebat 
and Maraga
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villages by a team of four Collectors who visited each village in
 

rotation for four consecutive ni ghts at four to six week
 

intervals fur a eiglhteoen month pr ind. Coi i (2ctors perforined
 

b it i rig catche. hetw~eer I100 and 0600 ano c:c lec t io for
 

mo squ i toes r , nc Ooig t cdour s be :ten 07() - nd 0900. Collections 

for msoti r rBi in -, 3I for-ml?1d 0600i toi-e; t 0' t_ hI(idA VJe121,Itr b)etvieen 


arnd 01"0 by in bi.bit,,nt o,- c:o_ fe relative of the inhabitancs
 

illn sfearc:h.d moi t.i into wal l' each I lage house.
all l to and ill vi 

AII 1 mosq uitoes .iere placed in an insul ate(d box and transported 

back to the laboratory by 1000 hours. 

Mlosgu i toes caught bi ting were used to de termine the sporozoite 

rate by [ELISA (Ii2) or, in Melbat and OLutelgut, the delayed 

inf ectorn rate. Tb is parameter is the proportion of mosquito 

stomachs ohserved to be infected with oocysts after they have 

be~en held in the laboratory for sufficient time to allow all 

their orcyst infections to be visible at x'OO magnification. 

1lhse ra tes inclUde ruptured oocysts which cai be clearly seen 

retnining on the stomach after the sporozoitea have been 

relea'sed. Moqsgitoes caught biting were held for hree days; 

eng r-'ged mo'oni t n(, caught in indoor and outdoor resting 

co I 1(crt Ii em- used Ci ther i nm-da tel y to determi no the human 

b I ond index by CLI 0 ('1) or for de termination of the the delayed 

infec t ion rates after hold irig in the insectary for 5 days. 

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

sporozoite rates and the human blood indices (where available) in
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the villages of Butelqut, rebat and Maraga are given in Tables 7­

9. The equations usc-d to estimate the mosquito infection 

probability K fror-m tte'se data are nive:n in- Table 10, together 

With egua ti(os for the estimated variance whic h were derived by 

Dr. Hichard hloyes Londo, Schoon of Hlygiene and Tropical 

Med ic i e. rho e'nt imatns of K obtai nod from these equat ions are 

thr)w, in Tabl II . The monqui to infection probability was found 

to he ignrifircInItl' higqhe.fr f or- ,lrn.kn I i cnm. i li utelgut (0.17A + 

0.0-37) than in Mplebat (0.041, 0.012) ( - 3.21, p < 0.01). The 

value of I,, for 'rn kol ierti- in kitelgut was )no ,,gher than K 

fur On.)pun,: tula t' in tih2 same vi 1aqe ( 0.07. + 0.027) z 

P . 10, p 0.03). 

To determine vihether there is a differential susceptibility of 

the three members of the A_. Liungt.latu!. cowplex to malaria 

paras i te,, the mean oocyn t number in each speci es was compared. 

I t vjan rit p)n',3iWle to compare the proporticeos of mosquitoes 

infer tod , beca :,t? of the di ffor ing human blood indices and 

'-p t i e., propo rtior o in each vi Ilage. Overa 1 the geometric meari 

oft no,/yrt number was 3.71. Analysis of variance on the mean log 

of ucyn-t nurber indicated no di fference between the mosquito 

,poc: ie,, ('Tabl 12) or betweun the three types of col lection (not 

Ahown) , but a i(Jnificarntly higler mean oocyst number in Butelgut 

than in the other tvin vil lages Table i1 ). 

In Mebat village, there was a sgnificantly higher proportion of 

mosquitoes infected with oocyFstn in indoor than outdoor biting 

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

13 
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2 
(X by Mantel-Haentzei test = 7.'i, p < 0.01). In Butelgut, no 

such difference was observed (Table 13). In Maraga, dissection
 

of mosquitoes fraim biting catches was not done. Wlhen the 

s i.J .0 jite c.rtit in )indoor and outdoor biting cat:chas wat5 

cA)(mpaire)d, s (lg i f inant diffterie.nct was bobserved between the 

rates in tho tujo typfs -f catch in any of :he villages (Table 13). 

PosoibIl hPi s in the est imates of oncyst rates in Mebat due to 

the different infection rates in each sample was avoidcd by 

diLssectinq approximately equ,l numbers of mosquitoes from indoor 

ard outdoor colleczions. 

~mmunity 5nd praiite an t i gtLic j ty i n relIa tion to infectivi t 

of human pgL-iklat ions to mosquitoes.
 

a) Antigenicity of gametocytes of P.falcioarum.
 

Progress on this part of the proposed study has not been as rapid
 

as for tthe rest 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
 

M.diral R,-sso irch to the National Institutes of Health, and his 

subsequent move to the University of Edinburgh, where these 

studies are still continuing. 

b) Naturally occurring serum fac.tors which affect infectivity of
 

gametocytes to mosquitoes.
 

[lood samples of i.-10 ml were collected from consenting adults
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attending the outpatients department 
at Yagaum Health Centre, 

Madang. Mrood samples were also drawn from a cross-sectional
 

sainple of individuals over 
 the itjL of It years attri-2ding surveys 

in the villagu.s of Agan, Madanq Province and Tau, East Sepik 

Provinice. At Goro;'. Hospital, sera were collected from adults 

who had recently visited : coastal area and who presented with 

suspected malaria. 3lood was -- lowed to clot and the serum
 

shipped frozon the
to Naticnal Institutes of Health. 

Gametocytes of strain NP51-3D7 grown in wereculture allowed to 

activate, the gametes purified on Nycodenz gradients and then
 

labelled with 12'5-1 by the 
 lactoperoxidase method. The labelled
 

cells were extracted in 
 SDS :-nd Tr ton X-100 before 

immunoprcipitation with the hrrman sera followed by separation of 

im;nuirc complexes ,jith Protein-, Sepharose, SDS-polyacrylamide gel 

el e: trophores is and autoradicgr aphy. The sera were also tested 
for th( irf effects on infectivity of P.-falciparu m gametocytes 

gruwn in cutil t.nte by feeding to mosquitoes together wi th fresh 

humar erythrocytes and non-immune serum as a source of 

complemnrt. Control consisted of at least two different non­

ir[mmn (tJ.S.A.) cera inclUded in each experiment. Nine out of 4l 

cora from undrnic areas consiitrntly reduced infectivity to less 

than 5j/. of control, iis did three out of seven sera from the non­

endemic area. 

The major surface antigens recognised by the sera were of the 

same molecular weights (230 and .48/45 kilodaltons) as the target 
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antigens of antigamete monoclonal antibodies (4). One panel of 18 

sera were tested together in two feeding experiments and also in 

a single imnmunoprecLpitation experiment. Results from these sera 

ar ? thuS drc IVy cQTo )3rablu With one another (Fig.3). A strong)-ft 


nerativt_ curr tion (r = -0.1307) was found between the total 

cotiint ptr mi nu1te Imtlnoprec ip itated and the average number of 

oocysts per (jut in membrane feeds. The regression coefficient 

was highly significant (t= 5.10, p<0.001). 

In order to compare the results obtained during different feeding
 

experiments, in which control infectivity varied, results with
 

individual £sera (oucysts per gut) were normalised by expressing
 

them ais a percent of tne mean control infectivity in each 

experiment. These normalised infectivities, ranked in order of
 

magnitude of suppression, were correlated with the amount of
 

aintigen counts immunoprecipitated from the 230 and 48/45 kD 

proteins, measured by cutting out the relevant region of the gel 

and counting in a gamma counte-. Spearmann's rank correlation
 

coefficient showed there to be a significant negative 

correlation between infectivity and counts associated with the
 

230 kD protein (rho = -0.304, p<O.Ol). 

Extensive membrane feeding studies in Papua New Guinea involving 

washing and resucpending of gametocytes in autologous and non­

autologous sera viere 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 
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prevented venous blool 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
 

cul tured gametocytes together wi th sera from panels of gametocyte 

carriers from the Madang area, which will enable further 

information on the effects of transmission blocking antibodies 

diring infections to be determined. 

c) Effects of 'ransmission blocking monoclonal antibodies 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, 40 and 1+5 kD (4), were tested against 20 is-1,,tes of 

gametocytes from Madang by immLunofluoresence. 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 tkerefore that the.-y would block transmission of 

strains from Papua New Guinea; however this was not tested 

directly for the reasons mentioned above. 
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DISCUSS ION
 

The proportion of bloodmeals taken on humans which are infectious
 

to mosquitnes in the Madang area, Paptia IJew Guinea was estima.ted 

by three methods. In the first, laboratory reared An. farauti 

sere fed on individuals Of all agesJ it village surveys. The 

results showed that 3.13% of people were inofectious and that the 

mean percent of mosquitoes which became infected by feeding on 

those poople was 37.12%. From the average proportion of 

mosquitoes infected, the probability that a mosquito feeding on a 

hLuman WOuld pick up infection was 0.013 + 0.005. 

hese studies which involved feeding mosquitoes on large nuo.bers of 

people were hampered by logistical problems including the
 

reuIctance of laboratory reared mTosqu itoes 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 or.
 

gamLotocyte carriers to measure their infectivity. The results 

obtained were combined with data on the prevalence of gametocyte 

carriers to estimate the infectivity of the population ar large. 

The feeding studies on gametocyte carriers indicated that 47.5%
 

of them were infectious and that the mean probability of a 

mosquito becoming infected after feeding on a gametocyte carrier 

was 0.'51 + 0.029. Gimetucyte prevalence rates in all ages 

measured over M8 months in three villages averaged 3.3% 

E.,falcEiprum, 4.0% P.viva_ and 0.7% P.malariae, totalling 8.0 ­
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0.77.. Combining these two proportions ga'e an estimate of 0.012
 

+ 	 0.003 for the probability of a mosquito becoming infected 

a blood meal nn a member of the human population.following 

no clear evidence for a relationship between gametocyteThere was 

density or age and infectivity. Highest gametocyte densities for 

5 year alds. InfectiousC+.! I Cipar~tm were nbserved in the under 

indlviduals were prUdominantly under 10 but a significant 

wore n'er thii age. The parasi tological dataproportion 

w ith age as
demonstrated that gjametOcyte prevalence declines 

The diatoi f-urther indicate that gametocytesimmtinity increazes. 

and P.viv.x docline in prevalence relative touf Pfalciparium 

when the Iat ter is rising, as in the 5-9asexual tage ;?, even 

a igges t that some form of acquiredyear age 'Iro-0p. ll 

affecting 	 the production of gametocytesimmunity may be directly 

and/or their survival. Iii P.Falrp-. aru4m the proportion of 

gametocyte carriers who were infectious was higher in the 0 - 4 

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

given the 	difference in gametocyte density. 

Mosquito 	 infection probability was,also estimated using data on 

mosquito 	 infection rates and human blood indices using the 

mathematical (nodel of Allan Saul. .pproximate variance formulae 

have been derived for the estimates from the Saul model. The 

es+timate far K for An. koli-nsis w3s significantly big er in
 

in Mebat (0.049) , and also higher
Futelgut vi I lag] (0. '74) than 


than _n.unrtultus in RutC-Icut (0.074 )
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Estimates of K from wild caught mosquitoes using the Saul model 

are thus much higher than the measurements ohtained from direct 

feeding Studies or estimates From gametac'te prevalence rates and 

infec tivity of gametocy/te (-,ira it5rs. rhere are at least three 

possiible explanations for the Oincrepanc-y. Firstly there may be 

poor en t imat inn ofn nome of the parame ters in the Sau1 model, 

perhaps the human bI cod index because of the d i f f icu 1 ty of 

representat ive sampl ing. Secundly the di fference may be 

explained h, non-random feeding b/ mosqu: toes on) individuals kn 

the population, i.e. either preferential feeding on infectious 

people nr increasied feeding on a subpopulation of individuals who 

i4ould thus be more )ikely to be infected and infectious. (A final 

possibility is that. ,ubpopulations of mosquitoes which prefer to 

bite and/or res-t ind orn oxin t . There is some evidence in favour 

of this in the higher oncyst rates in indoor- than outdoor­

biting observed i_.knlinsinsin Mebat. A similar sub-population 

in An.kolien,;i in Dutelgut ceucld explain the higher K estimated 

for thi sp,?c cien than On.pun,. tu 1atus In this study species 

ident if icat ion. w-ore mado or a morphological basis, but it is 

likely that one or more (ryp(.ic species exist, possibly ,Aith 

different fending and restinr 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. S,mpling the w-iild moisquito population to estimate K 

also avoids logistical problems associi-ted with direct feeding 

20 



studies.
 

The small size of village populations and the lack of significant 

var iit ion between gametocyto rates in the three study vi Ilages 

prevented detailed analysis of the relationship of K to 

prevailIn] vectorial capac ity and inoculation rate. Separate 

,tndie .	 have '.h-n the vectorial capacity to average 2.2 for 

n I for Maraga, 29.2llr. oi I erVic i 1 lo t , 9 .0 (r. flrauIti in and 

for Anr.ol II i,-, in Mehtat.. T-e inoculation rates in terms of 

average numheIr of sporozoi te infected bites per year were 433 in 

lDute qtlit, 3')1 in Me(hat and 291 in Maraga (T.R.Uurkot, 

tunpLil isheCd . Given the significant variat ic n observed in the 

prers.nt 'itI(id/ hutV.f',al th ? e'itiinaltes (if K for the different 

I(nWsqIL tO cpt:l ('i ill A vi la(]e, it is di rfficult at present to know 

how to construct a relationship between infection probability and 

inoculation rate for a vii lage unit. 

The fact that curtain individuals with high ganetocyte densities 

did not infect itoc.quit Os indicated that gametocytes are impaired 

n r o t hrr i tir(vo nt id from infect i ng mosqu i toes in these 

indIviduals. It is ur, IikPly that this is due to the 

sporonticidal effects of antimalarial drugs since Fansidar was 

r1ot ava i 1 ah If? t i these study 1r1Ounps through local health 

•-,rvIcen. [,t a from feeding f i. p;rur gametocytes from in 

trn culturec, to rnosq uitoes y,,/ m-mbrane feeding havr shown that 

many sera from i,'dividiaIs in Papua Newo Guinea suppress 

infectivity of parasites to mosquitoes. A strong negative 

21 
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correlation w.3s shown between tho infectivity of these sera and 

the presence of antibodies *..-ainEt P.fa]cipariE j gamete surface 

anti gens. IHot.over the responfe of persons to individual gamete 

antiqgo ,c wao e:xtrcmly variable and haid to explain in terms of 

varia 1e degreoes of cxpooure to differun t gamn te artigens, 

o:uggestin that the capacity of indivi duals to responrd was an 

important fat:tr. The presence of antibodies against gamete 

art igenr, war; tiot age related ard could v;ell account for the 

fii1tire of many gametocyte carriers in any age group to infect 

(no qtil i toes. 
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Table I: Mosquito feeds at village surveys in Madang. 

S ide Numher of feeds performed (no. infectious) 

result 0-4 yrs 5-9yrs 10-19yrs >=20 yrs Total 

Pl.falciparum 1 2 3 (1) 0 6 (1) 

P.vivax 3 (1) 1 2 (1) 1 (1) 7 (3) 

P.maIa riaie 1 2 (2) 1 0 4 (2) 

A-,extia 1 only:
 

P.falciparum 3 11 18 16 48
 

1.vivvax 0 2 (1) 6 (I) 5 13 (2)
 

P.fal. - P.vivax 1 2 2 0 5
 

P.malariae 0 0 0 0 0
 

P.fal. 4- P.ovale 0 1 0 0 1
 

Noq paras1ites any stage: 

10 14 30 63 117 

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
 

mosqu i to feeds on each age group. 

Age g3roup 

O--If 5-9 10-19 >=20 Total 

Number of people 89 79 129 214O 545 

(16.3%) (14.5/) (23.7%) (45.5% 

Number of 
rosi.quito feeds 19 35 62 85 201 

(9.5%) (17.4%) (30.8%) (I.2.3%) 
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Tab le 3: ResuI ts of mooquito feeds on P.falcip.irun 
gametocyte Cartrier., 

Place Type A(Je Parasi te No. No. Mean oUcysts 
of foed (yr;) dcownity(c) moq infec ted per infected 

(a) (bI Pta Pfq diso. mosquito 

G Mer 50 0 1 33 0 
ri 1) i r 10 0 1 4 0 
;1 Mom [3 0 1 Ii) 1 2.0 
N 

ri 
Morm 

Mon) 
P 
1, 

C) 
0 

1 
1 

6 

7 
0 

1 1.0 
1 (,om " 0 1 0 
11 i.TI C 0 1 7 0 

*11 Dir 16h 0 1 13 0 
Mon '5 1 1 4 0 

G Mm 1o25 I 1 1 1 7 3.0 
Mi er P 1 1 7 0 

0Mer [1 1 1 10 0 
N" Me (n 1 1 7 1 1.0 

M(2frn 7 5 1 5 0 
M Dir 15 5 1 13 3 1.3 
S Morm 35 6 1 l0 2 3.5 
M Hem 0 3 7 1 1.0 
M Moerm 0 0 3 10 0 
N Mrm '1 0 3 I 1 1.0 
G Mere 5 t 3 12 0 
G( Mere 39 3 10 0 
ti Mr :30 0 If 20 0 
:I Mem 0 0 5 0 
M Miem ? 5 0 
G Mer 17 1 4 37 2 1.0 
M Mre i i I I0 1 1.0 
G Mem 16) 6 4 13 13 54.2 
M Mem 3 3 I 6 2 5.5 
M Mem ? 0 5 14 4 6.5 
G Di r 50 7 5 8 0 
M Mem 7 13 5 7 1 1.0 

* Feed at v Ilaqe survey, inc 1,ded in TableI. 

(a) : Locatiion: =rHadahnq, G-Goroka.
 

(h): Type o-)ffoeed: hnem = membrane, Dir = direct.
 

(c) : Parao;i to d r:,;i ty: 0-neative', 1=<00, 2=81-P00, 3=201-600,
 
=6Ol--l4O0, 5-1f,01--3t00, 6-3401-8000, 7=8001-19960, 8=>19961
 

paraoit,ite p:r mr3.
 
Pfa F. f. aiparm asexual stages, Pfg = P. falcaum
 

gjmin tor yt ?'. 
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Table 4: 	Results of mosquito feeds on P.vivax
 
gametocyte carriers.
 

Place Type 4ge Parasite No. No. Mean oocysts
 
of feed (yrti) density(c) mosq. infected per infected
 

(a) (b) Pta Pva Pvg diss. 	 mosquito
 
---.----------.-.----------------------------------------------------------

Dir 10 0 1 0 10 3 1.3 
M Mem 1 0 8 0 2 2 "2.3 
M Dir 9 8 3 0 6 2 2.0 
1 Dir 17 0 1 1 9 4 1,.0 
MN D i r '34 0 1 1 4 3 1.3 
N Mtom I. 5 1 1 11 0 

D4i rM I 1 3 1 It 2 1.0 
M Dir 10 3 3 1 6 0 

*ri H re 4 3 1 6 0 
G 1)i r 1 5 4 1 4 0 
G Me( 6 6 4# 1 16 0 
M Menm 3 0 5 1 11 0 
M1 Dir 12 0 5 1 If 3 4.0 
G Dir 27 0 5 1 9 0 
G Mem 17 C, 5 1 10 0 
M Hem 5 3 5 1 16 0 
r Dir 50 0 6 1 3 2 31.5 
G Mer 30 0 6 1 9 1 1.0 
G Men 20 0 6 1 16 2 1.0 
1 Mem 1t 0 6 1 17 0 
G Dir 18 3 7 1 5 0 
G Mem ? 6 7 1 16 0 
M Me" 2 0 8 1 52 2 3.6 
G Mer 35 0 8 2 19 0 
G Mer 22 8 4 2 13 0 
M D ir 7 3 4 ? 8 4 3.3 
G Mere 20 0 6 ? 23 14 5.0 
G Mon 25 0 7 ? 15 7 4.1 

* Feed at village sdrvey, included in Table 1.
 

(a): 	Locatian: M=Madang, G=Goroka.
 

(b): 	Type of feed: Mo = membrane, Dir = direct. 

(c): 	Parasite drv;ity. O=negative, I=<80, 2=01-200, 3=201-600, 
4=601-1400, 5=I1401-3400, 6=3401-8000, 7=8001-19960, 8=>19961 
parasites per mm3. 
Pfa r P.falriparun asexual stages, Pva = P.vivax asexual 
stages, Pvg = P.vivax gametocytes.
 

28
 



Table 5: Results of mosquito feeds on P.malar-iae
 
infected individuals.
 

Place Type Age Parasite No. No. Mean oocysts
 
of' feed (yrs, density (c) mosq. infected per infected
 

(a) (b) [If a Pma i',g d iss .	 mos.u ito 

1 Mem 4 0 3 0 30 0
 
M D ir 4 3 3 0 3 2 1.0
 
M D i r B ,1 1 1 4 0
 

* 1r 9 0 3 1 11 1 1.0 
*1 Dir 7 C 4 1 !4 3 7.0 

M rlem 3 0 15 1 6 0 
M"Mem V 0 5 1 11 0 

M ) i r 0 0 4 2 4 1 1.0
 
ri Mem [1 0 5 2 9 0
 
ri D i r I 0 1 1 2 7 0
 

* M Dir 12 1 4 3 19 0 
0 M Dir p 0 4 4 ii 0 

* Feed at vi I,ige survey, inc luded in Table 1. 

(a): 	Location: M=Madang, G=Gornka.
 

(b): 	Type of foed: Mem = membrane, Dir = direct.
 

(c): 	Parasite density: O=negative, 1=<60, 2=81-200, 3=201-600,
 
4=601-1400, 5=-401-3400, 6=3401-8000, 7=0001-19960, 8=>19961
 
parasites per mm3.
 
Pfa = FP.falcipai}rum asexual stages, Pma = P.malariae asexual
 
sitages, Pmg = .n lriae gametocytes.
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- --------------- ----------------------------------------------------

[IabIe 6: A v e ra q P.faIciIaru density g r a de by age, 
19023-1985. 

Age group
 

0-41 5-9 10-19 >=20 Total 

P. falciparurn 

,-AseXua I s:
 
Mean density 3.65 3.42 2.4:1 


s.d. 2.30 2.18 1.83 

N (211) (289) (343) 


P- f a c aru
 
qam(? tocytes : 

Mfean densi ty 1.46 1.16 1.20 

SI . O.87 0.75 0.66 

tj (56) (43) (30) 

- --- ----- ------ --------------------------

3 
Parasite density grades: (paiasites per mm 

O=ne.ative, 1=<80, 2=81-2CO, 3=201-600, 
5=1401-3400, 6=31i01-800, 7=8001-19960, 

1.83 

1.47 

(290) 

1.07 

0.37 

(29) 

----------------

2.76 

2.07 

(1133) 

1.26 

0. 74 

(158) 

-

4=601-1lIOO, 

8=>19961. 
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Table 7: Butelgut: Delayed infection rates, sporozoite rates
 

and human blood indices.
 

FARAUT1 KOLIENSIS PUNCTULATUS
 

Delayed infection rates: 

Db (N) 0.061#5 (62) 0.0566 (601) 0.0601 (.587) 

Df' (N) 0.0526 (19) 0.2000 (215) 0.1359 (206) 

Sporozoite rates:
 

P. falciparum 0.0161 0.0101 0.0195 

P.vivax 0.0000 0.0152 0.01b0 

Total (N) 0.0161 (62) 0.0253 (792) 0.0345 (2462) 

Human oiood indices:
 

o (N) - - 0.714 (14) 

0' (N) - 0.875 (24) 0.985 (136) 
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--------------------------------------------------------------------

-------------------------------------------------------------------

Table 8: Mebat: Delayed infection rates, spcrozoite rates
 

and human blood indices.
 

FARALTI KOLIENSIS PUNCTULATUS
 

Delayed infection rates: 

Db (N) 0.0411 (316) 0.0414 (2536) 0.0594 (303) 

Df (N) 0.0195 (154) 0.0556 (234) 0.0000 (22) 

Df' (N) 0.1081 (37) 0.0820 (951) 0.0645 (31) 

Sporozoite rat.?:
 

FI.faiciparum 0.00520 0.00786 0.00000
 

P.vivax 0.01056 0.00402 0.01234
 

Total (N) 0.01584 (568) 0.01188 (5728) 0.01234 (729)
 

HL' blood indices:
 

0 (N) 0.359 (39) 0.598 (66) 0.469 (1.6)
 

Q' (N) 0.667 (9) 0.861 (83) 0.889 (9)
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Table 9: Maraga: Delayed infection rates, sporozoite rates
 

and humari blood indices. 

FAmflUT i KOL IENSI S PUNCTULATUS 

Delayed infection rates: 
.......................... 

Df (N) 0.0132 (2574) 0.0213 (94) 0.0000 (8) 

Df (N) 0.055j6 (ft0) 0.0553 (1393) 0.0000 (1) 

Sporozoite rgateu: 

P.falciparum 0.00130 0.00244 0.0000
 

P.vivax 0.00063 0.00137 0.0000
 

Total (N) 0.00200 (24000) 0.00302 (6547) 0.0000 (203:
 

Human blood indices: 
--------.-----------­

-a (N) 0.071 (6B6) 0.364 (22) 


0' (N) 0.651 (251) 0.808 (409) ­
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Table 10: Equations for the mosquito infection probability K
 

I) K = D - D ) / (0' (1 - D )
 

f b 


Var (K) k Z7b)/3v 

(2) K = (D -D (0'(I-D )-0(1 - D)) 
f f f 

Var (K) ( 

-4- (D(I- ~ jDC) CZ) k- (I -D eY(I7 
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Table 11: Estimates of mosquito infection probability K.
 

Village Soec ies Eqn. Estimate Estimated
 
-n.E.
 

Mebat An.farauti 7 0.105 0.085 

Mt,bat An.koliensis 7 0.049 0.012 

OuteIcjtt An.-aI ien is 7 0.1714 0.037 

Iut0 1q-1 t An. punc tuL 1 Itus 7 0.071# 0.07 

1a,-aga An.farauti 0 0.074 0.019 

Maraga An.kolien',i 8 0.076 0.038 

35 



--------------------------------------------------------------------

- ----- -- --- ------ -- ---- -- -------------- -------- ------ ------- ------- -

Table 12: Geometric mean of oocyst nL'mber by mosquito species and 
by vi Ilge.
 

FAR KOL PUN I3utelqut Mobat Maraga
 

Mean log. 0.533 0.577 0.573 0.643 0.5,3 0.494
 

Geom.
 
mean 3.41 3.77 3.711 4.40 3.49 3. 11
 

No. of
 
nusqu i toes B5 365 171 233 250 138
 

F = 0.19, p = 0.65 F = 3.25, p = O.O1 
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------------------- -- -- -- --- --- --- --- --- --- ---- -- ---

Table 13: Proportion of mosquitoes infected with oocysts and 
spcjrozoites in indoor and outduor" biting collections. 

Percent of mosquitoe.-, i rfef: ted (no. examined) 

DUTELGUT MEH3AT 10RAGA 

OOCYSTS
 

In Out In Out In Out 

F AR p.9( 34) 7. 1 ( 20) 4.9( 122) 4.0( 176) N.D. iJ.D. 

K CL &%.0( 300) "5.5(290) 5). 1 (I1 12) 3q.2(1i01#) 

PUN b. 6( 725) ,. (V,' 9.?( 13,, 3.0( 131 
- - -- ---- --- ---------------- - - - -- -- -- ----

TOT 1, .- 3 1 1'? 6.,( 1070) 5 (11416) -J.3(11411) 
p 27 

x 0.0) , H.S. X 7.5, P<0.01 

SPOROZOI TES 

FAl C.0 31) 3.1( 32) 1.6' 320) 1.3( 300) 0.2(14023) 0.2"16417) 

KOL 2.0( 442) 2.6( 1420) 1.1(3310) 1.0(3529) 0.2( 3262) 0.5( 3770) 

PUt) 2.7(1507) 3.0(1670) 1.0( 1#96) 0.9( 660) 0.0( 79) 0.5( 162) 

TOT P.5(1900) 3.5(2122) I .2 't126) 1 .0(1#505) 0.2(1"7363) 0.3(20349) 

X2 = 3.04, N.S. X2 = 0.50, N.S. X2 = 0.62, N.S. 
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FIGUR[ LEGENDS 

Fig 1: Prevalence of asexual stagt: (solid lines) and gametocytes 

(dashed lines) of .. falciL)rtim, fl.viva_ cind P.malariae fLy age 

group in the vi 1 1agI l . of [3Lt 10.t , I-Qbat and Mar aga comb ined 

1903- 19135. lta I - c 2 r eiF e n t 1 i m, i I1 t Il)dvr (,,r rors. 

Fig 2- Frin-uency di-tritntico-n of dcensit ies of asexual stages (A) and 

game toc y tes (II) 1 P._fc if2palrir infections by age group in the 

MadaL study Afra , 1 91,3- 5 . rho number in each sample of asexual 

and game tocy tin i rI fc t i I)rns respec t i vel y vjas as fo I1 ows : 0-4 years; 

PI I , '-)6 y,-ars: PV? , 43; 10-19 yea rs: 31#3, 30; >20 years: 

3 
290, i29. [ he den ity gradec were is follows (parasites per mm 

1=0-200, 2 201-1400, 3=1iOl -11000, 4-->80O0 . 

Fig.3: Relationship between infectivity in the presence of Papua 

New Guinna sera and counts per minute i'mmunoprecipitated from 

125-I labell-d gametes. Solid circles = sera from Mladang and 

Tau. OCprin circle = sera from Goroka. 
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FIGURE LEGENDS
 

Fig 1: Prevalence .f asexual stages (solid lines!) and gametocytea 

dashed ' ne f ffaI.f-!c.iarurn, P.v iva x and P.n I ar i ae by age 

group in the viIi IaJLs of li.uttlqlt , HIb1t a[rId Maraga combined, 

1 90] 1905). Har I r e.r,e!It hi,()liaI 'ItaI)d'Ard errow;> . 

Fig 2: Frequency dimtribLtiOr1 )f def-siti er. of a-se.ual stages (A) and 

gametocytms (13) in 1.fal-rj.o!a rn infections by age groul. in the 

riad,wog s tudy area, 19.3 -[.i. lI numb ur in each sample of asexua1 

ard gametcryte ioifectiontr: respoctively LJa ,an fo 1lo-Js: 0-1t years: 

; 'i9,i-G y,,l ,: PEW, to3; 10-19 years: 34,3, 30; >20 years: 

3 
290, 29 The den~s1t grades - ire a,; follows (parasites per mtim 

I%= -PO0, irQ-_1 1 0r, 3=- ,11 -1000, '#=>8000. 

Fig.3: Relatinnhip betw-jeen infertivity in the presence of Papua 

Now- Guinea ,er and COUntlt per minute immunoprec ipitated from 

1PSi-I labelled gametes. Solid circles = sera from Madang and 

Tau. Open circle = sera from Gnroka.
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RELATIONSHIP BETWEEN INFECTIVITY IN THE
PRESENCE OF PNG SERA AND C.P.M. 
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he Papua ew Guinea Institute of tMedicrI Rer-arch (PJGIMR) 

has been conducting a mu] tidisci i. I nary research program on siiar i a 

if) appri x 1:I l ) y /H vi Ilage"q adro d M:,iaflg lor the p ,t years . 

On the l)an, n f Irnrl r'irt ion (iii pa a i te rteS nd icery I i(ce irf tire 

diff rete t i ' if ri. u:iit vt:a f ir, il d iIf'i, l t pat, of the 

i yt. Py , w , IMan villajes wire i le ted lf r- ii-tloi ved 'Jtudy kinder 

ihe pr , :, i ht. , vill, ,- atr NIiragl, charti t,e i ed by a very 

large fmus,qIpi t o pol t I t. i of otj n r:!fJOIt i ia I y An(1p.lr1fu,s t ar aLti 

h (ehat, '111hih'1 1,1 111 I t~1,.+ m+ ii .;Itt I mon+qui~ i p lul at oll of 

preduminarit Iy An. k:oI ien.s i,; and Blutelg t., in which tire major 

vector, An. pyrinatu S, is Ireun,.t. in very low nuimbers. 

lhe lIcat ion of- each villa,:: is chiaracLeristic of the three 

types of niv i rormnint found within the heter.jeneous environs of 

tladang, rirme I y 'wlmp ioI, tal (Maraga)I-y ow l ard , wel -drained 

coastal lowlanrid (Mebat) and inli-id upl]and (furtelgit). These three 

villages have nW nir ciiluded in lIogitdtiinal epidemiiological surveys 

for tre pa,2 year;, tihe reoul ts of whicih are currently being 

analysed and will yield detailed information on the parasite rates. 

An add it u.roal irvoy was carrli-0t out. in thre villages in September 

1985 to ,obtaini more detailed information for the present study. 

Overall, the plrasite rate dr's not differ between the three 

vi lages; hiiiever, pre, iminar, data fron prev iors surveys 

inrrdi cates a differ ing age preva i un:e curve in tie 3 v ill aqes , wi th 

the parasite rate peaking in a younger age group in [itelgit than 

in Mebat, arid .At an even laterr age in Maraga (Fig. 1). 

Feashiility studies have uinicated the most effective ways to 
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collect mosquitoes in the study villages in order do termi neto the 

infectious reservoir. The hises are of extremely open 

constructirt, and exit-trap col lct ins are posn;ihle.no. However, 

it was ftid that. numileroul-s biooJ-efed wosqui t _-, could be found 

res t. i il irlo -, i the f irs t hinn- af ter dawn , a f tLr A i cih t ime they 

leave the , rice a I rqne ofhl i,,. proporLtion houses imust be 

searched in order to obtain a r preseritat, i VU S,1ple Of 11squi toes, 

it was found to be most product i p, to eaLch the inhabitants to 

search the wall. and mosquitr nets of their own houses shortly 

after ariing. lhin also overcatte taboos about otsiders entering 

touses these indoor resting co I lect i ors are being used to 

determine hith i humanthe blood index (using ELISA), and the 

infoci.i ,ou retsrv ir , by holdinn the trtosqu itoes in the laboratory 

for five days luh,, parameter, tarn alo be inmeasured blood-fed 

mosqui toes caught reslin outdoors, but the searci for these 

mosqutitoes has proved ti be productive only i laraga, antd to a 

lesser extent in hleat. This reflects the relative species 

distribulir, in the three villanes (since An. far-ti s easier
 

to find in the bush c(lose to lihe village) as well as tire overall
 

mosquito tumbtters. 

Biting collections are also made in the study villages to 

obtain mosquiLoes for determination of tihe sporozoite rate (which 

is done itn rIadang Ps i ng ELISA), and also to measure the human 

liting rate tier determination of the vctnrial capacity. Despite 

the fairly similar parasite prevalences in Le stridy villages, the 

sporozoitt ratle are markedly different, being crnsiderahly lower, 

(0.3%) in Narara than in tIlelbat and butelIgt (1.7% and 3.3% 
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respectively). A large part cf this difference appears to be due 

to an ex tremely low human blood i ndex in Naragoa. lirwever , the 

inocul:tion rate in 'araga is much Wiiher har n ld he expected 

given sch a low sp or,;,uie rate, due tn the I arge biting 

popu lation of mosqu it~os. 

Mosquitoes] from the biting col lection are also used to 

deterTrnr MY..:infect ious rrcervoi r. In the time thebetween 

subrli . .r t this proposa :irid the stat. of f und i rig, a 

mathemactical modl has boon ut!ve loped by Al art Sanl (Queens 1and 

Insti tA .e of Mod ic l Re earch) to tttertiine till! vectorial capacity 

us ing i nf ec tL rl raLe data fron the three types of catch (bitnig, 

indoor rest in and autdoor resting). This to(e makes significant 

Iclo(dif-icatitort, t the model frm ulated by Mardhniald which underlay 

the methods or iginally given in mre lro)osal fur analys is of the 

data. rih o t, qan. i a I differpen( in the 4I mordel in that it 

assumes a cost-nt mosquito Surv ial rate pur feeding cycle, rather 

than per day. this assumption approx imates more closely to 

reality, and give ; es timates of vectorial capac ty differing from 

those of Macdorald under certain conditions. The data generated in 

the present study wi Il be of importance in testing the Saul model. 

A healthy coltoy of An. faraNti No. 1 is now establisited in 

.tadang for .ludim, t the infec.ion sness or individuals. However, 

the overall prnprtinn of infect rus persons in the population, as 

riearsured trot the uptake of oorysts ;n w,i Id-caught mosquitoes, 

appears to be ltow, i.e. of the order of 5%, and random feeds 

performed to date on vill age populations havm identif ied ony a few 
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infectiots Individiils (abhl. !). A m'ire produc tive appromch may 

bt to f 1,n eed- nr, q i n -am ca rr , " , nd utIii ri infected(Jt tcyte 

individuo, . Idant it i p d at L health-ca re f an i I i t , mHid rc Ia L c 

My i 

jnd i i dua in t hu vii ,Jge 

f indirg, k to the observed preva lence'. o parasi teinic 

ppi Iat i ns. Sc h st ud W, ai', bMing 

puir'( at pr ;sent.n 
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Table I: An. ';arauti fed at random on individuals in Madang.
 

Blood slide result No. persons No. batches infected 

P. falcip~irum asexual Al 0 

P. viva 10 0
 

P. falcipart I asexual + 

P. vivax 10 3 

P. falciparurn gametocytes 4 1 

P. malar iae 4 2 

Negative 74 0 

Total 143 6 (4.2%)
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1) Mc,-svire.-rkint Cof th Infuct iui I oservo ir in tlwluitminn Plopul1at. ion 

a) Parashi juIn ia:wlus inll tk! MAY1( Viil.1J :2 

'ln1ruct vilcju:-; In Ilb l,- n !21 ly Oil(:I ha'.' 1 i 2 1)2l for 

r(!prtusont. t b:i I J oIl '/l1I 311I )iV2 inl tlin2 cllha Ill I1122(]lit.O 

tdriUt._1, All. kol a~~;(ll] A j~Lp!(:t b~(X1~ bldt~ ill~ ratesi t 

IIutlquLit , An .1211inisin I M i. an~d An.far,18 j. i Il. lj 

CaIrr;im (lilt. Itl!o ag ,A' kt li hlc,, ho foril ;:.'l iL idlj I Ili: wrt! rI 

ili P.vI'., q r - 1)17!'.' 11: :':Y (:,l il(1 olrbr * 7 IJIap a 

P. a~rll:1Z41 (1 r''lin I 8 -h9 yc,-lr!; 11jt giLoup in Bui~ulrjut 

g(31.ltt-o"'yt rI! .33 1,40A in all in;l thu. 0-I 1 '. ro~ I'.vivax1 

111:2 (xw~l I.I 1.Ihyl 1-9 olds;.a1"::1,1'jimanKywl3; iln Oin ywars1 


Plrin(Iw Ij~r lI k1 (!e rat,: I !. rcoup '
jl"Il )"L~:t.I1' i afJ 'd,; 1'0 

I'.ale~u J~l I, :,' rat' ; Ujnific';inly hijilur in [llILteluL 

Ulano i n ii4 U(I(. '111, ofU(Vilii1 1.v ix tI(4( mvO;(.1V ion 
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signlif icantl h7Iigrher in t4Ahat Whin tlh2 ot he tm &H)vi] q ; M~IAut
 

a] :;o hadth tt i h;tP ''ia p ra'te- of .4. h
 

[Api-Ort irin (f 1)1i'1 . l ,2:[Iii with o:iIoy1;w 

1chA-r in 1tiioivji than it, thI! ,otll '..'o '2 i ao:;. he 

3.3% of PPAh'YTH4o infect ion:-; 11"il AH.t0,77te , 'li e nitulgilL 

arn:l l4That thilt,- :iaje we12re 1(1. 111,1 10.32 e, e Li.], For 

k.vivaj, MAI11 &f inrfect-iolL' in Wwy;~a liar jwozn ws M.ie; ie1nAL 

[)Ift.OlfJItad1114 (:II(*y(1 pie inl 40).0(1;nu 36. 2L' of 

infecti jnw. 

b) 	 Direct avrasitrerrent or infectivity to nYsquitoee- of indivi~duls
 

in the lnhufti kIxplit-io0
 

Rar~dcoln fee-ding of ]oiuo.ie of .1airllyreared An ,iheos faraviti 

wx;; conibiret el iI. tiie parxLi it.nleg i ea'.1.su-veys in I he. three sold' 

rc~!it~~oy :~.fo~i]in t 1-oiv li hr; 1)2)I1r Shl ant] 

]tIk;; ,. Aoo.I]: far,,,)Ij 1jt~ viac 1- . i'l11ii:, ro to '11 Ioi ~il~i 

01,1e~ Ilv::, e . : were-' o ;:rforll'.id i r:;h l ifer~ 

iniviiI I; 111-' I! , ir:~ tOth1Crlwila t; lilro feed-'; WIt 

I-for II:( i 'i. i I I h h1.o '1I; ] t S fI p I).- i ';i 4)1 L!:;. n o---;It I It 

ra~cnfeed:: it. t.]; vilg-11 aqeeuVf':; arc7 giver1i111' 1. On) 

iiver, Ij, , o()f h -t riej to6 . 1 fee-,I, gae in i nfect. inon i n tlii; nni-ipi to. 

VeaILLan Of 'It di ff idilty of &C-noo]~ (7,;n t.he rl! fiVe year-olds, 

vAlo rer:2tt h I2-ol with the, ilw-set. ratu of P. al cqit-urn 

g, II#,-C/t 0w r Lilo)11,rKojlittraneort4.eo]t-2) Aroka , in 

te ['apa New Gii in~.1 IiojhIandsa, to p-ertOrIll te:;On gIjAil (t0t 

http:rforll'.id
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carriers pre;enL i nc t~o the Qioka ia it ~al trw rj1ciia
 

trarrriz Sicon d(-O..! not:l~ ill , .t;e bn
t 1ot~ th a are! cid lts
 

wfio ilw!v a w iiri thoir iiifj(,ivl; Int d r~:tiia . h
 

Mt. farit I h[7 tt1 1td t.: 1t~Itit'. 1 tI d tI it, I L;t tie 'Aowt(d
 

itn TAW] 9. It Gw&A h"Il of IS! PKfalerc-uirn tinrut. myi rriers
 

Evewicn t it;:t i (I!; thef: I(~il, t iat l iIXitu i~t i ac
 

Iltcctio itt.ita -i. T ft1 it'tr; h fiitiut.
a Pii11 frrjo I'ru- oth 

%o.tr, at, I (Itk I ,;i Iv ifi uin 11 itI y,( itI t t-h: j .rrot 

I, Lit ij tCOm IjVTit) .. (J I G-1LCA: 3 1ft -Iv,!,i~t In 1 i ato g 

Eveni~t; n i p-t f-. mizirihtictu nti altlpntpr io ahbage
 

group~~~~ it ii2ii~6 thoac intii ted(
: o 'lab> 8).jr uit thc-i bt
 

n~ltitnd 1tej ~f i:pri l t wyt rrdtu with lJ~: (ofe )
 

tinthiz:rt ionl WA; 1inifi10! onva it i on wn gareftiven.nyb 

i'nt p Atci ip1y the ­.ti by I-t_- iv; i 60ri{ uiinof r a 8).; in thisi 

tuppla bi aute irie itotrt (fo rh ;~c ini ar 

b pr(qp()t~i)n lich1g,!gl'( ip o th th' pc~ula~nn tha 

aq('. ~~~~ ~i l~~ll~ ~ i gru/Yt~ lct ~,O ~ .,t ~ _!L~Lt!~ ~ 'A ~ ~ 
the ,7,)[AJ for ll iinln l! ri2ntA )H 
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C Mekasu-reum rt of thejiifeictous rct:sevoi r frcwn w4ild1(CUh 

'Ihe Anfect i'aI; roi 7vo i r i s find -ISo VHo ct I (.l GfIi.i';. t 

Allanti Saul of tiv! )o11 1,~II I,!t 1jc f ioi1T;t.i of"~ 

dltcu ot- .,hi ( -h i IWi),7 t i w0 1; (xtfi-I 1vx!! li i I it jtiw 

tl i 's t.-: -0k! [ L . n1j t itS ,, othc it () m (11 n ( t -';it1ii11, Ii !..i, i r 

Infc)jt-im: ULM Lt "I sicti t uto(If '/1 Iwpt~lv mii t. 

-i t rhi t u (X Ici~c1 in r~;!it: uiv tfipi:(ii 1,fry., 

L - (h' I.U)i~ctit ! ~~' xnc;i~ III hic: ul ci ilitl ,!:t) ot1 Al l 

in j~cri i ~ci r (d" Im.' , I o 2c 1 ~ 1.; o,r t , (A(" t, illu i tiI h 

iri~r ,</jj iol iulrui cI ,: iLi.l- i ini~r~;i7 o ItfnI w t -;vei 

tho nnxt: jiioi)Ct o. rin-or ti 
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2)e-1rrI n yjn 011 7!; t artiiOIi(it n rt~ti(it 1ot1 y 

a) 	 Na~ullcii 1 cin] I I wo; u EmL~A:I. 14icti aIOCt. iiioct ivi y of
 

cja:im:!tcyt.t53; to I~11~ii ~
 

To Issesri tho effect: of trAl $10120.3LiOl Mlockingj ctiv ity in -;0rLUjl 

fran P. _falciQ~ ocyto ors;, blo-iAilcJJL'tcy~5cirorit-t calir 


is ff.A to tiI 1ltt: (I (2 0C:
') il Of'.d1 1 2T't wasiedO 

and in c Jt1I s- 2 ~, al!,()~o..~ ! ot:1: 

I ~~~ t:' ~ 3IiII Idj %,, 

arI h)1-. o4((:.--------------(..:i(iO;dl:c fA IIm (f tiso( 

()-xtr,:iwI youtlh of !:1: i 1 ii 1-2i17 luIY freqklIvy illt~h11 . 

p)pujlti 11 l dI > . :.:t - ir -roc 3in (~oroka. 

II! 	 I1)-,ifO5 ~I:111:51L,(_y I.-5;-: ILSIv:1: 	 : to3 

In 	 (-r(!,:- to t O tc:.flct Jio r('nfl ) s in lMtdang Onlof illiitifl 


I'.fa cicxonnt st 0; (10.:; ill clii uroc , or i i 4 it
n r 

1:ruS-,! 3csct-oa !11lph213)I CFic f livi,111ua1s; OF: cit3 liv ing iii two 

vii hiqoo in mui 1ia S r1r uSAjin :lT'pi ) ootikj a1 zo o D~r. Richard 

Carter' laborait. t~ith IVtttimw I Asit~ 1Irdit~ tcii~h.Ms 

st-li 1; W on:0 13 igi' ly pSllrol to Lii5 1)1 ( it- 310 l0Lh l 

Ti s Li tute ofhudtiS kilinti , lt-- .o ill !A art. tholI 'lci djislay thfo of 

grant. , tDr. ~ aii a Iy/ r.ttitix d t.( t11! NI . .11. lt ereohautrl .1' 	 . 11( 

http:tcii~h.Ms
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were caibined with gairtocytes of strain NF54 and fed to 

An..freeborni nrascuitcx-s. Controls ,-onsisted of U.S.A. sura 

inC]Lded in ,rTrmha[:.v!:ri.t. Transa ar] ckii-A:s activity was 

w;st:se.d 1', theonrd ltion in avrage nrrud*r of a0,;y:1:; an the. 

rr )irplr o tt';lrcl'r; d i s,:tian 9 d(Avc after i lq-: :i of 

one serit,, :-:er mont: show in i Fig 1. pointftig a"-ar Ea,-t]l 

repruser rt a on! t,:; t of each serun. a'orty-t,;o s-ra have been tested 

so far, an nIin,. of these cons ltently redricod i nfectivity to less 

than 5% of ,,rt ra I. 

When the sera were ruacted with 125-I-surface ]axeled gamttes, 

rrmy (although rot all) of the blocking sera inmunoprecipitated a 

230 K[) g.- :ir face pv(tein, and onte reacted with the 230 VI) and 

'18/45 KD prA A noin;.negative correlation wre; observed between the 

.total c.p.m. iwrr',rr ci!pit Ott A a th0.-vrag c,,,:ysts per gTt 

(neoan of tlli *ixtp:rie,:;n) . TIre data obttain !(I :ill on,- series of 

irmrnoprec ipit-,t icm'; is shown it 1i1g. 2. 'lire re1at ion'Ahlip is 

(escr ibed by the regression line y - 106.8 -- 23.76 x (t " 5.47, 

p<0.01). Pt{act. ion Of Sar:a with part (ln prUoteins was 

investigated by count-inc the radioactjivity associ ateod with 

particular band; 'cut ant of the p~lytcrylaide gels. Because of 

the differing int-nity of infecticrn in exi-r: irnbnts not performed 

concurrently, re-sults from such e:x-:.cimnts cannot ix-cc rbinod. 

Hcwever, infectivity in the presence of diffe.ent sera can I. 

ranked, and ;c.t2;vtnt s rank correl ation coefficient showed a 

strrong negat. ierv, r:-' at ion bttw-': infect ivity and counts 

lssociated with the 230 K) protein (rho --- 0.384, p<0.01) but not 

with the 48/45 Kb doublet (rho -0. 142, p=0.17). 
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Table 1: Average parasite prevalence by age in Butelgut. 

Age Group 

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

P. falciparizrn: 
asuxuais 4i.8 50.6 46.9 2,1.3 36.6 
qTuitocytes 9.0 6.7 3.4 2.0 4.0 

P. v ivax: 
cisexuals 10.4 22.5 7.6 4.2 9.1 
g t tocyres 9.5 13.0 2.0 0.0 3.6 

ll.mllariae: 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 

I : 67 89 145 251 552 
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Table 2: Average parasite prevalence by age in Meat. 

Age gjr:Lif) 

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

P. falciparim: 
atexals 45.6 52.0 30.8 -2.5 34.3 
giarnd ocyte: 7.8 5.0 I.Q ; .0 3.6 

P1.	v ivan: 
exl" 22.2 2u.0 10.6 t.Is 14.9
 

cJ eK,.tocyte!S 10.5 11.4 ?. A 1.4 5.4 

P.,r 1a, i ,a: 1.1 10.0 4.8 2.5 4.2
 

P.ovale: 1.1 0.0 0.0 0.0 0.2 

Ove.ralL: 56.7 69.0 42.3 33.3 46.6 

N 	 90 100 104 204 498
 



Table 3: Average para.site prevalence by age in Miraga.
 

,'je group 

Sp cIes 0-4 5-9 10-19 over, 20 


P. falciparun:: 
,iLexuaiS 28.8 42.6 44.3 17.6 
gmw-tocytes 5.8 1.1 1.9 1.1 

P. vivax: 
cLiexua h; 8.7 25.5 11.3 1.1 
gcC1F tocy!tn 1.4 4.6 1.4 0.8 

P.rvilariae: 1.0 3.2 0.9 0.5 

P.ovale: 0.0 0.0 0.0 0.0 
.................-----------------------------------------------------

Overall: 33.7 62.8 53.8 19.3 


N : 104 94 106 187 
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Total 

30.5 
2.2 

9.6 
1.8 

1.2 

0.0 

38.1
 

491
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Table 4: Mosquito feeds on individuals living in Madang. 

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

.........................................------------------------------------­
,gat ive 151 103 0
 

Pf as e-x 78 46 0 

Total, Nez + Pf asex 229 149 0 0.0 

Pf ZS 2x + ?fg 7 4 1 
Pfg c7ly 2 0 0 

Total Pfg 9 4 1 25.0
 

Pv orlv 32 21 7
 
Pf ase.x , ri 20 14 3 

Total : 52 35 10 28.6
 

Pn only 15 10 2
 
P, -ex ±+ 7 4 0 

Tot Pm 22 14 2 14.3 
...............................................................................
 

TITAL 32 2)02 13 6.4 

*No. of feeds in -.tich at least 5 mesc-oits ,ro dissected. 
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Table 5: Mosquito feeds on patients attending Goroka Hospital. 

Slide result Total feeds Total feeds, No. %persons 
>=5 msq.* pOS feeds infectious 

Pf ase: + Pfg 7 7 4 
Pfg only 1 1 
 0
 

Total Pg 8 8 4 50.0 
F:12 0 5 
Pf asc- 6 5 0 

Total Pv 
 8 15 5 33.3
 
..........................................-------------------------------------
TIOT;-A 26 23 q 39.1 

* No. of feeds in -hich at least 5 xEsquitcz were dissected. 
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Table 6: Feeds on P.falcioarrn gaTetocjte carriers. 

ID No. Location Age Dersity* % inf No.diss. Mean oocysts 

E/156-40 'M-dang 8 1/00 0.0 10 
E/168-23 7 i00 0.0 5 
E,'i56-7 2 2,'100 0.0 7 
E/130-26 " 5 57100 23.1 13 1.3 

SI, 'G76 Garoka 35 6,100 I.1 18 3.5 
J/iG!3 25 121C0 63.6 3.0 
J S /G23 1 33 16/100 0.0 33 
J>z/G36 25 10/200 0.0 12 
JS/C49 39 10/200 0.0 10 
j.-/iG82 17 16/200 5.4 37 1.0 

s /G2 22 1. 29,2 1.0 13 54.2 
JI,/G1" 50 412 0.0 8., /- 00 

* Density maured per 200 "bc or (for scanty infections) per 100 fields. 



-------------------------------------------------------

-------------------------------------------------------

-PA. L5 

Table 7: Feeds on infectious P.vivax cases.
 

ID No. Locaticn Age Density* % inf No.diss. Mean oocysts 

E/188-14 M.dang 17 6/100 44.4 9 1.8F/188-26 
 54 11/100 75.0 4 1.3
E/184-2 
 4 12/200 14.3 
 14 1.0
E/IS--212 9 12,200 33.3 6 2.0 
-,'!80-32 7 31/200 50.0 
 8 3.3
LF 72 12 62/200 75.0 4 4.0JMS/G54 Gcrcka 20 87/200 12.5 16 1.0
 
-/G26 20 118/200 60.9 23 
 5.0
JM3/29 30 171/200 11.1 9 1.0J%/G3 50 190/200 66.7 3 31.5 

,"C-3 25 213,1200 46.7 15 4.1LF. 70 1 H 8.3 24 1.053 :°- 2 ' 3.8 52 1.0 

or 100 

H = He- '-v(50-100, rasites.-r field)
 
Ce ns I . . ..... e 200 c)tc _r fields 

= Ve .... t an 1L,0 Larasites pe r field) 
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Table 8: Proportion of infectious feeds by age group. 

Agegroup 

0-4 5-9 10-19 over 20
 

No. of feeds 19 45 60 74 

No. infecticus f:eeos: 
P.falciaru-n: 0 0 1 0 
P. viv;ax: 3 3 2 0 
P .r !arae : 0 2 0 0 

----------------------------- --------------
Total: 3 5 3 0 

Percent 15.8 11.1 5.0 0.0 



------------------------------------------------------
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Table 9: Deographic profile of the study villages. 

Village Agegroup
 
0-4 5-9 10-19 over 20 Total 

Butelgut 16 14 33 48 ill 
Mebat 36 54 80 123 293 
Maraga 38 
 24 34 87 183 

Total 90 92 147 258 587 

Percent 15.3 15.7 25.0 44.0 
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Tablk 10: Me.Thrane feeds of washed and resuspended blood fron patients 
attending Goroka Hospital. 

Species 
fron: 

P.VIVAX 

P.FALCIPA.RTL9 

Case No. 

54 
115 

136 

161 
242 


36 

49 

76 
83 

222 
231 

Percent of mosquitoes infected 


Wnole Resus'ended in 

Blood Aust. senrn 


12.5 (16) 3.8 (26) 
0.0 (7) 0.0 (13) 

0.0 (6) 0.0 (10) 

0.0 (9) 0.0 (12) 
0.0 (8) 0.0 (12) 


0.0 (12) 16.7 (12) 

0.0 (10) 0.0 (11) 

r..d. 0.0 j13) 

7.1 (14) 5.3 (19) 
100.0 ( 8) 72.7 (11) 


0.0 (23) 0.0 (14) 

(no. dissected) 

Resuspended in 
Co.n plasa 

0.0 ( 9) 
0.0 (13)
 
0.0 (2) 
0.0 (5) 
0.0 (5) 

0.0 (15)
 
0.0 ( 5) 

11.i1!) 
3.6 (28) 

87.5 ( 8) 
0.0 (15) 
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FIGURE LEGENDS
 

Fig 1: Prevalence of asexual stages (s.olid line.) and gasiiitocytes 

(dashed li nes ) of -- _lc i pa' .m P.vi tiax and .m lav:ia hy age 

group iii the vil lage,. of IBuLljut., '.l iat and .1araJa coumlined, 

1983-1985. lIars r ,res.,eit riam I1 s error.'i, iitandard 

Fig 2: Frequency di ;tribtion of deni t,ies or a:;exuta stages and 

gametocytes in P f.IqRjiar inhte ti ns by age grmup ii t4he t'tadang 

stud/ area, 1913-85. For denis ty grbaes see footnoLe to Table 7. 
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