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1) Measurement of the Infectious Reservoirr in the Human Population
a) Parasite prevalences in the study villages.

Three vilages in the Madang stuoly arca have beeen selected for
intensive stwly: Butelgut, tebat and Maraga. Toese villages
represent. the rang: of variation choerved in this arca in mosqgquito

Liting density and prevalence of the three vector speecics faopheles

ared An.pan . The average biting rates

ulat

farauti, A

{(all specics) duriog 13831985 were 67 hites o prerson (20 night
in Butelgut, 19% in tebat and 488 in Marags (Burkot ot al, in
press).  The mosaguito population corprised suinly Ancpunctalotus din

Butelgut, An.kolicnsis in HMebal and An.farauti b Maraga.

Six parasitological surveys at Lthree-six month inmtervals have been

carried out in these il lages, at which bleod [ilms were made for

n fal

dutermination of the rates of infeetion with Plas ripanrn,

P.faleiparun gunstocytes, Povivax, Povivas goanstoocytes, Paalariae
ardl Puovalel  average prevalencse for cach age group for cach of

these speecies 1y given in Tables =30 The peak provalence of

P.faleipanm was oboerved In the 9-9 years age group in Butelgut

ated Mebat but in the 10-19 pears cge group in Maraga,  Pofalcipanan
gumetocyte raten peaked inoall cases in the 0-1 year-olds.  P.vivax
rates (asexunls and gunetooytes) peaked io the 5-9 yoears olds.
Plaswerelivn falciparun ganetooyte rates in all age groups were
significantly Lagheer o Butelagot (1.0%) and Mebat (3.0%) than in
Maraga (2.24) ((-0.05%) . Tn thee O years age group, Lhe
P.faleipanon groetooyte rate was significantly higher in Butelgut

than in Maraga.  The prevalence of Povivax infections was
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significantly higher in Mebat than the other two villages;  Mebat
also had the highest Povivax quoetooyte rate of Hoat. The
proportion of infections of either species with gonetooytes wis
lowe:r in Maraga than in the other tuwo villages.  Thus an Maraga
3.3% of P.faleiparun infuections bl gaostooyten, while in Butelqgut
andl Mebat the poercontages were 1009 and 10,37 reapectively. For
Povivax, 18.8% of infections in Maraga had gamstooytes wvhilst in
Butelgut and Mebat gauntooytes wore present in 0,00 and 36,29 of

infectinns.,

b) Direct measurciment or infectivity to mosquitoces of individuals

in the huen popnlation.

Rapdam fecding of barches of laboratory reaved Ancpheles farauti
was conductend at the parasitological siuveys in the three stady
villages vhien the sopply of mesquitoes peomitted. To addition
vabrlom feeds wers performed an the villages of Gaan, Bahor, Sah and
Buksak.,  Anogheles faranti Lo cott proved to b an avid mesbrane
focder ared tnn Jdiract feeds wore performed whoere possible 1f
individuals goese therr consent. Otherwise monbrave feeds were
rerformed with fingerprick blood saples. The results of the
rardam feeds at the village surveys are given in Table 4. On

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

Pecause of “he difficalty of fecding on the under five year-olds,
vho represent the age-group with the hidghest rate of Pofalciparun
gateetocryte infections, mosquitoes were transported to Goroka, in

the Papua New Gainea Highlands, to perfornm feeds on ganmtocyte
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carriers presenting to the Corcka Hospital., Since malaria
transmission does not occur in Goroxa, these patients are adults
vhio have acogrired thelr infections tnoa coastal area. Bloald
samples were abtalned from consent e persons ol offered to

A by sadsr e teeding. Kesults ot thene teeds are chown

in Tablie 5. In Goroka half of the Pufaleiparim aantooyle carriers
woere infectiows wel one third of thee Povicoe: casen. Serun sanples
tove becn ebtarned from these individuals for Later ansesoment of

transimission Ulooking fnmunity.  In Haedong, 28,6, of PLvivag cases

vaere infoection, oo 1o oot sigoir reant by different. fran the

rroportion of 330300 obiserved o Gonob g,

Even when o person was infections, oot all mosquiteoes in a batch
becan: infected. Table 6 shows the P falciparnim carriers froan both

Midang and Goroha ranked in order of density, with the percent of

moscuitees infected and the average nuibaor of oocysts observed in

cach case. Table 7 gives similar infomation for Povivas, although

in this case only the feeds oninfectiow persons are given.

From the data on randon fesds given in Table 4, and the age of the
persons on W fecdds were pertoried, the proportion of cach age
group wWho are o ntectious can be detoermined (Pabie 8). From this
data and the doemographico profile of the stuly villages (Table 9),
the proportion of the overall pepulation wheo are infectious may be
estimated by multiplying the proportion of percons infectiows in a
particular age group by the proportion of the population which that
age group represents. By this nethod it s estinated that. 5.4% of

the population gre infectiows (for all malaria gpocies) .
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Cc) Measuramnent of the infectious reservoir fran wild caught

rosquitoes.,

The infectinus reservoir is defined as the proportion of posaguito
foeeds taken on haoves which pick up oan infection, Pecently D,
Allan Saul of the Ouecnsland Tnstit ate of trdical Fescoarch has
developed o mexdel which uses intection rates o wbi-caughs
mosqultoes to estimate mosquete suryival rate ardd the reservolr of
infection (Saul et al, submitted) . Data from mesqguitoos caught
cither biting cr blood-foed in resting catohes may beooaased as inpat

to the woslel, oo Jong as the honen Blood dndey 1y alzo known,

Mosquitoes bove ben colleated in the study villages and thoelr
infection rates (delayed cocyst rates and soorosoito rates)
determinasd. Heooan blocd indices from indoor and ontaoons resting
coliections e toon measured (Burkot 2t al, submitted) . Although
the mosquito colbections bave boen corpleted, e datae are stitl
boing analysed wing the oedel of Saal et al for ot ination of the
infectiow reserzoir, and results of the analysis will be given in

the next progres:s report,
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2) Immunity and parasite antigenicity in rclation to infectivity of

the huion populat jon Lo mosquitons

a) Naturally occonring serun factors which affect infectivity of

geenrtoeytes Lo mosauitoes,

To assess the effect of transmission hlocking activity in scerum

fran P.falciparun gunetocyte cavrices, hlosd containimg gartosytes
is fod tomosaquitoes in the presence of actologons sorvn oo washed
and resuspenchad o nonc-inmnne seram. s Seracaagy aloo bar tested
agalnst Poialeiporms gunetorytes guown oo caltare, In Madang it
has net proved possible to perionm mabrene teeds ovolving washing

andd reswspension of blosd fran genetooyte cacricrs, becaase of the

extromy youth of such carriers el thelr low frequency in the

population.  Several esxperioents weete howeser porformed in Goroka,
The: resalts ace given in Teble 1000 Ther wan evidens: for the

presence of  tramcadnaion-tlochking acuivity Gnosern in Lo cases:
B (1’__.}{_1.3{_:{) ardl S (Pufalersarin) . o the cther cases,

resuspens 1on of tnfeote b blocd in non=lnmune serun Jdid not raesult

i non-infections e, becoming oSt ions.

In order to test the effect of sera fron individuals in Madang on

ATV e tarytes grosn 1 culture, sera fran a

cross-secticnal sanple of individuals of all ages living in two
villages in endemic aveas {Agan andd Tan) woere taken to Dr. Richard
Carter's laboratory at the Hational Institutes of Health, ‘These
studices were originally planned Lo cake place at the Queensland
Institute of Medical Rescarch, but lue to delay in the start of the

grant., Dr. Carter had already returned to the NULUHL . The sera
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were cambined with gametocytes of strain NFS4 and fed to
An.freeborni mosquitees. Cortrols consisted of ULS.AL sera
included in each exporiment.  Transmission blocking activity was
assessed Ly the reduction in average maober of oocysts on the
rosquito steaachs at dissection 9 days after foeding., Resulis of

eriments ace shown in Fig L. Fach point

onc serics of feeding o
represents one test of each serun.,  Forty-two sera have been tested
so far, and nine of these consistently reduced infectivity to less

than 5% of control.

When the sera were reacted with 125-I-surface laballed gametes,
many (although niot all) of the blocking sera inmunoprecipitated a
230 KD gamete swface protein, and one reacted with the 230 KD and
48/45 KD proveins. A negative correlation was observed between the
total c.pan.  inmmnoprecipitated ard the average oooysts per gqut
{nean of two cexperiments). The data obtained in one series of
ummunoprecipitations is shown in Pig. 2. 'The relationship is
described Ly the regression line y = 106.8 - 23.76 x (t = 5.47,
p<0.01). Reaction of sera with particular proteins was
investigated by counting the rodioactivity associated with
particular bands cut out of the polyacrylanide gels. DBecause of
the differing ivm.(:m‘;it;y of infecticn in experiments not performed
concurrently, results from such experimznts cannct be combined.
Howaver, infectivity in the presence of different sera can tx:
ranked, and Speannann's rank correlation coefficient showed a
strong neqgative correlation between infectivity and counts
assoctated with the 230 KD protein (rho = 0,384, p<0.01) but not

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

2
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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
gamztocytes 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

Spaecies 0-4 5-9 10-19 over 20 Total
P.falciparium:

asexuals 45.6 52.0 30.8 22.5 34.3
guamntocytes 7.8 5.0 1.a 2.0 3.6
Povivax:

asexuals 22.2 2u.0 10.6 .o 14.9
gamrtocytes 10.5 11.4 2.8 1.4 5.4
Pomalaciae: 1.1 10.0 4.8 2.5 4.2
P.ovale: 1.1 0.0 0.0 0.0 0.2
Overalls 56.7 69.0 12.3 33.3 16.6
N : 90 100 104 204 498

()
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Table 3: Average parasite prevalence by age in Maraga.

fje group
Species 0-4 5-9 10-19 over 20 Total
P.falciparun:
asexuals 28.8 12.6 44.3 17.6 30.5
gametocytes 5.8 1.1 1.9 1.1 2.2
P.ovivax:
asexuals 8.7 25,5 11.3 1.1 9.6
garmtocytes 1.4 4.6 1.4 0.8 1.8
P.malariac: 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: Mosquito 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 78 46 2

Total, Nez + Pf asex 229 149 Q 0.0

PI osex + PIg 7 4 1

Pig cnly 2 0 0

Total Pfg 9 4 1 25.0

v only 32 2 7

PL asen + v 20 11 3

Total Pv 52 35 10 28.5

Pm enly 15 19 2

P/ sex + Pm 7 4 0

Tot em 22 12 2 4.3

TOTAL 312 202 13 6.4

*No. of feeds in which at lzast 5 mosquitoes were dissectad.



Table 5: Mosquito feeds on patients attending Goroka Hospital.
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Slide result Total feeds Total feeds, No. % persons
>=5 mosq.* pos feeds infectious

Pf asex + Pfg 7 7 4

Pfg only 1 1 0

Total Pig 8 8 4 50.0

Pv only 12 10 5

PZ asex + Pv 6 5 0

Total Pv 18 15 5 33.3

TOTAL 26 23 9 39.1

* No. of feecds 1in which

at least 5 mosquitoes were dissected.

oy
-—
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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/188-14 Madang 17 6/100 44 .4 9 1.8
T/188-206 " 54 11/100 75.0 4 1.3
E/184-2 " 4 127200 14.3 14 1.0
E/183-212 " 9 12,200 33.3 6 2.0
£,180-32 " 7 31,200 50.0 8 3.3
LFN 72 " 12 62/200 75.0 4 4.0

JMS /G54 Geroka 20 87/200 12.5 16 1.0

S /GL0 " 20 1i3/200 60.9 23 5.0

M3 /329 " 30 1717200 11.1 9 1.0
JMS/G3 " 50 190/200 66.7 3 31.5

IS C8 " 25 2137200 46.7 15 4.1
LM 79 i 1 H 8.3 24 1.0
LR 55 Z VH 3.8 52 i.0
*Tensity measured per 200 whe or per 100 fields

H = Heawvy (20-100 parasites por field)
VH = Very Heavy ( mcre than 100 parasites per field)

.\ﬁk&



Table 8: Proportion of

infectious feeds by age group.
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Agegroup
04 5-9 10-19 over 20

No. oI feeds 19 45 60 74
Ne. 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
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Table 9: Demographic profile of the study villages.

Village Agegroup

0-4 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 930 a2 147 258 387

Percent 15.3 15.7 25.0 44.0

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

Species Case No. Percent of mosguitoes infected (no. dissected)
fram:
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 ( 5)
242 0.0 ( 8) 0.0 (12) €.0 (5)
P.FALCIPARUM 36 0.0 (12 6.7 (12) 0.0 (15)
49 0.0 (10) 0.0 (11) 0.0 ( 5)
76 r.d. 0.5 {13} 1.1 {18}
83 7.1 (14) 5.3 (19) 3.6 (28)
222 100.0 ( 8) 72.7 (11) 87.5 { 8)
231 0.8 (23) 0.0 (14) 0.0 {15)
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