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MALARIA AT RABAUL.

%, M.C., M.B, ChM, DT M.,
n arge, Commonwealth Health Laboratory,
Rabaul, Territory of New Guineag.

Geography and Climate.

R4RAUL, the capital and largest settlement of the
mandated territory of New Guinea, is sitvated om
the shores of Blanche Bay, which is formed by 2
hook-shaped promontory of high land which juts
out from the porthern coast of the Gazelle Penin-
cula. ‘This peninsula forms tie north-eastern sixth
of the large island of New Britain, .

Excluding natives the population of the town
jtgelf including Namanula is given at 1,350, of
whieh it is estimated that 350 are whites and 1,000
Asiatics, chiefly Chinese. The number of natives
resident in the town is gaid to be 1,500.

The native population of the surrounding distriet,
less sparse than in many parts of the territory, 8
composed to the oxtent of about four-fifths of free
local natives living in small villages of the type
found in different varieties throughout this part
of the Pacific. The rest of the ‘native population
consists of indentured labour, often from other
parts of the territory. e : :

The Gazelle Peninsula as well as New Britain
generally consists of hilly country- with in many
places & coagtal strip of flat lan of varying width.

‘mumn as a little over

The elevated land is cut into steep tidges and deep
ravines and covered for the most part with tropieal
forest or dense bush. '

In the Rabaul district the underlying rock is
covered with a layer of volcanie ash and pumice,
which renders the surface soil very absorbent of
water.

While the town proper is on flat land adjoining
the Bay, a minority of the white population lives at
Namanula on the ridge about a mile to the north-

east at an elevation of about one hundred and fifty

metres (five hundred feet).

' Rabaul is about 4.5° south of the equator, Owing
to its shelfered situation in Blanche Bay it is hotter
than most stations in the territory.

The average annual rainfall is given as 210 centi-
metres (83 inches), that for the territory generally
being put at 254 to 992 centimetres (100 to 115
inches). ot

The period of the north-west trade from November
to April is the wetter and slightly hotter part of the
year. During that of the south-east trade from May
io October dry spells of several weekd or even
months may occur. -

The seasonal variation of temperature is not
great. The mean maximum_daily shade temperature
iz given as 31.8°-C. (89.4° F.) and the mean mini-
21.6° C. (7Tt° F.), so that the
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daily range is about ten degrees. The average rela-s
tive humidity is given as 75%, varying from a little
over 69% in Oectober to 80% in April.

Previous Work on Malaria in New Britain.

The writer has not had aceess to a large reference
library. Few records of earlier observations on
malaria in New Britain during the German oceu-
pation or later have been obtainable at Rabaul.

The Anopheline Vectors.

Anopheles punctulatus occurs throughout the
coastal parts of New Britain as well as in many,
probably most, other parts of the territory. Speci-
mens from Madang, the Sepik River and Manus in
addition to a number of places on the coast of New
Britain lave been seen by the writer, Specimens of
Anopheles bancrofti have also been seen from
Madang, but neither this nor any other species of

J

I
I

rarely contain surface water and the only natural
water on the high land consists of a few tiny, rocky
pools and of springs, sompe of which give rise to

* small sfreams which flow for short distances over
. the flat land. Even on the latter rain water pools

within a couple of miles from Rabaul have never
been observed to persist long enough to breed ano-

- pheles. Within this avea most of the breeding places
. consist of swampy pools or ditches quite close to
- the shore where the sub-soil water comes very near
. the surfaece, though larve have been found in a few
- places where the flat land meets the hills and

. springs from the latter flow into the open.

The

importance of wells dug near Chinese gardens was
| pointed out by Mr, Wallace, nntil recently Sanitary

Inspector in Rabaul. These are merely wide holes

. dug down to sufficient depth and uncovered. They

anopheline differing essentially from Anopheles |

punctulatys has so far been found in New Britain,
with the exception of Bironella gracilis. The larve
of this species were found abundantly in the Bain-
ing district of New Britain by Mr, G. F. Hill and
the writer.

Anopheles punc-
tuletus breeds in
natural  surface
water generdlly,
rain water pud-
dles, more per-
manent pools and
swamps, ditches
and sluggish
grass - grown
streams or open
wells  where the
water comes near
the wsurface. It
dneg nat breed in
artificial contain-
ers sneh as tanks,
covered wells, roof
gutters, empty tins
and bottles, sev-
ered bamboo
" stems, nor with
any frequency in broken cocoa-nut shells, large
fallen leaves holding water or beached canoes. Tree
holes and the water which collects at the bases of
leaves such as banana and pandanus, are never
used by this species. These statements are true
generally even of empty tins et cetera which have
long' lain in the grass in favourable sites.

Roadside Pools.

O, several occasions one or two larve were pre-

sent’in broken cocoa-nut shells; these were the only
exceptions. The species prefers a fairly open situ-
ation. Larvae do not occur in the pools and streams
found in dense forests and deeply shaded gullies,
" even where villages are near.

Buitable breeding places oceur most ébundantly
in the flat coastal land. )

Around Rabaul, as already mentioned, the soil is
very absorbent, the deepest and moistest gullies

r

Fieurr I. »
Breeding-place of Anopheles punoiulaius, Dénitz
(Variety near to-the Typical Form). -

are generally concealed Ly the surrounding serub
and easily overlooked. =~

In short, then, inadequate drainage along the
shore line together with surface wells and one or
two small streams near the foot of the hills are the
sources of anopheles in Rabanl. To deal with them
: radically would
involve no large
undertakings. For
about the last six
months periodic
viling has been
carried out by the
Public Health De-
partment and has
caused a percep-

tihle  diminution
in the numbers of
adult anopheles.
An important -
swampy patchnear
the Native How
pital has also

been Alled in, as
well as a number
of Chinese wells.

‘While the above
reprarks apply to
Anopheles  punc-
tulatus generally, it has recently appeared from
the examination of material sent to the Awustralian

‘Institute of Tropical Medicine that two varieties of

Anopheles punctulatus oceur near Raban! and in
other parts of New Britain. These show differ-
ences in both the larval and adult stages. One
variety is Anopheles punctulatus, Dénitz, variety
moluccensis, Swellengrebel, agreeing closely with
Swellengrebel’s descriptions and figures, and the
other is deseribed as near to, but not identical with
Anopheles punctulatus, Donitz, typical form. They
will be referred to as the moluccensis variety and
the “D. variety.”

Definite differences, jn the habits of these two
varieties exist. The “D. variety” is found chiefly
in temporary puddles and shallow pools of rain
water, often muddy but not foul, such as occur at
road sides, in hoof mdrks or in local depressions
of the ground in localifies where the soil is not too

-
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porous to retain such water. It has not heen found
in pools in any kind of relation with salt water.
The moluccensis variety oecnrs in more permanent
pools and swamps often of less pure water, in open
wells, if they come near the surface, and in depres-
sions generally whicl tap the subsoil water. It is
often found within a few feet of the shore, in pools
and swamps which may vary in level with the tides
or even show channels of periodie communication
with the sea. Such waters, however, consist mainly
of soakage from the land and larvae have not been
found in any which were
that is which contained more than abont about one
part of sea water in seven. This variety has been
observed living and apparently thriving in a pool
which, though not salt, was completely emptied at
pach low tide for am honr or more, the rotting
leaves on the bottom
jnterval. Young larvie of the two varieties were
tested as fo their tolerance of sea water and it was
found that while both died within eighteen hours in
a dilution of one in two, those of the moluccensis
variety all survived one in four for thirty-six hours
at least and some of them for seventy-two hours.
On the other

decidedly salt to the taste, |

remaining wet during this |

|

\
|
z

The habits of the adults which are very imper-
fectly known, are so far as has been observed simi-
lar in the two varieties. Roth frequent houses,
where the females bite throughout the night and
can be found during the daytime, most easily in
the small huts and rooms of natives which are often
dark, and at night full of humanity. They rest on
the wallg, often near the ground, on the nndersides
of beds, on wooden floors near the walls and in
cheltered and usually dark gituations generally.

In places visited by the writer this species never
bites by day or even at dawn or early evening, but
it is said to do so in localities where it Is very

; numerous.

i
|
|

Breeding occurs throughout the year, the adults
becoming more NUMeErous after the onset of the wet
ceason and scarcer as the dry advances.

They -are not NUMErous in Rabaul. In the early
part of 1922 it was always possible in the course
of an evening spent in almost any bungalow in
the town to catch from two or three up to a dozen
specimens, while resting gorged females could be
found in small numbers by careful searching in the
morning in the sleeping quarters of natives, At

present they are

hand all of the
«D. variety” died
within  thirty-six
hours in a oue in
fonr dilution.

ANl the adults
canght in’ Rabaul .
itself which have
been identified,
have belonged to
the moluccensis
variety, as have
the specimens ob-
tained through
the courtesy of
medical officers of
the Territory Ad-
minigtration from .

guite scarce even
for the dry season
owing, as alrveady

mentioned, to
anti-larval mnea-
SUTes,

As regards range
of flight nothing

certain has bheen
ascertained.

How far dnn-
nheles  practiia-

fus or any of its
varieties has heen
directly proved to
be a vector in
other purls of the
world is a matter
of uneeriainty 1o

Madang and " -
. «hs 1eURE I .
Manus. PIOb‘lbl_y Foreshore Drains, Rabaul. Breeding-piace of Anopheles punctulatus, the writer.
the molueccensis Donitz, var. moluceensis, Swellengrebel. The best evi-
variety is the dence as to, the

predominant one in New Britain along the coastal
strip, especially where swamps exist, while the other
is relatively more numerous on higher land and
perhaps also in the wet season. _

The average duration in nature of the larval
stage of the “D. yariéty” appears to be somewhat
shorter than that of the moluccensis variety, an
advantage, of course, in the temporary breeding
places of the former. The shortest period from ovi-

position to imago obsorved with certainty in this

variety was nine dagys, put it is doubtful if this is

the minimum. :
In the laboratory observations described in this

paper specimens of the moluccensis variety were in-
focted with Plasmodium vivae and both varieties
with Laveranic maelarie. In the case of the speci-
mens caught in houses et cclera and- dissected, the
variety was not ascertained, but it is probable that
the majority were of the moluccensis variety.

importance as a vector of any species of anopheles
is generally considered to be obtained from the
disseetion of specimens captured in their natural
haunts. This method has the disadvantages, how-
ever, that the gpecies of parasite found is often
anascertainable and that the percentage of the same
gpecies found infected varies enormously with the
exact place and conditions of capture.

As a species may be an important vector for one
species of parasite and not for another, the former
consideration may be of impertance. Observationson
mosquitoes infected in the laboratory are free from
this diffieulty, but aré subject to the greater one that
it appears to be ansafe to draw too definite infer-
ences from the degree of infectivity found under given
conditions in captivity to that obtaining in Nature.

The following observations on Anopheles punctu-
Jatus as a malaria vector have been made at Rabaul
at various times during 1922 and the present year.
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Laboratery Experiments.

Artificial Infections.

Plasmodium vivar and Laverania malarie were
found capable of completing their development in
a large percentage of Anopheles punctulatus reared
from captured larve and pupee and fed om blood
containing the gametocytes,

In the two experiments summarized below the
mosquitoes after emergence were kept in wooden
boxes of about eighty-five thousand cubie centi.
metres (three cubic feet) capacity in the. dark.

They were kept at temperatures varying from
about 30° C. (86° F.) during the hottest part of
the day to about 23° (. (78° or 74° F.) in the
coolest part of the night. The humidity in the boxes
was much above that of the open air. Males were
always present in the boxes, at any rate until some
days after the blood feeds. From the day before
the first occasion on which they were offered in-
fected blood, until twenty-four hours after the last

no other food was given; at all other times they

. were fed continuously on banana only.
A few experiments preceding the two described,
in which, however, the mosquitoes were kept under

different conditions, failed from incompletely ascer-

tained causes and these two are those which re-
sulted in the largest proportion of infected. mos-
quitoes in the case of each species of parasite. In
addition to one or more examinations of the blood
of the carrier hefore the mosquitoes were fed, a
number of thin films were made and 0.1 to 0.15
cubic millimetres of blood examined from each day
of feeding in order to exclude as far as possible
the existence of double infections. .

The carrier used was an adult native whose blood
contained Plasmodium viver, asexual and sexual
forms, and no other parasites. Of the mosquitoes
all of the moluccensis variety which fed on this car-
ricr and were later dissected, had fed on November
6, 1922, and had had additional opporutnilies to
feed on November 7, 9 and 10, 1922, Kight were
-examined between November 14 and 16, inclusive;
in three of them oocysts were found in the midgut
and in nene was there infection of the salivary
glands.

Three ont of seven examined between November
21 and 23, inclusive, contained sporozoites in the
salivary glands.
" out of fifteen.

One lot of mosquitoes dissected, all of the
moluccensis variety, had fed on a creseent-carrying
native child on one or more of the following days,
February 6, 8, 9, 10, 11 and 12, 1923. On none of
these days were more than two hundred crescents
present per cubic millimetre,

Disgections as follows:

On February 17, four were éxamined and oocysts
were found in the midgut in every case; the salivary
glands were infected in none,

On February 18 and 19 three were examined—
all showed infected glands and one had nine oocysts
in the midgut,

. The total number infected was seven out of seven.

Some further Anopheles punctulatus of the “D.
variety” were fed on the same carrier at about the

The total number infected wag six -

same time. Those which did not feed, were not
separated from the others and of seven dissected
later the proportion which had fed is unknown,
Two out of the seven showed salivary gland
infection.

A single experiment, in which feeding took place
on not more than two occasions on a native child
infected with Plasmodium malerie resulted in ten
out of eighteen mosquitoes showing infections.
Owing, however, to the period within which the
salivary glands showed infection, namely ten days,
being shorter than the minimum which Plesmodim
malerie is said to require in other anophelines at
its optimum temperature, it is thought that gameto-
cytes of Plasmodium viver may also have been pre-
sent in this case, though no benign tertian parasites
whatever could be discovered in the blood.

It is hoped to repeat the observations with another
carrier of Plasmodium malarie. It would seem that
such observations ought always to be made with
more than one carrier in order to diminish the
probability of error from undetected double in-
fections. Swellengrebel has suggested feeding ex-
periments as a diagnostic measure in cases where
parasites cannot be found. He must, therefore, he
of opinion that anopheles can be infected when
parasites are so searce as to he discoverable oniy
with great difficulty, Darling, however, inferred

Afrom his experiments in Panama that blood con-

taining less than twelve gametoeytes per cubic
millimetre is not infective. But different species of
anopheles and of parasite may well differ in this

" respect,

Dissections of Mosquitoes Caught in Houses.

In most cases the mosquitoes were kept for a few
days before dissection. They were two hundred and
thirty-seven in all. Of ihese sixty-three were caught
at the White Hospilal, Namanula, early in 1922,
and a further -thirty-eight at different times in the
writer's bungalow. = The majority of these one
hundred and one specimens were caught at night
while attempting to bite. None showed infection,
The examination of the salivary glands was omitted
or totally failed in twenty of these and of the mid-
guts in nine,

The remaining one hundred and thirty-six were
caught in native quarters or village huts, chiefly
while resting during the day. The greater number
was caught within ten miles of Rabaul and chiefly
during the wet season. Of these one hundred and
thirty-six, eight showed oocysts in the midgut lavge
enough to be detected with a low power and eight
showed sporozoites in the salivary glands. The
salivary glands were completely missed in eleven
and the midguts in eight.

The percentages work out as follows:

Total sporozoite rate, 8 cut of 206 .. 3.9%
Total percentage showing oocysts, 8 out
of 920 ., TR 86%
Sporozoite rate in those canght in 4
native quarters, 8 out of 125.. .. 6.4%
Percentagé showing oocysts in those
caught in native quarters, 8 ont 6.2%

of 128 ..
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It is not c¢laimed that thesé percentages afford
any indicatiot of the trie average rates, as, apart
from tbe smaliness of the nunibers there was 1O
attempt at random sampling. . ..o 3

~ In somé. of the mosquitoes infected in the labora-
tory and showing gporozoites in the salivary glands,
as well as in one OT two of ,thorse‘caught in huts,
the thoracic muscles and body fuids were examined

in the fresh condition for spordzoites without.

result. . o P U
Tt would seem, however, that if anything like
the general distribution of sporozoites'throughout
the body described by Miihlens in some specimens
of Anopheles maculipennis were present, it would
not be easy to detect, by this method at any rate,
except in insects much more heavily infected than
Anophcles punciuletus appears commonly to be.
Some concen-

world, standards of comparison are afforded. Theé
rates in these nativés should be taken not only i
children; but at all ages, because although the abso:
jute rates in young children are roughly direct
measures of the “malariousness,’’ the. form which
the curves take as age apd acquired immunity in-
crease, gives further valuable information. The

more malarious the place; the sarlier is the age at

which maximum rates are found, and the Higher

they arve at this age and at ages below it. At later

ages the less malarious place may show higher

rates and it is said that a low spleen rate in adult

natives means either very little malaria or a great
deal of it, a high degree of immunity having been
acquired in the latter case. In general the parasite
rafe rises to an earlier maximum and falls sooner
than does the rate for enlarged spleens. When

rates at similar

tration of spo:
rozoites in the
galivary glatds
st eertainly
_oecur in Ano-
pheles punctuld-
tus:

Malaria in Man.

Malaria of
epidemic type
has not been
met with nor
has any eevebral

o other féally
pernicions cagé
heen seen (apart
from black-
water, which is
not here dis
cussed).

All three spe-

endemic at
Rabaul. The
writer has
found gquartan
parasites in the .

oot malesel | GAZELLE PENINSULA

R

ages are com-
pared in differ-

ent elasses oOr

races in the

same place,very

different results

may be got,

quite apar t

from quinine or

_deliberate pro-
tective mea-

sures. They

would still

often be differ-

ent even .if in

pach clasy the

rate of mew in-

fections were

the same, for

the reason that

the general

gtandard of life,

‘quality and
mrps | abundance of
‘Y food et cetera

have a great
effect on the
duration of at-

s -~
Ty [ R Ema e :
S i Faun 1388°

o i e th
% e S =

frequency
with which re-

blood of native
children in sev-
eral villages

cloge to the

town, as well as in the Duke of York Islands.
This form appears to have been observed in New
Britain by German investigators, but in what dis-
tricts the wrifer is qunaware.

An estimate of the amount of endemic malaria in
g locality is most readily obtained by the examina-
tion of the local non—immune_,;population, whieh in-
‘cludes native and other children who have been
born and bred in the place, as: well as white adults
who have never visited other malafious regions and
have taken no quinine. Of these classes natives
indigenous to the place are often the most numerous
and accessible; as the spleen .and parasite rates of

Map of Rabaul District.

guck have been determined in many parts of the.

Freurs L :
Geale: 4§ Miles to the Inch.

|
|

Iapses ocCur.

: Turning then
to the consideration of that part of the Rabaul
population which has spent its life in the place, two
classes are available, local patives and Chinese

children. )
Local Natives.

The villages near Rabaul show great differences,
but the figures collected from a number of them
taken together, reveal a moderate average amount

of endemic malaria. Benign tertian parasites are

more common than subtertian, while quartan is

" common in some villages.

The spleen rates at different ages in natives of
yillages within five miles of Rabaul (most of them
within three miles) are given below and shown 1n

i
'\i%
x
i

tacks and on-
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TapLE I,

Physical Condition.

Age Groups (Years),

—6 i Over 17

|
0—2 l '| 12—17
‘Number of examinations 332 ; 300 47 | 116 939
: |
30 5 55 ; 81 ! 58 2123
Spleen palpabie .. .. .. .. .. . .. .. I . ;
: 7.8% : 18.3% 23.3% | 48.39% 22,79,
Tapirg II.
: Age Groups (Years),
Physical _Condition. .
0.—2 | 3-8 r—11 l 12—17 | Over17
o |
Number of examinations 176 170 91 fl 52 107
: [ 26 50 36 23 20
Spleen palpable
Jl 14.89% 29 .49, 39.5% 44 .29 18.79,
} J | .
[ 43 56 34 19 7
Paragites tound :
i 24.49% 32.39% 37.4% 26.5% 8.59,

h
1
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Fiouke IV, Figure V.,

Paragite and Spleen Rates
in 596 Natives of Villages
near Rabaul.

Spleen Rates in 2.084 Natives
of Villages near Rabaul.

* Figure IV. The total number of examinations at
- different times was 2,084, but the number of dif-
‘ferent individuals examined was considerably less.

It will be seen that both the form of the curve
and the natoral percentages in children are of the
sort characteristic of a moderately malarious
locality.

The villages from which these figures were ob-
tained are in the following localities, the positions
of which are roughly indicated in the aceompanying
map (Figure IIL): Malakuna, Matupi Island,

-Talvat, Bai, Nodup, Rabuana, Korere, Vlavalo,

Ratavul, —

The huts belonging to what is in name a single
village, are often much scattered, so that a village
of, say, a hundred inhabitants may be spread over
several hundred yards in small groups of a few
buts each.

In these figures and in others given in thig paper
considerable distortion has been caused by errors

. infants while held by the mother,

in judging ages. and also 'by inegualities in the

- proportions of persons of different ages who were
+ secured for examination at different villages and at
- different times. The latter source of error applies
. especially to the adult age group, “over 17, while
* both have been operative in the group 12 to 17
. Spleen rates were taken standing, or in the ease of

The age groups

{ chosen, given as “0—2” “3_ 67 “T.117 “12—17"
: and “over 17,” mean respectively the first three
i years of life, the next four, the next five, the next

gix and the remainder. Most of the adnlt natives

" examined were young and nearly all were males,

Further figures of both the spleen and parasite
rates in a smaller number of natives, namely 596,
from some of the same villages are shown in
Figures IV. and V. These included a higher pro-

-+ portion of the more malarious villages,

In the 1358 cases in this group in which parasites
were found, Plasmodium viver was present ninety-
eight times, Laveranie malarie forty-three and

i Plasmodivm malarie nineteen, while eleven were
i doubtfnl.

Double infections were noted in thirteen

. patients, chiefly Plgsmodium vivar with Laveranic
- malarie, Thin films only were used in obtaining the
' parasite rates here given and the amount of blood

examined averaged between 0.013 and 0.02 cubic
millimetres.
In the districts of Talvat, Bai, Nodup, Rabnanz

- and Korere there were much lower spleen and para-
" site rates than in the villages on the shore of
. Blanche Bay (at Malakuna and Matupi Island). On

the eoast on which the former are .«:ituated,-ﬂw
land rises rapidly from the beach and there is little
flat land. -

These and other figures for natives were collected
from different places at various times of the year,
both before and after the introduction of anti-
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-anopheline measures by the Public Health Depart-
ment, in such a way that unfortunately the nature
of the seasonal variation in the rates ig mot appa-
rent with any certainty. Hewever, they may lend
some support to such figures. for white men as
have been available and to the writer's general im-
pression whieh is that benign tertian rises almost
to its maximum about the middle of the wet season,
while that of subtertian iz not attained until the
end of the wet season or early in the dry. The dif-
ference between the most and jeast malarious
villages is much greater than the seasonal variation
in anv one village.

Chinese Children.

Most of the Chinese children
lived there all their lives, Chinatown Iving about
half a mile north of the administrative centre of
Rabaul and about one-third of a mile from the shore.
Eighty Chinese children of all ages up to fourteen
were examined in Jannary of this year, Only three
had palpable spleens and malarial parasites were
tound in three, of which all were Plasmodium viver.
These are strikingly low figures and probably ve-
lated in part to the sitnation of Chinatown, within
several hundred yards of which, in spite of its Jow
lying position, Anopbeline breeding places are
 scarce. But the difference .if. the standard and
“_ mode of life is probably responsible for the greater
-part of the relative immunity of Chinese children
compared with those of natives. The Chinese in
Rabaul live well and more oF
nets are commonly used. The children are seldomi
given any quinine.

White Men and Natives.

As regards whites many difficulties arise in the
consideration of statis
especially when the fign
from other stations frequent.

Some figures of the Public
the Administration in Rabaul and some German
figures which have been available, indicate, how-
ever, as regards the matter of seasonal prevalence,
that in whites maxima occut in January to Febru-
ary and in May te June, with the minimnm in Sep-
tember to October. AS regards the May to June
crest, its height may possibly be increased by the
onset of the cooler weather disposing to relapses.

The figures of routine diagnostic blood film
examinations of whites and Asiaties in this
laboratory, although small and impaired by dis-
continmities, also show @ minimum towards the
end of the dry season and 4 maximum about May;
they also show that the latter is due to subtertian
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30 of this year malarial parasites were found in
gixty-two of these examinations (chiefly whites).
Plasmodium vivaw was found twenty-three times,
Laveranie mularie forty-two times and the quartan
parasite once: in four cases double infections were
noticed. The proportion of subtertian te benign
tertian is. of course, higher than the true ratio,
as the former cases are more likely to come under
notice. ’

Three instances have occurred of newly arrived
whites who conld not previously have heen infected.
but succuimbed fo attacks of malaria within four
weeks of arrival in Rabaul. These infections were
diagnosed microscopically; two were benign tertian
and one subtertian. In a couple of less certainly
anthenticated cases there had been no attack within
the first year of residence in Rabaul, although not
move than a dozen small doses of quinine altogether
had been taken. These extremes are, of course, quite
congistent with the laws of chance. Apparently the
majority of those living on the flat in Rabanl are
infected during their first wet season if not before,
although qninine takers may, of course, show no
signs of it. Namanula is definitely less malarious,

Sundry other observations on natives, other than
villagers near Rabaul, may now be referred to.

The neighbourhood of Toma, about fourteen
miles south from Rabaul, is of some interest. Toma
itself consists of a plantation and a hotel, the
latter used as a holiday and convalescent resort.
It is about 412 metres (1,350 feet) above the sea,
the nearest point of which is distant about six miles.
It is cooler and wetter than the coastal district.

The spleen rates in the children in December,
1922, in a pumber of villages in the district, most

of them g few miles to the north and west of Toma,
are given in Table 11,

These villages are at lower levels than the Toma
Hotel, down to about 183 metres (600 feet): none
are within several miles of the sea.

The pumber of persons examined and that of
persons with palpably enlarged spleens at a mission
station and a plantation in the immediate neigh-
bourhood of Toma, are set out in Table IV.

The village spleen rates are very low and are
correlated with the scareity of anopheles breeding
places near these villages and in the neighbouring
country generally. The deep ravines unlike those
near Rabaul usually contain ‘clear, deeply shaded
treams. These never contain anopheles. Mr. G. F.
Hill and the writer were unable fo find a single
anopheline larva or adult near Toma. A few pools

'Spleen palpable

infections. In the eighteen months ended on June formed in the marginal drains of government-made
Tapte ITL
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i Tanre IV,
) ) L Age Groups (Years).
Physical Condition:
e . 3 0—2 % 31— 711 12—17 j Over 17
Nuntber of exdmiidatiofis .. .. .. .. .. .. ., 1 3 15 5 ! 45
Bpleen palpable .. .. .. .. .. .. .. .. .. 0 0 6 2 I 12

roads were the only surface water existing which
seemed at all suitable to Anopheles punctulatus.
It will be noted that there was a larger propor-
tion of enlarged spleens among the persons in the
plantation and belonging to the mission. Tt has

been observed in other districts that the spleen’

rates of natives living at plantations and missions
arc sometimes higher than those of nutives in the
neighbouring villages. While boys on plantations
commonly come from’ other parts of the territory
under a three or a two years’ contraet, at mission
stations a larger proportion of the adults and
especially children have usually been born in the
locality. The probable reasons. for this inerease of
malaria at some settlements are the aggregation of
Iarger numbers in smaller areas and the fact that
some of civilization’s dealings with the bush often
tend to increase the number of breeding places
highly favourable to Anopheles punctulatus, espe-
cially the “D. variety.” The formation of a white
station near low-lying coastal swamps or pools due
to depressions below the level of the subsoil water
usually leads sooner or lafer to partial drainage,
but on the other hand a setilement a little inland
- or in a place where previously only a few pools
existed in" dense bush little favoured by Anuvpheles
punctulatys, will often lead to an increase in the
numbers of these mosquitoes.
making often tend to the formation of open rain

water pools and road-side puddles by interfering .

with natural slopes, compacting the surface soil
and reducing plant transpiration. Ponds or surface
wells may be construeted, one of which may contain
more anopheles larvae than could previously have
been found for miles around. It may be mentioned
- that natives’ notions of making a water supply are
confined to the scraping of evanescent holes on the
beach for the tapping of subsoil water or to catching

Clearing and path.

a little water by Jeaning a cut bamboo against a
tree trunk. Villagers will often be found to carry
water from a distance or to depend mainly on green
cocoa-nuts. During a Iater visit to Toma the writer
was again unable to find any anopheles, except at
the hotel itself, where adults were abundant and
were found to be coming from a small pond which
had been dug in the open; they were of the 1.
variety.” This observation, besides illustrating the

[ previcus remarks, shows that the searcity of ano-

pheles in this neighbourhood, shared by many in-
land districts in New Britain, is due to lack of
suitable breeding places and not to climate or eleva-
tion, at any rate as regards this variety of
Anopheles punctulatus.

Thé following are figures for native labour in

'Rabaul, little of whieh is drawn from local boys.

In April, 1922, out of three hundred and eighty-
seven examined 47.5% had palpable spleens and of
seventy-six examined for parasites seven or 9.2%
harboured malaria parasites. Five of these were
Plasmodium vivaz and two Leveranic malorie.

- ‘The inferences which can safely be drawn from such

adult rates in non-local natives, are still a matter
of gsome doubt to the writer and will not be dis-
cusged here. The spleen rate in Rabaal police boys
taken in July of this year by the Public Health De-
pariment was less than 20%.

A few additional localities may be mentioned.

The Duke of York Islands, a group of small low-
lying islands twenty miles east of Rabanl, the
largest about four miles across, are somewhat
highly malarious. Figures for villages on the main
Duke of York Island and the island of Mioko,
taken in July, 1922 are given in Table V.

Of the parasites found thirteen were Plasmodium
vivas, eight Leverania malarie and four were Plas-
modium malarie. There was one double infection.

TaBtE V.
Age CGroups (Years).
Physical Condition. —
0—2 3—6 7—11 12—17 Over 17
Number of examinations 93 78 87 16 76
38 - 10 52 9 8
Spleen palpable e e e e e e e . a
_ 24% 51% 80% 56% 10%
" Number examined for parasites .. .. ... .., .. 33 - 10 17 1 9
. 9 9 1 0
Parasites found e e e e e e e ! - —_
b 27% 50% 33% -
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TapLE VE
SprEEN RATES 1N NATIVE VILLAGES—DBAINING.

Age Groups {Tears).
Physical Condition.
—2 3—6 | 7—11 12—17 Over 17
—— | —_
Number of examinations 54 ‘ 6 14 7 143
Spleen palpable 1 2 | 1 § 63
TaprLg VIL
Spreenw RATES IN NATIVES AT PLANTATIONS AND MissioNs—BAINING.
. Age Groups ({Years).
Physical Cendition. -
0—2 3—6 q—11 12—17 l Over 17
. I
Number of examinations .. .. 3 6 37 41 233
Gpieen palpable e e e 1 3 22 29 116

Spleen rates taken in the Baining distriet, to-
wards the north-west end of the Gazelle Peninsula
. in June, 1922, at a number of villages, plantations
and missions both on the coast and at short dis-
tances inland, are given in Tables VI. and VIL =~

Kokopo, formerly Herbertshohe and at one time
‘the capital, on the coast eleven miles south-east from
Rabaul, appeared from the few figures collected in
native children at a mission station there to be less
malarious than Rabaul.

From time to time at Rabaul forms of malarial
parasites differing more OT less from the well-
recognized types have been encountered.

Parasites resembling the younger forms of Plas-
modium tenue have pot been rare; one case occurred
in which there were more advanced forms of this
kind, as was pointed out by Dr. R. W. (ilento to
whom various films had been sent. No fully grown
asexual forms or gametocytes were seen in this

- cage. 'These forms appear to the writer to be vari-

ationg of Laveranit malarie.

~ One film seen frem t}le Duke of York Islands
eontained forms resemblmg_ those which have heen
-degcribed as Plasmodium vivas, variety minute.

The view popularly held that malaria in the terri-
tory is of importance chiefly to whites is, of eourse,
quite a mistake, The chief sufferers are native in-
fants. A native baby is a new arrival in the
couniry and unprotected by acquired resistance to
malaria. When it is dangerously ill without signs
of the more obvoius diseases, the cause remains
obscure Or is attributed by the village to a ghost in
the night. Malaria is certainly an important cause
of the high infantile mortality in the native. Natur-
ally few infantile mortality figures are yet avail-
able in the territory. It is, however, of interest to

_note that the average size of the family, as shown
by figures collected by the present District Officer
for Kokopo, is higher in the neighbourhood of Toma
than in villages on the adjacent parts of the coast,
peopled by the same tribe.

All the work on the identification of anopheles
and their varieties referred to in this paper has
been done by Mr. G. F. Hill who, the writer believes,
is publishing an account of these and other Aus-
tralian forms.

| Reports of Lases.

IRREDUCIBLE INTUSSUSCEPTION 1IN CHILDREN:
SUCCESSFUL RESECTION IN TWO CASES, ONE
BY LATERAL ANASTOMOSIS AND ONE
BY MAUNSELL'S OPERATION.

By Harorp RiscHBIETH, M.A., M.D., B.Ch. (Cambridge).,
F.R.C.S. (England},
Honorary Surgeon to the Children's Hospital,
Adelaide.

THESE two cases present such unusual features that I
think that they ghould be recorded.

Case 1.

B.P., aged four years and four months, had been il
for ten days before admission to hospital. At first there
was gwelling of the legs. ‘This disappeared two days
before admission. But the patient had had no natural
motion for the ten days and enemata had yielded no
satisfactory result in that time. During several days he
had vomited all food immediately. .

He had had broncho-preumonia at the age of six months,
whooping cough at the age of twelve months and measles
at the age of one year and six months. =

On admission the patient complained of abdominal
pain, The abdomen was distended, but moved on respira-
tion. There was no rigidity. There was dulness in both
flanks, which ahifted. No tumour could he felt.

The general condition was one of shock verging on
collapse. There had been no passage of blood per rectum.
Intestinal obstruction of uncertain origin was all that 1
was able to determine as to diagnosis. )

The patient was anesthetized. Nothing in the shape of
a tumour could be felt. The usual median inecision was
made. The caecum Was immediately felt to be collapsed,
indicating a small gut obstruction. Thereafier a sausage-
like tumour was felt in the pelvis. On further examina-
tion this proved to be an enteric intussusception about
ninety cenfimetres above the ileo-caecal valve. Attempts




