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SOME OBSERVATIONS AND EXPERIMENTS ON MALAYAN ANO
PHELES WITH SPECIAL REFERENCE TO THE TRANSMIS
SION OF MALARIA 1 

1. EXPERIMENTAL.AND NATURAL INFECTION OF INSECTS WITH MALARIA, WITH 
SOME NOTES ON THE MORPHOLOGY AND BIOLOGY OF CERTAIN TYPES OF 
ANOPHELES ROSSI 

By MARSHALL A. BARBER 1 

(Kuala Lumpur, Federated. Malay States) 

TWO TEXT FIGURES 

The studies and observations on which this paper is based 
were conducted with the support and under the auspices of the 
International Health Board of the Rockefeller Foundation. 

The work was done for the most part during 1915 and 1916, 
and most of the anophelines studied were collected in Selangor 
State, Federated Malay States. Certain details regarding the 
method of feeding mosquitoes on gamete carriers, selection of 
material, dissection, and the like will be given in connection with 
the tables or included in the description of the technic. 

In the identification of Malayan Anopheles I have depended 
chiefly on the publication of Stanton, and I owe much to him 
for personal aid in identifying certain specimens. The works 
of Watson, Strickland, Leicester, and other observers in Malaya 
have also been of much assistance, not only in the classification, · 
but also in the study of biological and epidemiological character
istics of species. 

A good deal of work was done on varieties of A. rossi. The 
large number and the wide distribution of these forms make 
them of interest from the epidemiological point of view, and 
the abundance and accessibility of material made them a favor
able subject for the study of certain problems in infectivity 
with malarial parasites. 

'Received for publication September, 1917. 
• Bacteriologist in the Bureau of Science, Manila, July, 1911, to April, 

1915.-EDITOR, 
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At the time when these experiments were begun, but one 
variety of A. rossi had been reported from the Malay Peninsula, 
namely, A. rossi var. indefinitus Ludl. In the earlier feeding 
experiments most of the material was collected in brackish water. 
near Port Swettenham. Here the imagoes varied little, and 
it was assumed, probably on good grounds, that all were var. 
indefinitus. Later a quantity of material was collected from 
fresh water, in particular from a certain group of fish ponds 
near Kuala Lumpur. In this lot of material much variability was 
observed in the breadth of the first black palpal band. There 
was a continuous series of specimens varying from those exhibit
ing no such band to those with a terminal black almost equal in 
length to the terminal white. Some specimens with the broader 
band together with the corresponding larval skin were submitted 
to Dr. Stanton, who noted that larva and imago were similar 
to specimens collected by him in Java. He subsequently sent 
some of the Java specimens to the British Museum, where they 
were identified as A. rossi Giles, on the basis of the larval char~ 
acters and of the broader black band. Dr. S. T. Darling had 
previously noted wide variation in the larvm of A. rossi collected 
near Kuala Lumpur. It seemed probable, then, that ·we had 
to do with two types of A. rossi; namely, A. rossi var. indefinitus 
and A. rossi Giles or a form somewhat similar to it, and further 
studies were undertaken regarding the characteristics of thesE 
two types. For the sake of brevity in description the two Ma
layan types will be referred to as "type indefinitus" and "typE 
Giles." 

In the course of comparative infection experiments carried ou1 
with these two types and in connection with other observations 
over 6,500 larvre and many hundred adults were examined 
Some of the results of these observations are summarized a~ 
follows: 

Larva.-The chief characteristics of the larva of the twc 
types correspond to the published descriptions of A. rossi var. 
indefinitus and of A. rossi Giles, respectively. The principal dif. 
ference between the two forms in the larva lies in the character 
and arrangement of the clypeal hairs. In indefinitus the anterior 
internal pair are long, the anterior external relatively short, and 
the· posterior pair very short and situated near the anterior 
internal pair, not directly behind these but in such a position 
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that lines drawn in a direction directly anterior to the posterior 
pair would divide the space between the anterior internal into 
three approximately equal parts. In type Giles the external 
anterior pair are somewhat longer, and the posterior pair, which 
are somewhat longer than those of var. indefinitus, lie much far
ther back and are nearly directly behind the anterior internal 
pair. Some variations in size and position occur in these types, 
but the combination of characters is such that the observer is 
rarely left in doubt as to which type a given larva belongs to. 

While the clypeal hairs of both types are typically simple, I 
noted various adventitious forkings and branchings, and these 
were by far more frequent in type Giles. These branchings 
varied from a simple forking of one of the anterior internal 
hairs to a branching or forking of four or more hairs and 
sometimes to a duplication of hairs. The first variation men
tioned was by far the most frequent. The branching was noted 
in mature larvre, but was more frequent in young larvre. Some 
small larvre with these adventitious branchings were isolated 
and examined two days later, when they were found to have 
lost the branches. Larvm were examined under a cover glass, and 
where there was any doubt of the presence of these anomalies, 
specimens were examined under higher powers of the micro
scope, in order to exclude possible error from the confusion of 
branching with the appearance afforded by the crossing of hairs. 

In 3,019 larvm of type Giles anomalies of clypeal hairs in some 
degree were noted in 130, or 4.3 per cent. In 3,525 larvm of 
type indefinitus they were noted in only 2, less than 0.1 per cent. 
Possibly many anomalies were overlooked, since the matter was 
more or less incidental to other observations, but in comparing 
the two types, both examined in the same way and both of 
various ages, it is evident that type Giles is more variable .in 
this respect. The matter may be of small weight in itself, but 
taken in connection with the greater variability of adult type 
Giles, it goes to show that type Giles is the less stable form. 
Further we are put on our guard against attaching much specific 
or varietal value to minor variations in clypeal hairs. 

Adult.-The only adult character that appears to be of any 
value in distinguishing females of the two types is the length of 
the first black palpal band. The variability of this character is 
shown in Table I, where females are compared according to the 
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ratio that the length of the first black band bears to the length 
of the portion of the palp covered by this band and the terminal 
white band, or 

first black 

first black+terminal white 

All specimens included in these tables had been previously iden
tified in the larval stage. 

In the smaller group under A, of Table I, palp measurements 
were made under the low power of a compound microscope by 
means of an eyepiece micrometer. The insects were chloro
formed and, while still fresh, placed each on a slide in a definite 
position; the palps were then covered by a small cover glass 
in such a way as to bring them parallel to the slide. The same 
specimens were measured .by means of a hand lens without a 
scale. The hand-lens measurements are entered under B, of 
Table I, for comparison. The line of demarkation between the 
bands, usually definite under the hand lens, sometimes ap· 
peared irregular under the high power. Further, terminal 
scales that do not get their full value under the lens may be 
included in the high-power measurement. The two sorts of 
measurement, therefore, cannot be expected to agree exactly. 
However, the aim was simply to compare approximately the 
variability of the two types in regard to a certain character, 
and in that respect the hand-lens measurement appears to agree 
closely enough with the more accurate method to suffice. In C 
larger numbers are included and only hand-lens measurements 
are given. Since many of the anophelin~s included under C 
were to be used subsequently for infection experiments, it is ob
vious that they could be examined only in the living stage. 
They were measured in test tubes, usually but one or two in 
a tube, and were viewed as nearly as possible at right angles 
to the palps. ,The hand-lens measurements are only approxi
mate, but as stated above, the approximate agreement of 
measurements under A and B of the table indicate that the 
hand-lens measurements were sufficiently accurate to show, in 
a general way, the amount and character of the variability in 
length of the terminal palpal bands of the two forms. 
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TABLE I.-Palp ratios of different varieties of A. rossi. Incidence of co.ses. 

F ---
0.00 
0.01 
0.10 
0.11 
0.12 
0.13 
o.u 
0.16 
0.16 
0.17 
0.18 
0.19 
0.20 
0.21 
0.22 l 0.23 
0.24 

A. EYEPIECE :MICROMETER :MEASUREMENT. 

T¥.JM! Type Var. i11- Type Type Var. i• 
Giles, Gi!ell definilus, Total. Ratio. Giles, Giles, dejinihlll, 

brackish fresh fresh brackish fresh fresh 
water. water. water. water. water. water. 

--------- --- ---- ---
............ _ .... ................. 2 2 0.25 2 ' ................... .................. 1 0.26 2 5 

~:~::~~t~~:::~ 
2 2 0.27 3 6 
2 2 0.28 8 1 

.................. 

..................... 

................. 

................. 

.................... 
2 

2 

............... 1 1 0.29 6 ' 1 
1 .................... 1 0.30 10 1 

2 3 0.81 ' ' ................. 9 3 0.82 3 ' 2 al O.S3 7 ' .................. 4 4 0.34 7 .................. ... ...... _____ 

ll 
8 0.35 5 .................. ........................ 
5 0.36 5 .................... ..................... 

................... 6 0.37 1 2 .. .............. -.. 

................... 5 0.38 4 .. ................ .......... _____ 
2 9 0.40 3 1 
2 ' Total 70 49 58 
4 2 8 

B AND C. HAND-LENS MEASUREMENT. 

B. Same specimens u A. C. AU specimens, including 
A and B. 

Ratio. Type 
Giles, 

brackish 
water. 

Type 
Giles, 
fresh 

water. 

Var. in
de/inilu.e, 

fresh 
water. 

Type 
Giles, Var. in-

Total. brackish definilus, 
and fn!sb fresh 

water. water. 

0.0 --------- --------- 2 2 ---------
0.1- _· ________ --------- --------- --------- 1 

0.1 --------- --------- 2 2 2 
0.1+ --------- --------- 2 2 7 
0.2- --------- 1 5 6 14 
0.2 2 15 17 64 
0.2+ 4 8 21 33 191 
0.8- 23 18 4 40 118 
0.8 17 12 29 109 
O.H 19 7 26 97 
0.4- 7 6 13 64 
0.4 
0.4+ I o.s-

48 
25 

3 

15 
12 
37 
47 

120 
209 
61 
9 
4 
1 

Total. 

15 
13 
39 
54 

134 
273 
252 
127 
113 
98 
64 
48 
25 
8 

I 

Total. 

--
7 
8 
II 
Iii 

11· 
11 
8 
7 

11 
7 
5 

5 

3 
4 
4 

·172 

7~: -----~:;- ~ .2~: I Gtal 
-'----'----l--

70 49 51 170 
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It will be observed in Table I that type indefinitus has the 
narrower range and, in general, the less variability. The 
amount of overlapping of the two types is such as to indicate 
the impossibility of differentiating female adults of these types 
by palpal ratios alone, unless the first black band should have · 
a length near the maximum of type Giles or the minimum of 
type indefinitus. No other adult character has been thus far 
noted sufficiently constant to differentiate these forms. Type 
Giles 'Of brackish-water origin seems to have less variability 
than the fresh-water forms. However, all of the brackish
water type Giles were collected in one locality, and collections 
from a variety of brackish-water habitats might show a greater 
amount of variability. To sum up, the data given in this table 
indicate that it is difficult, if not impossible, to describe adults 
of certain closely related members of the rossi group without 
recourse to the statistical study of many specimens. Larval 
characteristics must be taken into account in differentiation, 
and possibly breeding experiments will be necessary to furnish 
the final data for the classification of some of the more closely 
related types. 

Habitat.-The larvm of type indefinitus of Malaya are most 
commonly found in muddy pools exposed to .the sun, and the 
greater part of my material was collected in such places. .. Ano
pheles rossi Giles of India is reported to frequent similar places. 
In Malaya, however, so far as my observation has gone, larvm. 
of type Giles are never found in such pools, but frequent ponds 
or large pools relatively clear, and supplied with grass or other 
vegetation. · They are commonly found associated with fun
"ginosus, barbirostris, and sinensis. In the collection of many 
hundreds of larvre in small muddy pools, I have never once found 
this type. Type indefinitus, while commonest in muddy pools, 
seems to be less selective in its habitat and is found in a variety 
of places. It is sometimes associated with type Giles in ponds. 
On a number of occasions I have found small muddy pools con
taining only type indefinitus, while a few feet away ponds 
contained type Giles in abundance. 

The relatively restricted habitat of type Giles, especially its 
absence from small muddy pools, would be evidence that it is 
phylogenetically distinct from type indefinitus, and would raise 
the question as to whether it may not differ, biologically at 
least, from A. rossi Giles of India. 

No microscopical character was noted that was of much use 
in distinguishing the two types of Malaya in collecting. Type 
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indefinitus of muddy pools seems slightly larger than type Giles, 
but when both are found together in ponds they appear1 in
distinguishable to the naked eye. When occurring in ponds, 
in the younger stage both much resemble A. /uliginosus 
macroscopically. 

Type Giles appears to be rather common in the Federated 
Malay States. It was found by me in seven different places 
within 6 or 7 kilometers of Kuala Lumpur. In one of these 
places-certain fish ponds-they could be collected in large 
numbers throughout a period of several months, and they were 
abundant in two other ponds. I also found them in fresh water 
at Tronoh, Perak. In brackish water many were collected in 
some pools well supplied with algre at Port Weld, Perak. The 
brackish-water larvre seemed a little darker in color and the 
adult slightly darker than in the fresh-water type, though prob
ably this was only a slight local variation. The occurrence of 
this type in brackish water, the ordinary breeding place of 
A. ludlowi in Malaya, is noteworthy, since the larva of type 
Giles and that of ludlowi appear identical. It is evident that 
adult as well as larval stages are necessary in distinguishing 
these forms. 

SUSCEPTIBILITY TO PARASITES OF MALARIA 

In comparing the two types of rossi in regard to susceptibility 
to malaria, five pairs of caged anophelines were fed on gamete 
carriers, one member of a pair type Giles, the other, type inde
finitus. All specimens were examined in the larval stage and 
the types separated before emergence. Each pair of cages was 
fed at the same time, and on the same gamete carriers. In two 
of the pairs both types were collected from the same pond and 
at the same time. The members of a pair are almost exactly 
comparable, except that in two pairs some mosquitoes that 
emerged late were introduced into cages after the cages had 
been once exposed to a carrier. The majority of those intro
duced later were of type Giles, so that any error from this 
source, if ·such exists, would tend to reduce the percentage in
fected of type Giles. In every pair but one type Giles showed 
at dissection much the higher percentage of infected mosquitoes. 
In the exception 3 out of 4 indefinitus dissected were infected 
and none out of 3 type Giles. The results of this comparison are 
summarized in a small table appended to the bottom of Table II. 
It will be seen that of type Giles 37.2 per cent were infected 
of 94 dissected, while of type indefinitus only 11.0 per cent were 
infected of 73 dissected. Type Giles gave on the average twice 

18701 0. W.-2 



10 

as many zygotes per infected mid-gut and a larger percentage 
. of sporozoites than type indefinitus. The only sporozoites found 
in indefinitus occurred in the mid-gut and were apparently 
degenerate. 

A curious difference was observed in the tendency to develop
ment of ova in the two types. In 3 out of 5 cages, and in 
39.5 per cent of the total number dissected, type Giles showed 
ova well advanced in development, often as early as the sixth 
day after feeding, while well-developed ova never appeared in 
type indefinitus. In 4, at least, of the 5 pairs males were in
cluded with the females in cages. 

Some further observations on these two types and on other 
types of rossi will be made in connection with certain tables and 
in the summary at the close of this paper. From the compara
tive observations on the two types there seems to be substantial 
evidence for regarding them as distinct forms, biologically and 
morphologically as well, even though they may not be distinguish
able in the adult stage. Further the question may be raised 
whether type Giles of Malaya may not be a different form from 
A. rossi Giles of India. In view of the great variability of the 
Malayan type, its restricted breeding places, and its suscepti
bility to infection with malarial parasites, it may be at least a 
biological variant, its characteristics dependent in some measure 
on its topographical environment. 

In Table II are summarized the laboratory experiments on 
infection with malarial parasites of various species of Malayan 
Anopheles. Only controlled lots are included in this table; that 
is, lots in which at least one insect of some species became in
fected at a feeding. In other words, one or more of the gamete 
carriers used had viable gametes at the time the feeding was 
done. In regard to the species included, A. ludlowi is the com
mon brackish-water species of Malaya, having a larva like that 
of type Giles and an adult resembling A. rossi, but with distinctly 
speckled legs. In the specimens I have observed the length of 
the first black palpal band is similar to that of the broader 
banded specimens of type Giles as described above, but appar
ently ludlowi varies less than type Giles in this respect. Ano
pheles ludlowi of Malaya seems to be usually a brackish-water 
type, though I took some specimens in a large cement-lined 
reservoir on Kuala Selangor Hill, far above high tide, though 
near the sea. Whether the Malayan ludlowi is identical with the 
form described by Ludlow from fresh water in the Philippines, 
only a study of considerable numbers of the two types will show. 
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Of the types of rossi included in the table, A. rossi var; inde .. 
)J.finitus and A. rossi type Giles refer to type indefinitus and type 

Giles compared above. "Known" means that forms were iden
tified by examination of both larva and adult, and "probable" 
refers to such specimens as were identified by adult characters 
alone, taken in connection with the character of the breeding 
place. The coast indefinitus all came from brackish water, and 
the character of the adult, of the breeding places, and of such 
larvre as were examined makes it practically certain that they 
were all of the indefinitus type, and not mixed with type Giles. 
This is the more likely, since practically all came from one 
locality where type Giles was not found. The inland "probable" 
is also almost surely of the indefinitus type, since. all were col
lected in the small muddy pools where, as stated above, type 
Giles was never found. The Giles inland "probable" is less 
certain, but of a large series of larvre subsequently collected 
from the same habitat, practically all were of type Giles on 
microscopical examination. The mixed group needs no com
ment. The less certain forms were included, since all were 
rossi. 

No other species needs special comment except hunteri, a 
form recently described by Strickland • and closely allied to A. 
separatus of Leicester. 

The columns in Table II under dissection of salivary glands · 
include practically none dissected before the tenth day after 

. feeding on the gamete carrier. The percentage with infected 
salivary glands is based only on specimens with infected gut. 
Practically every specimen with sporozoites in the salivary 
glands had oocysts, empty or otherwise, in the mid-gut, and it is 
believed that the percentage of gut-infected specimens that' 
showed sporozoites in the glands gives a mo:r;e definite idea of 
the tendency of a species once infected to form sporozoites than 
would a percentage based on all dissections, many of them 
negative. From the percentage of dissections with ova well 
developed (the last column of the table), dissections of specimens 
caught in the adu~t stage are excluded, a large percentage of 
which already had ova well formed at the time of first feeding. 
The rossi type indefinitus and type Giles compared in the small 
table appended at the bottom are included in the body of the 
table as well. 

• Indian Journ. Med. Research, 4, 2. 
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TABLE 11.-Anophelines infected in. the la.bora.toTJI. ControUed series. All 
dissections. 

Mid-gut. 

Species of AIIOPhelee. Cages. 
Infected. 

Nurnber Average 
with -~gotllll 

""'poe! sporo- tive mid 
aoites. gut. 

----------1-- --1----,---1--f----

A. ltullollli •••• --------- ---· ---- •••• --
A. rlllri var. indeji11i1111, eoaaL.. •••••••• 
A. roeai var. iatk/illitu, inland "known". 
A. rlllri var. i!ltkji11it118, inland "prob-

20 
28 
6 

69 
129 
85 

PereB'IIl. 
. 42 60.9 2 19.0 

81 24.0 1 12.1 
8 u •1 3.8 

able"-----········---------------- 8 42 2 4,8 0 2.0 
A. rosri type Giles, inlud ''known"---- 'I 113 37 32.7 4 •6.6 
A. roeri type Giles, inland "probable"-- 19 159 45 28.3 16 9.6 
A. rlllllli type Gi!E!I!I, illtkfilltltu, inlud 

rnixed •••• ------------------------ 9 160 25 15.6 4 8.8 

Total alli"'OIIIi.. ••••••••••••••••• __ 72 ___ 668 -~~~ ~ ~ 
--. --~--------

A. l:otlli............................. 11 20 9 45.0 0 • 25.2 
A. aeonitll8.......................... 4 6 4 66.7 34.5 
A./lllif}in-......................... 5 9 3 83.3 1 4.0 
A.mat:rdalll8 •••••••••••••••••••••••• 4 10 7 70.0 0 5.3 

A. kartcari ··------------------------ 4 14 10 71.4 6.2 
A.umbrolll& •••••••• ~---------------- 21 143 25 17.5 • 5 3.6 
A. huiii.,-L.......................... 4 8 1 12.5 0 1.0 
A. barbiroam ••••••••••••••• ________ 10 107 8 2.8 7.0 
A. ainenm ••••• _____________________ 6 29 1 3.4 0 3.0 

---------------1-
TotaJ..________________________ •108 1,103 253 22.9 37 10.6 

COMPARATIVE SERIES. INCLUDED IN THE ABOVE. 

A. ro.ui type i!ltkjinitue ••••••••••••••• w 73 ~ 11.0 b 1 3.3 
A. roeri type Giles___________________ 5 94 35 

1 
__ s7_._2-1---s-l-_6_.9-l 

Total _________________________ -------- 167 43 25.6 6.5 

• Sporozoite& apparent~¥ abnormaL 
• One "very many'' counted as 50. 
e Two "very many'' counted as 60 each. 
4 In three eases p0118ibly infected before exposure to garnele carrier. 
e Subtracting those counted twiee. 
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TABLE 11.-AMpkelines mfectetl. in tkf l4boratoTJI. Controlled series. All 
dissectiona-Continued. 

Salivary glands, dialeetiona 10 days l 
after feedinc. : 

D~ 

Specie~ of AJIOPMiu, 
Disaeo
tiona. 

A. Ncllowi ••••••••••••••••••••••••••••••••••• • 23 
A. rom var. itulefinitut, coast •••••••••.•.•••••• 87 
A. rom vu. indefinitut, inland "known" •••••••• 16 

A. rom var. indejinittu, inland "probable"-····· 0 
A. roa.ri type Gite~, inland ''known" •••••••••••• 19 
A. rom type Giles, inland "probable" ••••••••••• 125 
A. roaai type Giles, itulefinitUII, inland mixed ••••• 24 

Total all rom ••••••••••...••••••••••••. ··221 

==== 
A. koc:hi •••• •••••.•••••••••• _ •••••• _ ••••• -·-- 0 

A. CltOIIittu.-- ------------------------------- 1 
A./uligiiiOIUI •••••••••••••••••••••••••••••••• 2 
A. flllltul4tut •••••••••••••••••••••••••••••••• 0 
A. korll'ari •••••••••••••••••••••••••••••••••• 6 
A. umbrOIU& ••••••••••••••••••••••••••••••••• 26 

A. hunteri •• ··--····•········-····---··---··· 0 
A. barlriroatris •••••••••••••••••••••••••••••••• 8 
A. ainetlri.t ••••••••• ~ ••••••••••••••••••••••••• 6 

TotaL ••.••••••••••••••••••••••••••••• 293 

Disseetiona with tiona 
lllid.-gut pollitive. with ova 

With wellde
sporo- l------1veloped.• 
zoites. Infected 

--
3 
0 
0 
0 
2 

14 
0 

16 
=-=== 

0 
1 
0 
0 
2 

b2 
0 
1 
0 

25 

Number. salivary 
glands. 

-- --
P"""'-

13 23.1 
12 0.0 
1 0.0 
0 0.0 

11 18.2 
42 33.3 
18 0.0 

84 19.0 
== ===== 

0 0.0 
1 100.0 
1 0.0 
0 0 
4 60.0 
6 33.8 
0 o.o 
0 o.o 
0 0.0 

109 22.9 

--p.,_,, 
48.4. 
7.8 
0.0 
4.8 

80.1 
32.4. 
11.6 

= 
0,0 

83 .. 8 
0.0 
0.0 
0.0 

81.4 
87.6. 
89.3 
82.8 

30.8 

COMPARATIVE SERIES. INCLUDED IN THE ABOVE. 

A. rom type itulejinitua •• ••••••••••••••••••••• 4 0 1 0.0 o.o 
A. roslli type Gilee. •••••••••••••••••••• ............... 18 2 10 20.0 39.5 

Total ••••••••••••••••••.••••.••••••••• 22 2 11 18.2 

• Exeluaive of those eaught in adult stages. 
• In both eases posaibl:r infected before exposure to sramete earner. 
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Most of the data found in Table II require little comment 
and will be summarized in connection with the species summary 
at the end of this paper. It may be noted, however, that of 
species that include a fair number of dissections, ludlowi, ma
culatus, and karwari have relatively high percentages infected. 
Anopheles aconitus is also high, but the numbers are few. The 
brackish-water indefinitus is well above the fresh water, but both 
are below rossi type Giles. Anopheles barbirostris and sinensu 
rank low in percentage infected. Anopheles ludlowi, rossi type 
Giles, aconitus, and karwari show the more marked tendency to 
form sporozoites in the salivary glands. Anopheles umbroS'U8 
may be included under those readily forming sporozoites, al
though the specimens with sporozoites in the salivary glands had 
been caught in the imago stage and may have been infected be
fore feeding, since other specimens taken at the same time and 
from the same locality showed sporozoites, although not exposed 
to a gamete carrier. Anopheles indefinitus showed no sporo
zoites in the salivary glands, although fair numbers of the 
brackish-water type were dissected. Anopheles maculatus was 
largely used as a control, and none were dissected till ten days 
after feeding on the gamete carrier. The number of speci..rrJ.~n$ _ 
of different species showing sporozoites in the mid-gut is in
cluded in the table, since the proportion of these gives us some 
indication of the probability that a species may under some 
conditions form sporozoites in the salivary glands. 

Many cages, including many dissections, were done that are 
not included in Table II, since in these there was no control 
to show that the gametes were viable at the time of feeding. 
The relative numbers of controlled and noncontrolled cages and 
dissections are given in Table III. 

TABLE III.-Comparison of controlled and noncontrolled series. 

In a large proportion of the experiments the blood of the 
gamete carrier was examined on the day of feeding and usually 
at the time of feeding. In a small proportion of cases the 
carrier was examined on the day preceding or the day following 
feeding. No carrier was used, in crescent carriers at least, 
who did not have a sufficient number of gametes to infect, or 1 
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per hundred leucocytes at least. Nearly all of the carriers, 
including those who failed to infect mosquitoes, had a much 
higher percentage of gametes than 1 per cent. In many cases, 
no doubt, it was more or less a matter of chance that no infec
tions occurred, but that there is a difference in carriers aside 
from the number of gametes harbored in the blood, and that 
the same carrier may vary at 9-ifferent times, will be shown in 
connection with later tables, especially Tables X and XI. In 
a considerable percentage of the noncontrolled cages the carrier 
at some previous feeding had infected some of the mosquitoes 
exposed. . 

In Table IV are given the percentages of infection of the 
mid-gut in both controlled and noncontrolled cages. These per
centages are of little value in comparison of species where num
bers are small, since chance plays a large part in the result, but 
where numbers are large, the table may be of use in indicating 
in a general way the probability that mosquitoes of a given 
species may become infected through biting one or more of a 
miscellaneous lot of carriers such as might be found in a ma
larious community. 

TABLE IV.-Controllea and noncontrollea cages by species. 

Species of A110plullee. 

A. ludlo,wt ....................... -••••••• -- •••••• ------------.... -
Var. indejinuus, brackish water _____________________________________ _ 

Var. indejinUut, ''known" ............................... _ .... _ •••••• 

Var. indefinilus, "probable" ••••••••••••••••••• ········--···-·-·-·-·· 
Type Gile~~, "known" ••••.• _____ ......... _ •••••••••••••••••••••••••• 
Type Giles, "probable" •••••• ---···-··--·--- ....................... . 
Type Giles, indejinitua mixed ••••••••••••••••••••• -·····-------------
A. l:ochi. ........................................................ . 
A. aconUua .................................................. ___ ••• 
A. fuliqinosua ............................... --------- ••••••••••••• 
A. !Mculalus ................................. _ ..... ____ .......... . 
A. l>arwari ....................................................... . 
A. umbroet,s ••• _. ___ .•••• ____ ••••.•••• _ ••• ____ • ----- •••••• ________ • 
A. humeri ••••••••• _ •• _ ••••••• __ • _______ •••••••••••••• _ •• _____ •••• _ 

!16 
344 
165 
73 

175 
306 
245 

31 
22 
33 

40 
31 

240 
10 

A. barbir081ris... •••• •• ............................................ 197 

Per eem: 
48.4 
9.0 
4.8 
2.7 

21.1 
14:7 
10.2 
29.0 
18.2 
9.1 

17.5 
32.3 
10.4 
10.0 
1.5 

I ~: =;::=::::::: ::::::::::::::::::::::::::::::::::::::::::::::l--2 .-o~-~ -1- : ·: I 
In Table V dissections are classified according to the type of 

gamete harbored by the carrier. Controlled series alone are 
included. 
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TABLI V.-C011trolled 1eries. Di8secticrtu according to gamete carriers. 

B . ten. B • terti Benign tertian I CnseeniB only. erugn IIlii emgn lUI plllll quartan 
only. pl118 ~ts. pl\111 ttEeCe~~ts. 

Speeiee of AM,Mdte. 

Dht- Poe- Di&- Poe- Di&- Poe- Die- Poe-
sectecl. itive. aeeted. itive. aeeted. ltive. aeeted. itive. 

1--------1--1--1-------- ----
P. md. P. mtt. P. md. P. MIL 

61 65.6 8 25.0 ------- ------- ----·-- -------
101 29. 'I 28 3.6 -----·- ------- ------- -------
73 11.0 ------- ------- 12 0.0 ------- -------
42 4.8 ------- ------- ------- ------- ·------ -----·-

~!: ~:! ~::~::~ ::~:::: ::::::: ::::::t::::: ~::~:~: 
160 15.6 ······- ------- --·-··- ---··-- ----·-- ----·--
11'1 16.2 81 0.0 18 33.3 ------- -------
82 0.0 ------- ------- 10 20.0 15 6, 7 

21 0.0 ••••• ,. -------------- ------- 8 12.5 
5 20.0 ------- ------- 3 0.0 _______ , ______ _ 

18 50.0 2 0,0 ------- ------- ------- -------
• 75.0 ------- ----·-- 2 50.0 ------- -------
5 100.0 ------- ------- 5 40,0 ----·-- -------

12 83.3 ••••••• ------- 2 0,0 ------- ...... . 

3 33.3 ------- -------

It will be noted in Table V that the majority of the carriers 
harbored crescents. Where two sorts of gametes occurred in 
one or more carriers in the course of a feeding experiment, there 
was in most cases doubt as to which kind of parasite infected 
the mosquitoes. However, in the case of barbirostris exposed 
to three carriers having different kinds of parasites, it seems 
clear that the mosquito found infected was infected with benign 
tertian. Well-formed sporozoites were present in the oocysts 
in the gut. Only six days intervened between exposure to the 
quartan carrier and dissection, and only four days intervened 
in the case of the crescent carrier, periods of time too short 
for the formation of sporozoites. So it is at least highly prob
able that the effective gamete was from the benign-tertian 
carrier in which the interval between feeding and dissection 
was eight days. In the case of the single positive dissection 
in sinensis the evidence is less clear, but it is highly probable 
that the single positive mosquito found was infected with sub
tertian. Only two small oocysts were found in the gut, these 
apparently not over 6 days old (measurement 22.1 and 80.6 
microns in diameter, respectively), and ten days had elapsed 
since the last exposure to a benign-tertian or to a quartan 
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carrier. The arrangement of the pigment in the oOcyst· re
sembled that of subtertian, although I have observed much 
variability in this character in undoubted subtertian ooeysts. 
The Binensis had been exposed to a relatively "potent" carrier, 
No. 1997, to be described later. It will be observed in this table 
that infections were obtained with both benign tertian and cres
cents in·ludlowi and in var. indeftnitus from brackish water. 

In Table VI all gamete carriers are classified according to 
their number and the character of ga~ete harbored. Carriers 
are arranged under three columns: Those under A were known 
to harbor viable gametes at one feeding, at least; those under 
B appeared in connection with positiYe feedings, but were never 
the sole carriers under such circumstances-they must be clas
sified as doubtful; those under C were always negative, never 
appearing in connection with a positive feeding. 

TABLE VI.-Number and character of gamete carriers. 

Type of parasite. 
A, !mown B doubt- C, nega-
to.~ poe- , ful. tive Total. 

Jtive. • 

C!'E6eents •• ------·--··----- ------------------ 19 20 18 57 
Benign tertian alone........................... 2 9 T 18 
C!'E6eenta plua benign tertian.__________________ 1 0 2 

Quartan •••• ·-·······-------·········-------- 0 1 3 ' I ... Total-------------------------------·--l--2-2-t--s-o--l·--=+-......... ~ 
~ntage of grand total •• ---~----·-·--·-····· 27.2 87.0 

29 81 
35.8 ...... _ .. ____ 

The high percentages under B and C, of Table VI, are note
worthy, since they indicate the large proportion of gamete car .. 
riers who apparently harbor nonviable gametes. 

In some cages the females were examined singly in test 
tubes after the first feeding, and those known to have taken 
blood were separated and given no further exposure to a car
rier. In other cages, and possibly the larger number, insects 
were exposed twice or more to the same or different carriers 
and the "blooded" ones were not separated. In rossi, at least, 
there was some indication of a greater mortality subsequently 
among the "blooded" females, which were taken out immediately 
after feeding. Further, examination of test cages seemed to 
indicate clearly that few, if any, of the stronger females failed 
to take blood when given two or three opportunities, especially 
if the first feeding was done a day or more after emergence. 
Apparently few, if any, of the weaker ones that failed to take 
blood under these conditions lived long enough to be dissected. 

mos o. w.-1 
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Of the dissections in the controlled series 282 known to have 
taken blood and separated after the first feeding gave 27.7 per 
cent positives. Of those not separated, but as a rule given 
repeated feedings, 451 dissections gave 26.6 per cent positive, 
a percentage little below that of those known to have taken 
blood. 

It may be of interest to know what relation, if any, the 
number of times mosquitoes are exposed to gamete carriers 
bears to the percentage infected and to the average number of 
oocysts per positive mid-gut. 

Crescent series alone give the best basis for comparison, and 
such dissections, all from the controlled series, are summarized 
in Table VII. 

TABLE VII.-Relation .of the percentage infected and the average number 
of oiicysts per mid-gut to the number of times exposed to a. crescent 
carrier, . 

Av~g~~ DiSBeeted. Positive. o6cysts pe 
mid-gut. 

· Expoeed to carrier. 

1----------------1 ---------

Percent. 

~~:~~~:~~::~~~~~~~~~~~~~~:~~~~~~~~~:~~:~:~~:~:~:::::~ :~: ~~:: I 1::: 
Three times_.------------------------------·----------- 208 18.8 21.3 
Four times •••• ----·-·----------------------·-- c _______ • 102 30.4 ~ 4. 3 
Fivetimee __________________________ .,__________________ 20 45.0 r 8.9 

I Six::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~ 9~: I ::: I~ 
. Twelve species with greatly varying susceptibility to infection 

are included in this summary, and the probable error is great; 
however, the numbers are large enough to indicate that there is 
no very marked positive correlation. of number of feedings to 
percentage infected or average number of oocysts, except that in 
the aggregate those exposed four, five, and six times show a 
higher percentage of infections than those exposed fewer times. 

There was little indication in any series of infection exper
iments of a new infection occurring in a once infected gut 
through a later feeding of the mosquito on a carrier. There 
was some variation in the size of oocysts, but such variation 
could be found in insects exposed but once. Further we note 
in Table VII that the average number ·of oocysts does not increase 
with the number of feedings.· The most probable case of a su
perimposed infection was afforded by a lot of umbrosus collected 
in the adult stage. These showed a fair percentage of specimens 
infected previous to exposure to a gamete carrier. A lot of 
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these were exposed to a crescent carder on two successive days 
and on each of the three following days to a benign-tertian 
carrier. Nine days after the first exposure they were dissected. 
The mid-gut of one specimen showed 9 oocysts not segmenting! 
and apparently about 9 days old.· Sporozoites were present in: 
the salivary glands. In the wall of the gut beside' one ofthe, 
immature oocysts, apparently mature sporozoites were found.: 
There was some evidence here of a superimposed infection o{ 
the same insect. 

Much evidence may be found in these experiments to indicate 
that the probability of infecting a mosquito depends on factors: 
other than the number of gametes present in the carrier at the: 
time of feeding. In Table VI, under A, we have 22 positive 
carriers. In fifty-eight feedings with these carriers the per-i · 
centage of crescents averaged 14.8 per hundred leucocytes. In 
the always negative carriers, column C, thirty-four feedings 
gave an average of 23.2 per· cent of crescents. However, 4 of 
these later feedings were done on insects apparently less robust,· 
since reared from larvre kept for some time in the laboratory. 
If we omit these four feedings we have an average of 15.1 per 
cent of crescents for the negative carriers, a percentage still 
slightly above that of the positive carriers. · 

This subject is approached in another way in Table VIII. 
Here dissections of the controlled lots are summarized with 
respect to the relation that the percentage infected and the 
average number of oocysts per infected mid-gut bear to the 
number of crescents present in the carriers at the times of feed
ing. Crescent percentages are arranged in groups, and as many 
dissections as could be brought into these groups are included· 
in the table. Some dissections had to be omitted, because the 
mosquitoes had been exposed to carriers of such widely varying 
percentages that they could not be brought into any group.· 
Anopheles umbrosus, barbirostris, and sinensis had many nega
tives, and these were nearly all found in two crescent groups; 
so, for the sake of comparison, a second series of columns is. 
given in which these species are omitted. 

It will be noted in Table VIII that the percentage infected 
does not increase with the increase in percentage of crescents, 
but comparing groups in which there was a fair number of 
infected specimens, we note a steady rise in the average number 
of oocysts as the gametes increase. The 75.1-100.0 group is 
scarcely comparable, since there were only two infected mos .. 
quitoes in that group. 
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TABL& VIIL-ReU&tioa of perceatage infected and average 'IUUilber of oacrstt 
per infected mid-gut to percer~tage of c-resce11t& m carrier at ti1114 of 

· feedmg. 

I AD species. A~ ....... ., Hrll\:l 
lrV, and li-.ft.t deducted. I 

Cret~tJeDts per 100 leueoeytea. 

DiaJected. Wected. Average Dissected. Infected. Averap 
o6eylrta. Gacylb. 

----------
Prrtnt. Pnellll. 

U- !.0_.. _____ -------------- 22 50.2 3.0 17 M.'l 3.0 

!.1- 10.1.-------------------- 276 22.5 6.4 219 28.3 1.4 
10.1- 25.0 ____________________ 

298 18.5 15.9 207 27.0 15.9 
16.1- 50.0 ____________________ 

91 27.5 20.8 90 28.8 20.8 
liO.l- 75.0 ____________________ 

0 8.0 0.0 0 0.0 0.0 
'15.1-100.0 ___________________ , 

161 12.i 1 &.i 16 i 12.5, 6.6 

I 
L Total_ __________________ 22.11 11.91~ 118.4 11.1 703 

A certain carrier, patient 1997, had at one time the remark~ 
ably high percentage of 161.5 crescents. Some of the higher 
percentages of No. 1997 could not be included in Table VIII, 
since this carrier was at that time associated with carriers of 
much lower percentages on the same lots of mosquitoes. Some 
features of this carrier are of especial interest, and the data are · 
given somewhat in detail. He was a Chinese, male, aged 24, and 
formerly a coolie on a rubber estate. He had been in the Fed~ 
erated Malay States about two years. He had a history of fever 
without rigor about one and on~half years previously, but had 
never before been in the hospital. When he came under our 
observation he had entered the hospital by chance and did 
not know that he had malaria. Certain data on this case are 
included in Table IX. 

This case is remarkable for the high percentage of crescents 
and for the lack of symptoms of malaria in the presence of many 
parasites, rings as well as crescents. The fever on July 1 is 
apparently the only symptom observed that can be ascribed 
to malaria. This carrier was used for many mosquitoes and 
was very "potent" in infecting them. Data cannot be given 
for all cages, since this carrier was generally used in connection 
with other carriers on the same cages. In one cage he was the 
sole carrier. This cage gave: Anopheles karwari, 6 positive of 
7 dissected; maculatus, 1 positive, 1 dissected; and fuliginosus, 
1 dissected, negative. There were four exposures to the carrier, 
although some mosquitoes were introduced into the cage after 
the first and second exposures. Gametes ranged from 161.4 per 
cent to 57.7 per cent. The one successful infection of s-inensis, 
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if from a cresent carrier (see under Table V), was from this 
carrier when gametes were 13.6 per cent. Table IX shows 
the gradual decrease of spleen and crescents under quinine 
treatment. 

TABLE IX.-Certain data on crescent carrier 199'1. 

Cri!IICI!nts 
per 100. Subtertian rings per Tempel'- Remarks. 

, Date. leuco- 100 leucocytea. ature. 

, ____ Cf'e&. -------1---11-----------1 
June 24 98.'1 PreaenL---------- ---·-··--
June 25 11'1.1 ••••• do ••••••••••••• ---------

June 26 147.6 -------------------- ---------
June 29 --------- -------------------- 100.8 Spleen enlarged, 
June 80 161.4 About 100.......... 100.4 Entered our nrd. 
July 1 65.8 About200.......... 108.4 QuillineSOgraina. Spleentoumbilieus. 
July 2 80.2 About 85........... 99.2 QuiDine 80 I!J'I.iDII and tratment eoatin-

ued on aubtlequent da;p. 
July 3 57. '1 Few if any__________ 100.0 

July 4 ---·----- -------------------- normal 
July 5 ----·---- -------------------- --------- Spleen, handsbreadth. Given thymol 

July '1 
July 8 
July 9 
July 10 
July 11 
July 12 
July 13 
July 14 
July 15 
July 16 
July 17 
July 18 

23.2 ------------------- ---------
18.0 -------------------- ---------
13.6 -------------------- ---------

for hookworm. 

9.3 -------------------- ----·---- Spleen two and a half fiagerabreadtb. 

4.8 -------------------- ---------
4.4 -------------------- ---------
4.1 -------------------- ---------
8.2 -------------------- ---------
1.1 -------------------- ---------
1.4 --------·----------- --·-·---· Spleen 011e fingerabreadtb. 

0.8 -------------------- ---------
0.9 -------------------- ---------

July 20 0.4 ------···----------- ----·---· Spleen just palpable. 

July 21 0.2 -------------------- --------- _j 
July 22 0.0 -·---·-------------- --·------
July 23 0.3 -------------------- ---------
July 24 0.1 --·--·4··----------- --------- Diaebarged. 
~__,___ 

The relation of the viability of gametes to their number in 
the blood of the patient is of interest on purely scientific as well 
as on epidemiological grounds, and the data of experiments with 
several crescent carriers will be given in more detail. Tables 
X and XI contain the data of three carriers on whom a consid
erable number of cages of mosquitoes were fed. In Sin Tee, 
Table X, mosquitoes known to have taken blood were not sepa
rated, but two or more feedings were done on the same lot.· In 
Plantation No. 1, Table X, "blooded" females only were in
cluded in all species, and there was but one exposure to the 
carrier. · 



TABLE X.-Comparison of C1'escsnt earriers Sin Tee and Plantation No.1. 

Date. 

November 1, 2, 8 •---------------
November 8, 4, 5 •• --------------
November 6, 6, 7 ................ 
November 6, 6, 7 ................ 
November 7, 8 ................... 

Firot 
feeding. 

Psr cent. 
20.7 
4.4 
3.6 
8.6 
1.1 

Date. A. barbiroslria 

CARRIER SIN TEE. 

Creacent. 

Second 
feeding. 

Third 
feeding. 

A. ludlotoi. A. rosal V81'. indejinihta, 
. brackish water. 

Parasite& In gut. Average Parllllitea In gut. Average 

A. umb,.,.ua, · 
(parllllitea in iUt), 

l----.,-----1°1l~=J:• 0~~~er DiYected. Pordtive. 
Dissected. P011itlve. gut. DiYected. Positive. gut. 

------------- -------------r--------1---·----·r-------
Pe~cml. P•rcsnl. PBcsnl. 

8.1 6.2 
4.9 8.5 
2.2 1.1 

10 90.0 89.6 
6 100.0 24.8 
6 83.8 1!.8 

-----FiT-----;;~;------·;::;;·------;~;- -----;;:;;·-
---------- ---------- ---------- b 11 0. 0 

2.2 1.1 '2 0.0 0.0 
0,8 ---------- 3 83.8 1.0 

Parasite& in gut. 

A. Ttoc1r.i A. ainmriB. A. aconittu. A. macufalua. A. kartDari. 

Dissected. Positive. Dissected. Positive. Dissected. Positive. Dissected. Positive. DiYected. Positive. Diesected. Poaitlve. 

PsrcenL Percent. Psrcsnl. Psrcsnl. p.,.., ... ~. p.,..,...,, 
November 1, 2, 8 • ..... -------------------- .......... ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
November 8, 4, 6 ...... -------------------- b 1 •lOU.O ---------- ---------- ---------- ---------- ---------- .. , ............ · .............. . 

November&, 6, 7...... 6 0.0 •1 I 0.0 ----------~---------- -~--------~---------- ----------~---------- ----------~----------
1 ~ovember &, 6, 7 ................ ---------- .............................. ---------- ---------- ---------- -------·-- ----------~---------- ----------1 
~mber 7, 8........ 5 o.o -------------------------------------------------- ---------·r·-------- ---------- ---------- --·==J 



CARRIER PLANTATION No. 1. 

Date. 

December 6--------------------
December 7.-------------------
December 8--------------------
December "--------------------
December 10-------------------
Deeember 11-------------------
December 12-------------------
December 13-------------------
December 14---------~---~-----
December 16---------"·--------
December 18--------------------

Firat 
feeding. 

Percent 
19.2 
12.8 
8.0 
8.0 
7.8 
7.8 
4.9 
4.1 
5.9 
2.8 
8.5 

Crescent. 

Per e~nt. Psr cent. 

·• Mornina feedin~ othera evening. 

A. ludlotoi. 

Paraaitea in gut. 

Diasected. Positive. 

Percent 
11 46.5 
1 100.0 
8 83.8 
8 100.0 
8 88.8 
5 0.0 

1 0.0 

40.0 
19.0 
1.8 
6.0 
0.0 

0.0 

A. rm!ai var. i"""finihta, 
brackioh water. 

7 
6 

18 
11 
18 
16 

d29 
11 
14 
33 

71.4 
60.0 
6.6 

27.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

8.6 
10.0 
16.7 
8.0 
1.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

I> lmagoea caught fully developed. AU othera were bred from larvm or pupe In the laboratory. 
• One o8e:rat In gut. 
d One out of 20 imatroee causht tullY developed. 

A.umbr~ 
(parasitee ~~ 

Positive. 

Psrcent. _______ .. __ 
--·-------

b7 0.0 
b2 0.0 

---------- ----------
---------- -·--------

b6 0.0 
b4 0.0 
b2 0.0 

.• I 0.0 
b12 0.0 
b1 0.0 

t:i 



TABLE X.-Compllriaon of crescent carriers Sin Tee llnd Plllntlltion No. 1-Continueci. 

CARRIER PLANTATION No. t-contlnued. 

Date. l---A_._&_o_~~u-~_hi __ •_·_·l------A_._·~N-M __ • _____ I----A--.ri~ftHM---U-·----I-----A-._o~~--~-_,_, ____ 
1 
____ A_._m_~~-~-ua __ • ___ r __ --A_._·~orwori. 

Paruiteeln IUt. ~ 

I---------+Dlue--ated.- _P_oaltl_..,._· . D_l_•_llCI>ed __ · _P_oel_tl_ve._ Dluected. Poaltlve. D_luected __ • _P_oel_tt_ve_. D---~_. _P_oel_tl_ve_. ~ ~ 

h~ h~ h~ h~ h~ h~ 

Deeomber 8 .•..•••••..•••••.•••••••••••••.••••••••••••••••••• -········- --········ ···-······ •••••••••• •••••••••• •••••••••• ••••••••·• •••••••••· 
December 7........... 7 0.0: •1 0.0 •••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••• -········· 
December 8........... 8 0.0 · • 8 b88.8 •••••••••••••••••••••••••••••••••••••••••••••••••..••••••••••••••••••••••••••••• 
December 9........... 20 · 0.0 ••••••••• ~ •••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••. -········- •••••••••••••••••••• 
December 10 ·-------- •••••••••••••••.••••••••••••••.••••••••••••••••••••••••••••• -········· -········· ------···- --·-······ ---------- ·········-
December 11.......... 1 0,0 •••••••••••••••••••• --~------- •••••••••••••••••••••••••••••••••••••••.••••••••••.••••••••• -----····· 
December 11.......... 8 0.0 •••••••••• •••••••••• •••••••••. •••••••••• 1 O.fl ••••••••••.•••••••••••••••••••.••••••••• 
December 18.......... 7 0.0 ---------- •••••••••• •••••••••• •••••••••. 1 0.0 I 0.0 •••••••••••••••••••• 
December u, __________ -------------------- •1 I 0.0 I 1 0.0 ----------~---------- II 0.0 1 0.0 I ~:::~: ~::::::::::: --------~- ------~~~- :::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::: :::::::::: --------~- -----~~~--

• lmll80ea cau11ht fully developed. All other~ ,...re bred from larv• or pup• In the laboratory. ' 
" Four ollcy1te tn liUt. 
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It will be noted in Table X that carrier Sin Tee was capable 
of infecting mosquitoes even after the percentage of crescents 
had fallen to 1.1, while carrier Plantation No. 1 apparently ran 
out of viable gametes and failed to infect even when the per
centage of crescents was as high as 7.8 and a fair number of 
mosquitoes of susceptible species were exposed, all known to 
have taken blood. Plantation No. 1 was probably getting more 
quinine than Sin Tee, but as numerous experiments have shown, 
quinine apparently has little effect on gametes further than to 
increase the rate of their disappearance. 

Table XI includes similar data of another crescent carrier, 
patient 537. Here only one species was exposed to the carrier, 
A. rossi type Giles "probable" (see discussion preceding Table 
II). In part of the cages only "blooded" females, separated 
after one feeding, are included. Other cages were exposed twice 
on succeeding days, and the females known to have taken blood 
were not segregated. The number of "blooded" mosquitoes 
surviving to be dissected appears in the last column of the table, 
data worthy of note but of little value for comparison, since the 
time intervening between feeding and dissection varied from 
three to thirty days. 

TABLE XI.-Gamete carrier 587. AU A. rossi. 

Pttrcmst. PttrMII. 
Febl'll&rY 26 •• ·----- 29.9 11 AU ••••••• '76 22 18.1 4.8 
Febl'll&rY 26 and 27 •• 35.2 2 -----·· ,. __ --------- 26 38.5 31.5 
Febl'll&rY 27 •••••••• 35.2 1 AJL_ ____ 31 • 0.0 o.o 
Febl'll&rY 27 and 28 •• 27.7 2 __ ...... _,., ____ .. -... -... -- ...... 3 33.3 50.0 
Febl'll&rY 28 ••• ----- 27.7 1 AJL_ ____ 

20 2 0.0 0.0 
Febl'll&rY 28 and 29 •• 22.8 2 ... _ ...................... ................... 12 50.0 10.0+ 
March 2---·--····- 10.8 1 

AU_ _____ 
27 ' 25.0 2.0 

March 3--------··- 9.6 1 ••• do. •••• 7 2 0.0 0.0 
March 8 and'------~ 5.1 21---------- --------- ~: I 100.0 I 1.0 
March • and 5 ______ 1.7 2 -----·----1--------- 69.1 a.o 

It will be noted in Table XI that carrier 537 also retained 
viable gametes until the percentage of crescents had dropped to 
5.1 and, at the second feeding, to 1.7. In both Table X and 
Table XI it will be noted that there was a tendency to 
decrease the average number of oocysts as the percentage of 
gametes decreased, but there was no corresponding decrease 
in the percentage of mosquitoes infected. It will be also noted 
in both tables that the percentage of positives among mosquitoes 
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known to have taken blood is little greater than that of those 
exposed two or three times without segregation of those known 
to have taken blood. 

The explanation of the great variability in the infectivity of 
gamete carriers independently of the percentage of gametes in 
the blood is not apparent. Dr. S. T. Darling has suggested 
that it is due to a disparity in numbers of the sexes of gametes. 
It may be also conceived that in the presence of a sufficient 
·number of both sexes there is in gametes some biological factor, 
not apparent morphologically, which determines their fertility. 
Possibly gametes originating in the same oocysts, or it may 
be in the same mid-gut, are less mutually fertile than gametes 
from more· widely differing sources. Analogies will be found 
in other organisms. Further data will be necessary for the 
explanation of this problem. 
. In Table X may be noted the failure of umbrosus collected in 
the imago stage to become infected. Further data on the 
relation of the source of mosquitoes to their susceptibility to 
experimental infection with malarial parasites are included in 
·Table XII, where the percentages infected and the average 
number of oocysts per infected gut are compared with respect 
to the source of the insects used. Only controlled series and 
only the four species of which material was taken in the adult 
stage are included in the table. 

TABLE XII.-Certain species compared as to the susceptibility of material 
from different sources. 

I I M05<tuitoes collected in Mosquitoes collected --:=J 
1mago stage. Jarne or pupre. 

Species of Anopluler. 
Dill- Positive. Average Dill- Positive. Average 

seeted. olicysts. seeted. oil cysts. 

------------
Percem. Percem. 

A. umbr08118 ••••••••••• -------- 100 6.0 4.5 43 44.2 33 
A. rossi var. ind6finiiUII, brackish 

water ____ .-----------·--·· •• 12 8.8 8.0 117 15.6 12.3 
A.ludlowi _____________________ 

2 0.0 0,0 67 62.7 19.0 

A.l:ochi-.--~----------------- 15 26.7 •16.5 5 100.0 

·~ Total. •• ________ •• _ •• --. 129 8.5 9.2 232 41.4 14.6 

a Entl'l" recorded aa "vezy many." Here reckoned aa 50 oiicystr, 

It is seen in Table XII that mosquitoes collected in the adult 
stage show in every species a lower percentage of infection, 

· and in the total and every species but one a lower average 
number of oocysts per infected gut than mosquitoes collected 
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as larvre or pupre and subsequently bred out in. the laboratory. 
:Mosquitoes collected as adults are apparently less avid of blood 
than those from the other source, but this cannot wholly explain 
the difference in infectivity. In some lots insects taken in the 
imago stage were known to have taken blood, and but a small 
proportion became infected. A record was kept of some series 
of insects caught in the imago stage, with regard to the pro.. 
portion taking blood at one exposure. In 5 lots of umbrosus, 
44 out of 87 once exposed took blood; in rossi var. indefinitus, 
brackish water, 15 out of 20; in kochi, 7. out of 8. As a. routine, 
material taken as adults was kept one or two days before 
exposure to a carrier, in order that they might have time to 
digest the blood already present in the gut. They were then, 
as a rule, exposed several times; it is probable that the majority 
of them took blood on repeated exposures. Whatever the 
explanation, there is evidence that such insects are less sus-
ceptible to infection, and they certainly afford less favorable 
material for infection experiments. 

The periods of time intervening between exposure to gamete 
carriers and dissection are summarized in Table XIII. Only 
controlled series are included. Since the same cage was some
times exposed on several succeeding· days, the day groups are 
made large,. so as to include as large a proportion as possible 
of the dissections. In lots exposed to carriers on a series of 
days one cannot, of course, determine exactly the period inter
vening between actual infection and 'dissection. 

I 

TABLE XIII.-Periods intervening between feeding and di8sectifm. 

Days. 

Three to aiL •••••••••••••••• -·----~-------------------------··---
Seven to lline.----------·--······· ·-····------------·-----------.. 
Ten to fifteen ••• ---·----------------------------------------------Fifteen and one-half to twenty _____________________________________ _ 

Twenty-«~e to twenty-eight and one-half-·---··----------------------

Total_ ••• ---•• ~----•• ---------••••••••••• --------•• -------. 

Dislleeted. 

258 
1M 
251 
81 

13 

143 

Pnunt. 
27.9 
23.9 
33.1 
19.5 
30.8 

29.11 

Specimens were often dissected in the earlier day periods in 
order to determine the percentage of gut infections. Where 
there was evidence of infection in a cage, further dissections 
were often postponed to a time when sporozoites might be 
found. This explains the relative fewness of dissection in the 
7- to 9-day group as compared with the 3- to 6- and 10- to 
15-day groups. 



In Table XIV dissections at later periods of 101 mosquitoes 
are compared with respect to different stages of development 
of the parasites. Only positive specimens are included, and in 
nearly all cases at least ten days had intervened between feeding 
and dissection. In cases where cages had been exposed two 
or more times, the time in days is given as definitely as possible. 
For example, the entry "11-11.5" means that the mosquitoes 
were fed on the carrier on the evening of one day and again on 
the morning of the next, and that 11-11.5 days intervened be
tween those dates and dissection. All positive cases of all 
species dissected ten or more days after feeding are included 
in this table. 

In Table XIV we note that the first appearance of sporozoites 
in the gut was eight days after feeding. The species was rossi, 
and it had been given one feeding on a crescent carrier. The 8-
to 12-day sporozoites in the gut of lu.dlowi was probably benign 
tertian, and the 4.. to 8-day sporozoites in the gut of barbirostris 
probably benign tertian as well (see under Table V). The first 
appearance of sporozoites in the salivary glands, twelve to 
twelve and one-half days, was in a group of rossi infected by 
a crescent carrier (No. 537, Table XI). The 12- to 16-day ap
pearance of sporozoites in karwari followed feeding with crescent 
carrier 1997 (Table IX). In the case in which sporozoites were 
found in the salivary glands twenty-five to twenty-five and one
half days after fee<Ung (twenty-five days after the last feeding, 
crescent carrier 537), sporozoites were found in the salivary 
glands of another specimen of the same feeding that was dis
sected nine days previously. In another lot fed on the same 
crescent carrier eleven days intervened between the first and 
the last finding of sporozoites in the salivary glands. We have 
here some data as to the length of time sporozoites may remain 
in the salivary glands. 

We note in this table the large proportion of dissections, many 
· of them long after the time of infection, in which only degenerate 
or much retarded oocysts were found. In practically all such 
cases the salivary glands were examined and were always found 
negative. The evidence for abnormality in these oocysts is based 
not only on retardation of growth, but also on their appearance. 
Abnormal vacuolization and watery or coarsely granular pro
toplasm were sometimes seen, and in some cases the oocyst 
not only remained small after a long period, but also gave the 
impression of an encysted body. In only one or two cases were 
the oocysts themselves parasitized by "black spores" or by some 
similar organism. 



29 

TABLE XIV.-Later stages of development of parasites. Dissectio'!l-8 
according to days after feeding. 

Oi!ryate only. SporoiiOite& ~~ 

Interval Large, ap- ~egmel!t- n:=~~ 
a!f:!lr &Jarently lng or m much re-

[eedmg. u.oseg. prezOO: tarded 
d. IJIOl'8llgJ• N • 

mente nal stage 0 ~po-

In llllli· .. Total ~ I 
In tut vary dilsected. 
only. glands. 

A. roeli, type Gilee, and 
A. indtfiniiMt miJ:ed; 
mostly type Giii!IL 

D•rs. 
f 8 
I 10 
'to-ll 

I 11 
11-11.5 

12 
12-12.6 
12-13 

13 
13-13.5 
13.5-U 

14 
14-14.5 

15 

15-15.5 
16 

• rozo1tes. 

1 ---------
1 ---------

1 ·••••••· 

2 --------

1 -------- --------
2 --------

1 I 

1 -------- --------

2 
1 

1 

2 --------
2 -------- --------

1 --------
--------- --------- 1 -------- --------
--------- --------- 2 -------- --------
--------- --·------ --------- 1 --------

1 
1 

' B 
2 
1 
6· 
1 
l 

' 3 
2 

• 1 
2 
1 

16-16.5 --------- --------- 2 1 3 8 

17 --------- . ..,....... • 1 ~--------~-------- 1 
17-11.5 --------- --------- 2 -------- 1 3 
18-18.5 --------- --------- --------- -------- 1 1 
19-19.5 

20 
2HO.Ii 

21-21.5 --------- ---------

a 
1 -------- --------

22 --------- --------- l -------- --------
23-23.5 --------· --··---·- 1 -------- 2 
25-25.6 --------- --------- --------- --------
-28-28.6 --------- --------- 1 -------- --------

Type Giles, ''known"---~~!=~: ~~~~~::~:: ::::::::: -------i. ~ ~::::::: 
14-1'1 ......... ......... II 

15-16 ---·------ --------- 2 1 
A. illde.finilut, "known". 13-14 .................. ---"----- 1 ...... .. 

I 11 1 ---------A. roui, aaltwater, prob- I 13 2 2 
ably in.Uji11ilus. 14 ......... -----·---

1 -------- --------
2 1 --------
'2 -------- --------

A. llullowL ......... .. 

8-12 
11 
18 

u 

--------- --------- 1 -------- --------
--------- --------- 1 -------- --------

1 1 --------- --------
1 --------- -------- 2 

15 --------- --------- -------- --------

A. ~~-L•A•u• Cl-11 1 •••--·••• ............... . 

1
4- 8 --------- --------- --------- 2 --------

. ....,. ___ -----~---- 9-lZ 1 ................................. . 

11-14 ll --------- --------- -------- --------
A ka • { t-18 2 --------- --------- -------- --------
•. ru·an ............. 12-16 .................. --------- ........ 2 

A. !ICirbiroetril.......... 4- 9 .................. --------- 1 

2 

1 
1 

l 
a 
1 
1 
1 
3 
I 

• 1 
.2 
7 
2 
1 
1 
5 

' 1 

2 

3 
2 

2 
1 ··-··--·mnm ..... .. .... m--------rmm- -m-m , 

A./lllillill-.......... lG-13 ......... --------- ......... 1 1 

Total.................... 17 li 36 --2-1+--2-2+-1-0-1-1 
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In the varieties of rossi, especially, the proportion of these 
abnormal oocysts is large, even in cases dissected sixteen or 
more days after feeding. Even -if we do not regard these 
oi)cysts as degenerate, but merely much retarded in growth, the 
occurrence of so large a proportion of them must affect the 
species as ·a carrier of Malaria, since the delay in formation 
of sP<>rozoites would materially decrease the proportion of in
fected mosquitoes surviving to transmit infection. In all 
varieties of rossi, 34 mosquitoes exhibiting only abnormal 
oocysts were found, while cases that showed sporozoites in 
either gut or salivary glands totaled only 33. The temperature 
prevailing during these experiments was high and so nearly 
uniform that differences in the rate of development of malarial 
parasites could be hardly ascribed to variations in temperature. 

MOSQUITOES INFECTED IN NATURE 

In Table XV are summarized by species the results of dissec
tions of mosquitoes caught in the adult stage. None of these 
were subsequently exposed to a carrier except in the case of a 
lot of 14 umbrosus, of which three had sporozoites in the sali
vary glands. These fourteen were caught in the hospital of a 
certain rubber estate and later exposed to a carrier. They were 
dissected five to eight days after feeding, and three had sporo
zoites in the salivary glands. Since it is highly improbable that 
sporozoites could be formed in the salivary glands within eight 
days, it seems fair to reckon these three with the naturally in
fected lot Other specimens of umbrosus caught at the same . 
time and place and not subsequently exposed to a carrier showed 
sporozoites in the salivary glands. 

It has seemed worth while in the table to classify the dissec
tions of the different species according to the locality in which 

·the mosquitoes were taken. In all cases the mosquitoes were 
caught in places where gamete carriers might be expected, but 
the degree of probability of infection varied greatly in the dif
ferent localities. The probability was the least in "houses near 
the coast," although two positive umbrosus were found there at 
different times (at Port Swettenham). The "plantation coolia 
lines" were in all cases highly infected with malaria. In "hos
pitals" most of the collectiqns were made in the malaria ward of 
a large hospital, where many cases of malaria were admitted, 
or in the hospital of a highly infected plantation. 
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The degree of development of ova is noted in the table, since 
this gives some indication of the age of the insect and, conse. 
quently, of the probability of its having had time to become 
infected. A large proportion of the insects was found lurking 
in buildings in the daytime, but some specimens wer~ taken 
by lamplight. The latter are indicated in the footnotes. Such 
insects in this series showed little development of ova, the wings 
were little frayed, and the indications were that most of these 
had freshly emerged and were, therefore, less likely to be found 
infected. 

It will be observed in Table XV that sporozoites in the salivary 
glands were found only in specimens of A. umbrosus and ludlowi. 
In some specimens of A. umbrosus the sporozoites appeared 
abnormally thick and short, but in other specimens they were 
apparently normal. In the positive specimens of ludlowi, spo:.. 
rozoites, wholly normal in appearance and staining, were found 
in large numbers in the salivary glands, and besides, four large 
pigmented oocysts appeared in the mid-gut. The single posi· 
tive specimens of maculatus had two pigmented oocysts ap
parently about 6 days old. Of the total 667 dissections of 
the mid-gut, oocysts were found in 3, or 0.4 per cent; in 508 
dissections of the salivary glands 7, or 1.4 per cent, were pos
itive for sporozoites. In 167, chiefly A. umbrosus, the mid-gut 
alone was examined. In a few cases the gut showed no trace 
of infection, but sporozoites were found in the salivary glands. 
It is evidently best to examine both gut and salivary glands_ 
if one is to ascertain the total number of positives in naturally 
infected mosquitoes. · 

It will be noted that all of the specimens of A. karwari, macu
latus, and tessellatus and a large proportion of the specimen~ 
of aconitus, sinensis, and fuliginosus were taken at night. As 
stated in the introduction to Table XV, such material apparently 
includes a larger proportion of recently emerged insects than 
does material collected in houses by day. The one positive spec
imen caught by lamplight, maculatus, had· immature oocysts 
only. : 

In the collections in which at least one infected mosquito was 
found at the same time and place we have the best basis for 
comparison of the amount of infection in different species. In 
this series the numbers taken under such circumstances are too 
small to afford a sound comparison, but the results may be 
given for what they are worth. 



TABLII XV.-Dilseotiona of Anol)kele• c~J.ugkt. Admt ettJge, 

Type of locality. 

{

Hou- near ooaat ••••••••••••• 
A: ladfotri ••••••••••••• Plantation ••• ~·······--···--·· 

TotaL ••••••••••••••••• 

H~ near coaat ••••••••••••• 
Ho-lnland ••••••••••••••••• 
PlaDt&tloa coolie lloee ......... . 

A. rani, all f;Jp& •••• • • Ho.pltala ••••••••••••••••••••• 
Cow atable •••••••••••••••••• ·• 

Total. ............... .. 

Plutation coollel!nee.. ........ . 

DfuectiOD of-. 

Mld"l'lt• SaUwr;v 11laau. 

Total gut or nllval')' 
lllllndL Ova. .. 

I 
Houoea near coaat ............ . 

A. umbro.u•-~. ........ Ho.pital._ .................... l----l----··----·l----·l----·l----·:-----!----·:----1 
Total .................. =!!.,. -=-=!..' ,_,....!!!.. -=,....! 2!,. =,.,.!. ....,....,!.,!-=-•,!. -~ 

l
Ho-lnland................. 8 0 2 0 .......... .......... 1 ° 1 I 

.. _ ............... :;:;.::.:.~~:::::::::: :: : :: = ::::::::r:::::::: .: ' : ·:: 
A. kMW&ri ............. ::~:i~~~~~~~~~~~~~~l :: : : : ----·--::· -----·-·:·1 1; I ! !I . :! I 
A. ,_,.,..,"•········--· ••••• do ....................... ~ 1 =.!!: -==..!, -===-~ ~ -=-=,.! _.,!. __:;!_ 



1 :I 10 10 
6 0 6 

r 
Houa. inland----------------
Plantation eoolie lin .. ________ _ 

A. •'-"-··-------·-- i Hospitala.................... 0 --------·- ..•..••••. 

0 ·-·---·-·· ---------· 
0 

0 0 
0 0 •9 
2 0 ' 6 0 6 

22 0 22 
[ Steble.-----·---------------~----1---:-+---+---0-i-.. _._-·----------1-·-------------:-·--~l----:·----l-----l 

Total................. 0 22 0 

2 1 2 

6 1 15 
=--= == =--= == ======= = 

11 0 ---------- ---------- 2 1 8 

2 0 ---------- ---------- 0 0 •2 

0 0 

2 0 0 
0 0 d4 

0 -···---··· ---------- 0 0 2 
0 1 0 0 

1 0 2 
2 0 0 

== === 
508 l'f 667 197 71 273 L Grand total ___________ _ 

. ----~------~--~~~~-~~--~~--L-~ 
• Sporozoite& thick and blunt in both. 
• Sporozoite& thick in one of 4. 
• Night collection. 
• One-half of night oollection. 

• Equals 0.4 per cent. 
r Equala 1.4 per cent. 
I Equala 1.2 pel' cent. 

eo w 
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TABLE XVI.-Positive and negative Anopheles in four coUecti.tm . .s. 

Col· 
leetion 

No. 
P011itive. Negative. 

1 4 A. umbrllllll8---------------------- 46 A. umbr011118. 
A. umbroSUI ••••••••••••••••••••••• 7 A. umbr011111, 1 A. roaai, 1 A. 

A. maeulalus. ·--- ----------.------ 2 A. barbiroslril, 1 A. • .riM!IN, 1 .ll .. ll!lllf11Jal,fls. 

A.iudlotDL ••••••••••••••••••••••• 2 A.ludlotri, 2 A. 11mbr011118, 5 A. roaai. 

Of the 8 positives of different species ova were well developed 
in 5. In nearly every case where a positive was obtained the 
average percentage of well-developed ova in both positive and 
negative dissections was high. 

SUMMARY RY SPECIES 

Anopheles ludlowi.-Much evidence has been adduced by 
Christophers and others that indicates that ludlowi is an im
portant carrier of malaria in certain coast regions. The high 
percentage of infections with ready formation of sporozoites 
observed in the experimental series described in this paper, as 
well as the finding of a naturally infected specimen with sporo
zoites in the salivary glands, would go to confirm the evidence 
already obtained regarding the dangerous character of this 
species. 

Anopheles rossi.-The comparatively high percentage of in
fections observed by me in the brackish water type of var. 
indefinitus would bring this form under suspicion, although spo
rozoites are apparently not readily formed. Epidemiological 
evidence in the coast regions of the Federated Malay States is 
at fault, since this type of rossi is there so commonly associated 
with ludlowi and umbrosus, both known carriers. 

The var. indefinitus collected in fresh water shows a low degree 
of susceptibility to experimental infection and but little tendency 
to formation of sporozoites. Neither experimental nor epide
miological evidence indicates that this species is an important 
carrier. 

Anopheles rossi type Giles of Malaya shows a comparatively 
high percentage of infections in laboratory experiments, and 
sporozoites are readily formed. Further, as shown in the second 
part of this paper, this type is capable of infecting man under 
experimental conditions. Epidemiological evidence from other 
countries, India in particular, indicates that A. rossi Giles is 
rarely, if ever, a transmitter of malaria. But, as stated in the 
earlier part of this paper, there is some evidence that type Giles 
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of Malaya may differ, biologically at least, fro~ A. rossi Giles of 
India. Certainly the local type is easily infected experimen
tally, while the Indian type is reported to be rather refrac~ry. 

. It is difficult to get satisfactory epidemiological evidence in 
Malaya in regard to type Giles, since it is there commonly 
associated with fuliginosus, aconitus, and other potential carriers. 
In one or two instances I have found the larva of type Giles 
in the same part of a lake in which maculatus and karwari were 
found. The immediate vicinity of a certain extensive breeding 
place of type Giles near Kuala Lumpur was not particularly 
malarious, but the people in the vicinity, chiefly Chinese, were 
in the habit of protecting themselves by means of bed nets. 
In another group of houses half a kilometer away and situated 
near a breeding place of maculatus the people protected them
selves in a similar way and were comparatively free from ma
laria. In both cases the population was relatively stable, and 
possibly the introduction of a susceptible and less well-protected 
group of people into either place might be followed by an out
break of malaria. Type Giles showed a marked avidity for 
blood in feeding experiments, and it is known to frequent dwell
ings. These characteristics, taken in connection wi~h the exper
imental evidence, would bring this type under suspicion. 

Anopheles umbrosus.-The evidence obtained in these experi
ments, both in regard to the artificially and the naturally infected 
insects, would confirm Watson's conclusion that A. umbrosus is 
an important carrier in Malaya. The susceptibility of this 
species under experimental conditions is relatively low, but it 
may breed in immense numbers, and evidence from laboratory 
experiments as well as from the condition of adults caught in 
nature indicates that it is a relatively long-lived species. No 
exact experiments were made as to its power of flight, but 
adults were often found in considerable numbers at some dis
tance from breeding places, so that it is probable that umbrosus 
is a strong flier. 

Anopheles aconitus.-Stanton and James have recorded nat
ural and artificial infection of this species. There were but 
few numbers in my experimental series, but the percentage 
of infections was high, and sporozoites occurred in the salivary 
glands. This species is often found in houses and readily takes 
blood. It may be found at considerable distances from its 
breeding places, and although a small mosquito is apparently 
capable of long flight. The evidence goes far to incriminate 
this species. 
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Anopheles kochi.-No special study was made of this species, 
and only such specimens as happened to be collected with other 
species were exposed to gamete carriers. A high percentage of 
gut infections was obtained, but none were dissected late enough 
to observe any formation of sporozoites. 

Anopheles fuliginosus.-Stanton reports both natural and ex
perimental infection of this species in specimens collected in 
Malaya. The numbers in my experiments were small, but in 
the experimental series one third of the specimens dissected 
was infected. Sporozoites were found in the gut only. 

Anopheles maculatus.-In my series this species was largely 
used as a control of the susceptibility of other species, and 
I dissected none late enough to obtain sporozoites. The one 
gut-infected specimen found in nature has been mentioned in 
connection with Table XV. However, the works of Watson, 
Stanton, Strickland, and others have established the fact that 
this species is one of the most important carriers in Malaya. 

Anopheles karwari.-The experiments in this series indicate 
that this species is highly susceptible to infection under experi
mental conditions. The percentage of gut infections was high, 
and sporozoites were formed in the salivary glands. None were 
found infected in nature, but nearly all of the specimens dis
sected had probably recently emerged. It is difficult to get 
1tatisfactory epidemiological evidence, since this species is so 
commonly associated with maculatus. 

Anopheles barbirostris and sinensis.-Both are certainly little 
susceptible to infection experimentally. Only three infected 
insects were obtained in a large series of barbirostris, and only 
one was obtained in sinensis. Stanton has found zygotes in 
sinensis in nature. In view of the facts that these species may 
be infected with malaria, that they occur in large numbers, and 
that they readily visit houses and take blood from man, they 
cannot be wholly acquitted of carrying malaria, but the low 
percentage of infection and the epidemiological evidence indicate 
that neither species is an important carrier in Malaya. 

Anopheles hunteri.-The number included in my experimental 
series is too small to show anything further than that this 
species may be infected. 

In regard to the commoner jungle species of Malaya I have 
obtained no results on aitkeni further than to prove that it will 
take blood when exposed to a carrier. Of those taking blood, 
the single one that lived long enough to be dissected was neg
ative, but the larvre had been long kept in the laboratory before 
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they emerged, and maculatus controls bred under the Same COD• 

· ditions were also negative. Anopheles tessellatus was found 
abundantly on one occasion, both in jungle and in pools more 
or less exposed to the sun, but there was no opportunity of 
testing them on a carrier at that time. Of a small lot of larvre 
obtained later, only two adult females were obtained, and both 
failed to take blood. 

In summary, laboratory experiments can only prove the sus
ceptibility of a species of mosquito to malaria under more or 
less artificial conditions and, in a large series, the approximate 
degree of susceptibility. However, judging from the agreement 
of laboratory experiments with other evidence in the case of 
known carriers, it may be concluded that a high percentage of 
infections experimentally with the formation of sporozoites in 
the salivary glands furnishes strong presumptive evidence 
against a given species. The evidence adduced in connection 
with A. rossi (Table XIV) makes it probable that some species 
of Anopheles may be readily infected with malaria parasites, 
but offer comparatively unfavorable conditions for their devel
opment. On the whole, the experiments included in this paper 
make it doubtful whether any common species of Anopheles in 
Malaya, with the possible exception of two or three jungle 
forms, is immune to infection and can be wholly acquitted of 
carrying malaria under certain conditions. 

TECHNIC 

No attempt is here made to describe the entire technic em
ployed in this work, but it may be worth while to mention a 
few modifications of the usual technic that have proved es
pecially serviceable. 

Where many larvre have to be examined, I have found a spe. 
cial kind of slide very convenient. Four small pieces of cork 
or thick cover glass are cemented to an ordinary slide in such 
a position as to support a cover glass, say !-inch square, at 
the corners. These cork supports are made of such a height 
that a larva placed under the cover is held, but not crushed. 
As larvre vary somewhat in size, it is well to have two or three 
sorts of slides at hand. These are best made in duplicate, in 
order that one may examine one or two larvre on one slide, while 
an assistant is placing other larvre on a second. It is convenient 
to have a cover glass that projects a little over the slide, so 
that it is easily caught in the fingers in transferring it to another 
slide. I have examined many hundreds of larvre in this way, 
and I find that one can work very rapidly by this method 
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and, judging from the subsequent development of the larvre, 
with no injury to the insect. The cover glass makes the use 
of higher powers convenient, and the details of the larvre are 
more clearly seen than when examined without a cover. 

In many of these experiments I have used as mosquito cages 
lantern chimneys as described by Darling. For the greater part, 
however, I have used the common wooden sieves sold for a few 
cents each in eastern markets. These were used at the sugges
tion of Dr. H. P. Hacker, and I have developed the idea and 
have found these sieves a most useful sort of cage. A hole about 
one inch in diameter is cut in the middle of the wooden side, and 
a piece of mosquito netting is tied over the open end of the 
sieve. When it is desired to introduce into the cage mosquitoes 
as they are bred out, larvre or pupre are placed in a wide-mouthed 
glass jar, over which a piece of mosquito netting or cloth is 
tied. A hole is cut in the middle of the cloth about the size of 
the opening in the side of the sieve. The sieve is then tied firmly 
over the jar in such a position that its lateral opening commu
nicates with the opening in the cloth on top of the jar. If the 
jar is nearly filled with water, practically all of the mosquitoes 
on emerging will enter the sieve. One has then only to remove 
the sieve, place a flap of its netting over the lateral opening, 
and push the string down to hold it in place. The cage is then 
ready to be exposed to a gamete carrier, immediately or after 
the mosquitoes have been kept long enough to become hungry. 
Or it is easy to take out the mosquitoes by means of test tubes 
introduced through the lateral opening and examine them singly 
before placing them in cages for feeding. 

In exposing such cages to a gamete carrier, the carrier lies on 
his back, the thighs or calves are moistened with a bit of wet 
cotton, and the cages are placed flat under them in close contact 
with the skin. A blanket is then placed over the lower part 
of the patient's body. Towels or other cloths may be tied around 
the cages so as to secure a better contact with the patient's skin. 
Several cages may be placed under the same carrier at the same 
time •. 

· In my experiments feeding was usually done in the early fore
noon or in the late afternoon. lt was not found necessary to 
wait until nightfall. Mosquitoes usually fed well if exposed a 
day after emerging. Anopheles rossi often bit well within 
twelve or fifteen hours after the pupal stage. In one lot of 121 
females of A. rossi over 85 per cent took blood within less than 
fifteen hours after emerging. 
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After feeding, the cages may be placed metal side down on 
ordinary dinner plates filled with wet sand or merely partly 
filled with water. The wooden sides of the sieves keep moist, 
and further moisture can be secured by allowing a flap of the 
covering to dip into the water or by placing wet pieces of filter 
paper on the top. The cages in most of these experiments were 
placed in a meat safe, which was kept in the laboratory and 
carefully protected from ants. 

No food is necessary if the mosquitoes are to be dissected 
within a few days. In the case of mosquitoes kept for longer 
periods, I have followed the method of Darling by feeding with 
a pinch of white sugar placed on moist filter paper in contact 
with the top of the cage. The proportion of mosquitoes thus 
fed that became infected with yeasts or bacteria was much 
smaller than among those fed on fruit juices of any kind. 

For dissection the mosquitoes were removed from the cage 
singly by means of test tubes. The test tubes, each containing 
a single mosquito, were plugged and placed in a rack on the 
table convenient to the microscope. Each specimen was chloro
formed immediately before dissection. Where positives were 
found in the first ones examined, the remainder were sometimes 
returned to the cage and reserved for dissection after the par
asites had further matured. 

The chloroformed mosquito may be spilled from the test tube 
directly on a slide and dissected immediately or after a prelimi
nary examination under the low power of a compound micro
scope. Very fine sewing needles, ground to a blade at the tip 
and fixed in a stick, make convenient dissecting needles when 
nothing else is at hand. Very shallow drops of salt solution are 
most convenient in dissection. In order to prevent the rounding 
of the drops, I have used slides carefully cleaned in the ordinary 
way, and I have not found it necessary to use slides prepared 
with bile. After the gut is drawn out, I have found it con
venient to remove the excess of liquid with a bit of filter paper 
cleanly cut at the margins. This may be manipulated with the. 
needles under the dissecting lens. The drop is thus rendered 
very shallow, and the malpighian tubes once drawn back re
main in position. More liquid may be added, if necessary, after 
the cover glass has been adjusted. If the last segment of the 
abdomen is left on the gut, this will not be crushed too fiat 
by the cover glass. If one wishes to flatten the gut further, one 
has only to press down the cover with a needle. 
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With an assistant to chloroform the mosquitoes and keep a 
slide ready prepared for use, one can dissect rapidly. The dis
section itself and the subsequent examination of the gut salivary 
glands I have done personally in every case. The gut and sali
vary glands were always examined with a high dry lens and 
often with the oil immersion as well. Sporozoites were examined 
fresh and subsequently stained with Giemsa or some similar 
stain, in order to get confirmatory evidence through the staining 
reaction. I have made fair preparations of the gut also with 
the Giemsa stain. The gut is opened and spread on the slide 
as one would stretch a ski.n on a board for drying. If the gut is 
spread in a minimum of fluid and just at the moment of drying, 
the wall of the gut may be made to lie in a single layer and 
keep its position on the slide. After thorough drying, one may 
stain as with a blood film. In a proportion of cases one may 
get Preparations in which the cells of the gut and those of 
oaeysts give somewhat the Giemsa values obtained in thin blood 
films. 

The sieve cages described above are convenient in collecting 
adult mosquitoes. Insects caught in test tubes are introduced 
"into the cage through the lateral opening, which is easily kept 
closed with a flap of the covering. Such cages, covered with 
a moist cloth and placed in a basket, may be carried by rail or 
motor car for hours with little apparent harm to the insects. 
The cages may be placed on plates supplied with water and 
kept there for a day or so until the insects have digested the 
blood often present in the gut at the time of collection. They 
are then ready for dissection. 

II. EXPERIMENTAL INFECTION OF MAN WITH MALARIA BY MEANS 
OF ANOPHELES ROSSI 

At the time these experiments were undertaken, there were 
· no infected rossi available of which the larvre had been examined, 

so that we lack the crucial test as to which type of rossi 
.was used for infecting the experimental case~. However, the 
evidence points very strongly to type Giles. After feeding in
fected mosquitoes on the experimental cases, the whole lot ex
posed was always examined singly in test tubes and the ones 
that had taken blood were immediately dissected. By this means 
it was known what individual mosquitoes were infected of those 
that had bitten the patient. The sporozoite-infected specimens 
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that bit these experimental cases all had the broader type of 
terminal black band. • 

Further we have seen in part I of this paper that type Giles 
is readily infected experimentally with formation of sporozoites 
in the salivary glands, while type indefinitus is little susceptible 
to experimental infection. Again the pond where the mosqui. 
toes that were used in these experimental cases were obtained 
was examined repeatedly during some six months subsequent to 
these experiments, and nearly 99 per cent of the hundreds of 
rossi larvre collected were of the Giles type. Such evidence, 
taken by itself, would not be convincing, since the anopheline 
fauna of a given pond often varies, especially if the water level 
varies greatly, but the constancy of this type in the breeding 
place over such a long period may have some value as confirma
tory evidence. 

Considering all the evidence, it is practically certain that type 
Giles rossi infected the experimental cases, but one cannot wholly 
exclude the possibility that one or more of the insects was of 
type indefinitus. 

Both experimental cases-Chinese coolies-freely volunteered 
to submit to those experiments, and both had seen enough of ma. 
laria to be fully aware of the possible consequences of infection. 

No. 727, male, 26 years of age, born in China, had lived in 
the Federated Malay States a little less than· five years. About 
two years previous to the experiments he had had one attack 
of fever with rigors daily, the attack lasting about two weeks. 
He had no history of fever since. The spleen was normal. He 
had had secondary eruptions of syphilis about one year pre· 
viously. As shown in Table XVII, a daily blood examination 
showed no parasites until the fourteenth day after exposure to 
infected mosquitoes. 

On March 15 and 16 three attempts were made to infect No. 
727, but only five mosquitoes took blood. One of these had 
oocysts in the mid-gut, but none had sporozoites in gut or 
salivary glands. On March 17 mosquitoes that had been 
deprived of sugar for two days were applied and five out of 
eleven exposed took blood. Two of the five had sporozoites 
in the salivary glands. The others were negative, in both gut 
and salivary glands. Dissections were made immediately after 

• Two that bit case 727 had palp ratios of 0.3 and 0.3-, respectively. 
The one that bit case 408 had 0.3 (see Table I). 
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feeding. These mosquitoes had been infected by crescent car
rier 537 (Table XI) nineteen to nineteen and one-half days 
previously. Mosquitoes had been exposed twice to the crescent 
carrier, and on the first exposure, the evening of February 26, 
the percentage of crescent was 35.6. 

Both of the sporozoite-bearing mosquitoes had well-developed 
ova, a further indication that they were of type Giles, since, in 
the com~arativ~ infection experiments (see discussion preceding 
Table II), type Giles showed a fair percentage of cases with 
well-developed ova at dissection, while type indefinitus showed 
practically none, comparing insects of the same age at dissection. 

Experimental case 408, male, 33 years of age and formerly a 
mining coolie, was born in China and had been in the Federated 
Malay States four years. He had no history of fever. He had 
had beriberi three years previously and still had the beriberi 
gait, but was well nourished and otherwise in good physical 
condition. The spleen was not enlarged. No parasites were 
found in the blood for seventeen or more successive daily exam
inations. On March 20 the mosquitoes remaining from the lot 
used in case 727 were exposed to No. 408, but none bit, although 
they had not been given food for five days. On the same date 
seven of another lot were tried, and none bit. On March 21 the 
four of the seven remaining alive were tried and two bit. The 
first bit feebly and took only a small quantity of blood. The 
second was observed to bite twice, at least, and took a fair 
amount of blood. On dissection the first showed no parasites, 
but the second had one empty oocyst in the gut and sporozoites 
in the salivary glands. Of another lot of three tried on the 
same day one bit. It had oocysts, apparently degenerate, in 
the mid-gut, but no sporozoites in the salivary glands. So it 
seems clear that the subject was bitten by only one sporozoite
infected mosquito and that this one bit at least twice. This 
mosquito was also infected from crescent carrier 537 (Table 
XI) sixteen to sixteen and one-half days previously. The lot 
of mosquitoes were exposed twjce to this carrier on succeeding 
days. At the first exposure the percentage of crescent was 5.1, 
at the second, 1.7. 

Various observations on these two experimental cases are 
compared in Table XVII. 

No. 727 showed no rise of temperature until some eight hours 
after parasites were found in the blood, while no parasites were 
found in No. 408 until the third day after the rise of temperature. 
No. 727 showed marked symptoms, headache, severe vomiting, 



43 

and on the third and fourth days after illness began, severe 
attacks lasting about twenty minutes characterized by convu,sive 
symptoms, clutching of the fingers, pain in the throat, and rapid 
and shallow respiration. The spleen was not enlarged at any 
time in this case. No. 408 had practically no symptoms at all, 
except that he complained of headache on one day. There was 
marked enlargement of the spleen. Both cases made a rapid 
and complete recovery under quinine treatment. Temperature 
charts of both cases are given. 

TABLE XVII.-Cases experimentally infected with. malarie~ by A. rossi, 
compared by days. 

[E.,. 
after in
fection. 

Parasites. 

CASE 727.• (See Fig. 2.) 

Maximum 
tempera- Symptoms. Spleen. 

ture. 

OF, 

1-13 Negative (dally enm· Normal ••• None.. ••••••••• NormaL ••••••••••• 
!nation). 

14 Few at 11 a. m,b ....... 100.8 • ••• Slight. ••••••••••••• do. •••••••••••• 
lo Increased. ............. 101.8 •••• Marked •••••••••••• do ............ . 
16 Little change ........... 103.6 ••••••••• do •••••••• Dullness increased.. •• 
17 Markedincrease .••••••. 103.2 •••• Severe •••••••• Notenlarged_ •••••• 
18 Only 1 found ........... 99.2 ••••.•••• do ••.••••• Normal. ••••••••••• 

19 1 (?) .................. Normal ••• Slight •••••••• +-·················· 
20 Negative .............. ---------- Little or none •••••••••••••••••••••• 

QWol••l 

Gl'(la!lll. 
·NU. 

NiL 
Nil. 
NiL 

40 
45 
40 

30 
21 ..... do ................ ---------- ........................................... . 
22 .•••• do ..................................................................... . 

23 ................................. --------·--·-·. --·-··········------ ---------

CASE 408.4 (See Fig. 1.) 

1-13 Negative (daily exam- Normal ••• None ......... NormaL ••••••••••• 
ination). 

14 Negative ................. do .......... do ............. do ••••••••••••• 
15 ..... do ................... do .......... do ............. do ••••••••••••• 
16 ••••• do ................... do .......... do ............. do ............ . 
17 ••••• do ................ 100.2 ......... do ........ Not palpable.. ..... .. 
18 ••••. do ................ 101.8 ......... do •••••••• Palpable ........ _. 

I 

19 Few .................. 101.6 ......... do ........ Two and a half fin-

20 Increased. ••••••••••••• 103.2 .......... do ........ ---~~~:.~~~----·· 
1 

:1 Further increased.. ••••. 99 ••••••• Slight ......... Umbilieua ......... . 

L~ -~~;!:::::::::::::::: -~~~~~ -~~~~~~::::~:: :::::~~::::::::::::: 

NiL 

Nil. 
NIL 
Nil. 
Nil. 
Nil 
Nil. 

NU. 
30 

40 

30 

1 Case 727. Blood examined daily eighteen days after disappearance of parasites, negative. 
Quinine treatment waa eontinued at least ten daya. 

a For numbel"'l, eee Table XVID. 
• Began to rise from ' to 8 o'clock in the afternoon; 100.8" waa the midnight temperature.. 
• Case 408. Blood examined daily twelve dan after diuppearance of puaaitel, negative. 

Spleen April 16 (=twenty-fifth day) slightly reduced; April 20, I finsel"'lbreadth: April 211, 
1.6 fingers breath; April 27, palpable below ribs; April 29, palpable, deep respiration only: 
Mar 2, not palpable. Quinine treatment wae continued eighteen dan. 
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Some details as to the number of parasites found on different 
days are given in Tables XVIII and XIX. In case 727 an at
tempt was made to estimate roughly the number of parasites 
appearing in the peripheral blood on different days. A large 
number of erythrocytes were counted, or rather their number 
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estimated, in a thin preparation stained by Hasting's stain. The 
estimate was made by means of a disk inserted into the eyepiece 
and so ruled as to divide the field into quarters and eights.' By 
counting fractional parts of the erythrocytes found in a field 
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Ftc. 2. Temperature chart of Thang Hong (Case 727), 
• Date of infection. 

and comparing similar fields, an estimate, more or less precise, 
was made of the proportion of parasitized erythrocytes. For 
comparison, the number of parasites found in thick films was 
estimated in terms of the number per 100 leucocytes. The ratio 
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of daily increase or decrease of parasites as obtained by the two 
methods is compared. In experimental case 408 only the pro
portion of parasites in the thick film was estimated. 

TABLE XVIII.-Caae 727. Parasites in peripheral blood. 

Date. 

I Thin film. Thicll: film. ; I 
I I Para-I 'I 1 Tempera-
: Erythro- Bites 1 Ra_tio Leu~o- P,ara- Ra~io I :1:: ~ 
I eytes ~ per of m- eyW& ~ra- mtes of JD•I taking 

esti- rntes 10,000. erease eount- mtes per 1001erease blood 

::::. crease. eytes. r-· _..._ ·-·· .... , ....... ,_ ........... 1-·"' 
1---·----1---1--- ----

' ~ Of, 

:::::.~;~~-(~~;h- -------- 0 ------1------~------- 0 -------l------~---------
day) _______________ 64,300 3 0.5 •. o •• ooo 39 3.9 1.0 I 98.2 

AprilJ..lU5a.m •••• 47,900 37 7.7 15.4 600 237 39.5 10.1 100.2 

April2,11.30a.m •••• 57,100 at 5.9 11.8 600 337 56.2 14.4!·1~~~~~ 

I E ~~~~:;;:::: -~~~- ~ :~~:~: :~:~: --~---~--?~ __ ·:::g 
• Quinine was administered at 4 o'cloek in the afternoon. 

TABLB XI.X.-Cases ,408. Parasites in. peripheral blood. 

Thicll: film. Tll em pera-
ture at I 

Date. Parasites~Ratio of tim~ of Leuco- Parasites per 100 inerease taking 
eytes f d le blood 

I---------·-- rounted. oun • ~ ~ I samples. 

Of, 

April9, 7.30 .. m. (19th day)_____________ (•) 5 --------- --------- 98.6 

APril 10, 7.30a. m ---------------------- 3,000 li 0.17 1 98.6 

.I :~ ~:~~~:..-_~::::::::::::::::::::~: ---~~~~~- : ----~~~~- -------~- . :::: 
• Long eeareh. • Quinine waa administered at 4 o'clock in the afternoon. 

It will be observed in Table XVIII that, while there is some 
correspondence between the ratios of increase and decrease ob
served in No. 727 by the different methods, the results are at 
variance, especially on the third day. It seems probable that 
there was, at least, a diminution in the rate of increase of the 
parasites on that day. Probably the results given by the thick 
films are more reliable. The probable error is great in basing 
results on these small samples, whatever the method used. The 
results may give us some notion of the rate of increase or 
decrease of parasites, but only an approximation as to their 
absolute numbers in the peripheral blood. 
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In both cases the parasites examined carefully in thin films 
were evidently subtertian. No crescents were observed in e~ther 
experimental case. 

In summary, the evidence seems clear that these experimental 
cases were infected with malaria as the result of exposure to A. 
rossi infected in the laboratory. The possibility of a relapse 
from a former infection must be always taken into account in 
such experiments when performed in a malarious country. But 
that such relapses should follow exposure to infected mosquitoes 
in two cases, one occurring fourteen and the other seventeen 
days after exposure, would be a remarkable coincidence indeed, 
especially in view of the fact that both patients had been known 
to be free from fever many days before the experiments and 
that both showed the same type of parasite as that which 
infected the mosquitoes. 

It also seems clear that a single mosquito of A. rossi may 
infect at one exposure. The fact that the case that received 
sporozoites from two infected mosquitoes, and, presumably, the 
larger dose, showed an earlier appearance of parasites and the 
more marked symptoms may be only a coincidence, but it is 
worthy of note. One can do little more than guess at the number 
of sporozoites injected by a single mosquito, but judging from 
the number of sporozoites found at dissection after feeding on 
the experimental cases and comparing with the numbers ob
served in the salivary glands of many infected mosquitoes of 
the same species, one would say that the effective number is 
a matter of hundreds rather than of thousands, and more 
probably a matter of scores. 

It is noteworthy that the case (No. 408) that had the longer 
incubation period (seventeen days), the fewer parasites, and 
the less severe symptoms had a marked enlargement of the 
spleen. No. 727, with the shorter incubation period (fourteen 
days), the greater number of parasites, and marked symptoms, 
showed no enlargement of the spleen. This case had a history 
of a previous attack, while No. 408 had none. It is interesting 
to compare gamete carrier No. 1997 (Table IX), who showed 
enormous numbers of subtertian parasites, practically no symp
toms,' and a marked enlargement of the spleen. He had a 
history of a previous attack. This small group of three cases 
certainly serves well to show the great variety of manifesta
tions observable in subtertian malaria. 
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