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

I. 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®
(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 epidemiologicai 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 larvae of A. rossi collected
near Kuala Lumpur. It seemed probable, then, that we had
to do with two types of A. rossi; namely, A. rosst var. indefinitus
and A. rosst 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 ouf
with these two types and in connection with other observations
over 6,500 larve and many hundred adults were examined
Some of the results of these observations are summarized as
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. rosst Giles, respectively. The principal dif.
ference between the two forms in the larva lies in the character
and arrangement of the clypeal hairs. Inindefinitus 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 larve, but was more frequent in young larvie. Some
small larvae with these adventitious branchings were isolated
and examined two days later, when they were found to have
lost the branches, Larva 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 larva of type Giles anomalies of clypeal hairs in some
degree were noted in 130, or 4.3 per cent. In 3,525 larve 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 anophelines 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.



7

TABLE 1.—Palp ratios of different varietics of A. rossi. Incidence of cases,

A. EYEPIECE MICROMETER MEASUREMENT,

i
T Type | Var. in- Type | Type | Var. in-
Rato. |prackun| foott | e | Totak || Ratio 2oyl Tk | “heah | Totak
water. | water. | water. water. | water., | water.

2 0.25 2 4 1 7

1 0.26 2 H 1 8

2] 0.27 3 (2% U 9

2 0.28 8 1 1 §
1 0.29 6 4 1 .

1 0.30 10 S P 11

2 3 0.81 4 L Y 8

] 3 0.32 8 [ ) PR 7

2 8 0.33 7 4 1n

4 4 0.54 kO S, 17

7 8 0.35 [ 72 RN R, 1
4 b 0.36 [ 7 N 5

6 [ 0.37 1 2 e 3

5 b 0.98 [ 30 PSRN I, 4

5 9 0.40 3 b O PR, 4
! A motal|  w| 49 59 { 172

2 8

B AND C.

HAND-LENS MEASUREMENT.

B. Same specimens as A,

C. All specimens, including
Aand B.

Ratio. Type | Type | Var. ine Eﬂg’ Var. in-
B, BB IR | B
water, | water. | water, ‘:dabar. water.

0.0 | e 2 2 el 15 15

(15 S PN IS SN O, 1 12 13

0.1 2 2 2 37 39

0.14 2 2 7 47 54

0.2— | .l 1 6 6 14 120 134

0.2 |eeeee 2 16 17 64 209 273

0.2+ 4 8 21 33 191 61 252

0.8 23 18 4 40 118 9 127

0.8 17 12 [ceeinnnn 29 108 4 118

0.3+ 19 K (—— 26 97 1 98

0.4— 7 [ 13 64 64

48

25

8

13

Total 70 49 61 170 756 15| 1,271
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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 larvae 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 rosst Giles of India is reported to frequent similar places.
In Malaya, however, so far as my observation has gone, larvae
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 fubi-
ginosus, barbirostris, and sinensis. In the collection of many
hundreds of larva 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 mieroscopical 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 appear, in-
distinguishable to the naked eye. When occurring in ponds,
in the younger stage both much resemble A. fuliginosus
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 alge at Port Weld, Perak. The
brackish-water larve 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 ludlowti 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 IL.
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
18503 0, W.——32
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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. ross?, 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 ludlowt 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-
y 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
larve 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 larve 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
r0s5t,

No other species needs special comment except hunteri, a
form recently described by Strickland * and closely allied to A.
separaltus 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 odcysts, 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 more 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 adult stage are excluded, a large percentage of
which already had ova well formed at the time of first feeding.
The rosst 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 IL.—Anophelines infected in the laboratory. Controlled series. All

dissections.
Mid-gut.
Species of Anopheles. Cages. Number| Aversge
Dit | pfecred, | With IS
sected. . sporo~ [P %‘]’i"d_
zoites. gut.
Per cent.
A dlows o oooereemmmmm i ————- 20 69 T 42 60,9 21 19,0
A, rossi var. tndefinilus, coasto.. ... .- 28 129 81} 24.0 11 121
A. rogai var. indefiniine, inland “known”.| 6 85 8 9.4 sl 3.8
A, rossi var. indefinitus, inland “'prob-
1 S 3 42 2 4.8 0 2.0
A. rosss type Giles, inland “known"____ 7 113 37 32.7 4] 6.6

A. rossi type Giles, inland *probable”.. | 19 159 45 28.3 16 9.6
A. rossi type Giles, indefintus, inland

mixed. s! 160 251 15.6 4| 28
Total all rossi_.. 2 668 148 21.6 26 7.9
A O oo 1 20 9| 450 0]e25.2
A. il e o 4 [ 4 66.7 1| 34.5
A. fuligi 5 9 3| 3.3 1| 4.0
A MOCHIOUS. — - eemememeee n 10 7| 10.0 o| &8
P e U 4 u 0] 1.4 1| 52
A, umb R 21| 143 25| 11.5| 45| 3.8
A 8 1] 125 o| 1.0
A- barbisostris. - 0| 107 3| 23 1| 7.0
A, SNORSIS oo 6 29 1] 34 o] 30
Total... o108 | 1,103 253| 22.9 37| 106
COMPARATIVE SERIES. INCLUDED IN THE ABOVE.
A. rossi type indefinitus... ... 5 73 8| 1ol w1} 83
A. rossi type Giles. . oo 5 o 35| 3712 3| 69
Total 167 43 25.6 {ammcamnn 6.5

* Sporozoites apparently abnormal

b One “very many” counted as 50.

¢ Two “very many” counted as 50 each.

41In three cases possibly infected before exposure to gamete carrier,
¢ Subtraeting those counted twice,
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TABLE IL.—Anophelines infected in the laboratory. Controlled series. All

digsections—Continued,
Sali lands, dissections 10 days
T iter feeding. i
Dissoes
Dimections \;lth ?:ns
: - (Wl OVa|
Species of Anopheles. ; : mid-gut poeitive. ecll don
Dissee- ,:7;:2. veloped.®
tone. |y ites, Infected
Number. | salivary
glands,
Par cenl. | Par cent.
A. ludlovi.. .. . 23 3 18] 23.1| 43.4
A. rossi var, indefintius, coast. o c.ceocuonianay 87 0 12 0.0 7.8
A. rosei var. indefinilusg, inland “known”. .. ..... 16 0 1 0.0 0.0
A, rossi var, indefinitus, inland “probable”, 0 0 [} 0.0| 4.8
A. rosei type Giles, inland “known”. . eucmmnonen 19 2 11 18.2 | 80.1
A. rossi type Giles, inland “probable”........... 125 14 42 33.3| 32.4.
A. rosgi type Giles, indefinilus, inland mixed_.___| 24 [} 18 0.0 11.6
~g21 16 84 19.0 |coes
0 ] 0 0.0 0.0
1 1 1} 100.0; 83.8
2 0 1 00| 0.0
0 0 0 0 0.0
6 2 4| 50.0| 0.0
26 b2 6| 838 81.4
0 0 [} 0.0 87.6.
8 1 0 0.0 39.3
6 )] [} 0.0 82.8
298 25 109 22.9| 30.8
COMPARATIVE SERIES. INCLUDED IN THE ABOVE,
A, rossi type indefinilus. oo oueee e enaenen 4 0 1 00| o.0
A. rossi type Giles., 18 2 10 20.0| 39.5
Total. .o 22 2 11 18.2

* Exclugive of those caught in adult stages.
b In both cases possibly infected before exposure to gamete carrier.
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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-
culotus, and karwart 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. Amnopheles barbirostris and sinensis
rank low in percentage infected. Anopheles ludlowi, rossi type
Giles, aconitus, and karwaeri show the more marked tendency to
form sporozoites in the salivary glands. Anopheles umbrosus
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 specimens
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 IIL

TABLE IIL—Comparison of controlled and noncontrolled series.

Controlled. Noneontrolled.
Per cont, Per eend.
GO e e e v a v i 108 49.3 m 50.7
Disseetions. ___ e 1,103 63.2 969 46.8 l

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 af 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 different 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.~Controlled and noncontrolled cages by species;

Species of Anophelee. sois | Pasitive.

Per conl.
A BAlON e rmn e cca oo menur s a— i a———————————————— 96 43.4
Var. indefinvtus, brackish water. . ___. ... ... 344 8.0
Var., indefinitus, “lknown™ . crec——- 165 4.8
Var, indefinifus, “probable”. . .o v ome e e cmenmn—e———caneamos ‘18 2.7
Type Giles, “known”.. ... cairmncnnanen—— 175 21.1
Type Giles, “Probable”. .. oo oo oo oo e ee e eemeeas 26| 4.7
Type Giles, indefinttus mixed_ . oo ias 245 10.2
A RORE. - o e e ————am——an 31 29.0
AL QEONIUS. e erremmmmc e mmmme e s s e e e e 22 18.2
Al SUKGINOBUS « e et e e e e ——— 33 9.1
A maoulaus. o oooovuiiiiiii it 40 17.5
A BGIIOIT. et nmn e 31 32.8
240 " 10.¢
10 10.0
197 1.5
64 1.6
1 0.0
OBl e e cmim e mmee e et maie e mmcae i ——————— 2,072 12.2

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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TaBLE V.—Controlled series. Dissections according to gamete carriers.

. N . oo | Benign tertian
Crescents only. Bem‘:nly‘?""“ g‘l’;‘ﬂ tem: p‘l‘\.u qu:na;.
Sp of Anophel
Dis- | Pos- | Dis- | Pos- | Dis- | Pos- | Dis- | Pos
sected. | itive. | sected.| itive. | sected.] itive, | sected.| itive.
P. cent. P.oent. P. cent. | P.cent.
Abudlosde oo 61] €5.6 8| 250 - .——
A. indefinitus, brackish water__| 101} 29.7 28 X 71 1O ORI PURSUIIN SR
A. indefinitus, “‘known”.._.._ ] 1.0 e 12 0.0 [-cecme|eameaee
A. indefinilus, “probable”. . .. 42 7% 31 SOOI ARG AU RO NI, IO
Type Giles, “known"._..__._ AT - R DRV IV FYRRu EORURN SRR
Type Giles, “probable”. .. ... 169 ] 28.8 | |oammmen]iceaeefemm e et ca i
Type Giles and indefinitus,
mixedu. o v | 160 | 15.6 Joous e eii e e e e
A.wmbroews. . ... eneeee.. 117 | 16.2 8 0.0 18] 33.8 feveecai]owannnn
A. barbirostris.......occneenenn. 82 0.0 |evmvmecfrmncnns 101 200 15] 6.7
A minensis. ... 21 0.0 |emcena]ommcnne . 81125
ARunberie. . 51 20.0(.... - 3 0.0 |umaeefemmmmnn
O T N 18| 50.0 2 0.0 [ SRR B
A.aconilus. ... ... ... 41 75,0 [ooeen]onmcnen 21 B0.0 | taaios
A maeulatus____ . ____ 511000 | fieemeen 5| 40,0 oo |oanoas
A KGIRATE. o o 12| 83.3 |eeerenntoeroann 2 0.0 |oevrcri]rmenans
A, Juliginome. .oee e 3| 83.8 5| 40.0 1] 0.0
Total. ... 976 | 24.1 46| 6.6 67| 22.8 24| 8.8

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 barbirosiris 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 oGeysts
in the gut. Only six days intervened between exposure fo 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 odcysts were found in the gut, these
apparently not over 6 days old (measurement 22,1 and 30.6
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 odcyst re-
sembled that of subtertian, although I have obsetved much
variability in this character in undoubted subtertian obcysts.
The sinensis 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 eres-
cents in ludlowt and in var. indefinitus from brackish water.

In Table VI all gamete carriers are classified according to
their number and the character of gamete 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 positive 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.

A, known !
Type of parasite. wilt); vgoe- B, ‘i‘l‘l’l‘f""' c't;,z'f“' Total.
19 20 18 57
2 9 T 18
1 0 1 2
0 1 8 K
22 30 29 81
27.2 87.0 38 18 PRu—

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.
18708 0. W3
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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 VIIL.

TapLE VIL-—Relation of the percenlage infected and the average number
of oicysts per mid-gut to the number of times exposed to a erescent

carrier, .

. . Average

Exposed to earrier. Dissected. | Positive. loseysts pe

mid-gut.

Per cent.

0N, oo e 415 20.5 9.9
TWEOR e e s et et e e dec e p et e e 213 21.2 12.4
Three times. .o iaiia———— 208 18.8 21.3
Four bimes .. ..o 102 30.4 4.3
Fivetimes .. L 20 45.0 8.9
SIXHIMES. ..o e rnrneammmm e —————— . ——— 18 2.2 3.2
Total. . oo e e e me et e 976 | 24,1 11.3

_ 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 odcysts, 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 odcysts, but such variation
could be found in insects exposed but once. Further we note
in Table VII that the average number of odcysts 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



19

these were exposed to a crescent carrier on two successive days
and on each of the three following days to a benign—texl'tian
carrier. Nine days after the first exposure they were dissected.
The mid-gut of one specimen showed 9 otcysts not segmenting
and apparently about 9 days old. Sporozoites were present in’
the salivary glands. In the wall of the gut beside one of the
immature odcysts, apparently mature sporozoites were found;
There was some evidence here of a superimposed infection of-
the same insect. ol

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-:
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 larvae 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 stﬂl
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 otcysts 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 obcysts 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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TabLE VIII.—Relation of percentage infected and average number of odcysts
per infected mid-gut to percentage of crescents in carrier at time of
- feeding,

. Anepheles umbrosus, darbiree- ‘
All species. tris, and sinensia deducted.
C per 100 yten.
N Average | o r e o o | Average
Diwected. | Infected. oGeysta, D! I odeysts.
Por eent. Per cent,

05~ 20_. U 22 50.2 3.0 17 64.7 3.0
2.1~ 100_. ——— 276 2.5 64 219 28.3 8.4
101-250 ... PR 298 18.5 15.9 207 27.0 15.9
26.1- 50.0 91 21.5 20.8 90 28.8 20.8
501~ 180 .. 0 0.0 0.0 [ ] 0.0 0.0
7811000 . .. 16 126 6.5 16 12.6 6.6
Total oo 03] 222 119 I 9| 284 11

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 one-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 sinensis,
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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 carrvier 1997,

¢

Creacents L.
Duts, | P, 100 | Subletian siogs per | Temper Remars
cytes,

June 24 98.7 | Presente..cooonveni]oaeaaias

June 25 17.1 .. [ (RN (N

June 26 b UY - 1) N I

June 29 |- cvernenilonn e ioeannan 100.8 | Spleen enlarged.

June 30 161.4 | About100.. . __.__. 100.4 | Entered our ward,

July 1 65.8 | About 200_._..__._. 108.4 | Quinine 30 graina. Hpleen to umbilicus,

July 2 80.2 | About85........... 99.2 | Quinine 30 grains and treatment eontin.
ued on subsequent days,

July 38 87.7 | Fewifany ... .. 100.0

July 4 e normal .

duly B | e Spleen, handsbreadth, Given thymol
for hookworm. .

Juy 1] 282 i ieans

Juy 8 18.0 [oomeicnreeae

Juy 9 ST U W

July 10 9.8 [ Spleen two and a half fingersbreadth.

July 11 4.8 e

July 12 N REESUUUOU IO

July 18 [ % S OSSR P,

July 14 L 18 % ORI IO

July 15 ) U U RN FURII

July 16 | X N ROV IR Spleen one fingersbreadth,

July 17 [ X T SR [N,

July 18 [N 28 IR N

July 20 [ 2 PN SO Spleen just palpable,

July 21 [ 25 -2 ISR AU

July 22 0.0 e e ——

July 28 [ JX: 20 S I

July 24 (175 3 IR I Discharged.

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,



TasrE X.—Comparison of creacent carriers Sin Tes and Planiation No. 1.

CARRIER SIN TEE.

A. rosef var. indefinitus A. umbrosus,
Crencent. A, ludlowi. bracicish water. (parasites in cu't).
Date. N .
Firat s 4 Third Parasites in gut. Average Parasites in gut. Average
T eConN! T olicysts per, teysts per| s, .
feeding. | feeding. | feeding. ;:«os:‘n:ivl;43 " positive | Dizsected. | Positive,
Dissected. | Positive. gut, Dissected.| Positive. gut.

Por cent. | Per cont. | Par cont. Per cont. Per cent. Per cont.
November 1,2, 8% ecnnecmaaa.. 20.77 - 8.1 6.2 10 0.0 -7 28 (ROt FIPPIIRDIIORE ARSI MU NP camm—
November 8,4, 6----.- cmmm—an 4.4 4.9 8.5 ] 100.0 24.8 %"}} 83.3 1.0 b12 0.0
November 5,6, Tocaeeeocuouana-o 3.5 2.2 1.1 [ 83.8 B.8 {eamecccccfeccccrmsnafencanaad b1y 9.0
November §, 6, 7. - 8.b 2.2 1.1 b2 0.9 (116 1 (RORRRNY RPRUPROIOIN FPRORpRPRSPRS FULRP U PUUU I
November 7, 8.ccaueenmmamcaanas 1.1 0.8 | .cocooo- 8 83.3 f 9 1 ORI N SULPU IV AP AU

Parasites in gut.
Date, A. barbirosiriz A. Rocki A. sinensis. A. aconilus. A. maculatue. A. karwari.
Dissected. | Positive. | Dissscted. | Positive. | Dissected. | Positive. | Dissected.| Positive. | Dissected. | Positive. | Dissected. | Pesitive.

Per cent. Per cent, Per cont, Per cent. Per cont.
November 1,2,82..... -
November 8,4, 5_.____ -
November 5, 6,7--._...f] b5 00}  v1] 0.0 el eaeaod
November 5, 6, 7o o cooeceacomcncmncccce e ccceecm e cevccmmea]emmecccecefecccamcecda e ar e foccemreen
November 7, 8. __._. PO R - 7% A 1Y ) I AUSPUN AUSUUIIIPI: AU AU, PRI SR

| N

%2



CARRIER PLANTATION No. 1.

A. ludlowi,

A. rosei var. indefinitus,

A, umbrosus,

Crescent, brackish water, {parasites in gut).
Date. ] . Parasites in gut, Average Parasites in gut. Averags
D, | e | Tk iy per s b Discted. | Paslive
Dissected, | Positive. gut Dissected. | Positive, gut.
Psr cent. Per cent. Per cent. Par cont.
D 456.5 9.0 17 11.8 2R 0 NN P
D 100.0 40,0 7 71.4 10.0 57 0.0
D 83.8 9.0 3 £0.0 16.7 b2 0.0
D 100.0 1.3 18 5.6 8.0 jecmeieanfianccanaas
D 11 27.8 b N (N PO PRI
D 18 0.0 0.0 bg 0.0
D 18 0.0 0.0 b4 0.0
D az29 0.0 0.0 bg a.0
D 11 0.0 0.0 b1 0.0
D 14 - 0.0 0.0 b312 0.0
D 83 0.0 0.0 b1 0.0

-2 Morning feeding—sll others evening.

b Imagoes caught fully developed, All others were bred from larve or pupm in the laboratory.

¢ One oBcyst in gut.

2

2 One out of 290 §

ht fully de



TasLy X.—Comparison of crescent carrisrs Sin Tee and Plantation No. 1—Continued,

CARRIER PLANTATION No. l;Contlmud.

Date.

Parasites {0 gut.
A, barbiroairis, A, kochi. A. vinensis, A. aconlive. A. maculalua. A. karwori,
Dissected. { Positive. | Dissocbed. | Positive, | Dissected. | Positive, | Dissected.| Positive. | Dissected. | Positive, | Dissocted.| Positive.

s T

3

ht fully d

® Four oteysts in gut.

All others were bred from larves or pupse In the laborstory.
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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 varled from
three to thirty days.

TABLE XI.—Gamete carrier 587. All A. rossi.

Averape

ing. Cren- Times Known to | In cage Dis- e odcysta

Date of feeding, cents. | exposed. h”l:l ot:d.m (d‘&_&r sected. | PoRItive. ae;. m

Per cent. Per cent.
February 26 .. _..__ 29.9 AL % 22 18.2] 4.3
February 26 and 27. . 36.2 5 VORI IR 26 38.5 | 31.5
February 27........ 35.2 1A 31 4 0.0 0.0
Februsry 27 and 28..0  27.7 31 IO 3| 383.8]50.0
February 28..._.... 27.1 | GV | — 20 2 " 0.0 0.0
February 28 and 29.. 22.8 - PO . 12 50.0 | 10.04

March 2. _.._____. 10.8 1| AL 27 4 25.0] 2.0
March3 .. ...... 9.6 li..do..... T 2 00! 0.0
March8and 4. .. 5.1 20 PPN ORI 1 1000} 1.0
March4 and 5. _____ 1.7 2 VR I 13 69.21 8.0

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 ocysts 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 odcysts, or it may
be in the same mid-gut, are less mutunally fertile than gametes
from more widely differing sources. Analogies will be found
in other orgapisms. 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 odeysts 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 XIL.—Certain species compared as to the susceptibility of material
from different sources.

Moscquitoes collected in Maosquitoes collected a5
imago stage, Jarvee or pup®.
Species of Anopheles.
Dis- cee Average Dis- . Average
socted. | FOStiVe: | Gsovsta, | sected. | POSIHVe: | Gsovats,
Per cent, Per cent,
A umbrosus..... oo ____... 100 6.0 4.5 43 44.2 33
A, rogsi var, indefinitus, brackish
L 12 8.3 8.0 117] 18,6 12.3
A WdIOWE oo 2 0.0 0.0 67 62.7 19.0
AKOR e e meiemerem e 15 26,7| 16.5 5 100.0 | #32.2
Total oo oecm e meeee 129 8.5 9.2 232 41.4 14.6

¢ Entry recorded 93 “very many.” Here reckoned as 50 otcysts,

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 odeysts per infected gut than mosquitoes collected
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as larva or pupe 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, T 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.

TasLE XIIL.—Periods intervening between feeding and dissection,

Days. . Dissected, | Positive.

. ) : Per cent.
Three 1o B, « oo oo oo oo ii et e em et 258 | 27.9
SeVeN 0 BING..ce v e s tm e a e e 134 23.9
Ten 40 fiftBeNn. « oo eeceerrcmecmeerersmrren e mmmanme e ————— 251 33.1
Fifteen and one-half to twenty. ... cvnorevnn s ccmcmme e 87 19.5
‘| Twenty-one to twenty-eight and ene-half ... . ooiiiniiiniii 13 80.8
POl e e e e et et et iem e m e mm—na 43| 29.5

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.
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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 ludlowi 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 kerwari 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 feeding (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 odcysts were found. In practically all such
cases the salivary glands were examined and were always found
negative, The evidence for abnormality in these odcysts 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 odcyst
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. Dissections
according to days after feeding.

Obcyats only. Sporozoites. }
Degener-
Interval Segment~ .
Species of Anopheles. | after [LATE® 8D~ g or iy | BEEOF In saiic | Totel

iy, || b | midf 1a g |
sporangi-
mented. | o stage, :{" BilW-

Days.
{ 8
T
1011
11
11-11.5
12
12-12,6
12-13
13
13-13.5
13.5~14
14

A. rossi, type Giles, and 14-14.5
A. indefinitue mixea; || 15

mostly type Giles. 15—::'5

16-16.5
17
17-17.5
18-18.5
19-19.5
20
20-20.5
21-21.5
22
23-23.5
25-25,6
\ee-28.6
12-13
13-14
1417
15-16 . 2

A. indefinitus, “known” _( 18-14 ! [ 1 . Smeon 3
1 ) S RSO ) N PR FORR
A, rossi, saltwater, prob- 13

ably indefinitus, 14
. 8-12 1

1 1

Type Giles, “known”. ..

Aludlond. ... ___ 18 1 L 35 SRR 1
M 1 1

t-n-:-»»ap-v—u—amu—»—ngh;—«uu:—nv—wﬂl—-hnNuav—av—ﬂh"wnu«b—)—m"“ﬂﬁp#‘

......... 17 § 36 2t 22 101
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In the varieties of rossi, especially, the proportion of these
abnormal obcysts is large, even in cases dissected sixteen or
more days after feeding. Even if we do not regard these
odcysts 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 sporozoites 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 o 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 coolie
lines” were in all cases highly infected with malaria. In “hos-
pitals” most of the collections 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 were 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 4. 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 otcysts appeared in the mid-gut. The single posi-
tive specimens of maculatus had two pigmented obeysts ap-
parently about 6 days old. Of the total 667 dissections of
the mid-gut, odcysts 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 specimens
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 ohe 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.



TABLE XV.—Dissections of Anopheles caught, Adult stage.

Dissection of—.
z Total or saliva:
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15 (] :J ] 9 [
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& Sporozoites thick and blunt in both.
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* Equals 0.4 per cent.
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€ Equals 1.2 pey cent.
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TasLe XVI—Positive and negative Anopheles in four collections.

Col- .
lection Positive. Negative.
No.
i 1|4 A umbrossn oo 46 A. umbrosus. .
201 A Umbrosus oo T A. umbrosus, 1 A. rossi, 1 A, ludlows,
3| 1A maculatus. ... ... ..... 2 A. barbirosiris, 1 A. sinensiz, 1 A. tessellalus.
4|1 A Wludlows . 2 A. ludlowi, 2 A, umbrosus, 5 A. rossi,

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 BY 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 rosst 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



35

of Malaya may differ, biologically at least, from A. rossi Giles of
India. Certainly the local type is easily infected experimen-
tally, while the Indian type is reported to be rather refractory.
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 with 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
satisfactory epidemiological evidence, since this species is so
commonly associated with macwulatus.

Anopheles barbirostris and sinensis.—Both are certainly little
susceptible to infection experimentally. Only three infected
insects were obtained in a large series of barbirestris, 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 aitkent 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 larvze had been long kept in the laboratory before
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they emerged, and maculatus controls bred under the same con-
-ditions were also negative. Amnopheles 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 larvae
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. rosst (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 larvae 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 2-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 larva 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 larvae on one slide, while
an assistant is placing other larve 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. T have examined many hundreds of larve 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 larvz,
with no injury to the insect. The cover glass makes the use
of higher powers convenient, and the details of the larve 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, larvae or pupa 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 he 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. It 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-
gcope. 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 flat
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 skin 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
obeysts 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 offen 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 larve had been examined,
so that we lack the crucial test as to which type of rossi
.was used for infecting the experimental cases. 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 ¢ndefinitus 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 larvae 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 ome-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 comparative 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, 83 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 {ried, 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 odcyst in the gut and sporozoites
in the salivary glands. Of another lot of three tried on the
same day one bit. It had odcysts, 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
XT) sixteen to sixteen and one-half days previously. The lot
of mosquitoes were exposed twice 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 XVIIL.

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,
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and on the third and fourth days after illness began, severe
attacks lasting about twenty minutes characterized by convulsive
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 XVIL.—Cases experimentally infected with malaria by A. rossi,
compared by days.
CASE 1274 (See Fig. 2.)

Days Maximum
after in- Parasites, tempera- Symptoms. Spleen. Quinine,
fection. ture,
op, ’ Grains.
1-13 | Negative (daily exam« { Normal...| None..........| Normal... ... _..... - Nil
ination).
14 | Fewnt1la.mb_ ... . 100.8°...| Slight..coreoefoannn d0ucueermnmena Nil,
15 | Increased .. . _...... 101.8....) Marked..._.__|._... A0 Nil.
16 | Little change_...._._._. 103.6_ ...} . __ do.....___ Dullness inereased. .. NilL
17 | Marked increage__.._._._| 103.2....| Severe........| Not enlarged............ 40
18 | Only 1 found...........| 99.2 ... ] .... do.......| Normal. _..voreennn 45
19 [ 1 (Mo Normal...| Slight...crrcaniformmmmroccmmcananrae. 40
20 | Negative. _.___ ... __.lo.o.__..._ Little ormone. .| .____.__ 80
'3 I - L L U AU RS FUU SR PR
22 |.nuen L. 1. S IR IO -
2 20 (RSO NSRS E, . -

CASE 408.% (See Fig. 1.)

1-18 | Negative (daily exam. | Normal_, | None.........| Normal............ Nil.
ination).
14 | Negative......_._._.._ PR T T I [ ('SP U [ S Nil.
15 |oueen do . evienaan JERI 1SS SO . [ I IS A0 Nil.
16 |..een [, ST do_ooofomu.n . U YN I [ [ Y Nil.
} ¥ I Q0 ccaeas 1002... .| -..- do.____._. Not palpable ... Nil.
18 f-..-- doo oo 1018, .- ]eeued [ 1. T Palpable. . .cvroune Nil
18 | FeWeon o caeenns 101.6....]ceuee do........ Two and & half fin- Nil.
' gersbreadth,
20 | Increased... ... ....... 103.2. |- eo [ O S oo Nil.
21 | Further incrensed ... 99....... Shight v aun Umbilieus. . . .cou.-. 80
22 | Negative.__........... Normal_.| Nil.. ..o el d0u e 40
28 |...-- Q0. eeeieann U TSR SR 1, S, SR 80

* Case 721. Blood examined daily eighteen days after dissppearance of parasites, negative,
Quinine treatment was continued at lesst ten days.

* For numbers, ece Table XVIIL

¢ Began to rise from 4 to 8 o’clock in the afternoon; 100.8° was the midnight temperature.

9 Case 408. Blood examined daily twelve days after di rance of ites, Degative,
Spleen April 16 (==twenty-fifth day) slightly reduced; April 20, 8 fingersbreadth; April 25,
L6 fingersbreath ; April 27, palpable below ribs; April 29, palpable, deep respiration only;
May 2, not palpable. Quinine treatment was continued eighteen days.
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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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Fic. 1. Temperature chart of Thi Mue (Case 408),
* Date of infeetion.
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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

A M]P MJTA MIP MTA mIp MITA miP MIA MIP MIA MIP M
ANG9EAATHITY ARGHTY. ARGATEA AR At T o R B L% 903 3
o i T 1 °F
37 H 1
o MWW, p.. N ARELCT
TR
36 fa3aha e
L
/3 7% . 9 20 2!
March 16 - 21,1916,
M, TA FRIE M ) E MIK. MNP M
?f?ﬁ%azpf ! ;ﬁz_;@%f i _a;" H 9 a'.-'F 3054 GEOTE
1 11
" 1 M) b:
37 pionsTseans s 3 :
Jé
¥4 23 24 25 26 27
March 22-27,1916. a -
Iiﬁmz”@ és”% AH£M. iﬁn LN "
33 H102.2
36 sEaa: 100.4
37 CRH 98.6
oL -
Jé 96.8
28 29 30 31 7 Z
March 28~ April 2, 1916,
AM J JF_ M LMLR . . M1 P . . A A N =M.
ZNIEERNANTE AAANTE A fTERN BT ERDAT CEIAAZED]
39t
38
37 . .
36
3 + M 6 8
April 3-5,1916.

Fic. 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—Case 727. Parasites in peripheral blood.

‘ Thin film. Thick film.

I
Tempera-|
sites | Ratio P; Rati timme :;'f;
E \ ArS- io| time
Date. w Para-| per |ofin- Leulco- Para-| sites |ofin-| taking
esti- | Fites 110,000 erease] " | sites | per 100) crease, blood
mateq, |found.| ery- |or de- ed, |found. leuco-|or de-| samples.
thro- cytes. (crease.
cytes.
. op,
Mareh 30__________ ¢ [/ T
Mareh 31,118.m. (14th I
day) e 64,300 3| 0.5} 1.011,000 39 3.9} 10 98.2
April1,1045 8. m ___| 47,900 37 1.7]15.4 6001 237| 39.5]10.1}| 100.2
April 2,11.30 8. m ___| 67,100 4| 59j118 600 337| 5621144 101.4
April 3, moon_..___._. 18,200 39 ;214428 400 | 756 1189.0|48.9 18103.2
April 4 + . 600} 1361 27.2| 7.0 | Normal
April 5, 11.30 s. m [ 20 [N AR ORI (ORI SRR SR WU

® Quinine was sdministered at 4 o’clock in the afternoon.
TasLe XIX.—Cases 408. Parasites in peripheral blood.

Thick film,
Tempera-!
; o
Date. ites | Ratio of e o
lf;:f:' P?rasites per 100 | increase ?llg:f
counted. | found: k;‘f"' or de~ | gurpies .
oF,
April 9,730 a. m. (19thday)__________.___ ® - 31 I S 98.6
April 10,7.30 8. m o oo 3,000 5 0.17 1| 98.8
April 10, TA5 P M v ciaan 1,000 5 0.50 3] »9s.2
April 12 - [ 2N RSO ST, 93.0
» Long search, * Quinine was sdministered at 4 o’clock in the afterncon.

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 either
experimental case.

In summary, the evidence seems clear that these experimental
cases were infected with malaria as the result of exposure to A.
rosst 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 obgervable in subtertian malaria.
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