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PREFACE TO THE FIRST EDITION

In the authors’ experience many medical men
in the tropics are only deterred from undertaking
researches in tropical diseases by the impossibility
of obtaining the necessary knowledge of methods
apart from personal instruction in some laboratory.
Numerous works on technique exist, they are,
ho vever, more adapted for work in a laboratory
than for the conditions under which the average
practitioner in the tropics must be prepared to
conduct his researches. As a result of an ex-
perience of several years, during our work on the
Royal Society’s Commission on Malaria, of the
difficulties that Indian and Colonial medical
officers experience in making the first start in what
must often be work of the greatest interest to
themselves and the utmost value to science, we
have deemed it wise to give instead of full and
elaborate technique, as usually given, only that
which we have found the best, the simplest, and
the most generally useful. In reality, the necessary
methods required to undertake research of the
highest value in Malaria are very simple, yet most
of these cannot be found in books, and they are
with considerable difficulty learnt except by the
personal direction of those who are familiar with
the small details which go to make success.

In the present handbook we propose to give
the essentially practical methods, by which those
not familiar with laboratory methods may, under
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To CrLeaN THE PATIENT's FINGER

If the finger of one’s subject is obviously dirty,
and especially if damp with sweat, the finger
should be roughly wiped with a cloth. If con-
sidered necessary, precautions may be taken to
avoid all skin contaminations by the routine of
walter, alcohol, and ether, but m ordinary exam-
inations for malarial parasites this i1s quite un-
NEecessary.

To Prick THE FFINGER

The last phalanx of the finger (the third
finger of the right will be found most convenient
and the skin usually soft) is taken between the
finger and thumb of the left hand of the operator
and gently pressed to force the blood towards the
pulp. A shght prick with the triangular pointed
needle will in most cases cause a fair-sized drop
of blood to exude.

To Make THE FiLm

When the drop of blood reaches the size of
the head of a small pin, a slide is taken in the
right hand and lowered on to the drop (taking
care not to ‘dab’ it on the skin). If the drop is
too large, wipe it away and squeeze a small fresh
one. The drop should be transferred to the slide
about one-third inch from the far end. The slide
1s then changed to the left hand, the finger and
thumb grasping the end nearest to the drop. The
right hand again takes the needle, and holding
it by the pointed end lays the cylindrical shaft
transversely to the slide and across the drop of
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little practice will enable one to make films with
the upper and lower edges more or less parallel
with the edges of the slide, and terminating in a
pointed manner about half an inch from the right
hand end of the slide. Practically the whole of
the drop of blood is then upon the slide, and the
edges to which the leucocytes tend to find their
way are in a suitable position for examination
(see differential counting of leucocytes, p. 41).

3. In the case of very anaemic bloods, e.g.,
those of “malarnal cachexia,” difficulty will arise
from the film being too thin. The needle in this
case must be carried very loosely and rapidly along
the slide and a thicker film thus made. When
blood with difficulty adheres to the shide, good
evidence of extreme anaemia is obtained.

THE PrErArATION OF WET FIiLms

A wet film is not so easy to make as a dry
film, and requires cleanliness and rapidity of
manipulation. Wet films are therefore difficult to
make in dusty countries, where a single particle of
grit will mar the process.

Before proceeding to make films, several glass
slides and coverglasses should be carefully cleaned
and polished with a dry pocket handkerchief, and
wrapped in clean smooth paper, to ensure the
absence of dust or grit. In making a wet film the
result may be marred by—

1. Too small or too large a drop of blood.

2. 'looslow manipulation allowing the drop
of blood to partially clot.

‘3. An uneven coverglass or a coverglass with
a minute bubble or speck in its substance.

4. Dust of any kind.
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1. The most convenient method is that of
writing on the end or back of the slide with
ordinary ink. This should be quite dry before
placing in alcohol. There is then no fear of its
coming olff.

2. An excellent and extremely simple method
of labelling has been described by Dr. PowEgLL,
(Bombay), viz :—After making a dry flm, as
described above, the name, date, and other
necessary information, are scratched on the film
with the head or point of the needle. © The films
used being extensive, the writing in no way injures
them. The first half inch or so of the film is
frequently rather thick, and much information as
to name, date, temperature, etc., may safely be
written on it.

To Store FiLms

Slide boxes may be used, holding the slide
vertically. These should be well cleaned out if
made of wood, otherwise fine sawdust accumulates
on the slide. A size which will go in the pocket,
and holds about twenty-five slides, will be found
a great convenience for daily work. Larger boxes
to hold one hundred or so are best for use at home:
half-a-dozen of these may be enclosed in a stronger
outside case. Ina square foot of space something
like 1,500 slides can be stored in this way.

. I no box is at hand, films may be wrapped
in clean white paper ; a fold of paper being placed
between eachslide. For transmitting half-a-dozen
films or so this is quite the most convenient way,

the whole of course being packed in a box or tin
with wool.
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as the red cell. Frequently, too, platelets are
surrounded by what looks like a definite clear
outline, but a closer examination will show that
the resemblance to a parasite is only superficial,
The mass is granular throughout, a parasite is
not. The staining is uniformly reddish or blotchy,
blue and red, it is not divided as in the parasite
between a definite blue area and a definite red
dot or dots.

Leucocytes, we have said, are also not
uncommonly taken for the larger forms of parasites
(e.g., gametes), but only a beginner could possibly
make such a mistake, as the leucocytes have a
large densely staining mass of red (the nucleus)
forming a considerable proportion of the whole
cell mass, whereas in the gametes there is only a
patch or so of red amidst the blue,

Dust on the eye piece is at once detected by
rotating the eye piece when the body shifts its
position.

Tue NormaL CONSTITUENTS OF THE BLOOD

Normal blood should be carefully studied in
fresh and stained specimens,

1. TheRedCells.—With RomaNowskY’s stain
these are only faintly stained reddish (Method 2),
greenish or bluish in colour (Method 1). Their
apparent size, i.e., the area they occupy when flat-
tened out, depends upon the thickness of the film ;
in well-made thin films they are large, and stain
with beautiful uniformity. In fresh specimens
(wet films) they ought to appear as perfect,
uniformly straw-coloured discs ; if crenated, it is

impossible for the beginner to detect parasites.
C
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shown by its less intense staining. They also
present indentations giving a partly bi-lobed
appearance.

(iii) The area of protoplasm surrounding the
nucleus is considerable. It i1s clear, and contains
at most a few scattered granules (RomMANOWSKY
stain). The only difficulty will be found to arise
in the case of a comparatively small number of
‘intermediate " and ¢ transitional leucocytes.’

Intermediate Leucocytes (Fig. 2).—These are
forms intermediate between the large and small
mononuclear forms. They are usually classed
along with the large forms, the characteristics of
which they generally more nearly approach.

Transitional Leucocytes (Fig 2).—These are
very characteristic, and when seen will be at
once recognized. In shape, the nucleus approaches-
that of the polymorphonuclear forms, being trident-
shaped or S-shaped. In consistence, however, it
1s obviously related to the nucler of the large
mononuclear cells. As a rule these cells are small
in number, and from their close resemblance to
the large mononuclears may be included with
these.

Eosinophil Leucocytes (Fig 2).— The large
granules with which these are packed suffice to
distinguish them. The granules are stained pink
or blue (peripherally) by Romanowsky. The
nucléus in the eosinophil cells is frequently
characteristic, consisting of two spherical portions
united by a thin strand of nuclear material ; it is
really of the polymorphonuclear type.

~ Mast Leucocytes (Fig. 2, M).—These, in a film
stained by Romanowsky, are cells crowded with
granules stained deep blue or nearly black.
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film be counterstained with eosin, the fact that
the surrounding pale area is red cell will become
evident.

Two forms may be seen :—

(a) Normoblasts, i.e., nucleated red cells the
size of a red cell (Fig. 24).

(b) Megaloblasts, i.e., nucleated red cells
much larger than a red cell (Fig. 2a).

Myelocytes
Fig, 2m

Normoblasts are the form wusually seen.
Megaloblasts in excess are found in ‘ pernicious
anaemia,’

2. Deformed and Small Red Cells may be seen.
—These are known as poikilocytes and microcytes.
They are common in severe anaemias, especially
pernicious anaemia. It is quite exceptional to
find deformed cells in blackwater fever. The red
cells are generally quite normal 1n shape, though
anaemic in varying degree,

3. Abnormal Leucocytes.—Under certain con-
ditions, e.g., malaria, but especially myelogenous
leukaemia abnormal leucocyte forms are seen
which normally are only found in the marrow, i.e.,
myelocytes. These belong to the large mono-
nuclear class, and may be of two kinds, either with
large eosinophil granules as in the eosinophil
cell, or fine neutrophil granules as in the poly-
morphonuclear leucocytes (Fig. 2B). If large
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The following forms of parasites may be
Bger :— %

(i) Small forms looking more or less like rings,
or stained streaks lying across or apparently stuck

to the side of the red cell.
N.B.—Parasites free in the plasma are practically never
seen.

(i) Larger stained bodies of various shapes
and sizes more or less filling the cell.

(iii) Crescents or large round or oval bodies
with a cluster of coarse pigment placed more or
less centrally.

1. Ring Forms (Fig. 3).—These may be
quite small, one-sixth of a red cell in diameter,
or much larger, one-third in diameter.

Rings are parasites of very distinct outline
and structure. The part of the parasite that will
first be noticed in a Romanowsky specimen will

- be the red nucleus (chromatin), a clearly stained

bright red dot (or dots). This is generally situated

~ on the margin of the blue ring, which is equally

distinct in outline, though often only a faint blue.
The blue ring encloses an unstained vacuolic area.
These rings stand out so sharply that theyappear to
project from the corpuscles. The red dot gener-
ally forms the signet of the ring (signet forms),
but also may occur in the centre of the vacuole.
The red nucleus or dot is often also rod-shaped
or angular., The rings may shew a very faint
blue outline or a thicker portion on the side
opposite to the nucleus.

_ Though generally called ‘rings,” these para-
sites are really discs, or saucer-shaped bodies,
adhering to the sides of the red cells.

Besides these young rings, we have irregular
forms of considerable variety, e.g., a mere faint
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Moreover, crescents again have quite definite out-
lines, and shew a red-stained central portion and
blue extremities.

Fig. 3a. Pigmented Large Mononuclear Leucocytes

The same criteria apply to the spherical form
of the crescent.
Pigmented Leucocytes (Fig. 3a).—Large
leucocytes with a large nucleus. Pigment (melanin)
may occur scattered about the periphery of the
cell,or in little clumps, or even in very fine powdery
rains. The pigment is brownish-black in colour.
gkin pigment may be seen in epithelium scales or
free in the plasma, but the definite position of
‘the pigment in the protoplasm of the leucocyte
characterizes melanin.

APPEARANCES IN A FRESH SPECIMEN

1. Rings—The very small forms of these
are characteristic of malignant tertian infection.
They measure about one-seventh the diameter of
ared cell. A ‘ring’ is characterized by its rather
opaque white look, its very definite contour, and
by the fact that the central portion is of the same
colour as the red cell, which is in fact seen through

its substance. The ring has often a thickening
‘at one point giving the ‘signet ring’ appear-
' ance. On watching such a ring from time to time
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The tertian parasite is an irregular and
flimsy-looking body, and the medium sizes may
show several pseudopodia (Fig. 4). Pigment
is scattered throughout and is actively motile,
while the quartan parasite is oval or globular, of
compact appearance, with darker, coarser pig-
ment, shewing but slow motion (Fig. 4).

The ‘enlavgement of~the cell in which "the
simple tertian lies is also very chavactevistic.

In a well-stained specimen we have the
further characteristic differences.

1. Simple Tertian.—The cell 1s dotted all
over ‘with fine red granules (ScHUFFNER'S dots),
these cells strike the eve during the microscopic
examination and are diagnostic (Fig. 4).

2. Malignant Tevtian.—In specimens deeply
stained with Romaxowsky, the malignant tertian
parasite also produces changes in the red cell
(Fig. 4).  These consist of coarse dots or
clefts, especially around the parasite. They are
few in number and are equally chara-‘:tenstl:: of
this parasite. Their appearance is quite different
from ScHUFFNER'S dots.

MaAuUrer recommends the following method
of developing them :—

10 drops of methylene blue (stock bﬂllltl()l’l}

+ 25 c.c. of tap water.

15 drops of eosin (stock solution) 4+ 25 c.c.

of water.
Mix and stain for five minutes; shake actively

the whole time,
_ QOuavtan.—The red cell shows no altered
staining characters, but it may appear even
smaller than normal. The parasite is not irregu-

lar in shape, but compact, oval, or globular. (In
D
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and trouble necessary to prepare tissues in this
way. It may be pointed out :— : _

1. That the timesusually given for immersion
in paraffin and other reagents are unnecessarily
long.

2. That the use of two paraffins for
embedding, a soft and a hard, i1s an unnecessary
and even harmful procedure.

That an elaborate apparatus for the
paraffin bath is unnecessary (vide later).

4. By using flat and very thin pieces of
material, sections of considerable area may be
obtained in a minimum of time. It 1s necessary
to cut thin slices of the raw material (1 mm. or
less in thickness), and place these upon a small
piece of paper or coverglass before placing in the
alcohol to harden. The paper keeps the slab from
becoming distorted, and enables one to cut sections
of the full area of the slab, say two-fifths inch
square.

5. By placing minute pieces of tissue (in
slabs on paper, if a section of some size is needed)
directly intoabsolutealcohol, fixing, hardening,and
dehydration can be accomplished within an hour.

NECESSARY APPARATUS FOR PARAFFIN SECTIONS

1. Cambridge Rocking Micvotome.—The or-
dinary form is all that is necessary, costing about
five pounds. It is convenient to have a ball and
socket adjustable holder, which enables one to
change the angle of the block without remelting
the paraffin.

2. Razors.—These may be hollow-ground
on one side, or on both, to a varying depth. For
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kept melted. This is the temperature for embed-
ding. This simple device serves all the purposes
of an elaborate paraffin oven (Fig. 8). :
Alcohol.—Absolute alcohol in the tropics
has absorbed a good deal of water, and 1t 1s
necessary to dehydrate it, ;

Heat crystals of CuSO, till a white mass 1s
formed. Allow to cool, and place in a tall bottle
of alcohol. Allow to settle and decant off alcohol
as required. Add fresh anhydrous CuSO, if a
marked blue tint develops, or tie up the anhydrous
copper sulphate in a muslin bag, and place in the
alcohol pot.

Gelatine may be used to dehydrate alcohiol ;
it must previously be washed free from salts by
soaking in water.

5. ' Xylol.—Xylol is the most generally satis-
factory agent for displacing the alcohol and allow-
ing the paraffin to permeate the tissue. Chloro-
form, wood naphtha, turpentine, oil of cloves, and
other substances may be used.

6. Paraffin.—For use in the tropics, paraffin
melting at sixty degrees will scarcely be found too
hard. At high altitudes a softer will be required,
and the right degree of softness must be deter-
mined and produced by mixtures of parathn melt-
ing at 60° C. and paraffin of lower melting point,
say 50° C., such as is suitable [or use in temperate
climates,

To obtain paraffin suitable for use in a given

temperature place a block of paraffin in holder
and cut thin sections.

~(a) 1If the sections curl very much the paraffin
is too hard.
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(ii) Fold a piece of paper, so that by folding
a trough of required size is made. If an extra
length of paper be left at each end of the trough
it can be folded down and holds the rest in posi-
tion. Fill with freshly melted paraffin and
add the piece of tissue picked up with warmed
forceps.

(111) Use metal pieces, supplied with most
microtomes, upon a slab of glass.

The following points should be borne in
mind :(—

(1) Fresh paraffin should be melted for the
block, as paraffin frequently melted, or kept melted
for long periods, does not form so uniform a mass
when cooled as freshly melted parafhin.

(i1) The more rapidly the paraffin is cooled,
the more uniform is the resulting mass. It is well
therefore, as soon as a well-marked surface crust
appears, to plunge the watch glass or trough into
cold water.

When cold, cut out a square block with the
tissue arranged in the position required for the
sections.

5. Cut sections.

Note (i) The angle the knife is placed at is
important, and must be found by experience.

(1) It is well to use pads of paper to protect
the edge of the razor, where it presses against the
iron of the microtome,

(111) To cut in ribbons, the top and bottom
edges of the block must be parallel and horizontal.
It is well to dip the block in soft paraffin, or
merely to smear the top and bottom surfaces of

the block with soft melted paraffin.
E
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brushes and the currents they produce on the sur-
face of the water. Note the rotation of the head
so that, whilst feeding, the ventral surface of the
head is uppermost.

The Food of Larvae—Tear a larva to pieces
with a needle and remove a small portion of the
dark central mass of food material filling the
straight alimentary canal. Place in a drop of
clean water and crush under a coverglass. Note
what organisms form the chief bulk of the food.
Note the presence of sand grains—unicellular
plants and animals—short lengths ofalga, diatoms,
etc. Also bacilli.

Determine the common foods of several species
of Anophelines.

Desiccation of Larvae—CELLI and CAsA-
GrANDI have found that Anopheline larvae can only
resist desiccation at 20° C. for two days, at 35° C.
for one day, and 40° C. for two minutes only.
Larvae of Anophelines stranded on moist mud will
live as long as four days, but in the tropics as
soon as the mud loses its glistening surface they
die.

Culicine Larvae.— The larvae of the Culicidae,
with the exception of those of Anophelines and
possibly some other genera, are superficially much
alike. The conspicuous hairs and spines, and
even the complicated terminal segment, are very
similar in the different genera. There are, how-
ever, marked differences in some features on closer
examination. These differences are mainly to be
found in the syphon tube, the antennae, and
mental plate, but to a less extent in other
structures.
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Before placing the bird in the cage, a small
bag of netting should be tied around its head, as
it then remains perfectly quiet, and further, the
legs may be fastened. Small birds, such as spar-
rows, should be carefully treated, as, otherwise,
they are very liable to succumb. Pigeons should
be treated in the same way, if necessary.

2. Mosquitoes may be fed singly on pigeons
and other large birds by placing the end of the
test tube, in which the mosquito is confined,
against an area of skin denuded of feathers.

FEEDING ExPERIMENTS oN DBIRDS

1. Feed anumber of Culex, e.g., C. fatigans,
on sparrows (in which have been detected proteo-
soma in the blood), by placing these for a time in
the mosquito cage.

After feeding one or two days, place those
mosquitoes, which obviously have fed and are
gorged with blood, in a prepared chutney jar, and
keep until ready for dissection.

Note (1) the zygotes of proteosoma which
generally occur in large numbers in the stomach
wall, and in which very coarse and dark pigment
is seen. -

(11) Feed some Anophelines on proteosoma
sparrows, and note that no zygotes are formed.
(iii) Feed some Taeniovhynchus on proteosoma
sparrows, and note the negative result.
(iv) Feed some Culex upon pigeons con-
taming halteridium, and note negative result.
~ Sparrowscontaining halteridium so frequently
(in India) contain proteosoma that, even if the
latter is not observed under the microscope, it is
difficult to be sure of their absence.
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Note that at the point of breaking up, one can
generally make out large stellate cells (tracheal
cells). (Fig. 31.)

Observe in some preparations, large oval
cells of brownish colour lying upon the outer
surface of the stomach. Note that they are rather
opaque, and contain a certain amount of diffuse
vellowish pigment. They are so called pericardial
cells (see Fig. 32).

Observe, in most preparations, one or
more large clear cells with a small nucleus and
filled with oil globules (cells of the fat body)
(Fig 32.) These lie upon the stomach and, n
common with the last named cells, are accidental
in this situation,

Tue ExaminaTioN oF THE Mip-(GGUT FOR THE
ZYGOTE orR QocyYsT STAGE OF THE
MALARIAL PARASITE

(The examination of the stomach blood for flagellating and
the motile ov vermicule forms is deferred to a later Chapter).

Obtain a number of Anophelines (not M. rossit)
from some native quarter éee p- 92), or better,
those specially fed. Keep these alive for two
or three days until no blood remains in the
mid-gut (for methods of keeping alive, see p. g5).

Prepare the mid-gut as described above. A
considerable number may prove negative, but a
variable percentage will be positive. Examine
with one-twelfth inch.

Carefullynote the presence of small collections
of pigment of the nature of malarial pigment.
By careful focussing, the younger forms may be
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EXAMINATION OF THE SpPorozolT ForM OF THE
MALARIAL PARASITE :

Obtain a number of Anophelines (not M. vossii)
from a native quarter (five per cent. to twenty per
cent. or more have sporozoits in the glands), or
Anophelines fed for twelve days or more at a tem-
perature of 80”F. Prepare specimens of the glands,
as described above. Having placed one or more
lobes under a low power, press with the point of
a needle on the coverglass, so that the gland is
ruptured, and the secretion poured out as droplets
into’the surrounding fluid.

5 Examine with one-sixth inch. If sporozoits
are present they are generally very numerous, and
large numbers of fine, very distinct curved rods,
will be easily seen with this power, lying through-
out the fluid around the gland and packed in large
numbers in the substance of the gland. Finally,
examine with one-twelfth inch (I'ig. 37).

The sporozoits have a mean length of 14 #,

and vary between 10 x and 20 g, and are 1-2 u in
width.

ExaMinaTtion oF MoTioNn oF SPOR0OZOITS

Dissect out the glands and, when isolated
cleanly, transfer to a drop of human serum,
previously got ready by allowing blood to clot in
a small tube. Three kinds of motion may be
observed : —

1. Formation of curves,
2. Formation of ring-formed contractions,
3. Locomotion. Forward motion.

Penetvation of Red Cell by Spovozoits.—This

has not been seen in case of sporozoits of the
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of the cell by a large mass of secretion, which
occupies almost the whole of the cell. In the
fresh gland this secretion appears as a clear,
refractile substance, and can, by pressure, be made
to exude from the cell in refractile globules. In
specimens hardened in alcohol, this clear secretion
appears as a granular mass, occupying the greater
portion of the cell. It stains faintly with haema-
tein, and shows under high powers (one-sixteenth
oil 1mmersion) a coarse reticulum and isolated
globules, an appearance probably due to the pre-
cipitation or coagulation of the secretion by the
alcohol. Considerable variations exist, however,
in the appearance of this granular secretion, both
in the different mosquitoes and in different parts
of the same gland. In Anophelines the greater por-
tion of the gland contains cells densely crowded
with granular material. Very frequently, how-
ever, the terminal portion contains cells in which
only a few large globular masses exist (Fig. 38).

The protoplasm of the cell occupies, in the
fully-matured gland, only the extreme periphery,
and the nucleus, which is much degenerated, 1s
pushed to the outer portion of the cell, and usually
lies in the angular interval left at the base of two
or more contiguous cells. In the granular type
of gland this disappearance of the protoplasm and
nucleus from view is more pronounced than in the
clear type of gland.

The Clear ov Colloid-like Type—Of the last-
mentioned type there are two acini upon either
side; of the present type there is but a single
acinus upon either side, which usually lies between
the two acini of granular type (Fig. 38).

In the fresh gland the cell outlines are not so
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In certain conditions the malpighian tubule
cells may be found quite free from granules,
though otherwise unchanged. This change occurs
in mosquitoes with large numbers of a flagellate
organism (previously noted) in the rectum and
hind-gut.

The Muscular System.—The muscular fibres
of the mosquito are without exception striated.
Those of the wings differ in structure very much
from those of the limbs and body segments. The
muscle fibres of the alimentary canal are large
fusiform cells, with a single large nucleus with some
surrounding protoplasm. The muscle fibres in
connexion with the heart are much branched.

Many of the fibres contain a very marked
sarcolemma and space between this latter and the
fibre. This space i1s usually seen occupied by
extremely delicate branching threads, which stain
feebly with haematein.

In the pupae there exist some large cells of
peculiar nature 1 association with the sheaths of
the muscle fibres,

The structure of insect muscle is described
in many works on histology, and does not need
repetition here.

The Tracheal System.—The larger trachealves-
sels consist of a single layer of flattened cells with
an inner chitinous layer. Insmaller tubes the cells
embrace the entire vessel, the nucleus frequently
being bent around the lumen. The cells of the
tracheal vessels contain numerous small clear
vacuoles (chitin formation). The chitinous lining
possesses athickening in the form of a spiral thread,
which may become unwound and lie stretched as
a wavy thread in fresh preparations.
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and observe that in all, Anopheline, as well as
Culicine larvae, may abound.

Note that in waters covered with certain
- species of Lemna, Anophelines are rarely found.

(v) Place any larvae (nearly adult specimens
if possible,) and nymphae in collecting tubes with
a note as to where they have been obtained.
If it is necessary to cork the tubes, some air
space should be left and the corks loosened as
often as possible. Larvae, as a rule, survive
carriage in small collecting tubes better than they
do in bottles or larger vessels. They may be
carried long distances, e.g., in a train or on horse-
- back, provided that occasionally the tube is un-
corked and theyareallowed breathing time. Larvae
survive rough treatment better than pupae, and
when apparently dead, may often be revived by
floating out on the surface of the water. Examine
the larvae (Chap. IX), and roughly divide them
into as many groups as possible, observing the

main characters of each.
i (vi) Place each variety in small bottles, over
the neck of which a piece of mosquito netting
must be tied as soon as the larvae have turned
into nymphae,

When the adult insect has hatched out, note
its attitude and any other special features.

To KiLr. MosQuiToEs

1. A mosquito that has just hatched out from
the nympha should not be killed for some hours
until its exoskeleton has hardened. If it is killed
immediately, the wings on drying will shrivel, and
possibly the whole insect become distorted.






























169

hypopharynx. They have about twelve serrations
at the extremity, coarser than those of the mandi-
bles. In some culices, papillae replace the serra-
tions.

The Maxillavy Palps.—These lie upon either
side and somewhat dorsally to the proboscis. In
the act of biting they take no part, but are then
separated from and lie at right angles to the pro-
boscis.  Differences in the palpi are of both
specific and generic importance,

The expanded ends of the palpi in the male
Anophelines are even more conspicuous than the
plumose antennae.

The Prothovax.—The main portion of the
thorax is mesothoracic ; anteriorly, however, there
is a collar-like piece of chitin, the prothorax. To
this are attached two moveable bodies, the pata-

a.
F The prothorax is of importance in classifica-
tion, e.g., in the new genus of the Anophelinae
Stethomyia the prothoracic lobes are mammillated.

The Mesothorax (Fig. 42).—The scutum of the
mesothorax forms the large globular mass of the
thorax. Behind the scutum, and just behind the
origin of the wings, 1s a transverse bar of chitin,
‘the scutellum. Behind the scutellum is a convex
triangular area extending as far as the first
abdominal segment, the post-scutellum (Fig. 42).

- The scutellum and post-scutellum are of
importance in classification. Thus the scutellum,
with its ‘ posterior border bristles,” is often of
specific value, whilst the post-scullem may be—
1. Bare. Culex and Anophelinae.

2. With hairs. Wyeomyia.

3. With scales and hairs. Joblotia,

i
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The lateral scales are very variable in shape,
e.g.
| e 1. In Mansonia they are broad asymmetrical
flat scales. Sy
2. In Aedomyia the scales are similar. :
In Mucidus the wing scales are quite
' characteristic, being pyriform or inflated and half-
* dark, half-white.
" In Megavhinus the scales may be azure
green or blue. )
The Wing Fringes consist ol—
1. Long narrow-pointed scales attached to
the edge of the wing by a narrow stalk.
2. Smaller scales similar in shape.
Border scales. Small flat scales.
Leg Scales.—The legs are covered with flat
scales in nearly all Culices,
| 1. In Sabethes the scales are hair-like and
© occur in tufts.
2. In Mucidus, Psovophora, the scales are
elongated and project from the legs.
The sub-family Anophelina contains, as we
< shall see, twelve genera, the Culicinae twenty-five,
and the Aedeomyina seventeen. When we consider,
further, the large number of species in some of these
genera, e.g., Culex, it is impossible to attempt here
 to describe each mosquito, however briefly. Con-
sidering the great importance, however, of the
Anophelinae, we shall attempt to give the charac-
‘teristic specific points for each of the species, as an
aid to a detailed examination by means of
TueoBaLD's monograph. With regard to the
‘other sub-families we shall attempt only to give
‘characteristics of each genus.
‘The Culicidae are divided into the following
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five-jointed in @ (M. purpureus only four). Readily
recognized : (i) by their large size, often called
‘elephant mosquitoes’; (ii) by their bnlliant
metallic colours; (ili) by a caudal tuft of hairs on
each side of the abdomen; (iv) by the long and
curved proboscis; (v) head is clothed with flat
scales only (Fig. 48).

They may be found resting on the trunk of
trees in the forest, also in houses in the bush.
Species, about six.

Genus 2. Toxorhynchites.—Palpimuch shorter
than proboscis in @, three-jointed. Supernumerary
cross-vein nearer the apex ol the wing than the
mid cross-vein. Species, four.

SuB-FamiLy CuLiciNa

First sub-marginal cell equal to or longer
than the second posterior cell.

Genus 1. Janthinosoma.—Hind legs densely
%caled, giving a characteristic appearance. Species,
ve.
. Genus 2. Psorvophova.—Characterized by (i)
. great length of & palpi, five-jointed; (ii) densely
long scaled legs ; %ii} posterior cross-vein a little
nearer the base than the mid; (iv) proboscis
j !,-curved in?. Species, four, -
'~ Genus 3. Mucidus.—Easily recognized by
. their curious mouldy appearance. Posterior cross-
- vein nearer apex of wing than mid. Wing scales
- %]arge, pyriforim, parti-coloured. Head and thoracic
§ scales long and twisted, expanded at the apex.
,. i.ﬂgs densely scaled with projecting scales, Species,
| dive.
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three teyminal segments. Antennae scaled. Antennae
in & pilose and longer than the whole body.
Species, two. _

Genus 2. Aedes.—Head, narrow curved scales
form a broad median line only., Other scales flat.
Scutellum, narrow curved scales, six bristles. Palp
in ¢, four segments, apical segment minute, mam-
milliform. Tracesof a fifth segment. Species, two
(TFig. 48).

Genus 3. Aedimorphus.-—Head, mostly flat
scales, narrow curved behind. Scutellum, flat
scales, eight (?) bristles. Has no flat thoracic scales
as Uranotaenia; probably a Culicine. Species, one.

Genus 4. Verrallina.—Head as in Skusea.
Palpi, two segments only (trace of a third), apical
segment large. Scutellum, four bristles and narrow
curved scales. Species, three.

Genus 5. Ficalbia—Intermediate between
last two and next genus. Head scales, no narrow
curved, almost entirely Hat. Scutellum, flat secales
as in Uranotaenia, but thovacic scales navvow curved.
Palpi, two segments. Species, two.

Genus 6. Uranotaenia.—Head, flat scales,
upright forked may or may not be present.
Scutellum flat scales. Thorax, narrow curved and
flat scales. Wings, small forked cells. Metallic
scales at the base of the wings. Related to Aedes,
but more brilliant (metallic) and stouter mos-
quitoes. Species, fourteen.

Genus 7. Mimomyia.—Resembles Urano-

taenia. Has no flat scutellar or thoracic scales.

Forked cells larger than Uranotaenia. No metallic
scales at the base of the wings. Species, two.

~ Genus 8. Aedeomyia.—Allied to Aedes. Dis-
tinguished by (i) head scales upright, fan-shaped :
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white spots on the apical half, and two small
ones at the base. Fringe spotted. Palpi black,
with three white bands, the broadest apical.
Apex white. Madras.

6. P. chaudoyei—Wing, six black costal
spots ; legs unbanded, a pale knee and tibial spot
on the hind legs. Palpi, apex black and with
three narrow white bands. Algeria.

P. palestinensis.—Wings, five large black
costal spots and five yellowish ones of unequal
length. Legs brown, a pale spot at junction of
tibiae and femora, and tibiae and metatarst.
Palpi, three pale bands, the apex white. Diflers
from P. chandovei in the form of the large costal
spot in the apical halfl of the sixth long vein being
dark, and in presence of a deep brown medium
thoracic line. Resembles closely P. superpictus,
- but the legs are unbanded ; spotted wing fringe,
and uniserrated large fore ungues in the male.

_ 8. P. minimus—Wings, three nearly equal
creamy spots and an apical spot. Fringe, spotted
‘except at the sixth vein, thus distinguished from
P. superpictus. Legs, no trace of banding or pale
knee spots. Mid ungues straight ; fore ungues
curved. Hong Kong.

| P. atrvatipes—Clypeus, trilobed, costa
uniformly black, six spots on the veins. Australia.
; 10. P. merus—Resembles P. cinerveus, but
distinguished by the spotted and banded femora
and tibiae, also by its broader fringe spots.

11. P. pilchfordi—Three main costal spots,
two basal interruptions. Sixth vein two spots.
‘Thorax broad white median band. Zululand.

Genus Awribalzagia.—Related to Myzovhyn-
' ¢hus, but has no distinct lateral scale tufts.
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8. M. pseudopictus, wings without prominent

spots. Europe.

9. M.minutus; wings, two white costal spots.

Punjab.
Apex of palpi black:
1o. M. nigevrvimus. India,
(C) Palpi banded, last hind tarsi white:
" 11. M. mauritianus, two hind tars1 white.

12. M. paludis, three hind tarsi white. Africa.

13. M. ziemanni.—Two and two-thirds hind
tarsi white. Africa.

Genus Nyssovhynchus.—wisow, to puncture;
‘ bite,” piyxos, proboscis.

P*.I{:-qqmtoe'-. mostly with legs spotted and
banded, or one or more tarsal segments pure
white. They are both domestic and wild mos-
quitoes. They breed chiefly in pools with algae,
~and in lakes. N. Stephensi will, however, breed
in pots and tins,

A. Legs unspotted. larva with outer pair of
clypeal hairs markedly branched. Leallets of pal-
mate hairs with long filament.

SR fulrgmﬂsm — Probably = leucopus,
Doxirz.  Costa, four large and one or more small
pale spots. Femora, pale band near the apex.
Hind tarsi, three and one-fifth pure white. Palpi,
two narrow white bands, apex white (Fig. 53).
-_Indlcl
2. N. karwari—Iegs not speckled, one and
one-fourth hind tarsal joints white. In fore and
‘mid legs, tarsal joints, except fourth and fifth, have
ggiml white band. In hind legs, tibia, first and

ond tarsus, have apical bands, third and fourth
have both apnm] and basal bcmds the Hfth 1s
White. Palps, four white bands, two terminal
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N. maculatus.—Resembles N. stephensi,
but is easily distinguished by tarsi. Wings, costa
four large and two small basal spots. Under the
third largest spot are three black spots on the first
long vein. Legs, with femora, tibiae, and meta-
tarsi with broken creamy bands and spots. Fore
and mid tarsi with narrow yellow bands. Hind
tarsi with broad white ones. Last segment pure
white, Palpi, four bands, two unequal white
apical bands, then a small white one, and a
second towards the base.

N. theobaldi—Wings, jet black with the

costa interrupted by five white spots and an apical
spot. Legs, brindled with white scales and a
large sub-apical white patch on the femora. Two
and a quarter hind tarsi pure white, then a black
band, then a small white one. Palpi, three white
bands, apex white, two apical bands equal, a
third narrow. : :
' A Nagpur variety which THEoOBALD considers
‘may be a distinct species has two-and-a-half
hind tars1 white and the tips of the palpi black.
India.

6. N. maculipalpis = A. jamesii in Reports
to Royal Society, STEPHENS and CHRISTOPHERS.
Wing, costa black with five white spots. Legs,
black spotted with white, last three hind tarsi
pure white, and apex of next. Palpi, two broad
white bands, one apical,a third narrow one towards
the base. The rest of the palpi spotted with white.
';ength, 5's mm. India, Africa.

N. maculipalpis, v. Indiensis.—Hind legs not
gl.lite so banded as in the type. Some variation
n wing markings.

- 7. N. jamesii,—Costa, four large and two
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The hairs exhibit great variation in different
species, but are quite constant in the one species.
A minute description of these hairs is of great
importance in describing the specific characters of
the larva. -

Clypeal Haivs of Larvae :—

(i) The four anterior hairs may be quite
simple and unbranched. M. vossii, N. stephensi,
M. culicifacies, M. listoni, M. turkhudi, A.bifurcatus.

(i1) All four anterior hairs may shew small
lateral branches. P. jeyporensis.

In A. maculipennis all four hairs are branched,
the outer pair form distinct tufts.

(111} The outer pair may be markedly
branched, e.g., Ce. pulchervima and M. pseudopictus.

(iv) The outer pair may be developed into
a close tuft (cockade), e.g., M. barbivostris, A.puncti-
pennis.

r’i'“ r"\?

2 3 I3
Fig. 56. Clypeal Hairs of Larvae
1. M. vossii, N. stephensi, M. culicifacies, M. listoni
2. N. maculipalpis. 3. P. jeyporvensis. 4. Ce. pulcherrima
5. M. sinensis, M. barbirostyis

e The two hairs situated behind these may,
instead of being very short and inconspicuous, be
long and prominent, e.g., M. tuvkhudi.
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lanceolate structure. About the third day, the
hairs are seen with seven to eight uniformly lanceo-
late leaves. Very soon after this, they take on
the characters seen in the hairs of the mature
larva.

In the mature larva the leaflets shew much
variation in the different species. In most species,
the leaflets terminate rather suddenly in a number
of jagged points or notches, whilst the central
portion continues as a more or less fine filament.

4

Fig. 578. Letflets of Palmate Haivs

1. M. stnensis, M. barbivostris. 2. A. lindesavii
3. N. theobaldi, N. stephensi. 4. M. listoni, M. culicifacies
5. M. vossii. 6. M. turkhudi

The character of the notching and the relative
length of the filament to the leaflet are of specific
importance. The following types of leaflets are
known :—

1. The leaflets are unbrokenly lanceolate in
shape, with saw-like notches along the edge of the
outer half. There is no distinct terminal filament.

M. sinensis
M. barbivostris






















































Fig. 59. Shewing varviations in Malarial Endemicity
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». Determine the species of the larvae
collected.
3. Make a map of the neighbourhood,
noting—
(a) All breeding grounds.
(b) What species are found breeding in
those examined (I'ig. 60).
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Fig. 60. Map shewing how to make a Malarial Survey

(B) The Presence of Winged Anophelines—

1. Search in outhouses, under eaves, etc., as
described in Chap. XIII, for Anophelines. Deter-
mine the species, note relative numbers of each
species on map. The relation of Anophelines to
native dwellings will probably be evident,
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and by palpating a few spleens previously to
taking blood specimens the children will come
readily. It is well first to take the blood of one
or two adults or big boys so as to allay fears. In
all cases it will be found best to take for granted
the willingness of the child, and 1f the operation
is quickly and quietly performed there 1s little
objection, especially when each receives payment.

Make dry blood films by the method des-
cribed in the early part of the book.

: At the same time a spleen census may
with advantage be made.

On examining the films determine :—

(1) Number shewing parasites or pigmented
leucocytes in the blood.

(i) The species of each parasite present and

the percentage value for each if the numbers are
large enough.

To DETERMINE THE INFECTION IN THE
ANOPHELES

(TrE SporozorT RATE)

1. Collect as large a number of Anophelines as
convenient from the village in and around which
the previous observations have been made.

2. Dissect as many specimens as possible,
noting m each case the species dissected, and
noting 1n which species, if any, sporozoits are
found.

In many cases the sporozoit rate is extra-
ordinarily low, e.g., two per cent., although
Anophelines are abundant and the malarial index
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In every case make a differential count of the
leucocytes and keep the record.

Observe especially, any community of Euro-
peans shewing a larger percentage than usual of
malarial infection. Note the conditions under
which these are living, and note also the probable
greater prevalence of blackwater fever in these
communities, e.g., Roman Catholic Fathers, West
African miners, railway communities, Europeans
in poor circumstances living in the slums of native
towns, etc.,, Syrian hawkers, etc. Note those
communities habitually taking quinine.

Large Eﬁlm; camp
.Ewﬁ:un guartars
Nacive guariers -—

Fig. 61. Shews how Europeans ave infected with Malaria
from the native (childven)

2. Note the usual relation between the degree
of ill-health and the proximity of native huts.
Make a map shewing European dwellings and
shewing huts and hovels in relation with these
(Fig. 61).

3. Make a thorough investigation of the
conditions in these huts.
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6. Examine especially the conditions where
Anophelines, breeding-places, native huts, oppor-
tunity for constant importation of malaria and
numerous susceptible children exist, and yet there
is a complete absence of endemic malaria. In
Africa it will probably be impossible to find such
places, but they occur in India.

EnpEmMic AreAS oF A COUNTRY

The map (p. 253) shews how the endemicity
of large areas of a country is a very variable one.
When opportunity offers, the endemic index should
be determined for each locality, and, as far as
possible, all the other facts detailed above. But
the simple taking of the blood of a number of
children (under ten) in any village gives at once
valuable information as to malaria of the district,
information which often 1s quite unsuspected.
Thus, as is shewn in the map, the endemic index
of Calcutta is o, that 1s to say, in the immediate
environs (not in the town itself) where practically
the condition 1s one of a number of isolated
villages, there 1s no malaria among the native
children. At Jalpaiguri the figure 1s low, twelve
per cent., but on reaching the foot of the Hima-
layas,we find the extremely high figure seventy-two
per cent. In this case we were able among other
differences to find a different species of Anopheles,
which, as we have seen, 1s undoubtedly an import-
ant factor.

In other cases, however, all the conditions
may be apparently identical, but within a distance
of even ten miles we may get a change from an
endemic index of o (Madras) to ninety (Ennur).
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Fig. 63. Spectra of (1) Oxyhaemoglobin ; (2) Haemoglobin ;
53‘} Alkaline Methaemoglobin; (4) Methaemoglobin in
Neutval ov Acid Solution ; ( 2} Alkaline Haematin ;

(6) Reduced Haematin Haemachyomogen ;

' (7) Urobilin; (8) Zinc-Urobilin
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Fig. 65. Illustrating method of determining the developmental Cycle
of a Pavasite. (The figures within the civcles vepresent the
size of the Pavasites—thus 7 signifies the Parasite is
one-seventh the diameter of a ved cell)
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observed on the slide. A conical projection
forms at one point of the fertilized gamete (copula).
This elongates slowly and gets curved, forming
an egg-shaped or spindle-shaped mass. The
conical portion eventually separates, leaving
behind the remains of the cell with the pigment.
The vermiculus is thus at first unpigmented, but
later again 1t 1s pigmented (KGCI—Il)j. [n the fresh
specimen the protoplasm appears vacuolated, and
has a nucleus which is readily stained by Roman-
OWSKY stain.

Note that the vermiculus (or ookinet) shews
forward, rotatory, and peristaltic motions. The
further development of the vermiculi is completely
unknown.

Post-mortem. — Pigment 1s - found in the
kidney, intestine, bone marrow, liver, and especially
the spleen, The brain, on the contrary, is almost
entirely free from it.

It 1s probable that the halteridia of all birds
are not of the same species. Inoculation from
one bird to another 1s extremely difficult, if not
impossible. This may be due to the fact that the
parasites in the blood are in all sexuval forms.
In monkeys we appear to have a parallel condition,
viz., gametes only in the blood, the asex 2! forms -
being unknown.

HAaEMAMOEBAE IN MONKEYS

3. H. kochi—These haemamoebae occur in
monkeys. The forms usually met with are
sexual forms. Asexual forms resembling young
malaria parasites are very rare. Flagellation
can be seen in fresh specimens. The parasites
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Technique—Examine the blood of young calves, especially
~ those showing some emaciation, The blood is most readily
got from the ear. Wash the ear with a wet cloth, dry, and rub
until the veins become prominent. Wash stained films moment-
arily in acetic acid, 1 in 400 H,O, otherwise the deep blue of
the red cells somewhat obscures the parasites. Examine very
carefully, as parasites may be scanty in chronic cases,

The parasites are two to four x in length, one
to two a in width, Various forms occur in the
circulation—(i) a spherical or ovoid form, (ii) a
- piriform parasite in pairs or fours. These are
characteristic, and give the name. Intermediate
stages between (i) and (i1) occur. The spherical
forms show a chromatic particle, and closely
resemble ‘¢ young rings.” The chromatic body
(nucleus) divides into two portions, one going to
each end ; the parasite elongates, and by this means
the piriform boady is got. The piriform parasites
are two to three » long and about one # in
diameter.

(111) Bacillary forms showing, however, a red
chromatic spot and blue protoplasm (Fig. 75).

(iv) Large double forms having a curious
resistent appearance (Vide Plate) probably gamete
forms of P. bouvis.

The number of parasites in the peripheral
circulation is proportionate to the severity of the
disease—one to two per cent. of corpuscles are in-
fected, at the end of the disease five to ten per
cent. (or even twenty-five to thirty per cent.) The
number in the blood is not so great as the number
in the spleen (ten per cent.), liver (thirty per cent.),
and especially kidneys (eighty per cent.)

I'ree parasites are found in the blood in the
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less in the cases described in Alexandria, Egypt.
It is possible that they are not the same diseases,
and the subject requires elucidation. In the Mon-
tana disease, piriform, ring-shaped, and cocci-like
forms occur.

6. Pivoplasma equi (LLAVERAN).—Found in
horses in South Africa,

Ticks

Life History.—The female, after satiating her-
sell with blood, falls to the ground and, in a few
days or weeks, lays eggs.

Eggs—The eggs are laid in masses of several
thousands (Ixodidae), of some hundreds (Argasidae).
The process lasts about a week. They are small,
oval, opaque bodies. They may take weeks or
months to hatch out. From the eggs is developed—

The Larva.—These are hexapod. They cling
to blades of grass, etc., and may do so for several
months before attacking a host. The larval stage
lasts six to ten days. The moult then takes place,

.~ and there emerges from the skin—

The Nymph.—These are octopod. They re-

. semble adult females. They have respiratory

stigmata, but no sexual organs. The nymphalstage
lasts seven to ten days. The nymph moults, and

- there emerges—

The Adult.—These again attach themselves
to the host, and n a few days copulation takes
place. The female gradually distends and remains
attached for about nine to eleven days. The female
then drops off. What the male does is uncertain.

- The female’s whole cycle on the host is thus

twenty-two to thirty-one days. The entive life

cycle takes, probably, about two to three months.

X
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(2), (3), and (4) form the piercing organ or
haustellum. A

5. The Palpi are four-jointed and leI'I’I"-l a
kind of sheath for the haustellum. The shape
of the palpi, their spines and processes are of
the greatest importance in classification.

Fig. 76. Eggs, Larva, and Adult Tick. (After MAASEN)

6. The Scutum is a dorsal structure, situated
behind the base of of the rostrum. It 15 a
hard leathery plate. In the male it practically
covers the whole of the dorsum. In the female
it is confined to a roughly triangular anterior
portion of the dorsum. The males are thus
readily distinguished from the females. It 1s
absent in the Argasidae.

7. The Povose aveas are dorsal structures
forming two oval depressions one on each side of
the middle line at the base of the rostrum. They
are most conspicuous 1n the female, but exist in
both sexes.

8. The Eyes, not always present, are small,
almost globular structures, situated laterally at
the margin of the scutum in the [xodidae, or as
punctiform structures on the supracoxal fold of
the first leg in the Avgasidae.

Q. The Stigmata—Situated ventrally and
laterally behind the level of the fourth legs in the
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ﬁd} The salivary glands. A number of small
tubules near the rostrum on either side.

(e) The ovary. A brownish elongated organ
(o). Examine with a lens and note the large ova.

(f) The malpighian tubules ? ().

To cut sections. Snip off portions of the
chitin before placing 1n alcohol. Do not over-
harden. Use a sharp razor. Fix the sections to
the slide by the hot water method. Stain with
haematein. Observe the following tissues :—

(@) An external chitinous layer and a single
row of columnar cells forming the cuticle.

(b) The alimentary canal and its appendages
cut in various planes.

In the diverticula, distended with blood, the
epithelium is ﬂattened in the empty diverticula
the epithelium 1s Lalumnar and the cells often
have processes projecting into the lumen. Note
the peculiar crystalline contents of the diverticula
(altered blood).

(c) Large cells with large nuclei (ova). These
are arranged around branches of the follicular tubes
as in the mosquito.

(d) Undeveloped follicular tubes containing
large cells.

(e) Tissue, rich in nuclei, E‘ipECl’le in the
posterior portion of the l}ady (= Fat body of
insects).

(f) A large nerve ganglion anteriorly.

(&) Muscle fibres passing chiefly ventrad and
dorsad, tracheae supplying the viscera.

CrassIFicaTION oF Ticks

Ticks are divided into two families—
1. Awgasidae, scutum absent,
2. [Ixodidae, scutum present.
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Here, as in the case of other trypanosomes, mor-
phological appearances often make it a difficult
matter to distinguish species. The fact, however,
that the trypanosome of one species of fish cannot
be transmitted to another species of fish is in
favour of the specific nature of the trypanosomes
of each species of fish.

Mode of infection.—This, probably, is effected
by ecto-parasites of the fish, especially leeches.
Experimentally, it has been shown that leeches
can transmit the infection. Inoculation of fish
1s most successful when made intra-peritoneally.

1. T.vemaki.—In the pike (Esox lucius). Never
very numerous. ['wo varieties or species occur :
(1) T. vemaki, var. pavva, 28-30 ¢ long, flagellum
included, by 1°4 » broad. The blepharoplast is
rather small. (1) T. vemaki, var. magna, 4°5 u long,
by 2'5 # broad. These two varieties resemble one
another very closely, except in size.

2. T. danilewskyi.—In the carp (Cyprinus
carpio). 35-45mlong, by 3 xbroad. Blepharoblast
large. The protoplasm in stained specimens has
many chromatic granules. :

. T. tincae.—In the tench (Tinca tinca).
Gﬂ{lerall}rdscaniy in the blood. Motility very
active, and curls on itself. 35 u long, by 2:'5-3 w
broad. Posterior end is blurf'ff:,:l e e

. T. abramis,—In the bream (Abramis
brama). Recorded by Laveran and MEesniL, but
undescribed.

5. T. granulosum.—In the eel (Anguilla vul-
gavis). They vary in size from 44-80 x in length,
and 2'5-3 « in width. Very active in their move-
- ments. Undulating membrane broad. Posterior
- end sharply pointed. Stained specimens show
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3. T. evansi.—The trypanosome of Surra. A
common disease in many parts of India, e.g.,
Bombay, at certain seasons especially, though
probably always in a latent condition. It 1s
possible that its increase at a particular time 1s
associated with the prevalence of a biting fly.
Surra is characterized by a similar train of symp-
toms to those of Ngana. RoGERSs states that the
disease in India is conveyed by Tabanidae (horse
flies). This statement has not yet been confirmed.

Whether the ‘surra’ of camels in India is
produced by the same trypanosome there is no
evidence to shew.

[LAveraN and Mgesnin, who have recently
been able to make a companson of T. brucei and
T. evansi, state that T. brucet is shorter and more
compact than 7. evansi. The movements of
T. brucei are also less extensive. The posterior
end of T. bruceir is also blunter than that of
T. evansi. The free portion of the flagellum 1s
shorter in T. brucei than T. evansi, and the pro-
toplasm of T. brucei has more numerous and
larger granules than that of T. evansi. The
nuclei and the blepharoplasts are morphologically
indistinguishable.  Further, the mean length of
T. brucei is less than that of T. evansi, and the
width of T. brucei is greater. The distinction
between Surra and Ngana is, however, best proved
by the fact that an animal immunized against
Ngana 1s yet susceptible to inoculation with
Surra.’

T. equinum (Mal de Caderas).—In Central
and South America. A disease aflecting horses.

The symptoms—remittent fever, oedema,
wasting—resemble those of Ngana and Surra.
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four pre-anal and a variable number ol post-anal
papillae and spicules, which vary i size and
appearance. In the females the vulva opens in the
neighbourhood of the mouth. The host in which
the filaria reaches full maturity, giving rise to
embryos, is the definitive host, the other host is the
intermediary or secondary host. Thus F. bancrofti
has for its definitive host, man, for its inter-
mediary host, certain species of Culicidae.

F. vecondita—Definitive host, dogs. Inter-
mediary host, Ct. canis (dog-flea).

ApurT FILARIAE

1. F.bancrofti.—The adult male and females
are. found together, sometimes in the lymphatics
or in cyst-like dilatations of these. The embryos
gain access to the circulation by the thoracic duct.

2. F. divrna.—Adult form doubtful. Accord-
ing to ANNETT and DuTtToN it is F. loa.

F. perstans—The adults were found by
DanieLs at the root of the mesentery, behind the
abdominal aorta, and beneath the pericardium.

F. ozzardi—Adults found by DanieLs
in the sub-peritoneal tissue.

5. F. demarquaii.— Adults doubtful. A
female form has been described differing slightly
from that of F. ozzardi.

6. F.loa—Adults found in the subcutaneous
areolar tissue, also in the eyelids, and beneath the
conjunctiva.

F. megalhaesi.—Adults only known, found
in the left ventricle of the heart by FicuEirA DE
SABOIA. '

8. F. gigas—Adults unknown.
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