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Introduction to the Series

The art of treatment represents the merger of two inde-
pendent bodics of knowledge. In their development the two
disicplines have followed separate lines, at times so far apart
that [ittle relationship between them is discernible. The
science of pharmacology is often and properly concerned
with totally impractical matters, and a large part of thera.
peutic knowledge is of necessity an anthology of purely em-
pirical experience.

Forces appear to be at work which prevent their free inter-
Play in the face of universal recognition of the fact that the
best interests of medical practice are to be served only by
their complete integration, It is the rare medical curriculum
in which pharmacology and therapeutics are so arranged as
10 weave their teachings into a single and permanent design.
The courses of pharmacology are isolated in a term or two
in advance of the bulk of therapeutics and, to a considerable
extent, clinicians continue to build the structure of thera-
Peutic teaching with indifferent regard for the base already
set for its support. :

There is, in fact, in evidence a degree of competition and
distrust between the two, Students are informed that thus-
and-so is true in the treatment of the patient, in spite of what
Pharmacology offers to the contrary. There is the implication
that the one is practical, the other theoretical and hence irrel-
evant. This attitude toward the relationship between phar-
macology and therapeutics is more apparent in some schools
than in others but none is wholly free of it. It is, of course,
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viii INTRODUCTION TO THE SERIES

unsound, for in any system of rational treatment the two are
no more separable than the two faces of the same coin.

In ward and clinic the student is often told to do what in
pharmacology he has been taught to avoid, and conversely,
in pharmacology he often learns to expect what turns out to
be alien to the experience of the clinic. It is quite clear that
neither has taken full advantage of the opportunities afforded
by the other. It is also clear that there is urgent need for a
forum where pharmacologists and clinicians may come to-
gether and talk these things over ,That, in essence, is the
purpose of the Conferences on Therapy.

The Cornell Conferences on Therapy were inaugurated in
1937 as a joint venture of the Departments of Medicine and
of Pharmacology. Arrangements were made for the participa-
tion of every department of the Cornell University Medical
College-New York Hospital, and the collaboration of other
institutions. They are scheduled weekly throughout the larger
part of the year. It is the policy to begin on time and end
promptly at the end of an hour.

There is considerable latitude in the conduct of the con-
ferences. Certain features characterize the majority of them.
A group of drugs, a therapentic procedure, a symptom, or
disease is selected as the topic for discussion. Practical pro-
cedures for the use of the therapeutic measure are outlined
by a clinician, and a résumé of the experimental basis is
presented by someone trained in physiology or pharmacology.
Approximately half of the period is devoted to informal dis-
cussion in which the audience is encouraged to participate.

Free use has been made of the question as a particularly
effective device for exciting interest and focusing attention.
In some conferences the method of the “round table"” discus-
sion is employed, the questions being directed to a group of
experts on the subject. The most successful conferences are
among those in which the largest part of the session is devoted
to informal discussion through the medium of questions and
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answers, Thosc in which sharp differences of views develop
and the cvidence is probed, acquire a particularly stirring and
stimulating quality. Therapeutic prejudice and vague opinion
have a somewhat difficult time of it in these conferences.

The scope covers the whole range of therapeutics. To
qualify for a conference, a subject must be a problem in
therapy. It may be old or new. It should be important. If
there are widely divergent views concerning it, so much the
better, since it is the function of the conference to point out
how the evidence stands. The order of subjects doesn't
matter. A series of conferences in a particular field has been
attempted from time to time, as one series on the treatment
of the blood diseases. On the whole, it has scemed more prac-
tical to avoid the series on one subject, and to take up such
topics as seem feasible in relation to their interest at the time
and the personnel available to lead the discussion.

‘While the introductory remarks are often prepared, the
discussion is for the most part unrchearsed and extempora-
neous. In many cases the chairman tries to lead the discussion
into a planned direction, but frequently the course is deter-
mined by the nature of the questions in which the audience
appears to show the greatest interest.

The conference is no substitute for the formal lecture, the
scientific article, or the textbook. It is not a substitute for any
traditional form of medical teaching. It does not aim to treat
any subject exhaustively, but only to explore some aspects of
special interest, to analyze the evidence on controversial points
of opinion and practice, to elaborate the physiologic and phar-
macologic basis of therapeutic measures, and to present these
on the level of the general practitioner.

There has been a good deal of experimentation in policy
and technics. Certain features have survived: The purpose
—to stimulate interest in rational therapy; the method—spon-
taneous, informal, and free discussion.

The conferences were originally designed for the students
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of the third and fourth year classes of the medieal college. It
was soon discovered that members of the house staff, of the
attending staff, and visiting practitioners had an interest in
them. After the first year's experience, it scemed that a per-
manent record would enhance their value. It was anticipated
that the reader might consider himself a participant. Ac-
cordingly, the conferences were taken down by a stenotypist
in attendance at each session. The success of the edited record
led to the next step, the introduction of the conference to
a wider audience through their monthly publication in the
Journal of the American Medical Association from 1937 to
1940, and since 1940 in the New York State Journal of Medi-
cine.

Through their publication it was hoped that they might
serve to demonstrate some of the advantages of this method
of learning and lead to its adoption by other institutions. It is
a method which can be readily adapted to the means and needs
of small medical communities and hospital groups.

There has been widespread interest in the monthly publi-
cation of these conferences. From the large volume of corre-
spondence and the nature of the comments, it has become
clear that they are filling a need in medical education. Busy
physicians find them a rich source of authoritative informfa-
tion in therapeutics, made more practical by the exchange of
views among specialists and general practitioners, made more
accessible by the restriction of their scope and the easy stirring
style of the conference method.

In response to numerous requests, the final step in their
evolution has now been taken, namely, the annual publica-
tion of a volume representing a group of conferences selected
in the main for their quality and lasting value.

THE EDITORS.



Preface to Volume IT

During the past year the Cornell Conferences on Therapy
have been held regularly and in accordance with the policy
and plan outlined in the “Introduction to the Series.”” They
have continued to provide a forum for the informal exchange
of views between specialists and gencral practitioners on prob-
lems of treatment. Their purpose is to promote the practice
of therapeutics based on sound pharmacologic principles.

There are signs of an expanding interest in these confer-
ences. Attendance has so enlarged that the former amphi-
theatre could no longer accommodate the audience. The
sessions are now held in the largest lecture hall of the Medical
College. The American Journal of Medicine, a new monthly
publication whose policy it is to make more accessible to the
general practitioner the specialized fields of clinical science,
expressed an interest in printing the edited record of some
of these conferences. Accordingly, the monthly publication
system has been revised, one conference appearing every other
month in the New York State Journal of Medicine and one
every other month in the American Journal of Medicine.
Volume I of the Cornell Conferences on Therapy has received
a warm reception, and about eight months after its publica-
tion, it was found necessary to prepare for a second printing.
Al of these have encouraged the Editorial Board in the belief
that the Cornell Conferences on Therapy are filling an im-
portant gap in medical education.

Volume I1 comprises a series of 16 conferences selected
from the total of more than 100 which have been published

xi



xii PREFACE TO VOLUME II

in the past few years, The choices were so made as to insure
appropriate distribution of emphasis on new discoveries and
basic principles, and with due consideration of the wide range
of readers: general practitioners, specialists, surgeons, teachers,
interns, medical students, pharmacists, nurses, and others.

In the past few years we have passed through a period of
most intensive research in problems of therapy. Never in his-
tory have so many substantial advances been crowded into so
short a space of time, Under such conditions it is extremely
difficult for the busy practitioner to keep abreast; there is
always the danger of losing perspective and mistaking shifting
sands for solid ground. It is in precisely such a period that the
Cornell Conferences on Therapy, through their free probings
for evidence, proofs, and mechanisms, may render the greatest
service in the practice of rational therapeutics.

THE EprroRs.
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2 CORNELL CONFERENCES ON THERAPY

mention them. Practically none of the books on therapy
mentioned it in their indices, but, I note that Clark in his
1940 edition of Applied Pharmacology states that drugs can
be divided into two classes: placebos, which are given to tran-
quilize the patient, and substances which are intended to
produce a definite pharmacologic action. He goes on to state
that the use of placebos is psychotherapy and not pharma-
cology. I think that statement can be challenged.

Jackson states that the physician may prescribe such prepa-
rations sometimes to patients who are malingering, and thus
play one deception against the other until a correct diagnosis
can be made. That is a statement that can be challenged. He
implies that the placebo has no pharmacologic action, has no
effcct on the patient.

The best discussion, in fact, the only good one I found, is
in Fantus’ text, the 1939 edition. He states that the modern
tendency is no doubt away from the placebos. It is not only
more economical but more efficient to employ skilled, pure
psychotherapy. He states that the lower the degree of the
patient’s intelligence, the more he may be benefited by a
placebo. He goes on to state that millions are wasted by pre-
scribing vitamins and fancy tonics. This brings out the point
that there is a placebo element in most of the prescriptions of
vitamins and fancy tonies. He adds that if one wishes to pre-
scribe placebos, one should remember that iron and calcium
are not very abundant in food. They might be deficient. They
are cheap and inoffensive. He believes it is not right to cause
anyone to pay for articles that have no value, and that it is
best to write the prescription for something that has a recog-
nized though slight remedial value. I am going to bring up
that point later. Then he states that in the case of patients
whose disordered imaginations torture them with afflictions
from which they suffer quite as truly as they would from any
real ill, it is clearly as much the physician’s duty to employ
such remedies as are likely to relieve the deluded imaginations . .



The Use of Placebos in Therapy

Dr. Harold G. Wolff: This afternoon we are going to dis-

cuss a very important therapeutic device, the use of the
» placebo. Dr. DuBois will make the opening remarks.

Dr. Eugenc F. DuBois: 1.think it is high time that we de-
voted a therapeutic conference to placebos. They have been
considered the humblest, the most unscientific, and, perhaps,
the most dishonest group of drugs that are used by doctors.

As a matter of fact, I think we can show that the study of
the placebos is the most important step to be taken in scien-
tific therapy. I am going to make several statements which will
probably be challenged because they are drastic.

‘The first one is that, although placcbos are scarcely men-
tioned in the literature, they are administered more than any
other group of drugs. The second statement is that, although
few doctors admit that they give placebos, there is a placebo
ingredient in practically every prescription. The third state-
ment is that the placebo is a potent agent and in its actions
can resemble almost any drug.

As for the literature, we first ought to have a definition of
placebo. It comes from the Latin word meaning “I will
please,” and its definition is “a medicine adapted rather to
pacify than to benefit the patient.”” That is the definition
given in the dictionary, adapted to pacify rather than benefit
the patient. Well, does anyone believe that it is not benefiting
the patient if we can pacify him?

1 fourd extraordinarily little in the old literature about
placebos. The Index Medicus for the last ten years does not

1
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as it is to give certain medicines for a better defined discase.

Of course, the history of placebos goes back, way, way back
beyond Hippocrates. They are the most ancient of drugs and
we are safe in saying that in older times and in backward com-
munities at the present time, about 90 per cent of the drugs
which are given are placcbos. They are inert drugs which
please the patient and bencfit the patient, and satisfy the doc-
tor. The enormous success of homeopathy, where drugs are
given in great dilution, in sugar pills, drugs so dilute that
they could not possibly have any pharmacologic action, is a
good example. Its success and therapeutic results are probably
better than those in the case of some of the regular drugs that

,are given in huge doses by rival practitioners. At least, it
has demonstrated very clearly what can be done by placebos.

Ithought I would look at our New York Hospital Pharma-
copoeia of the year 1816. That was the first pharmacopoeia
issued, and it was not a bad one, by the way. There are lots of
good drugs in it, and, apparently, these drugs were considered
carefuily by the doctors in this hospital over a hundred years
ago. There is a list of about 160 drugs. If one examines these
in the light of our present knowledge, 1 think about one-third
of them would be considered inert. How about that, Dr. Cat-
tell? Did you have a chance to go over that?

Dr. McKeen Cattell: Dr. Gold and 1 looked it over. That
seems to be approximately correct.

Dr. DuBois: I had hoped to examine the New York Hospital
Formulary of twenty years ago. I remember we gave it a pretty
careful searching in committee, and I think that one-third to
one-sixth of those drugs were inert. What is going to happen
t0 our present hospital formulary when someone goes over it
a hundred years from now? Well, I think most of the drugs
have actions, but better drugs will be found by that time.

‘We can divide placebos into three classes, and I suggest this
division, The first is the pure placebo, that is the bread pill or
the lactose tablet. The lactose tablets have been found to be
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as the red cell. Frequently, too, platelets are
surrounded by what looks like a definite cleac
outline, but a closer examination will show that
the resemblance to a parasite is only superficial.
The mass is granular throughout, a parasite 15
not. The staining is uniformly reddish or blotchy,
Dlue and red, it 1s not divided as in the parasite
between a definite blue area and a definite red
dot or dots.

Leucocytes, we have sud, 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 leucorstes have a
fnege densely stawning mass of 1ed (the nudieus)
forming a conmiderable proportion of the whole
cell mass, whereas i the gametes there is only a
patch or so of red amidst the blue.

Dust on the eye piece 15 at once detected by
rotating the eye piece when the body shifts its
position.

Tue Normar Coxstirvexts o1 e BLoop

Normal blood should be carefully studied m
fresh and stamned specimens.

1. The RedCells,-- With Roviarow say s stain
these are only famtly stained reddish (Method 2),
greemish or bluish in colour (Method 1), Their
apparent size, f.e., the area they occupy when flat-
tened out, depends upon the thickness of the film:
in well-made thin films they are farge, and stan
with beautiful umformity. ™ In fresh specimens
(wet films) they ought to appear as perfect,
uniformly straw-toloured disen, 1f crenated, it i~

impossible for the begnner to detect parasites.
S
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2. Leucocytes—The following types should
be clearly made out in stained films :—

The Polymorphonuclear Lencocytes (Fig. 2)—
These are very characteristic, and a reference to
the diagram will make their recognition easy. It
will be noted that they have a very irregular
nuclews and fine granulations (stained red by
Royanowsky). ’

The Swmall Mononuclear Lencocytes (Fig 2)—
These, the lymphacytes, are readily seen and can
scarcely be mistaken for other forms. Their ap-
pearance varies somewhat with the thickness of

{ihe film. The thinner the film the larger they
vappear and the greater the area of protoplasm
lsurrounding the nucleus, [In typical forms the
nucleus is dark staining and nearly spherical.

In wet films, a proportion of these cells shew
a dark refractile spot (Manson’s spot), which
might be mistaken for a pigment granule, but, as
we shall see later, they cannot possibly be confused
with a typical pigmented leucocyte,

The large MMononnclear Letcocytes (Ilig 2).—
It is well to get thoroughly familiar with the
appearance of this type of leucocyte, as the per-
centage of these is of great diagnostic importance
in malaria. .

Typical large mononuclear leucocytes are
readily and clearly distinguishable. They are the
leucocvtes which may contain malarial pigment,
and tlie recognition ofa pigmented leucocyte gives
a dlear idea of their characters. . .

(1) They are in thin films of considerable sizc,
half as much again to twice the size of the small.

(ii} The nucleus is large, oval, eccentric, not
nearly so dense as in the case of ihe small—as is
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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. 1t 15 clear, and contains
at most a few scattered granules (Ro\n\owsm'
stain).  The only difliculty will be found to anse
m the case of a mmp’nratl\el» small number of

‘intermediate’ and * transitional leucorytes.”

Intermediate Lencocytes (I0 T are
forms intermediate between the large and small
mononuclear forms.  They are usually «lassed
along with the large forms, the charactertstics of
which they generally more nearly approach.

Transitional Lencocytes (Ig 2)~ These are
very charactenstic, and when seen will be at
once recogmized.  In shape, the nucleus approac hies
that of the polymorphonuclear fornis, being trident
shaped or S-shaped  In consistence, however, 1t
15 obviously related 1o the nucler of the luge
mononuclear cells. A« a rule these cells are small
in number, and from their close resemblance to
the large mononuclears may be included with
these,

FEosinophil Lencocyies (g 2. The large
granules with wiuch these are pached suffice to
distingumsh them.  The granules are stamed pink
or l)lue (peripherally) by  Rowviaxowsay. The
nucleus in the cosmophil cells s frequentiy
characteristic, consisting of twosphencal portions
united by a thin strand of nuclear matenal ; it is
really of the polymorphonuclear tvpe.

Mast Leucocytes (Fig. 2, My.- These, 0 a film
stained by RoMirowsky, are cells crowded with
granules “stained deep blue or nearly black.
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¢
These cells occur as isolated specimens in normal
b]ﬁod. They form about o5 per cent. of all white
cells.

3. Platelets (Fig. 2)—Bodies of various
sizes up to one-third “diameter of the red cell,
nearly always lying in ctumps of from six to [ifty,
and stained bright crimson. They often show a
considerable amount of differential staining, but
differ entirely in appearance from parasites, more
especially in having no blue stained mass. An
isolated platelet lying upon a red cell may
simulate a parasite. For the difference between
it and a parasite, vide above, platelets often
occur in large numbers in cases of malaria and,
perhaps, especially in blackwater fever.

4. Blood Dust or Granules—Small granules,
smaliler than micrococei. In fresh films theyexhibit
active motion (? Brownian).

«
Rermastast’ Fregululast’
Tig. za

Among abnormal constituents of blood we
may mention :—

1. Nucleated Red Cells,—In conditions of lossor
destruction of blood cells, e.g., malaria, it is com-
mon to see nucleated forms of the red cell in the
blood. They are characterized by a small globular
nucleus with sometimes one or more little buds,
staining almost black with Rovaxowsky. If the
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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, 1.e., nucleated red cells the
size of a red cell (Fig. 2a).

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

Myelocytes
Fig s

Normoblasts are the form usually seen.
Megaloblasts in excess are found in * pernicious
anacnua.’

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

3. Abnormal Leucocvtes.—Under certain con-
ditions, e.g., malaria, but especially myelogenous
Jeukaemia abnormal lewcoryte forms™ are scen
which normally are only found in the marrow, f.c.,
myelocytes.  These belong to the large mono-
nuclear class, and may be of two kinds, either with
large cosinophil granules as in the eosinophil
cell, or fine newtrophi! granules as in the paoly-
morphonuclear leucoeytes (Fig. 2m). If large
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mononuclear forms are scen crowded with
granules, films should be stained with Furricit's
trnud stain, in order to accurately determine the
forms of leucocyte present.

4. TFrequently in malaria films (stained)
large open meshworks of nuclear matter are seen
with little or no surrounding protoplasm. These
are degenerated or dropsical leucocytes, and often
oceur i _great numbers,

5. RedCellswith LongWavy Processes,—These
are seen especially in anaemic bloods after the
fresh film has been under examination for some
time. They occasionally break off and float about.
Shorter and more granular processes emitted by
the red cell are even commoner.

6. Further, we must point out an extra-
ordinary appearance of the red cells in stained
films, <o far as we are aware not hitherto described.
In anaemic {malarial) bloods, we find red cells, ten,
thirty, or forty times the diameter of a normal
ceil, zmd these huge swollen structures shew at
one side a crescentic area which is granular, and
i« the only remaining part of the red cell that can
be recognized ; the remainder is practically un-
stained. These gigantic structures may or mity
not be accupted by parasites,
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THE DETECTION OF THE MALARIA
PARASITE

Exavming Tne T

Alter stamning and drying, the film 15 reads
for examunation.  No Canada-balsam or covergluss
need be applied. A drop of cedar-wood oil s
placed upon the film and the o3 immersion low ered
nto it,

After the examination 1s completed, 1f st be
desired to keep the film, the cedar o1l 16 dissohved
off by dropping a hitle sylof over the {ilm and
allowing this to dramn off and then to dry.  \lter
drying, the film can be put avway and kept in-
definitely I not needed the <lide 1« placed on
one stde with othees and eventuatly dleaned.

To Creas DIRTY SLinrs

1. Rub with turpentine (bensine or svlol) to
remove any adheient ;.

2. Wash wath woap and water,
3 Rinse in water,

4. Dry and rub well wath a dlean cloth,
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Tur DerEctiony oF ToE Mavtaria Parasirr

We propose to describe first the actual
appearances which are likely to meet the eye, and
later to give a systematic description and mode
of distinguishing the various forms of parasite.
-\ stained specimen (Romaxowsky) should always
be used for the purpose of making a diagnosis.

8]

Siguil farma Gmssbod forms  darpe forms
i
<2

Creseent Bual fody Round body

Fig. 3 Forms of the malaria pavasite commonly met tosth in the
bload ~The dark dots o the first line represent chromatin,
the fine dots, pigment,

We may first note that it js not necessary, as is
often thought, to cxamine the blood at any par-
ticular time, but it is very necessary that the
patient should not have taken quinine previously.
Even five grains of quinine may so diminish the
number of parasites as to make detection a
laborious task, and a negative result under these
conditions is not conclusive.
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In examining the slide it is a very convenient
method to begin at the edge of the film and to
work systematically towards the * tail " end.

The following forms of parasites may Le
seen i—

(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.—Parastes free n the plasma are practically never
seen.

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

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

1. Ring Forms (Iig. 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 wiil
first be noticed in a RowMaNOWSKY specimen will
be the red nucleus (chromatin), a clearly stained
bright red dot (or dots). Tl is generally situated
on the margin of the blue ring, which 1s equally
distinct i outline, though often only a funt blue.
The blue ring encloses an unstained vacuolic area.
These nngs stand out so sharply that they appear to
project from the coipuseles. The red dot gener-
ally forms the signet of the ning (signet {forms),
but also may occur 1n the centre of the vacuole,
The red nucleus or dot s often also rod-shaped
or angular.  The rings may shew a very faint
blue outhine or a thicker portion on the «de
opposite to the nucdeus.
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. Though generally called *rings, thesc 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, c.g., a mere faint
bluish line stretching across the corpuscle, yet
always shewing somewhere a red nucleus, or a
mere streak along the margin of tlie red cell, with,
however, a red nucleus in the blue protoplasm
(accolé forms).

Finally, no smallstructureshould bediagnosed
as a parasite unless it is clearly made out that it
has three distinct parts.

(i) A red nuclevs.

(ii) Blue protoplasm or body.

(1ii) A vacuolic area within the ring (in the
irregular forms this cannot be distinguished).

No confusion can then possibly arise with a
platelet or stained vacuole or dirt.

A nucleated red cell has not these characters.
Nor, again, has a red cell shewing polychrome or
basophilstaining, ¢.c.,a purplish or bluish mottling
all over. In fact, no other body has the definite,
quite_easily distinguished characteristics of a
parasite,

2. Large Intva-corpuscular Forms (Fig. 3).—
They appear as more or less extensive areas of
blue protoplasm, with one or more distinct, red
areas. Pigment may be seen scattered over the
parasite. These large forms are generally simple
tertian or quartan parasites.

3. Crescentand Crescent-derived Bodies—These
are most definite bodies, and readily recognized
by the coarse pigment granules centrally situated.
The presence of this pigment should absolutely
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preciude the possibility of mistaking distorted
red cells crescentic in shape, or a crescentic mass
of platelets, for parasites. In neither of these is
there a definite central pigment mass, nor should
a foreign body be mustaken for a crescent.
Mareover, crescents again have quite dcﬁujte out-
lines, and shew a red-stained central portion and
blue extremities.

Fig 38 DPigmented Large Mononuclear Leucocytes

The same cnteria apply to the spherical form
of the crescent.

4. Pigmented Lencocytes (Fig. 30).—Laige
teucocytes with alarge nucleus Pigment (melaning
may oceur scattered about the peniphery of the
cell,or in little clumips, or even in very fine pow dery
grains,  The pigment is browmsh-black i colour.
Skin pigment may be scen n epithelium scales or
free in the plasma, but the defimte position of {f
the pigment 1n the protoplasm of the leacocvte i
characterizes melamn

APPTARANCES N A FrEsn Sercivury

1. Rings—The very small forms of these
are characteristic of mahgnant terttan ifection.
They measure about one-seventh the diameter of
ared cell. A ‘ring 18 charactenized by its rather
opaque white look, 1ts very defimte contour, and
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and in a moment three or four or more pale, long
processes are emitted.  The red cells all around
are put in motion by their violence, and it may
be only alter a time, when the activity has grown
less, that the flagella are actually seen. Nodosities
will be observed in the flagella, and occasionally
a speck of pigment at their extreme end. The
flagella, after a time, break off, but they have
only once, by MacCaLLun, been seen penetrating
the female gamete.

Under certain unknown conditions the cres-
cents do not become spherical and eventually
flagellate, but remain as crescents.

Breathing on the slide, adding a trace of
water, etc., have been recommended to produce
the change more certainly, but it is probable that
the real rause lies in the state of desvelopment of
the crescent for certain observations, e.g., those of
Major Bureuanan, LALS,, shew that there is a certain
time after the fever when a maximum number of
gametes ﬂagellate,

To Sraixy FraceLiatep Bobies.

1. When flagellation is observed the cover-
glass is removed as carefully as possible, and
slide and coverglass are then fixed and stained
with RomaNowsky.

2. .\ number of rather thick drops of blood
are placed on a series of slides.  These are inverted
over rectangular holes cut in blotting paper,
moistefied with water, and spread on a shect of
glass. A series of moist chambers is thus made.
A dozen or more films are made, and cach one is
removed at intervals of five minutes, deied
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(spreading out somewhat il necessary), fised, and
stnined with Rosanowsky; or dry the thick
film, decolourize with water, stain with Rowan-
owsky (without fixing), av in Professor Ross’
method of making thick films.

Tertiarn

2varten

Cretaent
Tertan.

Fig 4 The three species of Malavial Parasites’

To DLriRMine THE SPECIFS 0F PARASITE
PresoNT
Three forms are recognized - simple tertian,
malignant tertian, and quartan.  The malignant
tertian can, as v shall see, produce a quotidian
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temperature with only a single generation of
parasites,  Whether or no_there is a true quo-
tidian parasite, one or more, is extremely doubtful,

1. Minute rings, one-sixth to one-seventh
the diameter of a red cell, showing the signet
ring shape, are characteristic of malignant tertian
(Fig. 4).

2. Large rings—If, when the temperature
of the patient 1s still high, the rings arc of con-
siderable size, one-fourth to one-third of the red
cell, they are, probably, simple tertian or quartan.
If, on the contrary, the temperature is low and
the febnle attack finished, these forms correspond
to fully developed malignant tertian parasites.

The large malignant tertian rings have a
characteristic appearance, They are oval, with a
thicker layer of protoplasm (blue} opposite the
nucleus {red).

3. lLarge forms, with considerable bluc
protoplasm and with pigment granules, are, prob-
ably, simple tertian or quartan.

The tertian parasite is an irregular and
flimsy-looking body, and the medium sizes may
show several pseudopadia (Fig. 4).  Pigment
is scattered throughout and is actively motile,
winle the quartan parasite is oval or globular, of
compact appearance, with darker, coarser pig-
ment, shewing but slow motion (Fig. 4).

The enlargement of the cell in which the
simple tertian lies is also very chavacterisiic,

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

1. Simple Tertian~The cell is dotted all
over with fine red granules (SciOrryer's dots),
these cells strike the eye during the microscopic
examination and are diagnostic (Fig. 4).
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2. Malignant Tertian.—Inspecimens decply
stained with Romaxowsky, the malignant tertian
parasite also produces changes in the red cell
(Fig, 4). These comsist of coarse dots or
Llc[ts especially around the parasite.  They are
few in number and are equally characteristic of
this parasite.  Their appearance is quite different
from SciareNer's dots,

Mauker recommends the following method
of developing them —

10 drops of methyiene blue {stock solunion)

+ 25 c.o. of tap water,
15 drops of eosin (stoch solution) + 25 o
of water,
Mis and stain for five munutes; shake actively
the whole time.

.5’35' % \@'-!“g 2

\ﬂ,:'r‘,/
3 +
v Unartan Parasites »egnum‘mg’ Jorms
2 Sumple Tortian
3. Mabgnant lertian
4+ Quotidian (aficr /mm\)

Fig. s

3. Onartan. The red cell shows 1o altered
staining charaeters, but it may appear even
smatler than nermal.  The parasite 1s not irregru-
lar in shape, but compaut, oval, or globular. (In
the [resh specimen the parasite s vers relractile
and has a peculinr opaque look) (F1g.'4).

D
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‘The finding of crescents, is, of course, diag-
nostic of malignant tertian, but the possibility
of a double infection e.g., simple and malignant
tertian must be boene in mind.

We have so far described the forms gencrally -
encountered during a febrile attack and the
means of making a diagnosis, but it is necessary
to consider other forms, e.g., the sporulating forms,
and more especially the gametes.

Sporulating Forms.—DBesides the sporulating
forms or segmenting forms, we can recognize also
the presegmenting forms, in which the pigment
begins to collect into a single mass and the
chromatin gets split into a number of {ragments.
These are even commoner than the final or
sporulating forms, in which the segments or
spores are arranged around a central mass, though
frequentls liece also the appearances do not cor-
respond with the diagrammatic exactitude of the
text-books. The segmenting and presegmenting
forms are best seen in a case of regular quartan,

Quartan Sporulating Forms—The pigment
is placed centrally or often Iaterally, and grouped
around 1t can be seen several, six to eight, chro-
matin masses. In the presegmenting forms the
pigment has not yet condensed into asingle blo.k,
and the distribution of the chromatin masses is
still irregular, In fresh preparations the typical
“daisy " forms can be clearly seen (Fig. 5).

Semple Tertian Sporulating Forms.—~Here the
whole parasite mass 1s larger, and fifteen or more
chromatin  segments can  be  distinguished
(Fig. 3). . .

Malignant Tertian  Sporulating Forms.—
Rarely seen in the circulation. There are eight
to ten chromatin masses (Fig. 5).
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GAMETES

Simple Tertian—The young forms which,
under certain unknown conditions, also appear in
the circulation are characterized by the lact that
the chromatin appears in the centre of the vacuolic
arca (Rugk), while in the asexual forms (schizonts)
it is applied laterally.

Hangaaiteaty

R fom

Hmahs form

Lomtr Tevtad

TFig 6. Male and Femule Gametes (after >y

The full-grown gametes are much more easly
distinguished. The female gamete (@} is charac-
terized by the possession of much protoplasmic
matter, staipmg deep blue with Rovaxowsayand
little chromatin; in the ¢ the chromatin 1s laterally
placed, and is gencrally surrounded by a thin
vacuolic aren, the pigment is black in colour, and
H iﬂcg\)ﬂm\y scattered over the whole protoplasm

Fig. 6).

The male gamete(¢). The chromatim s more
voluminous than wn the female, 1t is of a looser
texture, that of the ¢ being compact; the chro-
matin 15 centrally placed or extends in a broad
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only very rarely indeed in the polymorphonuclear
forms. As a rule, a pigmented large mononuciear
(Fig. 3) is crowded with granules of pigment,
the presence of only a few grains, or a single
granular clump, is exceptional. The appearance
of the clearly defined yellowish-brown or black
pigment granules in the clear protaplasm is so
characteristic, that no doubl ought to exist. It
shiould be remembered, however, that in dirty
films, specks of dirt may be over a leucocyte, and
so resemble pigment. In this case, similar specks
will be found lying free. The occurrence of
malarial pigment free in the blood has never been
seen by us.

Leucocytic Varigtion—Often in cases where
pigmented leucocytes are difficult to find, there is
a very obvious increase in the percentage of the
large mononuclear leucocytes. This change, which
is usually very pronounced in the apyretic periods
of an aitack of malaria, s, however, most fre-
quently absent during pyretic periods. If, during
a period of low temperature, this change is not
found, there is a strong presumption that the case
is not malanal. If the blood be taken at the
height of the fever, a negative result does not ex-
clude malaria, and a further examination should
be undertaken, if possible, during an apyretic
period. In some cases, the change can be detected
even during the pyretic periods, but in these it is
always more marked in the apyretic. In some
cases, during the course of the fever, no such
change occurs, but appears immediately the tem-
perature subsides, and diminishes as convalescence
proceeds.  Perhaps the cases where this test is of
the greatest value, are those where the patient has
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alrcady beén trented with quinine, and one can
scarcely hope, even if the disease be malaria, to
find parasites in the blood.

To Maxe A Dirrerentian CoUst or THE
LrvcocyTrs

Large films are necessary, especially
malaria where, during the apyretic period, there
is a distinct diminution in the total number of the
white cells. It is important, in making films for
Jeucocyte counting, that the margins and terminal
points of the film be regular, and so m a
convenient position for exammnation (Fig. 1).
The margin of the film 15 focussed and passed
beneath the objective. By passing along one-
half or the whole of the margm of the film, the
great majority of the lewcacytes i the film are
seen,  In order to obtain accurate results, one
thousand leucocytes should be counted, but a
count of three or four hundred 1 generally sufii-
cient for dhagnostic purposes Counts of a smaller
number of leucocytes are valueless, as too great
variations wall occur.

As a leucocyte is ~een, it s marked under the
heading, Jarge manonuclear, intermediate, transi-
tional, small mononud lear, polynuelear, costnaphil,
as the case may be.  As many as ten to tuenty
ar more are mentally noted before making each
record 1 its columu.

From the results obtauned by blood counts of
a considerithle number of Europeans living in the
trapics, we found that an wmerease beyond fifteen
per cent. of the large mononuclear forms proof
of-an actual or recent malanal infection, whereas
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with a value of twenty per cent. it is almost
always possible, by long search, to find an
occasional parasite or pigmented leucocyte, A
value of over twenty per cent. probably implies
actual infection at the time of observation.
The Normal leucocyte values are :—

Polymorphonuclear leucocytes, 65-70 per cent.
Large mononuclear »

Intermediate . 4-10 »

Small mononuclear ” 20-25 »
or lymphocytes

Eosinophil »

2-4 M
Other forms of leucocytes, e.g., ‘ mast’ cells,
are always in extremely small numbers in health
(o5 per cent.)
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Chapter V
THE PARASITE IN THE TISSUES

Tissues may be readily examined for the
presence of parasites or pigment in the following
way :—Dlace a minute portion of the tissue on a
slide, and with the end of another slide spread it
out as evenly and thinly as possible. Dry, fix,
and stain in the same way as a blood film. Para-
sites, if present, are in this way much more easily
and clearly seen than m sections.  Spleen pulp,
bone marrow, kidney, liver, etc, give beautiful
results, and in the same way any secretion or fluid
can be examined. For certain tissues, e.g., bone
marrow, it is advisable to fix 1n-—

Absolute alcohol, 1 part,
Ether . . . 2 parts,
in order 1o dissolve out the fat present.

To Prerart Tissucs

In preparing tissues for examination 1~

1. Use as small pieces as possible, fe., at
most five mm. thick.

2. Use plenty of the fixing and hardening
Auid.

Sce that the separate pieces do not cohere
to onc another.  Place some cotton woal on the
Lottom of the vessel.
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Corked collecting tubes will be found most
convenient and will hold ample material. The
large masses of tissues sometimes sent home are
of far less value to the pathologist than much
smaller pieces well fixed and hardened. Always
put a label 7n the fluid, with the data wwritten on
it in pencil, as well as the outside label.

Fixing

1. Alcohol is on the whole the most useful
fixing fluid. Small pieces of tissue should be put
directly into absolute alcohol. Larger pieces
should be placed in ninety-five per cent. alcoliol
for two or three days, and then for twenty-four
hours in absolute alcohol.  Intestine should be
spread on filter paper, as also nerves, or other
tissue, which it 1s desired to keep flat. When
removing the tissue from the paper, care should
be taken that no fibres of the paper adhere, as
they may prevent the proper cutting of sections.

For other modes of fixing vide appendix.

To Store Tissuks

Keep tissues in diluted alcohol (seventy-five
per cent. about). If kept long in absolute alcohol,
many tissues become very hard.

To Espep Tissurs For Section CUTTING

Except for very special reasons, embedding
in paraffin should always be the method employed.
Very general misconceptions exist as to the time
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and trouble necessary to prepare tissues in this
way. 1t may be pointed out :

1. That the timesusually givenfor inimersic
in paraffin and other reagents arc unnecessarily
long.

2, That the use of two paraflins for
embedding, a soft and a_hard, 1s an unnecessary
and even harmful procedure.

. ‘That an elaborate apparatus for tfie
parallin bath is unnecesary (vide later).

4. By using flat and very thin pieces of
material, sections of considerable area may be
obtained in a mimmum of time. It is necessary
to cut thin slices of the raw material (1 mm or
less in thickness), and place these upon a small
picce of paper before placing i the alcoliol to
harden.  The paper heeps the slab from becommg
distorted, and enables one to cut wections of the
full area of the slub, sav twao-Hifths ch square.

5. By placmg minute peces of tissue (in
slabs on paper, if a section of some size is needed)
directly into alrolute alcohol, fiving, hardening,
and dehydration can be accomphshed  within
hall-an-hour.

NLCESSARY APPARATUS FOR PARALHIN SLCTIONS

1. Cambridge Rockmg Microtome.~-The or-
dinary form s all that i necessary, costing about
five pounds. It 15 comvenient to have a ball and
socket adpstable holder, whiclt enables ane o
change the angle of the block without remelting
the paraffin.

2. Rasors. These may be hollow -ground
on one side, or on buth, to a’ varving depth For
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general use a_moderately hollow-ground razor is
used. Examine the edge under a low power
to see if any notches C\ISt, if so they must be,
ground out on a hone. A ‘water of Ayr’ stone,”
as long as possible, should be used and kept
absolutely free from grit during use. The stone
should be solt, capable of bemg scratched witha
pin, and as a lubricant water or filtered kerosene
oil may be used.  After honing, the razor should
bé stropped. On one side of the strop a minimum
amount of razor paste should be rubbed in
and the leather side should be kept scrupulously
clean and dry. If the razor is hollow-ground on
one side only, it should only be honed on this
side.

Examined under the microscope the edge
should now present a clear, sharp line. It may be
tested on a thin hair, which it should easily cut.

I daned_m & stk

7/
/j/\w« ru—T
T,

Fig. 8. Simple Embedding Appamtus

v---m}hc. s

3. Embedding Ap[ramtus —A\ slab of metal
(copper), 12 x 3 x }inches. Heat this at one
end, and place the vessel containing the p'lmﬂm
ata point on the slab where the paraffin is just
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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).

Aleohol.— Absolute alcolio] in the tropics
has absorbed a good deal of water, and it is
necessary to dehydrate it.

Heat crystals of CuSO, till a white mass is
formed.  Allow to cool, and place in a tall bottle
of alcohol.  Allow to settle and decant off alcohol
as required. Add fresh anhydrous CuS0O, 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 alcohol ;
it must previously be washed frec from salts by
soaking in water,

5. Xyol.—Xjyol 15 the most generally satis-
factory agent for displacing the aleohol and allow -
ing the parathn to permeate the tissue.  Chloro
form, wood naphtha, turpentine, oil of cloves, and
other substanves may be used.

6. Paraffin. -For use in the tropies, paraffin
melting at siaty 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 paraflin melt-
ing at 60° C. and paraffin of lower melting point,
say 50° C., such as 1s suitable for use in temperate
climates.

To obtain paraffin surtable for use in a given
temperature place a block of paraflin in holder
and cut thin sections.

{a) If the sections curl very much the paraffin
is too hard.
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(b) 1f the sections formed are forced together
(telescoped) the parafiin is too soft.

() A certain amount of crinkling is usual
with thin sections, and can subsequently be got
nd of before mounting.

To Emsep Tissurs

1. Alcolol—Several changes. If soft tissues,
¢.g., hiver, spleen, time is unimportant so long as
dehydration is complete. If fibrous organs, the
least posmble time that will ensure dehydration
(using thin slabs).  Fibrous tissue becomes exces-
sively hard if left too long n alcohol, xylol, or
paraffin: thus skin and connective tissue require
@eat (e in preparation.

2. Xylol. —Ten to twenty minutes. When
the tissues become transparent they are ready,
and should be transferred without delay to melted
paraffin.

Paraffin.—Ten to thirty minutes. 1If a
tin trough be used, the tissues should not be
allowed to rest upon the bottom of the trougl,
but be supported upon a strip of paper kept in
place by folding the ends over the edge of the
trough. .\ watch glass generally suffices.

. DPrepare a block for cutting by one of the
follow ing methods :—

(1} If the picce of tissue be small, smear a
wateh glass with glyveerine, fill with melted para-
flin and add the picce of tissue picked out of the
bath with forceps, warmed by passing through
the flame.

(i) Told a piece of paper, so that by folding
a trough of required size is made. If an extra
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length of paper be lelt 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 picce of tissue picked up with warmed
forceps.

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

The followmg points should be borne in
mind :—

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

(i) The more rapidly the paraflin is cooled,
the imore umiform w the resulting mass s well
therefore, as soon aw a well marked surface crust
appears, to plunge the watch glass or trough into
cold water.

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

5. Cut scctins.

Note (i) The angle the kmfe s placed at 18
important, and must be found by expenience,

{11} It s well to use pads of paper 1o proteet
the edge of the 1azo1, where 1t presses agamst the
iron of the microtome,

(ii)) To cat wn aibbons, the top and hottom
edges of the block must be parallel and horizontal.
It is well to dip the block m soft paraffin, or
merely to smear the top and bottom ~urfaces of
the block with soft melted paraffin,

() Cut av thin ~ecuons as will yemam
nact,
I
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To Stawv anp Mouxt Tissurs

1. If the sections are crumpled, float them
upon water just hot enough not to melt the
pacaffin, They will become quite flat. Float the
flattened sections on to a clean slide. Remove
excess of water, and firmly press a piece of filter
or blotting paper over the section, Thoroughly
dry by holding a few minutes over the flame (care.
being taken not to melt the paraffin), or by placing
for twenty-hours in a dessicator or warm oven.
No further fixative is generally needed. If neces-
sary, the slide may previously be smeared with
egg-albumen fixative. It must, in this case, be
dipped rapidly into the water and quickly with-
drawn. (Appendix,)

2. If the sections are flat they may be placed
directly upon a slide slightly smeared with fixative.
In this case, celloidin in oil of cloves is the best
fizative. (Appendix.)

3. Hold the slide or coverglass with the
section over the flame till the paraffin melts.
Dissolve off the paraffin with xylol, and then
drop alcohol over the section. DPlace the slide
or cover-glass in water.

4. Stain.—The best stains for general use
are :-—

(1) Haematein purissimus, saturated

solution in 7o per cent. alcohol 10 cc.
Alum solution (alum 50 grammes,
water 1,000 cc.) . . . 50 ¢C.
Stain for five to twenty minutes, according to the
depth of colour of the sections.
(ii) Methylenc blue, or gentian violet.
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(iii) Counterstain, il desired, with watery
eosin,  For the detection of pigment it is well to
stain a section faintly with eosm alone.

5. DPass through alcohol, oil of cloves, to
Canada balsam. In hot moist climates, the cold
produced by the evaporation of the alcohol
causes dew to be deposited upon the slide. When
the xylol or oil of cloves is added, this produces a
{roublesome milkiness and may spoil the section.
“To avoid this, all excess should be rapidly wiped
up after the use of alcohol, and the oil of cloves
added as quickly as possible.



Chapter VI

THE MALARIAL PARASITE

Lire History

Among the groups into which the protoroa
are divided we find such well-known classes as
the Sarkodina, e.g., Amoeba Coli, the Mastigo-
phora, possessing tlagella, e.g., Trypanosomes, and
the Sporozoa. It is these last that chiefly concern
us, The Sporozoa include such orders as the
Gregarines (e.g., monocystis in the testes of the
earth-worm) and the Haemosporidia (which in-
clade the malaria parasites of man, and blood
parasites of birds, etc.) There is a close relation-
ship between the coccidia and the haemosporidia
(malaria parasite), the delevopmental cycles of the
two being almost identical. ~The developmental
cycle in the blood (the febrile cycle) of the malaria
parasites was first demonstrated by Govar, the
further cycle in the mosquito by Ross. The cycle
of Gouat is the asexual cycle, producing auto-
mfection of the patient ; the cycle of Ross is the
sexual cycle, producing a new infection in a
healthy subject.

The sexual cycle, it has been thought, com-
mences in the blood when the conditions are un-
favourable for the continuance of the asexual cycle,
and, in fact, has been taken as a sign that the
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the Vermiculus or Ockinet (Figs. 6 and 9). DBoth
these terms are suitable ones, for the first describes
the fact that the fertilized female becomes worm-
like in shape, and the second that the fertilized
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1 moves. The vermiculus stage can be seen on
ie slide in the case of halteridium, but in the case
malasia parasites, only by taking the blood

om the stomach of the mosguito after a suitable
pee of time.  The vermiculus now finds its way
rough the epithelium of the stomach, and then
2 in the external muscular layers as a spherical
- ovaid body, the zygote. .\ kind of capeule is
emed around 1t by these tissues, and so at ths
age it is also called the Oocyst. Growth proceeds,
wd signs of division into several masses appear
1 the protoplasm.  This stage s termed a medium
ygote or sporablast.  Then we 1each the stage
Hlarge zygote (or sporoblast), and by this ume
e masses of the sporoblast have undergone
ivision into a namber of fine cunved thread like
odies, the sporozonts, so that eventually the large
yst is almost entirely filled with sporoszots
e capsule of the (vt eventually ruptures, and
lie sporoszants pass from the tissues of the stomach
o the thorax, being found at first amidst the
wseles, but eventuably  all colected in the
alivary glands, From here they are snjedcted into
lie blood by the mosquito, and they tien attach
hemeelves to and penctrte the red cells (as has
een actually observed under the microscope Iy
icive AN, producing a new infection.

We may brieflv summmanze these vintous
teps i—

1. Mikrogametocvte, and mahkrogimete m
Nood.
2. Developnient of mikrogametes = flagella-
o,

3 Fertithization of the makioguinete = ovam
i copula,
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Vermiculus or ookinet.

Zygote or oocyst.

Medium or large zygote =sporoblast.
Sporozoits.

The sexual cycle is known also as sporogony
or amplugony, while the asexual cycle 1s known
as scluzogony or monogony. These two cycles
and their relation to one another are shewn in
the figure (Fig. g).

TFurther, there is a certain amount of evidence
to shew that a gamete in the blood can undergo
a kind of retrogressive development, and give rise
directly to young parasites (i.e., schizonts).
this is so, it would explain the supposed functmn
of old attributed to crescents (gametes) of
producing relapses.

N O
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Chapter VII
MOSQUITOES

Maosquitoes belong to the order of Diptera,
or true flies, which are charactenzed by :
1. A single pair of membranous wings.
2. Suctonal mouth.
3. Complete metamorphosis
In all mosquitoes, except the genera, Corethra
and Mochlonyx, there s a long preraing proboscis,
which is charactenstic of the Culicidae. Mosquitoes
usually are about five mm. i length, bat certam
species, e.g., Megarrhina, are much kuger.
Flies which tay be mistahen for mosquitoes
are i-—
1. Chironomus — The chironomidae or midges
are more delicate v structure than most mosqui-
tocs, and are often bright green or pale yellow

TR

)

Fig v Chiromomas

colour.  They do not powess the charactenstic
probosers of mosquitoes The vemns of their
wings are more compley, and are guite devord of
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scales. The absence of scales upon the veins of
the wings at once distinguishes these from
true mosquitoes (Fig. 10).

Enormous numbers of Chironomidae arefound
near water, especially sedgy rivers and swamps.
They are attracted by light, and are constantly
seen around lamps and candles, a position in
which true mosquitoes are scarcely ever found.

Fig 11, Trichocera.

2. Trichocera.—Some small Tipulidae often
possess a considerable superficial resemblance to
mosquitoes, as, for cxnmple,. the 'wu]ter gnat
(trichocera). When at rest their bodies lie parallel
with the surface, and upon it. They have no
distinct proboscis (I'ig. 11}, N

3. Cecidomyidae, or gall midges.—These have
a simple wing venation, and there are no .t'orked
cells,  In most species the wings and bodies are
hairy, not scaled. . .

4. Riyphidac—These are readily distin-
guished on a close examination. Their wings are
spotted. X

Other flies than mosquitoes suck blood.

1. Simulidae, or sand-flies (sometimes alo
called midges).~—These are minute flies which
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suck blood voraciously.  They have ashort and
stout proboseis.  The salivary glands are very
farge in proportion to the size of the fly, and the
bite is as severe as that of a mosquito. The
males are harmless (Fig. 12}

The larvae of the Simulidac are aquatic,
cylindrical in shape, and live in the stems of
water plants. The imago hatches beneath the
water,

2. Phlebotomus (family Psychodidae, or owl
midges)—Small flufly-looking flies which suck
blood readily. They are most readity detected
after feeding, when the abdomen s swollen with
blood. They have very hairy wings and body,
and a short powerful probows (Fg. 12).

3. Tabanidae. Large flies of heavy build
{appendix, p.oiv).

P

N,

Figovz Sand 1 (left) Ol Mudge (right).

e Hippoboscidae.  Large thes of heavy build,
inflicting a severe bite They do not lay eges,
the larval and pupal stage ‘going on in the
mother (appendey, p. vi)

s~Tseter fhes (Glowsina), ete. (vide p. 353).
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scales. The absence of scales upon the veins of
the wings at once distinguishes these from
true mosquitoes (Fig. 10).

Enormousnumbers of Chironomidae arefound
near water, especially sedgy rivers and swamps.
They are attracted by light, and are constantly
seen around lamps and candles, a position in
which true mosquitoes are scarcely ever found.

Fig 11, Trickocera.

Trichocera.—Some small Tipulidae often
possess a considerable superficial resemblance to
mosquitoes, as, for example, thc winter gnat
(trichocera). When at rest their bodies lie parallel
with the surface, and upon it. They have no
distinct proboscis (Fig. r1).

3. Cecidomyidae, or gall midges.—These have
a simple wing venation, and there are no .forked
cells. In most species the wings and bodies are
hairy, not scaled. . -

4. Rhyphidae.—These are Tell(.ll]y‘(llSllﬂ'
guished on a close examination. Their wings are
spotted.

Otlier flies than mosquitoes suck blood.

1. Simulidae, or sand-flies (sometimes al~0
called midges)—These are minute flies which
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suck blood voraciously. They have a short and
stout proboscis.  The salivary glands are very
large in proportion to the size of the ly, and the
bite is as severe as that of a mosquito. The
males are harmless (Fig. 12).

The larvae of the Simulidae are aquatic,
cylindrical in shape, and live in the stems of
water plants. The imago hatches beneath the
water.

2. Phlebotomus (famly Psychodidae, or owl
midges).—Small fluffy-looking flies which suck
blood readily. They are most readily detected
after feeding, when the abdomen is swollen witlt
blood. They have very hairy wings and body,
and a short powerful proboscis (FFig 12).

3. Tabanidae—Large fhies of heavy buld
{appendix, p. iv).

Fig 12 Sund I'ly (left)  Owl Midge (right)

4. Hippoboscidae.—Large fhes of heavy build,
inflicting a severe bite. They do not lay eggs,
the larval and pupal stage going on in the
mother (appendix, p. vi).

5.—Tsetse flies (Glossina), etc. (vide p. 353).
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Lire HisTory or ek Mosourro

In common with all other insects shewing
complete metamorphosis, the mosquito passes
through four stages :—

The egg.
The larva.
The nymph.
The imago.

The Imago~—The imago is the well-known
winged insect. The emergence of the imago may
be seen on the surface of almost any collection of .

Fig. 13. Heads of Male (&) and Female () Culex.

foul water. Shortly after hatching, the insect
may be seen resting quietly upon the surface of
the water, and does not fly away when disturbed,
or only very feebly. [or some considerable time
after hatching (twenty-four hours) the insects
refuse to feed.

In the imago there are marked diflerences
Dbetween the male and the female insect.

The Male—In the male the antennae are
markedly plumose. The palps also are long and
hairy. The effect is to make the ‘head’ of the
male mosquito very conspicuous (Fig. 13).
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The male mosquito, with the exception of
certain species, does not feed upon blood, and the
proboscis is only used to suck in vegetable juices.
The male of Stegomyia mosquitoes, however, sucks
blood like the female.

The Female—In the female the antennae are
inconspicuous and have only short lateral hairs.
The palps are also less conspicuous than in the
male (Fig. 13).

The female feeds upon blood, and 1s frequently
seen with the stomach distended with blood, more
or less digested.

The female 15 also seen with the abdomen
more or less swollen, with the greatly enlarged
ovaries, which give a whitish and opaque colour
to the mosquito, and often make the 1nsect much
more conspicuous in its flight than it otherwise
would be.

The commonest species of mosquitoes belong
largely to the following genera or closely related
forms : —

Anophelina (sub-famnly).
Culex.

Stegomyia.

Taeniorhyncus and Panoplites.
. Uranotacenia.

‘The sub-family, Anopheling, 15 in many ways
the most distinct of these groups  Not only are
the adult insects lughly charactenstic in appear-
ance, but the ovum and larva are quite unhke
those of any other genus. One, indeed, can
recognize the Aunoplelina at a glance merely by
their characteristic general appearance, once the
peculiarities of this genus are known.

[T
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upon a wall, its body projects so as to form a

distinct angle with it.  In some cases the angle -

assumed is almost a right-angle. In the case of
almost all other mosquitoes, the body is held
either parallel with the wall, or what is more
frequent, the tail approaclies the wall, giving the

insect a * hunchbacked * appearance. This differ-

ence is readily seen by any careful observer, and

is a practical and useful distinction. A charac-

teristic of Anopheles is that it rests by preference
on the first two pairs of legs only, and keeps the
last pair stretched out stiff and straight, or they
slowly oscillate to and fro. Many mosquitoes
wave the hind legs, notably Stegomyia, but they
are held with the tarsi curved backwards.

The exact attitude adopted depends upon
the species and the situation, whether a vertical
or horizontal surface on which the Anopheles is
resting. One very common species (M. culicifacies)
at least, when sitting on a wall, looks exactly like
asmall brown Culex, since it holds its body parallel
with the wall as a Culex does.

Culex.—Mosquitoes of the genus Culex are
many of them brown mosquitoes of sober hue,
e.g., the common house Culex, C. fatigans, which
1s uniformly brown without markings. The genus,
lhowever, contains a very large number of species.
In Culex mosquitoes the attitude when resting 13
* hunchiback.” .

Stegomyia.—The genus Stegomyia is of the
greatest interest and importance, since it is this
form which is concerned in the transmission of
yellow fever {Stegomyia fasciata).

These mosquitoes are generally black and
white, with banded legs and abdomen, and spots
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on the thorax, They are found in houses, and
are most troublesome mosquitoes from their habst
al feeding in the day, and their great alertness
and persistence.  Stegomyia are also very common
in woods and forests.

Both male and female suck blood.

Taeniorhyncus (for exact distinctions, 2ide
later p. 179).

Mosquitoes of the genus Taeniovhyncus are
most frequently banded yellowish-brown.

They occur especially 1n the jungle, near
swamps, river margias, etc., and in Afiea, at least,
may aptly be termed * bush * mosquitoes.

Panoplites.—Panoplites are closely related to
Taeniorhyncus. They are heavily scaled insects,
almost floury sn appearance. They cccur especially
near swamps, etc

CapTvrE oF Mosguitoes axp Fuirs

1. Place a lamp upon a sheet of winte
paper, and note the imsects wiuch are attiacted
y the hght  Note msects belonging to the
orders Lepidoptera {moths), Hemiptera (aphides,
green fligs, et ), Heteroptera (plant bugs), Neu-
roptera {caddis {hes, stone flies, wlute ants). Pick
out any mosquito-hke fhes,  They will probably
belong to the Chironomidae.  Note the absence of
proboscis, the delicate tiansparent structute. Note
the plumed head of the male {as 10 the true
mosquito) and the less conspicuous antennae  of
the lemale.  Examme the wings under a strong
lens or a low power of the microscope, and note
that the wing \eins are bare and do not cany any
scales.  Note that tiue mosquitoes are not seen
around the lamp.

F
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2. LExamine, with a light, some wall which
has been only dimly illuminated by the lamp, i.c.,
some wall at the distance of several yards, and
note true mosquitoes resting upon this. Capture
several of these by placing a tumbler over them,
and kill them by pufling in a little tobacco smolse,
Observe that they have a distinct proboscis.
Observe the ‘ plumed’ male and the female without
plumes. Examine the wings under a strong lens
or low power objective, and note the scales
attached to the wing-veins.

The spectmens caught will probably be speci-
mens of Culex. If near a swamp or jungly place
there may be Taeniorhyncus, Panopliles, and
possibly  Anopheles.  Observe the hunchback
attitude in the case of most of the mosquitoes
caught. If an Anopheles should by chance be
caught, note the striking diflerence in the general
appearance, the attitude, and the spots on the
wings.

3. Observe n stufly, furnished rooms, offices,
etc., the presence of mosquitoes feeding actively
during the day. Capture some of these. They
will probably belong to the genus Stegomyia.
Note then extreme alertness. Observe that they
are black with white bands. Note the habit of
waving the hind legs, and that the tarsi of these
are kept curved.  Ascertain whether the males
feed upon blood.

Examine stables, huts, outhouses in the
early morning.

LITERATURE

The Cambridge Natwral Hury  Diptera’ A most usctol
Dok for an introductory knowledge of a variety of winged Jite in
the tropics and el here,
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Chapter VT
THE OVLM

Ova are nunute bodies one mm. or Jess
length,  Wheu fust lavd they are white in colour,
but become rapidly brown or black,  They oceut
on the surface of water, and if subimerged do not

~
)

Frgo b Frgs of Stegomyan

fatch out. Mosquito eggs may be kud by the
edge of water, or on floating objects, or vpun the
water. In the list case, they have some device to

Fig. vy Fgr Kaft and Eggs of Cutes

ensure that they <hail floag, and not sk and be
destroyed.  In the case of dmopheles and wne
species of Stegomyia (Fig. 16), each ovam fes



68

separately upon the waler, and has air cells which
keep it afloat. In the case of Culex and Taenior-
Iyncus, hundreds of eggs are cemented together to
form rafts, each egg lying perpendicularly, with
its larger end pointing downwards, In Culex, the

Fig. 18 Egg Raft and Eggs of Taeniorhynchus

egg-rafts are broad and roughly oval in shape
(Fig. 17). In Taeniorhyncus, the egg-raft is
extiaordinarily elongated, resembling, in shape,
a1acing okifl (Fig. 18).

Tue Exasunarion oF Ova

Culex.—Examine the surface of some semi-
putrid water for egg-ralts of Culex. Egg-rafts
can almost always be found on the surface of
water containing macerating leaves, fruit, efc.
They are bodies of a blackish-brown colour, and
are readily wafted about by the wind.

1. Note that theraft is boat-shaped, measur-
ing onc-fifth to one-third inch in length, and
consists of two hundred to four hundred eggs.

2. Note that the separate ova _are smooth
elongated bodies, about seven to eight mm. it
lengtl. Note that therc are no floats or other
markings as in the case ol Anopheles ova.

3. Note that one end of the egg is thicker
. and Dlunter than the other, and that to the thicker
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end is attached a clear transparent globular body
(the micropilar apparatus). Note that this body
1s readily detached, often leaving a spike-like
process projecting from the thicker end of the
ovum. .

4. Note that the thicker end of the egg is
placed downwards, and lies in the water, As-
certain by keeping the egg-rafts upon water until
the tarvae hatel, that the young larvae hreaks
through the lower end of the ovum.

Make as many observations as possible
upon the egg-rafts, e.g., time necessary for hatching
of larvae, amount of desiccation they will with-
stand,

Anopheles.—The ova of Anepheles are difficult
to detect in nature, but may be seen by the aid
of alens on the margins of small pools, where
larvae abound. They are abouto'; to 1'o mm. long.

Examination of Anopheles Ova :—

1. Confine some female Anopheles as de-
scribed on p. 120, Endeavour to choose those
wluch the ovaries are nearly mature (p.g7). Fifty
toone hundred and fifty egg- are laid. Remove the
piece of paper upon which the ova have been
deposited and place this upon a shde Examine
with a low power in strong dayhght, and the
mirror turned off.

2. Observe the remarkable resemblance of the
ova to little boats, and the presence of the two
beautiful oval air cells placed upon either side,
acting as floats. (These are absent only in one
species as yet descnibed, viz., M. furkhudi). Qbserve
2also the presence of a white frill or a mere ribbed
nm around what would be the gunwale of the
boat (Fig. 54).
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separately upon the water, and has air cells which
keep it afloat. In the case of Culex and Tacnior-
hyneus, hundreds of eggs are cemented together to
form rafts, each egg lying perpendicularly, with
its larger end pointing downwards, In Culex, the

Fig. 18 Egg Raft and Eggs of Taemiorkynchus

egg-rafts ate broad and roughly oval in shape
(I'tg. 17).  In Taeniovhyncus, the egg-raft is
extraordinanly elongated, resembling, in shape,
aacing skifl (I'ig. 18).

Tar Exasination or Ova

Culex.—Examine the surface of some semi-
putrid water for egg-rafts of Culex. LEgg-rafts
can almost always be found on the surface of
water containing macerating leaves, fruit, etc.
They are bodies of a blackish-brown colour, szi
are readily wafted about by the wind.

1. Note that the raft is boat-shaped, measut-
ing one-fifth to one-third incli in length, and
consists of two hundred to four hundred eggs.

2. Note that the separate ova are smooth
elongated bodies, about seven to eight mm, it
length. Note that there are no floats or other
markings as in the case of Anopheles ova,

Note that one end of the egg is thicker
and Dlunter than the other, and that to the thicker
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end is attached a clear transparent globular body
(the micropilar apparatus). Note that this body
is readily detached, often leaving a spike-like
process projecting {rom the thicker end of the
ovum,

. Note that the thicker end of the egg is
placed downwards, and lies in the water. As-
cerfain by keeping the egg-rafts upon water until
the larvae hatch, that the young larvae breaks
through the lower end of the ovum.

5. Make as many obsenations as possible
upon the egg-rafts, e.g , time necessary for hatching
of larvae, amount of desiccation they will with-
stand.

Anopheles—The ova of Anopheles are difficult
to detect in nature, but may be seen by the aid
of alens on the margins of small pools, where
larvaeabound. Theyare about o7 to 1'0 mm. long.

Examination of Anopheles Ova . —

1, Confine some lemale Anopheles as de-
scribed on p. 120, Indeavour to choose these in
which the ovaries are nearly mature (p. 97).  Fifty
toone hundred and fifty eggs are laid. Remove the
piece of paper upon which the ova have been
deposited and place this upon a shde. Examine
with a low power in strong daybhght, and the
mirror turned off

2. Observe the remarkable resemblance of the
ova to little boats, and the presence of the two
beautiful oval air cells placed upon either side,
acting as floats. (These are absent only in one
specics as yet described, viz,, AL turkhudi).” Observe
also the preence of a wInte frill or a mere nbbed
tim around what would be the gunwale of the
boat (Fig. 54)
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3. Observe that one end of the ovum is
always stouter than the other. The stout end
contains the head of the embryo, and is the head
from which the young larva escapes. Note also
that when Anopheles eggs are scen at the side of
vessels drawn up by capillarity the thick end is
at the bottom. Examine the surface of the water
remaimng in the hollow stopper or receptacle,
and observe that the ova of Anopheles are laid
singly without any cement substance, and float
singly or touching one another on the water.

%
&8
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Fig. 19, Patterns formed by Eggs of Anopheles

Himn

4. Observe star-shaped patterns formed by
some species, or the arrangement in pamllel
groups assumed by the ova of others (I'ig. 19}
Note that this arrangement is dependent on
physical causes (shape of the egg, etc.), and not
on the fact that the eggs are laid in such
positions. This is readily done by stirring up a
number of Awopheles ova on water, and noting
how they tend to form groups in triangles and
stac shapes.

5. Ascertain that Anopheles ova, when first
laid, are white, but rapidly darken and become
black. Observe that Anopheles ova are very often
laid in heaped-up masses, which eventually
become dispersed by waves, etc.  Observe that
the eggs then form patterns.
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6. Dlace some half-dried mud in a flat dish,
and put this inside a picce of mosquito netting in
which some Anopheles with nipe ovaries are placed.
Observe that ova are laid upon the mud.

Precerve the mud for forty-eight hours,
preventing it from becoming completely dry.

At the end of forty-eight hours or more,
remove a few ova to a dry slide, and place under
a low power. Allow a drop of water to flow on
to the ova. Observe the escape, within a minute
or so, of the young larvae, and the fact that a cap-
like piece of the egg-shell is pushed off.

Observe that Anopheles kept 1n a dry test
tube will occasionally lay their eggs on the side
of the tube.

9. Note the time when the eggs were laid
and the time at which the larvae emerge. Tins
depends greatly on the temperature. It may take
two to three days,

te. Remove Anopheles ova on paper and
allow them to dry, and note that after two or
three days at the most they will not hatch when
carefully placed on water.

Stegomyia— Confine some gravid females of
Stegomyia mosquitoss. i

1. Note that in some species the eggs are
laid singly, and much resemble, at first sight, the
ova of Anopheles. Note that m others the eggs
are laid inafts (S. notoserrpta)

2. Note that they are arregularly  oval,
thicker at one end than the other, and have a
corrugated surface m windh are entangled numer-
ous minute air bubbles,

3. Examumne the surface of water left exposed
for several days i a tumbler, ete. Note, if
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Stegomyia mosquitoes have ovi-posited, the pres-
ence of eggs occurring singly or in parallel groups.
Note that the ova are larger than thoseof Anopheles,
and that they hatch into Culex-like larvae (sce
Stegomyia larvae, p. 85).

Taeniorhyncus—Lxamine natural waters, es-
pecially small pools with a dense growth of alga,
swamp pools, irrigated land, etc, for the egg-
rafts of Taenforhyncus.

1. Observe the extreme length and narrow-
ness of the rafts. Note also how small a portion
of the raft is submerged.

2. Observe that the ova arc arranged as in
Culex rafts with the thicker end downwards, and
that they are smooth and have a micropilar
apparatus.

Endeavour 1o obtain the ova of known
species of Taeniorhyncus, by confining gravid
females. Note the shape of the rafts.

Panoplites.— Observe that the eggs have a
curious snout-like projection, and that they are
laid singly.

Psorvophova—The eggs are large, two mm.
long. Theyovcur mpatternslike thoseof Anopheles.
The eggs are covered with minute prickly scales.

Observations upon the ova of the different
species of mosquitoes are very meagre, and full
and accurate descriptions of these are of great
value (see Chap. XVIII).
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Chapter IX
THE LARVA AND NYMPH

TuE LARVA

The larvae of mosquitoes, more especially of
Culex, are well-known objects. They can be seen
by holding up to the light almost any specimen
of water that has been Ieft undisturbed for some

days, but especially water which contains mace-
rating leaves,

i
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P natre Chonnema Ephomasn,
Fig. 20

Larvae that mav be smistaken for Mosqurto Lavvae
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‘Larvae which may be mistaken for those of
mosquitoes are :
. 1. Chivonomus—The larva of Chironomus
isa red worm-like creature (blood worms), and
has no close resemblance to mosquito larvac
(Fig. 20).

Lo f Tmeplakt on eptn

Fig. 21, Larvae of Anopheles (left) and Culex (vight)

2. Ephemeridae. — The larvae of certain
small Ephemeridae may, at first glance, be mis-
taken for mosquito larvae. There is no real
resemblance, and the triradiate tail of the ephemera
larva at once distinguishes it (Fig. 20).

3. Thelarva of dixa rather closely resembles
the larva of Aunopheles, though not other mosquito
larvae (Fig. 20).

EXAMINATION OF THE LaARva

Crulex (Fig. 21).—Obtain some Culex larvac
from any source and place in a glass vessel.

1. 'Observe the hanging attitude of the larva.
Note the angle it makes with the surface of the
water, and how this varies in different speeics.
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Note, if the larva of C. concolor is being examined,
that the position is nearly horizontal.

2. Observe the large head, the prominent
eyes and projecting antennae.

3. Note the long respiratory syphon arising
from the eightli abdominal segment.

Place a half-grown larva “under a coverglass
and examine under one-third inch objective.

1. Make an accurate drawing of the
antennae,

i' ;

22 Respiratory Svphons of Laveae
[0 Sttemnym "(3) Culex (3) Cules werth Large Syphon Tube ,
(4) Tacniorbyncus . (5) Cannibal Larea (7 C Congalor) .

(6) Toymons Syphon Tube (one-guarter scale of others,
genus undetermmed) (7) Spine on Tube scen on
the flat  (8) Spine scen sideweays

PUr
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2. Cacefully abserve the length and thick-
ness of the respiratory syphon.

3. Note the absence of palmate hairs.

4. Determine whether the larvae examined
are Culex, Stegomyia, Tacntovhyncus, ete
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straight alimentary canal. Place in a drop of
clean water and crush under a coverglass. Note
what organisms form the chiel bulk of the food.
Note the presence of sand grains—unicellular
plants and animals—short lengthsof alga, diatoms,
ete,  Also bacilli.

Determine the common foods of several species
of Anopheles.

Culex Larvac.— Thelarvaeof the Culicidae,
with the exception of those of Amnopheles 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.

Examine some Culex Larvae.—~Note diflerences
in naked eye appearance; note the long worm-
like Stegumyia larva and its wriggling mode ol
progression; note the transparent and spiny
appeatance of some larvae (notably Tacniorhyncus)i
note that some larvae adopt a nearly horizontal
attitude (C. concolor and others), others a vertical
attitude (Stegomyia), whilst the majority form a
small angle with the vertical. Examine larvae
under a low objective. Note the head with eyes,
large feeding brushes, antennae and variots hairs;
note the large bunches of hairs arising from the
thorax and abdominal segments; note the last
segment bearing four large clear papillae and two
systems of hairs; note the penultimate segment
whicl carries the syphon tube and some curious
claw-hke spines.
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Note especially the following :—
(i) The syphon tube.
(i) The antennae.
(11i) The mouth parts.
(iv The anal papillae.
‘The hairs of the thorax and abdomen.
The Syphon Tube—This 1~ formed of a single
cylindrical piece of chitin, and contains the origin
of the two main tracheae of the body. Note the
small flap-like pieces of clntin forming a closing
apparatus at the extreme tip. Measure (by eye-
piece micrometer) the length and greatest Dreadth
of the syphon tube , note that in different <pecies,
and especially in different genera, the syphon tube
varies greatly in its measurement By dividing
the length by the hreadth a figure may be obtained
which 1s useful, and may be termed the sy phonice
indexs number, note that n  Stegomya this

" number is about two  In Celex, faur toseven, In

Taeniorlivncus, as much as twelve m some cases,
Draw accurately by measurement {(eve-piece micro-
meter) a number of syphon tubes of difterent
Cuilex larvae. Note that marked varniations in
different species exast.

Note two rows of spimes on the posterior
aspect of the syphon tube, starting from the base
and extending « vanable (in dillerent <pecies}
distance up the <yphon tube, note that they
differ in number und length, etc., in different
species.  The spines appear seirated o1 compound,
according to the angle they are viewed from, and

ifferences may be supposed to exist which depend
upon this fact. Insome species {certain carnn orous
or cannibal Inrvae) a large fan of e projects
posteriorly in the medium hine from the syphon

G
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tube. In certain species the syphon tube is of
enormous size, and may attain” to one-third the
length of the larva.

The Antennac.—Note in the case of most
typical Culex larvae that the auntennae are large
conspicuous objects: note a basal, medial, and
terminal portion, and a large bunch of feathered
hairs arising at the junction of the two first-
named portions ; note also large single and stout
hairs from the more terminal portion ; note spincs
on the body of antenna.

Examine the \ntennae of various Lareae—Nole
n some cases that the antennae are more rudi-
mentary (Stegomyia, Anopheles). In the case of
Stegomyia (as faras described) they are small and
spineless, and possess only a small hair arising
from a papilla, which may be single or in three
or four branches. Make drawings (using eye-
piece micrometer), and note great variation in
different genera and species.

The Mouth Parts. —Note the characters of the
claw-hke mandibles, and especially the exact
character of the triangular mental plate, which
forms a con~preuous dark triangular body on the
under surface of the head.

Note that in different species the plate varies
in appearance, especially in the size and number
of notches in its margin. In some species the
plate is like a shark’s tooth, in others it is comb-
like.

The .Anal Papillae.—Note the tracheae r.nmi.fy-

ing in these, the papillae being possibly gill-like
in Tunction. In most species they are pointed, in
others they are globose at the end.
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The Large Body Haiys—These are long in
some l'\rvne, much shorter in others; their
arrangement is very similar in the different larvae.

Cunnabalism of Larcae—Add some large
Culex larvae to a small bottle contaming some
small larvae or Anopheles larvae. The Awnopheles
larvae or small Culex larvae will be devoured by
the large forms,

Observe the occurrence in nature of the
two forms, Culex and .lnopheles, also what Culex
larvae are found hyving together.

The Enemies of Larcae—\dd small fish,
waterbeetles, and their larvae (Dytisadae, Hydro-
philidae), libellula lan ae, corysca, nepa, tadpoles,
and other water anunals, respectively, to a series
of wide-mouthed bottlescontaimng equal numbers
of larvae. Note the rate at which they are
devoured, if at all.  The carnivorous forms nepa,
corysca, hibellula rapidly devour larvae. Hydro-
plnlidac beetles, tadpoles, etc., do not destroy
larvae.  Observe that <ome species of fish are
much more active devourers of lanae than others,
Note that weeds often protect larvae from bemg
consunied by small fish,

8. Make expeniments with dillerent chemcal
and other bodies, and note the absence or presence
of culicidal power,

(a) Note that chemucal bodies 1 solution Tall
only with difficulty, as a rule, e.g., corromve sub-
limate, Ammaowma, however (1 in 4,000 of water)
will Kill mature layae according to WanpLLL.

(b) Note that ols eapdly Ll larvae by blocking
the air tubes, Treat lanae by pouring a little
ofive oil upon the water  Stain with osmic acid
and note globules of oil \\lthm the air tubes.




8¢

9. Add somé paraffin oil to a small Anopheles
pool, observe the presence next moming of dead
female mosquitoes that have come to lay their
eggs. Observe the effect of paraffin on different
kinds of natural water, and the great efficacy in
some cases and futility in others, i

10, Observe that pools covered with Lemna
are very frequently, if not hlways, free [from
larvae. The action of the Lerina is said to be
mechanical.

EXAMINATION OF OTHER LARVAE

Dixa~In its movement along the surface
of the watet the larva of Dixa resembles Anopheles
lanvae, and this larva alo rests horizontally just
beneath the surface film.

In Dixu there is no globular thorax, and the
whotle larva is longer and thinner than an
Anopheles larva (8 mm.}  Moreover, Dixa larva
only indents the surface film at the head and tail,
there being no palmate hairs on any of the
segments. Dixa larvae move very rapidly, and
have a habit of climbmng above the surface of the
water and resting in a loop with the head and tail
downwards. When placed in a specimen tube it
chmbs up the side and becomes lodged in crevices
m the cork.

It is found frequently in running waler
(Iig. 20).

Mochlonyx Larva.-—Note absence of palmate
hatir on dorsum and presence of respiratorysyphon,
absent in -Anopheles. They are extremely vora-
cious. They he deep in the water.
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Corethra Larva—~These are the so-called
‘phantom’ farvac. They are extremely trans-
parent, and lie horivontally rather decp in the
water. The head 1 smaller than in Asopheles,
There is no air_system communicating with the
external air. They me extremely voracious. Add
some Corethra tarvae to a tumbler containing Culex
larvae.

Stegomysa.—-The larva of Stegomyia  rather
tonger than that of Calex. When distorbed it ex-
hibits a tather kuling movement hke that of cer-
tain small aguatic worms.  When at rest at the
surface, the attitude of the body v almost vertical,

A

£ Sapae

%

§ € Cancadaeny

4 G (RNl
Fig 33 Amtewnae and Mental Plates of Laveae

The {arva, howeser, spends a good deal of its tyime
browsing at the bottom of the water, and then
Ties for the most part horizontally,

The head i~ small in proportion to the rest
of the body, and the thoras w lew canspicuousty
marked off from the abdomen than i Crdex
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The antennae resemble those of Anopheles
larvae, more than those of Culex. The large
branched hair of Culex is represented by a
short inconspicuous simple hair {or as many as
three) projecting from the side of the antennae
(Thg. 23).

The syphon tube is characteristic, being very
short and stout (Fig. 22), only twice as long as
broad, whereas in Culex the syphon tube is four
or more times as long as broad (Fig. 22).

1. Examine domestic utensils, disused water
pots, and tins containing water. Examine the
water which collects in the axils of the banana
leaves, collections of water in tree-stumps in the
jungle. * If larvae are present—

(1) Note the very short and broad spiracle
tube and its dark colour. Compare with that of
Culex and Taeniorlyncus.

(1) The larva is longer and more worm-like
than most mosquito larvae. The ‘wriggling’
motion is also very markedly shewn owing to the
length of the body. .

Taeniorhyncus.—In natural waters, especially
shallow trickling water forming pools, with a
dense growth of spirogyra, etc., ssvamp water and
river margins, the larvae of Taeniorhyncus will be
readily found.

1. Note that the larva lies often embedded
in the masses of green spirogyra or other thread-
like algae.

2. Note the great transparency of the larva
and the frequency with which brilliantly green
specimens are found.
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Under a low objective note the following,
which appear to be characteristic of this genus :

1. The enormous horn-like and curved
antennae (Fig. 234).

2. The extieme length and slenderness of
the syphon tube (Fig. 22).

Psorophora—The larvae are large, half-an-
inch in length. They are extremely cannabalistic.

A\,

s
y 7

Culex Tatigans  Taemorhynces
i

Information upon the larvae of the different
genera of mosquitoes 15 <o meagre, that in as
many cases as possible the larvae of different
species shoutd be determined, and systematic
descriptions and drawings made of such tmportant
parts as the antennae,~vphon tube, and such other
parts as may be found to vary i the different
larvae observed

Norr —Turther work on the syphon tubes of lanae has
shewn us that they are of specific as well as genenic importance.
The extremely Inng and slender syphon tube w apparently
not confined to Taenterhincus, but mesquitoes baving this
type of tube have alwars 1+ banded probaseis,
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Tue Nymen

The nymphae of mosquitoes are extremely
characteristic bodies, Wherever a number of
fully-developed larvae are found there will gene-
rally also be seen numbers of bulbous comma-
shaped creatures, having a large globular body
(head and thorax) and a small tail, kept more or
less tucked in beneath. When disturbed they
dart downwards with great speed, but very soon
reappear at the surface.

Nymphs are not so easily seen in pools as
larvae.

The differences in the nymphae of different
genera of the Culicidae is not nearly so great asin
the case of the larvae.

Dnephest Culee

Fig 24. Nymphae of Anopheles and Culex

By keeping under observation a number of
nymphae, some will be scen to become less
inclined for active movement, and the :\!)dommnl
segments (tail) may be extended horizontally.
Soon after these changes the adult insect emerges
through a crack in the chitin of the back of the
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thorax. The process as seen in Anopheles is very
fully described by NurTaLL and SuipLey.!

ExaMINATION OF NYMPHAL

1. Note the effect of tapping the glass vessel
and the rapidity with wlich the nymphs regain
the surface.

2, Observe that when first they appear the
nymphs are light 1n colour, but darken very con-
siderably later.

3. Note that just before the hatching of
mosquitoes the nymph lies with the tail extended,
and that silvery marks may be seen, due to air
lying under the chitin.

4. Observe the emergence of the imago.

Lxamine the nymphs of Anopheles, Culex,
Taeniorhyncus, etc., and observe that to the naked
eye they are very sumilar.

1. Note that the nymphae of Anopheles lie
less vertically m the water than those of Culex.

2. Observe that the nymphs of Anopheles are
more elongated antero posteriorly and compressed
laterally than those of Culex and Taeniorkyncus.

3. Observe the very large nymphs of some
common spectes of Taeniorhyncns and the great
length of air tubes which are directed straight
forwards in a very characteristic manner.,

Place nymphac in drops of water on a slide
and exanmune the an sy phons.  Note—

1. In dnopleles the syphons have a square
truncated end, and are proportronally much shorter
than in Culex, and project from about the middte
of the thoras (Figs. 24 and 25).

1 Fowrnal Hiyg one, vk 4, part 1§

v
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2. InCulex thesy, phons are long and narrow,
and have a slit-like opening, and project from the
posterior portion of the thorax (I'igs. 24 and 25).

3. In Stegomyia the syphons are broadly tri-
angular, and are characteristic. Note the marked
contrast in appearance to those of Culex (Fig. 251)

JO) G
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Fig. 5. Nymphal Syphon Tubes

Polarvn
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Examine the nymphs of Corethra and AMoch-

lonyx when they are encountered.
» @) Notein Corethrathe pomted syphonsand

the straight tail (Figs. 25 and 26).
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(b) Note in Mochlonyx the Culex-like nymph
and the thin rounded and pointed syphons (Fig. 25).

Examine the bottoms of pools of polluted
water, and note in the mud the brilliant red
nymphs and Iarvae of Chivonemus (Fig. 26).

1. Observe that the Chivonomus nymph has
a large globular body (head and thorax) and bears
a general resemblance to mosquito nymphs.

Fig. a5s. Nymphal Syphon Tule of Stegomyta

2 Notg. however, the presence of the con-
spicuous white feathery gills which form tufts at
ihe side of the head.

Leten

Fig. 36 Nvmphs of Churomomias and Corcthra
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3. Note that the Chironomus nymph and
larvae do not rise to the surface to breathe as do
those of mosquitoes.

Note the curious rhythmic bending move-
ment of the larvae and nymph of Chironomus
which, when they are present in numbers, give the
mud at the bottom of ‘the pool a curious appear-
ance.

LITERATURE
Miall.  Aguatic Inseess,
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Chapter X

TO CAPTURE, PRESERVE ALIVE, AND
EXPERIMENTALLY FEED MOSQUITOES

To CAPTURE ANOPHELLES

Necessary Apparatus—One or two small
collecting tubes (Fig. 27), a clean and perfectly
dry bottle (whiskey bottle), some cotton wool.

To DrTeCT ANOPHELES

Choose a suitable native village, 7.e., 1n Alrica,
any bush village; or in India, any uillage near a
nallab or other source of Anapheles larvae

Determine whether lnopheles exist in any of
the following situations: —

1. In the dark corners of <heds, cow-houses,
or other out-houses,

2. Under the eaves (in darkish parts) of the
huts.

3. In the huts themselves, hanging to straws,
stalactites of woot, etc., ete,

4. Anyother hkely situations, e.g., collec tions
of dry grass: in the undergrowth in the bush
(capture in this situation w difficult).

Procedure~If, on 1nspection, none of the
insects can be detected by careful scrutiny (the
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most concentrated attention is, as a rule, needed),
the thatch should be carefully disturbed with the
hand or a short stick.

Observe carefully any insects which fly out,
and note where they settle. Choose especially
portions of the thatch which are not too dark to
prevent one seeing clearly, but are not too much
exposed to light.

Train, if possible, one or more inteligent
natives to detect the insects and to collect them,
as shortly described. It is a good thing, if even
only a very few Anopheles have been found by a
personal inspection, to offer a small reward to any
persons in the village who will undertake to
collect them. QOne or two tubes should be left
for this purpose.

To Derrct CuLex

Examine the walls of houses, out-houses, and
native huts. Especially examine clothes hung up
in native huts. Many specimens of Crlex, resting
in their charactenstic hunchback attitude, }\'ill
probably be detected. Especiallyon dark clothing,
old blankets, inside leather boots or boxes.

Mosquitoes scem especially fond of the smelt(?)
of leaiber.

To Detrct TAENIORIYNCUS

These are best caught by sitting, with a liglt,
near a marsh or grassy land. A wall, or tent, or
cloth hung up should be at hand, and kept slightly
illuminated with a lamp. They may be captured
as they settle upon the sheet or upon oneself.
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To CarTure MosQUITOES

1. DPlace a collecting tube very slowly over
the mosquito,
2. Insert 2 finger underneath, and so rapidiy
, block the tube; or a piece of cardboard or wool
may be carefully slipped underneath.

v

Cutuing

Fig. 27. Method of Collectimg and Breedig-out Mosqurtoes

3. DPlace a plug of cotton wool in the mouth
of the tube.

. Transfer to the large bottle by placing
the tube over the mauth of the bottle and with-
drawing carclully the cotton wool. Keep the
Bottle closed with a plug of cotton wool.

. Capture as many specimens as required,
and transfer them as caught to the bottle.
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A wide-mouth bottle, over which a piece of
stout paper has been tied, with a small trap-door
cut slightly larger than the tube, may be used.
This has the advantage that mosquitoes do not so
ensily fly out into the tube during the act of
transference. It has the disadvantage that the
paper tears, and the mosquitoes are more likely
to escape through accidental circumstances.

To Brerp Out MosguiToEs
(Fig 27)

Collect a number of full-grown larvae and
nymphae of both Anopheles and Crlex.

1. Separate the nymphae from the larvae
and place them 1n a jar or wide-mouthed bottle
half-full of water, leaving room for the insects
when hatched. Cover the jar with a piece of
thick cardboard or a lid, the central portion of
which 1s replaced by mosquito netting.

2. Place the larvae where they will reccive
plenty of hght, but will not be subject to great
heat.

. Remove the nymphae as they are seen at
the end of each day.

To Kerp MosguiToes ALIVE

The length of time mosquitoes remain alive
in captivity depends almost entirely upon the
surtabihity of the conditions under which they are
kept. .

Except for special purposes, mosquitoes (espe-
cially Amnopheles) should not be kept in open
spaces, i.e., frames covered with mosquito netting.

Procure several ‘chutney jan ' with hollow
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glass stoppers. These can be obtained generally
. from the native bazaar in India for a few annas
(Fig. 28). This form of jar 15 very convenient,
but any other jar will serve. o
Cut a piece of thick cardboard so that it will,
when forced down into the jar, remain supported
on the shoulders of the jar.

Tig. > Method of becpmg Mosquitos alave

Tall the stopper nearly to the brim with water,
Cut a thin shee of cork and place 1t on the wurface
of the water. Upon the cork place a prece of clean
white paper.  The paper should not quite accupy
the swhole of the space 1n the mouth of the stopper.

1. Imvert the chutney jar (prepared as above)
over the top of a jar 10 which some mosquitoes
have liatched.  Remove the cardboard and gently
tap the glive. The musquitaes will tly upwards
into the chutney jar. Place the chutney yar con-
taining mosquitoes upon its stopper prepared as
above,

1
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Place the whole, after labelling, in a dark enp-

board or other convenient place (incubator).

At the end of the first day or so, the males
will be found dead upon the piece of paper, and
can be removed. On the second night after
hatching, most of the insects will feed, and the jar
is ready for use.

2. Place the inverted {chutney) jar, prepared
with cardboard as above, over a bottle tn whiclt
dnopheles, caught in a village or elsewhere, have
been placed. Remove the cotton plug and shake
the bottle gently to drive the insects out. Replace
jar upon the prepared stopper.  Place in 'a dark
spot.  Next morning remove the stopper and re-
maove any dead mosquitoes and ova by taking out
the piece of paper.

On the second night alter the mosquitoes
have been collected, the bottle is ready for feeding
experiments,  On the third day, generally, the
mosquitoes have no longer any blood remaining
in the mid gut, and are ready for dissection

The glands of any mosquitoes that 1 tie
before thi= may of course be dissected, if desired,
on the chance of finding sporozoits. .

In the use of village-caught Anopheles, it must
be borne in mind that any subject upon which
they are fed is hable to a fresh infection. In the
case of natives (who sleep without hesitation in
any village), the employment of village-caught
mosquitoes cannot, fronever, be very prc;udl('l.'.nl.

The advantages of the above way of keeping
mosqurtoes ire :— R

1. The mosquitoes will keep alive longer
than in any other way known to us, .

a. The immense convenience in feeding.




9

3. Any mosquitoes that may have died in
the mght can be recavered, and are not dried up.

4. It is an e\tremel) comvenient way of
olitaining and exanuning the ova.

5. Mosquitoes which haye become feeble are
given the best possible chance of hving, and will
be found resting all day on the piece of paper.

If boves and net covered frames be used, an
enormous mortalits  usually results  The dead
badies dry up and get lost in the folds of netting,
or, unless special precautions are taken, are eaten
up by ants

If chutney jars with hollow stoppers cannot
be procured :—

Procure any form of wide-mouthed jar or
Dottle, such as a prune jar, preserved frunt bottle,
ete. Insert a pece of stout cardhoard as belore.

1. Prepare the metal top of a screw-top
bottle or some other uitable small receptacle
with water, cork,and paper asabove.  Place upon
asquire prece of very stout cardboard or wood,
Invert the jar over thus (Frg. 28

2. Prepare o sicer by addmg a few tea-
spoonfuls of water ind placng on this vork and
paper. Invert the pu over the saucer. This
rather monc comement than the last mentioned
methud, as mosquitoes are less hable to escape i
the process of biting the bottle,

To Fren Mosguirors

Seleet abottle mw hich themosquitocs (twenty
10 thirty, or at least o dozen, sn each bottle} are
ready for feeding, 1o, the second eseming after
hatching or colleCting,  Laft the bottle fom the
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stopper, first disturbing any mosquitoes which
may be resting on the stopper, and place it mouth
downwards on the table.

Slip underneath the mouth of the bottle a
small piece of mosquito netting of rather a fine
mesh.  Tie this around the neck of the bottle
with twine.  The bottle is then ready for
feeding.

Fig. 28a. Method of Feadmg Mosquutoes

At, or shortly after dark, take as many
bottles as may be desired to the ward or dormi-
tory. Slightly damp the forearm (or the call) of
the patient, and, turning the bottle right side up,
let the patient’s arm rest upon the mouth of the
bottle (Fig. 28a).

In from a few minutes to half-an-hour or
more the bottle wiil be noticed to have splashes
of blood upon the bottom and sides (in the case
of Anoplheles only). If possible wait till all the
Anopheles have led.

Remove the bottle, invert upon a table, untie
the twine, and remove the netting. Replace the
bottle upon the prepared stopper.
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Repeat the process every night, allowing the
mosquitoes to feed by preference on the same case
throughout. Where it is uncertain which of several
cases may or may not have mature sexual forms
in the blood, a bottle may be fed on alternate
nights on the different cases.

Add clean water and a fresh piece of paper
each time the bottle is used.

To Prerare Pep MosquitoEs ror Dissection

After having fed the mosquitoes 1n a bottle
for a certain number of days, place 1t apart from
others, and allow it to remain undisturbed
(merely changing the water, ete.) for several

ays.

Ascertain each day whether the mosquitoes
have completely got rid of the blood in the nud-
gut. When they are quite free from any dark
colouration of the ventral aspeet of the abdomen
they are ready for dissection.

N.B —If chloroform, and especially 1f tobacco smoke 15 used
to kil the mosquito, 1t 1 essential to well wash the jars before
agun keeping mosquitoes 1n them.

To I'rep Mosgurtors oN Birbs, pre.

1. DPrepare a framework of wood and book-
binder's cardboard.  Cover two sides with card-
board. Cover one end with netung drawn tight,
and to the other attach a ‘Sleeve” of netting
Catch or breed out a numbert of Culex (e.g., Culex
fatigans), and place in the frame. Keep the frame
in a dark place, and place a saucer of water
in IL T —
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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 pigcons
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 DBirbs

1. Feed anumber of Culex, ¢.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

orged with blood, in a prepared chutney jar, and
keep until ready for dissection. i

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

(ii) Feedsome .1nopheles on proteosomaspar-
rows, and note that no zygotes are formed.

(i} Feed some Tacniorkynctis on proteosoma
sparrows, and note the negative result.

(rv) Feed some Culex vpon pigeons con-
taining halteridium, and note negative result.

Sparrowscontaining halteridium sofrequently
(in India) contain proteosoma that, even if the
Jatter is not observed under the microscope, it is
difficult to be sure of their absence.
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Chapter XT

DISSECTION AND EXAMINATION OF
MOSQUITOES FOR THE MALARIAL
PARASITE

DissreTion oF Mosguitors

Necessary Apparatus,

1. Slides and coverglasses

2. Two needles, preferably the <«traight
surgical needles descnbed for making blood fitms,
as they have a cutting edee

3. Some «alt solution, o 5 grammes per cent.

It 1 convenient to have a board, twelve
by three inc hes, covered hall with whete and half
with black paper.

Some mosquitoes are caught by ~hipping
over the top of the yar used for feeding another
empty jar of the same size, and they may be kept
alive 1 a dark cupboard for two or three days,
until their stomachs are quite free hiom blood
(scen by the complete disappearance of black from
the venteal portion of the abdomen)

A few specmens are killed by chloroform or
tobacco smoke.

1. Obeerve (1if 2 aranid female) two wintish
areas on either side of the hunder portion of the
abdomen (npenmg ovaries). 1 the blood 1 the
stomach be not digested, a dark mass will be een
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in front of these, and possibly the extreme
anterior portion of the abdomen wifl appear trans-
parent (nir containing oesophageal diverticulum).
(Fig. 29.)

To Dissect Out TuE Min-Gur (Stomacn)

1. Pull off, with forceps, the legs and wings
{and remove most of the scales by a few strokes of
a small camel hair brush).

2. Place a drop of salt solution on a slide,
and place the slide on a light background.

et

Sayr
\'\ nany

Fig. 29

Turn the mosquito upon its back and with a
needle, held in the left hand, teansfix the thorax.

Caury the mosquito transfixed on the needle
to the shde, and lower the tip of the abdomen
into the drop of salt solution.

Keeping the transfixing needle in position,
make with the other needle, anick upon cither
side between the sixth and seventh abdominal
segments, which point corresponds to the division
between the mid and hind-guts.  Alter thus
loosening the last few segments, place the point
of the needle upon them, slowly dragging them
awny from the rest of the abdomen.
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After separating the segments a very
short distance, remove thie preparation to a dark
background. Again draw apart and note the
white viscera stretching between them. Make

membiranoos
cesophaqus

Aer eonlisning

doverfivulvm

Ttevar fosaphegys
horlin
Fud-qof”

Pylares ena
oo of Rbulss
Retpyhean et
Riutes quf

Formomal Leameat]

Fig. 30, Dussectien offthe Viscera of a Mosgusto

steady traction until a central, rather transparent
body 15 alone left between the two portions of
abdomen.

Cut across the anterior attachments of the
mid-gut,
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- Draw the body of the mosquito away
from the separated segments; the mid-gut and
sundry other viscera will be left attached to the
latter floating in the salt solution,

Observe that when the tension is relieved,
the structure last to leave the abdomen of the
mosquito assumes a saccular appearance.  This is
the mid-gut.

Tue Viscera
(Fig. 30}

1. Unless the mosquito is newly hatched,
note two opaque white oval bodies (the ovaries)
attached to the separated segments. If the
ovanes are near maturity, masses of white ova
are seen.

2. The Mid-gut.—This extends from the
level of the first pair of legs to the posterior
border of the sixth abdominal segment.

(i) .\n anterior narrow portion resembling
an oesophagus.

(i1) A posterior dilated portion at the level

of the sixth (and fifth) abdominal segments in
which, if the last meal of blood is not quite
digested, a black mass will be seen. I any blood
remains in this portion, Ze., *the stomacl,’ dis-
card the specimen for one kept longer without
food. .
(ii1) At the commencement of the n_nd-gut
a ring-like, thickened portion (the proventriculus).
It acts as a valve between the oesophagus and
mid-gut (Fig. 30). .

3. Passing between the mid-gut and the
separated segments, note five brilliantly white
threads—the malpighian tubules (Fig 30
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4. Detween the malpighian tubules the
{ransparent_intestine which may exhibit active
peristalsis (Fig. 30).

5. Attached to the proventriculus an exceed-
ingly delicate membrane, the dilated oesophagus
and three diverticula of the same, which usually
contain air bubbles. They contain blood after
a full meal, and, according to NtTTaLL and
SuieLey, these diverticula function as food
veservolys.

The ventral diverticutum extends as far back
as the fifth abdommal segment.

To Prepare ToF Mip-Gur ror Exanvation

1. Cut (by pressing with the needle) across
the intestine and malpighian tubes just’ below
the termmation of the saccular mid-gut.  This
will separate the mid-gut from the rest of the
viscera.

Remove eversthing from the shide but the
mid-gut.  Remove excess of fluid, and see that
no ova or extrancous matters aie left upon the
stide.  Add a small drop of clean salt solution,
and place a thun coverglass upon the preparation.
The mid-gut witl flatten out consderably.  Re-
move with filter paper applied to the edge of the
coverglass any excess of fluid. Examne under
one-third inch objective and afterwards under
one-twellth.

If the mid-gut has been removed in toto, and
the preparation not too much compressed, the
following appearances are seen :—

1. ‘The narrow anterior portion of the mid-
gut, with the calyx Like proventriculus at 1ts free
cnd.
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2. If a portion of the extremely thin mem-
brane of the true oesophagus or its diverticula be
included in the preparation, it will probably be
seen to exhibit peculiar markings, due probably to
muscular fibres in the membrane, but resembling
rather closely sporazoits. It is essential that this
structure should be recognized when seen, and
that the resemblance of its markings to sporozoits
should not lead the beginner astray (Fig. 32).

Pronde fibves (gt
fiter Kb

tien, .
Loy Yy T

Fig 31 Microcope appeararce of Mid-gut, shewing
Cell Structure and Zygotes

3. The expanded posterior portion of the
mid-gut. This body forms the main mass of the
preparation, and is all important in relation to
malarial studies. . .

The [ollowing appearances are seen in & good

aration i— ) R .. R
prepl. Well-defined tubes with spiral lining (aic
tubes or tracheae). Note that these branch and
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ramily upon the surfnce of the mid-gut and mal-
pighian tubes (Fig. 3

2. Large muﬁcuhr fibres, together with
elastic fibres, forming a check pattern. Note that
they are circular and longitudinal (external).
Note that at the edge of the viscus they are seen
in optical section (Ig. 31).

3. Large cells with large nuclei and granular
piotoplasm (epithelium of mid-gut). Note some
in situ forming a single layer of polygonal epi-
thelium, and others detached and in process of
being carriedalong by fluid streaming from interior
of mid-gut. Note that in some places these cells
are undergong vacuolization with dancing of the
protoplasm granules {1y 31),

4. Note any contents of the stomach—

(i) Remains of blood.
(1) Crystals of various kinds.
(iii) Gregarines, flageilates, bactersa, etc.

5 Note that mn fxcussing dowawards one
passes through a double thnckness of wall.  Note
that the air tubes are {focuswed on the upper and
lower surfaces of the preparation, and the epithe-
livm and crystals i the nuddle.

6 Trace several of the finer air tubes to
their apparent teynunation, and note that when
they lose their spital himng they are continued as
very fine transparent tubules {atr capitlanes).
Note that at the point of breaking up, one can
generally make out luge stellate cetls (tracheal
cells). {Fig. 31.)

Observe in sume preparations, large oval
cells of browmsh colour lying upon the outer
surface of the stomach,  Note that they are ratlier
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opaque, and contain a certain amount of diffus
vellowish pigment.  They are so called pericardia
cells (see Iig. 32).

Fig 32 (Left to mght) Pevicardial Cell, 'at Dody Cell,
Seeotlen Eprthetivm Cell, Thin Merbrane shewing
Sporozoit-like appeurance

8 Observe, in most preparations, one ot
more large clear cells with a small nucleus anc
filled with oil globules (cells of the fat body)
{Fig 32.) These lie upon the stomach and, 1
common with the last named cells, are accidental
in this situation.

Tiue Exasunatioy or tne Mip-Gur ror ToE
ZYGoTE oR QocCYST STAGE OF THE
MavLARIAL PARASITE

(Fhe examination of the stomack blood for flagellating and
the motile or vermicule forms is deferved to a laier Chapter).

Obtain a number of Anopheles (not M. Rossii)
from some native quarter (see 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).
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Prepare the mid-gut as described above. A

considerable number may prove negative, but a

variable percentage will be posm\ e. Lxamine
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

seen as clear oval or round bodies, 6-7 4, 1n which
the distinct and ¢learly defined pigment occurs.
The more advan. ed forms can scarcely be miseed.
It is necessary to bear in mind the normal structures
and the fact that, unti] the parasite reaches a
constderable size and has a very sharply defined
-cyst wall, pgment, of the characters betonging to
the species of parasite concerned, 15 present.

Teg 33 (4 ettt Raghts Zogotes of Malignant {evtian,
Stple Tertian Ouai tan, and Protersaimu

1. Zygotes of crescent tertian ~hew, when
voung, a clump of pigment resembling black
pepper grains (Fig. 33).

2. Zygotes of sunple tertian <hew yellowish
or golden pigment i wisps {Fig,

3. Zywotes ol quartan shew rather coarse
pigment in a clump (Iag. 33).

The older 73 gotes (40 60 &) are indistinguish-
able as regards the spectes of parasite conc erned.
They may shev

1. Avery clear and distinet cyst wall (ad-
ventitious).
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2. The formation of sporoblasts,

3. In still more developed forms, the Sporo-
blasts are seen to be surrounded by a radiating
arrangement of young sporozoits or blasts (Fig. ¢
and 31).

4. Tully developed forms are large cysts
packed with many hundreds of fine sickle-shaped
bodies, and, 1f they are ruptured, these latter escape
into the surrounding fluid, and are readily dis-
tinguished as sporozoits (Fig. 37).

To MaKE PERMANENT PREPARATIONS OF
ZYGOTES

Method 1.—In case of a specimen shewing
zygotes, place a large drop of two per cent. formalin
on one side of the coverglass, and draw this
through by filter paper placed on the other side.
Repeat several times. Remove excess of the
formalin with filter paper. Ring edges of cover-
glass with black varnish or Canada balsam.

The zygotes will retain their appearance as
seen in the fresh specimen,

Method 2.—Run formalin through as in
Method 1. When an excess of fluid 1s present,
slide ofl the coverglass. The flattened mid-gut
will probably remain attaclied to the covergliss,

Wash in water, and stain lightly with methy-
lene blue. Wash in water, and allow fo dry.
Warm gently to ensure complete dryness, and
place the coverglass, mid-gut downwards, upon a
drop of balsam upon a slide.

The muscula: fibres and other structures of
the mid-gut will be well exhibited. The zygotes
will be stained rather a dark blue. If not too



113

darkly stained, the pigment of the zygotes will
have the appearance it had in the fresh specimen,
3. Mount directly in glycerine.
. For more minute hstological examina-
tion, imbed the stomachs in paraffin or the
whole mosquito (vide p. 123).

To Disseer Ovr Tur SaLvary Graxns

This is quite a simple proceeding of it be re-
membered where they he. They are intra-thoracic
structures, and they commence at the hinder pos-
tion of the neck and end oppusite the first pair of
legs. They lie ventrally, in fact, roughly speaking,
they lie just above the ongin of the first pair of
Tegs (Fig. 34).

[Ty PUPRY VNN

P 30 Shewing £t ol Safnatey amds

The simplest and most rapad method, angd the
one that hardh ever fuls, 1s the following
.o Place the menqurto m a drop of <alt solu-
tian on ity right <ide, wath the fiead pomting to-
wards you, i sou dissett.



1y

2. Place the needle of the left hand on the
thorax to steady it, and place the needle of the
right hand on the back of the head and mahe
steady gentle traction,

Il done carefully, it will be seen that the
head has pulled out a little mass of white tissue
fiom the thorax (the dissection is best done on a
dull-black surface).

. Examine the piece of tissue under a hali-
mch lens.  (The diaphragm should be as nearly
closed as powsible). " The glands will be seen
hanging on to the neck as finger-like, teansparent,
glistening bodies.  Muscle has a greyish look,
and even the fat body is not so refractile as the
glands.
. Now place one needle on the head, and
witlh the other make a transverse cut between the
head and the attached portion of the glands.

6. Examine again the now separated
glands.  Generally all six are with certainty got
in this way.

7. M the glands are not found on the neck,
proceed with the dissection by Method 2.

8. When dissected out in this way, they
ave genetally quite free from surrounding tissues,
but il found necessary theycan be teased out [urther
and placed mn [resh drops of salt solution.

. At all stages of the dissection make sure
that the glands are really present and that they
have not floated to the side or stuck to the
needles. i
1o. By this certain and rapid method, as
many as one hundred glands may be dissected
out, put under @ coverglass, and examined micro-
scopically in a day’s work.
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Method 2.—Consists in bolating, by a eries
of cuts, the anterior ventral portion of tlie thorax
in wlhich the glands lic.

1. Make a cut obliqu(‘ly moan antero-
posterior direction, <o as 1o sever the nuain mass
of horacic muscle.

2. Makea cut at nght angles to this, passing
just behind the attachment of the first pair of
egs.

3. Cut through the nech.

4 The glands he in the portion thus 1~0-
lated. Caneiderable tea wing out 1 sull required
to isolate them from the surrounding tissues.
Examine each portion of tisue ~vp:xmtvd out, and
remaove to @ fresh clear drop of salt solution.

Remember that sn examining under  the
microscope the apparent nght hand i~ ieudly the
left, and wce versd.,

- D/,g« \: -

gy
Fead

Dig 55 Dhe Saboany Glands o ane sule

This method, winchs longer than Method 1,
requires mote dissection and teasing out i order
to i~olate the glands cleanly, and, a~ we have
<aid, may st be followed, even of No. 1 has
failed s but om expenence s been that Method t
is learned at once without any difbeuhty.
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Ascertain that the glands of ecither side
consist of three acini, the ducts of which join
almost immediately after leaving the acinus to
form a single long duct.

.. L Observe that of the three glands of each
side (_Iwgs; 35 and 38) :(—

. (1) Two are highly refractile, and the cells
in these are very distinct and clearly defined
(lateral glands).

Seerations
ki g cell

v o
:.r,..f,-.m

Fig. 36.  Muroscopie Structure of Salivavy Acinus and that of
a Newly-Hatched Mosquito ()nght)

(1) One 1s much less refractile, and the
component cells are much less easily defined
(central gland).

2. Observe that each acinus has a duct
running through its whole length, and that the
secretory cells form a single row around this.

Observe that each secretory cell has a
large mass of clear secretion within it, forming
the chief bulk of the cell, and that the nucleus is
flattened and pushed to the periphery (Fig. 36).
Pressure tends to force the secretion out of the cell
in viscid looking droplets. The secretion of the
lateral glands is far more refractile than that of
the central (Fig. 38).

. Ascertain that the duct formed by the
junction of the three intra-acinar ducts Joins,
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eventually, the similar duct from the other side, to
form a common salivary duct which passes into
the salivary receptacle. The duct is thick walled,
and is lined with a spiral thread resembling a
tracheal tube,

Examination oF THE Sporozort Fors oF 1iE
MarariaL Parasirr

Obtain a number of _1nopheles (not M. Ressii)
from a natwve quacter (five per cent. to twenty per
cent. or more have sporozoits in the giands), or
Anopheles fed for twelve days or more at a tem-
perature of 8°I'. Prepare specimens of the glands
as described above.  Having placed one or more
lobes under a low power, press with the pomt of
a needle on the coverglass, <o that the gland 1
ruptured, and the secretion poured out as droplets
into the surrounding fhud.

- \%

\4

j

Ty

Fre 37, Spoosorts i the Salars, Glamd
(1 redi proparatien
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Examine with one-sixth inch. If sporozoits
are present they are generally very numerons, 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,
cvamine with one-twelfth inch (Fig. 37).

The sporozoits have a mean length of 14,
and vary between 10 # and 20 u, and are 1-2 4 in
width.

Examivariox or MotioxN or Srorozolts

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. Tliree kinds of mwotion may be
ohserved :—

1. Formation of curves.
2. Formation of ring-formed contractions.

3. Locomotion. TForward motion.
Penetration of Red Cell by Sporozoits.—This
has not been seen in case of sporozoits of the
salivary glands, but has been observed twice by
Scuardpizy in the case of sporosoits from a
ruptured cyst in the stomach.

To PrEpARE PERMANENT PREPARATIONS OF
SporozoITs
Pressing firmly upon the coverglass, deaw it
along the <lide, ~o that a film is made on cover-
glass andslide. . .
Dry by rapidly waving the slide and the
coverglass m the aur. Fix both in alcohol, and
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stain with Royaxowsky. Wash, dry, and examine
without coverglass with au oil immersion,

‘The sporozoits appear as fusiform bodies with
n centraf red mass of cliromatin.  They are about
14 1 i Jength, with one end often more pointed
than the other.

Wash off the aif with xylol, dry and {abel.

Deent fana
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Znaplaits Corn [V,

Frg. 38 Scctions up Saltiary Glands, sheemg diffevences betiween
the Central and Latera! Glinds and Letween those of
Anophelen and Culen alsn Sparazogts in the
Glands of Anophdes

Tw ReProprerive Systoy

To Examine the Spermatheca (Fig. 39).—Dy
pressing with the edge of the triangular necdle
cut ofl the extreme tip of the abdomen - the last
or eighth segmentonly, Place thismavery small
drop of «alt wolution, and tease the fragment
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carefully apart. A small black granule (some-
times two) will be seen. Isolate this as much as
possible from other tissue and cover with a cover-
glass.

Observe, under a low power,a brown chitinous
ball. Press firmly on the coverglass so as to rup-
ture it. Examine under one-twellth inch.

Observe the masses of fine hair-like actively
motile bodies, if (as is probably the case) the
mosquito has been fertilized. Isolate some of
these ; they possess the characters of spermatozoa
(Fig. 39).

Examine the spermatheca of a mosquito
newly hatched ; it does not contain spermatozoa.

To ExamiNe THE OVARIES

Examine the ovaries of a number of mos-
quitoes caught in the room, etc.

Observe that when the ovaries nearly reach
maturity they are readily detected as white areas
on either side of the posterior part of the abdo-
men, and that when fully developed they occupy
the whole of the lateral and dorsal portions of
this.
Drag off the last few segments of the ab-
domen in a drop of salt solution, and allow the
osaries to float out in this. Observe that they are
pynform bodies, the apex being above (Fig. 39).

Ascertain that each ovary consists of a large
number of follicular tubes, commencing as fine
threads and ending in the oviduct. ~Observe
especially the follicular tube forming the apex of
the ovary, as here, ths is most readily made out.
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Ascertain that each follicular tube contains
several egg follicles, the lowest of which is the
most advanced in development.

Fig 39, Spermatheca, with Spermatozoa
Struture of Oraries

Note that these latter show various stages of
development i the different mosquitoes. Note
that cach consists of an outer layer of small
cubical cells (follicular epithiehium) and an inner
mass composed of from four to eight large cells,
Note the hirst appearance of the yelk as small oil
globules 1n the lowest cell (the ovum), and how
this increnses until 1t nearly fitls the follicle by
encroaching on the other cells (nurse cells).

Obeerve in the mature ovumn that the outer
covering is formed of the original layer of outer
cells {follicular epathehum).
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The following organisms may be found in
mosquitoes apart from the various stages of the
malarial parasite :—

1. Encysted trematodes, mostly found in the
tissues, near the neck.

2. Nematodes in the thorax or abdominal
cavity.

3. Sporozoa. (a) Sausage-shaped bodies in
masses, sometimes in close connexion with the
salivary glands (Fig. 40).

(b) Octosporozoa, consisting of eight small
sausage-shaped bodies in small cysts, enormous
numbers of which replace the yelk of the ovum
(Ig. 40). o i

() ~Flagellate bodies in the rectum and hind-
gut,frequently in enormous numbers, and shewing,
when stained, large numbers of developmental
forms.

RN
R avem npleveds [ vl
g foLeany Ct

Faqeren bacar ~hni por .
Fig. 40, Protozna other than the Malarial Parasite
found i Anopheles
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(d) Gregarines. In the adult these have
become enC)stLd in the malpighian tubes.  In the
larvae, the worm-like greganne will be found
‘uh\ll\ mottle in the nmlpnf‘hnn tubules.

The des eloping embryosof filariae. These
are scm as sausage-shiped bodies with a terminal
spike it the diseec tion of the <alivary glands. In
sections of mosgintaes they are seen in the muscles,
especially m those of the thorax.

5. The deseloped embrvos of filanae m the
labiam or about the base of the neck.

6. In the oesophageal diverticula masses of
micro-organsms and sporozoa () will be found.

To Cur SieTons o MosetiTors

1. Kill some _tnopheles by tobacco smake or
chiloroform, o1 aliow them to fall directly into
abrolute aleohol, by pourmg a few drop< mto the
tube contarys them  Avoud, of possible, mosqui-
toes contapnng blood, as the blood becomes very
hard. :

2 Mlow 1o remain i aleohol fifteen minutes
to liarden somew hat

3 Remose one by one. Cut off with a fine
sersors the Jegs and wings, Make a minute
incision into both the thoran and ahdomen, e.g.,
liolding the mosquito carefully between the ﬁngor
and lhumh shice off with o sharp razor a
portion of the domum of the thoray, and
ntinute portion of e sude af the abdomen.
This allows mare perfoct ponetration of Huds,

Replace malmofute afeohol (some authors
recompend bovmyg m alcohol, as the e m tlw

For finer work pase theoch thats, Blty, and scvent

See, houcher, catmmation of separste orgass

-t e per cont 1o
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The following organisms may be found in
mosquitoes apart from the various stages of the
malarial parasite :— -

1. Encysted trematodes, mostly found in the -
tissues, near the neck.

2. Nematodes in the thorax or abdominal
cavity.

3. Sporozoa. (a) Sausage-shaped bodices in
masses, sometimes in close connexion with the
salivary glands (Fig. 40).

(b) Octosporozoa, consisting of eight small

sausage-shaped bodies in small cysts, enormous
numbers of which replace the yelk of the ovum
(I"g. 40). . .
(c) ~Flagellate bodies in the rectum and hind-
gut,frequently in enormous numbers, and shewing,
when stained, large numbers of developmental
forms.

] tpretan s mebet B
PRy Nk of v -;"u«hx;ﬁﬂ.. T

et
Protozoa ather than the Malarial Parasite
found in Anofheles
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(@) Gregarines. In the adult these have
become encysted in the malpighian tubes.  In the
larvae, the wonn-like greganne will be found
actively motile in the malpghian tubules,

4. Thedevelopimg embryosof filanae. These
are seen as sausage shaped bodies with a terminal
spike in the dissec tion of the <alnary glands. In
sections of mosqtoes they are soen i the muscles,
especiatly in those of the thorax,

The developed embrvos of filariae in the
abium or about the buse of the neck.

6. In the oesophageal diverticula masses of
micro-organisms il sporosoin (%) will be found.

To Cu1 Srermions o Mosotrtors

1. Kill some tuapheles by tabacea smake or
chloroform, o alow them to fall directly into
absolute alrohol, by powing a few drops mto the
tube contaming them  Mvoid, if possble, mosqui-
toes (‘unlzlinwg blood, as the blood becomes very
hard.

2, Alow toremun in aleobol ifteen nunutes
to hiarden somewhat.

3. Remove one by one. Cut off with a fine
seissors the fegs and wings. Make @ minute
inciston into both the therax and abdomen, e.g.,
holding the mosquito carcfully betseen the finger
and  thumb, slue off with a sharp razor a
portion  of the dorum of the thoray, and a
minute portion of one side of e abdome
This allows more perfcct penetration of flusds,

4. Replace mabsolute abcoho! (some authors
recommend boiling in alcohol, as the air i the

1. Far finet work pass thruach thiets, By, ane seventy fve ger tent 1o
hadute, Ser, Bowever, cxammation of wpatate organs.
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tracheae is expelled, and the alcohol then pene-
trates completely), allow to remain one to two
hours. This, which is to ensure complete dehydra-
tion,is the most important of operations, and upon
it depends the success of the embedding. Make
two or three changes, using alcohol to which CuSe,
has been added.

5. Remove from alcohol and place for ten
minutes or soinxylol. When the thorax becomes
transparent, the mosquito should be removed, as
too long 2 time in xylol produces much hardening.

6. Placefor ten minutes in paraffin (vide p. 46)
}\ie%t melted in a watch glass on the heated metal
slab.

. Smear a clean watch glass with a little
glycerine, and fill with paraffin heated somewhat
over melting pomnt ; transfer the specimen to this
with a warm forceps to avoid cooling the paraflin.

Arrange the specimen as required. As
soon as the surface of the paraffin has set, plunge
the whole massinto water, as paraffin rapidly
cooled is more homogenous.

If the watch glass has been smeared with
glycerine it will be easy to remove the block.

Cut out the specimen, arrange as desired
for cutting transversely, vertically, or horizontally.
Take care that the top and bottom cdges ()(thc
block are parallel, Smear these with a little
melted soft paraffin (made by melting a little hard
paraflin with vaseline). Tlis gives an unbroken
ribbon of sections.

To Mount Secrtions oF MosQUITOES
Unless the sections are thick it is necessary to
Nlatten them.,
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Heat some water in a dish a little below the
melting point of the paraffin.  Test the right
temperature by dropping & section on the surface.
11 it melts, the water is too hot. I it does not
flatten out, the water is not hot enough.

Drop upon the surface a ribbon of five or six
sections; it will become perfectly flat if the
temperature is right.

1. Smear some shdes with solution of
pyroxylon in oil of cloves (Appendin), taking care
to avoid an excess. Lower the slide rapidly into
the water, and with the aud of a needie draw it
out again with the sec ions Iying flat upon 1.

2. Press lightly, but firmly, between smooth
Llotting paper. Protect from dust, and allow to

ry for twenty-four hours, or dry more rapidiy
over the flame, but avord melting the paraffin.

When dry, hold the shide a few seconds over
the flame, this drives off the oil of cloves and
melts the paraffin.

Pour ovar the «lide tiust ylol, then alcohol,
and finally place in water,

Mosquito tissues are <o delwate that in
mounting it iv difficult to aveud the separation of
portions or the whole of the section,  Ths s
especially so 1n the case of the chitin, which
frequent]y bre away.

Onrigain's method s recommended as giving
excellent results - -

L Aslide is smeared with a thin fitm of a
ulinture, comsisting of two parts of commercial
liquid glucose and one part of a solution of
dextrin (dextrin, 16 07 © water, 173 oz.; thymol,

13 grainy),
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tracheae is expelled, and the alcohol then pene-
trates completely), allow to remain one to two
hours. This, which is to ensure complete dehydra-
tion, is the most important of operations, and upon
it depends the success of the embedding. Make
two or three changes, using alcohol to which CuSo,
has been added.

5. Remove from alcohol and place for ten
minutes or soin xylol. When the thorax becomes
transparent, the mosquito should be removed, as
too long a time in xylol produces much hardening.

6. Place for ten minutes in paraffin (vide p. 46)
kle%t melted in a watch glass on the heated metal
slab.

7. Smear a clean watch glass with a little
glycerine, and fill with paraffin heated somewhat
over mefting point; transfer the specimen to this
with a warm forceps to avoid cooling the paraffin.

Arrange the specimen as required. As
soon as the surface of the paraffin has set, plunge
the whole massinto water, as paraflin rapidly
cooled is more homogenous,

If the watch glass has been smeared with
glycerine it will be easy to remove the block.

Cut out the specimen, arrange as desired
for cutting transversely, vertically, or horizontally.
Take care that the top and bottom edges of the
block are parallel. Smear these with a little
melted soft paraffin (made by melting a little hard
paraffin with vaseline). ‘This gives an unbroken
ribbon of sections.

To Mount SecTions oF MOSQUITOES
Unless the sections are thick it is necessary to
flatten them,
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Heat some water in a dish a little below the
melting point of the paraffin. Test the right
temperature by dropping a section on the surface.
If it melts, the water is too hot. If it does not
flatten out, the water 1s not hot enough.

Drop upon the surface a ribbon of five or six
sections; it will become perfectly flat if the
temperature is right.

1. Smear some shdes with solution of
pyroxylon in oil of cloves (Appendix), taking care
to avoid an excess. Lower the shde rapidly into
the water, and with the aid of a needle draw it
out again with the sections lying flat upon 1t.

2. Press lightly, but firmly, between smooth
blotting paper. Protect from dust, and allow to
dry for twenty-four hows, or dry more rapidly
over the flame, but avoid melting the paraffin.

When dry, hold the slide a few seconds over
the flame, this drives off the o1l of cloves and
melts the paraffin.

Pour over the shde first \ylol, then alcohol,
and finally place in water

Mosguito tissues are so delicate that in
mounting it 1 difficult to avoid the separation of
portions or the whole of the section. Thisas
especially so in the case of the chitin, winch
frequently breaks away.

Osrraaia’s method 1s recommended as giving
excellent results :—

1. Aslide is smeared with a thin film of a
mitare, consisting of two parts of commercial
liquid glucose and one part of a solution of
dextrin {dextrin, 16 oz.; water, 17} oz.; thymol,
15 grains).
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Chapter XIT
INTERNAL ANATOMY OF MOSQUITOES

Tue ALimeEnTaRY CANAL

The alimentary canal is specialized on account
of the blood-sucking habits of the mosqiito. It
differs from many insects in not possessing any
caecal diverticula of the mid-gut. It also differs
in the possession of five malpighian tubules, these
being in insects usually even in number (Fig. 30).

The parts of the alimertary canals are as
follows :—

The mouth
The pharynx with pumping organ { The fore-
‘The oesophagus ‘ gut.

The oesophageal diverticula
The homologue of the proventriculus) oy, o
The stomach (so-called) gut
The pylorus .
The pyloric dilatation e
The small intestine The hind-
The colon gut.
The rectum with rectal papillae

The mouth, pharyny, and oesophagus are
ectodermal in origin, and_both the mouth and
pharynx are lined with chitin. The hind-gut is
also “ectodermal in origin; it does not possess,
however, any portion lined with chitin. The
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mid-gut is the true digestive portion of the
tract,

The Phavynx.—The pharynx, which is lmed
throughout its extent with chitin, passes upwards
and backwards through the ganglionic ring
formed by the supra and infra-oesophageal
ganglia and their commissures. At first 1t is
narrow, but posteriorly becomes a large chamber
(the pumping organ). (Frg. 434).

The pumping organ occupies with its muscles
a large portion ol the head behind the level of the
cerebral gangha. In the state of rest 1ts lumen 15
tricadiate 1n transverse section. The walls are
formed of thiee large and thick chitinous plates,one
placed on erther side and one supenorly. Into each
of these plates powerful musclesare mnserted  Those
of the superior plate consist of two muscular masses,
taking their origin from the occiput. Those of
the lateral plates consist on each side of a single
large muscular mass ansing from the lateral
portions of the head The plates are connected
by thin non-chitinous membrane, and their edges
are rolled <o that they form a <pring capable of
returning to their original position o ~oon as the
separating force of the muscles ceases.

Postertorly, where the pharyny becomes very
narrow, & sharp bend occurs and a valvular action
is produced. The whole forms a very powerful
suctorial apparatuos.

The Ocsophugns. -Immediately beyond the
pumping organ_the chitimous layer ceases, and
the rest of the fore gut 1 formed of excessively
thin membrane. At the junction of the two
portions a shaip bend occurs, and the {loor pro-

- Jects 50 as to form a valvular flap.
K
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The thin-walled oesophagus is a large dilated
sac, whose walls are supported by surrounding
structures. Into the posterior wall of the dilated
and thin-walled cesoplagus projects the papilla-
like anterior portion of the mid-gut.

The Diverticula of the Oesophagus—TFrom the
oesophagus two or three diverticula, similar in
nature to the oesophagus, extend backwards., Of
these, one is of great size, and usually contains
air.  This most usually extends into the abdo-
men, and 15 a prominent object in dissections and
sections. In the newly-hatched mosquito it is
small, but rapidly becomes large enough to exiend
mto the abdomen (Fig. 30).

The Homologue of the Proventiculus—There is
no true proventriculus as in many insects. There
15, however, an interesting fold of the fore-gut
into the mid-gut which represents this organ.
The anterior portion of the mid-gut has been
noted as projecting into the dilated oesophageal
pouch. T portion consists of both cctodermal
and endodermal portions, and represents the pro-
ventriculus in other insects. The muscular bundles
are here increased, and the whole forms a valvular
muscular organ (Fig. 30).

The Mechanism of Feeding—The powerful
pumping action which must result from a draw-
ing asunder of the three large chitinous plates of
the pumping organ is very evident. These plates,
also, when drawn apart must, by reason of their
spring-like shape, revert to their original posi-
tions close together, without any muscular aid.
Dosteriorly the valve-like arrangement mentioned

before prevents regurgitation.
The Mid-gut.—The mid-gut extends from the




131

proventriculus to the origin of the malpighian
tubes. It consists of two portions which nierge
into one another—an anterior narrow portion,
and n large dilated postenior portion, which
becomes greatly distended after feeding, Unlike
most insects there are no caecal appendages
tie mosquito. Postersorly there 15 a marked con-
striction, with strong muscular bundles, which
forms a very marked pylorus (Phg. 30).

The anterior narrow portion of the mid-gut
fies in the thorax, and does not become distended
with blood. The posterior portion when fully
dilated fills the greater portion of the abdomen,
theviscera bemg pushed wnto the last few segments.

The Hind-gut.—The hind gut 15 short and
passes in one or two bends from the pyloius to
the anvs.  Immediately beyond the pylorus there
15 & conwiderable difatation which s poorly sup-
plied with muscular fibres: 1nto tlus open the
five malpiglhan tubules  Tor a <hort distance
beyond this the lumen is narrow (small intestine),
but becomes gradually larger (colon). At the
termination of the coion there 15 a shght constrnic-
tion, after which the canal dilates agun to foim
the rectum (Isg. 30).

Into the rectum project siv sohid girowths,
the so-called rectal glands, which are, however,
papillac.  Posteriorly the rectum ends in the anus
close above the gynaephornc canal,

The appendages of the ahmentary canal
are ;—

The Sativary Glands.- The salivary glands
consist of s1x tubular acim lying three upon either
side, Those of one side lie generally one above
the other in the long axis of the body, their
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anterior ends lying close against the prosternum,
where the ducts coming from each acinus unite to
form a single duct. The upper and middle acini
generally lie with their distal ends close to the
proventriculus.  The Jower acinus passes towards
the thoracic ganglion. Occasionally, an acinus
becomes bifid at a short distance from its termina-
tion. A common abnormality also, is a small
accessory acinus near the proximal end of an
acinus, .\ duct can be seen traversing almost the
entire length of each acinus,  Shortly after leaving
the acinus, the three unite to form a single duct.
The duct of each side passes up into the neck, and
lies close to the nerve cords passing between the
thoracic and thecerebral ganglia. Beneath,and in
contact with the lower sutface of the suboesopha-
geal ganglion, the ducts of each side unite to form
a common salivary duct which passes forwards
and enters the chitinous first portion of the
alimentary canal close to the base of the proboscis
Mg, 34). .
¢ T3h.fe Malpighian Tubules.—These are five in
number and open nto the finst portion of the hind-
gut immediately beyond the pylorus. Their biind
ends are held in position in the neighbourhood of
the rectum by tracheal branches. They pass
fornards in loops above their origin, so that, in
transverse section, as many as ten may be scen
cut across.

Tue Muscurar SYSTEM
The chief muscular masses in the mosquito
are contmned in the thorax. They are chiefly

muscles moving the wings and legs.
Wing Muscles.—There are two large muscular



- ., 133

masses on either side of the thorax, passing from
the dorsal to the ventral body wall. DBetween
these bundles there is a space, in the lower portion
of which lies the alimentary canal, maun axr tubes,
and other structures. The upper portion of the
space is occupied by a second series of large
muscular bundles, passing from the fiont to the
back of the thoran. Neither of these large masses
of muscle are mnserted directly mnto the wings, the
up and down movement of the wmgs bemng
caused by alterations 1n the shape of the thorax,
consequent on the contractions of the vertical and
horizontal fibres, respectively.

There are, however, a few fibres ansing from
the lateral portions of the thoray, and inserted
about the base of the wings.

Leg Muscles.—These occupy but httle space
in the thorax. They rise, to a large extent, from
theinternal processes of the exoshelelon (apodemes),
and are inserted nto neighbouring portions of
the limls,  They arce also, from one <egment of
a limb and are 1nserted into another

*The Muscles of the Body Segments.— These
arise from one segment and ae nserted nto the
next.  They are arranged dorsally and ventrally
in latetal groups thioughout the abdomen.

A small muscie 1~ also situated on each side,
passing vertically fiom the tergum Lo the <ternum.
These an contrac ting flatten the abdomen,

Muscles 1 Vssocdetion awith the Alimentary
Canal.~Several important muscular mawses are
connected with the largecntinous pumping organ.
A puir of muscles arises from the occipital region
of the exoskeleton, and 1~ 1nserted 1nto the upper
plate of the organ .\ large muscle arses on each
side, and 1s inserted into each of the lateral plates,



130

Loop branches passing to the trunks, anterior

and posterior.

 Branchis passing inwards and supplying
viscera.  Branches from the fiest, second, tiird,
and fourth abdominal tracheae supply mainly the
mid-gut, those from the fourth and fifth the
ovaries, those from the sixth and seventh the
genital organs.

The Vascular System.—As in most insects
where the respiratory system ramifies throughout
the whole body, the vascular system is not well
developed. A dorsal vessel or heart and an
anterior prolongation of this (aorta) are the only
closed blood-vessels. Apart from the dorsal vessel
the blood circulates in large blood spaces, which
lie between the lobes of the fat-body and among
the muscles and \viscera.

The dorsal vessel passes close beneath the
tergal plates throughout the abdomen. It is very
thin walled, and is not provided with valves. The
upper portion is attached to the dorsum at
intervals by suspensory fibres {muscular), so that
a festooned appearance is given in longitudinal
section. There 15, however, no true division into
compartments.  Laterally large cells (pericardial
cells) are arranged throughout its entire extent,
and fibres of a musculur nature (alary muscle)
pass from the body wall and end in branches in
close counexion with the dorsal veswel.

At the finst abdominal segment the dorsal
vessel dips down beneath the mesophragnma,
lying as it does so in direct contact with the
cuticule. In the thorax it again arches upwards,
and lies between the lower portions of the
antero-posterior wing mpwlcs close above the
ante:” R e i e
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In the anterior third of the thorax it divides
into two smaller portions which pass outwards,
and coming in contact with the salivary ducts
enter the neck.

Blood spaces without definite walls occur
throughout the body. The thorax especially con-
tains large spaces among the muscles, and the
complex fat-body which hes between and sup-
ports the organ 1s everywhere bathed with blood
fluid.

Tue NErvous SYsTEM

The ganglionic system in the Culicidae is con-
siderably developed. The head ganglia are large
and complex. The thoracic ganglia are large
and compressed so as to form a large ganglionic
mass,  The ganglia of this system are as fol-
lows :—

{a) Lying around the pharynx is a gang-
liome nng composed of large supra and infra
oesophageal ganghawith theircommissures, From
these, large nerves go to the eyes, antennae, and
mouth parts.

(b) In the thorax, lymg below the oesopha-
gael divertwulum and close to the sterna, is a
large compound ganghon showing evidence of its
origin from the conjoned ganglia. Between this
and the head ganghia are two long slender nerve
cords, which pass sn the neck in close relation
with the sabvary ducts.  From the thoracic gang-
tion large nenves pass to the himbs, and posteriorly
nerve cords conpect it with the first abdominal
ganglion,

() The abdomwmal ganglia lie with thewr

. connecting commissutes close upon the abdonunal
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sterna.  The last ganglion lies just below the
Junction of the oviducts to form the common ovi-
duct. A large nerve passes from it among the
viscera of the last few segments,

The Visceral System—~Small ganglia con-
nected with the main ganglionic system occur in
connexion with the viscera. The most important
of these are two small groups of large nerve cells
lying in front of and above the thoracic ganglion,
with the middle portion of which they are con-
nected by nerves. They lie laterally beneath the
oesophageal diverticulum and anterior portion of
the mid-gut, and are not far removed from the
salivary glands. Another small ganglion occurs
above and in front of the proventriculus (Fig. 34).

Tue REPRODUCTIVE SYSTEM

The organs of the reproductive system are: —
1. Ovaries. .
2. Oviducts and common oviduct.

3. Mucus gland and duct.
1. Spermathecae and ducts.

The ovaries occupy a variable position depend-
ent upon the state of their development. In the
newly-hatched mosquito they are small hodies
Iying in the fourth and fifth abdominal segments
close by the posterior portion of the mid-gut, and |
attached to the body wall by numerous tracheac.
As they enlarge they push the mid-gut, hind-gut,
and malpighian tubes towards the ventrum, so
that eventually the ovaries occupy nearly the
whole of the posterior portion of the abdomen.
Each ovary consists of very many_folllculnr tubes,
each containing egg follicles in different stages of
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development. In the mature ovary the lower
follicles have in every tube become the large
completely-formed egg (Fig. 39).

‘The oviducts are muscular tubes passing from
the ovaries. They join beneath the rectum to
form the common owiduct, which 1s still more
abundantly supphed with muscle fibres, and which
eventually opens beneath the anus.

The spermatheca 15 a chitinous sac, which in

- the impregnated female ts filled with a mass of

spermatozon. Its duct is long and twisted and
opens into the common osiduct near 1ts termina
tion.

The mucus gland, globular or ovoid in shape,
opens by a short duct into the same region

The Fat-body—The adipose tissue 1s disposed
in two ways.

1. As a general lining to the body wall,
being nearly everywhere present directly beneath
the cuticle, and

2. As lobular masses lying in among the
organs and muscles. Thus a farge pad lies over
the compound thoracic ganghon, and sends pro-
cesses which lie 1n among the salivary glands and
other viscera. Other smaller masses he in the
head and abdomen.

HistoLogy

Methods.~The examination of the freshtisaues
frequently reveal struc tures not easily seen in fixed
preparations.  ‘The tiesues are Dest” dissected out
in normal saline of low toniqty, 0’3 or o4 per
cent., as insect juices have a lower isotonic point
than those of mammals. Better preparations of
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a double thickness of mid-gut wall as well as the
fore-gut. There is an increase in' the muscular
fibres of the mid-gut at this point, especially the
circular fibres, so that a very distinct mass is
formed homologous to the proventriculus of many
insects. There 1s no chitinous development, how-
ever, and the structure would appear to act only
as a muscular sphincter (Fig. 30).

The Hind-gnt.—The nature of the epithelium
and arrangement of the muscular fibres differs
somewhat in diflerent portions of the hind-gut.
Structurally the small and large intestine are
similar, whilst the dilatation beyond the pylorus,
and especially the rectum, diflers front these,

The dilatation which occurs at the origin of
the malpighian tubules is thin-wailed and poorly
supphed with muscle fibres. The cells lining it
are small and flattened.

The intestine is hned with a single layer of
lasge cubical cells ; external 1o these is & muscular
cgat.  The cells of the intestine have large nuclei
which have a similar, though maore open, arrange-
ment of the chromatin than the nuclei of the mid-
gut. The protoplasm is finelv reticular, and stains
less deeply than the cells of the mid-gut.  Stained
with Heipennein's haematoxylin, no granules are
present as in the cells of the mid-gut. ~ They have
no striated border.

In the rectum the cells become small and
flattened. There are here, however, bodies usually
termed rectal glands.  These are papillae covered
with a single layer of much hypertrophied cells |
resembling those lining the small intestine and

colon. . i .
The muscular system of the hind-gut is very
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simtitar to that of the mid-gut, comsisting of very
Yasge fusiform, straited cells avanged circulady
and longitudinally. The circular fibres in the
small intestine lie ontside the longitudinal, and
pass spiratly around the md-gut.  Towards the
termination of the intestine longitudmal fibres
also Ye outside the circwdar. I the recturm and
extending throughout the lund-got and md-gut
in both lnopheles and Culev, there are, in a Jarge
proportion of speamens, swarns of a tlagellate
organism (Fig. 30

“he Salivavy Glands - The salnary acini lie
inu cleft in the fat body, windh latter comes in
close contact with the wands.  Earh gland acious
consisty of a single layer of large cells, [rmted
externally by a deluate <heath (basement mem-
brane} and mternally by the wtra glandalas duct
wall,

tn Anapheles the intra.glandular duct becomes
larger as it approaches the termmnation of the
acmws, and forne @ large casry,

I Caley the duct remans of the =ame dua-
meter  throughont the aamus, and  termnates
abraptly sear the end of the actnus wethowt any
difatation.

In both Culev and .dnopheles there are two
types of gland acinos, These are recognizable
both m the frest gland and 1 {ined spramens,
From ther appeiuance m the tatter they may be
teemed (1) The granular type

(21 The ¢ lear ac catboscd-libe type.

The Granular Type- The gieater portion of
the acmus consists of cells s hoswe nuckus and
protoplasin bas been pushied to the outer portion

8
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of the cell by a large mass of secretion, which
cccupies 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 immersion) 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 Anopheles 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 oecupies, in the
fully-matured gland, only the extieme periphery,
and the nucleus, which is much degenerated, is
pushed to the outer portion of the cell, and usually
[ies 1n 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 or Colloid-like Type.—Of the last-
mentioned tvpe there are two acini upon c‘ither
side; of the present type there is bl}l a single
acinus upon either side, which usually fies between
the two acini of granular type (Fig. 38).

In the fresh gland the cell outlines are not so



147

distinct as in the granular type, and the secretion,
when extended by pressure, 1s much less refractive.
In alcohol-hardened specimens, the acinar cells
contain a large mass of clear, homogenous secre-
tion which, as in the last-mentioned type, fills
almost the entire cell, and pushes the protoplasm
and nucleus to the periplhery.

In the clear type, however, the protoplasm is
always In greater amount than s the case with
the granular type, and the nucleus never becomes
so greatly degenerated. The clear, homogeneous
secretion stamns readily with haematen, and may
even stan quite deeply. With HEeexuEN'S
haematoxyln 1t {requently becomes almost biack,
It resembles very much in appearance colloid
substance as 1t 15 seen 1n the mammahan thyroid.

In tmopleles this substance also distends the
central duct space within the acmus, In this
situation an appeaiance 15 sometimes produced
which resembles Funtly-stauned sporosortes, but
which s a normal condition.

The Matuyaiion of the Glands. —In freshly-
hatched mosquitoes both types of acinus consist
of large glandular cells arranged round the lumen.
These contaun « lurge, centrally situated nucleus,
and hiave protoplusm containimg a large number
of coarse granules, staimng with haematein. In
the portion of the cell nearest the lumen a vacuole
of varying size 1s situated. This 15 the commence-
ment of the farge mass of secretion which, in the
mature gland, occupies the entire cel). In the
granular type of aanus the vacuole contains
granules ; m the clear ty pe it resembles the colloid-
like secretion (Fig. 36).

Further Variations tn the Cells of the Salivary
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Acini~1In the granular type of gland the greater
portion of the acinus is composed of cells of the
character described above. A portion, however,
usually exists which differs considerably in struc-
ture. This portion adjoins the duct, and may, in
Anopheles, reach as much as one-quarter of the
entire gland wn length. In this portion of the
gland the cells are much smaller than those con-
taining the granular secretion, so that the diameter
of the acinus 1s much less here, and a sudden in-
crease takes place when the portion containing
the granular secretion is reached. The cells
lying towards the duct differ from those lying
towards the acinar end of this portion. There
is, however, no line of demarcation between them,
the one gradually becoming changed into the
other. In the centre of each cell is a clear hody,
pushing the nucleus and protoplasm to the outer
portion of the cell. Towards the duct end in the
centre of this clear substance is a darker portion
continuous with the duct lumen. As the cells
come to lie nearer the distal portion, this central
dark Jumen becomes obliterated. This structure,
though present in dnopheles, may be absent in
Culex. In certain Culex another variation in the
gland cells frequently occurs.  The portion of the
gland lying close to the duct, instead of being
less in diameter is greater. The cells composing
this portion are columnar in shape, \ml_l centrally
situated nuclei and no contained secretion.

In certain specimens it is not uncommon to
find cells occupying a peripheral position, and not
approaching the lumen, which contain a substance
resembling the colloid-like secretion of the clear

type of gland.
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Changes after Feeding~Very little change
occurs in the glands after feeding.  They are for
the most part still quite full of secretion. Probably
a very small amount only of secretion is used
with each puncture.

The Ducts.~ The ntra-acinar ducts vary in
Culex and Asnopheles. In Culex they remain
narrow and tubular throughout the entire length
of the gland. In .lnopheles they hecome large
spaces in both types of acin, but especially in the
clear type. The duct is lined throughout by a
clear liomogeneous skeletal material, wiuch is
continuwous with a similar substance dividing the
cells of the gland [rom one another. Into the duct
the secretion-filled cell opens by means of a small
opening.

The duct, after leaving the acinus, consists of
a thick-walled tube, with a central spiral thread
resembling the spirals n the trachea.  The wall
is homogeneous, but contams many nucler.

The Malpighian Tubules—The malpighan
tubules are tubular bodies with caecal ends,
which open mnto the hind-gut. The cells are
extremely large, being, next to the pericardial
cells, the largest s the body.  Each cell contarns
a large nucleus, and contains numerous large
granules, wlich <tain feebly with haematein, but
powerfully  with HriLymiN's  haematoxylin.
Numerous fatty granules are also present.  Each
cell is wrapped 1ound a central lumen, the cells
bewng arranged alternately, <o that a zig-zag
appearance g en in section. The inner portion
of cach cell 1» markedly striated, the lunten being
thus bounded by a stnated area. In relation
with these tubules, a large number of trachieae and
tracheal end-vefls exist,
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In certain conditions the malpighian tubule
cells may be ‘found quite free from granules,
though othenwise 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 segmenfs. The
muscle fibres of the alimentary canal are large
fusiformcells, 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 is usually seen occupied by
extremely delicate branching threads, which stain
feebly with haematein.

In the pupae there exist some large cells of
pecubar nature in association with the sheaths of
the muscle fibres.

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

The Tracheal System.—The larger trachealves-
sels consist of a single Iayer of flattened cells with
an inner chitinous layer. " In smaller 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 {cntin formation). The (‘]!itix)nlls lining
possesses a thickening in the formofa spiral thread,
which may become unwound and lie stretched as
a wavy thread in fresh preparations.
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The smaller tubes contain the spiral thread
until they become from 2 to 5# in diameter.
They then divide to form bundles of excessively
minute air capillaries, which enter among the
tissue cells. The division into capillaries takes
place in the substance of large brauched cells
situated at the termsnation of the tracheal vessels.
The cells often appear cribnform m section from
the number of air capillanes.  These cribriform
celfs in connexion with the tracheal endings are
well seen in the mid-gut and malpiginan tubules.
They are, however, seen best of all in the unde-
veloped ovary of the newly-hatched mosquito,
which is extremely rich 1n bundles of capltary
air tubes.

The Vascular System.—The dorsal vessel 1s a
deticate walled tube composed of longitudinal
and oblique fibres wath a nucleated inner layer.
The fibres may be traced duectly from the ternu-
nations of the branched alary muscle fibres. The
alary fibres break up into fibres which pass in
closeconnesonwith the large pencardial cells,and
eventually form (1) fibres passing into the dorsal
vessel as longitudinal fibres, (2) fibres Jownmg in
an anastomosis in connexion with the floor of
the dorsal vessel.

The pericardial celiv are extremely large celis
Iying on either stde of the doral vessel through-
out its whole extent. They are by far the largest
cells in the mosquito, vauymg from 30 # to 50 #in
longitudinal diameter. They are elongate or peac-
shape in form, and contiun several nuclei.  The
nucler usually <how signs of degeneration.  The
peripheral pertion of the cell stams more deeply
than the central portion, wlnch contamns the
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nuc]gi and small stained granules, There are a
considerable number of masses of a light vellowish
pigment resembling that found in the l'arge vis-
ceral ganglia cells. The fibres from the branches
of the alary muscles pass over and around the
pericardial cells to reach the dorsal vessel. From
their structure and situation the pericardial cells
?Il‘)pear )to be of the nature of ganglion cells
“1g. 32).

The Fat-body.—The fat-body, both where it
occurs as a portion of the body wall and where it
lies as fice lobulated masses, consists of cells con-
taining numerous oil globules. The cells are of
considerable size, and their borders may be [re-
quently traced as polygonal areas, The nuclei
are oval in shape with a central mass of chro-
matin and chromatin threads. Besides oil globules
the cells contain granules staining with haematein,
and minute droplets of a highly refractile, dark
substance, which gives the appearance of pigment.
These droplets ure larger in amount in old mos-
quitoes than in those freshly hatched (Fig. 32).

The Nervous System.—The ganglia of the
ganglionic system consist of an outer portion of
nerve cells and an inner portion of non-medullated
nerve fibres. Considerable complexity exists in
the larger ganglia, especially the head ganglia.

The ganglia of the visceral system differ
greatly from those of the ganglionic system. The
ganglion cells are few in number and of large
size. They possess clear reticular prutoplgsm, o
little denser around the periphery than in tlx_e
centre. Around the inner margin of the denser peri-
pheral portion small stained points are arranged,
In the centre a variable number of granules of
yellowish pigment exist.
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The Reproductive System.—Each ovary con-
sists of a large number of follicular tubes whose
lower ends open into the ovarian 1lube, and
whose upper ends terminate in a delicate sup-
porting filament (terminal filament). The apex
of the ovary is formed of a single follicular tube,
whose filament is attached to the fat-body of the
fourih segment.

Around the whole ovary there 1s a delicate
nucleated sheath.

Lach follicular tube contains one or more
egg-folticles in dillerent stages of development.
In the freshly-hatched mosquito each follicular
tube contams an undeveloped egg-follicle. As
this develops, a second and a third undeveloped
foliicle appear above 1t, which again undergo
development into mature eggs. The follicle at
first conwists of two to four large cells, with farge
nuclei surrounded by a simgle laver of smaller
epithelial cells (Fag. 39).

The central celfs then ncrease in size and
number, <o that many very large cells are con-
tained 1n the now enlarged follicle. The sur-
rounding epithelial cells also become larger, and
rapidly increase in number so as to form a layer
of regular cubical cells surrounding the follicle,
"The centsa) cell nemest the ovanan inbe is the
ovum, the rest are nurse cells, and eventually dis-
appear.  Both the ovum and the nurse cells in-
crease greatly in size. The nurse cells have clear
protoplasm and extremely large nucler, which
exhibit karyohinetic figures.  The ovum contains
very numerous volk granules, whicli accupy the
whole of 1ts substance, except a thin coating
of granular protoplasm.  Stiil Iater ths thun
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external layer can only with difficulty be mad
out (Fig. 39).

The nucleus of the ovum undergoes very pro:
nounced changes. It appears as an irreguln
mass, staining uniformly with nuclear stains
This mass becomes more and more distorted and
broken up, and eventually disappears. It may
frequently, however, be seen as trregular masses
of staining material even in the mature egg. .\
portion of the nucleus is seen very eatly to be
separated ofl from the rest, often surrounded by
the latter. This portion (female pronucleus) Is
small and difficult to detect in sections in the
more mature ovum, As the ovum increases still
more rapidly in bulk, the nurse cells become
crowded into the distal portion of the follicle and
eventually disappear, so that, in the mature egg,
no trace of them is to be seen. The epithelial
layer surrounding the follicle becomes much
flattened, and forms eventually a covering to the
egg (chorion). The outer portion of this covering
(exochorion) is transparent, and marked with
oblique parallel markings. Over the proximal
end, ‘.., the end lying towards the ovarian tube,
the chorion forms a globular mass ornamented
with rows of pits. Tlus is the micropylar appara-
tus through which the spermatozoa penetrate the
ovum, .
Frequently in Anopheles a large portion of
the whole of the adult ovum consists of a mass of
sporozoa. These consist of numerous small cysts,
each containing eight round or crescent-shaped
bodies,each with a central chiromatin spot (Fig. 40).

The ovarian tube arises in_the centre of the
ovary, and receives on all sides the follicular

'
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1bes. It is lined with a single layer of small
ibical epithelium.  After passing out of the
sary, a considerable number of strated muscular
Jres are arranged in a loose network around it,
ad pass from 1t to surrounding structures. There
re also muscular fibres in the ovary itself in con-
jon with the ovarian tube and egg-follicles.

The spermatheca consists of a chitinous sac,
ith large cells lying externally. These resemble
e cells of the cuticle, and contain droplets.
‘hey do not cover the whoele of the surface of the
sermatheca,  The contents of the spermatheca
1 the fertilized insect consist of a mass of sper-
1atozoa, which, in the fresh state, may be seen
»volving with great rapidity within thesac.  The
permatozoa have a narrow, shghtly-curved head
nd a long tail. The duct of the spermatheca is
arrow and thick-walled, and contains muscular
ibres.  Certain large cells lie in connexion with
he duct externally. The mucus gland contains
ells filled with secretion. There are small nucles
t connexion with the intra-acinar duct (Fig. 39).




Chapter X111

TO COLLECT AND PRESERVE
MOSQUITOES

How To CoLLEcT MosguiTors

Mosquitoes may be collected in two way :—
1. By capturing the adult flies.
2. By breeding out from larvac and
nymphae.

1. Search in the daytime in houses, huts,
and out-houses, at the base of large trees, amidst
brushwood, and other dark or shaded places.
Anopheles, however, are rarely caught except in
huts and out-houses. They are especially fond of
1cmv-sheds and the darker portions of the eaves of

wuts.

Some species of mosquitoes may be caught by
sitting with a light near a white wall or suspended
sheet, or inside a tent, near a jungle or marsh,
Culex and Taenforhyncus may be found sitting
on the surface just beyond the brightly illuminated
area. Anopheles are rarely caught in this way,
but, one species at least (A, barbivostris), appears
to be attracted by light, and was caught by us on
an illuminated sheet at night, near swampy land.

In searching for adult Auopheles, as many
places as possible should be examined, as the
distribution of some species is very local.



157

1f the captured insects appear to have fully
matured ovaries, some of these should be placed
in bottles, as previously descnibed (p. 97), and
allowed to Iay thesr eggs.

If care is taken to place only one species in a
bottle, the characters of the ovum may be noted,
in addition to the adult insect

Some of the ova should be placed in fresh
water, and an attempt made to determine the
characters of the larva (p 73), when 1t has hatched
out and is sufliciently grown.

2. Breeding out.—Tull grown larvae, and
especially nymphae, are collected.  These are
collected from ‘every possible source.  Scarcely
any water will be found free from some form of
mosquito larvae. Even strongly brackish waters,
containing over onc per cent. of salt, often contain
large numbers,

Examine water from the following sources :—

(1) Domestic utenwils, cisterns, tins, [ots,
calabashes, in which there has been water for
three or four days, The larvae of Stegomyia,
Culex, etc., and only rarely _lnopheles, will be
found.

(i) Cess pits, pools full of decaying leaves,
ete, sewage ditches.  Note larvae of certain species
of Culex, etc.

(1ii) Obsene presence of the larvae of
Stegomyia and Culex in the water which collects
in the anils of banana leaves and other plunts.
Also, oceasionally, Annpheles i large collec tions of
water of this kind.

(iv) Puddtes of all kinds, with and without
algae, ponds, tanks, swamps, nice fields, ditclies,
canals, rivers, streams, lake margins, and wells,
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scales are rubbed off, and that a crookedly
mounted specimen is better than a ¢ rubbed " one,

5. Push the pin steadily through the thorax,
so that it emerges as near the centre of the dorsum
of the thorax as possible. [Practise mounting by
forcing the fine pin through without aid from the
other hand.]

6. Having transfixed the mosquito, force the
point of the pin one millimetre beyond the back,
by pressing tt against the smooth surface of a cork
or tissue paper.  The pin should not be pushed
through too far, as it prevents the lens of the
microscope being brought near enough for
examiation.

Frg 41, Authors' Method of Preserving Mosguatocs

7. Placing the disk against a cork, [_msT
carefully through the edge a large entomologica
pin.  This is passed in the reverse direction to
the fine pin. F‘or(‘e tlirec-quarters of the length
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of the Jarge pin through the cardboard disk, and
then Grnly press the point into the cork of &
speciaten tube, so that whén the tubieis corked
t{tc masquito is inside (Fig. 41}

In damp climates, 1t may be necessary to
carefully dry the tube zmd msectin o dessicator
{over sulphuric acid or hime), or by placing w the
san or wanm place to prevent moudd. This, how -
ever, 15 but seldom seqred. Mites are arely
seet in sects presensed i tubes as desentbed.

Write am imformatwon, e g, lacality, date or
reference number wpon the outer surfuace of the cork
and on the edge of the cardboard dise. For trans-
mtission, atl thatt 3o necessary 1 to pack the tubes
i wool in @ bov and send by post. Packed
thisn way thev are far wore ~ecuwe than whea
mounted m the ordinary wan m an entomotogical
box.  Mesqutoes for the Brtish Museam hould
be addresed :

The Derec tor
The Brosh Moseum
{Natural Histors}
Cromuetl Road, London, S W

Erdeavour aduans 1o <end both male and
female, at feast two of each, and, whitt o of the
greatest possible importance for the adsvance of
our knowledge of mosquito classdfication,  the
carcfut des ciption of ova and lanae

Note, 0 fromr am ciov 1 @upostble g and
mount mosguitoes it w o thes mas mmtead boiphy
praced briwern dien of tiswe paper ma it boy 11 T
is fr bette s plassig thenr oo aomy Hund st i s sgagt, by
whuclt treatsent they an rendired uselrss foc ideatie wtson

M
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To Mouxr Portioxs oF Mosauiross
PERMANENTLY

1.—IWings.—Clip off one or both wings as
near as possible to the thorax, so as 1o avoid
cutting the base of the wing itself,

2, Allow the severed wing to fall in the
centre of a clean glass slide. See that the dorsal
surface of the wing is upwards.

Place one or two very minute drops of
thick Canada balsam at some distance from the
wing, but within the area of a coverglass. This
is merely to hold the coverglass firmly in place;
the balsam must not be allowed to touch the
wing.
4. DPress a coverglass firmly down on the
Canada balsam. If it is desired, the coverglass
may be ringed with paraffin or some material
which will not run Dy capillarity beneath the
coverglass. . A

Legs.—NMount the legs of one side in order in
a similar way. .

Mount the palps and proboscis.

Mount (@} The male ungues.
b) Scales from head, scutellun, etc.

{(¢) Wing denuded of scales.
In Canada balsam, by placing a drop of bal-
sam on these and mounting in the ordinary way.
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Chapter X1V

ANOPHELES. EXTERNAL ANATOMY OF
THE IMAGO

Tor Huap

The head is composed maindy of the two
farge compound eves. These weet befow and
approach one anothe very closely aboce.

Parts of the head.  The following are the
usual names for the different regions of tie head
(Fig. 42).

1. The nape : the extremie back of the head
2. The occiput - the porhion hetund the eves
3. The vestex * the space between theeyes,
4. The frons: the space in front of the evey

5. The gena- the wde of the twead  belou
the eyes

The frane i toangubar o Slape, with one
angle directed dowanacds  From the upper twe
angles arrse the untennae, and from the {owner
projects the clypeos, lving over the base of the
proboscis,

The Clvpens.  Projects over the base of the
proboseis av a prolongation of the fronn  The
character of the Aypeus i of spectfic imporzamce,
tis
5. o an Colex.

20 Bealy wn Stegomyia,
3. Nude w Jablotra,
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The Autennae.—Consists of fourteen to six-
teen segments, of which the basal one is large and
globular, The plumose antennae of the male
readily distinguishes it from the female.

Ratusers

B

Gréine Patwcens

+ Clypos - et
s Eyes ~—
s repul”
oce pol &)
Aape —— Fothorax. y
~ J Mosollons.
Sty
¥ Oy
Meritana pon
o) Vg
S el Scaitlon
ilom,
[ .l

Fig. 42 Exterual Anatomy of Female Annpheles

The Praboscis.—The proboscis consists of the
very highly specialized mouth parts, ensheathed
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in the lower Iip or labium, The proboscis con-
sists of (Fig. 43) i—

1. The labium, forming the sheath,

2, The labrum and epipharynx, X

or upper lip forming
The hypopharyny, or tongue ~ the
Tuwo maadililes J stylets,
Two maxiliae
Two maxillary palps.

Sk

T1g. 43 The Probosas (Labiwm and Stlets) after Netiaa,
and Sierry  Right hand, cross seutin of Proboscas
The Palps are gt shonen

The Labinm.— The labium forms the thick
and scaly probosers as usually seen. On its doral
surface it 1s hollowed out, and in this hollow run,
as in a sheath, the prercing mouth parts or stylets
(Fig. 43). The labum itsell does not penetrate
the skin, but becomes sharply bent durmg the act
of biting, just as when a cane walking stick 1
pushied against the ground.  This may eawuly be
seen if a mosquito is watched duning the process
of biting.
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. The_ Labellae—Attached to the end of the
labium by a hinge joint on either side are two
leaf-like processes, the labellae (Fig. 43). It is
through the angle made by the two [abellae, that
the stylets pass, asa billiard cue, between the
first and second fingers (NuTTALL and SuipLry).

The labium proper stops short at the point of
junction of the IabeHﬂe, but is continued on its
upper surface as a blunt point covered with fine
hairs {Dutton).  We may liken it to a pen con-
tinued on beyond the penholder, the junction of
pen and penliolder being the point af which the
labellae are hinged on.

Dutton’'s Membrane—The area between the
end of the labium proper and the extreme tip is
covered by an extremely thin membrane (DuTTON).
In the act of biting, when the labellae are sepa-
rated, this membrane is somewhat stretched, and
applied to the skin.

Tue Escaprr or THE FiLArmaL Empryo

It has been shewn Dy Low and Jamss that
the filarial embryo occurred in the proboscis,
according to Low among the stylets. According
to DuTTon, the embryo lies really in the tissuc of
the fleshy labium, moreover with its head at the
level of the membrane deecr_ib(‘d al')ovc, :lr}(l
that it is by the rupture of this excessively thin
membrane that the embryo escapes. Grasst and
Not think that the embryo escapes through the
middle of the bent-up labium through a rupture
at this point, but Durrox’s explanation seems
more likely.

The epipharynx is the central tube through
which the blood is sucked. Its point slopes off
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somewhat like the tip of a hypodermic needle.
In cross section it has the shape of an 2, the com-
pletion of the tube being formed by the apposi-
tion below of the liypopharynx. The labrum is
blended with the epipharyny, but does not extend
to the tip.

The kypopharynx 15 a thn, flat two-edged
lamella closely applied to the under sutface of the
epipharynx.  Itis prerced by the salivary duct
down which the salnary secretion and sporozoits
pass.  The opening of the duct 15 continued as a
goove feaclung almost to the tip of the hypo-
pharynx,

Fig. 437 Showmg relatim of Phary ngeal and Salwary Pamps
1 the Priboscts

The mandibles are very fine chitinous rods in
cross section, crescentie in shape. At the tip of
the mandibles are about thirty serrations, though
in certain species of Culex these appear to be
absent,

The mandibles are dosely applied to the sides
of the epipharvoy,

The maxillae are stouter than the mandibles,
and fit around the outer <ide of these and the
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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 Maxillary 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
Anopheles are even more conspicuous than the
plumose antennae.

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

ia.
The prothorax is of importance in classifica-
tion, e.g., in the new genus of the Anophelina
Stethomyia the prothoracic lobes are mammilated.
The Mesothorax (Fig. 42).—The scutum of the
mesothorax forms the large globular mass of the
thorax. Behind the scutum, and just behind the
onigin of the wings, is a transverse bar of chitin,
the scutellnm. 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 :Anopheles.
2. With hairs. Wycomyia.
3. With scales and hairs. Joblotia,
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Tur WinG

The wings shew t—

1. An anterior straight, thick, and strong
border or costa.

2. A posterior curved and thin border,
carrying a fringe.

3. Two small folds at the base of the wing
(squama and alula).

4. Nervures, or veins,

‘The costa in Anopheles 1s generally covered in
part with white, and w1 part with black, «cales
(spotted).

Fig 43, Wng of Anophelena —
Upper

Superniomary cross-very

Lincey —= Posterior crasserem

Antertr forked cell = Toost forked cell

Frst postertor forked cellt= Seomd pusterior cell
Secomd posterior forked cell = Anal cell

‘The fringe in J\nopheles has most frequently
light and darker portions, the number and powition
of which are of spectfic importance (Fig. 51).

‘The squama and alula are shewn n the figure.
They are of no great importance (Fig. 44).
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. The Neroures—The nervuration of the wing
is of considerable importance. - Several nomen-
clatures are in use. That used in the accompanying
diagram is, however, the simplest (Fig. 44).

In classification, the relative posttion of the
apices of the two forked cells are {requently used.
Also the relative positions of the point where the
auxiliary vein cuts the costal vein, and the point
where the fifth vein cuts the posterior margin.
As a rule, the position of this first point is much
nearer the base than that of the second point, but
in a few instances, e.g., M. sinensis, they almost
coincide.

Also the positions of the upper, middle, and
cross veins. It will be found, however, that even
in the same species there is no constancy in these
latter, and they can hardly be given as of specific
importance as has been done. ~DoniTz has made
the same criticism, and indeed, finds that the

osition in each wing of the same mosquito may
e different.
Tue LEGs

These consist of the following segments :—

1. Coxa and trochanter. Small pieces at
the origin of the legs (Fig. 42).

2. Femur.

3. Tibia.

4. Tarsus, consisting of five segments, the
last of which carries the claw or ungues.

==, T

ciz. 45, Fore Ungues of M Funesta (& ) the larger Uniscrrate.
Fig.as 2o U,';g‘:m a[l AL Rossii ( & ) the larger Diserrate.
(After TuEORLD)
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The Ungues.—~The ungues vary in the male
and female and in the different legs. They may
he simple, uniserrated or biserrated (rarely tri-
serrated).  (I'ig. 45) They are of specific value
(TuEoBALD).

THE AppOMEN

The abdomen consists of mne segments. To
the ninth segment are attached the genitalia.

The genitalia are variously shaped lobed
appendages. In the male they are provided at
their free end with claspers. The claspers in the
male are of specific value (Fig. 46).

@ forarfis & fretapativ

Adk fomdifin
Fig 46 Male Gemtalia
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Chapter XV

CLASSIFICATION AND IDENTIFICATION
OF THE CULICIDAE

ScALES

Turonarp has attached to scale structure the
greatest importance from the point of view of
generic and specific classification. Hence it is
necessary to consider somewhat in detail these
structures. THEOBALD gives the following i—

_ Head Scales.—Three forms of scale occur
(Fig. 47).
1. Narrow curved scales.

2. Upright forked scales.
3. Flat scales overlying one another
like the tiles of a rool.

No. 1, 2, and 3 scales found, e.g., Culex.

No. 2 and 3 scales only, found =Stegomyia.

No. 3 scales only, found =AMegarhinus.

Toxorkynchites.

Thovacic  Scales.—TugopaLp  describes  five
forms (Fig. 47).

1. Narvow Haiv-like Curved Scales—They
often form a dense feltwork over the mesothorax.

2. Navrow Curved Scales-—They may occur
all over the mesothorax and scutellum, or at the
sides of the scutum and in front of the scutellum.

3. Spindle-ShapedScales—These lie seattered
about, and never form a complete covering.
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Flat Scales like those on the head. They
cover the scutellum in Stegomyia, whereas in Culex
the scutellar scales are of the narrow curved type,

5. Long Tuisted Scales. —Characteristic of
Alueidus, a genus of mouldy-looking mosquitecs.

Abdominal Scales.—The scales covering the
abdomen in all Culices, escept the .\nophelina,
are overlapping flat «cales. In the Anophelina
they are not found, except o some extent in
Myzorhynchns and Nyssorhynchns. In the genus
Aldrichia, however, of . hmplu‘lma the abdomen is
covered with flat «cales as in Culex.

ALX])

Heat Scates Jhsracie ks

/z\t ’,'

Hytamgial Tmeptts

Gulebopudiptina
u., Yom reatds
L e
[Fig. 47.  Vartetses of Scales (agter Turonu ).
Panopliten = Mansoma

‘The Culicidae are divided mto the Tollow g
sub-famlies, based maimnly upan the length of the
palpi in male and femaie’,

1. Palpi long i both sexes, as long s the
proboscis in the female - - Anopheling
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2. Palpi long in both sexes, shorter than the

proboscis in the female - - Megarhinina
3. Palpi short in female, long in male—
Culicina

. Palpi short in female, long in male, Post-
scutellum with hairs (chaetae) and scales, Joblolina
[= Twrichoprosopina

5. Seven (not six) longitudinal veins with

scales - - - - Heplaphlebontyina
6. Palpi very short in female and male—

Aedeomyina

7. DProboscis short, not formed for pierc-

- - Corethrina

g - - R .

Wing Scales—Scales clothe the veins, except
the cross veins. Flatscales are arranged ina double
row along each vein.

Many, or in some species all, of the veins
have also lateral scales.

The lateral scales are very variable in shape,

&

1. In Mansonia they are broad asymmetrical
flat scales,

2. In dedomyia the scales are similar.

3. In Mucidus the wing scales are quite
chracteristic, being pyriform or inflated and half-
dark, half-white.

4. In Megarhinus the scales may be azure
green or blue.

The Wing Fringes consist of-—

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.
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1. In Sabethes the scales are hair-like and
oceur in tufts.

2. In Mucidus, Psorophora, the scales are
elongated and project from the legs.

The sub-family Anophelina contains, as we
shall sce, seven genera, the Culicina fifteen, and
the Aedeomyina twenty. When we consider, further,
the large number of species in some of these genera,
e.g., Culex, it 1s impossible to attempt lere to
describe each mosquito, however bnefly. Con-
sidering the great nnportance, however, of the
Anophelina, we shall attempt to give the charac-
teristic specific points for each of the species, asan
aid to a detailed examunation by means of
Tueopap’'s monograph.  With regard to the
other sub-families we shall attempt only to give
characteristics of each genus.

Sup-FamiLy AnoruiLixa (vide next Chapter)

Stn-Fasmiey MooaARHININA

Genus 1. Megavhinmus.~-First sub marginal
cell much smaller than second postenon celt - Palpi

S
Tig. 48, Head and Scurellar Scales of Vedes (left}
Megurhimus (right}
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five-jointed in @ (M. purpurens only four). Readily
recognized : (i) by their large size, often called
‘elephant mosquitoes’; (i) by their brilliant
metallic colours; (iii) 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 busl.
Species, about six.

Genus 2. Toxerhynchites.—Palpimuch shorter
than proboscisin @, three-jointed. Supernumerary
cross-vein nearer the apex of the wing than the
mid cross-vein.  Species, four.

Svs-FasmiLy Couvrcing

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

Genus 1. Janthinosoma.—Hind legs densely
scaled, giving a characteristic appearance. Species,
five.

Genus 2. Psorophora.—Characterized by (i)
great length of & palpi, five-jointed; (i) densely
long scaled legs ; (iii) posterior cross-veina little
nearer the base than the mid; (iv) proboscis
curved in®. Species, four.

Genus 3. Mucidus.—Eastly 1ecognized by
their curious mouldy appearance.  Posterior cross-
vein nearer apex of wing than mid.  Wing scales
large, pyriform, parti-coloured. Head and thoracic
scales long and twisted, expanded at the apex.
Legs densely scaled with projecting scales. Species,
five.
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Genus 4. Destoidea = Armigeres—Head, flat
«ales, a few upright-forked.  Differs from Stego-
myia, (i) is longer, with unbanded tarsi and
abdomen, ¢ palpi, untufted. @ palpi, very pointed
and provided with bristles only.  Species, two.

Genus 5. Stegomyra. — H completely
clothed with broad flaf scales (Fig. 49) and &
few upright forked. DPalpy four-jomnted'in the ¢,
five-jointed in the ¢. Scutellar scales flut, mostly
black and white mosuitoes with banded legs and
abdomen. Species, ejghteen.

Fig a0 Head and Sutellar Scales of Ntegomvu (left)
and Culex (rigcht)

S. Faserata. Transts vellow fever

t Tarstbasally banded white,

2. Piohosais unbanded.

3 Thoray X pure white broad curved
band an each side, and two median
pale paralle! lines,

1. Ungues of 2 toothed.

. Genus 6, Theobaldia. Palpym ¢ clubbed as
in the Anopheltna  Palpon € Ave jointed, apreat
joint mammilhform, wings m both sexes densely

N



178

scaled, collected into spots, thus forming a spotted
wing group of mosquitoes. Specics, five,
Genus 7. _ Lutzia—Resembles Theobaldia.
Palpi in ¢ three-jointed, apical joint not
mammilliform.
Palpi in ¢ not clubbed, three-jointed.
Wings spolted by scales similar to those
of Taeniorhynchus. Species, one.
Genus 8. Culex.—Head scales : narrow cnrved
and upright fovked ; laterally flat scales (Fig 49).
Palpi in @, three-jointed. = Third palpal' joint
usually as long or longer than the other two.
Wing: first sub-marginal cell longer and
narrower than the second posterior. DPosterior
cross-vein nearer the base than the mid wing-
vemns.  Scales small, lateral ones linear.
Scutellum: narvow curved or spindle scales
(Fig-49)- | . .
C. mimeticus has spotted wings.  Species,
Vel'y numerous.
Genus g, Gilesia—Related to Culex and
Stegomyia.
() Scutellum with small flat scales, some
spindle scales. .
(i) Head: broad, flat, spindle scales,
(ii1) Basal joint of antennae, hairy and scaly.
(iv) Claws short and thick with a blunt

tooth. .
(v) Wing scales like those of Taenforhyuchus.

Species, one.
Genus 10. Lasfoconops— .
(i) Head scales as in Culex. Basal joint of

antennae, a few scales.
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(i} Abdomen: large projecting flat scales with
deeply dentale apices, gaving these mosquitoes a
ragged appearance.  Species, one.

Genus 11, Melanoconion.- ~Distinguished front
Culex by the dense broad scales on the costa and
apex, and by the Dlack spine-like scales along the
upper border.  Smail dark mosquitoes.  Species,
SIX,

Genus 12, Grabhamia - AMhed to Culex and
Tueniorkynchus. Palptin 2 four-jointed.  Apical
joint minute. Penuttimate longand thiek, Wing
seales not so tong or dense as in Taentorhynchus,
Scales mottled.  Wings short and stumpy  Legs
mottled and spotted.  Speaies, ten.

Genus 13 deartomvia Alhed to Culex amd
Grabhamta  Distinguished from Grabhamia by
having flat ivregulariv disposed scales all over the
liead, from Culen m the & palpe Two ternunal
segments and the apes of the antipenultunate
swollen. Termunal segment Cub shuped. Ragged
appearance of head, well marked  Specres, one.

Gents 1y Taemorivnchns - Patpifive-jomted |
in g, the fifth scgment minute.  Charactenzed
by thte wing ~cades Ty are thak elongated
scales ending with a broad sloping concexity ov
blunt pornt . median lmear scades often absent,
probosers usually banded. Species, about sinteen,

Genus 15,7 Mansonia = Panoplites. Palpy
four-jointedd 11 g, more  than  one-thued  the
length of the proboscis, Cliaracterized by aomgs
demsely scaled alimg the wvetns with broud asvm-
metyical flat sales No median seales “Fhe genus
resembles dedeomyia, but the palpr m the 8 are
long m members of this genus, short in the
Aedomyina. Speuies, exght.
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SuB-Fasiry JopLoTixa

Genus 1. Joblotina—NMetanotum (= Post-
scutellum) with a tuft of chactae and with flat
scales.  Clypeus and” Dase of antennae bristly.
Second long vein carried nearly to the base of the
wing. Second posterior fork cell {anal cell) very
large.  Mid cross-vein nearer the apex than the
anterior {~upernumeracy). Wings densely scaled;
scales shorter than in” Taeniorhynchus. = Species,
one.

Sup-FaMmiLy HEPTAPHLEBOMYINA

Genus 1. Heptaphlebomyin—Like Culex, but
has a distinct seventh vein. “Species, one,

Sun-FAMILY AEDEOMYINA

Genus 1. Deinocerites = [Brachiomyia)—
Charactenzed by the ¢ antennae. Much longer
than the proboscis.  Second segment as long as the
three tevminal segments. Antennae scaled, Antennae
mn & pilose and longer than the whole body.
Species, two.

Genus 2. Finlaya.—Tliree ventral abdominal
scale tufts. Scutellum, four median bristles. Wing
scales, large and broad, pyriform. Species, two.

Genus 3. Aedes.—Head, narrow curved scales
formn o broad median line only. Other scales flat,
Scutellum, narvoiv cuyved scales, six bristles,  Palpi
ing, four segments, apical segment minute, mam-
milliform. Tracesof a fifthsegment. Species, two
(Fig. 48). )

Genus 4. Howardina~—Resembles Aedes, but
scutellum has only four bristles. Palpi, four
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segments, apical, one minute, not mammilliform,
Species, two.

Genus 5. Acdimorphus.- -1iead, mostly flat
scales, narrow curved belind.  Scutellum, flat
scales, eight (2) bristles.  Has no flat thoracic
scales as Uranotaenia.  Species, one.

Genus 6. Skusea. -Henad, flat scales anly.
Anterior and postenos forked cells densely scaled.
Palpi in @, three segments.  Scutellum, six bristles
and narrow curved scales.  Species, three.

Genus 7. Verrallina—Head as i Skusca.
Palpi, two segnients only (trace of a tiurd), apial
segment large. Scutellum, four bristles and narrow
curved scales.  Species, three,

Genus 8. Frcalbia.  Intermediate between
last two and next genus.  Head scales, no narrow
curved, almost entirely flat. Scutelluny, flat scales
as in Uranotaenia, but thoracte scales navrme curved.
Palpy, two segments. Spraes, two,

Genus g, Uranotaenta - Head, flat scales,
upnght forked may or may not he present.
ScuteHum flat seales. “Thoray, sarrows cuveed and
et seales. Wings, small forked cells.  Metallic
scales at the base of the wings,  Related to ledes,
but more Dbrilliant (metallic} and stouter mos-
quitoes,  Speaes, fourteen,

Genus 1o, Myemyia - Resembles  Urano.
taenia.  Ilas no flat scutellar or thoracic soale,
Forked cells Larger than U ranotaenia. No metalhe
seales at the base of the wangs.  Species, two,

Genus 11, dedeomvia. Allied to dedes  Din-
tinguished by (1} hiead sales upnght, fan-shaped :
clypeus sealy: (1) therax, broad, that spindle
scalesy (i) scutellum, broad flat scales, () legs,
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densely scaled; (v) wings, densely scaled as in
Mansonia, also with long lateral scales, Species,
three.

Genus 12, Haemagogus—Related to dedes,
but palpi five segments. Head covered with fat
scales.  Drilliant 1etallic (blue) mosquitoes.
Species, two.

Genus 13, Wycomyia—Chactae on the post-
scutellum.  Head, flat "scales.  Thorax, spindle
and flat <cales. Scutellum, flat scales. Palpi
short.  Proboscis not as long as whole body. Species,
two.

Genus 14. Phoniomyia.—Resembles Wycomyia,
but distinguished by (1) wing scales broad, lateral
scales as in Taenforhynchus; (i) proboscis longer
than the whole body.  Species, two,

Genus 15, Dendromyia.—Resembles 1Wycomyia,
distinguished by (i) scutellar scales small, flat,
rounded apically ; (ii) wings more densely scaled
than in Phoniomyia, scales Taeniovhynchus-like;
(iii) proboscis moderately long. Species, five,

Genus 16, Runchomyia.—Allied to Dendromyia.
Characterized by (i) frons projecting as a blunt
spine; (i) proboscis as long as the body in 2 3
(i) ventral apical tuft of bristles; (iv) wings
covered with rather broad scales. Species, one.

Genus 17, Sabethes—Distinguished from
Wyeomyia by the asymmetrical wing seales. Or}c
or more legs with dense paddle-like structures in
both sexes. Mid cross-vein nearer the apex than
the anterior. Dosterior nearer the apex than the
mid in the §. Third long vein carried through
intolthe basalcell.  DBrilliant metallic mosquitoes.

Species, four.
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Genus 18, Sabethoides—Closely resembles
Sabethes.  Distinguished (i) by much smaller
palipi; (ii) unpaddled legs. ~ Species, one.

Genus 19.  Goeldia—Dost-scutellum  with
clactac und scales.  \Wing scales as in Runchomyia,
dense, elongated. Wing venation as in Culex,
Proboscis short and thick ; not as long as body.,
Palpi in ¢ one-third length of the proboscis. In
9 quite short.  Species, one.

Genus 20.  Limatus.- Characterized by the
proboscis bent n the middle; densely scaled at
the bend. Species, one.

Stp-FamiLy CoREFHRINA

Genus 1. Corethra—TFirst tarsal scgment
longer than the second tarsal.
Genus 2. Mochlonyx.—First tarsal segment

shorter than the first tarsal. R

LITLRATURL

A Monngraph of the Culiidae Vols 11L T. V. Tuzo-
san. DBt Mus Nat Hist The data in thes chaptes have
Deen taken alinest vntarehs from Treonte’s worh.
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Chapter XVI

THE CLASSIFICATION AND IDENTIFI-
CATION OF THE ANOPHELINA

It is by no means an eusy matter to fix
defintely the species of an Auoplheles, and yet the
identification of species is essential in connexion
with malarial studies. It does not suffice merely
to ascertain that Anopheles are present in any
given locality, but it must be clearly made out
what the species are. It is, indeed, only by accu-
rately observing the relation of Anopheles to
malatia that we can hope for the explanation of
many of the difficulties surrounding the anomalous
distribution of endemic malaria. In a later
chapter the extreme importance of the species of ~
Anopheles in this connexion will be evident. In
the description of the habits of Aunopheles, their
breeding places, occurrence apart from man, efc.,
1t is no longer sufficient {o ascribe these to the
whole genus, but they must be ascribed to the
actual species involved. The study of the
Anopheles from the point of view of classification
and identification is, therefore, of importance.

CLASSIFICATION OF ANOPHELINA

Tneosalp has sub-divided the genus .no-
pheles into ten new genera. These genera comprise
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over seventy-eight different species.  The asign-
ing of an Ampheles (old sense) to its proper
genus simplifies, therefore, very much the ultimate
determination of the particulas species.  Tnro-
naw’s classification 1s the folowmg :—

fing sealen

Thorax and nb-gi‘rnlhunn ¥ tohes

domen wathy sunple, no flar Saneeodate - daopheles
irdhe | head ~ades
cuned scaley] Mgy wades
i  esthy b
. boand taeess Mazomza
1\\(“;_' waley
} ety arge
joanid mflated
. Craladeprdopteron
Prothortce lobesWoang wales
sawdlated  lamceolate « Stetkamisa
wedien flat
[IRVITEN
.

Thary  wsth Wiy weafes smatt lwu-!m e
narron catied guaoosed Evestuphorie
scaley, abudo
et ey

Thomy wath hoir bdhe curted «ales, some
mrras custed s m from | abdomen with
apraf Latecal e tulte amb waby yentec
an ventral tufy Arribatzagrs

TFlosex with haes Bihe curved ~oades, abidemaa!
stk it wner oely wthoa dstanet venteat
apead teft, e Satend tufis AMya rhynchas



186

Thorax andab-{Abdominal scales as lateral
domen with] tufts and dorsal patches of
true scales small flat scales; thoracic

narrow  curved or spindle-
shaped - - - - Nyssorkynchus
Abdomen pearly  completely
| scaled with irregular scales
and with lateral tufts - - Cellia
Abdomen  completely  scaled
with farge flat scales, as in
| Culex - - - - - Aldrichia

These features are shewn in the accompanying
diagram (Fig-. 50). The thoracicscales in Cyclolepi-
dopteron are not sufficiently hair-like (THEOBALD).

Place the mounted or unmounted mosquito
under a low power of the microscope, and deter-
mine carefully the characters of the hairs or scales
on the head, thorax and abdomen. By this means
the dnophelete is assigned to its proper genus.

Myrempee

Ansfhiles

-

i
=T

Fug. 50 Thoracic, Scutellar, and Abdeminal Scales of
the Anofkelina (alter THEORALD)

)or




Lpllptopimn er fhpen

Lige g0 —~Contd  Thor

s Aedotoral Siales of
the Am Phoirme (,,"1
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THE DIFFERENTIATION OF SPECIES

Many leatures are of value in deterntining the
species.

1. The Wings:.—

(@) They may shew areas of dark scales on
the costa, auxiliary, and first longitudinal veins,
producing the main spots of the wing.

(b), Small areas of scales on the third to sixth
long veins; less dark and distinct than the large
costal spots.

(¢) Pale areas on the wing fringe.

{a) The markings on the wing are fairly constant in each
spectes, but variations occur, so that the spot may be longer
or shorter, giving the wing a darker or lighter aspect in the
same species. Thus in N. Stephensi the following variations
in the second costal spot may be encountered (Fig. 51)
Especially does this vanation occur in the wing of males.
The cestal spots may also be confluent. They may depart
from their tpical shape, as is frequently seen in the T spot
of M. Rossii. Certain general types of wing can be
recogmzed :—

(1) Wings almost entirely covered with black scales, as

m the genus Myzorhynchus.
(n) Wings only shghtly spotted on the costa or wing
tield, eg., m the genus dnapheles. .
(1) Wings with well-marked discrete spots, (a) brownish
wings as 10 Myomyia; (b) black wings as in
Nyssorkynchus.

The smaller spots on the wing field along the course
of the veins are also useful for determming species.  Thus
M. lencophyrus has six spots on the sinth long vein, while
M. elegans has only four. The extent to wiich the third
longitudinal vein 15 scaled is also of specific 1mportance
(Fig. 52).

() The wing fringe has at the pomnts, where the long
veins cut the margin, a varable number of Light areas, Thus
AL punctspenms has only one pale area, while A. pseudo-
punctipenms has many  Another example of this means of
distinguishing species 1s given 10 the figure (F1g. 51).
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2. Leg Markings:—

@) Uniformly coloured as in the second
division of Myzomyia.

(b) Speckled or banded, chiefly in the genern
Nyssoriynchus and Celtia. The bLanding of the
Tegs is of great importance in distinguishing the
species {Iig. 53); thus (1) banded tansi, e.g., N.
Mucnlata; (2) tarsi pure wlate, e.g., N. fuliginosus,
N. Jamesii,

)
[
I
[

i
I

i
i

-
Fig. 51 Wang prenges of (1) M Rbodestenss. (2) M. Funestus,
{30 M. Distme, (4} M. Culicfacres
Varations i Wing Spots of M. Ressii X Stephenst,
and I Costalis
Varsatons of Cross-tems of M. Rossii



138

THE DIFFERENTIATION OF SPECIES

Many features are of valuein determining the
species.

1. The Wings :—

(a) 'They may shew areas of dark scales on
the costa, auxiliary, and first longitudinal veins,
producing the main spots of the wing.

(b) Small areas of scales on the third to sixth
long veins; less dark and distinct than the large
costal spots.

(c) Pale areas on the wing fringe.

(@) The markings on the wing are fairly constant in each
species, but vaniations occur, so tht the spot may be longer
or shorter, giving the wing a darker or lighter aspect in the
same species Thus in N. Stephensi the following variations
in the second costal spot may be encountered (Fig. 51}
Especially does this vanation occur 1n the wing of males.
The ccstal spots may also be confluent. They may depast
from their typicat shape, as is frequently seen in the T spot
of M. Rossii. Certain general types of wing can be
recogmzed :—

(1) Wings almost entirely covered with black scales, as

w1 the genus Myzorkynckus. .
{i) Wings only shghtly spotted on the costa or wing
field, e.g, 1n the genus Anopheles. R

(m) Wings with well-marked discrete spots, (a) brownish
wings as 1 Myomyia; (b) black wings as in
Nyssorhynchus.

{b) The smaller spots on the ning field along the course
of the veins are also useful for determimng species. Thus
M. lencophyrus has six <pots on the sisth long vein, while
M. clegans has only four. The extent to wiich the third
lcmgitud)lnal vemn 1s scaled is also of specific importance
Fig. 52).
¢ g(t) The wing fnnge has at the points, where the long
veins cut the margmn, a varable number of light areas. Thus
A. punctipenms has only one pale area, while A. pseudo-
punctipennss has many.  Anather example of this means of
distmguishing species1s given in the figure {Fig. 51).
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2. Leg Markings:—

(%) Uniformly coloured as in the second
division of Ayzemyia.

(b) Speckled or banded, chielly in the genera
Nyssorhynchus and Cellia. The banding of the
legs is of great importance in distinguishmg the
species (Ig. 53}; thus (1} banded tars), e.g., .
Maculata; (2) mrsi pure white, e.g., N. fuliginosus,
N. Jamesii.

Tig. 51 Wing frimges of (x) M Rhodestensts, (2) Al Funestus,
(3) M. Listont, (4) M. Culscifacies
Vanafwns an Wang Spots of M. Roessn, N Stephenst,
and P Costalis
Vanations of Cross-tetns of M. Rosst
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3. Palpi:—Similarly the bands or collection
of white scales on the palpi is a convenient means
of separating the members of a particular genus
(Figs. 52, 53) It should not be forgotten that in
these two characteristics there is a certain amount
of variation, possibly seasonal, and a slight differ-
ence in the bands on the palpi and legs is not
sufficient 1 itself to constitute a diflerence in
species.

Other characteristics that are useful for the
determination of species are the male genitalia,
and the character of the ungues in the male,
whether having one or more teeth. The position
of the cross-veins has also been used, but this is
so variable in the same species that it has little
value.

Chavacters of the Lavvac and Opva—In the
Anophelina, as in the rest of the Culicidae, this is
a most Important means of diflerentiation. Mos-
quitoes that otherwise are almost indistinguish-
able are readily separated by their larvae being
dufferent.

One precaution must be taken. It must be
quite certain that it is the larva of the mosquito
in question that is being examined. The casiest
way to make sure of this is to carefully examine
the larva first, and then to hatch out the mosquito
and then examine it. The examination of the
larvae is considered later.

Genus 1. Anopheles~—Wings unspotted or
slightly spotted. Larva: clypeal hairs branched.
Ova, type 1. Mosquitoes not particularly domes- -
tic in habits. Mostly belong to temperate climes
or hill districts.
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A. Bifurcatus transmits malaria (in Italy).
Zygotes have been found in A. maculipennis in
Spain, but experiments with this species in
England have failed, though successful on the

ccontiment. They may be divided up in the

{ollowing way :—
Costa Uniform, Wings spotted.
1. A. Maculipennis.—Wing with four spots;
apex of first tarsal joint spotted. Europe.
2. A. Crucians.—White spots on brown
veins. Three black spots on sixth vemn. Costa
uniformly dark; tarsiunbanded. North America.

Costa Spotted

A. Punctipennis—Two yellow spots, ane
at the apex, the second on the apical third.  One
fringe spot. North Amenica.

A Pscudo-P:mrtz'fpemm.7—\\7mgs as i pre-
vious species; but wing fringe with several yetlow
spots. North Amenca.

5. A. Gigas.—Costa, two large black spots.
Length, five to six mm A large lull species. India
6. A. Lindesayin.—Costa black, apical white
spot. Femora have a characteristic broad median
white band. A hill species, India.
Wings Unspotted

A. Bifurcatus—Thorax, Golden hairs
arranged so as 1o leave two broad bare lines on
the front. Abdominal hairs golden. Europe.

A. Walkert 15 regarded by TrHEOBALD as
identical with this,

4. Algeviensis—Abdommal bairs dull

brown. First forked cell shorter than in . Bifur-
catus,
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A. Nigripes—A  black mosquito. No
bands on tarsus. Europe. America.

C10. A Immaculatus—Ash-grey in colour.
Sllgl_lt apical bandings to tarsi, Palpi and pro-
boscis lighter at apex. Ennur, Madems, A
single species only found by us.

1. A ditkensi—Uniformly dark. No mark-
ings on palpi or legs.  Bombay Presidency.

12, d.Stigmaticus~—Light brown. Australia.

13. A, Philippinensis.

Genus Myzomyia.—To this genus belong those
species which are associated in the tropics with
the most severe endemic malaria, e.g., M. Funesta
in \rica and ML Listoni and M. eulicifacies in
India.  The group includes, however, several
species, one at least of which has, as far as our
know ledge extends, no power of transmitting
malana in nature, viz., M. Rossii,

The malaria transmitters form a natural
group : they are small, dark mosquitoes, with
unbanded legs, and they breed in fresh natural
waters, e.g., streams, river beds, ete.; whereas
we also have in the group domestic mosquitoes,
i.e., those that breed in foul pools about houses.
M. Rossii is the type of this class.

Whether in this genus any otliers than the
three mentioned above convey malaria there are
atpresent no facts to shew, and thelarvalcharacters
of only the Indian species are at present k}m X

The type species is M. Funesta, which is a
typical spring and fresh-water breeder. It is
noteworthy that M. Funesta is assoriated with a
higher malarial endemicity than P. Costalis,
which is a typical domestic mosquito breeding in
foul pools.
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Grour

Smali dark mosquitoes breeding in natural
waters.

1. M. Funesta.—Costa: six white spols,
Basal spots with pale mterruption. Wing fringe
pale spots at ends of all the veins, except sinth.
Palpi: three bands, the basal one further from
the middle one than the apiwcal A vanable
species : third long vem may be dark. Resembles
Listoni and Rhodesiensis (Fig. 51)

2. M. Listoni —Third long vein light. Wing
fringe, four or more Light spots (Iig. 31). Palpy,
two broad apical bands further apart than n
Funestus, one narrow basal. Basal portion of
costa uniformly black (charactenistic) — Attitude,
Anopheles-ike.  Associated with high endemc
index in the Duars, Bengal. Larval characters:
antennae with simple hair. Clypeal hawrs simple.
Palmate hairs on thorax and on all abdominal
segments. .

3. Al Aconita-—Aconita = unspeckled, be-
cause at the commencement of the third long vein
the usual dark spot 15 absent  Palp, four bands.
Costa, four spots, hight mnterruption m basalspot.
Fringe, several pale areas. Antenor forked cell
much longer and narrower than postenior  Differs
from Listoni in palpr. Sumatra, Java.

4. M. Culicifactes —Thivd longitudinal vein
dark. Wing fringe, three spots at most. Palpi,
three equal bands, two at the joints, one at the
apex. Attitude, Culex-like. Associated with high
endemic ndex of malana in the Punjab and
Madras, Larval characters as in Listom  Ova:
floats do mot touch margin of upper surfacc
(Type 1) (Fig. 51).

o
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5. M. Leptomeres—Base of first long vein
white. Anterior forked cell much longe? and
narrower than posterior. Costa, two spots, thus
differing from Hebes. Fringe, pale areas at all
the veins.
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Fig. 52

Palpe of M. Funesta (1), M. Listoni (2), M. Culicifacics (3),
M. Riodesiensis (4), Al Hispaniola (5), M. Turkhudi (6);
Thivd Long Veins of M. Funesta (7), M. Listoni (8),

AL, Culicifactes (9)

6. M. Hebes.—Hebes =inconspicuous, a small
species resembling Rhodesiensis. Wing costa, four
spots ; wing fringe, seven light areas. Vein six,
one long spot. Palpi, first and second segments
covered with white scales. End of third segment
is dark, fourth segment quite white. Distinguished
from Rhodesiensis by palpi and wing fringe. East
Africa.

Grour [T

Larger species than the above, Generally
lighter.  Wings not so covered with dark scales,

Habits: Domestic species, breeding in foul
puddles, etc., near houses,
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Larval characters (M. Rossii) : Antenna with-
out branched lateral hairs. Clypeal hairs simple.
Palmate hairs second to seventh segments, and
often rudimentary hairs on thorax and first and
second abdominal segments. Ova (type 2), i,
{loats, touching margin of anterior surface.

7. M. Albivestris —Characterized by the
banded proboscis ; pale scaled to about haif its
length. N. deceptor has also a banded proboscis.
Malaysia. Length, two to five mm.

8. M. Longipalpis —Palpi long, thun ; three
narrow white rings; wing costa, black, four
almost equal yellow spots; wings mostly brown
scaled; hind legs only, banded; narrow apical
and basal yellow bands. British Central Afnica,
Length, three mm.

9. Al Ludlowsi—Palpl, apex broad white
band; a second small one (lose to 1t; a third
basal band. Wing costa, four large spots, one
or two small basal. Legs, femora, tibiae and
metatarsi, especially mn hind legs: spotfed with
yellow. Tarsi, broad apiwai and basal pale
banding, especially m hind legs. Philhppine
Isles. Length, {our to five ram.

10. M. Rossti.—Probably = A. Vagus(Donitz).
Sumatra. Palpi, somewhat like those of AL
Ludlowii, but easily distingwished, the apiwal
white band 15 broader; the second band is much
nearer the base than yn M Ludlowii, so that the
black area between 15 longer. Wings, four
spots, and some basal spots ~ The second large
spot has the charactenistic T. shape, but is very
variable.  Tars:, shght pale apical and basal
bands to some of tarw. India, Malaysia.
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1. M. Litzii—Characterized by the linear
ornamentation on the thorax, and marked bands
(five in number) on the fore and mid metatarsi,
Wings, three distinct pale spots; two smaller ones,
3to 35 mm. Rio de Janerro.

12. AL Elegans.—Possibly = N. Leucophyrus
(Doxrrz).  Leukos = white, ‘sphyron = ankle-
jeint.  Palpi, four white bands, Wing costa,
four large black-scaled areas, three small. Wing
fringe, six pale interruptions. Legs speckled with
white scales. Femoraand tibiae speckled in hind
legs. Characterized by a large tibjo-metataral
band on the hind legs. Resembles N. Stephensi;
differs m the palpi; bas four, not three, spots on
the sixth longitudinal vein. Differs from N,
Lencophyrus in having four, not six, spots on the
sixth vein. Possibly belongs to Nyssorhyncus genus.
India.

13. M. tesselatum.—Costa, four large, four
small spots. TFore tarsi apically and basally
banded. Mid and hind tarsi apically only.
Thorax, two dark spots in front and a dark area
near the scutellum. Malay.

14 M. punctulatus—Costa, four large spols
and numerous dark and white spots. Malay;
closely resembles the former.

15. M. Leucophyrus—Related to the two
former.  Distinguished by prominent tibio-
metatarsal band and by the prominent median
dark spat on costa.  Sumatra.

16. AL Impunctus.  Costa, four small dark
spots. Fringe spotted.  Sixth vein, three spots.
Relationshup  doubtful; not fully described.

Egypt.
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Medium size dark mosquitoes. Apex ol palpi
black.

17. M. Tuvkhudi—"Dalpi, apices black, the
band not so broad as 1n Hispaniola; third long vein
mostly dark, but vaues; pale mterruption in
Dasal costal spot. India. Larae resemble
Culex. Ova, very peculiar, type 3 (vide p. 222).

18. M. Hispamwola (Tueo) Span. Third
longitudinal vem, mostly pale yellow, except at
the base and apex. Wing fringe with spots, except
where lower branch of fifth and sixth jon the
costa. DBasal portion of costa unitormly black.

19. M. Rhodesiensss (Trro.) Rhodesia. —
Third lougitudinal vemn dark. Palps with only
two conspicuous bands.  The palpt are much
longer and thinner than in M. junestus.  The
vems are all dusky scaled.  Base of the costa
black. In AL fuwmestus there 15 a wlnle 1nter-
ruption.  Wings, costa three small white spots
and a yellow apial spot.  Fringe unspotted,
except an apical spot (Fig. 31)

Genus Cyclolepptevon—Wings with numerous
large inilated scales: collected in patches or
irregularly disposed

Larval  Chavacters  (Turonanpl.—Antenna
without lateral branched hair. Clypeal liairs
simple. Palmate haurs, six pars  Lanceolate,

1. C Grabhamii - Palpt unbanded. Jumaica.

2. C. Medwopunctatis.—DPalpy banded, black
and gold. Brasl

Genu Stethomyia{orsos = breast).—Head with
a median patch of flat ~cales.  Palpr very thin.

1. S.mimba. Bntish Guiana, $. America.
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1. A. Macunlipes—Hind and mid legs much
. 1):111(19;1 and speckled.  Almost certainly transmits
malaria (Lutz).
Genus Myzorhynchus.—ubgo to suck, poyxos, pro-
boscis.

Palpi densely scaled in the ¢, also the pro-
boscis.  These are “wild’ mosquitoes found in

. situations remote from the dwellings of man.
They breed in swamp- and large bodies of water,
especially those containing weeds. They do not
usually frequent houses. AL Simensis is, lowever,
attracted by light. They feed readily on human
blood when occasion offers.

Larval Chavacters. -~ They occur  singly
throughout large masses of water. They have 2
pecubiar stifl and stick-like appearance, but they
also exhibit curious attitudes, sharp bends, as tiey
he on the water.  Clypeal hairs distinctive, the
outer pair forming a dense cockade-like tuft,

The antenna 15 characterized by possessing
a large branched hair arising from a papilla on
1ts side.

The palmate hairs are borne upon the third
to seventh abdominal segments. The leaflets are
highly characteristic, being unlike those of the
other genera (so far as described), lanceolate and
serrated. .

The Characters of the Qvum.—In M.barbivostris
and M. Sinensis, the ova belong to type 1, fe., the
lateral floats not {ouching the marginal rim.

In M. barbivostris and M. Sinensis, there isa
characteristic appearance of a well-marked poly-
gonal pattern upon the undcr.surfa(‘e.

(A) Palpi unbanded.—Last hind tarsus brown ;

1. AL barbirvostris, one [ringe spot. India,

Malaysia.
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2. M. Bancroftii, several fringe spots. Aus-
tralia,
M. umbrosus, no {ringe spot, only one
costal spot.  Malaysia.
L.ast hind tarsus white:
4. M. albolacmatus, other hind tarsi much
banded. Malay.
Last t\\o Iind tars: white :
5. M. Coustani. Madagascar.
(B) Palpx banded —Last hind tarsus brown :
6. M. Sinensis, wing fringe, one pale spat.
China’

Palp: banded, last Jund tarsus brown, wing
fringe unspotted.  Apex of palpi white:

7. M. Vanus, costa two yellow spots, wings

distinctly spotted. India, Malay,
Phulippines, etc.

8. M. Psendopictus, wings without prominent

spots.  Turope.

9. M.minutus, wimgs, two white costal spots.

Punjab
Apex of palpr black :
10. M. nigevvimus. India.
{C) Palp: banded, Jast hind tarsy white
13, M. mauvittanus, two hind tars winte,
12. M. Paludis, three hind tarsi white. Africa.
Note—Dt\117 Plumiger and Tenebrosus are either Bar-
bivostris or Sinensis according to Tueoatn  Add M Pseudo-
barbivostrs, {rom the Phalippimes

Genus  Nyssorhynchus.—vioow, to puncture,
“bite,” pryxes, proboscis,

Mosquitoes 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,
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and in lakes. N, Stephensi will, however, breed
in pots and tins. Larva: antennal hair simple.
Ova, type 2.

Legs unspotted. Larva with outer pair of
clypeal hairs markedly branched. Leaflets of pal-
mate hairs with long filament.

1. N. Fuliginosus. — Probably = Leucopus,
Donitz.  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,
}\v; narrow white bands, apex white (Fig. 53).

ndia.

2. V. Karwari—ILegs not speckled, one and
one-fourth hind tarsal joints white, In fore and
mid legs, tarsal joints, except fourth and fifth, have
apical white band. In hind legs, tibia, first and
second tarsus, have apical bands, third and fourth
have both apical and basal bands; the fifth is
white. DPalps, four white bands, two terminal
broad and equal, two basal narrow, apex white.
India.

Legs markedly spotied. Larva with simple
or shghtly branched frontal hairs.  Filaments of
palmate leaflets very short.

3. N. Stephensi.—Syn = A. Metaboles, Tiiro-
paLp. Tarsus without any segment of hind leg
white. Legs brown, speckled with white ; joints of
fore and hind tarsi with apical spots. Wing costa,
four broad prominent black spots and tso smaller
basal ones. The third largest spot has three
typical spots beneath it on the first long vein,
Fringe dark, with pale areas. Palpi, two broad
apical white bands, one narrow basn!; white
scales between the last two bands. India,
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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-
tarsl 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.
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Fig 53
Hind Tarst and Palpi of N Kavweari (6), N Maculata ().
N. Theobalds (2). N Fuliginesns (33, N Fuliganosus (Nag
prvensis) (1) N Maculypalpis (s\, N Jamesu (7),
N Pretortensis (8), N Willmors (o)

N. Theobaldi.—Wings, jet black with the
costa interrupted by five white spots and an apical
spot. Legs, brnindled with white scales and a
large sub-apical white patch on the femora. Two
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and a quarter hind tarsi pure white, then a black
band, then a small white one. DPalpi, three white
bands, apex white, two apical bands equal, a
third narrow.

A Nagpur variety which ThEoBALD considers
may Dbe a distinct species has two-and-a-half
hind tarst white and the tips of the palpi black.
India.

6. N. Maculipalpis == A. Jamesii in Reports
to Royal Society, Stepnens and CuriSTOPHERS.
Wing, costa black with five white spots. Legs,
black spotted with white, last three hind tarst
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.
Length, 55 mm. India, Africa.

7. N. Jamesii.—Costa, four large and two
small dark spots. Legs brown, fore femora and
tibiae more or less spolled. Hind legs, femora
and tibiae with an apical white spot, last three
tarsi white, and apex of next (Fig. 53). The first
tarsal segment of the fore leg has an indistinct
median band. Palpi black, with white rings and
white apical joint,closely related to /. Fuliginosus,
but easily distingmshed. Length, 3 to 3'5 mm.
Cp. A, Maculipalpss, length, 55 mm.

N. Mucnlipalpis, v. Indiensis—Hind legs not
quite so banded as in the type. Some vanation
in wing markings. )

8.  N. Pretoriensis.—Clypeal hairs of larva
simple. Palps not mottled, otherwiee Jike N.
Maculipalpis. The two white apical bands are
further apart. Second hind tarsus has a small
black patch near its base. Metatarsus, mottled
with white and black, and has a broad white
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apical band like the first tarsal. The last two
hind tars: only white.

9. N. Deceptor (Donrrz). Sumatra. Deceptor
because very like punctulatus or lencophyrus. Ter-
minal half of proboscis white. Terminal half of
palpt white, with a narrow black ring at the
commencement of the third and fourth joint. The
ring around the hght end of the second joint,
possessed by A. punctulatus, is wanting. Legs
similarly marked as in lencopliyrus, excepting the
hind legs, which have only a small hght spot at
the end of the tibia, and not a broad whte band.

10, N. Willmori (James). Punjab, Kashmir.
Wings, four large and three small black areas.
Palpi, three white bands, the two terminal ones
are equal and broad, the third narrow and basal.
Legs, dark brown, thickly speckled with white
spots. The last tarsal segment of land leg pure
white.

11 N. gnnulipes. Australia.

12. N. Masteri. Australia.

Genus Cellia.—Wings densely scaled. Palpi
of @ densely scaled. Easily recognized by the
dense coating of irregular scales

Larvae (C. Paulcherrimus)—Antennal hair
simple, Clypeal hairs, outer pair branched. Ova,
type 2.

Last lnnd tarst white:

1. C. Pulcheyvimus, 33 white. Punjab.

2. C. Bigotii, 3. Chilw

3. C. Phavoensis, 1[}).  Egypt, Gambia.

4. C. Avgyrotarsis, 4. Palps, three bands,

deep black basal band to last tarsus.
Acts as a host for F. nocturna
(Vincent).  West Indies
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5 C Albzpcs 3. Palpi, two bands. West
Indies, Brazil.

Last hind tarsi yellow

6. C. Kochii, 3. Malay.
Last hind tarsus black:

C. Squamosa. Africa.

Genus Aldrichia.—Wings much as in Myzo-
myia, for which genus it was originally mistaken.

1. Al Evvor—Resembles M. Rossii. Easily
distinguished by the abdominal scales. India.
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Chapter XY1I
THE HABYTS OF ANOPHELES

GROGRAPHICAL EMSTRIBUTION

This 1s as yet far too mmperfectly known for
a clase consideration of the subject to be of much
value. We may consider, however, that the
Anophelina of some portions of Africa and some
portions of Indsa are kpnown with a suffivient
degree of exactitude to make a comparmon of
interest. If, lowever, we take into consideration
the distribution in the different parts of the
same country, the data are not nearly numerous
enough  Thus, for instance, Pyretophorus Jey-
parensis bas been recorded, so far,only from Madras
{leypore) 1 it 1s ahnost certain, however, that its
distribution muat be wider than thus.  Agamn, we
have at present practically no data of that part
of the world intervening between North Africa and
India, but it 3 of interest to note here that so far
only two species hay e been found common to India
and Afnca, iz, Nyss. Macubipalprs and 3. Barbi-
rostris; many genera are, however, common to
Europe, Mnea, and India, and among these the
spesiesaresometimescloselyathied. Thus, Myzomyia
funestus (Alnea) is closely allied, though ‘distinct
from Myzomyia Listeni. And, Turther, in the case
of these two species ne avtually know from dis-
section and not from conjecture that they both
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are found naturally conveying malarial sporozoits
and both are associated with areas of high,
endemicity. The following is a complete list
of the known Anophelina. Where the same
species occurs in more than one country we have
indicated the fact by inserting in brackets the

?unlber under which it first occurred in the
15t :—

Lurope
1. A. Maculipennis 5. Mym. Hispaniola (and
2. Al Bilurcatus S S A
3. A Nigripes 6. Myvo. Pseudopictus
4. Pyr Superpictus

Palestine

7. Pyr. Palestinensis
M. Pseudopictus

[r] A. Maculipennis
[4] P. Superpictus

North America

8. A. Maculipennis
(> European species)
[3] A.Nigapes
A" Pseudo-punctipennis

[2] A. bifurcatus
9. A. Punctipennis
10,

A. Crucians

South America and West Indies

11, C. Argyrotarsis 15

12, C. Ihigoti 16,

13. Mym. Lutzi 17.

14 Arm. Maculipes 18

19 Mym. funesta

20. Myzo. Paludis

21. Mym. Rhodesiensis

22, C. Squamosus

(4] Pyret. Superpictus (West
Coastand Mashonaland) 30.

23. Pyret. Costalis 1.

2. C. Pharoensis (Gambia,  32.
Egypt) 33

25. Mym. Longipalpis 33

26, Pyret. Masshathr 35
{dpshonaland) 3.

Cy. Grabhamii

Cyclo. Medio punctatus
Steth. Nimba

C. Albipes

M. Coustani (Madagascar)

Pyret. Cinereus (S. Africa)

M’)m. Mauritianus

Mym. Hebes (E, A. and
5.W.A)

Dyret, Merus

Nys. Maculipalpis

Nys. Pretoriensis

Myzo. Barbrostris

Al Mgeriensis

Mym. Impunctus (Egypt)

Pyeet. Chaudoyei(Algeria)
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37. Myzo. Nigerrimus 45 Nym. Culictacies

33} Myzo, Barbirostis 9 Mym. Turkhud:

{;: Nisso. Macolipalps 50 Mym Elegans

38 Njsso. Jamesit 5t Myzo. minutus

39 Nysso. Stephenst 32, Myzo. varus

0. Nyseo. Theobald: 33. Ce. Pulchernma (Punjab)
1. Nysso. Maculatus 31 A Lindesayu ¢hull

2 Nysso. Willmon species)
33 Nisso. Karwan 55 A. Immaculatus (very

44 Nysso. fuliginosus
45 Mym. Rossn (everywhere) 56 A, \tkenn (Goa).

46. Mym. Listont 57. A Gigas (nll species)
47. Mym Leptomeres 5. Ald error

{ Indiensis T. Jeyporensis

Malaysa

59. Mym Acomta P Mimmus (China)
&o. Mym. Ludlown 65. Nysso deceptor
61. Mym Altirostns 66. Mym umbrosus
62, Mym. Punctulatus 67. Mym albotaematus
63 Mym Kochu [33] Myzo. plumuger or [64]
{45] Mym Rossn {Donitz)
116] Mym. Liston [28} Mym. tenebrosus (Domtz)
{52] Mym. varus {s0] Mym Leucosphyrus
[51] Mym mnutus (Domtz)
(34] Myzo. barbirostnis Nyss Leucopns (Démtz)
by Myzo sinensis (China) [3] Pyret gracihs (Domitz)
f31) Nisso maculatus [45] Mym. vagus (Domitz)

M Tewelatum

Australia
€8, Myzothynchus Dancroltuzr N Mastert

A"Stigmaticus 72 P \tratipes
76 N. Annubipes

Notz ~From the Phihppines we have M Peeudo-barbi
rostiis and A Philippmensss, and three unclasaficd —A
Vincents (Tonkan), A Farautnand & Puraty, making a total
of over eighty

P
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Seasonal Prevalence.—TFew observations have
been made on this point. It would appear that
there is one simple explanation which, at least
in part, will account for the prevalence of, a
particular species at a particular time, and its
appearance or disappearance at others. We have
already shewn how selective the Anophelina are
in their choice of breeding-grounds, consequently,
if at any time, e.g., the dry season, a suitable
breeding-ground does not exist,a particular species
or genus of the Anophelina may be absent.

Thus we found in Nagpur (India, C.P.), during
the dry season, in those places where shallow
puddles had dried up, AMym. Rossii was rare, but it
abounded wherever puddles still remained. Where
weedy lakes existed, Nyss. fuliginosus was common,
elsewhere rare. Now these conditions are directly
dependent on the rainy season, and where vast
areas of weedy swamp are formed during the rains,
then M. Nigerrimus prevailed, to disappear when
the swamps dried up. In temperate climes, the
temperature is, no doubt, an important factor, the
onset of the cold weather causing a general hiber-
nation. We may quote the following observa-
tions :— . N

Nyssorhynchus Pretoriensis—This species first
appeared February 10, and gradually became
more prevalent, superseding the other common
species (Pyret. Cinereus) in April (Tneosavp,
Monograph of the Anaplmlm'a, - 99). .

Pyretopherus Chaundoyei~—*In the winter up to
June one only sees C. Pipicus. Tlle_se then dis-
hppear and Pyret. Chaudoyei appears (THeEOBALD,

- 70) . .
P '%‘he incidence of Pyret. Chaudoyeiis said to be
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accompanied by the recrudescence of severe
malaria, but it ought also to be definitely shewn
that sporozoits are present in this species, and
presumably that the sporozoit rate increases with
. the outbreak of malaria.

Tue HIBERNATION OF ANOPHELES

1. Hibevnation of the Adult Insects. ANNETT
and Durton describe the finding of A. maculi-
pennis during the winter in England in cellars,
lumber-rooms, and other cold places, but not in
stables where the temperature 1s higher.

They observed the following ponts :—

(i) 'The attitude is peculiar, the insect lying
quite flat upon the surface with its legs spread
out. In tius position the under surface of the
thorax touches, or nearly touches, the wall.

(i) Only females are found, and these are
always fertilized, and have the spermatheca filled
with spermatoza.

(in) The insects are difficult to arouse, and
very sluggish 1n any movements they make.

(iv)" They do not feed unless the temperature
is raised. If kept at a low temperature (provided
the air is moist) they remain for weeks without
feeding.

(v% If roused by rassing the temperature they
feed readily, and the ovaries rapidly develop.
Eggs are lard, and, in most cases, the female dies
after thewr deposition.
Culex, hkewise, behave in much the same way.
_ 2. Hibernation of the Larva—The larvae of
certain dnophelesappear able to resist low tempera-
tures, and are found even when parts of the water
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Seasonal Prevalence—Tew observations have
been made on this point. It would appear that
there is one simple explanation which, at least
in part, will account for the prevalence of a
particular species at a particular time, and its
appearance or disappearance at others. e have
already shewn how selective the Anophelina are
in their choice of breeding-grounds, consequently,
if at any time, ¢.g., the dry season, a suitable
breeding-ground does not exist,a particular species
or genus of the Anophelina may be absent.

Thus we found in Nagpur {India, C.P.), during
the dry season, in those places where shallow
puddles had dried up, Mym. Rossii was rare, but it
abounded wherever puddles still remained. Where
weedy lakes existed, Nyss. fuliginosus was common,
elsewhere rare. Now these conditions are directly
dependent on the rainy season, and where vast
areas of weedy swamp are formed during the rains,
then M. Nigervimus prevailed, to disappear when
the swamps dried up. In temperate climes, the
temperature is, no doubt, an important fﬂ(‘tOl:, the
onset of the cold weather causing a general hiber-
nation. We may quote the following observa-
tions :—

Nyssovhynchus Pretoviensis—This species first
appeared February 1o, and gradually became
more prevalent, superseding the other common
species (Pyret. Cineveus) in April (Turopavp,
Monograph of the Anophelina, p. 99).

Pyvetopherus Chaudoyei.—* In the winterup to
June one only sees C. Pipiens. These then dis-
appear and Pyret. Chandoyei appears (THEOBALD,

P79 . s
The incidence of Pyret, Chandoyei is said tobe
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accompanied -by the recrudescence of severe
malaria, but it cught also to be definitely shewn
that sporozoits are present in this species, and
presumably that the sporozoit rate increases with
. the outbreak of malaria.

Tue HIBERNATION OF ANOPHELES

1. Hibevnation of the Adult Insects. ANNETT
and DuttoN describe the finding of A. maculi-
pennis during the winter in England 1n cellars,
lumber-rooms, and other cold places, but not in
stables where the temperature 1s aglter.

They observed the following points .—

(i) ‘The attitude 1s peculiar, the insect lying
quite flat upon the surface with its legs spread
out. In tlus position the under surface of the
thorax touches, or nearly touches, the wall.

(1) Only females are found, and these are
always fertihized, and have the spermatheca filled
with spermatoza.

(1) The insects are difficult to arouse, and
very sluggish 1 any movements they make.

(iv) They donot feed uniess the temperature
is raised. If kept at a low temperature (provided
the air is moist) they remain {f)or weeks without
feeding.

(v% If roused by rasing the temperature they
feed ‘readily, and the ovaries rapidly develop.
Bggs are laid, and, in most cases, the female dies
after their deposition.
Culex, likewise, behave 1n much the same way.
_ 2. Hibernation of the Larva.~The larvae of
certain duvphelesappear able to resist low tempera-
tures, and are found even when parts of the water
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Seasonal Prevalence.—Few observations have
been made on this point. It would appear that
there is one simple explanation which, at least
in part, will account for the prevalence of a
particular species at a particular time, and its
appearance or disappearance at others. \We have
already shewn how selective the Anophelina are
in their choice of breeding-grounds, consequently,
if at any time, cg., the dry season, a suitable
breeding-ground does not exist,a particular species
or genus of the Anophelina may be absent.

Thus we found in Nagpur (India, C.P.), during
the dry season, in those places where shallow
puddles had dried up, Mym. Rossii was rare, but it
abounded wherever puddles still remained. Where
weedy lakes existed, Nyss. fuliginosus was common,
elsewhere rare. Now these conditions are directly
dependent on the rainy season, and where vast
areas of weedy swamp are formed during the rains,
then M. Nigerrimus prevailed, to disappear when
the swamps dried up. In temperate climes, the
temperature is, no doubt, an important factor, the
onset of the cold weather causing a general hiber-
nation. We may quote the following observa-
tions :—

Nyssorhynchus Pretoviensis,—This species first
appeared February 1o, and gradually became
more prevalent, superseding the other common
species (Pyret. Cinereus) m April (Turosavp,
Monograph of the Anophelina, p. 99). .

Pyretopherus Chaudoyei.—* In the winterup to
June one only sees C. Px'pit:ns. The'se then dis-
appear and Pyvet. Chandoyei appears {TheopaLp,

. 70). )
b7 %he incidence of Pyret. Chaudoyei 1s said to be
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accompanied -by the recrudescence of severe

malaria, but it ought also to be definitely shewn

that sporozoits are present in this species, and

presumably that the sporozoit rate increases with
. the outbreak of malaria.

Tus HIBERNATION OF ANOPHELES

1. Hibevnation of the Adult Insects. ANNETT
and Durton describe the finding of A. maculi-
pennis during the winter in England 1n ceilars,
lumber-rooms, and other cold places, but not in
stables where the temperature is higher.

They observed the following points .—

(i) "The attitude 1s _peculiar, the nsect lying
quite flat upon the surface with its legs spread
out. In tlus position the under surface of the
thorax touches, or nearly touches, the wall.

(ii) Only females are found, and these are
always fertilized, and have the spermatheca filled
with spermatoza.

(i11) ‘The insects are dificult to arouse, and
very sluggish i any movements they make.

(iv)  They do not feed unfess the temperature
is raised. If kept at a low temperature (provided
the air is moiwt) they remain ?or weeks without
feeding.

(v% If roused by raising the temperature they
feed readily, and the ovaries rapidly develop.
Eggs are laid, and, in most cases, the female dies
after their deposition
Culex, likewse, behave 1n much the same way.
. 2. Hibernation of the Lavva.~—The larvae of
certain dnophelesappear able to resist low tempera-
tures, and are found even when parts of the water
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Seasonal Prevalence—TFew observations have
been made on this point. It would appear that
there is one simple explanation which, at least
in part, will account for the prevalence of a
particular species at a particular time, and its
appearance or disappearance at others. We have
already shewn how selective the Aunophelina are
in their choice of breeding-grounds, consequently,
if at any time, eg., the dry season, a suitable
breeding-ground does not exist,a particular species
or genus of the dnophelina may be absent.

Thus we found in Nagpur {India, C.P.), during
the dry season, in those places where shallow
puddles had dried up, Mym. Rossii was rare, but it
abounded wherever puddles still remained. Where
weedy lakes existed, Nyss. fuliginosus was common,
elsewhere rare. Now these conditions are directly
dependent on the rainy season, and where vast
areas of weedy swamp are formed during the rains,
then M. Nigerrimus prevailed, to disappear when
the swamps dried up. In temperate climes, the
temperature is, no doubt, an important factor, the
onset of the cold weather causing a general hiber-
nation. We may quote the following observa-
tions :— . .

Nyssorhynchus Pretoriensis,—This species first
appeared February 1o, and gradually became
more prevalent, superseding the other common
species (Pyret. Cineveus) in April (Tucopatp,
Monograpl of the Anophelina, p. 99).

Pyretopherus Clmudoy'ct:—J In the winterup to
June one only sces C. Pipiens. These then dis-
appear and Pyret. Chaudoyei appears (TueosaLp,

P 70’%:he incidence of Pyret. Chandoyei is said tobe
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accompanied -by the rectudescence of severe

malaria, but it ought also to be definitely shewn

that sporozoits are present in this species, and

presumably that the sporozoit rate increases with
. the outbreak of malaria,

‘THE HIBERNATION OF ANOPHELES

1. Hibernation of the Adult Insects. ANNETT
and DurtTon describe the finding of 4. maculi-
pennis during the winter in England in cellars,
lumber-rooms, and other cold places, but vot in
stables where the temperature is higher.

They observed the following pomts :—

(i) "The attitude 1s_peculiar, the insect lying
quite flat upon the surface with its legs spread
out. In this posttion the under surface of the
thorax touches, or nearly touches, the wall.

(if) Only females are found, and these are
always fertihzed, and have the spermatheca filled
with spermatoza.

(i) The insects are difficult to arouse, and
very sluggish 11 any movements they make.

(iv)  They donot feed unless the temperature

is raised. If kept at a low temperature (provided
the air is mosst) they remain ¥or weeks without
feeding.
(\’% 1f roused by raising the temperature they
feed readily, and the ovaries rapsdly develop.
Eggs are laid, and, 1n most cases, the female dies
after their deposition.

Culex, likewsse, behave in much the same way.

2. Hibernation of the Larva.—The larvae of
certain Anophelesappear able to resist low tempera-
tures, and are found even when parts of the water
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Seasonal Prevalence—Few observations have
been made on this point. It would appear that
there is one simple explanation which, at least
in part, will account for the prevalence of a
particular species at a particular time, and its
appearance or disappearance at others. We have
already shewn how selective the Anophelina are
in their choice of breeding-grounds, consequently,
if at any time, e.g., the dry season, a suitable
breeding-ground does not exist,a particular species
or genus of the Anophelina may be absent.

Thus we found in Nagpur {India, C.P.), during
the dry season, in those places where shallow
puddles had dried up, Mym. Rossti was rare, but it
abounded wherever puddles still remained. \Where
weedy lakes existed, Nyss, fuliginosus was common,
elsewhere rare.  Now these conditions are directly
dependent on the rainy season, and where vast
areas of weedy swamp are formed during the rains,
then M. Nigerrimus prevailed, to disappear when
the swamps dried up. In temperate climes, the
temperature is, no doubt, an important factor, the
onset of the cold weather causing a general hiber-
nation. We may quote the following observa-
tions :— X . i

Nyssorhynchus Pretoriensis.—This species first
appeared February 10, and gradually became
more prevalent, superseding the other common
species (Pyret. Cinerens) in April (TucoBaLp,
Monograph of the Anophelina, p. 99).

Pyvetopherus Chaudoyei—* In the winter up to
June one only sees C. Pipicns. These then dis-
appear and Pyvet. Chaudoyei appears’ (TneosaLp,

o 70’fhe incidence of Pyret. Chaudoyei is said to be
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accompanted by the recrudescence of severe
malaria, but it ought also to be definitely shewn
that sporozoits are present in this species, and
presumably that the sporozait rate increases with
the outbreak of malaria.

Tue HimErNATION OF ANOPHELES

1. Hibeynation of the Adult Insects. AnNrTT
and Dutrox describe the finding of A. maculi-
pennis during the winter in England n cellars,
lamber-rooms, and other cold places, but nat in
stables wliere the temperatare is higher.

They observed the foilowing points :—

(i) "The attitude 1s peculiar, the msect lying
quite flat upon the surface with its legs spread
out. In this position the under surface of the
thorax touches, or nearly touches, the wall.

{ii) Only females are found, and these are
always fertihized, and have the spermatheca filled
with spermatoza.

(i) The insects are difficult to arouse, and
very sluggish in any movements they make.

(iv) They do not feed untess the temperature

is raised.  If kept at a fow temperature (provided
the air is mowt) they remain for weeks without
feeding.
(v% If roused by raising the temperature they
feed readily, and the otanes rapidly develop.
Eggs are kmid, and, in most cases, the female dies
after their deposttion

Culex, hikeew we, bebave in much the same way.

2. Hibernation of the Larva—~The larvae of
cestain Anuphieles appeur able to ressat tow tempera-
tures, and are found even when parts of the water



212

are frozen over. Under these circumstances they
grow extremely slowly, if at all. :
3. Hibernation of Eggs—There is a certain
amount of evidence to shew that eggs can survive
for some months in moist earth, exposed to frost,
etc.  For young larvae have been found in fresh
pools in the winter, under conditions .that made
1t unlikely that the eggs had been deposited there
on the appearance of water. The resistance of
eggs to drying under a tropical sun is, however,
practically nil. In thecase of the eggs of Culex
fatigans, Miss Evans made the following observa-
tion in Calcutta :—* Desiccation of the egg-boat
for one day was generally sufficient to prevent
the larvae from hatching out, though one or two
larvae did hatch out of an egg-boat which had
been dried (? exposed to the sun) for six days.’

MopE or DiSPERSAL OF ANOPHELINA

There 15 no _evidence existing at present to
show that mosquitoes habitually disperse any con-
siderable distance from their breeding-grounds. In
fact, the evidence is completely against such a dis-
persal, and,broadlyspeaking, the Anophelina remain
where they were developed, and in the native huts
where they find abundant food. .

That various accidental modes of distribution
oceur is equally certain, e.g.:— .

1. On trains, boats, and even ocean-going
steamers, they may be carried long distances, ¢.g.,
from West Africa and South America to England,
but it remains to be shewn that Awnophelina, thus
introduced, ever eflect a permanent habitation,
even when the removal by this means is from one
portion of the tropics to another.
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2. Locally, streams and canals may carry
larvae and ova long distances, perhaps miles.

Winds.—The maximum distance that the
Anophelina can be carried 1n this way is quite un-
certain. Nearly all of the excessive distances that
have been given as possible flights refer to Culex.
It appears certain, moreover, that the Anophelina
dishke wind and seek shelter from it.

Trees, Plantations, * Bush’ Jungle—These
elewents undoubtedly hinder the flight of Anopheles,
and, on the contrary, open spaces promote their
diffusion. [t 1s necessary to bear tus fact 1n mind,
where a belt of jungle screens off a source of
Anapheles (larvae), wluch may find an opportunity
of becoming infected later.

*DoMESTIC” AND * WiLD ™ SPECIES 0F ANOPHELLS

Anopheles are mostly found i association with
native dwellings where there 15 abundance of
food {blood). Anopicles are also generally abun-
dant where cattle are kept.

Certain species are distinctly ‘domestic * 1
their habats, e.g., Mym. Rossis, Pyr. costalis, Nyss.
Stephenss, and others. They are found resting 1
the daytime in the thatch of huts, and they
breed close at hand n the nearest puddle. They
may, hawever, {ly up to half a-nule 1f theie are
no breeding places closer.

Other species are not peculiar to houses, but
are also found breeding in streams and pools 1
the jungle far from habutations,  Such species are
Nyss. Maculatus, Nyss Theobaldi.

The mosquitces of the genus Myzorhynchus,
on the contrary, are ‘ witd" Anopheles. They are
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only occasionally found in houses. They breed
in extensive bodies of water, swamps, rivers,
jungle pools, etc. It is Anopheles of this type
which chiefly frequent one’s tent when this'is
itched in remote and especially in swampy jungle.
he more common species of these wild Anopheles
are M. barbivostris, M. Sinensis, M. paludis.

Narure of Foop

The normal food of the female (domestic)
Anopheles is blood. In nature they appear to fecd
every night, the stomach never becoming empty.
In Anopheles caught under natural conditions, the
stomach contents generally shew blood in two or
three stages of digestion.

Female Anopheles readily drink water, espec-
ially if they have been kept for some time in a
dry bottle. It seems doubtful whether vegetable
juices form an important article of food as appears
to be the case with some of the Culicidac.  Male
Anopheles can be seen feeding upon banana and
other fruit juices, but are, notwithstanding, found
dead about the second or third day of captivity.

Under some conditions the females do not
feed upon blood, e.g., A. maculipennis in England
(THEQBALD). .

BANCROFT states that Nyss. Anmulipes will
live for a month on dates, but only for three days
on bananas.

TiME oF FEEDING

The usual time for feeding of Amopheles is
after dark, more especially in the early night and
before dawn. Occasionally some Anopheles may
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be found biting in broad daylight, and ANNETT
" and Dutrron state that Anopheles feed readily in

certain parts of Nigeria by day. Possibly certain

species feed more readily by day than others.

‘We have ourselves seen on rare occasions
M. Rossii attempting to feed in the daytime, and
Gray, B.C.A,, says “ that Ce. albipes when disturbed
will bite at any time of the day or night.”

On the whole, however, the Anophelina are
strictly nocturnal m their habits. Nor do they
hover ‘around Jamps as has been supposed. Of
A. bifurcatus, BLaNcHARD states that it Dites
fiercely at dusk, but at night practically not at
all. At dawn, however, 1t begins again, and it
Dbites at all times in shady places, outhouses, etc.

Distance oF FrLiGut

The maximum distance that Anopieles can
fly requires further study. In questions of fhght,
the species of mosquito should always be noted.
Observations upon the flight of mosquitoes have,
so far, been vague and uncntical. With regard
to Anopheles on stups, it must be borne 1n mind
that they have not necessarily come from the land
on the night upon which they appear, but may
have come on ﬂ)om’d when the ship was in port or
even have been bred on board. In certain villages
in India studied by us, Mym. culicifacies, Nyss.
Stephenst,and Nyss fuliginosns were always present
in abundance, if there were extensive breeding-
grounds within quarter of-a-mile. Where villages
were distant half-a-mile from extensie breeding-
grounds, they contaned few or no Anopheles. The
only exceptions to this rule were when breeding-
places had only recently dried up. In the case of
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the above species they undoubtedly fly fairly
readily quarter-of-a-mile, but hall-a-mile appears
to be beyond the normal distance of flight.

Reration o CoLour, Opour or Osircts, ETc.

Anyone who, in the tropics, has left his ward-
robe open at sunrise and then closed it, and again
examined it some time later, will have often
observed the well-known fact that, on his white
clothes, few or no mosquitoes are resting, but that
on his blue serge clothes there may be dozens.
He will have noted, too, that outside his mosquito
net it js on the shady side that the mosquitoes
remain longest, until from here also, they fly away
as the fierce sun rises.

He will have noted, too, that dnopheles as well
as Culex have a predilection for certain smells.
Old boots and blacking attract them strongly,
and the leather of a saddle room is their favourite
haunt. Anopheles, too, much prefer the odoriferous
skin of the native to that of the European, as
experiments made by us in Sierra Leone clearly
shewed.

NurrarL and SureLEy have made some
laboratory experiments on the influence of colour,
and find that navy blue is the colour most pre-
ferred by A. maculipennis, and yellow the one most
shunned.

As, however, the Anophelina at Ieg\st are
nocturnal in their habits, and prefer biting un-
clothed portions of the body, the colour of one’s
clothing will not be much protection. If white
or yellow socks can prevent the persistent attacks
of Stegomyia, it would indeed be a practical boon.
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To various trees and plants has been ascribed a
repelieat effect upon mosquitoes. None of these
statements has, so far, borne a critical examination.

Lengrn oF Lire oF MospuiToEs

The length of life of mosquitoes, under suit-
able conditions, 15 probably considerable ; several
weeks to months. In captivity they may, if suit-
ably housed and constantly fed, be kept alive for

* days, weeks, and even months. A mosquito kept
some time in captivity becomes infirm, and readily
falls into the water whilst layingits eggs. It also
finds difficulty 1n hanging on to smooth glass,
and even though « rough surface 1s supphed the
insect 1s constantly found on the bottom of the
cage resting in a horizontal position. After laying
eggs, such Infirm mosquitoes generally die the
same night. In nature, \nopheles certamly remain
alive in huts for one or two months and possibly
longer.  After the drymg up of all breeding-
places, the winged .1nopheles do not much dimimish
m number for several weeks. If the drying up
continues, the numbers gradually diminish, but
specimens may be caught up to two months or
more afterwards.

*AESTIVATION ' 0 MoSQUITUES

In very hot and dry countnies, the .inopireles
which remain through the dry season appear to
exhibit some peculianties i their habits :—

1. Unlike hibernating mosquntoes, they feed
regularly and are found full of blood.

2. The ovaries are in the majority large and
the ova fully developed.



Chapter XVIII
ANOPHELES—THE OVUM

Tue Ovim

Anopheles in captivity generally lay their eggs
on some floating object, but also upon the surface
of the water. When laid on a solid object, and
even when laid on the water, the eggs are deposited
in a piled up mass. Later, the ova, if on water,
often form very regular and beautiful patterns.
Brick-red masses of eggs are sometimes laid.
These do not develop further. ’

Observe (i) the arrangement in equilateral
triangles and star patterns (Iig. 19).

(1i) The arrangement 1n rows of eggs lying
side by side.

Both patterns are dependent upon the shape
of the individual ovum ; ova belonging to type 1
forming stars, and ova belonging to type 2, rows,

The number of ova varies, but is usually about
one hundred. The size of the ovum varies with
different species from about 06 to 1’0 mm.

EXAMINATION oF AvorHELLs Ova

.Anopheles ova (with one exception as yet des-
cribed) are boat shaped, with an approximately
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flat upper surface and a deeply convex lower sur-
face.  One end which contains the head of the
embryo is blunter and broader than the other.
During the act of hatching this end is forced open
by the escaping larvae.

1. TheUpper Surface—Observe that the upper
surface is generally granular or tuberculated in
appearance. At either extremity 1t is continuous
with the pointed ends of the ovum, and in this
position there are usually several small polygonal
areas. ‘The width of the upper surface and the
extent to which 1t is encroached upon by the floats
varies in different species.

2. The Lower Surface.—The lower surface is
generally smooth and dark grey  In damaged ova
a silvery membrane will be seen partly detached,
shewing a deep shiny-black surface beneath. The
silvery membrane 15 the outer covering of the egg,
and formed by the layer of follicular epithetium
{Fig. 39). In some species the lower surface is
marked with wilvery lines forming a reticular
pattern.

. The Floats.—Occupying about the middle
third of the side of the ovum 15 a remarkable
structure—the float.  This consists of a very
delicate membrane continuous with the chitinous
cuticle covering the whole ovum and containing
air cells,

The floats are generally oval in shape and
shew regular transverse corrugations.  The shape
and position of the floats vary considerably mn
the different species

The Iwitl. - Around the margin of the
upper surface (forming the gunwale of the boat)
there is in somme species a gleaming white Mmil-hke
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stmgture. This is striated in appearance, but

ortions of it may (in some species) be free
Irom striations. In other species the appearance
is rather that of a white striated rim. In all
species of Anopheles ova yet described, a striated
frill or rim is present. The width and extent of
the frill vary in different species.

Three very distinct types of ovum have been
seen by us—

Type 1.—Ova have the upper surface very
narrow, with the lateral floats not touching the
margin (Fig. 54: 1).

The species with ova of this type are-—

M. barbivostris AL culicifacies
AL Sinensis ;M. Listont
sub-sp. nigerrimus

Type 2—Ova having a more or less broad
upper surface, with the lateral floats touching the
margin (Fig. 341 2, 3, 4, and 6).

Species having ova of this type are—

M. Rossii N. fuliginosus
Ce. pulchervimus N. Stephensi

Type 3.—Ova with no floats, and with upper
surface rudimentary (Fig. 54: 5).,

One species only as yet described has ova of
this type, viz. :—
M. Tuvkhudi

Species having ova of the first type have in
all cases been species breeding in either open
natural waters or running streans. )

Species with ova of the second type are in
general found breeding in pools. i

The only ova as yet systematically described
are those of the Indian Anopheles. Further observa-
tions will probably add further types to theabove,
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Fig 54 O of Anophelina
1. M. Culicfacies. 2 C Pulcherrimus 3 M Ros

- Stephenss 5 M Tuvkhud: 6 N \ramhpalpn
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_ Within each type great variation_usually
exists in the diflerent species. The following are
the most notable variations found :—  _

1. The Frill—The width. The continuity
of the frill around the whole of the margin of
the upper surface or its replacement in the middle
third by the floats. The extent of striation of the
frill.  The presence of a striated rim only.

2. The Floats~—The position, placed forwards
and encroaching on the upper surface, or laterally
situlflltﬁd. The shape, oval, globular, or scallop-
shell.

3. The Lower Surface.—Whether ornamented
or not with silvery reticulated pattern. -

The following is a brief résumé of the
characters of the ova of Anopheles, as far as these

. have been described :—

Type 1. M. Siuensis, sub-sp, nigervimus

Ovim.—Upper surface very narrow. Floats
do not touch margin of upper surface. Lower
surface of ovum ornamented with polygonal
markings.

M. barbivestris

Ouvum.—Upper surface very narrow. Floats
do not touch margin of upper surface. Lower
surface of ovum ornamented with polygonal
markings.

M. culicifacies

Ouvum.—Upper surface very narrow. TFloats
do not touch margin of upper surface. Lower
suface not ornamented. A short but distinct
fringe is continued around margin of upper
surface.
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M. Listond

Ovum.—~Upper surface very narrow.  Floats
do not toucls margin of upper surface.  Lower
surfece not ormamented. .\ smalt fringe pasees
around margin of upper surface,

Type 2. M. Rossi

Oeum ~Uipper surface broud.  Fringe very
well developed and strated throughout whole
jength, Floats seadtop-shell <hape and touch
margin of antenor sorface,  Lower surfae not
osnamented.

Ce, pulchgrrimng

Ongey, -Upper surfice beoad. Floats touch
margm of upper susfave. Fringe well deseloped
asound margin of upper sudace.  Stoatpms are
not presest m that portton of the fnage lying
over the floats  Lower surface nat ormamented.

N dnhgoses

O, Upper surface muderately  broad.
Floats touch margn of upper surfim e Floats
{ong and waow  Fringe atound spper surface
only induated by white border.  Lower surface
not vrnanieited

N Mecnlepalprs

 Dewm, The uppes surfave s rather naron,
The floats me rather short and oval, and ae
placed far forw ards as i the ovum of N Stephense,
though tews mathedly w The fripge = farky
developed, but 1~ not continued vser the floats,

@
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N. Stephensi

Ovum.—Upper surface broad, except in central
portion where encroached upon by floats. Floats
placed on margin of upper surface so that they
tf)uch, or nearly touch, one another in middle line.
Floats short and almost globular. Fringe not
well developed. Lower surface not ornamented.

N. Theobaldr

Ovum.—-As the females of this species liave
only been very occasionally caught by us in
houses, we have not been able to describe the
ovum as deposited by the insect.  Fully developed
ova removed from a bred specimen showed, how-
ever, that the ovum resembled that of N. Maculi-
paipis.  The floats were rather short and situated
far forwards as in N. Stephensi. The fringe is
fairly developed, but does not pass over the floats.

Type 3. A. Turkhudi

A. Turkhudi is a very aberrant type, so far as
the ovum and larva are concerned. Both the
ovum and larva approach to the characters of the
Culex ovum and larva, The eggs were laid upon
a floating object. When placed upon water they
sank. They were laid in the heaped-up manner
sometimes adopted by Amnpheles, especially M.
Rossti and N.maculipalpis. The chief characters
of the ovum are: i

1. No separation of an upper surface as in
all other Anopheles ova. At the thicker end of
the ovum there 1s an oval area about a quarter
the length of the whole egg. This is glistening
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white and striated, and probably represents the
upper surface of other Anopheles ova. i

2. There are no floats or any markings

representing them.
. ‘There is a pale area at the thicker end of
the egg with a scalloped edge.
_4. The ovum 15 otherwise without markings.
1t is obvious that the characters of the ovum
are of considerable importance in the classification
of Anoplheles, and every care should be taken to
describe these in as great detail as possible.

In making drawings of the ova of .inopheles,
it is convenient to use an eyepiece micrometer, the
width of the frill and of the upper surface and the
fength of the floats as compared with the length
of the ovum may all be readily and accurately
noted.

To Mount Ova

No thorouglly satisfactory method 15 known
to us, but although imperfect, any of the following
methods will give specimens 1 which some, at
least, of the ova preserve most of thewr charac-
tenstics,

1. Place the eggs on a shde which has been
made shghtly stichy with balsam, and then mount
them in a drop of balsam and place a cover-glass
over them.

2. Mount m two per cent. formalin solution
and ring the coverglays with balsam or shellac.

3. Mountin glycenine and ring the specimen.

4. Mount 1 a drop of cedar-wood o1l
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3- The Eyes. The eyes are situated later-
ally, and can be seen both from the dorsal and
ventral surface. Their size and appearance vary
with the age of the larva. In the full grown
larva a crescentic compound eye is seen on either
side, and behind this a single pigment mass
(simple eye). The compound eye is absent in the
first stages,” and becomes more prominent as the
larva approaches maturity.

4. The Mouth Parts.

1

Fig. 55. Laterai Hatrs of Antennac
1. M. Rossit. 2. N. Stephensi. 3. A Lindesayis
1. M. Nigervimus

(a) Two very conspicuous bodics resembling
someswhat shaving brushes are protruded or with-
drawn under the overhanging clypeus. These
are the feeding-brushes, and are employed in col-
lecting the mmnute food particles on which the
larva feeds.

(b) On either side of the mouth is a broad
blade-like structure carrying several leallets and
some hairs (maxillary palps.
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(c) Below the feeding brushes, and not so
easily visible, are two stout bodies with comb-
like projections (mandibles).

d)  In the middle inferior line lies a conical
toothed structure. The under lip of Meinert
(Fig. 23).

(¢) In the fully-grown larva a snout-like
process covered with short hairs projects forwards
m the middle line between the brushes.

The front portion of the head projects between
the antennae as a semu-circular smooth area. In
front of this is a protrusion overhanging the base
of the brushes (the clypeus).

5. The Clypeal Harrs.—These are four or six
in number. Two spring from the extreme [ront
of the clypeus near the middle hne ; two from the
outer corner of the clypeus immediately over
the feeding-brushes, and two usuaily very smalil
and not always present behind the onigin of the
others.

The clypeal haws are best seen when the
feeding brushes are retracted. They must not be
confounded with certain other hairs on the larval
head. These are:—

(1) S large branched hairs ansing from
the prominence lymmg between the bases of the
antennae.

(i1} Four simuar branched hairs, but smaller,
situated further back (NvtTaLL and SpipLey),

The hairs exlubit great vanation in different
species, but are quite constant 1n the one species.
A minute description of these hais is of great
importance in des ribing the specific characters of
the lasva.
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Clypeal Haivs of Larvae :-—

(1) The four anterior hairs may be quite
simple and unbranched. .inopheles having larvae
of this type are M. Rossii, N.Stephensi, M.culicifacies,
M. Listoni, M. Turkhud; (a)] Indian species).

(i) All four anterior hairs may shew small
lateral branches. P. Jeypovensis.

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

(i) The outer pair may be markedly
branched (from six to twelve hairs or more arising
from near the pornt of origin), e.g., Ce. pulcherrinus.

(iv) The outer pair may be developed into
a close tuft (cockade), e.g., AL barbirostris.

,\/
\ Ty i/,// /\\[,\
HEOME S

2 ) «
Fig. s6  Clypeal Hairs of Larcae
1. M Rossi, N. Stephensi, M. Culicifacies, M. Listoni
o N Macnlipalpis 3 P. Jeyporensis. . Ce. Pulcherrimus
5 M. Stnensis,” M. Barbirostris

The two hairs situated behind tl}csc may,
instead of being very short and inconspicuous, be
long and prominent, ¢.g., M. Turkhudi.

6. The Thorax.—The thorax in the adult
larva is Jarge and globular. In the young larva
it is not so broad as the head, but l)emmqs pro-
portionately larger as the’larva advances in age.
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Numerous hairs acise from the front and sides of
the thorax. Nome of these vary perceptibly in
diflerent species. A number of large hairs arising
from papillae on the lower surface are capable of
heing used almost as a means of progression when
the larva is in very shallow water.

(a) Observe on the dorsum of the thorax a
short but extremely stout and strong hair, unlike
the others, projecting outwards and forwards.

() A flap-like body may, with ecareful
focussing, be seen lymg at the base of the most
anterior hairs on esther wide.

(c) Insome species of Anophelesq single pair
of palmate hairs, similar to those. an_ the abdo-
minal segments, are found upon the thorax. In
others they are rudimentary or absent. The
presence of well-developed palmate hairs on the
thorax is of specific importance.

(1) It a5 well developed and functionally
active in M ¢nlicifactes, M. Listons, P, Jeyporcnsis.

(1) It¥ rudimentacy or absent in all other
larvae as yet described.

7. The Abdomen. ~The first seveu segments are
very simmlar i shape. The eighth carries the
opeming of the air-tube, and the minth some
curious papillae and large hairs.

Ench of the first two segments carries on each
side 4 pair of long feathered hairs. The third
carries a single stmilar hair. On the other
segmenis there are much smaller and unfeathered
hairs.  Onall the segments there are groups of
small hairs whieh do not appear to vary and
whichi are not of suffivient smportance to describe
here.  None of the above structures appear to
vary in different species.
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SKELETON LARVAE

. Examination of Palmate Haivs—The most
important appendages of the abdominal segments
are certain small fan or palm leaf-shaped hairs
attached by a short stalk to the outer dorsal
portions of certain of the segments (Fig. 57a).
The number of segments bearing well-developed
palmate hairs varies in different species,

Place the larva under a coverglass in a drop
of water or use a permanently mounted larva,

-

e

3
Fig. 57a.  Palmate Hatrs of Larvae:

1. M Rossti. 2. M, Nigerrimms. 3. M. Listoni
4. N. Maculata ‘

1. Determine the number of segments which
carry distinct and large palmate hairs and those
carrying ill-developed ones.

2, Carefully cut out with a needle two or
three central abdominal segments.  Crush these,

The following arrangement of these hairs is
found in Indian species of larvae; the only larvae
as yet systematically described.
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1. Fully developed hairs on all segments
{one to seven) and on the thorax.
P. Jeyporensis
M. Listoni
M. culicifactes
2. Fully developed hairs on the second
to seventl, or third to seventh segments. Rudi-
mentary hairs on the second or even first abdominal
segments and on the thorax.
N. Stephensi
N. maculata
N. Theobaldt
. Palmate hairs confined to the third,fourth,
fifth, sixth, and seventh segments. f
M. Stnensis
M. barbirostris
A. maculipennis (NUTTALL and SuiPLEY)
Palmate hairs confined to the fourth,
fifth, and sixth segments,
M. Tuvkhudi
The Leaflets —In the well grown larvae each
palmate hair conwists, as a rule, of nineteen or
twenty leaflets ansing close together from a short
stalk, and forming a semi-circular fan. When
collapsed, as is the case when the larvae 1s beneath
the surface, these hatrs are incouspicuous.  When,
however, the larvae takes up its charactenstic
attitude at the surface of the water, these spread
out fan-like, and are very striking objects under
the microscope.  In the freshly hatched larva,
the separate leaflets appear to be folded together,
so that the hair has the appearance of a swgle
lanceolate structure  About the third day, the
hairs are seen with seven to eight umformly lanceo-
late leaves. Very soon after tius, they take on
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the characters seen in the hairs of the mature
larva. ’
In the mature larva the leaflets shew much
vanation 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 filtament,

1]

Fig. 578. Leaflets of Palmate Hairs
1. M. Sinensis, M. Barbirostris 2 A Lindesayii
3 N Theobaldi, N. Stephenst. 4. M Listons, M. Culicifacies
5 M. Rossu. 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-ltke notches along the edge of the
outer half. There is no distinct terminal filament.

M. Sinensis
ML barbivostris
2. The filament is long and filamentous.
M. Rossii
M. culicifacies
M. Listoni
N. fuliginosus



Further differences are scen in the case of most
of thie above species. In M. Rossif the filament is
as long as the leallet, and there is scarcely any
notching where the two join. In N. Theobald:,
the notching is well marked (I"ig. 578).

3. The filament 1 very short, a mere spike-
like process. X, Stephensi
.. mucalala
v Theobaldi
. maculipalprs

The Strgmatic Svphon.—The eighth segment
bears the stigmatic opemng.  This s a large
quadrilateral space, with hard comb like cntinous
processes on either wide  These have the teeth
prajecting backwards, and are capable of bemg
approximated so as to obliterate the cavity.  Into
the antenior portion of the space. under cover of a
lip-like process, the two main air tubes open.

‘The minth segment 15 cvhndrical in shape, and
15 chiefly notable from the fact that it carnes four
large transparent papillae well supplied with air
tubes and certain fong curved hawrs. Of the hars
one series projects downwards so a~ to resemble a
rudder.  The athers project posteriorly.  There
does not appear to be much vanation in the
different species.

A

Exavnatiox oF e Larva

1. Some features,e g,feedig, are convemently
studhied by placing the larvae i a drop of water
in a watelh glass.

2. For examming under a ligh power, the
activity of the larva must be restrained by a cover-
glass, )
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Permanent preparations may be made at
once by placing in strong formalin, then alcohol,
then oil of cloves, then balsam (vide p. 230).

4. Beautiful preparations of ‘the “palmate
hairs, etc., are got by mounting the larval skeleton
thrown off at the time of pupation.

Pupation

Just Lefore this process the larva becomes
quieter. The attitude also frequently alters,
becoming a hanging one, somewhat like that of
a Culex larva.

In this condition larvae are very readily
killed by agitating the water (and it is diflicult
to carry larvae in this stage without killing them).

The change into the nymph is very sudden.
A few rapid motions and the larval skin is cast
off, leaving the characteristic nymph,

Tue Nympoa

Thus stage in the tropics usually lasts about
forty-etght hours. When first the larval coat 1s
cast the lymph is light in colour, and may be
readily overlooked. Later, the nymph becomes
darker, and towards the end and immediately
prior to the emergence of the imago, silvery paickes
due to collections of air are seen beneath the
cuticle.

Pupae taken out of the water and kept on
moist bfnttmg-p:lper willstill develop into winged
insects (NutTALL and SmipLry). For the distinetion
between Anopheles, Culex, and other nymphae, vide
p.89. No dillerences have been described between
the nymphae of the diflerent species of Anopheles.



Chapter XX
THE BREEDING-PLACES OF ANOPHELES

BREEDING-PLACTS 0F ANOPHLLFS

Directions for the collection of .\nopheles
larvae have already been given.

It is a matter of considerable importance to
know what species breed in any y:\m( ular situa-
tion. Larvae should be <ought for i the most
diverse situatrons and, after being exammed and
deseribed, be allowed to bateli out, New species
of Anopheles are aften obtuned 1 this way, It
is the case i India, and almost certainly will
be found to be so 1 other countnies, that certain
kinds of breeding-places aie preferred by certain
species. A colled tion of farcae made from shalinw
puddles will be found to vield quite a different
set of spreies to ene made from a streamlet or
pool fulll of vegetation, even though close to the
puddies (Fig 58)

The followmng tabuluar statement gives the
more common wituations of inopiteles breeding-
places and the species, as far as known, found i
cach. It is obvious that a great deal of work
yet remains ta be done

£ Fow) puddies near b dutations M Rowa

2. Clean puddles without  smuch

alga and  often turhid with
suspertded mustter -

(a) Puts and puddles wear hotses :l“ Ruon
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4.

5

6

7.
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[
() Cattle footmarks

Roadside puddles

{N. maculata

P. costalis
N. Stephensi

{d} Shallow, muddy sheets of water M. Rossi

(¢) Poals in sandy rver beds
{f} Large pools in quarries, ete,

Puddles and pools with much
alga. Common 1n stream
beds, water trickling over
rocks

Earthenware vessels, empty paraf-
fin tins, boats, water barrely

Wells, springs

Swamps.

(@) Deep water with much aquatic
vegetation

(8) Rice-fields, wet cultvation of
all hmds

Running water
() Swiitly flowing streams
(b) Sluggish wagation channels,
dmhes muddy trichles, edges
of rivers

(c) With much weed and alga

(d) Stony and shallow

M. culicifacir
AL Turkhude

N. Fuliginosus
N. maculata

N. Stephensi
I. costalis
N. Stephensi
I, costals
A. Lindesayii

M. Swensts
M. barbicostris
M. paludss

M. Rossii

P. Jeyporensis
N nactlata
N. maculipalpis
A Lindesayn

M Lntoni

M. Funesta

M. culicifacies
N. maculipalpis
M. Sinensts
M. bacbirostris
N. fuliginosus
N. maculata
N. Theabaldi
M. culicifacies
N. Theobaldi
AL Turkhudi




241

8. Lahes with weedy margins N. fuliginosus

9. Hill species A Lindesayii
N, maculata
N mgas

Fig. 58  Portion of Coolre I 1nes on o Tea Plawtaton to b
different breedimg-Hlaces of M. Rossin, M Lastons, and
N Mawlata
Po = Al Rossn ® =M Lot and N Maudata
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{b,
{¢) Cattle footmarks

Roadside puddles {l\f

4

maculata

1. costalss
. Stephensi

(d) Shallow, muddy sheets of water M. Rossii
(e} Pools in sandy rrver beds M. culiaifacies
(fy Large pools 1n quarnes, ete. \AL Turkhud
3. Puddles and pools with mach
alga. Common 1 stream
beds, water trickling over
rocks N. Fuliginosus
N. maculata
4. Earthenware vessels, empty parai-
fin tins, boats, water barrels  N. Stephensi
D. contalis
5. Wells, springs N. Stephensi
I, castalrs
A, Lindesayii

6 Swamps.
(8) Deep waterwith much aquatic

vegetation M.
AL
AL
(b} Ruce-lelds, wet cultrvation of
all hinds M.
.
N

-7

7. Running water
(a) Swittly flowing streams M.
(b) Sluggnsh wrigation cliannels,
ditches, muddy trickles, edges

of rivers M.

M.

N.

(&) With much weed and alga M.

(d) Stony and shallow
AL

Sinensis

" barbisosteis
. paludis

Rossii

. Jeyporensis
maculata
" macutipalpis

andesayii

Listoni

Funesta
cubicifacies
maculipalpis
Sinensis
arbirosteis

! fuligmosus
. maculata
*“Theobaldi

ulicifacies
cobaldi
Furkhuds
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N. fuhginasus

5. Lahes with weedy margms X fubs

- {hil species A, Lindesayi

9. b epecte N. maculata
A pgas

Fie. 58 Portion of Corlie Lanes on a Tea Plantatnn to shew
tifferent breciing fluves pp M Rossan, M Lutont. a7
N Maculata
o =M Rown @ =M Lotniand N Mawlate

R
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Chapter XXT

THE IDENTIFICATION OF -ANOPHELES
LARVAE

1. Naked Eye Chavacters.—Some larvae may
be identified by the naked eye. The distinction,
however, between most species is insufficient to
allow of separation by this means.

2. Obeerve that the colour of larvae is not
dependent on species but on the nature of the foed,
amount of light they have been exposed to in
nature, the colour of the water, and other general
conditions.

The most distinctive of nopheles larvae
ate those of M. Stuensis and M. barbirvostris. These
are very large larvae, most frequently black, or
black speckled with white, but also brown or
vivid green in colour. Oneof their characteristics
is a peculiar ‘stick-like] appearance, and the
assumption of a bent or contorted attitude.

The larvae of M. Turkhudi can be detected
by their attitude, which is almost Culex-like.
Larvae about to change into nymphae, however,
also frequently adopt this position. .

Naked eye examination always requires
venfication by the microscope. .

(A) Larvae may be bred from ova deposited
by females of a known species. To successfully
accomplish this requires a good deal of care.
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1. Remove the paper upon which the ova
have Leen laid (p. 96), and place in a small
bottle containing some filtesed fresh water from a
pool or rain puddle.

2. Place in a good light, but take care that
the sun, by the focussing action of the glass, does
not heat the water, otherwise the larvae will be
kifled.

When the larvae are hatched, transfer
them (after 2 day or two) to a larger vessel of
fresh water contamung some weed. When the
frest natueal appearance of the water disappears,
more fresh water fiom a pool should be added.

4. DBy keeping larvae in a nat tos porous
earthenware vessel, they may be placed with
impunity all day in the direct sun. It~ necessary,
however, to watch carefully, to guard against
desiceation and consequent death (\% the larvae,

Larvae kept in flat, partiallv glased earthen-
ware vessels, with a certaun amount of mud, and
l)]:u-ed in the sun, develop more quickly than those
kept in botties.

ft 15 of vourse necessary to make certasn that
foreign mva or young lanae are not introduced
with the fresh water

Some larsae are éxceedingly difficult to rear
artificially, notably those of M. barberentris and
AL Sinensis. “Fhev remam for long periods with-
«;\_1! pereeptibly e reasing i size, and frequently
die.

(B)  An aitenative and less tedious way 14
to examune nearly adult larvae found 1 nature,
and to observe, after accurately noting the lacval
characters, what spectes of Anopheles eventually
hatches vut.
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Chapter XXI

THE IDENTIFICATION OF -ANOPHELES
LARVAE

1. Naked Eye Characters.—Some larvae may
be identified by the naked eye. The distinction,
however, between most species is insuflicient to
allow of separation by this means.

2. Observe that the colour of larvae is not
dependent on species but on the nature of the food,
amount of light they have been exposed to in
nature, the colour of the water, and other general
conditions.

The most distinctive of Anopheles larvae
ate those of M. Stuensis and Al barbirostris. Thee
are very large larvae, most frequently black, ot
black speckled with white, but also brown or
vivid green in colour. Oneof their characteristics
is a peculiar ‘stick-like] appearance, and the
assumption of a bent or contorted attitude.

The larvae of M. Turkhndi can be detected
Ly their attitude, which is almost Culex-like.
Larvae about to change into nymphae, however,
also frequently adopt this position. .

Naked eye examination always requires
venification by the microscope. .

(A) Larvae may be bred from ova deposited
by females of a known species. To successfully
accomplish this requires a good deal of care.
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1. Remove thie paper upon which the ova
have been laid (p. 96), and place in a small
bottle containing some filtered fresh water from a
pool or tain puddle.

2. Place in a good hght, but take care that
the sun, by the focussing action of the glass, does
not heat the water, othernise the larvae will be
killed.

3. When the larvae are hatched, transfer
them (after a day or two) to a larger vessel of
fresh water contanmng some weed. When the
fresh natural appearance of the water disappears,
more fresh water from a pool should be added.

4. By keepung tarvae in « not too porous
carthenware vewel, they may be placed with
impunity all day in the direct sun. HOis necessary,
however, to watch carefully, to guard against
desiceation and consequent death of the larvae,

Larvae kept in flat, partially glazed earthen-
ware vessels, with a certam amount of mud, and

rlaced in the wun, des elop more quichly than those
cept in bottles.

It s of course necessary to make certaun that
foreign ova or young lanvae are not introduced
with the fresh water

Some lanvae are eceedingly dufbicalt 1o rear
artificially, notably those of M. barbirontris and
AL Stuensis. - They remain for [ong penods with-
out pereeptibly increasing i size, and frequently

€
M) Ao altematne and Jess tediows way 15
Lo examine nearly adult lanvae found in nature,
and to obeerve, after ac urately notig the larval
characters, what species of Anopheles eventually
hatches oot. )
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By examining the larva on a slide without a
coverglas~,the main characters may be noted with-
out in any way damaging the larva, which later
becomes a nymph and eventually an imago. 3s
a rule, however, many <pecimens of the <ame
species are found together. By a preliminan
exammaton, lannae shewing the same characten
may be ~orted out. and some specimens afterward-
mounted and subjected to a more detailed exami-
nation, whilst the rest are allowed to hatch out
m due course.

The characteristics of the larvae which are
of specific importance are, as we have seen—

1. The antennae.

2. The dypeal hairs.

3. The leallet~ of the palmate hairs.

3. The segments carrnying palmate hairs.

By means of there characters most species of
tnopheles larvae can be identified. So far a
Indian  dropheles are concerned, the following
characters hold good :—

Tvpe 1.—Larvae with the extemnal pair of
clypeal hairs comverted into a cockade-like tuft
(Fig. 360

Specie- having larvae of this type are—

M barbivostris
M Sinensis, sub-sp. migerrimus

Larsae of this type alo have a large branched
hair upon the antenna, and the leaflet~ of the
palmate hair differ markedly from all other
larvae (Fig. 578

Type 2.~—Varvae with the external frontal
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hairs branched but not developed into tufts
(Fig. 56). N. fuliginosus
Ce. pulchervimus

Type 3—larvae with the external pair of
frontal hairs simple and unbranched, and with
palmate hairs on every abdominal segment and
on the thorax (Fig. 56).

AL culicifacies
AL Listoni

Type g—~Larvac with the external pair of
frontal hairs simple and unbranched, but with no
developed palmate hairs on thoiax or first abdo-
minal segment (Fig. 356

M. Rossti
N. Stephensi

Type 5~-Larvae with two large additional
hair placed betund those already mentioned. Also
with first three abdommal segments free from
palmate haies. N, Tupkhudi

Larva of M. barbivostris.— Antennawith large
branched hair. External pair of frontal hairs
developed into cockades, Palnate bairs on second
toseventhabdommal segments. Leafletsof palmate
hairs lanceolate m shape and deeply serrated in
outer hall. Head of Jarva without pigmented
markings.

. Larva of M. Sinensis—Antenna with large
branched hair.  Eaternal pair of frontal hairs
developed into cochades. Palmate hairs (2)
Leaflets of palmate hates Janceolate with serrations
inouter hall.  Head of larva without pagmented
markings.
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By examining the larva on a slide withouta
coverglass,the main characters may be noted witt
out in any way damaging the Jarva, which later
becomes a nymph and eventually an imago. .\
a rule, however, many specimens of the same
species are found together. By a preliminary
exannination, larvae shewing the same characten
may be sorted out, and some specimens alterwards
mounted and subjected to a more detailed exan-
nation, wlulst the rest are allowed to hatch ot
n due course.

The characteristics of the larvac which ar
of specific importance aie, as we have seen—

1. The antennae.

2. The clypeal hairs.

3 ‘The leaflets of the palmate liirs.

4 The segments carrying palmate hair-

By means of these characters most specit-sof
luapheles larvae can be identified. So far ®
Indian  .Anopheles are concerned, the following
characters hold good :—

Tvpe 1.—Larvae with the external .puir t{
clypeal hairs converted into a cockade-like b
(Fig. 56). ’

Species having larvae of this type are—

M. bavbirostyis
M. Sinensis, sub-sp. nigerrimus
. Larvae of this type also have a large bmut‘hﬂ}
hair upon the anténna, and the leaflets of b
palmate hairs dufer markedly from all other
larvae (Fig. 578
Type 2—Larvae with the external fronta!
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hairs branched but not developed into tufts
(I'ig. 56). N. fuliginosus
Ce. pulchervimus

Type 3‘.—].nrvne with the external pair of
frontal bairs simple and unbranched, and with
palmate hairs on every abdominal segment and
on the thorax (Fig. 56).

M. enlicifacies
M. Listoni

Type 4~-Larvae with the external pais of
frontal hairs simple and unbranched, but with no
developed palmate hairs on thotax or first abdo-
minal segment (F1g. 56).

Al Rossn
N. Stephensi

Type 5.—Larvae with two large addational
hairs placed behind those already mentioned. Ao
with first three abdominal segments free from
palmate hairs M. Turkhudi

Larva of M. buvbivostris.— Antenna with large
branched hair. External paie of frontal hairs
developed mto cockades, Palmate hairs on second
toseventhabdominal segments. Leafletsof palmate
hiairs lanceolate 1 shape and deeply serrated in
outer hall. Head of lana without pigmented
markings.

Larva of M. Sinemsic.— Antenna with large
branchied hair.  Extemal parr of frontal hatrs
developed into cochades. Palmate lasrs (2).
Leaflets of palmate hares lanceolate with errations
in outer haif.  Head of larva wathout pigmented
mackings.



244

By examining the larva on a slide withouts
coverglass,the main characters may be noted nith
out in any way damaging the larva, which la
becomes a nymph and eventually an imago, A
a rule, however, many specimens of the same
species are found together. By a preliminan
examination, larvae shewing the same characten
may be orted out, and some specimens afternard
mounted and subjected to a more detailed esani-
nation, wlulst the rest are allowed to hateh ot
10 due course,

The characteristics of the larvae which ar
ol specfic importance aie, as we have seen—

1. The antennae.

2. The clypeal hairs.

3. The leaflets of the palmate hairs.

4 The segments carrying palmate hain

By means of these characters moet}pf‘fit’“‘f
Ynopheles larvae can be identified, So far #
Indian  Anopheles are concerned, the following
characters liold good :—

Type 1.—Larvae with the external pair o
clypeal hairs converted into a cockade-like tult
(ig. 56). ’

Species having larvae of this type are—

AL barbivostris
M. Sinensis, sub-sp. nigerrimus .
. Larvae of this type also have a large bmn(‘h;ﬁ
hair upon the antenna, and the leaflets of 1
almate hairs differ markedly from all ather
arvae (Fig. s7n),
Type 2.—Larvae with the extenal frontd
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hairs branclied but nét developed into  tufts
(Fig- 56). N, fuliginosus
Ce. pulchervimus

Type 3~I.arvae with the external pair of
frontal "hairs simple and unbranched, and with
palmate hairs on every abdommal segment and
an the thorax (Fig. 36).

M. culicifacies
M. Listoni

Type g.—Larvae with the external pair of
frontal hairs simple and unbranched, but with no
developed palmate hairs on thotax or first abdo-
minal segment (Fig. 56}

M. Rossir
N Stephensi

Type 5.-Larvae with two large additional
hairs placed behind those already mentioned. Ao
with first tuee abdominal segments free from
palmate hasrs.  Af Turkhodi

Larva of M. bevbirestris.- Antennawith large
branched lwur.  External pasr of frontal hars
developed into cockades  Palmate haies onsecond
toseventhabdommnal segments Leafletsof palmate
hairs lanceofate m shape and deeply serrated in
outer hall. Head of lana without pigmented
markings.

Larva_of M. Smenss- Antenna with large
branched hair.  Isternal pair of froatal hais
developed into cochades.” Palmate hairs (7).
Leaflets of patmate haies lanceolate with serrations
in outer hall.  Head of lana without prgmented
markings.
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‘The habits of both these species, M.barbirostris
and M.Sinensis, sub-sp. nigerrimus,are very similar.

The larvae are found in water with much
aquatic vegetation—rivers, lakes, ponds, and
swamps. They are only caught singly, but ar
geneially widespread in their occurrence where
large bodies of water are present. _

Larva of N. fuliginosus.—Antenna without
large branclied hair.” External pair of frontal
hairs bianched (branches wsually six in number)
Palmate hairs on second to seventh abdominal
segments.  Leaflets of palmate hairs with very
marked * shoulder ’ at origin of terminal filament.
Terminal filament from one-half to two-thirds the
length of basal portion. Head of larva with dis-
tinctive markings.

Larva of M. culicifacies—~-Antenna without
large branched hair. Frontal hairs all unbranched.
Palmate hairs on first to seventh abdominal seg-
ments, and a pair of fairly developed ones upon
the thorax. Palmate hairs with terminal filament
nearly as long as basal portion. Head with
markings.

Larva of M. Listoni—Antenna without Targe
branched hair. Frontal hairs simple. Palmate
hatrs on all segments, and very well develnp}‘d
pairon thorax. The palmate hairs in this spea®
are very large. The terminal filament is nearly
as long as basal portion.

Larva of Ce. pulchervimus—Antenna without
large branched hair. OQuter pair of {frontal hairs
branched (six branches). Palmate hairs on secon
to seventh abdominal segments. Filament of al-
mate hair nearly as long as basal portion. Hed
markings present.
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Nature of breeding-place unknown.

Larva of M. Rossii.—Antenna without large
branched hair.  Frontal hairs unbranched. Pal-
mate hairs second to seventh abdominal segments.
Terminal filament of palmate har very long;
often longer than basal portion. The ‘shoulder’
at the origin of the filament is very slightly
marked. There are markings upon the head
(Fig. 572).

Breeds nearly always in small pools near
houses. These pools ate frequently foul and
nearly always muddy  The female lays her eggs
very readily in captwvity.

Larva of N. maculipalprs. —Antenna without

large branched lateral hair. Frontal bairs are
cculiar and show a condition intermediate
etween the branched hairs of Al barbivestyis,
N. fuliginosus, and the unbranched hairs of M,
Rossitand other species (Ig. 56). Palmate hairs
on second to seventh segments.  Leaflets of pal-
mate linies have very short filaments.  The noteh-
ing at the termnation of the leaflet 1~ not so
marked as in N. Theobaldi.

Larew of N. Theobaldi (Giees)-—Antenna
without large branched lateral hir,  Frontal
hairs unbranched. Palmate hairs on second to
seventh segments.  Leaflets of palmate hairs
liave very short filaments.  There are marked
notches at the ending of the leaflet in the filament
{I"ig. s578).

hie Iarvae of this species frequent especially
sluggish streams with much growth of alga. They
were found by us in Nagpur in assocation with
N. fuliginosus, M. barbivostris, and M. Listoni
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The habits of both these species, M. barbirostris
and M Sinensis, sub-sp. nigerrimus,are very similar.

The larvae are found in water with much
aquatic vegelation—rivers, lakes, ponds, and
swamps. They are only caught singly, but are
generally widespread in their occurrence where
large bodies of water are present.

Larva of N. fuliginosus.—Antenna without
large branched hair. External pair of frontal
hairs branched (branches usually six in number).
Palmate hairs on second to seventh abdominal
segments.  Leaflets of palmate hairs with very
marked * shoulder” at onigin of terminal filament,
Terminal filament from one-half to two-thirds the
length of basal portion. Head of larva with dis-
tinctive markings.

Larva of M. culicifacies—Antenna without
large branched hair. Frontal hairs all unbranched.
Palmate hairs on first to seventh abdominal seg-
ments, and a pair of fairly developed ones upon
the thorax. Palmate hairs with terminal filament
nearly as long as basal portion. Head with
markings.

Larva of M. Listoni.—Antenna without large
branched hair. Frontal hairs simple. Palmate
hairs on all segments, and very well developed
pair on thorax. The palmate hairs in this specics
are very large. The terminal filament is ncarly
as long as basal portion. .

Lavva of Ce. puicherrimus—aAntenna without
Jarge branched hair. OQuter pair of frontal hairs
branched (six branches). Palmate hairs on secon!
to seventh abdominal segments. Filament of pal-
mate hair nearly as long as basal portion. Head
markings present.
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Nature of breeding-place unknown.

Larva of M. Rossit.—Antenna without large
branched hair.  Frontal hairs unbranched. Pal-
mate hairs second to seventh abdominal segments.
Terminal filament of palmate hair very long;
often longer than basa) portion.  The *shoulder’
at the origin of the filament 15 very shghtly
marked. There are markings upon the head
(Fig. 572).

DBreeds nearly always in small pools near
houses. ‘These pools are frequently foul and
nearly always muddy. The female lays her eggs
very readily in captivity.

Larva of N. maculipalpis. — \utenna without
large branched lateral hair. Frontal hais are
{)cculiar and show a condition intermediate
between the branched Dbairs of AL barbirostrss,
N. fuliginosus, and the unbranched hais of M.
Rossit and other species (Fig  56). Palmate hairs
on second to seventh segments.  Leaflets of pal.
mate bairs bave very <hort filaments.  The note h-
ing at the termunation of the leaflet 15 not so
marked as in N. Theobaldi.

Larva of N. Theobaldi (GiLEs). —Antenna
without large Lranched lateral hair.  Frontal
hair unbranched.  Palmate hairs on second to
seventh segments  Leallets of palmate hairs
have very short filaments.  There are marked
nofches at the endimg of the leaflet in the filament
(Fig. s7m).

The larvae of this species frequent especially
sluggish streams with much growth of alga. They
were found by us in Nagpur i association with
N, fuliginosus, M. bavbrrostris, and M. Listoni,
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Larva of M. Turkhndi—The larva is Culex-
like in some of its characters, though undoubtedly
much more nearly related to the' Anopheles type.

The full-grown larva is distinguished by the
adoption of the slightly hanging attitude, ~The
chief characters of the larva are ;—

1. Two large additional frontal hairs are
developed, which reach as far forward as the
longest of the hairs described in other larvae,

2. The shape of the head differs from that
of the ordinary Anopheles larva.

3. The palmate hairs are only represented
on t{wo or three abdominal segments, namely,
the fourth, fifth, and sixth. They aré¢ absent on
the first three abdominal segments.

. The palmate hairs are small and poorly
developed. ‘The leaflets are irregular and the
terminal filament blunt.

This species must be looked upon as a form
which in its egg and larval stages has lost many
of the characteristics of Anopheles eggs and larvae,
and has approached 1n these stages the characters
of the eggs and larvae of Culex.
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CLASSIFICATION OF INDIAN ANOPHELES ACCORDING

Avtensae whboyt beanched Iareral hait

70 LarvaL CHARACTERISTICS®

Ce Pulcherrtmus

M lurkbude Palmate haws on fourth,

filth,and sixthsegments
only: filaments short,

2. | M Smenss Teaflets of palmate hairs
3 5 lanceolate and serrated
25 | &7 | M. barbiostds  Disto
2% [4.] A Lindesayii Leaflets of palmate hairs
i5 z shewing regular and
2 H deepnotchung (Fig.578)
) LS 4 STNNTY Patmate haiss well deves
i3 loped on thid to
3 seventh segments,
13| M Cuboifacies  Palmate hais on altseg-
1% ments and on thorax
E1E | MlLntom Palmate hates very large
I|e on all segments and on
H ; thorax
ERE
K l £ | N Stephenst
2 ¥ N maculata
D3} N Theobalds
i
£
l 7155 N macubpatpis
152,
0270
¥ . ] P. Jesporenss  Palmate hairs very large
§|Er s on all segments and
< thorax
O I B
£ | N julgmows  Tilaments of foaflets
tong
!
|

leaflets rudimentary

* The Larvac of the remaming Tnduan species are, w0 far, undescribed.
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To MouNT Larvar

t. Place a drop of formalin in a hollow
ground slide. The drop must be just sufficient 10
fill the cell when the coverglass is'in position.

By means of a pipette or spoon take up a
larva and, removing the excess of water, atlow
the larva to float ofl into the drop of formalin.

Place the coverglass in position, avoiding air
bubbles, and ring with Canada balsam, etc,

It is important that no air bubbles are
included, as a white deposit forms around them.

If too much formalin has been added, the
excess must be carelully removed before tinging.
If hollow ground slides are not available, a ring
of balsam may be made on the slide and allowed
to become somewhat hard. Fill the cavity with
formalin, place the larva therein, and cover care-
fully with a coverglass.  Avoid excess of fluid or
air ‘bubDbles, It is best to allow the Canada
balsam to be just solt enough to stick to the
coverglass.

Larvae mounted in this way retain their
characters very well, and the clypeal and palmate
hairs can be examined with case.

2. ToMount in Balsam.—If placed in n]cpho],
ail of cloves or xylol, and balsam in the ordinary
way, the shrinkage of the soft parts and even
of the hairs is very great.

On no account touch the larvae with forceps,
and only occasionally, and with the utmost care,
with a needle point.

Place a number of larvae in a covered watch-
glass containing formalin. Leave for twenty-four
hiours at least,



251

Lift cach larva carefully by means of a strip
of cigarette paper.  Drain off the excess of forma-
lin, and place with the greatest care in_absolute
alcohol. ” Allow the specimen to remain for at
least ten minutes in alcohol.

Remove with cigarette paper to a watch
glass containing oil of cloves. With cigarette
paper transfer to a shide. Remove excess of oil
of cloves, mount in a large drop of balsam, taking
care that the dorsum of the larva 15 upwards.

Il great care i~ taken not to detach the hairs
by handling, the larval characters are beautifully
displayed in this way.
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it is well-known in a general way that in
one country malaria is more intense than in
another, but here we have a means of exactly
measuring this difference, and, moreover, in the
different parts of any particular district, We
may illustrate this by the differences we found in
Bengal in an extent of country where, as far as
we could judge, the climatic conditions were
practically identical, yet we find in the environs of
Calcutta the endemic index is o, while in the
Duars (at the foot of the Himalayas) it is as high
as seventy-two (IYig. 59). We found, however,
that there was one important matter in which
the Duars differed from Calcutta, and that was
in its Anopheles fauna. Whereas in Calcutta
M. Rossii was the predominant species, in the
Duars M. Listoni was the commonest Anopheles.

Again, in the Jeypore district (Madras), we had
a district of uniformly high endemic index, hifty
to one hundred, and here we found an Anopheles,
P. Jeypovensis, which we had not encountered
elsewhere, so that the view seemed tenable that
the lugh endemicity of these districts was
dependent on their special Anopheles fauna. To
test to what extent species was concerned in
determining endemicity, we then made use of
another more exact method, viz., determining by
dissection whether any difference occurred amongst
the different species in_the percentage of infected
specimens @ we were able to carry this out in the
case of M. Rossii and M. culicifacies. We caught
these spectes in the same huts (n the sane villages
at the same time, and determined by actual dis-
section the percentage of glands inflected with
sporozoits.  The results were most striking, and
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fully confirmed our previous idex, based on more
geneial  considerations of the importance of
species.  They were as follows :—

L Mo Mix (Poasan),

. -
Number Nawber N N
! dusected with sporotats | LEICNNEE
\
- |
M. Culicifacies -1 259 | 2 | 46
|
M Rowi - - 495 | o ! °
[

I Faser (Mangas)
|

Numb Number
dmcier wihapsots | Pertontage
-] V-
1 1
M Califaces - 60 6 Y
1
M. Rowii - - o | ° | o

Undoubtedly then, under natural condrtions,
the specics 1 liere a very mnportant factor,
Again, under artificial conditions {feeding
experiments), we found that there was a difference
in the number of 7y gotes found in the stomach as
the result of fecding.
The species which appeared to be most active
were 1=
A, enlicifacies
N, Stephenss
N, Theobaldi
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Those in which zygote formation scemed

less abundant were ;—
A, Rossii
M. Turkhudi
AL barbivostris

It should be noted, however, that in these
exp(-riments M. Rossii became inlected, while in
nature 1t has never been found infected by us.

There are, moreover, many considerations
which lead to the conclusion that in nature all
species of Auopheles are not equally concerned in
the transmussion of malaria.

We may have countless numbers of M. Rossi,
as 1 Calcutta (environs), and get a malarial index
of o, and thus appears to hold good in Madras,
Bombay, and, as far as our observations go,
universally. On the other hand, where we find
M. Listouni, M. culicifacies, P. Jeyporensis, in India,
we have a high endemic indes.

The group of mosquitoes, those ﬂssz)(‘igxtf'd
with intense malaria, are small dark mosquitoes
with unbanded legs (Myzomyia, group 1).

M. Fenpstos anp I, CosTALs I AFRICA

The former mosquito is, like M. Listoni,
which it closely resembles, a breeder in clean
waters, streams, springs, etc., while P. costalis is
found breeding in shallow pools about houses and
frequents towns (in Africa), which AL funestus
does not. .

M. funestus was found by us to be infected
in the Lagos hinterland to the extent of twenty-
five to fifty per cent.



P, rostalis, in Lagos itself, contained only
three per cent. of spomzom.

It is important then to determine precisely
the species 1 a district and to determine the
percentage of infection with sporozoits.

LITLRAIURL

Stephens and Christophers  Malartal Reports to the Royal
Socrety. Series Viand VI Harrson and Sons, London,



Chapter XXI1I
TO MAKE A MALARIAL SURVEY

Enpemic MaLaria

The clue to the epidemiology of malaria in
the tropics is to be found in the infection of the
native population of a country, The malaria of
Europeans is merely the result of their exposure
to infection from this source. Investigation into
the natural history of malaria, therefore, resolves
itself largely into the study of native or endemic
malaria. It has always been recognized that in
a particular country certain districts are more
malarial than others. It was not, however, till
Kocu used the percentage of infected children as
the test of the malarial intensity of a place that
accurate measurement of this became possible.

To InvesTIGATE THE EnpeEmic MAvaria OF A
DrstricT

(A) The Breeding-Places of Anopheles— -
1. Examune all collections of water within
half-a-mile.  Stir up the mud of small puddles,
and use a_dipper where the water is weedy or
difficult of access. Lxamine wells, ‘chatties,
streams, and swamps, as well as pools of every
description. Take specimens of larvac from each,
placing in specimen tubes and labelling.
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2. Delermine the species of the lacvae
collected. .

3. Make a map of the neighbourhood,
noting—
@) All breeding grounds.
b) What pecies are found breeding in

those exammed (Fig. 6o).

I /ﬁmpx-
i ey
2k

Hitt, -r.:-’-‘mw:.‘._\fff&/
g 5*/7m1\n;*7'l“‘\\\}\“

(\\fﬂ,‘“.&%

R
.awe\;_,w‘ e SHitt.

Fig.6o. Map sheicmg how to mabe a Malarial Survey

(B} The Presence of Winged Anopheles—

1, Search in outhouses, under eaves, e
described in Chap X1, for Anopheles.  Deter-
mine the species, note relative numbens of each
species on map, The relation of 1nopheles to
native dwellings will probably be evident.
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2. In the dry season the search for Anopheles
may be negative, and there may be no breeding-
places. Make in the most sheltered places small
cement pools, and keep these filled with water.
After a certain number of days they may contain
young Anopheles larvae if the adulls are present
m the houses. (It is necessary to be sure one's
water supply daes not contain young “larfvae or
eggs). The absence of the lartze in the pools
does not necessarily mean, however, that adult
Anopheles are not present in the houses (see choice
of breeding-grounds by different species of Ano-
pheles).

Note the result in the case of each test pool.

. In the conditions just described observe
the pools made by the first shower of rain of the
on-coming ‘rains.” Note after three days have
passed the presence of larvae in many of these,
Note the presence of these on the map. The
distribution of Anopheles at the end of the pry
season will usually be found to correspond to that
of native huts.

Tue PROVALENCE OF MALARIA

If we proceed to ascertain to what extent
malana prevails in a district we may attempt to
do <o in several ways. . .

1. We may consult hospital statistics and
returns of death from malaria. This methiod is
open to such grave error that it is extremely
doubtful whether it i« worth the labour bestowed
upon it. .

2. We may determine to what extent en-

largement of the spleen occurs.  This method has
been largely used.
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PrreauTions NECLSSARY IN APPLYING 10L
SpLkey TesT

1. The Age of the Individuals Examined.—
‘The enlargement of the spleen due to ordinary
malarial infection tends to disappear once the
individual has ceased to suffer from  malacal
infection. In very malanous countries, where
each individual, after childhiood, has become
highly immune, the adult populatton usually shew
no splenic enlargement (Tropieal Anca).

In less malanous regions the adults have not
become Inghly immumsed, and o« certn number
of them will be found with enlarged spleens and
madarial infection The use then of the percent-
age of adults with enlarged spleens 5 not a
refinble methed of deternuming the real intenaaty
of malaria.

In dnldren, the spleen enlargement appears
1o require acertan time to become appaent, and
it tahes a cettam e to disappear, as  the
malanal infection disappears wath onsumg an-
nunity

In the exammation of clldien for splenx
enlargement and the presence of parasites m their
blood, we found

(1) Inthe early ages, one to two yeas, the
number infected 18 usually i excess” of those
shewing splemc enlargement,

) Abme two years, the spleen aate
usually somewhat m excess of the pauasite wate

1w} Above ton years the pleen rate s
wsuadly constderably m excess of the paraste rate,

A the use of a’spleen census onc should then
void o mived adult and ukd count, and chldren
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between two years and ten years of age should be
cliosen.

2. The District in Question.—It seems clear
that the comparison of the malaria of widely
different regions by means of the percentage of
enlarged spleens in thie children is not possible.
We have, however, found that in Bengal, the
parasite rate and the spleen rate in children varied
proportionally, the spleen rate was, however,
nearly always about double that of the parasite
rate.

3. Timeof Year. Seasonal Variations.—We
may determine by actual blood examination liow
many individuals have parasites in the peripheral
circulation. By the use of the parasite rate in
children up to ten years of age we get a definite
and true mdex of endemicity which may be used
i the comparison of one locality with another,

4. To the last method we would add, as a
complimentary one, the determination of the per-
centage of infected Anopheles as giving the actual
risk of mfection in a district.

Tur DCTERMINATION OoF THE ENDEMIC INDEX oF
A Prace

1. Place a number of cleaned slides in a
slide box. Take a straight surgical necdle, paper
and pencil.

2. Choose any village or quarter of a town.
Get the assistance of a native \\'itll_locnl influence,
the native magistrate in an Indian hustqc, the
chief in an Alfrican village. Instruct him to
muster the children of the village. The frr:e dis-
play of * pice, half-pence, ete., will greatly aid one,
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and by palpating a few spleens previously to
taking blood specimens the children will come
readily. I 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 willinguess of the cinld, and if the operation
is quickly and quietly performed there is little
objection, especially when each receives payment.

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

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

On exanuning the ilms determine =~

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

(i) The species of cacl parasite present and
the percentage value for each af the numbers are
large enough.

To Derersunt tar Innicrion X Tur
ANovHELES

(Tut Srorozotr Rate)

1. Collect as Jarge a number of Anopheles as
convenient from the sillage s and around which
tie previous observations have been made.

2. Dissect as many specimens as possible,

noting in each case the species dissected, and
noting in which speaes, (f any, sporosoits are
found. i

_h\ many cases the sporozomt rate i extra-
ordivanly fow, e, two per cent., although
Anopheles are abundant and the malanal index
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isnot low. In others, especially in African bush

stations, the percentage may reach fifty per

cent.
3. Leave specimens not dissected for several
days and examine the mid-gut for zygotes.

MaLARIAL INFECTION OF EUROPEANS

Although malaria is an infectious discase,
and can arise only from an original human
source, yet in the tropics we can no longer con-
sider the origin of infection as occasional and due
to the presence of other cases of ‘fever.” In the
tropics, and especially in Africa, we are dealing
with a disease which is a normal condition of
childhood, and whirch, with the coincident infec-
tion of Anopheles, 15 the usual accompaniment of
every native hut.

European malaria in the tropics is,"indeed,
chiefly dependent on two factors—

1. The degree of exposure to native malaria,
i.e., the proximuty to native dwellings.

2. "The endemic index of the native dwel-
lings in question.

To INVESTIGATE EUROPEAN MALARLA

1. Examine the blood of as many Europeans
as possible.  Enquire carefully whether the person
is taking quimne at the time, also take the
temperature. .

(i) The number shewing parasites or cres-
cents.
(i) The presence of pigmented leucocytes.

(1i1) ‘The presence of an increase of the large
mononuclear leucocytes.
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In every case make a diffecential count of the
feucocytes and keep the record.

Obeerve especially, any community of Euro-
peans shewing a larger pereentage 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
communitics, e.g., Roman Catholic Fathers, West
African miners, ralway communities, Europeans
in poor circunstances Inving in the slums of natve
towns, ete, Syrisn hawhers, ete. Note  those
commutlies habitually taking quinine,

Garge Rartmay camp
£ "
g =

61 Sheats howe [ urapeans arve tnfectad with Malara
from the mative (children)

2, Not the usoak relxton betwoon thedegree
of dl-kiealth and the provimnty of native huts,
Make 2 map showing kuropean dwelhings and
shiewing huts amd hovels morelation with these
(Fig. 61).

3 Make a thorough imestigauon of the
conditions in these huts
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(i) The percentage of infected children in
each group.

(11) The degree of infection of the adults.

(ii)) Roughly estimate the number of Ano-
phc}cspresen’t,whetherswarming,nbumlant,smnty,
or impossible to detect by search, In the latter
case make several *test pools.’

(iv) Determine the species present and the
relative numbers of each.

(v) Determine the sporozoit rate for each
Spe('lFS‘

(vi} Carefullymapall breeding-places, noting
what larvae are found.

Capture as many Anoplheles as possible in
the European houses, especially in the morning,
and by looking within the nets. Determine the
species, sporozoit rate, and from where probably
derived. Examinetheovaries andspermatieca,and
note whether freshly hatched or impregnated
females are chiefly found. Note the presence or
absence of males.

In investigating the malaria of any such
settlement, native and European, continue the
observations if possible throughout the year.
Mlake observations on—

1. Seasonal variations in the endemic index
(percentage of infected children).

2. Seasonal variations in the number of
cases among Europeans.

Prevalence of any particular species of
Anopheles at any time of the year.

Distance of flight of Luopheles from breed-
ing-grounds, etc. .

5. Sporozoit rate of Anopheles at different
times of the year.
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6. Examine especially the conditions where
Anopheles, breeding-places, nativehuts, opportunity
for constant importation of malaria and numerous
susceptiblechildrenexist, and yet thereisacomplete
absence of endemic malana.  In Africa it will
probably be impossible to find such places, but
they accur in India.

Enpesic Arcas o1 A Country

The map (p. 233) shews how the endemicity
of farge areas of a country s a very variable one.
When opportunity oflers, the endemic index should
be determined for each locahty, and, as far as
possible, aif the other fucts detaled above.  But
the simple taking of the blood of a number of
children (under ten) m any village gives at once
valuable mformation as to malana of the district,
information which often 18 quite unsuspected.
‘Thus, as is shewn i the map, the endeme index
of Calcutta » o, that s to say, in the immediate
environs (ot i the town steeif) where practically
the condition 15 one of a number of isolated
villages, there s no malana among the native
children. At Jalpaigun the figure 1s low, twelve
per cent., but on reaching the foot of the Hima-
layis,we find the extremely high figure seventy-two
per cent.  lu this case we were able among other
diflferences to find a different species of Amopheles,
which, as we have seen, 16 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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6. Examine especially the conditions where
Anopheles, breeding-places, nativehuts, opportunity
for constant intportation of malaria and numerous
susceptiblechildren exist, and yet thereisacomplete
absence of endemic malaria. In Africa it wiil
probably be impossible to find such places, but
they occur in India.

Enpemic Areas or 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) 1n any village gives at once
valuable information as to malana of the district,
information which often s quite unsuspected.
Thus, as is shewn in the map, the endemic index
of Calcutta 1s o, that 15 to say, 1n the immediate
environs (not 1n the town itself) where practically
the condition is one of a number of isolated
villages, there 1s no malana 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 hugh figure seventy-two
per cent. In this case we were able among other
differences to find a different species of Anapheles,
which, as we have seen, is undoubtedly an import-
ant factor.

In other cases, however, all the conditions
may be apparently sdentical, 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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These differences hold good in other countrics,
g, in Italy. Here the mortality from malaria
in the north is comparatively trifling, while in
the south and the islands it is severe.

Here the difference may be due 1o diferences
in climate, but this explanation does not suffice
in the examples in India we have mentioned. .

Again, we have great irregularitics in the
distribution of the species of parasite. The quar-
tan, for instance, in the Duars (Bengal) is
exceedingly common amongst the native children,
but in Lahore it is rare.

Sumilar differences have been noted in Algeria,
where over large areas the quartan parasite is
extremely rare, yet in a few [ocalities it occurs in
seventy per cent. of cases (BILLET).

So 1 India, as a whole, we have certain
small areas where malaria is intense, e.g., the
Duars, Jevpore (Madras), and Kanara (Bombay)
(Curisty}, where we also find blackwater fever; yet
in others, as 1 the Central Provinces, where
apparently all the conditions are favourable, we
have only a moderate intensity.

We Trequire, then, to examine carefully the
endemic indices over large areas in order to get
an accurate idea of the variations in endemic
malaria.  The instances we have given will shew
how erroneous 1t is to say broadly, ‘sucliand
such a country is highly malarial,’ for while this
may be true of one district 1t might be quite untrue
of another.

Further, after having established these broad
data, 1t will be necessary to make au close survey
of each individual district in order to endeavour
to explam the factors at work.
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Chapter XXIT
CLINICAL STUDY OF MALARIA

ExvmeraTion or Rep Cruts

In blood counting, mwh practice auly can
give accurate results ) wmaccurate results are niis-
leading and useless. Fow comparatine purpreses,
counts should be made alnays at the same time,
if possibile, to obviate the effect of foad, ete.

TFor diluting the blood, og qer cent, salt
solittion may be used, or yrr\ﬁ-mbk_\ JLotsor's flud,

which has the following formula :
£ .
Ghoenmn 3000

Sodwm sulphate 8 grammes
Sodivm chlonide 1 gramme
Aethiyl violet {or other stain uflicient to
colour the nucler of the teucocy tes)
The dilubing lnd aust alwayy be poured mto a
watch glass, and 1t should not be sucked up out of
the stock solution

No pressure must be used to make the blood
drop eaude from the finger.

Blood i then sucked up 1o the mark 1 on the
pipette, aad the end of the pipette carefully wiped
before plunging 1 mito the 'li‘msum‘s flmd  The
Torsox s sucked up to the mark o1 exactly.  The
pipette is then rotated between finger and thumb,
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50 as to ensure thorough mixing. After rejecting
the first few drops, which consist of diluting fluid
simply, a small drop of the mixture is blown on
to the counting chamber, and the coverglass
applied as rapidly as possible. No fluid should
escape into the moat or under the coverglass,
When NEWTON’s rings are seen between the cover-
glass and side of the chamber, the former is in its
right, closely-applied position.

In counting the corpuscles in each square,
include, of those that touch or overlap the sides,
only those on the left hand and top side or right
hand and bottom side. Count at least 1,000 cells,
the error is then only about two per cent.

The number of corpuscles per mm.!

_ No. of corpuscles counted x dilution {100) % 4,000
B Number of squares counted,

The normal average values are for man 5,000,000,
for woman 4,500,000.

Torar Lrvcocyre Counr

The leucocytes may also be counted at the
same time as the red cells, ie, from the pipetie
used for the red.  This method has the advantage
that all errors effect both counts equaily, and the
true ratio of red to white may still be got. Now
for counting the lencocytes much larger fields are
necessary than in the case of the red, as for every
five hundred red cells there is only one white, so
that counting chambers especially ruled are olten
sold for this purpose, but their use is unnecessaty
and may be obviated by the following method.

We require simply to_ determiine the area of the whole
microscope field with a given eye-piece, objective and given
length of tube
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1. One division of a Thoma Zesss square == ‘o5 milli-
metre. . .
2. So that if the diameter happened ta cover eight divi-
sions the diameter would be "4 mlhmetres, or theradius 2z
millimetres.

3 1he area of the field will therefore be =72 and the
corresponding volume of blood 7+t x & (%= depth between
coverglass and chamber, e, 777 & = 5i- cubic mithmetres,

So that to get the number of leucocytes mn the cubic
millimetre we must multiply by 7951, but 1f would be much
more contenient to multiply by ‘toe. In that case where
=&, 7 = 1785 mllmetres, or diameter of field 1s
"357 millimetres. Ve require. therefore, to arrange our mucro-
scope so that the diameter 15 of this value, and this 15 readily
done,

Two observations only are necessary.

1. Draw the tube of the microscope out so
that diameter of field covers exactly eight divisions
of the Thoma Zeiss chamber ; note length of tube.
Let this=x.

2. Draw tube out so that diameter covers
exactly seven divisions. Note length of tube=3y.

‘Thereforeanincrease intubelengthof y — x
reduces diameter fromeightdsvisions{"4 millimetre}
to seven divisions{ 33milbmetre}; diflerence =03
millimetre.

4. Required to calculate what increase in
length will cause reduction from 4 to ‘357
(difierence ="043).

P y-x,.
This will be o5 X'043

This calculation is made, once for all, by the
observer for his microscope, and tle tube1s drawn
out the required amount, using, of course, the
same eye-piece and objective,
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To find total number of leucocytes per mni,'—
Total number counted X 100 x dilution (100}
Number of microscope fields counted
Count one hundred if possible.

The Jeucocytes may also be counted in the
special pipette for white cells, but here again the
method of counting by using the whole micro-
scope field should beused.  If the * white’ counter
is used, the diluting fluid should be acetic acid
o3 per cent. Sufficient gentian violet or methyl,
violet is added to this to colour the nuclei.

To Crean PipeTTES

For any accuracy of observation the pipettes
should be scrupulously clean, There should not
be the slightest tendency for the glass ball to stick
to the sides. After a count has been made, the
rubber tube is removed and the contents ejected
by blowing {rom the pointed end.

1. Suck up dilute acetic acid so that all
traces of stain are removed.

2. Suck up several lots of clean water to
remove the acid,

3. Then absolute alcohol two to three times
to remove the water,

. Then ether two to three times to remove
the alcohol.

5. TFinally, blow hot air through with a
syringe, the glass barre] of which may be heated
in a flame (or simply suck air through).

These procedures take a very short time, and
it is a satisfaction to know that the pipetie has
been put away perfectly clean and ready for the
next observation.
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Tut Estiyation or THE HAEMOGLOBIN

Gowrr's haemoglobinometer is the simplest
and best.  In sucking up the blood take care not
to hold the tube too vertical, as the bloed readily
flows out from the rather large calibre of the tube.
Order from a good maker, as several inferior
instruments are on tite market. The round form
of tube is mote casy to mantpulate than the flat.

The standard of comparison in this apparaius
is pikro-carmine gelatine, the colour of which
corresponds to a one per cent, watery solution
of narmal bloed.

All blood counting apparatus, etc., can be
got from T. HawskLey, 357 Oxford Street,
London, W.

Dare's haemoglobmnometer 1 accurate. It
possesses the advantage of dispensing with a
pipette. It costs £4

To Cornt PLATELETS

Diluting fwid- glycerine saturated with
dahlia, and two per cent. saline solution, take
equal parts of these.

The ratio of platelets to red cells is 1:8 about.
The absolute value per mm.? 635,000 about.

Differential  Counting of Leucocytes (wide
page 41).

Tar LrtcocyTES N AALARIA

We shall consider (1) the total leucocytes,
(2} the percentage value of each kind.
The Total Leucocytes,—We may take 10,000
as the normal value per mm., and as 5,000,000
T



is the normal value for red cells, the proportion
of white to red is

WC_ 10000 _ 1

RC ~ 5,000,000 500

Now, in malaria, we may find two conditions,
either that the total number of leucocytes is con-
siderably Delow the normal value 10,000, fe.,
there is leucopenia or hypoleucocytosis, or that
the total number is much above 10,000, i.c., leu:
cacytosis. If there is leucopenia, say, for instance,
the total number Is 5,000 mmstead of 10,000, then

WC_ 5000 _ 1 i WC
RC ~ £300,000 ™~ 17000 i.e., the fraction RC
is smaller than normal.

If, on the contrary, the total leucocytes are
20,000 instead of 10,000, f.c., leucocytosis, then

. iy
WC_ 20000 =1 ie, the fraction NG
RC 5,000,000 250 RC

greater than normal. .

It s this ratio I\%((:: that it is important to
determine, for unless the red cells are counted as
well as the white, little value attaches to the
leucocytic value,

Turning now to malaria, we find that we get
changes of the following kinds i— .

(1} 11 a.m,, rigor. Red cells = 2,g00,000. WC .

Wiite cells 10,000 - - RC 290

i.e., leucocytosis.

is

: wWC
(2) 11.30 a.m,, rigor completed - RCQ:';—II’
i.e., leucopenra. W
o ¥ 1
(3) 2 p.m., temperature 382 - R—C—=9—§‘

i.e., increased leucopenia.
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The leucocytosis was, in this case, \quit(‘ tran-
sient, followed by a marked leucopenia.
During the course of an attack, we may have
changes of this kind :—
1. Some days before the attack and belore
parasites appear in the blood, instead of
we_ we. 1 a leucopenia
RC ~ o0 RC = oo !es 2 leucopenia.
2. During the shivering attack and height
of the pyrevia, the condition changes to one of
Jeucocytosis, so that
iR
}—;-é’:}%(—), 2%)6’ oL even
Thus leucocytosis may not last long, but
is followed again by a marked lencopenia which is
at its maximum before the onsetof the next attack.

8oo

BiLeet (Fig. 62), who has traced out hourly

the relation of the leucocyte curve to the temp-ra-

ture curve, has shewn that in regular curves of

the tertian or quartan type, the leucacytic curve

follows closely the variations in the temperature.

Thus, before the febnle attack in a quartan, there

/ 1

1200

at the time of the attack, however, there 15 a
leucocytosis of WC_ 1
~ RC 200

This gradually disappears, passing through

wC 1 1
RC mstead of % may be 5—

may be a leucopenia represented by }Qf =

the normal value —~, and agan reaching a
00

marked leucopenia before the next attack The
variations are of the same kind in irregular
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temperaturcs, the leucocytosis corresponding to the
rise of temperature, and the Jeucopenia to the
apyretic intervals.
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The Percentage Value of the Leucocytes—If
we now make a differential count in a stained
specimen we shall be able to ascertain what
change, il any, there 1s in the relative percentage
of the diflerent kinds (for normal values wvide
P 1 The main charactevistic change is that
there is an increase in the percentage of large
mononuclears, so that at times they may even
outnumber the polynuc [ear

2. The change 1 especially well-marked in
the periods of apyrexia (F.e., when there is a feuco-
penia).  When theie 1s a leucocytosis the increase
m the mononuclears may not be apparent

As examples of this lencocytie change, we
may give the following —

(1) Small mononulear 181 per cent.
Large mononuclear and
transitional - - o34 "
Polynuclear - - 502 “
Eosinophul 04 »
A fatal case of mahgnant tertian (BASTIAKELLI).
{n) Small mononuclear - 1971 per cent
Large mononuclear and
transitional - - 410 »
Poly nuclear - - 390 "

Eosmoplul - 06 »
A fatdl case of comatose malignant tertian (Bas-
TIANLLLI).

* Pansp.—Malignant tertian lever, t 37:2° C

() Small mononuclear - 181 per cent.
Large mononuclear and
transitional - 20 “
Polynuclear - 553

oy e,
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t. 976" F. Malignant tertian :

(iv) Small mononuclear - 148 per cent.
Large mononuclear and
transitional - - 467 »
Polynuclear - - 385 »

The figures are by no means always as high
as this, but, as we have already said (p. 41),
we consider a value above fifteen per cent. as
diagnostic of malaria, The higher values are
appreciated at once by an inspection of the
slide where the large mononuclears seem to occur
in every field, and may be pigmented. For the
low values a careful count is required.

An increase in the large mononuclears has
been found in one case of human trypanosomiasis.
This has not, so far, been confirmed, but if it is, it
can but shghtly effect the value of the counts in
malaria as a diagnostic means for the clinical fea-
tures of trypanosomiasis, so far as known, are
extremely characteristic, and the chance of an
Euvopean being infected with the disease does not
appear to be great, the two known cases having
occurred in tropical Africa. Further, together
with the increase of the mononuclears in malaria
there are, if thotough search is made, also pig-
mented leucocytes to be found. The relative
count of malaria is of great assistance in at least
two conditions, (1) in those cases where quinine
has been taken, (2) where consequently the diag-
nosis is uncertain and the question of typhoid
fever arises. .\s we shall now sce, the relative
count in typhoid is quite different from that of
malaria,
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Typuon FEvER

During the first week (of uncomplicated
cases) the leucocytes are normal.

During the second week there is a leucopeniu,
e.g., 2,000, and the leucopenia is in proportion to
the severity of the disease.

During the thurd and fourth weeks the
leucopenia 15 still more marked, though also a
lencocytosis may be found without any apparent
cause.

Relative Leucocyte Values—During the third,
fourth, and fifth weeks the mononuclears, large
and small, may reach the values of forty to sixty
per cent., and among these the proportion of
small mononuclears 1 very striking.

PrEUMONIA
There is very early a leucocvtoss, e.g., 25,000,
four hours after the mtial ctull.  The maximum
occurs, as a rule, just before the crisis.  The
number may fall from a igh value to normal in
twenty-four hours.  Leucocy tosis s said to bear
a relation to the mnount of exudation {i.c., lobes
involved).
Relative count—
Large and small mono-

nuclear - - 2 to 4 per cent.
Polynuclear gotogs
Eosinoptul - - rare,

Tue WipaL Rerction v Tyenom
While we consider, 11 15 not going tou fai to
say that typhoid and malana can be readily diy
tinguished by the leucocytic count, yet seeing that
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in the WipaL reaction we have an easy means of
diagnosing typhoid, the application of this test is
of the greatest service in those cases where the
diagnosis of malaria or typhoid remains doubtful.
Ve shall describe briefly how the test is carried out.
There is no necessity for specially constructed bulbs
or graduated pipettes, as often thought,

1. Draw out a piece of glass tubing, <o as
to make a pipette, having a fine end about the
diameter of a hypodermic needle.

2. Collect enough blood to fill the pipette
to the height of about half-an-inch. The blood
will readily flow in if the pipette is held sloping
downwards. Seal off the fine end in a flame.
Centrifugalize, if convenient, but abundance of
serum can be got without by allowing to clot.

3. To Dilute the Serum—Draw out a piece of
glass tubing into a long fine filament; take a
piece about six inches long; make an ink mark
about lhalf-an-inch fiom the end of the tube;
insert this marked end into the tube containing
serum (and clot) and allow serum to flow up to
the ink mark ; then let a distinct bubble of air
follow (the size of this bubble does not signify);
next allow broth to flow up to ink mark; repeat
this procedure until nine drops of broth are in the
tube; these are now each separated by an ait
bubble, and also by a bubble from the serum.
‘The dilution is now one in ten.

Blow out all the drops on to a slide or watch
glass, and mix by sucking up and blowing out 2
few times. .

Take a drop of the diluted serum in a
fresh piece of tubing, make a mark as before, and
then allow broth to flow up; this gives adilution
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of one in twenty, a sccond drop one in thirty, thigd
drop one in forty, and finally a drop of typhoid
emulsion } this gives a dilution of serum of one
in fifty, containing typhoid bacilli. The whole
process of dilution takes less than five minutes.

Typhoid Emulsion.—A bacillus should be
used that 1s known to be active. Take a fresh
over-night agar culture and make a fairly thick
emulsion in broth or salt solution.

6. Dilution and Time Reaction.—A dilution
of one in fifty with a time limt of hall-an-hour
may be used.  With a less diluted serum the time
Iimit must be less.

7. Whatever time limit and dilution be used,
it is very nevessary to perform controls from time
to time with a vartety of other cases to make sure
that the agglutination, if produced, is not produced
by normal sera.

Tue Isotonic Point or Toxicity oF THE
Broop

If a drop of blood 15 aliowed to drop into a
one per cent. solution of salt in a small test tube
and stirred up, the uniformly turbid solution will
eventually become clear when the corpuscles hase

“settled at the bottom and the supernatant fluid
will be unchanged ; if, on the contrary, we add
another drop of blood to a Iittle water 1n a test
tube the whole drop 1s immediately laked, and we
have resulting a solution of haemoglobin. The
former solution of salt 1s called hypertonic, the
latter solution of water hypotonic. Now, if we
start with such a hypertonic solution, one per cent.
salt, and proceed giadually to dilute it, we shall
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eventually reach a strength where the hypotonic,
ie., haemolysing effect begins to appear. The
strength of salt solution just above this where
no change occurs is the isotonic point for the
particular blood in question. This point then
gives us information as to the resistance to a
haemolytic action of the corpuscles. The blood
in various diseases is found to vary in regard to
the strength of salt required to prevent haemo-
lysis. So that if a normal blood is unchanged by
a o5 per cent. salt solution, whereas an abnormal
requires 06 per cent. to protect it, the latter
blood is described as having a less resistance than
the former, but it has a higher isotonic point.

The determination of the isotonic point then
gives us a more definite notion of the state of the
blood in disease than does a mere determination
of the haemoglobin. The isotonic point of human
blood is about o041 per cent. salt solution.

To DeterauNt THE Isotovic Point

1. Measure out one c.c. of each salt solution
of descending strengths, o043 per cent,, 0°41 per
cent., 039 per cent,, etc., into four small test tubes
and one c.c. of water into a filth tube.

2. Add to each the amount of blood con-
tained in two divisions of the ster of a Tnowa-
Zziss pipette {the whole stem confains ten divi-
sions). .
3. Allow to stand for some time. Sonie of
the solutions will have haemoglobin in solution,

The amount of haemoglobin in each tube
can be estimated by adding the amount of a normal
blood in two divisions to one c.c. of water. Call
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this = 100 per cent.  Dilute this solution, so that
anumber of tubes equal to ninety, eighty, seventy,
etc., per cent. are got. Compare the tubes con-
taining the salt olutions directly with these.

In malaria, the ressstance of the blood is
markedly lowered, thus, wlhereas 1n a control
normal blood a o'41 per cent. salt solution gave
no haemolysis ; in the case of two malaria patients,
the haemolysis was equal to twenty-five per cent.
and forty per cent., 1espectively

In blackwater fever, on the contrary, a raised
resistance of the blood may be jound.

CrLiNiewn Srepy oF MATARIY

The Urine.~ While not proposing here to con-
sider the general reactions of the vnine in malana,
for which we must refer the reader to any standard
text-book, yet we thnk 1t useful to consider some
points winch are of more particulai interest. It
15 especially in blachwater that we still require
complete anatyses of the urine, and more especially
in those who are constanthy subject to malarial
attacks and are at the same time taking quinine.
It is possible that such analyses mght give us
indications which would enable vs to avert the
danger of an attack of blackwater {ever and to
determine when quinne should not be given. We
have not considered here the method of examining
the urine by “<rvosopy,” as 1t 18 not at present a
practical chimical method, but 1t possibilities
should not be fatgotten

Albuminuria.—The occurrence of albuminuria
in malaria varies accoiding to e particular
country ; thus in Rome it 1s uncommon, 1n Senegal,
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on the contrary, exceedingly common, This isan
illusteation of the often neglected fact that trapical
malaria differs in many ways from malaria of
temperate climes.

Filter the urine if morphological constituents
are present, as is the case in blackwater fever,
through two thicknesses of filter paper, or add some
calcined magnesia, then filter, Place some urine
in a urine glass and, with a pipette reaching to the
bottom, allow half as mucl nitric acid to slowly
trickle in (Simox). A winte cloud at the junction
layer indicates sevum albumin (globulin or pep-
tones). Urea nitrate crystals will often separate
out at this junction layer.

Sevum Globulin,—Make the urine alkaline with
ammonia ; filter off any precipitated phosphates;
to the unine add an equal volume of saturated
solution of ammonia sulphate. A\ precipitate
indicates globulins; or the formation of the pre-
cipitate may be seen at the junction layer. Test
filtrate for albumin by adding excess of acetic
actd and boiling.

Abumoses——Acidify the urine with aceticacid;
add an equal volume of a saturated solution of
walt ; boil; if a precipitate occurs (albumen) filter
liot. Albumoses separate out on cooling; or to
the hot filtrate add caustic soda solution, then
dilute copper solution gradually ; a red colour
signifies albumoses. . . .

Note.— Urines rich in urobilin (e.g., malaria
and blackwater fever) will give this biuret reaction.

In presence of urobilm: to ten c.c. of urine
add eight grammes of powdered ammonium sul-
phate until dissolved ; boil for a few seconds; the
albumoses are precipitated on the sides of the
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test tube; pour ofl the urine, and wash the pre-
cipitale with alcohol, then chloroform; dissolve
in water and apply the biuret test. Test the
alcoholic extract for urobilin.

Nueleo-Albumens.—Filter the urine carefully ;
boil to remove albumen; then add gradually
excess of strang acetic acid. A turbidity indicates
nucleo-albumens.

Broon (HAEMOGLOBIN, ETC.)

1. Examine Spectyoscopically (Ig. 63)-—If
the bands of methaemoglobin or oxyhaemoglobin
are seen, confirm by adding ammonium sulphide
when the bands of reduced haemoglobin are got.

2. Heller's Test—Nake the urine strongly
alkaline with caustic soda; boil; the precipr-
tate 1 the presence of haemoglobin is bright
red ; confirm by dissolving the filtered precipitate
in acetic acid, a red solution 15 formed (spectro-
scopically this gives the characteristic bands of
haemachromogen).

3. Guaiacum Test.—Equal parts of tincture
of guaiacum and cil of turpentine (which has been
exposed to the air) are taken; add slowly to the
urine. A blue ning 15 formed at the junction
layer.

METHAEMOGLOBIN

The urine m blackwater fever when examined *
early, most frequently coniains blood pigment in
this form, later oxyhaemoglobin. This, according
to Horpe-SevLER, also holds good for every urine
with haemoglobin 1n solution.
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The Characters of Methaemoglobin ave:—

In acid solution the oxyhaemoglobin bands
are weak or invisible. There is a banad between C
and D, nearer the former. The band of acid
haematin is simifar in position. It is, however,
close to C.

In alkaline solution the acid band disappears,
and a faint band on the red side of D takes its
place {compare with alkaline haematin).

Reduced by ammonium sulphide, the hands
of reduced haemoglobin are got. It differs from
ovyhaemoglobin 1n 1ts chemical reactions by the
fact that it is precipitated by basic or neutral lead
acetate solution, whereas oxyhaemoglobin 1s not

Detection :—

1. In presence of oxyhaemoglobin. Ppt.
with basic lead acetate; filter, decompose the
precipitate with carbonate of soda solution ; ex-
amine for the bands of alk-methaemoglobin.

2. In presence of urobihn. Proceed in the
same \VZly

In presence of bile pigment. Precipitate
mese by making the solution alkaline with
ammonia after adding CaCl,.

4. In neutral solutions its spectrum s iden-
tical with that of haematin in natural solutions
{Nrusaver and Vocer).  Reduced by (NH,).S,
methaemoglobin 1s chafiged to reduced haemo-
globin and haematin to “reduced haematmn, the
bands of which are easily recogmzed.

Uronivin

Frequently occurs in the urne in jaundice
instead of bile pigment.
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According 1o Havey, it is associated with
methaemoglobinaemia. Its occurrence in black-
water fever is very common, occasionally before
the attacks, but more constantly after the oxy-
haemoglobin has disappeared or together with it.

Chavacteristics :—

1. In acid urine a band near F occurs, be-
tween 88 and 101.

2. In alkaline urine a band between 81
and g93.

. Make the urine strongly alkaline with
ammonia filter, add ZnCl, solution, but not suffi-
cient to form a permanent precipitate,

A green fluorescence occurs, and the much
clearer band, nearer ‘b’ than the acid band.

Detection :—

1. Ifoxyhaemoglobin is present. Precipitate
the urobilin with basic lead acetate, then acidily
the precipitate, when the urobilin goes into
solution.

2. If methaemoglobin is present. Neutra-
lize the urine with carbonate of soda; precipitate
the methaemoglobin with neutral lead acetate,
Filter ; test the filtrate for urobilin.

BiLE PIGMENTS

Where urobilin is present, as in blackwater,
the colour of the foam on shaking the urine, the
stainmng of the filter paper, ete, cannot be
regarded as satisfactory texts.

Detection :— .

1. Gmelin-Rosenbach Test.—Filter the urine
through filter paper (Swedish). Dry 5 apply a
drop of nitric acid (fuming) to this, a play of
colours is got.
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2. Huppert’s Test—Precipitate the urine
with BaCl,. TFilter; wash the residue off the
filter (perforated) with acidulated H,SO, alcohol.
Boil. A bright green colour indicates bilirubin.

3. Smith’s Test.—To ten c.c. of the urine add
two c.c. of dilute tincture of iodine (tincture of
iodine 1, alcohol 10). A green ring forms at the
junction zone.

BruiruBin anp HaeEmarorpiv (in URmNARY
SEDIMENT)

1. Bilirubmn crystals form yellowish-brown
rhomboidal plates or needles

Easily soluble i CHCl,. Gives GMeLIN's
reaction, green, under the microscope.

2. Haematoidin, dark-red i colour or
greenish if impure, with nitric acid they give a
transient blue.

According to Horpe-SEYLER, however, they
are identical.

HAEMATOPORPHYRIN

Occurs in urine as alkaline haematoporphyrin
(Fig. 64). In urate sedunents a stmuar form occurs.
It is soluble in chloroform, giving bands simlar
to those of oxyhaemoglobin, but acid converts
this into acid haematoporphynin bands. Sotu-
tions have a brilhant red fluorescence. It s
found 1n the urme m toxic conditions, such as
chronic sulphonal pomoning. It is precipitated
by lead acetate, while oxyhaemoglobin 15 not.

Sucar

Before testing for sugar, boil to remove all
proteids.
u
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Reduction of copper solution is effected by
bile pigments. Reduction occurs also in patients
taking salicylic acid, sulphonal, and ‘quinine
(Smon), so that it may be necessary to use—

1. Fermentation Test or

Fig 64 Spectra of (1) Haemataporphyrin (in Acid Solution) ;
r.([,;) ;‘l‘am,ﬁfp:fph{~$.,. in Alkaline Solution ; (3) in Neutral

f

Solution , (4) H parphyrin (

2. Phenyl-Hydrazine Test.—Take five drops
of pure phenyl-hydrazine, ten drops glacial acetic
acid, one c.c, of a saturated solution of common
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salt; add three cc. of urine; boil for three
minutes; cool; crystals separate out in a few
sminutes up to one fhour. This is an exceedingly
delicate test.

v TrE DerecTion oF QuiniNge IN THE UriNg*

The detection of quinine in the urine is of
importancein connexion with the property that
this drug has of inducing attacks of haemoglo-
binuria (blackwater fever) 1n patients resident in
regions where malana is especially virulent, and
where generally the parasite form 1s the malignant
tertian associated with an extremely high endemic
index of native (children) malana.

Two hundred c.c. of urine are aadified with
some drops of sulphuric acid. A spoonful of solid
picric ucid is then added. The solution is allowed
to stand for an hour and then filtered. The solu-
tion should be quite clear and should give with
a saturated solution of pcric acid no turbidity. If
there is difficulty in getting a clear filtrate add a
trace of egg albumen and filter again. The hall-dry
residue is then digested in an Erlenmeyer flask
with fifty c.c. of 30 per cent. soda solution for
haff-an-hour on the water bath. Now add
sixty c.c. chloroform ; shake for two hours in a
shaking apparatus. The solution of chloroform
is now removed by means of a separating funnel
and collected 1n 2 weighed flask. The flask
should have a long neck to prevent spurting.
Evaporate in a water bath and dryat 120° C. The
ressdue is quimne. The experimental error is
only one to two per cent.

¢ Kleme, Zarchofe fur Hygene  Bd, aexvin H 3,1 460



DETERMINATION OF THE PERIODICITY OF
ParasiTE DEVELOPMENT

. The inspection of a temperature chart is not in
itself sufficient to determine the cycle of develop-
ment of a parasite. Thus, as is well known, a
quotidian temperature chart may be produced by
a double tertian (simple) or by'a triple quartan
infection.  If then, in the case of the double
tertian, we made microscopical examinations at
definite intervals for forty-eight hours, we should
find in the blood at any particular time parasites
in two phases of development corresponding to
each cycle. The accompanying chart shews how,
i the case of what proved to be the malignant
tertian parasite, we were able to establish the
cycle of development. We proceeded to make blood
examinations at [requent intervals (four hours).
We found that at any particular time parasites
of various sizes might be found, but by counting
several kundred parasites in each film and esti-
matwng their size sith a micrometer we found
that at any particular time there was a prepon-
derance of parasites of one size. Thus, at ten
p.m. on the 2nd, there are numerovs small forms,
i.c., about one-seventh to one-cighth of a red cell
in diameter, and it is not till ten p.m. (about) on
the 4th that the same condition of blood is found
agam, accordingly the parasite had a develop-
mental cycle of forty-cight hours (approximately).
And, further, we determined the periods taken to
develap from small forms to largest forms in the
peripheral blood (about eighteen hours) and the
disappearance of these and the reappearance of
numerous youngest parasites (about thirty hours).
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So that by determing in these three periods we
were able to conclude that the parasite was the
malignant tertian.

_In order then to determine the cycle of a
parasite it is necessary :—

1. To estimate the size and percentage of
parasites of each size at any particular time, ¢.g.,
starting with the onset of the attack.

2. To follow each group to its period of
maximum development in the circulation.

. To estimate the time between this period
and the next appearance of young forms.

. Toestimate the time between the appear-
ance of an outburst of young forms (No. 1) and a
second similar outburst (No. 4).

The interval between one and four should be
equal to the sum of the mtervals of periods two
and three. It is more accurate to use a micrometer
scale for measuring, but the estimation can be made
with considerable accuracy witlout,

If we are dealing with three generations of
parasites as n a triple quartan the principle is
precisely the same, though it may require carcful
observation to separate the different groups,
though in this particular case the process is facili-
tated by the presence of segmenting and pre-
segmenting bodies which are easily counted.
In order then to establish a parasite cycle, repeated
observations at definite intervals are necessary,
and also the temperature should be carefully
recorded every four hours or two hours as con-
siderable variations may otherwise escape obser-
vation.
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SwirLE TERTIAN

Evamined during the commencement of
apyrexia, young parasites are found one-fifth to
one-ninth the size of the red cell. The corpuscles
may be slightly larger than normal. On the
following day fhe parasites occupy one-half to
two-thirds of the corpuscle, much pigmented, but
not so actively motile as the smaller ones. The
red cells are much enlarged at the end of the
second day; presegmenting forms are found.
Division into four to six or more parts may take
place six hours before an attack, but true fisson
forms are only found two to three hours before an
attack. ‘These forms have sixteen to twenty
spores; so that, here again, the multiplication of 2
group of parasites may be shown, microscopically,
to coincide with a febrile attack. But,as opposed
to quartan, the actual number of fission forms in

- the perpheral circulation 1s small; they are far
more numerous 1n the spleen.

DousLE TeRTIAN

The interval between the development of the
two groups of parasites is about twenty-four
hours. So that if a blood examination be made
just before an attack, fission forms will be found,
and parasites about half-grown. Here again, by
following out the development periodically, these
iiatter forms will be found to sporulate on the next

ay.
QUARTAN PARASITE

If the blood be examined as soon as apyrexia
sets in, the corpuscles will contain young parasites
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one-filth to one-sixth as large as the red cells;
growth is progressive during the apyrexia, and
six to ten hours before the next attack *preseg-
menting” forms will be found. The parasite now
fills the cell which is not enlarged. The pigment
is arranged in radiating bands. The next stage
is the concentration of the pigment in a central
mass, and it is seen in fresh or stained specimens
that the cytoplasm is divided into eight to ten
segments or oval bodies (daisy form). ~This seg-
mentation is nearly coincident with the next
attack, but parasites in complete fission may be
found five to six hours carlier. As the tempera-
ture rises these sporulating forms disappear and,
again, young forms are found in the red cells, The
quartan then goes through all its stages in the
peripheral circulation.

DounLE QUARTAN
Two groups of parasites going through the
above regular cycle, with about a day’s interval,
may be followed in the bload.

TrirPLE QUARTAN
There are three distinct groups sporulating
on successive days.

Marigyaxt Trrrian (Trorican)
During the pyrexia, small forms, ono-eig}ttll
fone-fifth] of the red cell, may be found,  They
persist during the pyvexia, i.c., for the greater part
of a day. ‘The parasites at this stage may be ex-
traordinarily few.
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During the apyrexia, forms one-fourth to one-
third of a red cell are found, and the parasites are
found in greatest numbers. Tission and preseg-
menting forms are extremely rare in the tropics.
Dunng the next attack the young forms are again
found, and so the time of the cycle, as we have
shown above, may be deduced, and may be con-
trolled by observation of intermediate stages.

QuotipiaN

Parasites have been described wluch com-
plete their development m twenty four lours
{about). Thus, at the pyrexia young forms occur.
During the apyretic interval large forms and pre-
segmenting forms, and, again, at the next attack
young forms, thus developing in twenty-four hours,
Aswe have stated aboy ¢, to establish accurately thus
cycle three periods would have to be traced —

No. 1 (? Twelve hours) from young forms

to largest forms,

No. 2. (? Twehe hours) from largest forins

to young forms

No. 3. Twenty four hours from voung forms

to young forms

While some consider that the quotidian tem-
perature 1s due to the fact that the mahgnant
tertyan has a very variable period of development,
viz., twenty-Tour to forty-eight hours, and, in fact,
all intermediate times, others consider that with
one generation of paraswtes there 15 a second
accumulation of young forms in sufficient quantity
to produce a quotidian attack

In quotidian fever, due to the malignant
tertian parasite, the charactenstic febrile attack,
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with its preliminary pseudo-crisis, is lost. The
attack instead of lasting about a day lasts a few
hours only, as in the simple tertian, and instead
of a pseudo-crisis there is a true crisis, but the
young parasites, as in the malignant tertian attack,
are still coming into the circulation, and there
follows a rise which replaces the apyretic day in
the ordinary malignant tertian. .
According to MaURER, in the case of the
quotidian chart produced by ome gemeration of
malignant teviian pavasites we have the febrile
attack produced by the division of the majority
of the segmenting forms, and then a fall {o normal
occurs; when, however, there is a sufficient
accumulation of young forms arising from the
same generation there is again a rise giving the
quotidian chart. As we have seen, the young
forms of the malignant tertian parasite persist
duwing the pyrexia. If, however, by any means
they are destroyed or cease appearing temporarily
during the day of pyrexia, we should get a fall to
normal, and then as soon as this inhibiting cause
was removed, again a rise, giving a quotidian chart
produced by the malignant tertian parasite.

IRREGULAR TEMPERATURES

Besides the typical malignant tertian tem-
perature chart and the quotidian chart, various
irregular temperatures may occur, due solely to
the malignant tertian parasite. Such charts are
not at all uncommon in first attacks in_the tropics,
and may be followed by charts with regular
curves.

The malignant tertian parasite has a develop-
mentalcycleofabout forty-eight hours,and itscems



299

more likely that these irregular charts are produced
by an irregular ircuption of young forms into the
circulation than that the parasite has a variable
time of development, If we suppose that young
fission forms exast in the internal organs, but do
not commence their growih m the circulatmg red
cells, but come nto the arculation iregulady,
then we should have ~til} a constant time of de-
velopment, but an nconstant time at which the
development started.  1f, however, a guotidian
parasite exists, theee should be no difficulty, as
we have stated above, wt detetnumng the fact by
a senies of measurements at fixed mtervals

Action oF Qe

The data of different imestigators into the
absorption and elinmnation of quimne exiubit
considerable diflerences dependent upon the dif-
ferent conthhions of expenment and ihe mode of
estimation employed. The following statements
must therefore be secened with caunion -—
1. decording ta Korver the efimination of —
Qunme hydrochlorate begsns in fifteen munutes
and ends m forty-eight hotirs,

Sulphate (neutral) begins 1 thirty nunutes and
¢nds i forty-erght hours.

Sulphate {basic} be§ins m forty-five mmutes and
endw in sinty hovrs.

2, Mode of Adwdnistvation —

Per oo, quimne’ appears 1 the vrine 1 thiety to
fifty minutes.

Per rectum, quumine appears 1n the urte 15 cighicen
to tnenty mnates
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Subcutaneously, quinine appears in the urine in
twelve to twenty minutes,

3. Duration of Elimination—

According to Garoraro it lasts one-and-a-half
to seven and three-quarter hours,
According to DietL it lasts forty-eight hours.
According to Brassox it lasts seventy-two hours.
According to PErsoNwe: it lasts eight days.

4. The Xeme of Elimination— :

According to Tuau and KERNER after the first six
hours.

According to Garoraro alter the first one-and-a-
half to four hours.

According to KLming after the first three to
six hours.

5. Hypodermic Injection.—GanroraLo states
that the elimmation is rapid, and that larger doses
can be accumulated in the blood in a shorter time
by this method than by doses given by the mouth,
while KrLEine states that the absorption by this
method 1» stow. Kreine's figures will be given
below.

6. \mount of Quinine Eliminated—

WELITSCHOWSKI - 100 per cent. about.

KERNER - - 95w

Byasson - - 75 "

KLEINE - - ge2 »» (vide later)

PERSONNE - -, 16 "

MerkeL - - 13 "

Mariant, during first day - 187 per cent.
. second, - 63 "
. third - 13 o
, fourth,, - o7 w__

Total - - 27 per cent.
e —
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KLeing's data as to the amount eliminated
in twenty-four hours :—
Per os Administration—

1) 2534 per cent.
@ o7 .
(i) 2729
(iv) g6

7 »,
This low value, No. 4, 15 explained by the fact
that the quinine was given on a full stomach,
whereas in the three other results the quinine had
been given to the patient fasting.
Per Clysma— (1) 17°66 per cent.
1

() 17715,
(i) 1784 ”
Subcutaneously—(1) 11737 .
W) 97

(n) 1532

»

Now, although proportionately a smaller
amount is excreted in this way (and this is pos-
sibly in conformity with the clinical experience
that ringing in the ears and other unpleasant
symptoms of quinine are generally absent after
subcutaneous injection), yet 1t is probable that the
excretion is a more prolonged one than by the
other methods, for deposits of quinine can still be
found at the site of injection some weeks later,
and so the undoubted efficacy of this mode of
treament may really be due to its prolonged action
(and elimination).

Marianr's results also shew that after an
mjection of quinine 1nto the muscles of a rabbit,
about twenty-four hours later, half the amount
could still be extracted from the muscles. KLEINE
and Marianr's results shew that a full stomach
inhibits markedly the absorption of quinine, so
also any catarrhal state is prejudicial,
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two to three frequently, five to six or possibly
twenty-four hours. .

. 2. The amount of quinine does not deter-
mine whether the haemoglobinuria is slight or
severe.

3 After haemoglobinuria has been produced
by quinine, a second administration does not
necessarily produce a second attack of haemo-
globinuria.

These facts clearly shew that it is not the
quinine, per se, but a condition of blood in the
particular malarial patient which is the determin-
ing factor whether quinine will produce an
attack.

This is further borne out by the well-known
fact that the aborigines rarely, if ever, suffer from
haemoglobinuna, but it is in Europeans subjected
to unnatural climatic conditions and subjected to
virulent malaria that the disease is most frequently
found.

We would only add, finally, that it is quite
illogical to abstain from quinine in malaria, on
the contrary, its adeguate administration would
prevent the occurrence of tliese attacks,

As we have already said, an accurate study
of the urine in these cases and in allied cases of
malaria where quinine produces urobilinuria is
necessary.

Especially important is the study of the
urine and the blood in the prehaemoglobinuric
state. It would, of course, involve an accurate
study of all possible subjects of the discasc, and
more especially those who had already had an
attack.



305

PosT-MorTEM CHANGES 1IN MALARIA
, (MARCHIAFAVA AND BIGNAMI)
Brain i—

1. Punctiform haemorrhages of the men-
inges.

2. Punctiform haemorrhages of the white
substance of the brain.

‘The brain capillaries may contain nearly

every red cell infected. Sporulating forms are
especially common.

I1g 66, Shewing deposstun of Prigment tm Liver (left),
Spleen (vight), and Spovulating Parasites
Brawn Capillary (bottom)

4. Thecapillary endotheliuin may show fatty
degeneration, together with pigmentation, and
sometimes parasites.

5. Simlar appearances aie also found m the
vessel of the pia mater,

ungs i—

1. Large pigmented wononuclears in the
capillaries, but especially in the veins; 1n the
lungs espeamally phagocytosis 1s proceeding.

v
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2. There is a terminal infection with the
diplococcus pneumoniae. :

Spleen~The trabeculae of the pulp are dis-
tended by infected red cells, and pigmented large
mononuclears are abundant. The malpighian
follicles, on the contrary, are non-pigmented.

Liver. -Endothelium of capillaries is swollen
and pigmented. Pigment is also found in Kuerir's
cells. The liver cells contain only haemosiderin,
not melanin. Pigmentation is most intense around
the central veins.

Kidneys.—Pigmentation is much less marked,
Changes may occur in the epithelium of the tubules,
independent of the presence of parasites.

Hone Alarrow.— Parasites and melanin, free,
and n large mononuclear, leucocytes and micro-
phages are found.  Crescents may be found here
when absent or scanty elsewhere, as in the spleen
and braun ; 1t s concequently supposed that they
principally develop here.

In cases of malaria of long standing the yellow
marrow becomes red.

Stomach and Intestines—In malaria  with |
choleraic or haemorrhagic symptoms, parasifes
may abound in the capillaries of the villi, -

Curonic Mavaria
Spleen.—A\s is well known, the spleen may
in these cases fill the whole abdomen. Dilata-
tion of the various lacunae occurs with a
thickening of the splemc reticulum.  The pigment
tends to become deposited eventually in the
connective tissue surrounding the follicles. The
splenic septa become  thickened.
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Liver—The pigment is found mainly in
the periphery of the lobules, and pigment in
the form of blocks in the perivascular con-
nective fissue.

The capillaries are much dilated, and the
epithelium contains blocks of pigutent. Atrophy
of the liver cells and their nuclei occurs.

Bone Marvow.—The marrow of the long
bones is usually red, due to a large develop-
ment of haematoblastic tissue. Normoblasts are
common.

Pigment disappears rapidly from the bone
mMarrow.

LITERATURE

Marcluafava and Bignami  Twentieth Century Practice
of Medictne. Malania. Vol XIX. § Low, Marston and Co.
Thiy comprehensive and learned treatise 15 wcomparably the
best i the English language, dealing with all aspects of
malana and also blackwater fever,



Chapter XXV
BLACKWATER FEVER

Microscopical investigations in this disease
are frequently negative as regmids malaria para-
sttes, but it is all important when the examina-
tion is made, as the following analysis of over one
hundred cases microscopically examined shows :—

Parasites are present the day before the attack
1 ninety-five per cent. of cases.

Parasites are present the day of the attack in
seventy per cent, of cases.

Parasites are present the day after the attack
in twenty per cent. of cases.

In a series of cases examined by ourselves in
British Central .\rica we found malaria parasites
only wm 12°5 per cent, but, as we have already
shown, we have two further tests for a malarial
nfection 1~

(1) The increase in the percentage ol large

mononuclear leucocytes.

(2) The presence of pigmented large mono-

nuclear leucocytes.
By using these tests we were able to prove that
937 per cent., not 12'5 per cent., of our cases were
due to a malarial infection.

Further, o the only case of blackwater fever
seen by us before the onset of haemoglobinuria,
parasites were present in abundance, afterwards
they rapidly disappeared.
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For the details of the proof we must refer to
the original papers, where also the causative action
of quinine isdiscussed.  That quinine is the factor
which, in the large majority of cases, determines
the onset of haemoglobinuria appears to us equally
certain.

ExaMINATION OF THE BLooD 1N BLACKWATER
TFrver

1. Note the difficulty in obtamning a full-
sized drop of blood.

2, Observe the ‘thin’ nature of the blood
drop, its ‘oily’ nature, and the difficulty with
which it adheres to the shde. These properties
are best seen 1n severe cases.

3. Collect a specumen in a fine pipette and
allow the serum to separate. Observe whether
the serum is yellow (cholaema) or reddish
(haemoglobinuria), using the spectroscope  if
necessary.

4. To some of patient’s serum add normal
blood. Observe whether there 1s any haemolysis
(using a haemocytometer 1f necessary).

Determine tomty of patient’s blood.
Rate of coagulation approximately by placmg
several drops on a glass shde.

6. Count the red and white cells, The red
cells are, as a rule, quite normal in shape.

7. Determine the amount of haemoglobin.

8. Make films every two hours if possible
(as early as possible), noting accurately the time
and temperature at which the films are made.

. Examine films for parasites; if these are
absent, search carefully several large films for
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pigmented leucocytes, as these, as also in ordinary
malaria, may require long search.

10. Make careful differential counts of the
leucocytes, especially when the temperature is
falling, as it is then that the mononuclear increase
is most marked. When the temperature is raised
(e.g, 103" to 105°) the polynuclears may reach
ninety per cent.

11. Observe presence of normablasts, megalo-
blasts, various abnormal staining reactions, eg.,
polychromatophilia of the red cell, especially dur-
ng recovery.

12. Make careful blood counts immediately
before and after administering quinine when
no haemoglobinuria results. According to Panse*
there may result a blood destruction due to the
quinine, which does not shew itself as haemoglo-
binuria.

ExaminatioNn oF THE URINE IN BLACKWATER
FEVER

1. Belore the attack (if possible) examine
for albumen, urobilin, reducing Eodies, ete.

2. Examineso-called ‘ high-coloured’ urines.
As a rule these do not shew bile pigment.

. Examine urine during an attack for
methaemoglobin (or haematin), oxyhaemoglobin,
urobilin. bile pigment, bilirubin crystals, hae-
globin casts, granular or hyaline casts, bloo
cells, etc. K

4. Centrifugalize the urine. Examine the
clear layer (as 1n 3), and make films of the
sediment.

ePanse.  Zanchrift fur Hygione, 1993, o %
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The sediment may contain hyaline and
granular casts stained with haemoglobin. The
mass of the sediment, however, consists of masses
of haemoglobin of a yellowish-red colour,

Post-MorTEM EXAMINATION

1. Make smear preparations of spleen,
kidney, liver, bone marrow, brain, etc. Examine
for parasites and pigmented leucocytes. Parasites
are generally absent, but pigmented leucocytes
may occur in large numbers in the spleen. Iine
pigment is also found in the liver in endothelial
capillary cells (T'1g. 66).

2, Cut sections, especially of bran tissue, as
parasites may be found ﬁxere and nowhere else.

UROBILINURIA

As we have indicated elsewhere, the occor-
rence of urobilin may be an important indication
in cases where a susceptibility to quinine
haemoglobinuria exists  thus in Murrr's case, a
girl had haemoglobinuna eight times between
August 3, 1894, and Apnl 6, 1893, following
upon the administration eight times of small
doses of qunine. From 1895 to 1897, the gul
remained well. On March 27, 1897, she was
gnen o5 grammes of quimne, to see whether
her disposition to qumine posoning still re
mamned, The result was fever, vomting of
bile, etc, albumnuria, peptonuria, and uro-
bilinuria (not haemoglobinuria).

PLENN, 1 a recent paper, points out a
peculiar piroperty of the urine sometimes oh-
served in blackwater cases. On boiling the



312

urine and allowing to stand for some time, a
bright purple colour appears.

We have observed that blackwater urines
made alkaline with potash, and then boiled
produce a purple colour, giving the bands of
haemochromogen (reduced haematin), shewing
that the urine itself contained reducing bodies.

Whether PLeaN’s purple colour is the same
we cannot say.

Tue KiDNEvs IN BLACKWATER

A. Pienn, in the same paper, argues that:

1. There is not usually nephritis in black-
water (although this may exast as a complication).

2. Oedema is absent. i

3. Cylinders are seldom present in the
urine, red cell and leucocytes in uncomplicated
cases are also absent.

4. Amorphous ‘black-red pigment’ only
in severest cases. What PLEHN means by this
is not clear. The remains of haemoglobinurous
stromata, seen in severe cases, are stained a
deep yellow.

Bile pigment is rare, il present there
is generally true nephritis,

6. According to PLenN, there is little
alteration of the tubular epithelium, in our
experience, however, this may be intense,

Sometimes insignificant sclerosis and
small cell infiltration (but this depends on
malaria).

8. 'In blackwater there is a functional
disturbance of the kidneys (c.p. paroxysmal
haemoglobinuria).
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. Ducing anuria, no symptoms of renal
cotic as there would be if there were a blocking.
10, Absence of all uraemic symptoms
proves that cessation of function of kidneys
does not necessarily lead to uracmic symptons.

LITCRATURE.
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urine and allowing to stand for some time, a
bright purple colour appears.

We have observed that blackwater urines
made alkaline with potash, and then boiled
produce a purple colour, giving the bands of
haemochromogen (reduced haematin), shewing
that the urine itself contained reducing bodies.

Whether PLENN'S purple colour is the same
we cannot say.

Tue KipnEYs IN BLACKWATER

A. Purnn, in the same paper, argues that:

1. There 1s not usually nephritis in black-
water (although this may exist as a complication).

2. Oedema is absent. -

3. Cylinders are seldom present in the
urine, red cell and leucocytes in uncomplicated
cases are also absent.

4. Amorphous ‘black-red pigment’ only
in severest cases. What PLrun means by this
is not clear. The remains of haemoglobinurous
stromata, seen in severe cases, are stained a
deep yellow.

5. Bile pigment is rare, if present there
is generally true nephritis.

According to Prenw, there is little
alteration of the tubular epithelium, in our
experience, however, this may be intense.

. Sometimes insignificant sclerosis and
small cell infiltration (but this depends on
malaria).

8. 'In blackwater there is a functional
disturbance of the kidneys (c.. paroxysmal
haemoglobinuria).
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9. During anuria, no symptoms of renal
colic as there would be if there were a blocking.
10. Absence of all uraemic symptoms
proves that cessation of function of kidneys
does not necessarily lead to uraemic symptoms.

LITERATURE
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Tuwentieth Century ' Dictionary of Medicne  Malaria,
The fullest and best’ account in the Enghsh language
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Chapter XXVI
THE HAEMOCYTOZOA—Continued

The haemocytozoa, or endoglobular haema-

tazoa, are divided by LAVERAN into three genera:
1. Genus Haemamocba,
2. Genus Pivoplasma.
3 Genus Haemogregarina.

The genus haemamoeba includes the malaria
parasites with which we have already fully dealt.
We now proceed to the other members of the genus,
and then to the other two genera, which go to
make up the endoglobular haematazoa.

GENUs HAEMAMOERA

1. H. Relicta (Proteosoma Grassii).—Dis-
covered by Grasst in the blood of birds in Italy.
In certain regions sparrows and goldfinches are
commonly infected. Sparrows are frequently in-
fected in India. In Africa numerous small birds
were examined by us, but proteosoma was never
found (only halteridium). Transmission from one
bird to another by inoculation is readily effected.
Canartes are extremely susceptible. = Pigeons,
among other birds, are immune. Birds that have
recovered from an infection have acquired a well-
marked immunity against asubsequent inoculation



315

The parasite is closely allied to the malaria para-
site, and is especially suitable for the study of the
exogenous mosquito cycle.

Endogenous Cycle (Fig. 67)—The parasite in
its earliest stage is unpigmented. Coincident with
growth a grain or two of pigment appears, and
the characteristic property of the parasite shows
itself, viz., the displacement of the nucleus of the
red cell, so that the nucleus may take up a position
at right angles and away from the normal one.
All stages of dévelopment up to segmenting forms
are found in the blood at the same time, so that
no cycle of development can here be followed ;
nor is there any intermission in the clinical
symptoms (temperature, etc.) of infected birds.

% SR

Fig. 67. (Upper line) Proteosoma shewmg medmm size Parasite
and Segmenting Form  (Lower lue) Halter:dium young
fovm, Female and Male Gametes, and Vermicule

Exogenous Cycle—DBesides the asexual, sexual
forms occur in ‘the blood. They are sphencal
hyaline bodies of two varieties, characterized 1n
stained specimens by the same general differences
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which distinguish the male and female gametes
of the malaria parasite.

(1) The male cell possesses a mass of compact
chromatin and faintly staining protoplasm,

_(ii) The female cell possesses but little chro-
matin, but stains deep blue (Romanowsky).

Flagellation—(i) This can be observed in a
simple wet film preparation and in hanging drop
preparations (p. 30), or

(ii) Use artificial serum (bird’s serum, one
part ; salt solution, 06 per cent., nine parts), and
to this add a trace of bird’s blood. Make a series
of hanging drops in moist chambers. Dry, fix, and
stain, from time to time, according to stage of
development, observed microscopically.

Further stages of development (vermiculi)
have not been observed on the slide.

Development of Vermiculi—(i) Determine
what species of Culex is the suitable one for the
process of development. C. nemorosus was _used
by Kocn, in Italy. C. fatigans is also a carrier.

(ii) Collect the Culex that have fed on
sparrows, etc., roosting at night in trees. The
Culex can be caught in large numbers in shaded
drains, under bridges, in outhouses, etc., and ex-
cellent material is in this way easily got. Identify
the species of Culex that is infected. .

(in) For the method of feeding mosquitots
on birds’ blood, vide p. ror. .

Twelve to fifteen hours—Vermiculi in all
stages of development are found in the stomach;
a conical projection arises from the fertilized
gamete. This gradually elongates, forming a long,
curved, oval body, the complete vermiculus. The
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pmtophsm is vacuolated, and a nucleus (chro-
matin)is readily shown bystaining (RomaNowsky).

The protecsoma vermiculi are larger and more
slender than those ol halteridium,

Development of Zygotes (one to two days).—
The vermiculi have disappeared, butin the stomacls
wall are now {ound transparent, sphencal, pig-
mented bodies.

Three to four days.—The zygotes have in-
creased in size, and sporoblasts appear in their
interior. In the larger forms, signs of further
division are seen (striation), formation of sporo-
zoits.

Development of Spoyozoits (nine to ten days).—
By this tune the sporozoits have reached the
salivary glands. Somew hat earlier they can still
be found amidst the thoracic muscle. Earlier
still, they can be pressed out of the ripe occysts
in the stomach wall. The sporozoits occupy
chiefly the nuddle lobe of the gland (Kocu).

Black Spoves are found sn the larger zygotes.
They also occur free m the thosauic region (or,
possibly, m the gland substance). They are
browmish black, curved, sausage-shaped bodues,
suggesting a mycehial nature. It 15 believed by
Grasst that they are degenerated sporozoits, as
they are found witlun the large sporoblast cysts.
We have, however, found them sn or about” the
saliv: (Ll‘y gland\ n Myzomyia Rossit,

Damlewsky: LH,\ltendmm) \()L(urt
Almost exclusively 1n the blood of ‘passerine”
birds. Pigeons are very commonly 1nfected, alvo
sparrows, finches, ¢ paddy ' birds, etc.

The parasite is characterized by rte peculiar
curved halter shape, embracing the oval nucleus
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of the red cell without any displacement of the
latter (Fig. 67). Young forms are occasionally
seen, but whetlier these are young sexual or asexual
forms is not determined. Segmenting forms and
those corresponding to an asexual cycle, as in
proteosoma, are unknown.

Two varieties of parasites, the male and
female gametes, are easily distinguished.

(i) Note that the male gamete has a clear
hyaline appearance. On staining (RoMaNOWSKY)
a central mass of chromatin is distinguished,
while the protoplasm is a faint blue. Five or
more oval pigment grains are placed genemlly
at either extremity.

(ii) In fresh specimens the female gamete is
finely granular, and the pigment is frequently
scatfered throughout. On staining, a small
amount of chromatin is shewn, while the proto-
plasm takes on a deep blue colour.

Flagellation—Select an infected bird that
shews numerous gametes in each field. Proceed
in the same way as in proteosoma. The gametes
first become sphierical and then escape from the
red cell.  The pigment of the male gamete dis-

lays violent movement, and in a few minutes
F)ur to eight flagella are extended. The motion
of these 1s at first so rapid that they cannot be
distingwished, but the corpuscles in the neigh-
bourhood are seen moving, In a few minutes one
or more breaks off, and i, fortunately, a female
gamete is in the same field, the loose Aagellum
(mikrogamete) can be seen entering the female.
The pigment of the latter shews active movements
at this stage.
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Vermiculi—The formation can readily be
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 1s thus at first unpigmented, but
later again it is pigmented (Koch. In the fresh
specimen the protoplasm appears vacuolated, and
has a nucleus which 1s 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 1 the
kidney, intestine, bone marrow, iver, and espectally
the spleen. The brain, on the contrary, is almost
entirely free from st.

It is probable that the haltenidia of all birds
are not of the same species. Inoculation from
one bird to another 15 extremely difficult, if not
impossible. Thus may be due to'the fact that the
parasites in the blood are i all sexual forms.
In monkeys we appear to have a parallel condition,
viz., gametes only 1n the blood, the asexual forms
being unknown.

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
m the fresh film are spherical pale bodies
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of the red cell without any displacement of the
latter (Fig. 67). Young forms are occasionally
seen, but whether these are young sexual or asexual
forms is not determined, Segmenting forms and
those corresponding to an asexual cytle, as in
proteosoma, are unknown.

Two varieties of parasites, the male and
female gametes, are easily distinguished.

(i) Note that the male gamete has a cleac
hyaline appearance. On staining (RoMaNowsKY)
a central mass of chromatin is distinguished,
while the protoplasm is a faint blue. [Fiveor
more oval pigment grains are placed generally
at either extremity. ‘

(i) In fresh specimens the female gamete i
finely granular, and the pigment is frequently
scattered throughout.  On staining, a small
amount of chromatin is shewn, while the proto-
plasm takes on a deep blue colour. :

Flagellation.—Select an infected bird that
shews numerous gametes in each field. Proceed
in the same way as in proteosoma, The gametes
first become spherical and then escape from the
red cell. The pigment of the male gamete dis-
})lays violent movement, and in a few minutes
our to eight llagella are extended. The motion
of these 15 at first so rapid that they cannot be
distingutshed, but the corpuscles in the neigh-
bourhood are seen moving, In a few minutes one
or more breaks off, and if, fortunately, a female
gamete is in the same field, the loose flagellum
(mikrogamete) can be seen entering the female.
The pigment of the latter shews active movements
at this stage.
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Vermicnli—The formation can readily be
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 15 thus at first unpigmented, but
later again it is pigmented {(Kocn). In the fresh
specimen the protoplasm appears vacuolated, and
has a nucleas which 1s readily stained by Roxan-
OWSKY stain.

Note that the vermiculus (or ookinet) shews
forward, rotatory, and peristaltic motions. The
further development of the vermiculi 1s completely
unknown,

Post-mortem. — Pigment is found mn the
kidney, intestine, bone marrow, liver,and especially
the spleen  The brain, on the contrary, 15 almost
entirely free from 1t.

It is probable that the halteridia of all birds
are not of the same species. Inoculation from
one bird to another is extremely diflicult, il not
impossible. This may be due to the fact that the
parasites in the blood are in all sexual forms.
Inmonkeys we appear to have a paraliel condition,
viz,, gametes only in the blood, the asexual forms
being unknown.

H. Kochi~—These haemamoebae occur in
monkeys. The forms usually met with are
sexual forms. Asexual forms resembling joung
malaria parasites are very rare. Flagellation
can be seen in fresh specimens. ‘The parasites
n the fresh film are spherical pale bodies
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of the red el without any displacement of the
latter (kg 67). Young forms are occasionally
seen, but whether these are young sexual or asexual
forms s not determined, Segmenting forms and
thone corresponding to an asexual cycle, as in
proteasoma, are unknown,

Two varieties of parasites, the male and
female gametes, are easily distinguished.

{1} Note that the male gamele has a clear
iy alime appearance.  On staining (Rosaxowsx)
A central mass of chromatin is distingg}shed»
while the protoplasm is a faint blue. Five ot
more oval pigment grains are placed generally
at either evtrennty,

() In fresh specimens the female gamete is
finely granular, and the pigment is frequently
saittered  throughout.  On staining, a small
amaunt of <hromatin is shewn, while the proto-
Plasn takes on i deep blue colour. ’

Flagellation.  Select an infocted bird that
shews numerous gametes in each field,  Proceed
e the sanme w av as in proteosoma.  The gametes
first become sphercat and then escape from the
red vell. The pigment of the male gamete dis-
FL’!}» violent movement, and i a fow minutes
our o eight flagells are extended.  The motion
of these N at first so rapid that they cannot be
dstingunshed, but the corpuscles in the neigh-
buushond are ween moving, In a few minutes one
or more breaks off, and if, fartunately, a female
gamete s in the same field, the Joose flagellum
{nikrogamete) can be seen entering the female,
The pignient of the Iatter shews active movements
at this stage.
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Yermiculi—~The formation can readily be
observed on the shde. A conical projection
forrms it one point of the fertitized gamete {vopula).
This elongates slowly and gets curved, forming
an egg-shaped or opindle-shaped mass, The
conical portion eventually separates, leaving
behind the remmus of the coll with the pigment,
The vernuculus is thus at first unpigmented, but
fnter again it 1s pigmented (Kocu).  In the fresh
specimen the protoplasm appears vacuolated, and
has a nucteus which 1 readily stained by Roaan-
owWSKY stain.

Note that the vermiculus {or oolanet) shews
forward, rotatory, and peristaitie motions.  The
further development of the vermicult 1s completely
unknown.

Post-mavtem, - Pagment 1 found wn the
kidney, intestine, bone marrow, hiver, and especially
the spleen  The bram, on the contrary, v almost
entirely free from it

it is probable that the haltendia of all busds
are not of the same speces  Inoculation from
one bird to anatber s extremely duflicult, of not
tmpossible  This may be due to'the fact that the

arpsites 10 the blood are i all sexual forms,
n monkeys we appear to have a parallel condhition,
viz,, gametes only in the blood, the asexual forms
being unknown.

. H. Koch: -~~These haemamoebae occur i
monkeys, The forms usually met wih are
sesual forms, Asevual forms resembhng voung
malaria parasstes are very rare. Flageflation
can be seen in fresh specumens. The parasites
in the Iresh flm are spherical pale bodies
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containing brownish-yellow pigment. Oun stain.
ing, two types can be distinguished. The male
(mkrogametocyte), pale homogeneous blue with
much chromatin; the female, deep blue, granular,
with little chromatin.

No temperature changes occur in the in-
fected animals. The infection is not transmissible
by inoculation (cp. halteridium).

Post-mortem.—The spleen is pigmented, the
capsule thickened. Pigment also occurs in the
marrow.”

ParasiTEs IN Bats

Dionist has described in bats parasites
which have a general resemblance to malarial
parasites, but almost certainly have no real
relation thereto. He distinguishes the following
forms :—

Frg 68, (x) H. Murmus {abore) medium size ; (belowo) free form
() H. Melanspherus (abeve) mediun: size : (below) large Oreid
Jorm. (3) H. Vesperngunis (above) trregular form ;
(below) Ring form. {dfter Diovist)

H. Melanipherus (polychromophilus mel-
anipherus).—This occurs 1n the blood of Alini-
opterus Schyeibersiiy, and is so called on account of

“Kossv Zanchrift fur Hyprew. B XXXIL
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its stalning reactions with Romaxowsky, and
because it 1s pigmented. It somewhat resembles
the guartan parasite (Fag.

. H.Murinus(polychromophilus murinus)—
Found in the blood of Vespertilio muvinus. It
is also pigmented. It shews like the former a
variety of *polychrome’ effects with Rowman-
owsky. In this, as in the [ormer, Droxist
figures a great variety of forms (Fig. 68).

. H. wvesperuginis (achromaticus vesper-
uginis).—In the blood of Vesperugo noctula. The
young forms resemble those of the malignant
tertian parasite (Fig. 68). It occurs in large
numbers in the blood, but forms no pigment
during its development. It produces considerable
anﬁnemia and degenerative changes m the red
cell,

How bats are infected is quite unknown.

The parasite ‘find’ differs according to
whether the amimal is Inbernating or not.

7. [H. bomsl—Parasites wn the blood of
cattle, descnbed by Kouie m South Africa
They have a general resemblance to malana
parasites, but are quute distinct from Pivoplasma
buvis. They produce tennttent fever and severe
anaentia, but not haemoglobinuria  KocLt also
describes pigment in red cells (independently
of parasites), but what this means is not clear.””

8. H. Mctchnikowr—TFound 1 the blood of
Trionyx Indica, or Clutra Indica, a large {resh-
water tortoise, in many Indian nvers. All aduit
specimens of this tortowse from the Jumna were
infected.

Kot  Zunchnft fur Hygiene 188
W
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. The parasite resembles H. Duniletes
teridium}), in that two forms are easil

sily dis-
tinguished in the blood—(1) a hyaline form with
large pigment grains, staining very slightly with
methylene blue; (2) a granular form, with fine
pigment, staining deeply with methylene blue.
These forms correspond to the male and female
gametes respectively, In one of Smioxy's figures
it is interesting to observe a male and female
gamete in the same red cell, whicly, so far as we
know, has never been observed in the case of
H. Danilewskyi. But besides these pigmented
forms there are also found unpigmented forms,

o) [l

[;

™

Fig 63 H Metchnikowi, Gametes and Vermicule

which have the typical gregarine look, that is to
say, curved, wornt-like bodies, The exact relation-
ship of the haemogregarine to the hacmacbae forms
is not understood. Simoxp, however, points out
that halteridium has a verniicule stage, and, there
is the possibility of the relationship being similar
in this case (Fig. 69).

Grnus HADMOGREGARINA

The haemogregarines are unpigmented uni-
cellular organisms, which, at onc stage of their
development, have a worm-like form. They occur
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as endoglobular parasites, and also as free forms
in the plasma. The vermicuie stage may be both
endoglobular and free.  The sexual and asexual
cyz:lea oecur, as far as is known, in the same host.
“They oceut in fishy amphibians, and reptiles, but
not in mammils, and, untike the gregarines, not
in invertebeates.  They are, so far as iy known,
naon-pathogenic, and they cannot be transmitted
by inoculation from one animal to another,  The
cycle of development, as far as 1t s known, wil} be
destribed under the various species.

Fig 7o H Banoram ov Drepamdium Kanavum) \oung
Torm, Gameles frec 1» 1he Plasma, and Fission fornts
s Spleent  (Partly after Miscun

1. H. Ranarum { = Lankesterelia Ranarum ).
Found in the blood of Rana Esculenia fedible
frog).  Ths wpeawes ncledes, according to
LaveRan, two species, H. princeps and H. monils's,
described by Lappe  Here, as 1 other wpeces of
haemogregarines, the sexun] and asesual cveles
oceur in the same ammal. The cydle of develop-
ment is as follows 1~

(1) Sexuals Fovm or Schizonts —These are
endoglobular, four to exght 4 in length  Increase
in size takes place, and eventuaily they become
spherival and divide mto & number of segments
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(schizonts).  According to some observers seg-
menting forms are only found in the spleen.

(ii) Sexual Forms—Free in the plasma,
twelve to fifteen ¢ long. These are male and
female, and are characterized by the same general
differences as other gametes ; the male mikrogame-
tocyte is slender and finely granudar; the female
makrogametocyte is fat and coarely granular.

(i) A mikrogamete in the form of a small
mass of chromatin separates off and fertilizes
the (now) makrogamete.

(iv) Azygote results, whichis at first motile,
This becomes encysted as the

(v) Oocyst, which is found in the epithelial
cells of the intestine. This passes out eventually
in the faeces of the frog. Sporoblasts are formed
as in the malarial cycle, and from these result

(vi) Sporozeits.—Thesc would gain access 1o
a fresh frog which had swallonwed an ococyst.
Hivrze has shewn that frogs confined in pools are
especially liable to infection.

Fig 71 H Splendens—Adult form wwith
) Refractile Granules

2. H. Splendens (= Dactylosnma Splendens).
— Found in the blood of R. esculenta.
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The following forms are figured by LaBsr
(Fig. 71)1— A
(1) Amoeboid forms.

(i) Forms resembling in shape a finger-
glove,

(iii) Segmenting forms as in Haemamocba
Relicta (Proteosoma).

The protoplasm contains no pigment but
refractile granules.

‘This differs from the typical development of
haemogregarnnes, and it 1s probable that its posi-
tion requires revision. According to Hintze, it is
a variety of H. Ranarum.

H. Magna—Described by Grasst and
FeLrrrrin R. esculenta.  MincuiN thinks it may
be the makroganete of H. Ranarum or H. monilis.

4. H. Riedyi—Occurs in a Cahfornian
Salamander, Batvacheseps attenuatus.

. H. Stepanowi.—It 15 found in the tortoise,
Cistudo Envopaea. This may be taken as the type
haemogregarine. It presents the following forms
(Fig. 72) —

(i) Remform parasites, ten to fourteen u
ong. " Curved and tluckened at- each end,
granular, non-pigmented. Intermediate forms
occur between tlus and the next developmental
stage.

(i) Vermicule forms, also endoglobular,
but after examiming a fresh sperimen of blood
for some time, free forms are seen thirty to
forty » long and three to four » broad. These
are actively motile, and constrictions can be
seen travelling down their length dunng the
motion. Young forms and reproductive forms
are not seen in the circulation. These are
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found in the liver. The reproductive forms are
at first endoglobular, but later free. They occur
as l

(iii) Ovoid forms, ten to sixteen s long
by four to six « broad, shewing as many as
six nuclei (chromatin masses). The protoplasm
finally segments and there is formed

(iv)  An actively amoeboid young form.

The spores that are found in the kidneys
of tortoises belong, according to LAvERAN, not
to the haemogregarine at all, but are those of
a Myxosporidium (AL Danilewshyi).

I b

Fig 72, H. Stepanowi, Endoglobular and free Vermicules;
H. Lacestavum, shewing disintegration of Nucleus of
Red Cell: H. Lacasei, H Lacertarum, Cyst
with Makromerozoits

6. H. Lacertarum ( = Karyolysus Lacertarum)
(Fig. 72)—~Found in the Dlood of Lacerta
agilis, L. muralis, and L. ocellata.

The parasite has a more compact form
than some of the other haemogregarines. They
exert a marked action on the red cells, which
become much enlarged and anaemic, and, as
the name of the species implies, a disintegrating
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action on the nucleus is one of its eflects. The
nucleus is either pressed to the side or broken
up into fragments.

The parasite in its endoglobular stage
becomes encysted, and 15 then called a cytocyst,
Further, it appears as if at this stage sexual
differences appeared, for some of these cysts
divide up into about a dozen macromerozoits
(I'ig. 72), while others divide up nto twice
as many or more micromerozoits. Corresponding
to these we have free forms in the liver, twelve
by three x and eight by two g respectively.

Fig 73. (1) H Meswils, shew ng charatteristic looped Vevmucule
2) H Laveram, shewng characteristic hooked Vermicule and
two braght Granules (after Stvonn), 3 H brgemma
n Blood of Blenmues (after Mincinny

7. H. Lacazei (= Haemocytozoon clavatum).
In the blood of hzards. The vermicules have a
pecultar shape (Fig. 72). Here also cyst forma-
tion has been described m the spleen by Lappe.

. H. Mesmili.—In the blood of a torloise,
Emys tectum (Fig. 73).

Amoeboid forms, remform, and vermicule
forms occur. Besides these, {ree merozots, but
their orign is obscure. The form of the
vermicule is characteiistic at one stage of its
development.



. H. Laverani—In the blood of Indian
tortoises, Cryptopus granosus. Similar forms occur
to those of the last species, The vermicule is
characterized by a blunt hook-like appendage,
and the presence of two bright granules.

The parasite is endoglobular in all its stages.

. H. Bigemina.—Discovered by Laveran
in the blood of blennies. A vermicule form occurs
free in the plasma.

The endoglobular parasite divides by simple
binary fission. In fishes we also have H. delagei
in two species of ray and H. simondr in the sole,

These must suffice to give an idea of the
characteristics of these parasites, but they by no
means exhaust the total, for haemogregarines have
been described in thirty-one species of snakes, seven
lizards, three crocodiles, eleven tortoises and turtles,
so that ample material for study exists in the
tropics.  The subject is at present, however, in
considerable confusion, and much further work s
required.

Gevus PiroprasMA

SPLCILS nosT
P, botss - -~ Cattle (Texas fever organism)
P. Cams - « Deogs (ltaly, Senegal, France}
P.Ows - - Sheep (Italy, Roumana)
P Equi - - Hore (8. Africa)
P. Homnis - - Man (producing ¢ spotled fever ')

1. P. bovis-—The parasite of Texas fever of
cattle clearly does not belong to the proper group
of malaria parasites, although it occurs in the red
cell. It forms no pigment, and differs in its
development from the malaria parasite {Kocu).
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The parasites are two to four 4 in length, one
totwa x inwidth. Two forms occur in the circuta-
tion—(i) a sphericnl or ovaid form, (1i) a piriform
parasite in pairs.  These are characteristic, and
give the name. Intermediate stages between (i)
and (i) occur.  The spherical forms shiow a chro-
matic particle, and closely resemble * young nings.”
The chromatic body {nucleus) divides into twe
portions, one going to each end; the parasite
elongates, and by this means the pirform body 1s
got. The pirtfform parasites are two to three o
long and about one # m dianeter.

The number of parasstes in the penipheral
cizculation is propurtionate to the seventy 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 tent.) The
number in the bload i not so great a~ the number
in the spleen {ten per cent ), liver (thirty per cent.},
and especially kidneys {eighty per cent.}

Free parasites are {ound i the blood in the
later stages of the disease, but espraally in the
kidneys.

Post-morviem.—Haemorrhagic oedema about
the stomach, kidneys, and retropertioneal tissue.
Intense hyperaemsa of the spleen and kidneys, the
fatter are nearly black. Haemorrhagic erosions.
Bleers in various portiony of the ahmentary canal.
Eechymases in pelvis of kidney.

Transmission by Ticks.—According to Moras
{Bucharest), Pivoplasma ovs can be transmitted by
translerring adult ti ks from an mfected to 2 non-
infected animal. He did not succeed in trans-
mitting the diseae by larvae or nymphae de-
veloped from ticks taken from infected ammals
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This is in_direct opposition to the classical re-
searches of Syutnt and KiLnorye on Piroplasna
bovis, corroborated by Kocu. Ssrriand KiLnorxe
hatched young ticks from the eggs of ticks that
dropped off infected cattle. It is these young ticks
that communicate the disease.

NG
o

Fig.74. Piroplasma Canis (left), typical Piriform
Parasites, (right) Amocboid jorms

2. Pivoplasma canis—The parasite is mor-
phologically identical with Piroplasma bovss, 1t
1s a strictly specific parasite, and has not been
transferred to any other animal than the dog.
Native dogs in the tropics may harbour the para-
site without shewing any symptoms. The disease
exists in France, Italy, South Africa, etc. In the
chronic forms the parasite is rare in the circulation,
but m the acute form with high fever, icterus, and
haemoglobinuria, the parasite (typical, pirosoma
form) is found with great ease in the blood.
Four to six parasites often occur in each cell.
Kidney blood post-mortem is extremely rich in
parasites. Young dogs, ttvo to twelve weeks old,
are the most easily infected by intravenous in-
jection. The tick, Demacentor reticulatus, is sup-
posed to convey infection in Europe, and Haema-
physalis laechi in South Africa. Both these ticks
appear to pass their larval stages on other hosts
than the dog.
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3. Piroplasma ovis. ~—The disease iy Hungary
is known as cAreeag. Daoes considers that the
organism forms n connecting link between the
bacteria and protozoa, Sheep that have recovered
have a marked immunity.®

P, [Kochi} — \frican Coast Fever,” de-
scribed by Kocw, s an exceedingly virulent form
of piroplasma infection m Rbhodesia and South
Alrica, eighty to minety per cent. of infected
cattle die. A pecubarity of the disense is that the
anaemia is shght and, correspondingly, haemo-
globinuria rare.  The paraute is smaller than
that of the piroplasma of Texas fever. The
parasites are disc-shaped or leaf-shaped, and as
the disease progresses may be found in almost
every cell,  Pear-shaped organisms are rare. It is
suspacted that Rhipicephalus decolovatus, or the
blue tick, transmits the disease, for this tick
transmits also Texas fever in Soutls Africa.

QOO

Fig 75 Atypical jorms of Piroplasma
7 (Aﬂrvl,\\z)u\; ”

It is in this form of bovine piroplasma espe-
cially that atypical forms have been described by
TeeiLpr, and subsequently mote Ffully by
LAVERAN.

(i) Forms resembhng stmight or curved
bacilli, one to three x long.  They are thicker at
one end, which contains a chromatm particle.
One 1o four may occur in the same cell,

*Motas  Sox, de Buly w01, £ NEET
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. (i) Forms resembling ,cocci, singly or in
pairs.  Two to four may occur in the sante cell,

It is important to note that together with the
atypical forms typical forms are always found,
though these latter may be rare. )

These atypical forms occur in the severe cases
Similar cocci-like forms, described by Swuti and
KiLgorne in Texas fever, occurred in the slight
cases. The post-mortem lesions, characteristic of
this form of pirosomal disease, are local infarcts in
various organs.

5. Pivoplasma hominis.—This species of piro-
plasma is responsible for the disease known as
‘spotted fever’ (fleck-typhus), occurring in Mon-
tana and Idaho, U.S.A,, and also in Egypt. Asthe
name implies, there accompanies the fever an
eruption of spots. The mortality in the United
States is as high as seventy to eighty per cent, It
is much less 1 the cases described in Alexandria,
Egypt. It is possible that they are not the same
diseases, and the subject requires elucidation.
In the Montana disease, pirtform, ring-shaped, and
cacer-like forms occur.

6. Pivoplasma Equi (Laverax)—Found in
horses in South Africa,

Ticks

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

Fggs—The éggs are laid in masses of several
thousands (Ixodidac),of some hundreds (1 rgasidac).
The process lasts about a week. They are small,
oval, opaque bodies. They may take weeks or
months to hatchout. From theeggs is developed—
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The Larva~These are hexapod.  They cling
to blades of grass, ete., and wmay do so for several
months before attacking a bost. The larval stage
Insgs six to tendays.  The moult then takes place,
and there emerges from the skin—

The Nymph~These are ortopod. Thev re-
semble adult Iemales. They have respiratory
stigmata, but no sexual organs. The ny mphalstage
Jasts seven to ten days,  The nympl moults, and
there emerges-

The Adult- -Thewe agan attach themeelves
to the host, and ma few davs copulation fakes
place, Thefemale graduatly distends and remains
attached for about nme to eleven days. The femate
then drops ofl.  What the male does 15 uncertaun,
The female's whole cycle on the host v thus
twenty-two to thity-one days.  The entire life
escle takes, probably, about two to three months,

Fig 36 Eggs. Lavva, and Adult Lk {4 fter Mavsen)

The dumensions of the ranous stages of
{, Ricinus ace s ~
£

v 4 by o mulbmetres.
Larva 0h by oy mitlimetres.

R:ymph . 1-3 by o'6-2 niihimetres.
Adult . 275 by 5 (male) mlinnetres,
Adult . o-11 by 6 ¢ {female full

grown) mijhimetres.
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Ticks have a predilection for certain hosts,
but the same tick may be found on different
animals, and, further, the larval and adult stages
may be passed on dillerent animals.

ANATOMY

1. The Rostvum, capitulum or head, is the
small anterior projecting portion, it is joined on
by a short neck to the scutum; on its ventral sur-
face 1s seen— .

2. The Labiwm or hypostome, a bi-laterally
symmetrical structure, furnished with a number of
teeth directed backwards. The number of rows
of teeth and their disposition are very important
n classification.

The Mandibles lie dorsally to the labium.
The terminal portion (digit) terminates in two
or three processes, apophyses, which bear hooked
teeth directed backwards. They are important
in classification.

4. The Mandibular Sheath lies above the
mandibles. The anterior extremity is notched
corresponding to the two halves of the sheath.
(2), (3), and (3), form the piercing organ or
haustellum.

5. The Palpi are four-jointed and form a
kind of sheath for the haustellum. The shape
of the palpi, their spines and prdcesses are of
the greatest importance in classification.

6. The Scutum is a dorsal structure, situated
behind the base of of the rostrum. It is a
hard leathery plate. In the male it practically
covers the whole of the dorsum. In the female
it is confined to a roughly tiiangular anterior
portion of the dorsum. The males are thus
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rendily distinguished from the lemales. It is
absent in the Adrgasidac.

he Porose 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 n the female, but exist m
Loth seaes.

8. The Eves, not afways present, are small,
almost globular stauctures, situated laterally at
the margin of the wcutum i the [xodidne, or as
punctiform structares on the supracoxal fold of
the first leg 1n the Avgasidae.

. The Stigmata-——Situated ventrally and
faterally behind the level of the fourth legs 10 the
Ixedidae open into a stigmal plate ot peritreme.
In the Avgasidac they he between the thud and
fourth 18{35. The shape of the plates are important
in classification.

10, The Anns v a httle was in front of the
posterior ventral margn, 1t has a valve,

11, The Anal plates or elyped, four m number,
on either syde of the anus, i the mafe.  They are
used for classifying.  Not always pesent,

12, The gewital ovifice 1s 1 the muddle line,

a littte way behind the rostrum.
.13 The Legs are wix 1 the lana, eight
in the nymphs and adult  The claws have
ventrally'a well-marked pad or pulvillum. The
corna (withiwhich the trochant ¢ articulates) may
have spines or terth or Jarges sluelds.” These are
used in classilication.

Crassuicarion of Tieks

Tieks are divided mto two families—
1. Argasdae, seutum absent.
2, Ixedidae, scutum present.
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‘The Ixodidac are divided into two sub-familics—
L. Rhipicephalinae.—Palpi not longer than
broad, rostrum short. Anterior portion
of body emarginate to reccive the
rostrum.
Ixodidac~—Palpi longer than broad, ros-
trum long.  Anterior portion of body
straight or emarginate.

»

Fig 77 Tick undev surface, shewmg Anatony and parts
used for classification (After Sausion amd STILES)
[y

The Rhipicephalinae are the most important
from our standpoint, as to the genus Rhipicephalus
belong most of the ticks that are known to trans-
mit parasites. The various genera are Rhipice-
phalus, [Boophilus], Haemaphysalis, and Derma-
centor,

Gexts REIPICEPHALUS

Eyes present. Base of rostrum hexagonal
(dorsally), forming on each side a projecting
angle. Palpi short and broad. Stigmata, comma-
shaped ; clypei, two pairs in the male. Coxae i,
two large teeth. The genus includes nearly thirty
species. Some of these, including the carriers of
piroplasma, we may classify in the following
way —
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Gryus BoorhiLus
Not admitted by NEuMANN as a genus.

Genus HaemarnysavLis

 Eyes wanting. Base of rostrum rectangular,

twice as long as broad, palpi conical. Second
segment of palpi has a well-marked lateral
conical projection. Stigmata comma-shaped or
circular. Anal shields absent in male. Coxa i
not bifid. Coxa iv in male, a well-marked
spur. There are about twenty-six species.

H. Leachi (South Africa)—The dog is the
usual host.  Possibly transmits Pivoplasma canis,
occurs also on cattle,

Labium.—Four rows of teeth in ¢, five rows
in g.

Palpi—~Dorsal surface as broad as long.
Second palpal segment has a sharp lateral spine.

Coxa iv.—Has a tuberosity.

Gents DERMACENTOR

Eyes present. DBase of rostrum broader than
long. Palpi short and thick. Stigmata, comma:
shaped. Anal shields absent in male. Coxa i
bidentate in g and ¢. Scutum ornamented.
About twenty-four species.

D. Electus is the American dog tick,

The subfamily Ixodinac consists of five
genera, Ixodes, Eschatocephalus, Aponomma, Ambly-
omma and Hyalomma.
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Genus Ixaoes

Lyes absent. Palpi long, Tars without
terminal spws. Anal groove surrounds anus
anteriorly and opens postertarly.  Seutum
male does not cover the body latesally and
posteriorly.  Stigmata oval m g, circular in g.
Male ventrally covered with six sinelds; two
lateral, embracing the ongins of the legs and
the stigmata; one median, between the genital
opening and the anus; two on each side of
the anus {pertanal), and ane triangular posterios
shield, carrymg the anal orifice at us antenor
corner.  Female has dorsally three longitudinal
grooves on the abdomen, vencrally two behl-
shaped grooves, the first has s apex at the
vilva, the second at the anus. There are a
farge number of species.

1. L ricines,~—The castor-bean tick 15 com-
mon on sheep, goats, cattle: Europe.

2. [ hexagonus—The Enropean dog tick.

Grxnus ESCHATOCEPHALUS

Eyes wanting. Rostrum long.  Palpi pin-
form ¢, claviform @ .Anal grooves asn Ixodes,
Stigmata ciicular i both seses.  Legs very long.
Dorsal and veatral clutinous thickenings n the
male; fine grooves i the female.  There are
seven species.

(aeNus APoNoAMA

Eyes wantmg. Anal groove surrounds anas
postenorly, and opens anteriorly.  Anal phites
absent. Base of rostrum pemtagomal. Scutum
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covers the dorsum entirely ; usually marked with
green spots. Stigmata, comma-shaped. Female,
scutum shorter than broad, three green spots.
The species are parasitic on reptilcs.

GENUS AMBLYOMMA

Eyes present, conspicuous. Anal groove asin
Aponomma, anal plates absent. Rostrum long.
Scutum often has coloured designs. Stigmata
usually triangular, nearly always eleven posterior
marginal festoons in the male. There are over
eighty species.

A, wvariegatum.—Is frequent on cattle in
Rhodesta.

Gexus Hyavoy

Eyes present, conspicuous. Rostrum long.
Anal groove opens anteriorly. Body elongate
oval. Colour deep-brown. Male, two pairs of
ventral shields, two perianal, large, triangular,
and two small external. Scutum covering nearly
the whole of the dorsum. Crencellated or festooned
posteriorly. Male, stigmata comma-shaped, with
a long tail ; female, stigmata with a short tail.
Three species only.

H. Aegyptinm.—Attacks cattle especially, also
dogsandcats. Occurs in Egypt, North and South
Afnica.

Argasidac—Scutum absent, rostrum inferior
(except in larva).  Stigmata between third and
fourth legs. Pulvillum of tarsi wanting in adult.
Palpi, free, short, filiform, four segments. Tegu-
ment leathery, without dorsal or ventral shiields,
Sexual dimorphism not marked.
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Gexts ArGas

Eyes absent. Rostrum, which is concealed
by the cephalo-thorax, © siteated at least its own
length behind the anterior margin.  No pro-
jecting hood.  Rody oval or orhicular. The
spicies are pocturnal in thewr habits, mfest birds
mainly. There are eleven specses. .\ species of
Argas is the transnuttes of ‘spindlar fever® of
pouliry.

A veflexus infests mgeans, European,

A, persicus = Garh-Guez of Persia. The ite
is said to produce severe local and constitutional
effects,

A, tholozani = Kéné of Persians, ~imiar
effects ascribed to it,

Gexts QORNITHODORUS

Tyes present or absent. Rostrum ndden
under a projecting beak (hood), dose to the
amterior margin of the body, so that the tips of
the palpi are viwible from above. Lateral borders
of body generally straight, sometsmes concave,
tegument mammtlated.

0. moubata = * Garrapata,” ik of TEFE on
the Zambesi. The nte 1= said to occasion ses ere
local and general distwrbances.  1tis the canse of
‘tick fever in Uganda (Cnristv).

YELLOW FEVER
NYNOCoLOpivy STLOOMYINE
The following 1 a briel summary of the

work done by the \mencans (Parker, Brves,
and Porrier) on the parawte of yeHow fever,
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Chapter XXVII
THE TRYPANOSOMIDAE

TRYPANOSOMATA AND TRYPANOPLASMATA

The Trypanosomidae comprise two genera—
(1) Tryp {2} Trypanopl ‘The genus
Trypanosoma is characterized by the possession
of a longitudinal undulating membrane, the
thickened border of which takes its origin pos-
teriorly from a centrosome, and terminates an-
teriorly in a free flagellum. Division takes place
longitudinally. ‘The genus Twypanoplasma has
two flagella, one antenor the other posterior. Both
arise from one centrosome ; the anterior forms the
thickened border of the undulating membrane ;
the posterior flagellum curves around the posterior
end of the parasite, and then is prolonged to a
flagellum about equal in length to the anterior
one.

The Trypanosomidae occur 1n fish, 2mphibia,
reptiles, birds, and mammals. Most of these are
very incompletely known, and it 15 only some
species in mammals that have been at all closely
studied. 'We may enumerate the following
species :—

Trypanosoma votatorinm (synonym == Try-
panosoma Sanguinis (Grusy).—In the blood of
frogs (Rana esculenta, Rana temporavia, Hyla
arborea, etc.), forty to eighty  long, five to ten a
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Chapter XXTVIT
THE TRYPANOSOMIDAE

TRYPANOSOMATA AND TRYPANOPLASMATA

The Trypancsentidae comprise two genera—
{x) Trypanssoma, (2) Trvpauoplasma. The genus
Trypanosomn is charactericed by the possession
of ‘n lopgitucdinal undulating membrane, the
thickened border of which takes its origin pos-
teriorly from a centrosome, and terminates an-
teriorly in a free flagellum. Division takes place
longitudinally. The genus Trypansplasma has
two flagella, one antesior the other posterior. Bath
arnise {rom one centrosome ;. the anterior forms the
thickened border of the undulating membrane ;
the posterior flagellum curves around the posterior
end of the parasite, and then 1 prolonged into 2
flagellum about equal in length to the anterior
one,

The Trypancomidae oceur in fish, @mphibia,
reptiles, birds, and mammals. Most of these are
very incompletelv known, and it » ounlv seme
species in mammals that have been at all closely
studied.  We may enwmerate the following
species :—

Trypanosoma yotaforium (synoaym == Try-
fnnusama Sanguinic (Grrsv)—in the bleod af
rogs (Rana esculenta, Rana temporavia, Hyla
arboren, etc), forty to eighty o long, five to ten
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broad. Flagellum ten to twelve u long, Surface
of the body striated longitudinally (Iig. 79 and
PL II, fig. 3).

Ts. Cavassti (MrrrapHANOW).—Besides the
forms with undulating membrane and flagellum,
disk-like forms are described. In the blood of fish
(Carassius vulgavis) ; in the tench (Tinca vulgaris).
A}so described in the blood of the stickleback,
pike, ete. (Fig. 79).

f

Fig. 79. T. Rotatorium, T. Cobstss, T. Carassii, Tp. Danileicski.
Left to right. (After LavErRax and Mesxir,
MiTrRAPHANOW and DANILEWSKS)

Ts. Eberthi (Kent)—In the guts of fowls,
ducks, geese, especially in the caecum and ileum.
This is not a blood parasite so far as is known.

Ts. Cobitis (MiTrRaAPHANOW).—In the blood of
the mud-fish (Cobitis fossilis). Thirty to forty #
long, onme to two s broad. Flagellum ten to
fifteen #. It is long and thin. - Forms without an
undulating membrane are described, and also
without a flagellum (Fig. 79).
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Ts. soleac (LavERaN).—In the blood of the sole.

It is, however, the trypanosomes of mammals
that are of the greatest importance, producing
as they do well-known and fatal diseases. Not
all trypanosomes of mammals are, however,
pathogenic. Trypanosomes are bodies e'xsnly
detected in fresh blood with a one-sixth or one-
seventh lens. They are actively motile, and
may be seen displacing the red cells Ly their
motions. As they come to rest the undulating
membrane and flagellum are visible. They are
bodies about twenty s long. In stained speci-
mens {RoManowsky) an oval nucleus lies about
the middle of its length, and near the blunt
posterior end a small stained particle is clearly

& 5 A

T. Lewst —~(1) Divding fovm wath taeo centrosontes,
(:) Adult form . (3) Young forms vesulling from
dression (fresh preparation)

seen, the centrosome. From this, in certain
species at any rate, the flagellum starts, and
can be seen as a distinct wavy thick red fine
extending the whole length of the orgamsm
and continued beyond as the long (anterior)
free flageltum. The portion (unstawned) between
this external wavy margin and the blue stained
body of the organism 15 the undulating membrane
(Fig. 8a).
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(¢} Branched hairs on the upper surface
only of the arista (the arista is an
appendage of the terminal segment
of the antenna) (vide Fig. 82).

(d) Male genitalia (hypopygium) clarac-
teristic.

{¢) Membrane of wing grooved, not
smooth, as in other genera.

(f) Wings closed flat over one another
like a scizzors.

Fig. 83. Glossina, shewing scissors position of Wings

2.

when at yest, x 2 (After AvsTEN)

Stomoxys .

(a) Greyish flies, with black markings
(smaller than glossina), found on
men and cattle,

(b) Palpi exceedingly slender and short,
not protecting the proboscis.

(c) Fleshy labella, small but visible.
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d) Arista distally forms a fine hair.
€} Wings diverge widely. S. Calcitrans
is a common European species.

Haematobia :
(a) Small mottled flies, ¢.g., *horn fly,” of
United States,
(b) Palp: distinctly shorter than proboscis,
expanded at the tips.
{c} Tip of probosas bears a few hairs.
(d) The modified flesh labella easily
visible.
(¢) The ansta has hairs on under and
upper surface.
Fig s Stomorys, shewing restin, ASS IO
“ o} Wings. A Witer \(svf!;
Lyperosia .

{a) They occur in great numbers on, for
instance, camels.

{b) By some regarded as a sub-genus of
Haematobia,

(¢) Palpi form a complete sheath for the
proboscis,and flattened asin Glossina.

{d) Palpi not expanded at the tip.

{e} Closely attied to Glossina, but differ-
ing in the wings.

Beccarimyin ;

(a) Proboscis resembles that of Haemua-
tobia,
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(b) Palpi not expanded at the tip.

(¢) Arista feathered only on upper surface.

(d) Has a prominent Epistoma (thus
differing from other genera). [The
tip of the Epistoma is the point from
which the total length to the tip of
the abdomen is measured]. i

(¢) First posterior cell of the wing closed
before the margin (in Glossina it is
open).

Other blood-sucking flies that may be confused
with the tsetse flies belong to a different family,
viz., Tabanidae (horse flies, clegs, or gad flies).
In this famuly those resembling tsetse are-the

genera .

I.

Fig. 85 Haematapota, shewing vesting position

of Wings, x 2 (After AusTsN)

Hematapota :

(a) They are about the same size as
large tsetse flies—eleven mm. long.

gb) The abdomen is not banded. -

c) The wings diverge at the tip .but .

meet at the base (vide Fig. 83).
(d) The antennae project hovizontally for-
wards and ave conspicuous. .
(e) Thegreysmall Haematapota of English
lanes in summocr is a familiar species.
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2. Pangonia :
(a) Charactenzed by the extreme lemgth
of the proboscts tn some Spectes,
three o four times the length of the

body.

(9) The <Seroot’ fly of Nubna is a species
of Pangonia.

(¢} Antennae projecting  (family cha-
ractes),

Genus Grossiva

Abdomen generally, but not atways, has pale
but swell-marked dark-brown bands interrupted in
the middle, :

1. Dull-coloured, browmsh ihes, seven to

Stwelve mm. long (excluding probosass  and
wings).

2. Wings in resung position, closed flat, ane
over the other, scizzors-like, projecting beyond

~the abdomen.

3. Probosas enclosed 1 palpy, projecting
horizontally m {ront.

4. DBase of probosces suddenly expanded into
a large enion-shaped bulb.

5 Arsta feathered on upper side only.

6. Male gemitalia (hypopygium) highly chia-
racteristic, oval and tunud, with a subviform
median groove {anus) rusning from auteror
margin to beyond the muddle. Sex eastly distin-
guished by this mark.

. 7+ Wingsabsolutely characteristic, especally

in the -course of the ‘fourth longitudinal vein

{vide Fig. 82, iv). "The anterior transverse vein 1y
v
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very oblique. The bend in the course of the
fourth vein, before it meets the anterior transverse
vein, is absolutely diagnostic.

Larva and Pupa.—According to Bruck, tsetse
flies {or at least one spzcies) do not lay eggs, but
extrude a yellow-coloured larva. After a few
hours this changes into a pupa. ‘T'he pupa is
six mm, long and three mm. broad. It consists
of twelve segments. The twellth segment is pro-
duced into two large lips, enclosing a pit, the site
of the respiratory stigmata in the larva. At the
anterior end is a longitudinal groove, through
which the fly eventually emerges.

CLASSIFICATION OF SPECIES

(1) Hind tarsi entirely dark. .

Gl palpalis—Darkest of all species of
Glossina.  Third joint of antenna dusky-brown
to cinereous black.

Gl. pallicera—Third joint of antenna orange-
buff. Front in both sexes narvower than in Gl
palpalis. In & the arista is stouter and longer
than that in Gl palpalis.

(2) Hind tarsi not entirely dark,

Swmall species, length not exceeding ten-and-
a-balf mm. Last two joints of front and middle
tarsi have sharply defined dark-brown tips.

Gl moysitans.—

1. Smaller than G. longipalpis.

2. Head narrower.

3. Front paler and wider. .
Eyesn 4 and ¢ distinctly converging
towards vertex.
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Abdominal bands less deep, pale
hind margins of segments there-
fore deeper.

Hypopygium in & larger, paler, some-
what more oval in outline, and
clothed with fewer hairs.

Tip of § abdomen less haury Interally.
Bristles on sixth segment n 2 stouter
and mare conspicuous than wm lengi-

palpis.
Gl longipalpis: Smull Species—Last tuo
joiuts of front and msddie tars: entirely pale.
G. pallidipes—Large species. Length, at least
ten-and-a-hialf mm. {in thes respect they contrast
markedly with the other small species).

G longipennis.—

I.

2

3

Thorax wath four sharply defined
dark-brown oval sputs.

Ocellar spot, dark-brown, verv con-
spicwons compared with the body,
Proboscis shorter than 1 G. fusca,
and relatively shorter, compared with
the bods, than 1n any other species.
In both sexes the fromt v broader
than in GL. fusca,

G. fusca~Thomx without spots.

T. Evansi~The tiypanosome of Suna A
commen disease in many parts of Indiz, eg.,
Bombay, at certmn seasons especially, though
probably always i a latent condition. 1t iy
possible that its increase at a particalar time s
associated with the prevalence of a hining fly
Surra is characterized by a simiar toun of symp-
toms to thase of Ngana. Roctes states that the
disease in India is conveyed by Tabamdae (horse
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fhes). If this is so, the probability of Ngana
being also conveyed by other biting flies than the
genus Glossina seems hkely.

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

LaveEran and MesNi, who have recently
been able to make a comparison of T. Brucei and
T. Evansi, state that 7. Brucei is shorter and more
compact than 7. Evansi, The movements of
T. Brucei are also less extensive. The posterior
end of 7. Brucei is also blunter than that of
T. Evansi. The free portion of the-flagellum is
shorter in T. Brucei than T. Evanst, and the pro-
toplasm of 7. Brucei has more numerous and
larger granules than that of T. Ewvansi. The
nuclet and the centrosomes are morphologically
indistinguishable. Further, the mean length of
7. Brucei is less than that of 7. Evansi, and the
width of T. Brucei is greater. 'The distinction
between Surra and Ngana is, liowever, best proved
by the fact that an animal immunized against
Ngana is yet susceptible to inoculation with
Surra.’

Trypanosoma Equinum (Mal de Caderas).—
In Central and South America. A disease affect-
ing horses.

The symptoms—remittent fever, oedema,
wasting—resemble those of Ngana and Surra,
Most characteristic is the paralysis of the hind
legs, from which the disease tales its name.

It runs a chronic course, two to six months.
In donkeys six to twelve months. There is occa-
sionally haemoglobinuria.
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Mice, rats, rabbits, dogs, etc. (guinea pigs
rarely), are susceptible. Incubation period, five
to eight days.” Horned cattle are refractory.

It is thought that the infectton is transmitted
by a biting fly (Stomoxys calcitrans). The parasite
motphologically resembles 7. Brucei. In the
latter ‘the centrosome is, however, larger. In
T. Equinum it is so small that its existence has been
denied. Moreover, an animal immunized against
T. Equimum is still susceptible to T. Drucei.

T. Equiperdnm (Frg. 81).—This trypanosome
is the cause of the disease among horses i Algeria
known as Dourine. In asses the symptoms are
slight. In horses, and especially stalhions, the
symptoms are much more marked. It i conveyed,
as far as is known, under natural conditions by
*coitus’ only, and not by means of flies.

In eleven to twenty days after cortus,
oedematous swellings of the genitaha appear.

In forty to fifty days characteristic * plaques’
on the skin. These are very occasionally absent,
as in asses, but when present are pathognomonic.
These ‘plaques’ last only ome to eight days.
Around these there is oedema. The ammals
‘become anaemic, complete paiaplegia sets in, and
death in two to ten months.

Trypanosomes are most easily found in the
“ plaques,’ with difliculty n the blood.

Post-Mortens.—There 15 inflammation of the
urogenital mucosa, and m two cases areas of
softening have been found m the spinal cord.
Ruminants are refractory (to T. Brucei they are
very susceptible).  Dogs which have been 1immu-
nized against T. Equiperdum yet succumb to
T. Brucei, so that Dounne and Ngana appear to
be distinct.
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T. Gambiense (Durron).—This, the first human
trypanosome to be described, was discovered by
Dutton in the blood of a European in the Gambia.
The clinical symptoms of the case were :—

(1) Irregular relapsing fever.

(2) Oedema, especially about the eyes.

(3% Congestion of the skin. .
(4) Erythematous patches, associated with
thickening of the skin.

(5) Increased pulse and respirations. Loss

of flesh.

The trypanosomes are generally scanty in the
blood. They are transferable to monkeys, where
they persist Iin small numbers for some months;
also to white rats. Careful examinations of the
blood by centrifugalization are necessary for their
detection in most of these animals.

How conveyed to man there is no evidence
to show (vide Plate I).

SLEEPING SICKNESS (TRYPANOSOME)

T. Ugandense (CASTELLANI).—Found in the
cerebro-spinal fluid obtained by lumbar puncture
by CASTELLANIL, in seventy per cent. of cases.
Later, Brucke found it in thirty-eight cases in all,
and in the blood, in twelve out of thirteen cases.
Centrifugalization is necessary.

There are morphological differences between
T. Ugandense and T. Gambiense according to
CasteLLant. The former has a more rounded
posterior extremity. The centrosome is nearer
the extremity and outside the vacuole, which is
larger (these differences, however, may not be
constant).
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Symptoms.—Perhaps most noteworthyin com-
paring it with other forms of trypancsomiasis,
if indeed the disecase is due to this trypanosome,
are:—

1. . A puffiness about the face.

2. An enlargement, especially of the cervical
lymphatics (this, however, Dr. Curisty
informs us 1s not an essential character).
An itchy papulo-vesicular eruption of
the skin.

s

Fig. 86, T. Ugandense (CasreLrast), above, T Gambrense
(DuTron), beleww,  (After Cosrerrany)

It shouk! be remembered that in eighty per
cent. of fatal cases a variaty of streptocorcus
pyogenes was cultivated from the organs. Whether
or no this is to be regarded as a termnal wnlec~
tion, and what the relation of the trypanosome
to the disense may be, remains to be seen.

Brucg, who has continued his worl, finds
that the distribution of the disease m Uganda
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is identical with "that of Glossina palpalis,
and that the trypanosome can be conveyed to
monkeys by means of Glossina. To Christy
belongs the credit of having previously shewn
that the disease could not be due to F. perstans,
as had been supposed.

4 &
Fig. 87  Hippobosca Rufipes, left x a—vight, natural sise
(After TuriLer)

T. Theileri—This is found in the blood of
cattle in the Transvaal, subject to a disease
known as ‘ gal ziekte,” f.e. gall sickness. Lengtl,
thirty to sixty-five g, width, two to four a.

THEILER has shewn since that a biting fly,
Hippobosca vufipes, transmits the disease.

T. Transvaliense—Found in the blood of
oxen, eighteen to fifty » long by four to six &
broad. The centrosome of this trypanosome
almost touches the nucleus. The undulating
membrane is consequently little developed.

Aino—Is the native name for a disease in
Somaliland, aflecting camels, horses, asses, mules.
It is caused by a trypanosome, and is exceedingly
fatal to camels. Man, dog, etc., in these regions
are not naturally infected.
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Diyrxsions OF TRYPANOSOMATA Fousp IN

MAMMALS
1. T. Lewisii - - 2425eby 14K
2. T.Brucei - - 2530mby U525 H#
3. T. Equiperdum - 18-26 by 225 #
3 ToEvansi - - a0-30mby 1-2#
5. T. equinum . 20-25pby 2-3#
2 T Gambiense - 18-23# by 2-28#
7. T.Ugandense - 18-26 u by 2-25#
8. T. Theileri - . 3ob5mby 238
9. T. Transvaliense - 18-504 by 40r

. Considerable variation enists between the
data of observers, and though these figures can
be considered as approximately correct, they do
1ot suffice for distinguishing the various species.
Whether it will be possible to distinguish
nearly allied species morphologlcally, ¢.g., T Brucei
and T. Evansi, temains to be seen- Differences in
the position of the centrosome and differences n
staining properties hardly suffice 1n similar species
that resemble one another closely, and at present
the only certain method is their pathogeme pro-
perties.
Multiplication of trypanosomata takes place
by longitudinal division, the nucleus and the
centrosome divide into two or more parts. The
trypanosome becomes more or less quadrangulat
in form, and from each centrosome a new tlagel-
lum is seen starting.  Other modes of multiphca-
tion are described—conjugation, transverse dive-
sion, formation of amoebod forms, etc. Seual
differentiation has also been suspected, anyhow,
it is certain tbat n the organs of a case of
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is jdentical with ‘that of Glossina palpalis,
and that the trypanosome can be conveyed to
monkeys by means of Glossina. 7To Curisty
belongs the credit of having previously shewn
that the disease could not be due to F. perstans,
as had been supposed.

Fig. 87  Hippobosca Rufipes, left x 2—right, natural size
(After TnriLer)

T. Theilevi—This is found in the blood of
cattle in the Transvaal, subject to a disease
known as ‘gal ziekte,' i.e. gall sickness. Length,
thirty to sixty-five #, width, two to four s

THEILER has shewn since that a biting fly,
Hippobosca rufipes, transmits the disease.

T. Transvaliense.—Found in the blood of
oxen, eighteen to fifty # long by four to six #
broad. The centrosome of this trypanosome
almost touches the nucleus. The undulating
membrane is consequently little developed.

Aino~—Is the native name for a disease in
Somaliland, affecting camels, horses, asses, n_mleS~
It is caused by a trypanosome, and is exceedu_xgly
fatal to camels. Man, dog, etc., in these regions
are not naturally infected.
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Divessioxs of Trypanososmara Founn 1y

Manmars

1. T. Lewisii - - 2g4254by 1gqp
2. T.Byucei - -~ 2530mby r525n
3 T Equiperdum -~ 1826pby 2-25m
4 ToEvansi -~ -~ 2030mby 1-2#
5. T.equinum - 20258 by 2-3m
6. T.Gambiense - 18-25p by 2-28u
7. T.Ugandense - 1826 u by z-23m
8. T. Theileri - - 30-65#by 24 &

. 9- T.Transvaliense - i8-50mby 4-64

Considerable variation exists between the
data of observers, and though these figures can
be considered as approximately correct, they do
not suffice for distinguishing the vanous species.

Whether it will be possible to dstinguish
nearly allied species morphologically, e g., T- Brucei
and 7. Evansi, remains to be seen.  Dillerences in
the position of the centrosome and differences 1n
staining properties hardly suffice m similar species
that resemble one another closely, and at present
the only certain method is their pathogenic pro-
perties.

Multiplication of trypanosomata takes place
by longitudinal division, the nucleus and the
centrosome divide into two or more parts, The
trypanosome becomes more or less quadrangular
in form, and from each centrosome a new flagel-
lun is seen starting.  Other modes of multiplica-
tion are described-—conjugation, transverse disi-
sion, formation of amoeboid forms, etc.  Seaual
differentintion hns also been suspected, anyhow,
it is certain that in the organs of a case of
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trypanosoma infection, numerous strange forms
can be seen, of which nothing is as yet definitely
known.

Inoculation—The most certain and rapid
method is intraperitoneal, e.g., in the case of
T. Lewisii, but subcutaneous is almost equally
certain, and in 7. Brucei scratch inoculations
nearly always succeed.

Blood Examination.—If present in fair quan-
tity there is no difficulty in detecting them fresh
with a low power. If very scanty, it may be
necessary to centrifugalize the blood. The most
delicate test of a successful infection which may
have resulted, even though no parasites be found,
is a subinoculation into a highly susceptible

Fig. 88, T. Soleae, T. Avium (after Disriewsky)
.Tp. Borreli (after LAVERAN)

Where parasites cannot be found by an
ordinary examination in the blood, they may,
however, be readily discovered in the oedematous
swellings so often found in trypanosomiasis.
Thus it is often extremely difficult, if not im-
possible, to detect trypanosomes in the blood of
a rabbit infected with T, Bruced, yet they are
easily found in the oedematous fluid about the
ears, muzzle, etc,
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GENus TRYPANOPLASMA

I. Trypnnoglasma Borreli—~T'wenty @ long,
three to four ¢ broad. Each flagellum, fifteen n
long. It is curved in shape. The undulating
membrane on the convexity. The anterior end
is more pointed than the posterior. Found in the
blood of the red eye (Leuciscus erythrophthalmus).

2. Trypanoplasma Damlewski~—Tifteen to
twenty # fong, less than one » broad. [Found
in the gut of leeches (possibly derived from the
blood of some animal). (Fig. 79).
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Chapter XXVIII

FILARIA

The Filariidae form one of the familics into
which the Nematodes are divided. 'Other families
in this sub-order are the Ascaridae, Strongylidae,
Anguillulidae, etc. The Filariidae are divided into
several genera, only one of which concerns us
immediately, viz., the Filaria, and first, we shall
consider those species of filaria which have their
embryos in human bloed. They are the following :
F. Bancvoft, syn, F. nocturna (MaNsoN).

F. Megalhuesi (adults).
F. Gigas (Prout).

The following are the characters of the em-
Dbryos of each spectes i— .

F. bancrn[tz'.—Occurs at night in the peri-
pheral blood, found in the internal organs by day,
especially in the vessels of the lungs. Ce. Avgyro,
tarsis and Ce. Albipes are efficient hosts.

1. Length about three hundred ¢ fresh (one
Lundred and eighty s stained specimens) by seven
to eleven p wide.

1.
2. F.diurna.

3. F. Perstans.
4. F. Qzzardi.

5. F. Demarquai.
6. F.loa.

7.

8.
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2. Enclosed in a sheath considerably longer
than body of embrya.

. 3 M placedrapdly beneathmicroscope shews
at ficst active progressive movement (ANNeTT and
Durtox), tater the antenor tip of the sheath ap-
pears to become attached to the glass, and mave-
weats of the embryo, though active, are not pro-
gressive.

4. Tle embryo shews an anterior abruptly
rounded off end and a postenor, tapering for two~
filths the length.  There 1 a six-tspped prepure
and a short very fine fang.

' 5 Thestained specimen shews{s)an irreguiar
teausverse break about twenty-one per cent. of the
length.

(i) A vshaped spot or trans erse rrregulac
breakata distance of about thurty per cent. of the
fength from anterior end. Neavly ainays present.

(i) An area of vaiying length with ceils
loosely "armanged, sixty-three per cent. lengtin
This i3 constant and represents the central ag-
gregation of fresh specimens.

{iv) An irregalar, sometimes oval spot, often
present, cighty-five per cent. fength.

_ (v} Asmall central bright spot occasionally,
nmntg’«ane per cent. length.

" diurna~ No differences are distinguish-
able between the embryas of F. dinvna and
F. nocturna either i the fresh or stained specimen
{Asxerr and Detron).  Durtox and ANabTT
have Tound the embryos taken from the adult
femnle F. loa to be practically identical with those
n'f F. diurng, and describe a case in which mfec-
tion with F, fea was assocrated with embraos
present in the blood duriag the day and not
the same extent at mght.
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Embryos of F. loa, taken from the female, are
described by ANNETT and Dutron.

1. Length, 208 .

2. Possess a sheath.

3. Spots as follows : —

(1) Anoval or diamond-shaped spot, twenty-
four per cent. length from anterior end,

(ii) An indistinct lateral area containing
scattered nuclei, thirty-seven per cent. length,

(iii) A longer portion of worm which stains
badly, sometimes divided into anterior and
posterior portions.

(iv) A small lateral bay, eighty-six per cent.
length.

F. perstans.—Embryos present in peripheral
blood day and night.

1. Length, two hundred « by four x to
five # breadth 1n fresh, and about ninety # in
stained preparations.

2. Do not possess a sheath.

3. Movements extremely active, and pro-
gressive movement continues for many hours.
They possess the power of considerable elonga-
tion and shortening. .

4. No hooked prepuce, a fang Is generally
observed protruded and retracted. The body
tapers gradually for two-thirds of length, and is
abruptly truncated at the tail and slightly
bulbous.

5. In stained specimens the following spots
are made out :—

i) A narrow irregular transverse band at
distance of 264 per cent. length, nearly always
present.



367

(i1} A wider irregular transverse spot, at
thirty-sis per cent. length. Occasionally.

{ii) The largest of the spots an irregular
transverse area, sixty-three per cent. length. Not
always present.

(iv) A very inconstant central breght speck
at eighty-three per cent. length.

i
bt

Fug. 8. F. Bancroftt, Embryo shewing sheath, I' Devstans,
Embyo (sheathless); F Bancrofts (Embiye), frepuce and
fang (above); F Perstans (Embrvo), fang (belocw)

6. They are readily distinguushed {rom the
embryos of F. Ozzardi by therr blunt taile.

. The observations of Firkrr and Christy
point to the fact that there s more than one
species of F. Perstans.

F. Ozzardi :—
1. Length, one hundred and seventy-three
to two hundred and forty # by four to five a.
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They are shavp-tailed and sheathless.
They have na’ periodicity,
. Demarquaii :—

Lengtll, two hundred and five u by
five
Tail sharp and sheathless.

- Cephalic armature, ill-developed prepuce
and spine.

. A V spot exists fifty-two » from the
head {seen in wet films).

5. There is no periodicity.

6. Ce. Avgyrotarsis and Ce. Albipes are in-
efficient hosts.

F. loa.—Two cases of infection with the adult
F. lsa have been described in which 7 diurna
occurred 1n the blood. It is possible then that
F. diuvna is the embryonic form of F. loa (vide
F. dinyna antea). On the other hand, F. diurna
embryos are indistinguishable fromn those of F.
Banerofti, the adult forms of which are well
known.

F. Megalhaesi.—Adults only known.

F. Gigas —

1. Blunt tailed.

2. Has no sheath.

W E

Tue CHARACTERS oF THE GENUS I'ILARIA

They are long slender worms of alnost
uniform breadth throughout their length. The
anterior extremity is rounded, and the mouth
often has no lips. The males are distinctly
smaller than the females. They have an incurved
or spiral tail, the latter sometimes having lateral
membranous outgrowths. They usually have



369

four pre-anal and a variable number of post-anal
papillae and spicules, which vary in size and
appearance. In the females the vulva opens in the
neighbourhood of the mouth. The host 1 which
the filaria reaches full maturity, giving rise to
embryos, is the definitive host, the other host ts the
intermediary or secondary host. Thus F. Bancrofti
has for its defimtive host, man, for its inter-
mediary host, certain species of Culiadae.

F. vecondita—Definitive host, dogs. Inter-
mediary host, P. serraticeps (dog-flea).

ApuLt Friariae

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

2. F. dinvna —Adult form doubtful. Accord-
ing to ANneTT and DurTon it s F. lua.

. F. Perstans,—The adults were found by
Danfets at the root of the mescatery, behind the
abdomunal aorta, and beneath the penicardiam.

F. Ozzavdr— Adults found by Dawniris
in the sub-peritoneal tissue.

5. F. Demarguaii. ~ Adults doubtful. A
female form has been descnibed differing sLightly
from that of F. Ozzurdi.

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

F.Megalhaesi.—Adultsonly known, found
in the left ventricle of the heart by Ficurirs ne
Sasota.

8. F. Gigas. - Adults unknown.

z
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The following are the characters of the re-
spective species i—
F. Eancrofti—Males and females found to-
gether in lymphatics.
9 1. Length, eighty-five to one hundred and
fifty mm,
2. Distinct neck; one-third width of body.
3. Body plain, tagering somewhat abruptly
to neck, and tapering towards tail.
4. Cuticle with striations.
5. Tail ends bluntly, and has a small de-
pression, surrounded by two small lips.
6. Mouth simple, minute, terminal.
7. Ova twenty-five to thirty-eight » by
fifteen w
. nus ventral opening on summit of a
bilobed papilla.
¢ 1. Length, eighty mm.
2. Body cylindrical, tapering to tail. No
neck.
3. Mouth circular, simple, terminal.”
Cloaca ventral, four pairs pre-anal, four
post-anal, papillae (Maxson doubts the presence
of these). Two unequal spicules.
5. Genital tube simple. Qesophagus thick-
walled.
6. Tail vine-tendril like, with one or two
spirals.

F. Peystans:
¢ 1. Length, seventy to eighty mm.
2. Neck longer than F. Bonerofti.
3. Body without markings. . -
1 Tail incurvated. Tip of tail mitred. This

is characteristic of this species. .
5. Mouth minute, simple.
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6. Embryos in utero, blunt tailed, not
sheathed.
2 1. Length, forty-five mm.
2. Head end as in femnale.
3. Two caudal ends much corled.
One spicule and two papillae.
5. Low describes four pairs of pre-anal and
one pair of post-anal, minute papillae.
F. Ozzavdi—Adult.
1. Dimensions much the same as those of
F. Bancrofii.
2. Distinguished by the bulbous tal; 1n F.
Bancrofti it is not bulbous but circular.
F. loa.—Adult forms travel about n con-
nective tissue.
¢ 1. Length, thirty to forty mm. (average).
Varies from sixteen to seventy mm. Dreadth,
0'57 mm.
2. No neck. Head cone shaped.
3. Body cylindrical, tapers sharply towards
head and tail.
4- Cuticle with bosses, except over the head.
Tail terminates in a short mcurved por-
tion, and has two small tubercles at 1ts extremuty.
Mouth simple.
7. Ova, containing embryos, thirty-five s by
twenty-five u.
Anal orifice on low, broad papillae, o3
mm, from the tip.
¢ 1. Length, twenty-five to tlnrty mm.
2. Uniform thickness except at head and tail.
3. Cuticle with bosses, but not so numerous
as in the female.
Tail not spirally twisted, merely incurved.
It possesses well-marked lateral alae.
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5+ Three well-marked pre-anal papillae and
two unequal post-anal papillae. Two slender
unequal spicules.
F. Megalhaesi—Adult males and females in
left ventricle.
¢ 1. Length, one hundred and filty-five mm.
by o7 mm. -

2. Club-shaped oral end.

3. Swollen oesaphagus well marked.

4 Mouth simple.

5. Cuticle, fine striations. -
4 1. Length, eighty-three mm. by o4 mm.

2. Fourpairs pre-anal fourpost-anal papillae,

and two spicules.

To Exayixt Broop ror Fruaria Easryos

The technique varies somewhat according
to what end the observer has in view.

.1. To facihitate detection, it is well, as
Manson advises, to make thick films of blood.
Dry. Then wash out the haemoglobin with water
or one-third per cent. acetic acid, and stain with
haematin, or gentian violet, or fuschin.

For the latter stains, a few drops of a satu-
rated alcoholic solution of the dye are added to
half a watch-glass full of water.

In these methods no fixation has taken
place, and the parasites are exposed directly to
the action of a watery die.

2. (For studying the minute structure of
the embryos, the above method is not advisable).
Make a film in the ordinary way, Fix in alcohol
and stain with haematin. The ‘spots’ and
granules of the embryo are most beautifully

shewn.
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Friaria v Mamyars

F. imandtis—Adults found in nght ventnele
of dog, fox, and wolf. Embryos in blood.
Emlryos develop in the malpighian tubes of
Anopleles. Afterwards they enter the general body
cavity and pass towards the labium

Dogs in the tropics commonly harbour this
filaria.  The filariae are most numerous at
night.

F. yecondita.—A single female adult has been
found in kudney of dog.

Embryos 1 Blood. ~Embryos develop 1 P.
sermtire{:s (dog-flea), and P. wrvitans (man and
dog); also in a dog tick. They are found 1 the
intestine and body cavity. ‘the filana has, how-
ever, not been transmitted from infected fleas to
healthy dogs.

F. equina. —Serous  cavities, ntestines, and
liver of horses, donkeys, and mules.

Embryos in Blood.- -Appear ke F. Bancrofti,
but smaller.

F. haemorvhagica.—NMale and  female e
together in tissuey of horse and donkey. They
form hemisphienical tumours the size of o aut be-
neath the skin.  These burst and discharge blood.
Fresh tumours appear 1n from one to two days.

F. irvitans- Found 1n ‘summer sores’ of
horses and donkeys.

F. FEvamsi— Lung and mesentery of camel.
Embryos in blood.

F. lacrymalis and F. palpebralrn— About the
eyes of horses and cattle.

F. osleri—The adults cauwse broncho-pnen-
monia in dogs.
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5. Three well-marked pre-anal papillae and
two unequal post-anal papiilae. Two slender
unequal spicules.

F. Megalhaesi~—Adult males and females in
left ventricle.

2 1. Length, one hundred and fifty-five mm.
by o7 mm. -

2. Club-shaped oral end.

3. Swollen oesophagus well marked.

4. Mouth simple.

5. Cuticle, fine striations. .
8 1. Length, eighty-three mm. by o'4 mn.

)

2. Fourpairs pre-anal,four post-anal papillae,
and two spicules.

To ExaMINE Broop ror FiLaria Emeryos

The technique varies somewhat according
to what end the observer has in view.

1. To facilitate detection, it is well, as
Manson advises, to make thick films of blood.
Dry. Then wash out the haemoglobin with water
or one-third per cent. acetic actd, and stain with
haematin, or gentian violet, or fuschin.

For the latter stains, a few drops of a satu-
rated alcoholic solution of the dye are added to
half a watch-glass full of water.

In these methods no fixation has taken
place, and the parasites are exposed directly to
the action of a watery die.

2. (For studying the minute structure of
the embryos, the above method is not advisable).
Make a fitm in the ordinary way. Fix in alcoliol
and stan with haematin. The ‘spots’ and
granules of the embryo are most beautifully
shewn.
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AviaN FILARIAE

Filarial embryos are very common in the
blood of birds, and the adulf forms are found
in the most diverse positions, notably in the sub-
cutaneous tissues. In some form the embrvos
appear to be confined to the lymph, .

In the description of Avian filaria the
following should be noted ;—

t. The species of bird concerned.

2. The site of the adult filariae.

. The description of the adult flariae,
female and male; the use of Comr’s formula-
gives uniformity to descriptions. The measure~
ments are taken with the animal in profile from
the anterior end.

(i) To the base of the oesophagus.

(1ii) To the nerve ring.

(tii) To the cardiac constriction.
(iv) To the vulvain the female, or to the
middle in male.

(v} To the anus, noting when this is ter-

minal.

At each of these points transverse measure-
ments are taken and noted below the above, so

Longitudinal,
Transverse.

The unit of measurement is one hundreth
part of the length of the worm. X

This formula should be used with caution,
since it rests on the assumption that the pro-
postions of the various parts of the bady are
constant in different individuals (SmipLEY).
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Drawings should be made of the head and
tail, and the mouth, anus, and vaginal orifice
carefully described.

. The description of the embryo. Where
founﬁ, blood or lymph.  Presence of a sheath.
Length and breadih of embryo and sheath  The
exact description of spots and the distance of
these from the anterior extremity. The following
spots and markings may be seen :--

() A transverse shit, about twenty-five per
cent. length. Sametunes ot seeq.

(i) A clear, sometumes lateral, ~ometimes
transverse spat, about thirty to forty per cent.
length

(i) A long space in which the nueler are
loosely arranged, often ending anteriorly and pos-
teriarly in clear space.  Abount sisty-five per cent.
leagth.

{iv)  Asmall spot, about sevents <ix per cent.
length.

{v)  Very small lateral spot or <hit, ninety per
cent. fength.

Drvevorsent or Fitama v tie MosptiTo

Experiments made <o far have been chielly
with F. nocturna (F. Bancrofts).

Both .Anopheles and Cafer mosquatoes may
act as the hosts of F. Bomnf. Certan wpecies
of both genera, however, do unt act as hosts.
The following have been shewn to act as hosts =—

C. piprens P. Costalis
C. eliaris Mym. Rosit
C. Fatigans Myz Stnensts
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The following have been shewn by Bancrorr
not to allow full development to take place, In
some species partial development occurs, the
larva, however, eventually disappearing :—

C. notoscviptus (SKUSE)

C. aunnulivostvis "
C. hispidosus »
C. vigilax »
C. Nigrothorax (MACQUART) .

C. procax (SKkusE}
[A.] Musivus

Grasst and Nor’s experiments shew that
F. immitis is capable of developing in 4. claviger.
As regards the re-infection of a healthy dog, the
experiments are somewhat inconclusive, for, in
the dog used, a single immature worm only was
found, about sixteen days after the period of
‘biting.” They state, however, that of a batch
of Anopheles dissected before the ¢ biting,’ many of
the labia contained filaria, whereas, of a batch
dissected after the ‘biting,’ nonc contained filaria,
the conclusion being that the filaria had escaped
through the labia into the blood of the dog
during the ‘Diting.’

Seven stages of development of the embryo
are usually described. The following is a resumé
of the changes undergone in Culex pipiens :—

Fiyst Stage—One hour after removal of
blood by mosquito, the sheath is cast and the
embryos exhibit active locomotive movements.
In twelve to eighteen hours many have bored
through the stomach wall, and have reached the
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muscles. Some die within the stomach. In the
muscles the cuticular striation disappears, move-
ment ceases, and the body becomes thicker.

Second Stage~—TFor two to three days the
embryo becomes much thicker, and the mouth
begins to be faintly indicated.

Third Stage—An anus appears in {ront of
the tail, and a mouth is very distinct with four
fleshy hips. Cells are seen in the body, and
these form an alimentary and tegumentary layer.
The embryo is now about 0’3 mm. long.

Fourth Stage—Rapid growth takes place,
and the tail becomes relatively smaller.

Fifth Stage.—Lengthening takes place. The
whole worm becomes fibrous and transparent in
appearance. It hascast the cuticle. Some large
cells at the end of the tail form papillae which
are characteristic of this stage of the larva.
The parasite is now about 1'5 mm (one-six-
teenth inch). Time, about seventh day.

Sixth and Seventh Stages.—Movements become
more active and, when the filariae have reached
their highest stage of development 1n the thoracic
muscles, they leave that tissue and travel forward
in the direction of the head of the mosquito
(Low and James). They reach the loose tissue
about the “salivary glands and pass into the
neck.  Some are found in the abdomen. Num-
Lers of the filana larvae enter the lower part of
the head, lying beneath the large head ganglia.
Eventually one or more worms pass into the
substance of the labium, where they are readily
found by dissection. The larva at this stage
measures about one-sixteenth inch in length.



378

Tue Transmission To Maw

According to DuTron, who has very minutely
described the structure of the proboscis, the
worms can only leave the labium at one point,
i.e., by perforating an extremely delicate mem-
brane, which closes in the extreme end of the
labium (see p. 166). If they escape elsewhere,
they must penetrate the dense and hard chitinous
envelope of the labium—a very improbabie
occurrence,
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BLOOD-SUCKING FLIS

“The Miptera or fies are tno-winged wsects (the prstenor
parr of waags are tramformed into kalteres), and are 5o dis-
tinguished for example from the Hemipiera oc bugs winch
penerally have four wingy  [n the Diptera the metamorphosis
3 complete, eggs, fanvag, pupa, anvert, 1 the Heamptera 5t
wuotso  The lollowmg clases hnve blood-sackiag babsts

“The Nemocera {ign, theead, x¢pus, antennal, e luding the
following farmlies —
s~Blethavorrridon

Wings wadewsns, no *dical” cell an wing (the discat
cell Iies between the second posteqior celt and the sce ond basal
cell). They resemble mudges  The lasvae hase suchers, end
are found attached to stones in the wates

Geaus Carupira
2 ~Culicidae  Musquutoes vt gaats
3 ~—Cheromonudie, (Midges)

Cienns Chivotamus] nor bood-sucang  Lasae are blood
watms, ¢ Vers de vase "

Genus Cerapotogm Vers nunute nudges  Wings genenally
sotted, Lanae mostdy non-aguati

C.rariws. A pest i Scotland
4 —~Dsythodidae (Moth fles)

Very small. Antennae vert hawry  Wings very hany,
Larsae of some genera amphibious

Genus Phicbotomus S Lurope ek
§—Stmuludace Sandfles, Bufals goatsy

Smalf hump-backed flien  Antennae destitute of haies
Wings relatniely fasge  Probosos short, thuck, conssting of
epipharyny and hypopharsna  Anicnna eleven segments.
Palpn lour segments Larsae aquate

Genus Semulium
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The Brackycera (Bpayts short, xépas antenna) include the
following :— .
1.—Tabanidae (Horse-flies or gad {=sting) flies).

Large flies. Antenna three-jointed, not terminating in 2
style or arista (the ansta (when bristle-like) or style (when
thick) being an appendage of the terminal portion (Hagellum)
of the antenna). Labium enclosing four stylets in &, six in
Q. The terminal joint of the palpr is inflated, and the palpi
hang down 1n front of the proboscis.

(a) Genus Tabanus.

Proboscis short and thick, vertical in the female, obligue
m the male, terminal joint of antenna crescentic, Flight
‘humming.’ Attacks horses, cattle, man,

(b) Genus Haematapota. .

Termmnal joint of antenna not crescentic. Wingsadjacent,
Iike the sides of a roof. No ocell.. Flight silent.

H. pluvialis. Commen in woody lanes in England in the
summer,

(¢) Genus Pangonia,

Probosais often long, thin, horizontal. Insome, three to
four times length of body, piercing, even when the fly is on
the wing. Accessory eyes (ocelly) generally present, Hind
tibiae spurred. The ‘Seroot’ fly of Nubia 1s probably a
species of Pangoma. Whether the * Zimb’ fly of the Arabsor
the * Tsaltsallya’ 15 the same 15 doubtful.

{d) Genus Chrysops.

Three ocelll  Second joint of antenna as long as first.
Eyes golden green  Flight silent. Wings widely separated.
Spotted. Hind tibiae spurred.

Ch. caecutiens attacks the eyes especially.

(¢) Genus Hadrus.
H. leprdotus = Motuca fly of Brazil.
The thid group (Cyclovrhapha Schizophora) include the
i hagidae, and id The last twa groups
are not blood-suckers, but are included here for =~ their
pathological interest ; also only some of the first group are
blood-sucking.
1.—Mauscinae. . .

Antennae have three joints and an arista, wing veins less
complex than in Brachycera.

(a) Genus Musca. House flies (not blool-suckess).
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8) Gruus Calliphora,  Blaw thes or blye botties (ot blood.
suichers).
{e) Genus Lutilin Green bottles
L. watelarvin, Thelan a of e fly »vibe Smeauan® soen
worty,’ infesting the pacat lowae and frontal sinuwes of man.
(d) Genus Stomorys
Probosas horscontal, trmg and firm Thied <egment of
antenna three times as tong o wecond  Aesta feathered on
ots upper sarface ondy  Palps not funger than e eptome
S, Colestrons resembies the howsefly, but v head
raised. Attacks cattle, occastonally man  Attempts to tans-
nut T. Bruce! with tns have been negative

{¢} Genus Hoematobia
Small fires.  Palpt as tong as probosen , assta leathersd
ahore and partly below  Miacks cattle fien ety

(3 Genus Glossima.
Arista feathered abore.  Vide anten

2—~{Sarcophagrdac}).

-Not blood-suching  Ariata feathery at the base. bare
at the up. Large flies, about 13 millmetres tong

Grous Savenphage 1 longated thorax, theer hlack bands,

abdomen spotied. “Llard seent of autenna three tupes the
secund segment

S, eosmaria, S magnrper and S Kufioorms (Incha) get e e
0 trnble forms of avasis 1 e ad anmals

3oe{Osstridac (Dot =<k anva} Fliesh
Nat blood-suching  Large fliew. Probuscrs rudmientarny.

Antepaa sery short,  Arsta segmented. Fhght hommng,

(8} Genws Gastrophalas, g, €7 cqui. The white eggs Cant e
eaul) secn on the hares e The larae are swallowed
and they attach themeelves to the mocma of the stonach

(aa Geny Hypoderma, e.g. H. {meata Lanae produce oy
warbles (=tumburs) m the v,

(¢} Genus Oestrus, eg. 7 Gtes Larsae m the fespstaton
eages af the sheep,

(4} Gestun Cephabmyas e 8. C macubate in the canel,

{6} Genus Cephenomuia, rg € rupbarbie. In ved deer.
Seotland,

() Genws Dermatobra, e5. D nameentris, Lana s the
N er[ macaque’ {Amenca), prodocmg muaases an man and
cattle,
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(g) Genus Ochvomyia, e.g., O. anthropophaga. Larva is the
*ver de Cayor’ {Senegal), producing myasis in man.
Myiasts 15 common m Africa and in the tropics, but the
larvae have been identified 1n but few instances as yet.

The fourth group, the Pupipara (to which Glossira ako
belongs, from the point of view of its life history), comprises:

r.—Hippoboscidae.

Labjum absent. Proboscrs consisting of epipharynx and
hypopharyny ensheathed by the maxillae. DPalpi wanting.
Deposit larvae which subsequently became pupae.  They suck
the bload of mammals and birds. Their wings are often very
munute.

(a) Genus Hippobosca (spider flies).

Wings lasge, obtuse.  No ocells ; arista nude; legs long

and extended.
equini, Runs rapidly over the body; 1s the [New]
forest fly of England.

H. camelina.  Attacks camels in Egypt.

H. vufipes transmuts Trypanosoma theilen.

(b) Genus Melophagus.
Wings extremely minute. No arista on antennae.
AL ovi 15 the sheep *tick.” Four millimetres long.
{¢) Genus Ornithomvia,
Wings large. Four mullimetres long.
O. avicularia  Occuss on birds.
(d) Genus Lipopreva, e.g., L. cervs on the red deer.
(¢} Genus Stenopteryx, e.g., S. hivundinis of the swallow.

2.~Nycteribiidae.
Found on bats. They have no wings.

FLEAST

Fleas, or Aphaniptera, are considered to be aberrant forms
of flies, and hence follow naturally after the division Pupipara
of the fhies

4 Rabmowrsch has obtained positive results in the transmistion of the rat
trypanosome by fleas. In this case, and in the case of Glassina there is no evidence
to show that the trypanosome ndergoes any developmental change 5 ror, even i
the case of Glossina, has it actually been shewn that trypanosomes occur in or on
che probos-is dur ng the bitinz of an uninfected aninitl.
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Eggs: About a dozen are Jaud, in floors, in cracks, et

sometimes in the hair or fur of ammals.  They are 077 by o'y
millimetres (I ivritans).  The eggs hatch in about a week or
more,
Larvac: Are worm-Iike, whitish, cnnsmmv of fourteen
segments.  They are about  one-and-a-hall by one-tenth
millimetres in size  They feed on organic refuse (%) on
biood. In about eleven days they are®full grown.  Thev
wrap themselves up 1n a coroon, moult, an 1 bcom~

Tig.go. Lareaof a Fiea (P Yinum) x 20
(ter Ratisirs)

Nymphs—After the lapse of anather eleven days the flea
emeryes (the evolution thus taking about a month),
The female has a com ve bach, the mwale a

Adults
comex back.

AvaTovy

b 1. The Iiead & small, not distinc tly separated from the
ody.

2. The antennar are placed 1 fossae behind the eyes.
They constst of two bsal segments, and a turd of diverse
form arregularly segmented  The mastlary palm must net
be mmakm for them

The mouth consists of (a) epipliarsny (the central
mn) sertated above tabular below . (b) two serrated man.
dibles hollowed on their inner surfaces and forming with (@) 2
gutter, along wluch the blood flows; (&) a labium single fora
short histance, then bifurcating and fornung two labsal patps,
which farm a sheath for the piercing organs {@) and (b) .

)x\\o mavliae having the form of expanded plate, ench
aring a four-jointed palpus

+  The thoracre segments, theee 1n number, are separate.

Abdomen consisting of mne wgnents, overlapping .
the dorsal and ventral portions not being umted, and so
atlowiag of distension

Al
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6. Spines, arranged in comb-like fashion, exist on the
lower part of the head, pro- and meta-thorax, and abdomen,
‘These are of great impartance in classification.

The Aphansptera comprise (1) the Pulicinae (fleas proper),
(2) the Sarcopsyllinae.

The Pulicinae have—
1. Small head.
2 Labial palps four joints,
. They are never stationary parasites.

There are three genera: (1} Pulex, (2) Hystrichopsylla,
(3) Typhlopsyila.

Genus Pulex.

1. Well-developed eyes.

2. The eggs are not fixed to hairs, etc.
P rvitans.

1. No spines on lower partion of head.
No spines on pro-thorax.
“Third joint of antennae incised.
Parasitic on man,

suwp

Fig 91 P. irvitans, x 20. (After RAILLIET)

P servaticeps.
A comb of seven to nine spines on each side of
the head.
2. Pro-thorax dosally ; a similar comb.
3. Parasitic on dogs (? same species on cats).
P. goniocephalus.
1. Head bent into an obtuse angle. Above and
laterally has combs of five to six spines.
2. Pro-thorax, posteriorly, six long narrow spines,

3 Parasitic on rabbits,



P. avium.
1. Head no spines
2. Prothorax, twelve to thirteen posteriorly,
3. Parasitic on birds, Doubtful if all are of the
same species
‘There are & large number of other species

Fig.92. P Servaticeps,x o (After RuLIET)

Genus Hystrickopsylla
No eyes,
2. Head truncated.
A single species exast, on the mole and vole

Genus Typhlu{mylla.
1. kyes rudimentary or abent
2. Heaq elongated, rounded 1 front.

The species are distinguished by the number of their
spine combs, eg., I' octatenus. hevactenus, pentactonis, et
They are parasitic on bats, mwles shoess amce, rats, sales,
field-niee,

The Sercopsyliinae
1. Head large
2. Thoray narrow
3 The tecuunal gomt of the antenna v not
segmented
Comprise three genera (1) Sarcepsalla, (1) Rhvacopsilla,
(3) Vermipsylla.
Genus Sarerpsylla
Head angular.
2. Dyes simall
3 Maullie small
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4 Epipharynx elongated.
5. The abdomen in the female capable of great dis-
tension  They imbed themselves in the tissues.
S. penetyans (Crigeer).  On man, pig, horse, goats, and,
even it 15 said, birds.
S. fzallmnmm. On the eylids and necks of fow s (Ceylon).
Genus Rhyncopsylla.
1. Head rounded.
2. Maxillae curved.
A single spectes found on parrats and bats. Are fixed
like ticks, with the body free,
Genus Vermipsylla,
1. Head rounded.
2. Maxillae large and triangular.
V. Alkurt.  Parasitic on horses (Turkestan).  Fixed with
the body free.

Fig q3.  P. Goniveephalus, x 30. (After RALLIET)
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Frxing axp HarpeniNG SoLuTIONS

Alcohol is a ficative and dehydrating medium, and for
ordinary work 18 the most convemiént. The tissues, in small
pieces, may be placed directly in methylated spirit (ainety per
cent. alcohol), or absolute "alcohol [ninety-eight per cent.
alcohol). Change the alcohol a few times. ~Oc pass through
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fifty, seventy-five, mnety-fise, one hundred per cent. alcohiols,
leaving a few hours neach.  \ter hardening, 1f the specimens
are not tn be imbedded immedintely, tramsler 10 2lobal of
about eighty per cent. fur presersing.  \fter the e of other
Axatises, specimens should be washed and teansferced to caghty
pet cent. oFateool for prosersation

Rectified spint of the Botish Pharmar opaeia, v equal to
eighty-four per eeat. alenhol

Methylated sparit, rontamimg wwed paptha, =~ equal to
ninely per ceut. alcoho,

cdinary methylated spint contams mneral naphtha, anl

should not be ased

Absalute alcohol ts equal ta msnety-esght per ceat aleohe!
For practical purposes the ditution of alahols 15 sufhesentiy
aceurately made by means of the diluting formula (p iy

Zenker's Fluid -

Potaswom DBichromate - - 2 5 grammes
Sodiwm Selphate - <10 geaame
Corrosive Sublimate. 50 grammes
Water - - - 1000 grammes

Add glacial acetie and to this stk salution, i the pro-
portion of five grammes i one hundred < ¢ before use Fivae
tigs s consplete moone to twente faarhoare Wash thoroagdis
in aleohod to whicl pnough odie bas bren added to pive 4
dark-brovn solution  Or, 1f akeohol w undesirable us tp
tute of iodine, two parts, patasaian odide, one part, glveenne,
filty parts, water, ffty parts  Renes antit oo fusther & ologra-
tom takes place

Haematin or eosn and methaiene blus give good results
for malanial tivsues

Orih's Flutd —This w Mullers flund 10 which formatin
(e, formaldehy de forty per cent solation] s added e pro
portion of ten ¢ ¢ 1o one hundsed <+ of Muller before use

Fination of » teces takes place 1m twas to theee hours,
itkept warm  Wash thoroughh  Pass through alcohal

Muller's Flurd —Potasaun D bromate, 2h parts
Sodum Sulphate tpart
Water - 1o parts

Add a ketle camphor or naphthalin to present the growth
of moulds,  Change the flusd after twenty-four hours, and then
every few days for the fust weeh - Tosues are teady ana fort
night or three weeks  Fhey way be Ieft anuch tonger fa
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in the dark  Wash thoroughly in water till colourless,
Transfer to alcohol, seventy to eighty per cent., for preservation.

Flemming's Solution—Chromic acid, 1 per cent., 15 vols
QOsmiic acid, 2 per cent., 3 vols.
Glacial acetic acid - 1vol

Mix 1n the above proportions before use.  Use very smali
pieces. Fuation 1s complete in about twenty-four hours,
Blackening due to the osmic may be removed by hydrogen
peroxide.  Bload films may be fixed in this solution,

‘Tissues thus fixed may be preserved in equal parts of
alcohol and glycerine,

Formalin (forty per cent. solution of formaldehyde).—Use
two to five per cent solution 1 water. Small pieces are fixed
in twelve to twenty-four hours. They may be left in solution
or transferred to afcohol.

Corvostwe Sublrmate.—Dest used as a concentrated alcoholic
solution {or aqueous may be used). Fixation takes place ina
few hours, Wash thoroughly in water and transfer to iodine
solution (vrde Zenher's fluid) tilt jodine no tonger decolourized.

The concentrated alcoholic solution 1s a most rapid fixing
and hardening reagent, and sections can be cut in a very short
time, if small pieces are used.

Decalesfyrng Solution.—Tissues tequire fixing before and
after these salutions—

{1) Phloroglucin, one gramme, mtric acid, ten c.c, water,
one hundred cc., or ‘

(1} One 1o five per cent. solution of aitric acid in water
or aicohol, Change the flud daily. Decalcification takes
place m two to three days.

() Pienic acid, a saturated solution (= about o075 per
cent.) containing crystals.  Decalaification may take weehs or
months  Wash m alcohol. A .

Eau de Javelle'(dissociating and decolournizing solution).—
Add to a concentrated aqueous solution of chlande of lime a
solution of potassium oxalate as long as a precipitate is
formed. Fulter and dilute if necessary, _This may be used for
softemng the chitinous skeleton of mosquitaes and for decolout-
121ng Madura fungus, etc.

For FixiNG PARATFIN SECTIONS 10 ThE SLIDE

1. Celloidin, one part, o1l of cloves, two parts; or
2. Thin solution of white shellac in creosote; or
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“Thoroughly mix cqual parts of white of egg and
’,l)rennn' Gilter, “This 1 one of the simplest and btueans;
3 mzemz \\Ime of egy, s0c¢
Gl ce T ol
Sor llxum v\h(‘\h ¢ - g
Shake well and filter (thus takes about :\ \\cc)\) ‘The solution
keeps well for srx months or mase ; or
5. Sunply use [resh wiite of rgig, smear thindy over | dey

Motxinng Memn, ke

1 Farvant's Solution —

i, Take equal parts of gheerme and a saturated sobution
of anenious acd,  Add powdered gum arabre 1l the salution
is saturated ; or

i Pure gom arabe, 0 grammes

ater .

Glyceane « - 2064
Carbulicacd - 1 gramme
for Thymol - 03 gramme

Pawder the pum and disolye s about oie hundsed and hity
cx. of water by bailing, add the carbolic acud, disolved wr a
a fittle water, hfter through a bot tifter, changmg when
clogzed, evaporate unul it »» about eighty <o then add the
gherine,

2, Aeetate of Potasstem ~saturated solutien Cement

the cover-glass with gold ~ize, dinunar e Vs e used for
osmic preparations, and for ghcogen stamcd sl odine, et
Glycerine Jelly —Glycecme P
Water - et
Getatime - - 10 graunmes
Thymed o § geamees

o one gramme of pheno! 1Lk one hun Jred graommes of the
mixture,

Dissolve the gelatine at fory degries i awater bath, add
the glyeenne (warmed), powder the thymol and mix with a
httle water, and stir m, add the braten up white of an egg,
stie continuously , wanm to eights -five degrecs, tilter theougls
a hat flter

To Motst Diioame Omrers

Plare sn ten percont ghueenme, atlow tis to concentrate
m the g, and then transfer tu the jelly
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To mount in Jelly —Remove as much water as possible ;
place the chde, coverglass, and jelly in the incubator @r
necrssﬂ?{r) Before cementing see that the layer of jelly 1s not
toolﬂuc . {f too thick press some out and scrape away; then
€00

Dammar Lac—Dissolve 1n equal Farts of benzene and oil
of turpentine. It does not render preparations as translucent
as Canada balsam

Frxivg Broon

As we have already stated, for practical purposes alcohal
15 absolutely satisfactory  The following solutions have been
used, and may prove useful occasionally i—

1 Osmic acid —Osmic acid, 1°0; sodium chlonde, 06 ;
distilled water, 1o

A neat and practical method of using this 1s to moisten a
camel's hair brush with the solution, then to touch the blood
drop, and to immediatety spread the blood out on the slide
with the brush  Wash the brush, after use, in alcohol
(Kormlowitch)

2 Chlovoform —Instead of heat in staining with Ehrlich’s
tniacaid  Fix for five minutes m chloreform (neutral to litmus
paper)  Stam for five muautes ar mote after fixing (Josug)

3 Strong Flemmung.  Especially for nuclear structures
of parasites

Heat —Heat up to one lhundred and fifteen to one
bundred and twenty degrecs C. in a hot oven, and then, when
tins temperature 15 reached, allow to cool again in the oven

5 _Osmic acid, two per cent,, glacial acetic acid, equal
parts Expose to the vapour. For delicate work indispencable.

StaniNG SoruTions FOR Broop, ETC.

1. Romanowsky staun (p. 10). )
2 Haematin (p 50)—If the solution has become reddish
on keeping neutralize with a little ammonia.

Eosin and Methylene Biue (consecutively)—(a) Staun
for one to five minutes 1 a one-hall per cent. solution of eosin
1 sixty_per cent. alcohol, wash, dry with blotting paper, and
stam (b) 1n a saturated watery solation of methyfene blue for
thirty seconds to one minute . )

“Thus is a wseful and simple method for studying the acido-

phil and basophil reactions of granules.
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Safranin —(a) Safranin, O. ¢* soluble 1n water ), The
solution st be beated up to sity to sighte degrees C., and
sulrequently filtered 3 (b) a saturated alcohnlic solution of
<afranin * sofuble in alcolol© ‘Take (a) and (b) partes aeguales.
Stayn for Bve to ten manues. or Jess,

5. Ehslich’s Trinad

6 Ehrlick’s  Haematorylin-Eostn —Haematoxyhn, fue
gramumes ; acetic aad, twenty grammes; aleohol, one hundred
grammes ;. glycenine, one undred pranunes ;. water, one
hundreed gramimes Aflow thie to nipen for a month o the
sun, then add eosin to the extent of one per cemt ; stain for
tsenty-four hours  The walution 1 best got ready-made,

SoLt mNTY oF STANS

160 ¢, of saturated alcoliohic methylene blue contaus
ouh8 grammes, of the samn

16 ce. of atumted aqueous methylene blue contams
066y grammes of the stan

15 c¢, of saturated afcoholi gentian vinlet contams
o442 gramaues of the stain

10¢ e, of <aturate d agqueoos gentan Lolet contams 0175
grammes af the stam

10 e of suurated akoliohic Tulisin (basic) contains
grammes of the ~tauin

e of satusated agueons fL0ban (Lasic) contasms o bt
grampues of the stam (Hondan

affler's Methylene Diive - yo « ¢ <atuate ! abohahe
metln lene Line

100 ceo 0l 01 per tent caustic potash

Ordenary Methilene Blwe — \ saturated alcoholie solution
1 used s the stack, and a few drops added to a wateh glase-
ful of water, accordiny to strength required . or ten per cent.
solution is & conement strengl

Borax Methvlene Rine (sabli ) ~Satutated aqueous solu-
tion of methylen~ biue, twents-{our parts, borax five percent
solution, sivicen parts , water, foety parts

‘The times necessary {or stoning are best judged by the
appearance of the filiirs r tosues

o

Frasts Svvss

1. Haematn {p so)—S8tan for about five minutes,
according tn the npenes of the wiution  Sections do not
wahly oventmin Decoluunze, 1f necessary, with one pereent.
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alum solution Counterstain, if required, with a weak, watery
solution of eosin, one-half to one per cent. ; or the sections
may be stained first with a strong eosin solution, five to one
hundred per cent,, for five o twenty minutes, Combination
of eosin and methylene blue can be used in a similar way.

2. Alwm Carmine—Carmine, two grammes ; alum, five
grammes ; water, one hundred cc. Boil together. Filter,
Does not overstain,

3. Ehrlich Biondi~Saturated aqueous solution of
cubin s., four parts ; orange g., seven parts ; methylene green,
eight parts. Dilute fifty to one hundred times before using.
Stain for twenty-four hours. Wash in aleohol. The sections
may, before staining, be treated with acetic acid (two parts in
one thousand of water) for a few hours.

Iron Reaction (HaemosiperinN) v Marariar Tissues

1. Fix1n alcohol. .

2. 'Two per cent aqueous solution of potassium ferro-
cyamide, five to twenty minutes.

3. Acid alcohol (HC), one part, seventy per cent, alcohol,
one hundred parts), five to ten minutes.

4. Wash i water,

5. Counterstarn with alum carnnne.

STAINING oF AmoeBa Cort N Tissues
{MALLORY AND WRIGHT)

1. Fixn alcohol.

2. Saturated aqueous solutions of thionin, three to five
minutes .

3. Two per cent. solution of oxalic acid, omne-half to one
minute,

4. Wash n water.

5. Dehydrate in alcohol.

6. Clean in oleum onganum cretici.

7  Washn xyol.

8 Balsam. .

Nuctei of the Amoebae are brownish red, the nuclei of the
* mastzellen * are blue.

WEIGHTS AND MEASURES, ETC.

1. Conversion from one temperature scale to another—
C _ R _ F—32

N 4 9
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Thus tn consert 100° F. to cenbigrade—
w3 . C . ¢ o 77

9 5
Fovmula for dilutionaf Sofutions —T{e number of parts
required to dilute from oae pmrt of a solution of strength x per

went. to anotlier strengtlt y per cent o "‘ -t
“Yhas, to dilute a solution from 20 per cent 1o § per cent , add
to each volume of salutson *0 —~ 1t == 3 of the diluting fluid

3. Approximate Values —

5 cubic centimetre = 17 mumns [ ometnl = 057

100 - 3 ounces, 3 drachown, 20 mimms
tdrackm = 355¢¢

1000 cubic cenbimetlres = 176 mints. 1 fluwd ounte ==
28gce.

4 hires = 7 puts 1 punt = 568 cic

U gramme = 15 {thy grams (@vordupon) 1 ogram
{avosrdupors) = 0638 grammes

t Mlogramame = 2 pounch, 3 oumces, 124 % grams tavonr-
dupais). 1 deachm = 177 grammes

5 hilogrammes == 11 pounds 1 o7 = a8 3§ grammes

1 greain apothecanes’ == '0byH grammes

1 drathm apothecanes’ 5 = 3 A% grammes

1 ounce apothecanes’ § = 31 | grammes

154 gramns apotheeanss’ == 1 gramme

1 onffimetre == co3o (o) nhes 1 omh = 2y

centunetres

1 centimetre = *39 (§) nthes ¢
metres,

hd

b = 0233 malhe

tmetre == 328 feet  vhs inch = § miffumetre
e millimetre () = ooy nches
Sk = wdes inck {e = s nches
= 31159
Circumference of & Gircle = ¢ 77 = 7d
Arenof Grele = ar*

N LIST OF APPARATES s
L A Bieck micros ope,in fuding ol wnmersion, ¢y 13 10 0
3 Glaw shidowf 3 x 1, ground edges. per gross © b 3 6

4 8icder and caverglavses shool§ be kept 1n 4T ot cohol to prevent chesr
Brcomung epague, o4 only 103 frequentlv ngeirs in the tropiss.
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Cover glasses, No. 1, §-in., }-0z. - -

Straight surgical needles, for making b[ood
fitms and dxssectlng, } doz. (\Ye:ss & Co Ly
Oxford Street)

Stoppered jars (4), 13 % 'g centlmstres -

Porcelain dishes, square, llat, 1 doz -

Specimen tubes ﬂat bottomed, cmked 3 in.

Shide éox to hold 25, ahdmg, cardbmrd -

Measures, 100 c.c. and 10 c.C.

Drop-bottle for xylal (a toothplck m:erted
into the cork of a ﬁpeclmen tube serves
the purpose) -

Ledar\\ood o1l bottle (a pin in the cork o[ a
specimen tube makes a convenient
dropper for the oil) -

A ‘Prmus’ paraffin buraer, for bmlmg, ete. -

STAINS, ETC.

Romanowsky.: —-\1ethylene blue, pure medma[
10 grammes, or in ¢ soloids -
Eosin, BA, 10 grammes, or in * SOlUld: -
Sodium carbonate, pure, 1 0z. -

Lesshmann’s Stain—(a) In *soloids * (Bur
roughs, Wellcome & Co.) == o'15 gramme,
Dissolve 1n 10 cc. of methyl alcohol (or
methylated spint).

Haematin, 5 grammes, -

um, 10z -
Absolute alcohol, 1 lb. - -

Xyol, 1 Ib, -
Paraffn wax, mel(mg pmnt\ 50(, and bo(,
1lb. 35, 6] < 1 1b. 35

ADDITIONAL APPARATUS

A mechanical stage, fitting on to the stage
(not the column) of the microscope - -
Browning's pocket spectroscope, indispensable
for urine work in blackwater fever, etc. -

o
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FOR MOSQUITO COLLECTION

Alens (the lens of an eye-piece of the micro-
scope serves as well 3
Silver pins, No. 20,

. Entomolagical pins, l“ in Iong. voz - -

Cacdboard (fine Bristol board), 4 sheets

Specimen tubes, flat, carhed, each about

11l boxes.

A dissecting board, 12 x 3 1, haif covered
with black, half with White paper (made
by self).

Supplied by Messrs. C Baker & Co, London
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fever . 312

L
Labellae of mosquito . 166
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10 per cent of the sympathetic supply remains, the result is
compromised 50 per cent. Another principle is that the opera-
tion must be performed in such a way that regencration is
avoided or minimized, In animals we know that the sympa-
thetics will regenerate over long distances. Another principle
that I believe is important is that the sympathetic system
should, if possible, be interrupted in the preganglionic rami,
leaving intact the postganglionic neurons, Cannon has dem-
onstrated that if the postganglionic neurons are intact, there
is much less sensitivity of the blood vessels to circulating epi-
nephrine than occurs if these neurons are interrupted. Often,
it is casier to divide the peripheral neuron than the proximal
one in performing a sympathectomy, that is, it is easier to
interrupt the postganglionic than the preganglionic neuron.
The surgeon must appreciate this principle and direct the
procedure toward the proper neuron,

A brief review of the anatomy of the sympathetic system
and the splanchnic area will explain the principles employed
in the operations for hypertension. The entire sympathetic
system has its origin from the first thoracic to the second or
third lumbar segments of the cord. The first, or preganglionic,
neurons, on leaving the cord, traverse the anterior spinal
roots and join the thoracolumbar ganglionated chain, which
lies in the paravertebral gutter anterior to the transverse proc-
esses of the vertebrae, It is believed that the chief sympathetic
supply to the large vascular bed in the splanchnic area arises
from the sixth thoracic to the second lumbar segments. The
preganglionic neurons connect directly or have an inter-
mediary neuron to the celiac and adjacent ganglia in the
region of the renal pedicles, From this latter group of ganglia,.
the last, or postganglionic, neurons arise and supply the
splanchnic vasculature.

The thoracolumbar sympathectomy now in use removes all
the ganglionated chain from the eighth thoracic to the third
Tumbar ganglia as well as the greater, lesser, and least splanch-
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nic nerves. The white rami of supply are divided close to the
points at which they emerge from the intervertebral foramina
and brain clips are placed across the divided ends to dis-
courage regencration. All connections with the celiac and
adjacent ganglia are cut, thus leaving these ganglia and their
postganglionic neurons intact, although completely detached
from any central control.

For adequate operative exposure, the lower ribs must be
resected and the diaphragm divided. Only one side can be
done at a time, and the operation therefore requires two
stages, allowing about ten days to elapse between stages.
Intratracheal ether is the anesthetic of choice and pres-
sure anesthesia is resorted to only occasionally when the
plenra is accidentally opened. A pneumothorax at the time of
operation presents no difficulties and is corrected by aspirating
the air as the wound is closed.

The results of this operation have not been completely
tabulated by any means, but we have now 100 cases that have
been followed for six months or more, and for that period of
time we have been able to draw certain conclusions.

In the 100 cases operated upon six months to three years
ago, two patients died postoperatively. This makes an opera-
tive mortality of 2 per cent. The total of operations performed
to date now exceeds 150, and there have been no further
deaths. The two patients who died were among the first 50 to
be operated on and were what I would consider now to be bad
risks. One of them had cardiac decompensation and had been
digitalized; the other was so obese that a postoperative atelec-
tasis which caused her death could not be satisfactorily dealt
with, Twenty-four per cent can be classed as having a good
result; that is, their blood pressures in any position are not
more than 150/100. We have operated on no patients who
have had “borderline hypertension.” Thirty per cent show
improvement in that the blood pressure has been significantly
lowered from its original level and the highest level in any
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position now is 165/110. In this latter group the postoperative
pressure represents a lowering of at least twenty points in the
systolic and at least ten points in the diastolic pressures over
those present before operation. The two groups together com-
prise 54 per cent of the total and may justly be considered to
have a satisfactory result from operation. This estimation of
results is based entirely on lowering of the blood pressure, It
has nothing to do with the question of symptoms.

Another 23 per cent have shown some sustained lowering of
pressure but not enough, I feel, to warrant enthusiasm, In-
cluded in this group, for example, would be a patient who had
a preoperative pressure of 280/160 and postoperatively
200/180. Perhaps it is unfair not to consider such a case as
having been improved, but if this were as much as could be
accomplished in all cases, there would be little justification, in
my mind, for continuing the surgical treatment of hyperten- -
sion. Twenty-one per cent had poor results; that s, there was
no significant improvement,

The results in these 100 cases approximate those reported
by Smithwick in 1943. In the 75 cases he followed one to five
years after operation, he estimated that 61 per cent were im-
proved, 16 per cent were slightly improved, and 23 per cent
had poor results. The operative mortality was less than 3 per
cent. It may be that the 2 or 3 per cent operative mortality
can be lowered if there is more careful selection of cases, but
even so it is apparent that the operation is a relatively safe
procedure when you consider that most of these patients are
usually considered poor risks for any operation.

There are various ways to evaluate results and much sta-
tistical study may be necessary before we can learn what we
should know about the results of sympathectomy in hyper-
tension. At present, we are trying to reason backward from
our good results and our poor results in determining what
patients are suitable for the operation. Now, we must assume
that all the patients we subject to operation have about an
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ResuLts oF OPERATION IN 100 Cases or HYPERTENSION
Grade of Moder- No Post-
No. of Eye ately Improve- operative
Cases Changes Improved Improved ment Death

Type I Hypertension
9

1 1 0 2 0
1n I 7 0 4 0
4 n 2 2 0 0
8 v 6 2 0 0
5; 24 4 [ 0
Type II Hypertension '
13 1 9 2 2 0
19 I 12 4 2 1
14 puig 4 6 4 0
5 w 2 3 0 0
;l_ 27 15 8 1
Type 1II Hypertension
4 I 1 1 2 0
4 n 1 1 2 0
4 i 1 1 2 0
3 v 0 1 1 1
E 3 4 7 1
Toras
100 - 54 23 21 2

equal chance for improvement. Some of those whom we were
least enthusiastic about before operation have had the best
results, and the reverse is also true.

‘White and Smithwick suggested an analysis of operative
results based on the preoperative grade of eyeground changes
and the type of hypertension, The universal division of eye-
ground changes is into four grades. In grade I there is narrow-
ing of the arterial caliber; in grade II there is also arterio-
venous nicking; in grade III there are retinal hemorrhages;
in grade IV there is papilledema. The types of hypertension,
of which there are three, are based on the following: Type 1
is that in which the pulse pressure is less than one-half the
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diastolic pressure; type I1 is that in which the pulse pre;sure
is equal to or not more than 20 mm. greater than one-half the
diastolic pressure; and type III is that in which the pulse
pressure is more than 20 mm. greater than one-half the dia-
stolic pressure. Type I is presumably the most favorable and
type III the least favorable for operation. White and Smith-
wick subjected 100 postoperative cases to an analysis in an
attempt to discover what value the grade of eyeground
changes and the type of hypertension might have in antici-
pating the operative results. I have similarly subjected my
cases to this type of analysis and found results similar to those
of White and Smithwick.

It may be seen that the percentage of good results from
operation is highest in those with minimal eyeground changes
and type I hypertension, but there are some failures, Also, in
those with more advanced eyeground changes and type III
hypertension, while the percentage of good results is.low,
there are some successes.

This study is presented in some detail to demonstrate how
inadequate, thus far, our criteria are in determining accu-
rately beforehand what results may be expected from opera-
tion, While generalizations can be made, based on such signs
as eyeground changes, type of hypertension, and other aspects
of the disease, evaluations of this kind may not pertain to the
individual patient. Therefore, for the present, we choose to
consider all hypertensives suitable for operation unless they
demonstrate certain specific complications of their disease or
some unrelated physical state not compatible with the opera-
tive risk.

Tet us consider some factors that appear to be useful in
determining the desirability of operation. I believe, first of
all, that patients who have serious cardiac disease should be
excluded. That kind of statement, I know, would be im-
mediately challenged by cardiologists, but I have my own
ideas about what constitutes serious heart disease. Patients
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with heart block or cardiac decompensation or those who have
had frank clinical coronary occlusion are very poor operative
risks and stand to gain little from sympathectomy. Second, pa-
tients with advanced renal damage, i.e., those who have nitro-
gen retention which is not improved with the ordinary meas-
ures, or who show poor urine concentration, or who have a
phenolsulfonphthalein output that is alarmingly low, are ex-
cluded from operation. Third, patients who show signs of
acute encephalopathy, increased intracranial pressure, mental
confusion, and disorientation should not be operated upon.
Patients who have had strokes but have none of the other
signs of cerebral disease, on the other hand, often are among
those obtaining the best results from operation. In addition,
it is found that patients over the age of 50 have uniformly
poor or only moderately good results. The best results have
been obtained in patients under that age.

Men, on the whole, respond less well than women to the
operation, although some men have had remarkably good
Tesults. Two men in our series of cases have been threatened
with induction into the army since their postoperative blood
pressures met the requirements of army standards, and letters
certifying their previous hypertensive states have been re-
quested by the inductees desiring to avoid military service.
Some of the poor or mediocre results in men in the past have
doubtless been due to the policy of resecting the lumbar sym-
pathetic chain on one side only, in order not to sterilize the
patient. Resection of the lumbar chain to or below the second
ganglion causes loss of ejaculatory power, though all other
sexual functions are undisturbed. I am convinced now that
failure to resect the lumbar sympathetics compromises the
results, and T have taken the attitude, therefore, that unless a
man is willing to have the complete operation, none should
be done.

A few patients known to have glomerulonephritis have
been subjected to thoracolumbar sympathectomy and, al-
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though the blood pressure in cach has been significantly low-
ered, they have not been bettered in other respects sufficiently
to warrant the procedure. On the other hand, a few have been
unsuspectingly operated upon whose kidney biopsies have
shown them to have glomerulonephritis, and some of them
have had a good lowering of the blood pressure.

Poor operative results have occurred consistently in pa-
tients who have shown a high diastolic pressure, over 140,
particularly in those with significant impairment of kidney
function. Poor response to both cold-pressor and sedation
tests probably constitutes a contraindication to the operation,
but I have not yet seen fit to deny operation to an eager pa-
tient on this basis alone.

‘We must finally show that in addition to lowering the pres-
sure there are other benefits to the hypertensive state resulting
from sympathectomy. The improvement in eyegrounds is a
very constant finding following the operation. If there has
been any lowering in pressure, hemorrhages will almost al-
ways disappear, and papilledema can be counted on to dis-
appear if the pressure falls. One may reason from these
changes that if the retinal vessels can change to this degree,
perhaps the cerebral vasculature will also improve, since we
usually look upon the ocular vessels as an index of the state
of the cerebral vasculature. If possible, we should show that
some improvement occurs in the cardiac status and in the
renal status. Very little evidence has been seen that renal
function is improved even when blood pressure is returned
to normal, although Smithwick has reported such an occur-
rence. A few patients have appeared to show significant
improvement in their cardiac status; that is, improvement it
the electrocardiogram and in the size of the heart. One pa-
tient, whose electrocardiogram showed significant coronary
changes before operation, a year later, with a normal blood

pressure, showed a comparatively normal cardiogram.
In brief conclusion, therefore, I believe it can be said that
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the thoracolumbar sympathectomy now in use gives promise,
thus far, of producing a significant lowering of the systemic
blood pressure in at least 50 per cent of the patients. We
are beginning to obtain some evidence also that the lowering
of pressurc can improve the cardiac status, cerebral vascula-
ture, and, very occasionally, renal function. The final proof
of the value of the operation will come after the cases have
been studied for a good deal longer than has yet been possible.

Dr. Cattell: Will you discuss the changes in cardiac status,
Dr. Stewart?

Dr. Harold J. Stewart: It was only a short time ago that I
looked over the series of electrocardiograms of one of these pa-
tients. Before operation there were progressive changes in the
electrocardiograms which made us think that she had an an-
terior apex lesion. There was deep coving of the T-waves in
Leads T, 11, and IV. Serial changes occurred while the patient
was under observation before the operation. A year later the
T-waves were upright and of normal contour in Leads I, II,
and IV.

Dr. Charles H. Wheeler: Might not these changes represent
the recovery from coronary occlusion rather than beneficial
effects of the sympathectomy?

Dr. Stewart: That is true, Patients show the same changes
as the result of a coronary occlusion,so that one cannot be
certain that the changes in this case are related to the restora-
tion of the normal blood pressure. However, Dr. White re-
cently reported a review of Dr. Smithwick’s cases, and I think
that in these there are enough observations showing that sig-
nificant electrocardiographic changes follow the operation in
many patients.

Dr. Harry Gold: T would like to ask a question about the
cases of congestive heart failure which, you indicated, were
not favorably influenced by the sympathectomy. By including
them among the “poor results,” do you mean that the blood
pressure did not fall in these cases?
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Dr. Ray: All the results have been evaluated in terms of
blood pressure fall alone,

Dr. Gold: It isn't clear to me why, in patients with heart
failure, the blood pressure should not fall after the operation
in much the same way as in other cascs unless it turns out to
be that those who show heart failure also have such advanced
vascular disease that the operation fails to lower the pressure.

Dr. Ray: There is, of course, the fact that few patients with
congestive heart failure have been operated upon. My im-
pression is that not only is the operative risk unduly great in
such patients, but that significant improvement in their car-
diac status or in longevity is hardly to be expected even
thongh the blood pressure might be Jower,

Dr. Gold: It may well be that the operative risk in patients
with heart failure is much greater, but it isn't quite clear to
me why such patients, provided they survive the operation,
should not do better if their bood pressure falls following
the operation. Excessively high pressure certainly increases
the strain on the heart. But again, as you indicated, it may be
that the number of such cases has been too few to make a
final judgment.

Dr. Ray: All operative results cited here today referred only
to the effect of the operation in lowering the blood pressure
and disregarded the effect of the operation on symptoms. Since
the operation is directed solely toward lowering pressure, the
most pertinent evaluation of results can be based only on this
change. Few, if any, patients are made more than temporarily
worse symptomatically by the operation; many maintain that
they feel better after operation even though pressure is not

signiﬁcantly improved, while some with good lowering of
pressure find no improvement in those symptoms which they
formerly associated with their hypertension. About 10 per
cent of the patients that have been operated upon have had
no preoperative (or postoperative) symptoms.

Dr. Eugene F. DuBois: I noticed that almost all of the con-
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ditions mentioned as contraindications to sympathectomy rep-
Tesent types of patients upon whom one would not like to per-
form any major operation.

Dr. Ray: Hypertensive patients are notably poor risks for
any type of major surgery. For example, the principal cause
of mortality in cholecystectomy is hypertensive disease. It has
been gratifying to find the operative mortality as low as it has
been in sympathectomy.

Student: Is there a difference in the gastric acidity before
and after the operation?

Dr. Ray: We have studied gastric acidity before and after
sympathectomy and have found no effects. I have in mind,
however, that section of the parasympathetic supply to the
stomach might be more effective in diminishing gastric acid-
ity. It would be a relatively simple matter to cut the vagi at
the diaphragm. Both vagi are divided at the diaphragm often
enough these days at the time of total gastrectomy and no
known deleterious effects occur in the function of the re-
mainder of the intestinal tract.

Dr. Janet Travell: It is interesting that Dr, Lester Dragstedt
and his associates, of the University of Chicago, have reported
that supradiaphragmatic double vagotomy in patients mark-
edly reduces both the night volume of gastric juice and gastric
acidity.

Dr. Harold E. B. Pardee: Have you any figures on the subse-
quent changes in the blood pressure after the early improve-
ment?

Dr. Ray: 1 am not entirely prepared to answer that ques-
tion, There is a common belief, which is frequently stated,
that there is a tendency for the blood pressure to ““creep” back
up to its original level after an initial lowering, but some have
felt called upon to qualify that statement, What I have found
so far is that the blood pressure may gradually return to its pre-
operative level in the first six months, but if the pressure is at
a lower level six months after operation, it tends to remain
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lowered for as long as it has been observed. In other words, if
the results are not evaluated until more than six months after
operation the tendency for the blood pressure to “creep up”
is not so impressive.

Dr. Pardee: How long after six months have you followed
the blood pressure changes?

Dr. Ray: Up to three and one-half )cars

Dr. Pardee: And in how many of those has the blood pres-
sure crept back after six months?

Dr. Ray: In comparatively few, However, in the early cases,
that is, those subjected to the other types of operation, and
now followed ten, eleven, or twelve years, it has been noted
that those few who had significant lowering of pressure after
six months all continued to maintain the same pressure there-
after.

Dr. Cattell: The natural history of the disease seems so im-
portant in the evaluation of these results. I wonder if Dr.
Gold would comment on that.

Dr. Gold: If we are going to draw any deductions from the
behavior of 100 hypertensive patients who have been operated
upon and observed carefully during a subsequent period of
six months to several years, we have to relate them to a similar
number of cases without operation who have been similarly
carefully observed. That seems obvious enough, but I am not
sure that such control observations are made as well as they
should be. In the work of the Research Committee of the
New York Heart Association there have been assembled rec-
ords of many hundreds of hypertensive patients in attendance
at the cardiac clinics over a period of many years. Some of
these have been charted, and they give some idea of how
variable blood pressure may be in any individual. Most
people know that there are sharp peaks and troughs in the
blood-pressure record; the first time the patient is examined
the blood pressure may be 170/100, and the second time, a
few days later, or 2 few minutes or hours, 140/85. Once he
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seemed like a hypertensive patient and the second time like a
normal one. However, it is the broader sweeps in the life his-
tory of the hypertensive state which I believe are so commonly
overlooked, namely, the periods of many months when the
blood pressure is very high, followed by periods of many
months when the blood pressure is much closer to the normal
range. I have brought here several samples of such cases which
I would like to pass around. They cover frequent blood-pres-
sure readings over periods of many months to years. On any
of these charts you will find points at which you may place an
imaginary sympathectomy with very gratifying results. Here
isarecord describing a period of observation of five years with
an average blood pressure ranging around 220 systolic and 130
diastolic. If you place this imaginary operation at the appro-
priate point, it will be followed by a blood pressure ranging
around 160/105 on the basis of four readings taken in the
subsequent period of approximately a year and a half. Of
course, as you see, the blood pressure went up again. These
are random examples from a large batch of charts. They may
not even represent the best ones. Here is an excellent record
with the blood pressure gradually mounting, as shown by
many readings taken over a period of a year and a half, with
a systolic pressure between 190 and 200; now place the imagi-
nary sympathectomy at this point and the blood pressure goes
down to a fevel around 150, at which it remains over a period
of more than a year. Before one can be impressed by the long-
range hypotensive effects of the sympathectomy, an attempt
will have to be made to match the results against such records
as I have here.

Dr. Wheeler: There are many things one would want to
know about these patients. How do we know that they have
not had a coronary occlusion or are patients in congestive
heart failure?

Dr, Gold: These patients have been very carefully studied
clinically and with electrocardiograms. Those that I am
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showing here arc frec of any factors that one can put one's
hands on to explain the protracted period of lowered blood
pressure.

Dr. Wheeler: Granted that this happens, as you pointed
out, Dr. Gold, still it is unusual to sce a patient with hyper- .
tension of long standing lose the hypertension, and it would
be still more unusual, as in Dr. Ray’s cases, to see a long series
of hypertensive patients whose pressure happened to fall co-
incident with the operation.

Dr. Gold: 1 agree that it would be very unusual to see a
long series of hypertensive patients lose their hypertension
coincident with an operation, but then I don’t doubt that the
blood pressure goes down as the result of this operation, and
that in some it may remain down for a very long time. In
point of fact, the operation may cause such pronounced fall
of the blood pressure and impairment of the vasomotor con-
trol, that for some time the patient may be unable to be up-
right without fainting. The question is not about the immedi-
ate or very early effects of the operation on the blood pressure,
but about the long, persistent lowering of the blood pressure.
Here I am inclined to describe the operative results somewhat
differently.

My impression is, on the basis of the natural behavior of
hypertensive patients, that important and persistent decline
of the blood pressure as the result of sympathectomy does not
apply to nearly half of the cases, as the present surgical reports
indicate, but rather to a very small proportion. The operation
is apt to be associated with a protracted period of inactivity
and some revision in the patient’s attitudes and habits favor-
able to the sustained lowering of blood pressure. The patient
who has risked his life in a serious operation to lower his
blood pressure is a chastened person and is likely, for some
time, to avoid involvements in sustained physical efforts,
tension-provoking situations, or torrents of emotion. Many of
these long-standing moderate reductions of the blood pressure
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following the operation may, therefore, be due to these factors
rather than to the direct effect of sympathectomy. While I am
inclined 1o agree that there are cases in which the removal of
the sympathetics is the factor responsible for successful and
protracted lowering of the level of the blood pressure, I am of
the impression that the specific effect of sympathectomy has
little to do with the sustained moderate reduction of the hyper-
tension which occurs in the majority of the socalled successful
cases, It is my opinion that when remissions which occur spon-
taneously and those due to such accessory factors as I have
mentioned, are subtracted, the number of successful “cures”
by sympathectomy will turn out to be very small.

Dr. Ray: 1 am well aware that in some patients blood pres-
sure does fall unaccountably with or without operation. In
our own series we are in a position to compare the initial
results of the present operation with those of three other types
of operations for hypertension. If the patients (about 65 in
number) that were subjected to the earlier types of operation
for hypertension be used as a control group, 2 comparison of
their initial results with the initial results in the patients sub-
jected to the thoracolumbar sympathectomy leaves no doubt
regarding the specific depressor effect of the latter operation.

Another point to emphasize is that, in my experience, it is
rare to see any significant drop in blood pressure after the first
stage of a two-stage sympathectomy, The lowering, if any,
comes after the second stage is completed.

Dr. Gold: That is the point. No one can help being im-
pressed with the initial effects. It's the long-lasting effects that
do not seem to me very impressive. Isn't the remission result-
ing from the operation merely an interlude of no great conse-
quence in the history of the hypertension in the great ma-
jority?

Dr. Cattell: How do you explain the failure of the blood
pressure to fall after the first stage? Physiologically it seems
rather surprising.
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showing here are free of any factors that one can put one’s
hands on to explain the protracted period of lowered blood
pressure.

Dr. Wheeler: Granted that this happens, as you pointed
out, Dr. Gold, still it is unusual to sec a patient with hyper- .
tension of long standing lose the hypertension, and it would
be still more unusual, as in Dr. Ray's cases, to see a long series
of hypertensive patients whose pressure happened to fall co-
incident with the operation.

Dr. Gold: I agree that it would be very unusual to see a
long series of hypertensive patients lose their hypertension
coincident with an operation, but then I don’t doubt that the
blood pressure goes down as the result of this operation, and
that in some it may remain down for a very Jong time, In
point of fact, the operation may cause such pronounced fall
of the blood pressure and impairment of the vasomotor con-
trol, that for some time the patient may be unable to be up-
right without fainting. The question is not about the immedi-
ate or very early effects of the operation on the blood pressure,
but about the long, persistent lowering of the blood pressure.
Here I am inclined to describe the operative results somewhat
differently.

My impression is, on the basis of the natural behavior of
hypertensive patients, that important and persistent decline
of the blood pressure as the result of sympathectomy does not
apply to nearly half of the cases, as the present surgical reports
indicate, but rather to a very small proportion. The operation
is apt to be associated with a protracted period of inactivity
and some revision in the patient’s attitudes and habits favor-
able to the sustained lowering of blood pressure. The patient
who has risked his life in a serious operation to lower his
bload pressure is a chastened person and is likely, for some
time, to avoid involvements in sustained physical efforts,
tension-provoking situations, or torrents of emotion. Many of

these long-standing moderate reductions of the blood pressure
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whethier it prolongs the life span of the patient, Does it add to
his comfort? It scems to me very difficult to establish any con-
trol to decide how much benefit has resulted. It would be nec-
essary to pick comparable patients or else go back years to
similar age groups with similar blood-pressure levels and
symptoms and use those as controls to cvaluate the benefit of
the aperation. With regard to the blood pressure itself, I am
inclined to think a person can get along satisfactorily cven with
a high blood pressure. I have followed some patients now
for as much as ten years who had a history of high blood pres-
sure going back fifteen years. We ought to have some criteria
other than blood-pressure records to evaluate this more ac-
curately.

Dr. Pardee: Don't you think we have this in the electro-
cardiogram, the eyegrounds, and the change of heart size?
Those are three definite things that can be observed.

Dr. Deitrick: 1 have seen a patient who had a very large
retinal hemorrhage and a blood pressure of 200/110 five years
ago, and today her pressure is 165-180/100. Her retinal hem-
orrhages and her headaches have disappeared. Why, I don't
know.

Dr. Ray: Those are exceptional cases. We are talking about
50 per cent of the whole, and you are talking about the ex-
ceptional case.

Dr, Stewart: One would not find 25 out of 100 cases of
hypertension that would show any such results.

Dr. Ray: If it can be shown that operation stops or slows
the progress of objective signs of the disease, that would pro-
vide one method of evaluation.

Dr, Deitrick: It would be desirable to have control studies
on patients with the elevated blood pressure as the only ab-
normality.

Dr. Ray: We cannot save patients in the last stages of the
disease. Our effort should be to prevent or postpone that.
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Dr. Ray: I don't believe so, Dr. Cattell, because I am im-
pressed with the fact that it does not take much sympathetic
supply to make up for partial loss.

Dr, Cattell: Is that related to the fact that sympathetic in-
nervation overlaps and is still profusely distributed after cut-
ting part of the supply? -

Dr. Ray: I think so. In our published results of the investi-
gation of sympathetic supply to the upper limb, it was found
that the segmental supply to the limb arises from the second
to the tenth thoracic segments. In a few patients with Ray-
naud’s disease all anterior nerve roots carrying sympathetic
fibers to one upper limb were divided while all but one were
divided on the opposite side, Postoperatively, the hand on the
side on which a single root had been left intact was found to
be elevated in temperature only one-half as much as the
opposite (completely sympathectomized) hand. In one case,
the subsequent division and in another the temporary block-
ing with procaine of the single remaining root resulted in
additional rise in temperature of the homolateral hand to a
temperature equal to that in the opposite completely sympa-
thectomized hand. This experiment, we concluded, demon-
strated the necessity for interrupting all sympathetic fibers to
the area one wishes to sympathectomize.

Dr. Cattell: How extensive do you think the distribution
of that fiber was?

Dr. Ray: It was extensive enough to maintain the tempera-
ture of the hand 50 per cent colder than the opposite one,
and when that remaining nerve was blocked out with nova-
caine or cut, the temperature equaled that in the sympathec-
tomized hand.

Dr. John E. Deitrick: 1 would like to comment on one
point, Your study was presented from the standpoint of the
effect of the operation on the blood pressure, but you stated
that there is as yet no proof of the benefit from the drop in
blood pressure. What we are really interested in knowing is
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necessary, a placebo, and one frequently finds that the same
patient carries on almost free of disturbing symptoms.

Dr. Ray: 1 make no claims for the effect of the operation
on symptoms, since the indications for, and the results of
the operation are not based on symptoms. As a matter of fact,
the patients who get the greatest lowering of blood pressure
are sometimes the most uncomfortable for the first period of
months afterwards until they can accommodate to the new
pressure. Often the patient who comes back in 2 month or two
after the operation and says he fecls fine, is the one that has
had no lowering of blood pressure, but were I to rationalize
the operation on such flimsy claims, I would feel less secure in
defending it.

Dr. Mack Lipkin: You described the contraindications to
the operation. What are your indications at the present time?

Dr. Ray: Those who don’t have the contraindications.

Dr. Lipkin: Is any individual who has had hypertension
long enough to establish it by numerous observations and who
does not fall into the group with contraindications, to be con-
sidered suitable for the operation?

Dr. Ray: Yes.

Dr. Wheeler: Am 1 correct in understanding that, if yon
saw a patient over a period of six months who repeatedly had
a blood pressure of 170 systolic and 105 diastolic, you would
operate on that patient forthwith?

Dr. Ray: I wauld give him the opportunity of it.

Dr. Wheeler: 1 would like to ask a question of Dr. Stewart
as the person who usually sees the hypertensive patient before
the surgeon does. To which patients do you recommend the
procedure at this time?

Dr, Stewart: 1 would go by that list which Dr. Ray showed.

Dr. IWheeler: Any patient who has a persistent hyperten-
sion? .
Dr. Stewart: Without contraindications, yes.



324 CORNELL CONFERENCES ON THLRAPY

Dr. Deitrick: That is why I would like some controls to see
to what extent that can be done,

Dr. Ray: There is the Keith-Wagener evaluation of life
expectancy in hypertensive disease against which results of
sympathectomy may be compared after a few more years have
elapsed,

Dr. Stewart: 1 think the way these patients feel is also im-
portant. They feel like normal individuals when their blood
pressure is down to normal.

Dr. Gold: I want to say a word about the electrocardiogram.
We ought to consider the electrocardiographic changes which
occur after the operation with great circumspection. The elec-
trocardiogram of a patient with hypertensive disease is ex-
tremely labile. We have observed large series of electrocardio-
grams taken during periods of several years in the hyperten-
sive patients of our clinics. It is not at all uncommon to find
the tracing normal at one time, while at another time, T, or
T, is inverted, or the RT segment is depressed, these changes
occurring without any particular relationship to the state of
the patient. They are similar to the electrocardiogram of pa-
tients with coronary artery disease.

In one patient a coronary thrombosis will result in marked
changes in the tracing which remain permanently, but the
patient is quite free of symptoms. In another, the changes may
disappear and the electrocardiogram returns to normal, while
the patient is almost incapacitated with anginal pain.

As for symptomatic improvement in patients with hyper-
tension, the interpretation of this in sympathectomized pa-
tients needs even greater caution, We are all familiar with the
common experience of the anxious hypertensive patient who
can hardly wait for the reading to be finished before he asks
what his blood pressure is. If you tell him it is 220, he is very
much disturbed and continues on his way with no end c.>f
symptorms. Tell him it is 150, give him’ some reassurance, if
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necessary, a placebo, and one frequently finds that the same
patient carries on almost free of disturbing symptoms.
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the patients who get the greatest lowering of blood pressure
are sometimes the most uncomfortable for the first period of
months afterwards until they can accommodate to the new
pressure, Often the patient who comes back in a month or two
after the operation and says he feels fine, is the one that has
had no lowering of blood pressure, but were I to rationalize
the operation on such flimsy claims, I would feel less secure in
defending it.

Dr. Mack Lipkin: You described the contraindications to
the operation. What are your indications at the present time?

Dr. Ray: Those who don’t have the contraindications.

Dr. Lipkin: Is any individual who has had hypertension
Iong enough to establish jt by numerous observations and who
does not fall into the group with contraindications, to be con-
sidered suitable for the operation?

Dr. Ray: Yes.

Dr. Wheeler: Am 1 correct in understanding that, if you
saw 2 patient over a period of six months who repeatedly had
a blood pressure of 170 systolic and 105 diastolic, you would
operate on that patient forthwith?

Dr. Ray: I would give him the opportunity of it.

Dr. Wheeler: I would like to ask a question of Dr. Stewart
as the person who usually sees the hypertensive patient before
the surgeon does. To which patients do you recommend the
procedure at this time?

Dr. Stewart: 1 would go by that list which Dr. Ray showed.

Dr. Wheeler: Any patient who has a persistent hyperten-
sion?

Dr. Stewart: Without contraindications, yes.
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Dr. Wheeler: Could T ask you the same question, Dr.
Pardec? .

Dr. Pardee: The operation is a new procedure, about which
there is a great deal yet to be learned. 1 would hesitate to
present it or recommend it to a person who had hypertension
which was asymptomatic and which was not associated with
evidence of progressive arteriolar changes. The person who
was having symptoms or showed arterial changes which I
thought might result in a cerebral hemorrhage or a renal
complication or a cardiac complication, I would think suitable
for operation.

Dr. Gold: You would then send them for operation when
they are in the late rather than in the early stage of the dis-
ease?

Dr. Pardee: Yes. I would not use it as a preventive as yet,
because I am not quite sure at the present time how effective
it is. I would not like to subject anyone to a procedure in
which there is a 2 per cent operative mortality.

Dr. Ray: Of course, it is an eminently fatal disease we are
wlking about.

Dr. Pardee: I know, but you can watch it for three or four
years without doing the patient much harm.

Dr. Gold: And many of these patients live to ripe old age.

The reason which is often given for operating on an early
case of hypertension is that one can hardly expect the blood
pressure to fall in an advanced case in which the vessels are
so badly diseased. That argument doesn’t appeal to me. I
recently saw a 37-year-old man with very advanced hyper-
tension, on whom a Smithwick operation had been performed
about two years previously. At that time he had a blood pres-
sure of about 260/130. He now has a blood pressure of
240/130. He was subject to headaches, shortness of breath,
and anginal pain on slight provocation before the operation.
The headaches are somewhat diminished, but then, he
worked very hard up to the time of the operation and has
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not worked since. The anginal symptoms have not improved.
About six months alter the operation he developed a cerebral
hemorrhage with left hemiplegia, from which he has re-
covered. The operation scems to have been a complete failure
as far as one can judge. The point I wish to make, however,
is that the failure was not due to incapacity on the part of the
blood vessels to dilate, for shortly zfter the operation the
blood pressure was so low that it could barely be registered,
and when the patient began to be up and about he had to
wear an abdominal binder as well as binders on his legs in
order to help him maintain an adequate blood pressure.

The fact seems to be, in this case, that the sympathectomy
temporarily eliminated his capacity for vasomotor adapta-
tions, but appeared to have done nothing to alter the basic
course of the disease. '

Dr. Cattell: Dr. Goldring, associate professor of medicine at
New York University, has been interested in this problem,
but he was unable to be present so he sent a statement, which
Iwould like to ask Dr. Wheeler to read at this time.

Dr. William Goldring: There are two prime objectives in
the treatment of hypertension. One is specific and aimed at
elimination of the cause of the disease, the other is nonspecific
and aimed at the alleviation of symptoms.

In the earlier days of its application it was widely felt that
sympathectomy might prove to be a specific measure on the
grounds that human essential hypertension is caused by pri-
mary renal ischemia, and that such ischemia might be elimi-
nated by relief of splanchnic vasoconstriction. However, there
is a growing body of acceptable evidence against the primary
renal ischemic origin of human essential hypertension, and
furthermore, studies before and after sympathectomy have
clearly shown that the renal blood flow does not increase after
the operation.

It seems quite clear now that sympathectomy must be con-
sidered a nonspecific method of treatment.
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Whether or not one is impressed with the results to date
depends upon his acceptance of partial or temporary reduc-
tion in blood pressure as an advantage to the patient. This
implies that the blood pressure itself imposes a strain on the
arterioles and on the left side of the heart. The question of the
relationship between hypertension and arteriolar disease is
still unanswered. There are some who believe that renal ar-
teriolar disease precedes and accounts for the elevation of
blood pressure; others advance evidence which appears to in-
dicate that hypertension precedes and accounts for the sec-
ondary occurrence of arteriolar disease. And still a third group
of investigators are of the opinion that elevated blood pres-
sure and arteriolar disease are independent of each other,
i.e., both vasoconstriction and its symptom, hypertension,
on the one hand, and arteriolar disease on the other, may
be unrelated, concomitant effects of the still unknown pressor
mechanism. In this latter view, simple lowering of the blood
pressure would not be expected to reduce the degree or extent
of arteriolar disease.

The existence of these three hypotheses, indicating a funda-
mental difference of opinion, strongly suggests that any as-
sumed advantage to the arterioles of lowered blood pressure
must still be considered a matter of speculation.

The sparing effect of lowered blood pressure on the left
side of the heart seems obvious and is a highly desirable goal,
but even in this regard I would be more impressed with reduc-
tion of blood pressure to average normal levels than merely a
lowered blood pressure still in the hypertensive range.

It should be remembered that blood pressure is a highly
variable function, the method for its measurement is crude,
and in particular, there is no direct relationship between
the height of the blood pressure and the severity of the dis-
case. Tt would be unfortunate if an estimate of the worth
of surgery in hypertension should eventually rest on nothing
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more sccure or significant than measurement of the level of
blood pressure.

Sympathectomy is a method without equal for the relief
of intractable headache; but in theory and from clinical ob-
servation of both medicaily and surgically treated patients, I
am impelled to the tentative opinion that sympathectomy has
not been established as a sound treatment for this disease.

Undue enthusiasm for surgery now might conceivably re-
sult in some slackening of interest in the major problem in
the therapy of hypertensive disease, namely, discovery of the
causative mechanism and its management by specific meas-
ures,

Sympathectomy is a nonspecific symptomatic treatment.
Pending final analysis of accumulating data, it should be con-
sidered as no more than a highly desirable clinical experiment.

Present uncertainty concerning the value of sympathectomy
is no better exemplified than in the conflicting views ex-
pressed by different investigators; one current opinion is that
the operation should be restricted to those with advanced vas-
cular disease, since no other form of therapy is effective; the
other is that the operation should be reserved only for the
earlier stages of the disease, since no benefit can be expected
after extensive vascular disease has appeared. While it appears
to me that the latter view is by far the more reasonable, I am
impressed with the lack of agreement among competent ob-
servers who have had actual clinical contact with both medi-
cally and surgically treated hypertensive patients. The infer-
ence must be that the results in surgically treated patients are
open to various shades of interpretation.

Its final appraisal must rest upon one single crucial cri-
terion, namely, the life span of surgically treated patients as
compared with expected longevity without operation. This is
admittedly a difficult and perhaps even impossible task. If the
answer is ever to come it will be from continued application
to the problem, and I for one will look forward to a more
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definitive statement in the future. For the present; I am com-
pelled to hold in abeyance any real enthusiasm for this
method of treatment.

Dr. Cattell: Would you like to answer any of the points
Dr. Goldring made, Dr, Ray?

Dr. Ray: There is no real conflict between Dr. Goldring’s
and my statement of the problem. I repeat that from the sur-
geon's standpoint the operation is designed primarily to
lower the blood pressure in hypertensives, and if in ten,
fifteen, or twenty years from now it can be shown that these
patients live longer, then the value of the operation will have
been proved. It is true that in some patients headaches are
benefited by thoracolumbar sympathectomy even though
blood pressure may not be lowered, yet headache alone can
rarely, if ever, be considered a worthy indication for such an
extensive operation. It is all well and good to look for the
cause and the nonsurgical cure of hypertension, but after
these many hundreds of years none has been forthcoming, so
I hope the medical profession will bear with a few of us who
are approaching an old problem from a new angle. If we dont
start, how can we evaluate the results twenty years hence?

SUMMARY

Dr. Gold: The surgical treatment of hypertension was the
subject of the conference this afternoon. There have been
several surgical procedures, but the one which appears to have
proved most successful in lowering the blood pressure is the
double thoracolumbar sympathectomy, This involves the pre-
ganglionic severance of sympathetic connections to the cen-
tral nervous system from about the eighth dorsal to the third
lumbar segments. The operation abolishes vasomotor control
to the splanchnic area and lower limbs. We have had the views
of a surgeon with a fairly extensive experience in this form
of operation. He maintains that a fairly significant lowering of
the blood pressure may be expected in at least 50 per cent of |
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the patients, and called attention to evidence that the opera-
tion not only lowers blood pressure but affects the course of
the disease in other respects, namely, improvement in the
vessels of the eyegrounds, the heart, and possibly the kidneys.
Widely divergent views were expressed. An internist with a
large experience in the management of hypertensive disease
indicated that there was no evidence that the sympathetics are
important in the causation of the disease. He stated his belief
that sympathectomy is a nonspecific symptomatic treatment,
serving essentially to relieve the intractable headaches of the
hypertensive patient. While there is general acceptance of the
fact that the operation produces initial lowering of the blood
pressure, it is indicated that the pressure tends to rise again in
the majority, and that the persistent moderately lowered level
of the pressure in many of these patients may well be due to
the altered habits and attitudes of the patient who has sub-
jected himself to a serious operation for the purpose of escap-
ing the dangers of high blood pressure. It was pointed out
that there are long periods in the life of the hypertensive pa-
tient when the blood pressure is very much lower than at
other times, and that such variations in the natural history of
hypertension complicate the interpretation of the surgical
Tesults.

There are divergent opinions as to what kind of patients
might be most suitable for this operation. Some prefer to
operate only on early cases and others prefer to reserve the
operation for long-standing ones in which it is clear that the
disease is not stationary and is progressing to more serious
phases. It was pointed out that whether patients who have
been operated upon will live longer than medically treated
patients with hypertension, is the crucial question, and that
concerning this we have, as yet, no mformauon ‘There seems
to be fairly strong belief that thoracolumbar sympathectomy
1s a highly desirable clinical experiment at the present time.



Evaluation of Local Antisepsis

Dr. MeReen Cattell: Today we will attempt to evaluate
antiseptics, with special reference to the problem of securing
local antiseptic action by the application of drugs or other
treatment directly to the skin and other tissues. The extent
to which such antisepsis may be attained, as well as the rc]al]\e
cffectiveness of different procedures, are important but difi-
cult questions.

The discussion will be opened by Dr. Modell.

Dr. Walter Modell: Many important advances which have
been made in medicine have followed the introduction of
antibacterial measures, Thus the pasteurization of milk, the
treatment of drinking water, the sterilization of contaminated
excreta, and the fumigation of ships® holds have saved count-
less millions of lives and have probably prevented disease 1
many more millions. In a lesser way statistically, but just 25
dramatically, the introduction of the aseptic technic in sur-
gery, of the sterile glove, the sterile gown and drapes, and the
sterile scalpel have changed the face of surgery. All these very
cffective measures kill bacteria before they reach the humatt
host.

However, the destruction of bacteria by means of chemiaal
agents after they reach the human host presents special prob-
lems, many of which have, up to only recently, completely
defied solution. The systemic introduction of chemicals ©
destroy bacteria which have invaded the blood stream or the )
organs of the body met with practically no success until the
development of the sulfonamides and penicillin. We had
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grown accustomed to failure in the quest for systemic anti-
bacterial agents.

The prospects had always looked better for the surfaces of
the body, the skin and the mucous membranes, Materials used
for these surfaces are referred to as local antiseptics or dis-
infectants. There is no sharp distinction between them, al-
though the term “disinfectant” is more frequently employed
to convey the notion of complete destruction of the organ-
isms, while “antiseptic” is more often applied to mere reduc-
tion of growth and multiplication of bacteria. In relation to
the compounds used for these purposes, the difference is often
only a matter of concentration.

Faith in the efficacy of locally applied antiseptics or dis-
infectants is widespread. It seems like a simple step from the
demonstration of powerful destructive action on bacteria in a
test tube to a similar action on such bacteria invading the
surface of the mucous membrane or the skin. However, the
problems are rendered very difficult by the complexity of the
structure of the skin and mucous membranes and the condi-
tions attending the invasion of these tissues.

There is now ample proof that inferences drawn from test-
tube experiments may not apply to skin and mucous mem-
brane disinfection. While there is no doubt that drops of
silver nitrate solution in the eye prevent gonorrheal ophthal-
mia in the newborn, and a few other similar examples might
be cited, there is indeed a question whether the application
of disinfectant agents to the skin or mucous membran€ does
not often do more harm than good. At any rate, the view that
the use of drugs by local application for the destruction of
bacteria may give us a false sense of security deserves abun-
dant consideration.

The list of substances which have antiseptic properties out-
side the body is long, In New and Nonofficial Remedies about
twice as many pages are devoted to the listing of the anti-
infective substances as to any other group of drugs. Attempts
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to attack bacteria by different mechanisms have led to a multi-
tude of different types of agents, such as acids, alkalis, oxidiz-
ing agents, halides, freely ionized metals, poorly ionized
metals, benzols, alcohol, formaldehyde, and the dyestuffs. Our
discussion will concern itself chiefly with those which are for
the most part nonselective, and destroy protoplasm pretty
generally, There are, of course, the special problems of peni-
cillin and the sulfonamides, which are not general proto-
plasmic poisons, whose actions are more specific, and, while
they are employed for local application, apparently with some
success, they are not commonly classed among local anti-
septics and disinfectants. ,

Let me first point out how some of these disinfectants and
antiseptics act and the factors which undermine the test-tube
efficacy of these agents when they are applied directly to the
skin and mucous membranes,

Acids and alkalis change the pH of the medium in which
the bacteria live; some dyes react with acid or basic radicals of
the bacterial protoplasm; mercuric chloride precipitates bac-
terial protein, while the organic mercurials are thought to
combine with sulfhydryl groups of protoplasm, and phenols,
to combine with amino groups in the bacterial protein,

Many factors modify the antiseptic power of these agents.
Time is an important element, No antiseptic acts instantane-
ously, but the speed of action varies. Thus, whereas the
phenol coefficient of mercuric chloride is only 13.5 in five
minutes, in ten minutes it rises to 175 and in thirty minutes
to 550. The significance of the time element is increased when
dilute solutions are used, yet these are the only kind of solu-
tions which may be used in therapy. Many factors in local
application conspire to limit the effective time of exposure
to any particular solution, such as evaporation, absorption,
¢hemical combinations, and dilution. The temperature at
which the antiseptics act on bacteria is also important. In gen-
eral the effectiveness increases with temperature in the same
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type of curve as most chemical reactions. While it is possible
outside the body to maintain the optimal temperature, in
therapy, obviously, no such control is feasible. Specific con-
centrations of antiseptics have been found to be the most cf-
fective against bacteria, or ta give the aptimum relation be-
tween toxicity for the bacteria and for the host. Yet the same
factors which make the control of the time of exposure to
bacteria impractical, also scriously interferc with the main-
tenance of optimal concentrations. Thus, 70 per cent alcohol
by weight is said to be a critical concentration. Yet a moment
after application to the body this concentration is reduced.

Surface-tension characteristics of antiseptics are important
in therapy, Lowering surface tension by adding reductants
often increases the potency of a drug. This is said to be caused
by favoring permeation or penetration, accelerating osmosis
and diffusion, and making the surface reaction between bac-
teria and the antiseptic a more intimate one; therefore, low-
ering the surface tension produces the same effect as increas-
ing concentration, On the other hand, it should be remem-
bered that the interfacial tension between air and liquid, as
surface tension is usually measured, may give no accurate in-
formation concerning the tension at the interface between the
antiseptic and the bacterium.

The ability of antiseptics to penetrate varies considerably.
Antisepties in the colloidal state have little penetrating
power, while the same substances in true solution have, in
general, considerably more. Antiseptics which coagulate or
precipitate protein penetrate more poorly than those which
do not; therefore, the phenolic antiseptics usually penetrate
more efficiently than mercuric chloride. Penetration in vivo
is always an important problem, since the multicellular mem-
branes of the skin and organs present a formidable barrier
toall antiseptics. The presence of protein in the medium seri-
ously embarrasses antiseptic action. Protein affords the bac-
teria mechanical and chemical protection. It prevents pene-
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tration; it reacts with the antiseptic to render it inert, in-
soluble, or less toxic. Particulate matter may adsorb some of
the antiseptic, While this effect is universal, some, such as the
chlorine compounds and | tum permang; are far
more seriously impaired by the presence of organic matter
than others, such as the benzol derivatives. It hardly needs
mention that organic matter cannot be avoided or in any way
limited in therapy with antiseptics, and as a matter of fact,
the situation which calls for the use of antiseptics is often that
which is accompanied by abundant serum or pus.

In evaluating these agents several tests are applied which
attempt to take these limiting factors into account. The
phenol coefficient, which when first conceived, tested only the
potency of an agent against the Hopkins strain of Bacillus
typhosus under standard conditions of temperature and time,
has been expanded and modified to test as well a variety of
organisms, the effect of organic matter, and penetration of
gel. In addition, the effect of these agents on suspensions of
leukocytes or embryonal cells is also tested to obtain a ratio
of toxicity between animal and bacterial cells. '

All these tests applied to a drug appear to give a well-
rounded answer concerning the relative effectiveness of an
antiseptic. Yet the expected efficacy is usually not realized
when the antiseptics are given actual therapeutic trial, Some
reasons for this failure have already been pointed out. Most
antiseptics penetrate tissues poorly, yet most so-called surface
infections are at least several cell-layers deep. The cell mem-
brane is a greater barrier to penetration than the agar gel
which is usually used to test penetrability in vitro. A study by
Nungester and Kempf has a bearing on this point. They
swabbed the tails of mice with cultures of streptococci. Then
they dangled the tails in baths of one of several antiseptics to
be tested. Finally the tails were amputated and implanted into
the peritoneal cavities of the mice. Practically all died of peri-
tonitis. Since some bacteria must have penetrated several lay-
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ers of skin, this treatment was not effectual. This difficulty in
penetration also accounts for the serious problem encountered
in sterilizing catgue by any method other than heat.

The shape of the infected arca is important. A simple ex-
periment demonstrates this. It is casy to sterilize the walls of
an ordinary test tube with any ordinary potent antiseptic;
yet if the walls of the test tube are drawn out into many thin
filaments, making a multitude of crevices, it becomes ex-
ceedingly difficult to sterilize the tube with the same chemi-
cals. This type of wound-modcl indicates why the irregulari-
ties and crevices of infected wounds seriously retard the
action of antiseptics.

Antiseptics may also destroy some of the body's defenses
against infection. Thus Fleming has shown that when lyso-
zyme, one of the natural antibacterial defenses, is mixed with
solutions of chlorine antiseptics, the power of both is reduced.
The result of such a combination, thercfore, favors bacterial
development. Fleming maintains that often the concentration
of an antiseptic is quickly lowered after application to a level
below that which is antibacterial but which remains for some
time antagonistic to the natural defenses of the body.

The cells of the skin and organs and the leukocytes may
also be killed by effective concentrations of antiseptics. Very
few antiseptics indeed have a truly favorable therapeutic in-
dex, in vitro, killing or inhibiting bacteria at significantly
lower concentrations than they do leukocytes. Thus most of
them also kill some cells, irritate others, stimulate the flow of
serum, and produce the best possible medium for the growth
and multiplication of the bacteria which survive the initial
antiseptic blow. There is evidence collected during the last
war which showed that after contaminated wounds were
débrided, irrigation with sterile saline produced cleaner
wounds, and wounds which healed more quickly than those
treated with any of a number of antiseptics. Indeed, impres-
sion cultures showed that the bacterial flora was most luxuri-
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ant in those wounds treated with antiseptics, while it was very
sparse, by comparison, in those merely irrigated with sterile
saline,

All of the factors mentioned conspire to make what looks
like an effective antiseptic not only useless but sometimes also
harmful,

Twould like to end with a quotation from Alexander Flem-
ing written some twenty-five years ago. He referred only to
surgery, but the same advice applies to all medical practice in
which antiseptics are used. He said that the evidence “would
seem to show that the antiseptic plays no part in the primary
treatment of wounds. If this is so, then there is a very great
disadvantage in the use of an antiseptic from the surgeon’s
point of view. It is very difficult for the surgeon not to be
deluded into the belief that he has in the antiseptic 2 second
string to his bow, and consequently it will tend to make him
less careful in his surgical treatment of the wound. If he
knows that he has nothing to fall back on, then, even with
the most conscientious individuals, the surgery would im-
prove. Because of this alone it would be well if the treatment
of the wound with antiseptics in the early stage were aban-
doned and the surgeon relied on his skill alone. All the great
successes of primary wound treatment have been due to effi-
cient surgery, and it seems a pity that the surgeon wishes to
share his glory with a chemical antiseptic of more doubtful
utility.”

Dr. Cattell: Dr. Modell has made some challenging state-
ments. I don't know whether he is going to be allowed to get
away with all of them. We have present men working in the
fields of dermatology, surgery, urology, and medicine, and
we would like to hear from them in relation to this problem.

Dr. Charles H. Wheeler: I wonder if we might ask Dr.
Modell to define the problems a little more sharply?

Dr. Modell: 1 question whether any useful purpose is served
in rubbing the skin with a little alcohol bef?re introducing
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the needle through it for a hypodermic injection, whether
there is any value in swabbing an infected throat with an anti-
septic, whether there is any nse in irrigating an infected
bladder with such agents, or the cye, or the vagina, or a
wound. I think that these are for the most part useless ges-
tures, sometimes detrimental, and that reliance on these at-
tractive practices leads one away from better drugs and better
technics.

Dr. C. Gardner Child: Probably no single technical sub-
jeet in surgery has been the object of more attention than
has this one. In attempting to further good surgical technic
innumerable efforts have been made to discover some agent
which would sterilize the skin through which an incision was
to be made. I think that in general the remarks already made
hold true. It has certainly been discouraging to discover that
each of the chemical agents, as it has been placed in use, has
proved to be ineffective or to do more harm than good. In a
recent report the author found his results as good, in fact
better than previously, when the only agent he used for pre-
paring the skin was a bland white soap and water.

At the present time the Department of Surgery uses the fol-
lowing method of skin preparation. First, fat and grease are
removed with benzene, followed by alcohol and ether. The
skin is then painted twice with 3.5 per cent iodine, which
in turn is removed with alcohol. Some degree of superficial
sterilization of the skin is probably accomplished by this
method, but certainly it does not extend to the deeper layers,
into the hair follicles or skin-gland systems.

Traumatic wounds constitute a much larger problem. Here
mechanical cleansing with copious amounts of saline and
thorough débridement are the only methods employed in
converting a contaminated wound into a clean wound. -

From the surgical point of view I would agree almost en-
tirely with what has been said this afternoon, namely, that
the mechanical cleansing of the skin and wounds is about all
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that is effective. The use of various chemical antiseptics ac-
complishes little and often is harmful,

Dr. John M. McLean: Do you use any soap on the skin?

Dr. Child: Yes.

Dr. Modell: In connection with skin preparations, Price
has shown that after scrubbing the hands with soap and water
for about ten minutes about 100,000 bacteria can still be re-
covered from the wash water. After sterile gloves have been
on, for two or two and a half hours during an operation, the
bacterial population may again be as high as it was before the
scrubbing.

Dr. Bernard Maisel: Price also reported that the use of
alcohol and soap facilitated the lowering of the bacterial flora
of the hand.

Dr. Modell: But no measures make the hands absolutely
sterile. Price has shown that antiseptics may fix bacteria to the
skin of the hands but neither kill nor remove them. They may
still be viable.

Dr. Harry Gold: Do you imply that alcohol used with the
soap in scrubbing exerts an antiseptic action?

Dr. Maisel: 1 think that was a statement of Price in his
report,

Dr. Gold: Isn’t there something strange about that, since
other reports show that it may take as long as sixty minutes
for alcohol to kill the staphylococcus?

Dr. Modell: Price found that a specific strength of alcohol,
namely, 70 per cent by weight, made an effective antibacterial
washing solution. ‘This concentration takes much care in
preparation and is easily disturbed. For example, it is quickly
changed during the course of its use as a wash. The slightest
deviation from 70 per cent by weight—not by volume—makes
it an ineffectual wash.

Dr. Gold: T would like to ask why we continue at the New.
York Hospital the time-honored mixture of alcohol and io-
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dine in preparing the skin for operation? Is that just tradi-
tion?

Dr. Child: It probably is mostly a matter of tradition.

Dr. Cattell: 1s not the color helpful?

Dr. Child: We take the color off.

Dr. Cattell: You do finally, but it tells you where you have
been,

Perhaps we will take up some of the other aspects, and
from here go on to the dermatologist, Dr. Sulzberger.

Dr. Marion B, Sulzberger: In his remarks Dr. Modell has de-
fined “antiseptic” in a somewhat restricted sense and has also
deliberately excluded from his discussion a number of recog-
nized bactericidal or bacteriostatic agents such as sulfon-
amides, penicillin, etc.

For the purposes of my own comments I shall define an
“antiseptic” in the usual or classic way, i.e., as given in stand-
ard medical dictionaries. The definition of an antiseptic, then,
usually reads something like this: “An agent which prevents
the action of germs which produce fermentation, putrefac-
tion, or discase.” I believe it must be granted that under this
definition many agents used on the skin's surface or on
wounds or skin infections act as antiseptics.

I say this despite my essential agreement with the facts
which Dr. Modell has so well set forth, all showing that no
known form of external application is capable of effecting
complete or perfect sterilization of the skin’s surface without
damage to the skin itself. We have found that neither living
skin in its natural position nor excised skin tissue can be com-
pletely freed of the presence of living micro-organisms by any
form of application which does not destroy or seriously dam-
age the living cutaneous tissue, When Dr. Rudolph Hecht
and I made “skin antigen” for sensitization experiments and

skin tests, we used many different bactericidal and bacterio-
static solutions including iodine, mercurials, and sulfon-
amides in our attempts to sterilize the excised skin and still
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that is effective. The use of various chemical antiseptics ac-
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covered from the wash water. After sterile gloves have been
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scrubbing.
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Dr. Modell: But no measures make the hands absolutely
sterile, Price has shown that antiseptics may fix bacteria to the
skin of the hands but neither kill nor remove them. They may
still be viable.
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soap in scrubbing exerts an antiseptic action?

Dr. Maisel: T think that was a statement of Price in his
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Dr. Gold: Isn't there something strange about that, since
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for alcohol to kill the staphylococcus?

Dr. Modell: Price found that a specific strength of alcohol,
namely, 70 per cent by weight, made an effective antibacterial
washing solution. This concentration takes much care in
preparation and is easily disturbed. For example, it is quickly
changed during the course of its use as a wash. The slightest
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inhibition of gencration and of multiplication, and the fixa-
tion or mechanical removal which can be accomplished cither
by chemotherapeutic agents, by solvents, precipitants and
fixatives (alcohol, etc.), by washings, or by many of the other
external measures generally employed, all are worthy of con-
sideration as practical antiseptic measures—provided one con-
dition is fulfilled. This condition is that the measures used to
remove, fix, or damage the micro-organisms have the proper
therapeutic index, i.c., that they accomplish their effects in
regard 10 the micro-organisms without producing too much
damage to the skin tissue. This is of the very greatest im-
poruance in cutancous antisepsis in relation to both prophy-
laxis and treatment of infection, for even slight degrees of
skin damage may materially interfere with the usually ade-
quate and remarkably efficient natural bactericidal and pro-
tective powers of the skin and its secretions, The vis medica-
trix naturae of the normal skin is.the most important factor
in the prevention of cutaneous infections. We must preserve
these protective powers at all costs. Any measure which radi-
cally disturbs or destroys the normal “acid mantle” or the
skin's electrophysical barriers or the bacteriostatic properties
of sweat or which in any other way interferes with the truly
remarkable natural protective mechanisms is likely to do
more harm than good, regardless of its intrinsic or in-vitro
bactericidal or antimycotic activity.

This is one reason why there is so little relationship be-
tween the antibacterial or antimycotic activity which an agent
may evidence in the laboratory, and the effects achieved by
that agent when used on the skin. Another very striking
reason for the almost constant discrepancies between in-vitro
effects and clinical therapentic effects is that the actual mech-
anisms by which agents applied to the skin cure or prevent
microbic disease often have no relationship whatsoever to
bactericidal or fungicidal mechanisms as manifested in-vitro.

Among the most important mechanisms operative in curing
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preserve its characteristic specificity. We were unsuccessful,
and bacteria remained viable in the excised pieces.

This fact is even more apparent when trying to sterilize
the living skin on the body. Older studies and the more mod-
ern washing experiments of Price, cited by Dr. Modell, the
experiments of Pillsbury, Livingood, Nichols, and Shaffer
with wash waters, with other agents, and with sulfonamides,
all prove this fact. We possess no measure or method which
will destroy all the micro-organisms (many of which live and
propagate within the horny layer and within the skin crypts
and openings of the follicles and glands of the skin) without
damaging the living skin cells. This is the basis for Dr. Mo-
dell's important conclusion that there has been a rather gen-
eral tendency to lean more heavily on external antisepsis than
the facts appear to warrant.

Nevertheless it would, I believe, be erroneous to conclude
that local antisepsis is of no value whatsoever, Take for in-
stance the soap-and-water-washing experiments of Price and
the sulfonamide studies of Pillsbury and coworkers. These
procedures produced a very considerable reduction in the
number of bacteria on and in the skin. Dr. Modell, do you
happen to recall the degree of reductions in numbers in
Price’s washings?

Dr. Modeli: After ten minutes of scrubbing, the numbers
were reduced from about ten million bacteria to about one
hundred thousand in the last wash water.

Dr. Sulzberger: Such distinct reductions in numbers of
micro-organisms must be considered as 2 demonstration of the
possible antiseptic effect of soap and water and of other agents
applied—fur, granted a certain degree of natural ‘protective
capacity on the part of the tissues, the actual number of po-
tentially pathogenic bacteria is a significant factor in over-
coming tissue resistance—and reduction in their numbers may
well prevent the action of germs producing di.sease._ The dam-
aging effect upon micro-organisms, the bacteriostatic effect or
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inflammation, the pI1 tends to increase, and many skin lesions
have a pH as high as 7.0, 7.5, or 8.0, Medicaments with acidi-
fying and buffer cfects, such as Burow’s solution, combina-
tions of organic acids and their salts (lactic acid, propionic
acid, undecylenic acid, succinic acid, etc.) probably help to
restore the normal degree of acidity and thus help to counter-
act infection,

It will be apparent that these few measures I have been
able to fist all act by aiding, and sometimes by intensifying,
the natural antimicrobic protective mechanisms of the skin.
These effects can therefore never be observed or studied
through in-vitro experiments, They are, nevertheless, anti-
septic effects—not, perhaps, by Dr, Modell's definition, but
certainly by the classic definition of “agents which prevent
the action of germs which produce disease.”

In addition to these measures there are conditions under
which the intrinsic, in-vitro bactericidal or bacteriostatic or
fungicidal or -static effects of medicaments prove useful. Thus,
for example, in treating impetigo contagiosa, the cure may be
accomplished by aiding the natural resistance by merely
scrubbing off the crusts and applying softening and occlusive
measures, such as the application of an inactive grease like
petrolatum. However, it is undeniable that the autoinocula-
tion of new sites tends to be inhibited if a mercurial or sul-
fonamide or other such antiseptic is incorporated in the oint-
ment or other topical therapeutic agent which is spread over
the skin’s surface and stands ready to catch the micro-organ-
isms which are being disseminated from the sites of the origi-
nal lesions.

In this manner the iodine or mercurial painted on a belly
may serve to good purpose, not by destroying all the micro-
organisms already present in those skin areas, but perhaps by
destroying the chance ones reaching the skin afterwards from
the air or hands, etc. Moreover, if a physician's hands have
been covered with a sulfonamide-containing cream, micro-
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or preventing infection is that of removal of large numbers
of pathogens from the skin’s surface. One way in which this
is accomplished is by dissolving, emulsifying, and washing off
grease and horny material, sweat and dirt (the skin’s soil)
together with the micro-organisms which are intimately in-
corporated in this soil. Another and most efficient way of pre-
venting micro-organisms from producing disease is by helping
the skin itself cast them out. This can be done through the
application of agents promoting desquamation. It appears to
me probable that many of the medicaments we use in treating
surface infections (and particularly in treating or preventing
fungus infections) effect their benefits by promoting more
rapid desquamation and thereby aiding in the removal of the
pathogenic agents, This mechanism may well be the modus
operandi of such common “antiseptics™ as salicylic acid, ben-
zoic acid, resorcin, mercurials, sulfur, tincture of iodine, etc.

Another manner in which infecting agents are removed is
through the measures employed to soften and evacuate ab-
cesses, OF to TEMOve CTusts or secretions, etc., in which micro-
organisms may be present or may thrive, Thus, compresses,
wet dressings, keratolytic or softening ointments and plasters,
soap and water, etc., all become “antiseptics.”

Still another form of cutaneous antisepsis acts through mo-
bilization and concentration of the natural protective agents
of the circulatory and tissue fluids, bringing the phagocytic
cells, the antibodies, and other anti-infectious agents to the
site. This action is inherent in hot poultices, in “counter-
irritants,” etc.

A more subtle form of antisepsis is effected by measures
which preserve or restore the normal hydrogen-ion concentra-
tions of the skin’s surface. In most areas the normal skin's
surface is distinctly acid, having a pH between 3.5 and 4.5. It
is obvious that this acidity is protective, since it tends to
damage and impede pathogenic micro-o‘rganisms. As soon as
there is the slightest abrasion, interruption of continuity, or
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using will kill bacteria, They place great faith in the value
of this action. I have taken the position that such an action
is of dittle value under the conditions of actual practice, and
may be harmful. I think that this is substantially what Dr,
Sulzberger has stated.

Dr. Cattell: 1 hope we can discuss these problems further,
but we have more ground to cover, Dr, Marshall, I wonder
whether you would take up the use of local antiseptics in the
urinary tract.

Dr. Victor F. Marshall: Dr. Modell mentioned the urologic
procedure of irrigating the bladder and questioned whether it
kills germs in the bladder. Recently a heroic attempt was
made 10 sterilize the bladder, primarily with the idea of kill-
ing a virus which might be the cause of papillomatosis. Fifty
per cent phenol and glycerine were introduced into the blad-
der. Whether the paticnts so treated will get papillomas is very
difficult to determine, because they have had so much trouble,
However, the treatment did not sterilize the inside of the
bladder. In fact, invariably these patients developed infection
as a result of the damage to the bladder wall.

It has been shown numbers of times that it is difficult to
infect a normal bladder, that is, one which empties itself well.
If you put virulent cultures into the bladders of dogs, only
a small percentage develop cystitis, and those cases clear up
rather quickly. But if you injure the bladder, by poking or
scratching the surface, or radiating with x-ray or radium, the
same cultures infect readily.

In irrigating the bladder we don't think we are sterilizing
the surface of the bladder wall. We know we are not. Several

beneficial things are accomplished, however, Primarily, it
constitutes a mechanical cleansing of the bladder. Infected
bladders usually have a great deal of mucoid matter, pus, etc.,
which is washed out. Stagnant urine is removed. Drainage is
promoted, and any infection which drains well is more likely
to be taken care of by the body forces, The other thing which
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organisms which leave those hands may carry with them their
own pharmacotherapeutic nemesis.

‘What I have said is perforce fragmentary, but I hope that
it will serve to bring out three principal points:

First, that the mechanisms through which antisepsis in the
wider sense is accomplished on the skin, are not usually
through the intrinsic antiseptic praperties of the agents ap-
plied, but rather by means of aiding, intensifying, or restoring
the skin’s natural protective devices. -

Second, that all measures used in the antisepsis of normal
skin must possess an absolute minimum of harmful effects
upon the skin itself, otherwise the interference with powerful,
natural protective forces will often vitiate any intrinsic anti-
septic properties the measures may possess.

Third, that the recognition of the above facts inevitably
leads to the conclusion that studies on skin antisepsis (includ-
ing the evaluation of old remedies and the development of
new ones) require a drastic reorientation. In order to gain
valid information regarding desirable and undesirable effects
of cutaneous antiseptic procedures, it is imperative to study
by all possible technics the effects accomplished and the
changes brought about when the remedies are applied te
the living human skin, rather than to study their effects on
other organs, or in fluids or cultures or test tubes.

The therapeutic index of a cutaneous antiseptic measure
cannot be established except on the skin itself, for both anti-
septic activity and harmful effects often depend on mecha-
nisms which are peculiar to the living skin in sitz and on con-
ditions which cannot be duplicated elsewhere.

Dr. Modell: 1 find myself for the most part in agreement
with Dr. Sulzberger. He has pointed out that chemical agents
may act in many ways to rid the skin of bacteria, and that
these may include materials which have little or no power to
kill bacteria. Most people who dab something on the skin

to prevent infection have in mind that the substance they are
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wise, with external ocular infection, particularly conjuncti-
vitis, there scems to be little room for argument as to what is
effective and what is not, and in the more serious cases of con-
junctivitis there seems to be nothing chemical which can be
introduced into the cye which is anywhere nearly as effective
asrepeated simple irrigations which remove the cxcess pusand
débris which tend to collect in the eye and impede normal
drainage. I must except, of course, as we did in the beginning,
the sulfonamides and quite likely the mold extracts.

It is very true, though, that there is a long list of local
antiseptics which may be dropped into the eye. I can’t begin
to remember them all. Under various trade names, they in-
clude many metallic salts, both inorganic and organic, par-
ticularly those of silver, mercury, copper, zinc, and some
benzene ring preparations. By and large they are sufficiently
diluted so they don’t do very much harm, but I don’t believe
you can say much more for most of them. The irritant prop-
erties of many of them help to increase the flow of tears, and
thus enhance cleansing.

There is one apparent exception in the case of angular con-
junctivitis, This is caused by the Morax-Axenfeld bacillus,
which secretes a proteolytic enzyme. The symptoms are
promptly arrested by the use of a solution containing a zinc
ion (usually the sulfate or the chloride). However, the action
is not bactericidal, for the bacillus grows well in culture
media containing zinc. The zinc ion has its symptomatic effect
by inhibiting the enzymatic proteolysis.

So far as sterilization of the eye and the surrounding skin
before operation is concerned, that is another problem. We
use approximately the same technic as Dr. Child outlined for
preparing the surrounding skin of the lids, face, and brow,
and we use simple irrigation of the conjunctival sac in the
hope that we will mechanically get rid of some of the organ-
isms which may be there. We do use mild silver protein just
before irrigation, not because we believe that silver protein
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has to be remembered is that a large number of our patients
have residual bladder urine. Organisms apparently multiply
rapidly and very well in the warm residual urine. We believe
that, if you leave some mild antiseptic in the bladder, the
residual urine will have bacteriostatic properties that it would
not otherwise have, In short, we don’t do bladder irrigation
with the iden of sterilizing the bladder by the action of the
irrigating agent, :

In urologic surgery we sometimes use only soap and water
for skin preparation, "This is most frequently done in opera-
tions on the external genitalia. One reason is because in these
areas blistering occurs easily after the stronger chemicals
which we use on the skin elsewhere. I have no impression that
in those instances there is any greater incidence of infection
than in those patients prepared in the standard manner. We
routinely use soap and water preparation for transurethral
resections, frequently ligating the vasa at that time, and I
don’t recall hére either that the incidence of infection is
higher than in those done after alcohol and iodine prepara-
tion,

The other question is that of the sterilization of the ure-
thra, It apparently cannot be done without damaging the
urethra. There have been a number of attempts made to do
this. You can reduce the bacterial population by irrigating,
but you cannot get rid of the organisms completely or per-
manently. It is much like the skin.

Dr. Cattell: There is one more organ which we would like
to have considered before we ask for general discussion. I
wonder whether Dr. McLean would say something about the
possibility of sterilization in the eye. )

Dr. McLean: There is not very much to be said which has
not already been said. Dr. Modell mentioned the outstanding
exception, the accepted Credé method for preventing oph-
thalmia neonatorum, and there is no question but that it
has reduced the incidence of ophthalmia neonatorum. Other-
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skin should be a gentle procedure, because anything which
tends to cause a scrous ooze defeats the purpose of cleansing,
We saw that beautifully demanstrated in the laboratory not
so long ago in experimental animals,

Dr. Modell: Dr, Child, how do you prepare the field in the
region of the rectum for, let us say, a hemorrhoidectomy?
What skin-sterilizing procedures do you use there?

Dr. Child: 1 use nothing more than soap and water, Others
apply various dyes in a vehicle which will not cause a chemi-
cal dermatitis. Soap and water, I think, is the most desirable
preparation.

Dr. Modell: This would indicate that soap and water will
serve satisfactorily in the preparation of a most highly con-
taminated operative field in a surface full of crypts and folds.
It should, therefore, be adequate for the preparation of the
abdomen.

Dr. Sulzberger: T think that this may be one of the rare
occasions on which I can come to the aid of a surgeon. When
one removes “soil” by scrubbing with soap and water it re-
quires a certain amount of mechanical energy or friction. The
amount of friction necessary may perhaps be reduced by using
acombination of grease solvents and soap and water washings.
The dissolving of the grease and the softening of the film in
which the bacteria and other elements of the soil are im-
bedded permits the easier emulsification and washing off by
soap and water,

Dr. Cattell: 1sn't soap more effective?

Dr. Sulzberger: I believe that either grease solvents or soap-
and-water washings soften and remove soil even when used
alone, but that with their combination you may perhaps get
a sort of synergistic effect, which requires a minimum of
friction and skin damage while effecting a maximum degree
of surface cleansing and removal of micro-organisms.

Dr. Cattell: Those are agents which are not desirable from
the standpoint of the skin, such as benzene and alcohol.
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in cne form or another is going to sterilize anything, but be.
cause it makes it easier both mechanically and visually to
insure a thorough irrigation, which is made until the returns
are clear, using the silver protein as an indicator.

I would like to ask Dr. Modell one question. If you were
to undergo a major surgical procedure, how would you like
your skin prepared and how would you like your surgeon to
prepare his hands?

Dr. Modell: T would want the surgeon to take every pre-
caution not to introduce more bacteria into my body than
were already there. The instruments, the drapes, the dress-
ings, and all the other paraphernalia should be made just as
sterile as possible. I don’t doubt that the washing of the
surgeon’s hand is desirable, simply on the basis that the
gloves might tear. I certainly would want him to wear sterile
gloves when he operates on me. I would demand a good
cleansing of my skin with scap and water, which is, I think,
about as good a preparation of the skin as can be obtained.

Dr. McLean: Would you like to have his hands soaked in
alcohol or any other solution either before or after washing?

Dr. Modell: 1 wouldn't care.

Dr. McLean: Would you object to it?

Dr., Modell: No, I don’t think it would make any difference
as long as they were washed for ten minutes.

Dr. McLean: Would you object to anything besides soap
and water on your skin?

Dr. Modell: I don't think painting with a colored substance
is at all harmful.

Dr. McLean: How about the fatty solvents, benzene, ether,
and what not? .

Dr. Modell: 1 think they are unnecessary.

*Dr. McLean: 1 am trying to find out what you would want.

Dr. Modell: 1 would insist on a cleansing with soap and
water. I don’t think anything else accomplishes more.

Dr. Child: Could I comment on one point? Scrubbing the
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Dr., Cattell: Except for the extra trouble, it appears that the
results would be probably better from soap and water.

Dr. Wheeler: 1 don't think they could be better, because
the results [rom alcohol are perfect.

May I ask a question? Dr. Sulzbcrgcr, in a discase like
impetigo, a bacterial infection of the skin, do you feel that the
use of local applications is worthless?

Dr. Sulzberger: No, the use of local applications is surely
valuable, but a good deal of what they do is mechanical. It
has been demonstrated that the vigorous use of soap and water
and petrolatum sometimes brings results just about as good
and as prompt as white ammoniated mercury. Furthermore,
white ammoniated mercury without measures which- remove
the crusts does little more than inhibit autoinoculations.

Dr. Gold: Do you think we could get general agreement on
the need for at least one year's experience in New York Hos-
pital with the use of soap and water for all kinds of skin prep-
arations in all situations in which antiseptics have been used
in the past for presentation at another conference next year?

Dr, Cattell: It would be fine if we could. Apparently sur-
gical technics are already going along those lines.

SUMMARY

Dr. Modell: A therapeutic procedure practiced more
widely than any other by both physicians and the laity is the
application of a chemical for the purpose of destroying bac-
teria on the mucous membranes and the skin. The agents
referred to as local antiseptics or disinfectants are used in the
form of swabs, instillations, irrigations, sprays, etc. The spot
is dabbed with alcolol before every injection. The skin is
painted thh iodine and washed with alcohol, or treated by
some other anuseptlc, before surgical operations. The bladder
is irrigated with an .antiseptic wash, The conjunctiva is
flushed with a solution containing an annsepnc. There are
numerous othler practices of a similar’naturé. The discus-
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Dr. Sulzberger: Of course, organic solvents may often be
harmful because they remove too much of the natural oils and
skin greases. This holds true particularly on skins or in skin
areas which have an inadequate grease-producing capacity or
when the solvents are used too long or at oft-repeated short
intervals.

Dr, Maisel: 1 don't know why sulfonamides and penicillin
were excluded from the discussion, for it scems to me that
those are the agents which are now becoming most popular.

Dr. Modell: I believe the sulfonamides will stand by them-
selves and so will penicillin and other antibiotics. This dis-
cussion should serve to emphasize their importance by help-
ing to eliminate a Jot of chemicals now used. From the report
of the pharmacist, Mr. Clarke, we learn that last year we used
for the hospital, not including the college, about 4,000 gallons
of alcohol. The alcohol shortage is still fairly acute, Its useful-
ness in preparing the skin before hypodermic injection is
dubious at best, and certainly useless when we consider that no
one allows it to remain for more than one instant before the
needle is plunged into the skin, Does anyone think we have a
vital procedure here? Does it do anything more than make the
needle-prick hurt more than it would without alcohotl on it?

Dr. Wheeler: 1 think anyone who cleans the skin with
alcohol before injecting should not think he is sterilizing the
skin but rather that it is just a convenient and good-smelling
way of cleaning it. I would be willing to use anything else
if it were equally convenient. Soap, I am sure, could be used
with equal results.

Dr. Modell: 1 would like to point out that it is a fairly
common procedure for the nurse to put an alcohol sponge on
the sterilized needle while it waits for the doctor. Since bac-
teria can be cultured from most of the 7080 per cent alcohol
used, this little bit of nursing technic reduces the sterility of

the whole injection procedure.






