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MALARIA.

By WILLIAM H. WELCH, M. D., axp WILLIAM 8. THAYER, M. D.

DEFINITION, SYNONYMS, HISTORY, AND
PARASITOLOGY.

By WILLIAM H. WELCH, M. D.

DerFINITION.

Mararia comprises the diseases caused by the specifiec protozoan
parasite called Hematozoon malarice.

The name “ malaria,” derived from the Italian mal aria and signi-
fying “ bad air,” was "117’1}1'“1 originally to the miasm or }‘u}l-{}n which
was supposed to produce the disease, It is now used to designate the
disease itself, and is the most convenient term for this purpose.

The mus-;t characteristic malarial manifestations are intermittent or
remittent fever, certain forms of the disease deseribed as “ pernicions,”
and a chronie cachexia with enlarged spleen and anemia. The parasite
discovered by Laveran is mﬂrmblv present in malaria and produces
from the heemoglobin of the red blood-corpuscles the brown or black
pigment granules which are characteristic of the disease.

SYNONTMS.

Malarial fever; Intermittent fever; Chills and Fever; Fever and
Ague ; Paludism or Paludal fever ; Swamp or Marsh fever; Miasmatic
fever ; Periodieal fever ; Autumnal fever.

Names derived from localities where the disease has prevailed with
especial intensity have sometimes been used; as, Walcheren fever,
Batavia fever, Hungarian fever, African fever, Panama fever, Chagres
fever.

Special names have been applied to certain types or manifestations
of malaria; as, remittent fever, bilions remittent fever, hemorrhagic
remittent iei.'{.-r congestive f{-ver dumb ague, black-water fever, black
jaundice.

HisTory.

There are few diseases which can be traced so surely and continuously
as malaria in medical writings from ancient times to the present. Various
types of malarial fever are described by Hippoerates, Celsus, Galen,
and other ancient writers, although it is often impossible to tiftﬂ‘lmne
the precise characters of many of the fevers deseribed by these anthors.

Yor. I.—2 17



18 MALARIA.

Celsus and Galen divide intermittent fevers into quotidian, tertian,
quartan, semi-tertian, and irregular. They recognized intermittent
tevers with long intervals. The nature of their semi-tertian fever
(hemitriteeus) has given rise to much discussion. Certain forms of
intermittent fever were believed by Galen to have their seat in the
spleen, others in the liver. The influence of marsh efflavia and of
seasons of the year in the causation of certain of these fevers was recog-
nized.  Various symptoms were diseriminated as to their pmguu&.tlc
significance, often with much acuteness of observation. A passage in
Celsus clearly alludes to the type of malarial fever now called sstivo-
autumnal fever,

The Arabian physician Rhazes described the so-called subintrant
malarial fevers. No important advance beyond the knowledge of Celsus
and of Galen concerning malarial fevers was made until toward the end
of the sixteenth century, when Mereatus in his work on malignant fevers
deseribed various forms of pernicions paroxysms in association with
intermittent fever, ll.utu-uluh’ with the tertian type.

The mtmtlmtlun of cinchona bark from Peru into Europe by the
Countess del Chinchon and her lludv-l'rln siclan, Juan del legﬂ in
1640, gave great impetus to the study of malarial fevers, and, indeed,
in its rev ullttlﬂnwlnw influence upon medical doctrines t]ll‘: Pv&nt nmrks
an epoch in the |1I*-tDI"T of medicine.

In the latter half of the seventeenth and the beginning of the eigh-
teenth century there appeared a voluminouns literature regarding mala-
rial fevers. The most notable of the works upon this subject of this
period are those of Sydenham, Richard Morton, Torti, Ramazzini, and
Lancisi. These works remain to this day the "‘]'L"lf classies upon malaria.
They contain the fundamental clinical and t'Emr-*:pE-utmal facts and many
etiological data relating to this disease. Morton and Laneisi demon-
strated clearly the relation of malaria to marsh missm. Sydenham
pmutt_d out the differences between vernal and autumnal 1nterm1tt{-*nt
fevers. Hspecially complete and keen in analysis is the nosography o
Torti,' whose elassification of the malarial fevers, particularly o t]le
pernicions and mixed forms, has been followed by most subsequent
authors. The d|‘15_~nw-t1{ as w oll as the therapeutic value of the prepara-
tions of Peruvian bark was recognized, and assisted materially in the
diserimination of the malarial fevers from the other so-called essential
fevers, It is interesting to note the relative accuracy of diagnosis and
of deseription of the group of malarial fevers from the latter half of
the seventeenth r;:-utm v onward, in contrast to the confusion which
existed regarding the other essential fevers until the discrimination of
the latter by the pathological-anatomical studies of the present century.

The military and colonial enterprises of England in the nghtem]{ll
century served to extend the knowledge of the geographieal distribution
of malaria, lmrh-‘.-ul.uh' in tropical elimates, the works of Pringle and
of Lind eontaining especially noteworthy observations on this point.
But the great mass of the very extensive literature on the epidemi-
ography of malarial dizeases which has been =o industriously colleeted
and ably analyzed by Hirsch?® belongs to the present century.

! Torti : Therapewtice specialis ad febres quasdam perniciosas, ete., Mutinge, 1712,
* Hirsch : Handbuch der historisch-geographizchen Pathologie, Stuttgart, 1881.
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The significance, as regards malaria, of the active studies in morbid
anatomy of the first half of the present century relates to the clear dif-
ferentiation of typhoid fever from malarial and other fevers rather than
to the actual contributions to the pathology of malaria, although these
were not lacking. The oceurrence of enlarged spleens, so-called fever-
cakes or 1tr|w—r:t]-.f_~: and even the dark color of the organs in association
with malarial 'I'I."TE'I"- had been oecasionally observed by the older
writers, notably by ].nmcm but the intimate relation of these altera-
tions to malaria was not established until during the first half of the
present century.

Audouard (1808, 1812, 1818) t-lnplmf-lmd congestion and enlarge-
ment of the spleen as the essential anatomical lesion of malarial f{ﬂ-. er.
Bailly (1823) noted in a series of atltnlmh on cases of perniecious mala-
rial fever observed in Rome in 1822 the dark color of the cortical gray
matter of the brain and the congestion of the cerebral meninges and
substance. He laid especial emphasis upon evidences of supposed
inflammation of the eentral nervous system and of the stomach and
intestine. These anatomical observations, together with those of Nepple
(1828, 1835), and, to a less extent, of Maillot (1835), were interpreted
in favor of ]h'uun.-ullnl.-n:u, which at this period exerted such a pernicious
influence upon medieal practice.

Valuable econtributions to the pathological anatomy of malarial
fevers, especially of the remittent type, were made in the United States
dul‘mg the fourth decade of this century by Stewardson in Philadelphia,
Swett in New York, and Anderson and Frick in Baltimore. Steward-
son demonstrated the bronzed color of the liver in remittent fevers, and
regarded this as the characteristic anatomical eriterion of the disease.
His obzervations were confirmed and extended by the other writers named.
Alonzo Clark in 1855 demonstrated that the bronzed eolor of these
livers is due to the presence of ;_rr"umh*-, of vellow, brown, and black
sigment, which he regarded as derived from the ;-nlnnng matter of red
{)]ﬂn-d -corpuscles.  The monumental work of Daniel Drake on The
Principal Diseases of the Interior Valley of North America (1850, 1854)
contains a large amount of valuable information, based upon ]'ll"'l‘-{:lll.ll
obzervation and research, as to the distribution mlll characters of the
malarial fevers in the then Western States of thiz country.

In the light of recent discoveries it is interesting to note the ingeni-
ous argnments advanced by John K. Mitchell in his work On the Ciyp-
togamous Origin of Malarious and Epidemie Fevers, published in 1849,
in favor of the doetrine of contagium 'lllilll.lfl'flll Thiz book deserves
to rank with the more f'u'qm-ntlv guoted work of Henle relating to the
same line of argument. At about the same period Bassi and Rasori in
Italy also advoecated the parasitie theory of malaria.

The discoverer of the malarial pigment is Heinrich Meckel, who
found and deseribed the pigment in 1848 in the blood and organs of the
dead body of an inzane patient. He was, however, ignorant of the
relation of this pigment to malaria. The next report concerning the
pigment was in 1849 by Virchow, who observed it in the body of a man
who had suffered from chronic malaria. There soon followed the obser-
vations of Heschl, Planer, A, Clark, Tigri, Frerichs, and others, fully
establishing the relation of the pigment to malaria. The source of the
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pigment was regarded by Meckel and Virchow as in the spleen, and
this doctrine was elaborated by Frerichs. Planer (1854) was the first
who saw the pigment in the fresh blood of living patients, and he sug-
gested that the pigment may be formed in the eirculating blood—a
view which was more fully presented and advoeated by Arnstein (1874)
and by Kelsch (1875). :

There iz no doubt that some of the pigmented bodies which are now
recognized as parasitic organisms had been seen by earlier observers
withont knowledge of their true nature. Thus Meckel noted the
presence of pigment granules in colorless, hyaline bodies devoid of
definite nuelei.  He, and more particularly Virchow and Frerichs,
observed pigment in fusiform :un} curved bodies in the blood, which,
although interpreted as endothelial eells of splenic origin, in all proba-
bility were, at least in part, the crescentic forms of the parasite. Some
of the larger pigmented spherical organisms must have been seen and
mistaken for pigmented leucocytes.

In November, 1880, Laveran discovered the parasitic nature of these
and previously unrecognized forms in the blood of malarial patients,
and thereby introduced a new era into our knowledge of the malarial
diseases, '

The discovery of the malarial parasite has furnished an unfailing
means of diagnosis of malarial diseases, has materially advanced our
knowledge of their pathology, has led to a better understanding of their
clinical phenomena and various types, has furnished important data for
prognosis, and has led to improvements in methods of treatment.’

ParasiToLoGy.
HISTORICAL,

In 1879, A. Laveran, a French military surgeon, stationed at the
time in the provinee of Constantine, Algeria, began to study the path-
ological anatomy of malaria, and at once directed his attention to the
much discussed question of the origin of the pigment. He observed in
the blood of malarial patients certain pigmented bodies different from
the melaniferous lencocytes, but he was uncertain as to their nature
until, on November 6, 1880, he discovered that some of these pigmented
bodies threw out long flagella endowed with such active lashing move-
ments as to convinee him, as they have convinced every one who has

gsince then seen them, that they ave living parasites. Laveran published
hiz observations in a note to the Académie de Médecine in Paris, pre-
sented November 23, 1880. This was followed by the publication of
several notes in 1880 and 1881, and in the latter year appeared a small
monograph by Laveran on the parasitic nature of malaria.®

! The so-called bacillus malarize described in 1879 by Klebs and Tommasi-Crudeli,
which for a short period had a certain vogue, chiefly with Italian writers, never rested
upon satisfactory observations which indieated that it bore any relation to malaria, and it
deserves no more consideration than the palmella of Salisbury and the other alleged
malarial organisms described hefore Laveran’s discovery. h

* Only oceasional references to the voluminous literature on the parasitology of malaria
are given in this article. A full table of references to the works treating of malarial fever
sinee the recosnition of its parasitie origim up to and partly including the year 1895 will
be found in “The Malarial Fevers of Baltimore,”” by William Sydney Thayer, M.D,
and John Hewetson, M. D. ( The Jokns Hoplkins Hospital Reports, vol. v., 18U5).
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In these various early publications Laveran deseribes (1) pigmented
crescentic and ovoid bodies ; (2) spherical, transparent bodies, sometimes
free, sometimes applied to the surface of red blood-corpuscles, the
smallest about one-sixth of the diameter of a red blood-corpuscle and
containing only one or two fine pigment granules, these representing an
early stage of dL"..'l"ll['ll'llll{-‘I'lt of (3) l.1wu l]lgl'l'l{‘ﬂtl.’ii spherieal bodies
averaging 6 ¢ in diameter, but '*-UITIE'UI]]L‘-« larger than a red h].l.}l:}i.l—{{}l—
puscle, and contai ning numerous, often moving, pigment granules; (4)
bodies similar to the last mentioned, but beset with fwtneh' I'Il(‘.ltl]i"
flagella ; (5) free motile fHagella; and {i':rj swollen spherical or deformed
bodies, 8-10 g in diameter, containing pigment, and regarded as cadaverie
forms of the spherical parasites. Laveran noted ameboid movements
of the spherical forms, grouping of the small gpherical bodies together,
and the oceurrence of small, eolorless, motile bodies, without specific
characters, which he nuggvat{.d may perhaps represent th{? first phase of
development of the parasitic elements. He regarded all of the forms
as different stages of' development of the same species of organizm, and
considered the free flagella, which he believed were formed within the
spherical bodies and escaped by rupture of the enveloping membrane, as
the most characteristic and perfect stage of development of the parasite.

Laveran communicated his results to his colle: 1;._-;11{- Richard, stationed
in Pl}lllppﬂlll{', Algiers, who in February, 1882, Imbhahe{l a commi-
nication confirming Laveran’s observations and adding certain points of
importance. He describes the dev elopment of the parasite from small,
perfectly transparent bodies contained in otherwise normal red blood-
corpuscles.  This elear body grows larger, forms pigment out of the
heemoglobin of the ['ll\i‘]ﬂl‘lll’l“‘ red un‘pu-df- which thereby becomes
wr"uhltlllv decolorized and veduced to a mere colorless sheli-like rim,
which finally ruptures and sets free the parasite. This now gener: III}
accepted view as to the intracorpusecular development of the l'l‘ll"l‘-ull'l:"j
which waz first announced by Richard, was, however, in the mllomng
vear abandoned by him in favor of Laveran’s view that the parasites
deﬂr]u]r either free in the plasma or in close attachment to the surface
of red corpuscles or in depressed spots on the surface. Richard observed
ameeboid movements of the parasites, and noted spherical bodies with a
central block of black pigment from which delicate lines radiated so as
to produce rosette forms.

Laveran continued to publish brief communieations in 1882 and 1883,
and in 1384 he published a larger work ' presenting his observations and
views in detail.  In this work he describes more fully the forms already
mentioned, and he notes the oceurrence of segmenting forms, which,
however, he mtvr[n?t{-:l as forms of degeneration, not of u-lnmlm tion,

The ulm-r\ ations of Laveran and of Richard were made by micro-
scopical examination of the fresh blood. TIn 1883 and 1884, Marchia-
fava and Celli published in a number of articles the results of their
studies of stained specimens of dried malarial blood. With the excep-
tion of small, spherieal stained bodies in the red blood-cor puscles, w hich
they t]luutrht might be microcoeei, they interpreted the various other
stained and usually pigmented hmlmu found in the red corpuscles of
malarial patients as probably degenerative changes. As a matter of

! Laveran : Trafté des Fiteres erhrsh'r's, ]:"ﬂn!-'-, 1884,
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fact, the coceus-like dots were probably in part Ehrlich’s degenerations,
whereas their drawings show that the supposed degenerative forms were
in reality the actual parasites, which in many of their phases were
accurately depicted, although not recognized as such.

In 1885, Councilman and Abbott in the organs from two eases of
pernicious comatose fever found and described small pigmented hyaline
bodies in and outside of red corpusecles, most abundantly in capillaries
of the brain. :

In 1885, Marchiafava and Celli, as the result of the examination of
fresh malarial blood, came to a correct interpretation of these bodies
and described them fully and accurately. They emphasized especially
the ameeboid, unpigmented, transparent intracorpuscular bodies, to
which they gave the inaccurate name of plasmodia, which has been
widely adopted. They deseribed eclearly the intracorpusenlar develop-
ment of the parasite, the formation of pigment out of the blood colorin
matter, the consequent changes in the blood-corpuscles, and they poin
out the probable reproductive nature of the segmenting bodies, which
they deseribed more fully and accurately than had been done by Laveran
and Richard.'

The publications of Marchiafava and Celli attracted wider attention
than ]1:1:5 those of Laveran, and from the year 1885 up to the present
time there has been a steadily flowing stream of literature upon the
-arious questions connected with the parasitology of malaria.

Immediately following the confirmation of Laveran’s discoveries by
Italian observers came similar confirmation from Sternberg, Couneil-
man, and Osler (1886-87), and somewhat later by James (1888) and
Dock (1890), in this eountry, and within a few years numerous reports
from various parts of Europe, America, Asia, and Africa demonstrated
the invariable association of Laveran’s parasites with all cases of mala-
rial fever. There are no observers of any prominence who, with suffi-
cient opportunity and training for such examinations, have failed to
recognize the parasites in cases of malaria, nor is there now any authori-
tative voice of dissent from the acceptance of the parasite as the specific
cause of this disease.

Sinee the fundamental researches of Laveran, Richard, and Marchia-
fava and Celli (1880-85) other observers have greatly extended our
knowledge as to many details concerning the structure and life-history
of the parasite and its relation to various types, phenomena, and lesions
of malaria, although not a few important questions still remain unsettled.
The most important of these later discoveries are due to the demonstra-
tion by Golgi (1885-86) of a definite relation between the cycle of
development of the parasite and the different stages of malarial fever,
and to the recognition by Golgi (1885-86) of the two varieties of the
parasite belonging respectively to quartan and to tertian fever, and by
Marchiafava and Celli and Canalis (1889) of the variety or varieties
belonging to sstivo-autumnal fever. These observations have led to

! Marchiafava and Celli claim for themselves the discovery of the intracorpuscular
ameeboid forms with and without pigment, and of the segmenting forms, but, as is appar-
ent from the review of Laveran’s and Richard’s preceding publications, this claim cannot
be admitted. Marchiafava and Celli, however, described and interpreted these phases of

the parasite far better than Laveran, and to them belongs the credit of demonstrating
the intracorpuscular development of the parasite.
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two schools of doetrine—the one, headed by Laveran, holding to the
unity of a pleomorphic malarial parasite, the other, headed by Golgi and
other Italian writers, upholding the plurality of malarial parasites. The
latter doctrine has the larger number of supporters.

Dock (1890-92) was the first to differentiate the three prineipal
varieties of the malarial parasite in the United States, and recently
Thayer and Hewetson ' have ]mh]hll{ «d a thorough study of the malarial
fevers of Baltimore with careful -I:Ii"-{,t‘lln‘l{:l!]-n of these varieties.

Investigations concerning the intimate structure of the malarial
parasites have been made vw;mmlh by Celli and Guarnieri, Grassi and
Feletti, Romanowsky, Sacharotf, Mannaberg, Antolisei, Bastianelli and
Blgmum, and others,

The results of these later studies t-mu-mmllg the malarial parasites
will be considered in various parts of this article. They are fully and
systematically presented in the recent monograph of [!m‘i. er and Hewet-

son, already cited.

NOMENCLATURE.

Various names have been suggested for the malarial parasite. Among
these may be mentioned Oseillaria malarie (Laveran), Plasmodinm
malarize (Marchiafava and Celli), Hiematomonas malarize (Osler), Haema-
tophyllum malarie (Metchnikotl'), Hemameba malariee (Grassi and
Feletti), Hemococeidium malarize (L. Pfeiffer), Hemosporidium mala-
rie (Danilewsky), Hematozotn or Hwemoceytozodn malarie (Osler and
VATIOUS ﬂllt]l{'ll-]

Of these names, Plasmodinm malarize has gained wide curreney, but
it is on zoblogical grounds singularly inappropriate, and there 1-, no
reason why it should be perpetuated.

The name Hemosporidinm malarize has much to recommend it, but
it has not been generally adopted. Upon the whole, the name Heema-
tozoin malarize, which expresses nothing as to the ?nulnrru al classification
of the parasite, and which has been tuinptwl by many writers, may be
provisionally accepted until more precise know ledge is reached concern-
ing the zodtlogical position of the parasite. Hamoeytozoin is more
precise, but the other term has the advantage of greater brevity.

Z0o0LoGgicAaLn PositioNn oF THE MALARIATL PARASITE.

The malarial parasite belongs to the elass of Protozoa, under which
name are grouped the unicellular organisms with the Iill‘ﬁ-'%l{}l{!;_'{‘li al cha-
racters of animals. Biitschli divides the Protozoa into the orders—
Sarcodina, Mastigophora, Sporozoa, and Infusoria. Grassi and Feletti
classify the malarial parasite among the Sarcodina, subdivision Rhiz-
opoda, and adopt the name Hemameba malarie. ‘Antolisei considers
that the l}lllzlﬁitf_‘ belongs to the Gyvmnomyxa, or, more precizely, the
Proteomyxa of Ray Lankester. The great majority of authors classify
the malarial l'r'.LI"'l-ltl" among the Hlmlwm which are divided by Balbiani
into the groups {n'mr'numl.l, hu-{'nupnrullq, Myxozporidia, and Miero-
sporidia.  Under the Gregarinidee are included the Coceidia, with which

Y Op. et
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some writers group the malarial parasite. Kruse makes under the
Gregarinidee a special family which he designates as Heemogregarinidze,
and to which he refers the malarial parasite and similar hemoeytozoa in
lower animals.  Danilewsky suggests forming a new group under the
Sporozoa to be called Hemosporidia, in which he places the malarial
and similar heematozoa, and Labbé calls the group Gym nosporidia.

As we know nothing of the malarial parasite in the outer world, it is
evident that our knowledge of its life-history is incomplete, =0 that : any
attempt at a zoblogical classification must be regarded as only provisional.
Such information as we possess favors classifying the parasite among the
Sporozoa, but it possesses characters which do not enable us to fit it
exactly into any of the existing subdivisions of the Sporozoa, so that
the suggestions of Kruse and of Danilewsky of establishing a new sub-
division of the Sporozoa or of the (_Ili_‘gﬂl"lﬂid.tl to include the malarial
parasite and similar organisms in birds seems to be a good one, and the
name Hzemosporidia for this new subdivision appears to be uppmpnah-
According to this elassification, the malarial parasite may be called the

HiEllle})UI‘ltllllm malarize,

MeTHODE OF [NVESTIGATION,

The methods for demonstrating and studying the malarial parasite
will be deseribed under the heading [ diagnosis. It may here be stated
that generally the most useful ]:-l-nwtlum is the examination of thin
layers of fresh blood with an oil-immersion objective. The dese ‘ription
of the parasite which is to follow is based mainly upon this method.
This procedure may be advantageously combined with the examination
of stained specimens. For the study of the finer details of structure
this latter method is indispenzable.

GEXERAL MorrHOLOGY AND Brorocy.

The malarial parasite iz a unicellular, protozoan organism which
develops within the red blood-corpuseles, and therefore belongs to the
group of Hwemocytozoa. As will be described subsequently, organisms
closely resembling the malarial parasite have been found in the blood of
birds. The numerous attempts to cultivate artificially the malarial
parasite have hitherto been unsuccessful, nor has this organism been
recognized in the outer world. Qur entire knowledge of it is derived
from its study in human beings,

Three varieties of the parasite have been differentiated. These
varieties are that of quartan fever, that of tertian fever, and that of
gestivo-autumnal fever. This last variety it is proposed bv the writer
to call the Hematozosn malavie falciparum. Before considering the
justification of this division and the special characters of each of these
varieties it is desirable to describe the more important characters com-
mon to all varieties of the malarial parasite.

The eyele of development of the malarial parasite embraces a vege-
tative and a reproductive phase. Its duration varies from twenty-four
to seventy-two hours, according to the variety of parasite.

The vegetative phase begins in the form of small, colorless, ameehoid,
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hyaline bodies, 1-2 g in diameter, within the red blood-corpuscles.!
Thesze ameeboid bodies inerease in size, and, with the oceasional exception
of the wmstivo-autumnal variety, they develop within them a variable
number of dark pigment-granules, situated, as a rule, near the margin
of the parasite. The pigment increases in amount and in the coarseness
of the granules as the organisms continue to develop. It occurs in the
form of irregular grains and of fine rods, which may be in active motion
within the parasite.

Having attained a certain stage of development, which differs as
regards the size of the organism in the different varieties, the parasite
oradually ceases its ameboid movements, assumes a spherical or oval
shape, and becomes somewhat sharper in contour. In this condition it
may continue for a while to grow. When it has reached its full size it
may completely fill the red blood-corpuscle or may occupy only a small
part of it, these ditferences depending mainly upon the variety ot para-
site. The parasite now may be called the full-grown or adult form.

Coineidently with these stages of development the enveloping red
blood-corpusele may undergo various changes, which are of significance
in distinguishing the varieties of parasite from each other. The cor-
puscle may become swollen and pale, or shrunken, or brassy-green in
color, or otherwise deformed, or it may appear unaltered, as will be
described in considering the varieties of the parasite.

The subsequent stages in this eyele of development belong to the
reproductive phase, which is shorter in duration than the vegetative.
The first evidence of this reproductive phase is the collection of the
pigment into a mass of granules or a solid block situated usnally at or
near the centre, but sometimes near the periphery, of the organism.
These bodies with elumps of pigment may be designated, in accordance
with Thayer and Hewetson's suggestion, as the presegmenting forms
(eorpi con blocehetto of the Ttalian writers).

Coineidently with or following this gathering of the pigment into a
clump, sometimes without a definite collection of the pigment, the pro-
cess of segmentation begins. In its most typical form segmentation is
ushered in by the appearance of delicate lines radiating from the per-
iphery toward the centre. Eventually the substance of the spherical
organism is divided into a variable number of round or oval bodies
ealled spores. The enveloping red corpuscle, which now may be

! Az has already been mentioned, Laveran believes that the forms of the parasite
which have, since the publicationz of Marchiafava and Celli, usually been regarded as
within the red corpuscles, are attached or applied (aceoléz) to the outer surface of the
corpuscles. Mannaberg (1893) has again raised this question by his statement that many
of the ameboid forms, partieularly in their younger stages of development, are attached
to the corpuscles, often in little niches or indentations on the surface. There is no donbt
that the organism may be situated as described by Mannaberg. Marchiafava and Celli,
who had previously noted thiz appearance, interpreted it as indicating the extrusion of
the parasite from the red hlood-corpuscle. It is, in fact, often very difficult to determine
with precision whether the organism is on the surface of or within the corpuscle, but the
evidence iz that the majority of the younger forms are intracorpuseunlar. Marchiafava
and Bignami (1894) describe in the following words their conception of the manner of
penetration of the youngest forms into the corpuscle: © The youngest ameehee, the offspring
of sporulation, by virtue of the viscidity of their protoplasm adhere to the surface of, and
by their movements bury themselves in, the contour of the red corpuscle. In this posi-
tion the parasite attacks the external strata of the corpuscle as a means of nourishment,

and after altering these layers is able to penetrate within, and thus becomes entirely endo-
globular.”
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reduced to a narrow pale rim, bursts and the spores are set free, or the
corpuscle may have disappeared before the process of segmentation is
completed. The pigment remains behind, and is quickly engulfed by
phagoeytes,  Sometimes in the mstivo-autumnal variety segmentation
occurs in organisms entirely devoid of pigment. These segmenting
bodies are ecalled also sporulating forms,

The free spores speedily invade fresh red blood-corpuscles, where,
as the small, colorless, ameeboid, hyaline bodies already mentioned, they
begin again the eyele of development.  The direct transformation of the
motionless ! round spores into the small, hyaline, ameboid bodies has
been very rarely observed, but there is no reason to suppose that there
exists any stage intervening between these two forms,

In the complete spornlating eycle of development which has been
deseribed we can distinguish, therefore, the following forms of the para-
site : (1) unpigmented, ameeboid, hyaline bodies; (2) pigmented, amce-
boid, byaline bodies ; (3) full-grown or adult bodies ; H}'pl'ﬁ?s:egment.ing
bodies ; (5) segmenting or sporulating bodies; and (6) spores. All of
these varions bodies are depicted in Plates I. and II.

As already mentioned, in the smstivo-autummnal variety this eyele
may be completed without the appearance of pigment. These bodies
are to be thought of, not as separate and distinet forms, but simply as
suceessive stages of development with all transitions from the youngest
to the most advanced. Especially can no sharp distinetion be drawn
between bodies (1) and (2) and between bodies (3) and (4). The recog-
nition, as a distinet form, of the body designated as presegmenting is of
less practical importance for the quartan and tertian varieties than for
the wstivo-antumnal,

The name “ plasmodium »” was applied by Marchiafava and Celli
originally to the unpigmented, amwboid forms. It is frequently em-
ploved to designate both the pigmented and the unpigmented ameeboid
bodies, as well as the parasite in all of its forms. These ameboid bodies
may he ealled, in general, hyaline forms or amebze.

As will be explained subsequently, it is only the quartan variety

which is found in all its forms with equal frequency in the peripheral
circulation and in the blood of internal organs; whereas segmenting
tertian parasites are more abundant in the spleen and bone marrow than
in the peripheral vessels, and the sstivo-autumnal parasite develops
mainly in the internal organs, its segmenting forms being extremely
rare in the peripheral cireulation.
Jach of the forms of the parasite which have been deseribed as
developing within the red bload corpuseles may also be found free in
the plasma. They probably escape by rupture of the enveloping cor-
puscle, a process which one can often witness when examining the fresh
blood microscopically. Extracorpuscular mature forms may possibly
secment in the usual way, but there is no evidence that forms in the
earlier stages may complete their eyele of development free in the
plasma.

The important discovery was made by Golgi that all of one genera-
tion of the parasite form a group, the members of which develop

! Plehn elaims to have ohserved that the spores are actively motile and fiagellated,
but this statement is opposed to the observations of all others.
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approximately at the same time, and that a definite relation exists
between the phases of development of the parasite and the stages of
malarial fever, The onset of a paroxysm corresponds to the ripening
of one generation of the parasite. A few hours or shortly before the
paroxysm segmenting forms appear, and enable the observer to prediet
the approaching paroxysm. The spores which are set free by the act of
-,purlﬂatlml invade the red blood-corpuseles and start a fr esh oeneration,
which pursues during the paroxysim and the subsequent apyvrexia so

nlar a development that in typica al eases the experienced observer
can tell appmum*lttilv by examination of the blood the stage of the
disease—that iz, the time "-'l'l'll(‘h has elapsed since the last paroxysm and
the time when the next paroxysm may be expeeted.

It is not, however, Al\mn the case that the I}.u.l-ltﬂ develops with
the I"E""‘ll]"ﬂlt‘t expressed by Golgi’s law, and especially in the wmstivo-
autumnal fevers uwrruhntw« are very common. The simultaneous
oceurrence of two or more gener: ltlmh in different stages of dev (*lnp-
ment may render difficult the interpretation of the phases observed,
although even here careful observation will enable the observer to draw
correet conclusions in tertian and quartan fevers.

It has not been satisfactorily demonstrated that there ocenrs any
other eycle of development of the malarial parasite in human beings
than that which has been described, although the possibility of such an
ocenrrence 15 by no means [I1~pru:n.'9n Canalis (1889) believes that he
has found evidence that a second, slower cycle of dc-wl{}pmmn of the
stivo-autumnal parasite occurs, 1.1.']11{,}1 1= re;uc--mnetl in certain of its
phases by hmhe*, of the crescentic group, to be deseribed subsequently ;
and this view, with certain modifications, has been ae cepted by Gﬂlgl,
Antolisei and ;‘Lugehm Grassi and Feletti, and Sacharoff. This doctrine
is, however, opposed by many observers, and it does not at present rest
upon sufficient evidence.

It seems necessary to suppose, on the basis of clinical evidence, that
the malarial parasite may remain for months in a latent condition in the
human body, and then begin to dev elop again, eausing a relapse of the
fever. As such relapses may occur in forms of ms alaria in which cres-
cents do not appear, there must be in these cases some resistant organism
other than bodies belonging to the group of erescents.  We know noth-
ing as to the nature of these resistant hm}mu The hypothesis i= advaneed
by Bignami that they may be spores which are enclosed within leucocytes
and other cells, and which have become surrounded by a resistant mem-
brane and have lost their usual staining properties.

Besides the forms which have already been described as representing
phases of the regular sporulating eyele of development of the malarial
parasite, there occur other forms which eannot at present be referrved to
any cycle of development. These other forms are—(1) crescentic bodies
and fusiform, oval, and round bodies belonging to the same group ; (2)
flagellate lmlheﬂ dnﬂ free flagella ; and (3) degenerative forms.

The erescentic and flagellate hmh{*- from their size and remarkable
appearance, are the most striking forms of the parasite, and from the
beginning have attracted much attention. Their significance, although
there are many hypotheses coneerning it, is not understood.

(1) The crescents develop only from the zstivo-autumnal parasites,
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and will therefore be deseribed in connection with these. They are
never formed from quartan and tertian parasites.

2y & r’{!'f,r{“ffﬂi(“ badies, on the other hand, may form from each varmtv
of the parasite, tertian, quartan, or sstivo-autumnal. The weight of
evidence is that they do not exist in the eirculating blood, but develop
after the blood has been withdrawn from the body, usually within
ten to twenty minutes, sometimes earlier. Some ulhervl.al's have found
them frequently, others only rarely. They are frequently found if
the blood is examined at the 11;1‘]11: stage of the disease and time is
allowed for their development. Councilman showed that they are more
commonly found in blood aspirated by a hypodermie needle from the
spleen than in the peripheral blood. They develop in tertian and quar-
tan fevers from the mature, hl]]-;_l‘mul extracorpuseular forms—in
tertian especially from sw ollen forms larger than the red blood-corpus-
cles. They are therefore found most ir(‘l:lll{‘nt]". a short while before
and clmm;_r the paroxysm. In infections with the wmstivo-antumnal
parasite the flagellate bodies develop from round bodies belonging to
the group of crescents, and do not occur in definite relation to the
stage of the fever. Rarely intracorpuscular bodies may develop flagella.

The spherical bodies which become transformed into the flagellate
bodies are alwavs or nearly always pigmented. Marchiafava and Celli
state that they once saw an unpigmented flagellate body. These hm:h{-
may be somewhat smaller or larger than the red blOD{l-fﬂrpllﬂflEh the size
varying to some extent with the different varieties of the parasite, as will
be explained later. The process of dev elopment of the flagella may be
studied under the microscope. The |11;_,1|11;1|i granules, which at first
(estivo-antumnal variety) may have been in repose, usually begin to
dance about within the organism, often in a lively way. In the EE‘%tl“.’ﬂ—
autumnal variety they usually gather in the central part, but in the
others they may be near the periphery or irregularly distributed. The
*-.ph:-l](*ul body may acquire an oscillatory or jerking movement. Pro-
jeetions may be ﬁumfe]l and retracted at the periphery, and the whole
Df|g{: may aequire a vigorous undulating movement. These tlmllg'ef-,
are attributed to the movements of the ﬂ"lgi‘ll‘l within the body or in
its peripheral layers, and have been graphically mmlﬂred by Richard
to the strugeles of an animal to get free. Suddenly the ﬂageua shoot
out from the periphery, and with their active lashing movements
produce a violent commotion among the red blood-corpuseles and other
small particles which may be in their neighborhood (Plate I. Figs, 22
and 41 : Plate T1. Figs. 43, 44).

The flagella are pale and thin, and present often at their extremities
and along their course small olive-shaped swellings which may change
their position. Here and there a pignwnt granule is occasionally seen
in a flagellum.  The flagella vary in size, number, and position. Their
length may be three or four times the diameter of a red blood-corpuscle
or not more than half that size. One to six may be attached to the
spherical body. They may project from one side or from any part of
the circumference of the body. Their movements may 11{* somewhat
rhythmical ; they may hecome slow or even cease, and again start up.

1) |'1§__‘E11.l may become detached and move about freely among the red
blood-corpuscles.  On aceount of their pallor such free flagella would
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usually be overlooked were it not for the commotion which they produce
among the red blood-corpuscles. The motion of the flagella may be
observed on the slide for half an hour, sometimes longer.

These flagellate bodies are the most startling forms of the malarial
organism, and no one who sees them doubts for a moment that he is
looking at a living parasite. It is not surprising that they attracted in
an especial manner the attention of Laveran, who, as already mentioned,
regarded the flagella as the most characteristic and perfect form of
development of the parasite. Subsequent studies have not, however,
tended to confirm the conception of Laveran as to their significance.
As has already been made clear, the flagellated bodies do not belong to
the regular sporulating cyele of development of the malarial parasite in
the human blood. The most prominent theories as to their sigmficance
are the following :

(¢) They are forms of degeneration or appearances belonging to the
death-agony of the parasite. In support of this view it is urged that
the flagellate bodies do not belong to any known cycle of development ;
that they are developed only outside of the human body ; that they are
developed from mature forms which are known frequently to undergo
undoubted degeneration, such as hydropic swelling, vacuolation, and
fragmentation, and which may already show beginning evidences of
degeneration ; that nuclear substanee is absent from the flagella ; and
that similar appearances of extrusion of motile filaments in other uni-
cellular organisms are k:own to zoélogists and are interpreted as degen-
erative.

(b) Sacharoff, from the study of their structure on stained specimens,
helieves that the flagella are extruded chromatin filaments derived from
serverted karyokinetic nuclear division. He regards the process as

egenerative.

(¢) Dock suggests that the flagellate bodies “ represent resting states
of the organism, capable of existing independently, perhaps even of
reproducing themselves, but also able, under favorable circumstances,
of reproducing the typical growth of the parasite.”

(d) Mannaberg’s opinion is that the flagellate bodies may represent a
state belonging to the saprophytic existence upon which the mature
forms of the parasite enter soon after the blood is withdrawn from the
body. On account of unsuitable conditions of environment they are
unable to continue this existence in the blood outside of the body and
soon perish. A similar view is advanced by Manson, who suggests that
the flagellate bodies represent the first stage, and the detached flagella,
in search of their appropriate host, represent the second stage of life of
the parasite outside of the body. Manson ' conjectures that the mosquito
is the extracorporeal host of the malarial parasite, and he reports
observations of Ross showing the development of flagellate forms in the
stomach of mosquitos fed on malarial blood.

There are arguments for and against each of these theories. Relue-
tant as one may be to consider such striking forms as the flagellate

| Manson: “The Gounlstonian Leetures on the Life History of the Malaria Germ
Outside the Haoman Body™” ( The British Medical Jowrnal, 1896, March 14, 21, 28). Man-
son lays much emphasis upon supposed analogies between the malarial germ and the

filaria sanguinis. Only future investigations can determine the correctness of Manson's
hypothesis.
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bodies as phases of degeneration, the existing evidence seems upon the
whole to be more in favor of this hypothesis than of any other which
has been advanced. Still, if Sacharoft’s observation as to the presence
of nuclear material in the flagella be correet, the objection of Grassi
and Feletti, that the flagella are incapable of lEl)TﬂdllctlTE development
because the nucleus of the parasite does not divide and enter them,
would be overthrown and the hypothesis of Mannaberg and Manson
would become more probable. It is evident from the gescnptmn of
these bodies that the use of the word “flagella” to designate the motile
filaiments is of doubtful propriety, but it is the term commonly
emploved.

(3) There are various bodies, often seen in the examination of mala-
rial blood, which are undoubtedly cfe_;e.'rm-:rfiw formz of the parasite,
and others which are probably degenerative, although opinions con-
cerning the latter are divided. The more common signs of degeneration
of the lmmnltu are vacuolation, ]ht'udu-g'vmludtmn fragmentation,
deformities of -Il'il}v l!.:il'T.ILllldl‘ v swelling, granular condition of the
protoplasm, certain alterations in the arrangement and appearance of
the pigment, disappearance of nuclear material, defects and irregulari-
ties in staining, and changes in the refraction of the organism. These
various degenerative changes produoee forms too numerous to deseribe in
detail. They have often been misinterpreted and deseribed as special
forms of the parasite, some of them, particularly eertain vacunolated and
budding forms, as special modes of reproduction.

Degenerations may ocenr in any form of the parasite, but they are
Imrtuu]:}lh' common in the extr Il_'ul‘]}l':‘-»r.tllﬂl‘ forms, 11.Ia11‘u1t1‘!:-ti'l‘g de-
seribes the :|1~Hlti*gr'1tm|1 of young intrac orpuse ular forms, with dis-
appearance of their nuelei. Fragmentation of forms extruded from the
blood-corpuscles can sometimes be watched while examining fresh blood
under the microscope (Plate 1. Fig. 21). As a rule, only a ecertain
number of the mature forms actually enter into reproductive segmenta-
tion, and many of the spores or segments perish. If all :egmented and
the offspring survived, the number of the parasites after a few paroxysms
would become enormous.  As a matter of fact, degenerations of full-
grown parasites are often observed. An mt-:-rontmg torm of’ such degen-
eration, found most frequently in the mature forms of the tertian variety,
is the appearance of swollen, pigmented, so-called hydropie bodies, {:riten
much larger than red blood- corpuseles {I’lflte I. Figs. 18, 40), and
sometimes cnntmnmg vacuoles (Plate I. Figs. 18, lﬂ 23, 24 40, and

42). Round bodies simulating spores are sometimes seen in thesﬂ \r‘ﬂﬂu{]lﬁ":-,
but on properly stained specimens they are devoid of the nuclear mate-
rial of genuine spores. th_ultl(:—g‘rmmuhun or the appearance of sarcodie
buds on the surface of the organisms, i= doubtless a form of degenera-
tion. Such buds may become separated, in the form of hyaline balls,
from the parent organism (Plate I. Figs. 19, 20). These evidences of
degeneration may aippeal' also in crescents and bodies belonging to this
group (Plate T1. Figs. 40, 41) and in flagellate bodies. From the latter
small hyaline balls with a flagellum attached may break off' and move
around actively. Such bodies might be mistaken for flagellated
spores. '

There is no good evidence that the malarial parasite ever multiplies
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by budding® or by simple cell-division. The only form of multiplica-
t:mn which has been demonstrated is that of sporulation, also called seg-
mentation, already described, although it cannot be denied that other
forms of reprnductmn may exist.

Various llltLI‘P-l:ll'l"‘ {lugﬁneratn‘{, changes are produced by the in-
fluence of quinine. These will be fully described under TREATM ENT,
Aection of Quinine on Malarial Parasites, page 146.

As the malarial parasite passes its vegetative life mostly within the
red blood-corpuseles, it is evident that it finds its food in this sitnation.
This food may be appmpnﬂted both by intussuseeption and by diffusion.
Evidence of intus ssusception is found in the occasional presence of frag-
ments of the corpuscular substance within the body of the amehboid
forms. Doubtless diffusion is the more important mode of nutrition of
the parasite.

he question has been raised whether the parasite may develop in
other cells of the body than the red !.'-lnn-(]—{-ﬁq:-uw]u- Nearly all forms
of the parasite have been found enclosed in cells, chiefly lencocytes,
splenic or medullary cells, and endothelial cells. As such included
parasites often present evidences of degeneration, these appearances
have been generally interpreted as referable to phagoeytie destruetion of
the parasites, and such they unquestionably usually are. Golgi and
Monti have, however, recently published observations intended to show
that the wstivo-autumnal parasite may develop within endothelial and
other cells, as will be explained in considering this variety of parasite.

The malarial parasite in tiw condition in which it exists in the human
body is very susceptible to injurious agencies. It is quickly killed by
the addition of distilled water and of dilute acids and alkalies. Under
ordinary conditions it does not long survive in blood withdrawn from
the body. Under certain special circumstances it has been kept appa-
rently alive for two to four days, possibly for a week. Sacharoff observed
ameeboid movements in westivo-autumnal hyaline bodies which had been
for a week in the intestinal canal of leeches kept on ice, and he obtained
a positive result by inoculating himself with malarial blood pre-{an'etl
in this way for four days in leeches. The tertian and quartan parasites
were found to be less resistant than the sstivo-autumnal. Ripe bodies
may segment in blood outside of the body, but no further development
or mul'upllmtlnn of the parasites has been positively observed in the
various attempts made to preserve or cultivate them. The parasite
does not continue to develop and multiply in the human body after
death. .

Of course no inferences can be drawn from these observations as to
the resistance of the parasite in its natural condition in the outer world.
As to what this natural condition iz we can only speculate. Grassi and
Calandruccio have thought that certain species of amcebs which they
have observed in malarial districts might be the extraparasitic form.
The failure of artificial cultivations and certain analogies drawn from
the zoblogical characters of the parasite have led to the prevalent theory

' Celli and Guarnieri for a time believed that spherical bodies of the erescentic phase
may multiply by the formation of buds (gemmation), but they subsequently abandoned
this view and ado the now generally accepted opinion that these budding forms are
degenerative. “buds " are devoid of the structure of genuine spores.
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that the malarial parasite passes at least a part of its existence as a
parasite in animal or vegetable organisms. Mention has already been
made of Manson’s hypothesis that the mosquito may be a host for the
malarial parasite. That the germ is capable of entering upon some
resistant phase of development seems highly probable in view of the
evidence that malaria can be contracted from the air. There is no evi-
dence that the malarial parasite is eliminated from the human body in a
condition capable of infecting another individual or the locality. The
diseasze, however, ean be transmitted by inoculating into healthy indi-
viduals, either subeutaneously or intravenously, blood from a malarial
patient.

Ixity ok PLURALITY OF THE MATARIAT PARASITE.

As has already been mentioned, there are two schools of doetrine as
to the malarial parasite—the one led by Laveran holding that the mala-
rial parasite is a single species with pleomorphic characters, the other
believing that there are three or more species, or at least varieties, of
malarial parasites. The observations upon which the latter doctrine is
based originated with the Italians, and have been supported by investi-
gations in this country and elsewhere.

Golgi in 1885 and 1886 first differentiated the parasite of guartan
fever from that of tertian fever, and Marchiafava and Celli and Canalis
in 1889 and 1890 differentiated the variety of parasite characteristic of
@stivo-autumnal fever.! There is much difference of opinion as to the
number of @stivo-autumnal parasites. All adherents of the doctrine of
plurality agree that there are at least three varieties of malarial parasite
—namely, the quartan, the tertian, and the swstivo-autumnal—distin-
guished from each other by morphological and biological characters to
be subsequently deseribed. The discovery by Golgi of the definite eyele
of development of the malarial parasite and the recognition of several
distinet varieties have done much to bring order out of the earlier
chaotic condition when a multitude of parasitic bodies were deseribed
without knowledge of their significance or relations to each other. There
remain, however, many unsolved problems which it may be expected
that further investigations will clear up.

1 Marchiafava and Celli on the one hand, and Canalis on the other hand, have con-
ducted a polemic as to which of them belongs the credit of first distinguishing the wstivo-
antumnal parasite. The differentiation of this parasite was not made all at once, and
with the same precision in all details, as in the case of Golgi's sharp separation of the
quartan and tertian parasites. Golgi from the beginning of his researches (1885-86)
suggested that the crescentic bodies belong to a special cyele of existence different from
that of the tertian and quartan organisms, and noted their occurrence in irregular mala-
rial fevers. Councilman in 1887 emphasized the association of crescents with remittent
fevers and malarial cachexia. Golgi in February, 1889, definitely expressed the opinmion
that in addition to the malarial fevers caused by the quartan and the tertian parasites we
must recognize another type of fever associated with unpigmented amceboid forms and
erescents.  On September 13, 1889, appeared a preliminary communieation of Marchia-
fava and Celli, which must be re:::a.r-]t*fi as furnishing the first clear and sharp deseription
of the essential differential characters of the wmstivo-autumnal parasite, with especial em-
phasis on the oceurrence of unpigmented organisms. On October 10, 1889, appeared the
preliminary communieation of Canalis, in which likewise the essential characters of this
parasite were described, and a greater emphasis was laid upon its relation to the crescenis
than had been done by Marchiafava and Celli. The full publication of Canalis antici-

pated by a short time the complete article of Marchiafava and Celli on the wstivo-
autumnal parasite.
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In opposition to the doetrine of }:|l11.1hh it is nrged by Laveran
that all of the so-called varieties of the parasite may be (-xphmuwl
simply as phases of a single pleomorphie organism influenced by various
conditions of environment, such as locality, season, individual predispo-
sition, and varions unknown circumstances, He contends that the
characters upon which a division into separate varieties iz based are
insufficient for such a purpose and inconstant ; that one so-called variety
under certain eonditions may be transtformed into another; and that
there is no definite, necessary relation between the types of fever, such
as quartan, tertian, quutlfll.m irrecular, continued, and the fmm of
parasite present, The variations of the malarial parasite can be ex-
plained, he thinks, in large part by the varying rapidity of development.
He emphasiszes the view that malaria with all its diverse manifestations
is nevertheless clinically and anatomieally one dizease, and has always
been so regarded. He argues that the l."ip("lill].i"lltﬂl production of
malaria by inoculation does not support the doctrine of plurality.

In considering the force of these objections it must be admitted that
s0 long as we are unable to cultivate the malarial parasite artificially, antl
are ignorant of its life-history and the conditions of its existence ontside
of the human body, the possibility must be admitted that under certain
conditions, at present unknown, one ".Jl‘!lLt:r may be transformed into
another. But, on the other hand, the existing evidence—and it is
already considerable—goes to show that under the conditions which we
can at’present control and study each of the three principal varieties
of the parasite preserves its identity and is not transformed into another
variety ; that is to say, there is no evidence that a quartan parasite ever
becomes nwtmunrph(md into a tertian, or either of these into an sestivo-
autumnal parasite.

The prineipal arguments in support of this doetrine of plurality may
be summarized as follows :

(1) Each well-established variety of parasite presents morphological
and biological characters which suffice for its identification,

(2) Each variety of parasite corresponds to definite types of fever.
Genuine quartan fever can be produced only by the quartan parasite,
As will be explained in the clinical part of this article, other types of
fever may be caused by more than one variety of parasite, and much
ecomplexity may result from multiple and mixed infections and various
irregularities ; but all of this does not preveht the recognition of certain
fundamental types of fever especially characteristic of each varviety of
the parasite.

(8) Cases of pure infection with one variety of parasite have been
carvefully studied for weeks and months without any indieation of the
transformation of one variety into another (Calandruecio, Grassi and
Feletti). Opportunities for such study are exceptional, The appear-
ance of a second variety of parasite in localities where there is oppor-
tunity for renewed infection cannot of course be interpreted in favor of
the metamorphosis of one variety into another.

(4) In certain localities only one or two of the varieties of the para-
site are met with. In a few places only the quartan, or more frequently
only the tertian, parasite is observed; in most places where malaria is
mild and mf'requent only tertian, and oceasionally quartan, parasites,

Vor. I.—3
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with entire absence of mstivo-autumnal parasites, are found. Instances
of this localized distribution of the parasites, which manifestly is a
strong argument in favor of the doetrine of plurality, will be subse-
{ilwutlv mentioned (page 1'~|‘l)

(5) Strong arguments in favor of the constancy of the varieties of
the malarial parasite are furnished by the t*\p(*rmmntdl production of
malavia. Gerhardt in 1882 and 1883 (reported in 1884) was the first
to produce malaria experimentally by the subeutaneous injection of
blood obtained from malarial patients. At this time the malarial
organism was not generally recognized. Since these first pxpeument‘,
similar ones have been repeated, usually in the manner of intravenous
injections of malarial blood, with positive result in over thirty cases.
The mpumwnh hefore lﬁh‘J were made without determination of the
exact variety of parasite injected and found in the experimental case.
In 1889, Gualdi and Antolisei, without full knowledge of the eritical
nature of the experiment, injected two patients intravenously with 3 e.cm,
of blood from a patient suffering with quartan fever and possessing quar-

an parasites.  In each of the inoculated individuals irregular fever with
sestivo-autumnal parasites developed. These two cases are constantly
adduced as a main support of the doetrine of mutability of the varieties
of the parasite, but unjustly so, for it was auhwawnih determined that
the patient from w hom the blood wasz obtained had previously suffered
from irregular fever, and he subsequently developed characteristic
sestivo-nutumnal organisms, so that the experimenters themselves later
expressed the opinion that at the time of the inoculation the patient
ﬂll"llihhill;_'; the blood had combined quartan and wstivo-autumnal organ-
isms, the latter being overlooked. Inview of the uniform results yielded
by the numerous -|1|1¢-m|1|{=1|t experiments in support of the doctrine of
immutability of the varieties of the parasite there can be little doubt
that this later opinion of Gualdi and Antolisei is correct. It has been
found regularly since these L-}.pﬂnnmutn that if blood containing only
the tertian or the quartan or the sestivo-autummal parasite be injeeted
intravenously into a person llILlﬁi('l{'il with malaria, the variety of para-
site injected, and only that variety , Appears in the blood of the experi-
mcital cade. . When two vasiohies of parasite are injected, or when the
malarial blood is injected into a patient alveady affected with a malarial
organism other than that injected, then it usually happens that one

variety supplants the other,'most frequently the one injected supplanting
that already existing in the inoculated individual. or such displace-
ment of one organism by another we have numerous examples in bacte-
rial infections,

The bearing of the inoculation experiments upon the determination
of the periods of incubation of malaria will be considered in the elinical
part of this article (pages 97, 98).

These already numerous nm;uthmu experiments, showing the iden-
titv of the parasite in the experimental case with that in the blood used
for injeetion, furnish the strongest existing arguments in favor of the
lurality of the malarial parasites.!

Whether, accepting this doctrine, we shall designate the different

i Mattei: “Coniributo allo Studio della Infezione Malavica Sperimentale nell’
Uomo e negli Animali,”’ Aveh. per fe Scienze Mediche, vol. xix, N, 4, 1895.
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types of the malarial organizsm as separate species or separate varieties
is with our present knowledge a matter of secondary importance and of
individual judgment. If it be admitted that under no existing cireum-
stances one type 1z transtormed into another, then we are ]tl‘;tlf‘l!}(l in
speaking of separate species of malarial ]mm-ﬂ:tr- As at present we can
study only a small part of the conditions which surround the entire life-
history of the parasite, it seems to the writer preferable to designate the
different types as varieties rather than species,

CLASSIFICATION,

We have already had occasion repeatedly to mention the division of
the malarial parasites into three prineipal varieties—the quartan, the
tertian, and the wstivo-antumnal.  No further subdivision of the quar-
tan variety has ever been qugrre-:.tufl Nor has any attempt been made
to subdivide the tertian parasite originally described by Golgi; but, as
it has sinee been found that the mutlw—atltulnml p;u"l-lte—m,m:m*dmg
to =ome observers, one form of this parasite—may likewise produce tertian
fever, the latter form of the wstivo-autumnal organism is designated by
Marchiafava and Bignami as m: lllgnﬂnt tertian or westivo-autumnal {-u:m—
mer- .mtumn) tertian, and the former is ealled mild or vernal (spring) or
genuine tertian or Golgi’s tertian parasite. This so-called sestivo-autum-
nal or malignant tertian is, however, in no sensze a subdivision of the
tertian parasite originally described by Golgi, which remains a ntl]—
differentiated, w[mmtt- variety. When the name “ tertian organism’
15 used 1Mt]mm'e any er.uthvt it is always this \'nmt} which is meant.

The name pﬂlghltﬂ of sestivo-autumnal fever,” introduced by March-
iafava and Celli and already adopted by many writers, leaves much to
be desired. It is intended to indicate that this form of the parasite is
the cause of the malarial fevers prevailing in summer and antnmn.  This
application, however, is correct only for certain localities, chiefly those
warmer regions where severe as well as mild tvpes of malaria oceur. In
localities where the prevailing type of the disease is mild at all seasons
the summer and antumn malarial fevers are caused generally or exelu-
sively by tertian or quartan parasites. Ewven in the warmer situations
where the wstivo-autumnal parasite is common, not all of the summer-
autumn fevers are eaused by thiz parasite, but often a large proportion
are caused by the ordinary tertian parasites. In subtropical and tropical
regions the westivo-antumnal parasitez may occur in winter and spring
fevers. It is evident that the epithet © sestivo-autumnal,” as applied to
a 51}&1‘1.11 variety of malarial parasite, iz sufliciently (lL-;.ltrlmtlw tor many
localities, as, for example, the southern parts of the United States and
Central and Southern Italy, but it is not so for 411

The term * parasite of .1:--t1vn--mtum|m| fever ” does not at once sng-
gest the relation of the parasite to a definite type of malarial fever, and i*'»
therefore out of harmony with the designations “ parasite of quartan fever”
and “ parasite of tertian fever.” But it is characteristic of a large pro-
portion of the fevers caused by wstivo-antumnal organisms that they do
not cor E“:]]G'l'lﬂ to any definite type, but are notably irregular. Hence
these organisms were “desionated by Golgi and by Sacharoff as the para-
site of ir regular malarial fevers.” But the objection to this latter name is
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that sestivo-autumnal organisms may cause typical quoti{]ian and tertian
foevers. Indeed, this is the only form of malarial parasite whieh, it is
believ ul may u:mplvtﬂ its cyele of dev elopment in twenty-four hours
and thus when present in only a single group or generation may cause
quotidian fever.

Az leading characters of the wstivo-autumnal organisms are their
small size, their slight formation of pigment, and the ring-like shape of
the ameeboid forms, they are sometimes spoken of as the small malarial
organisms ( forme pm*u&*} or the unpigmented, colorless, or slightly pig-
miented organisms, or the ring-like, annular organisms, They are also
called the organizms of grave or pernicious malaria, although they may
likewize causze mild types of the dizease.

Az it is to the group of wstivo-autumnal parasites that the crescents
exclusively belong, these parasites have been deseribed as the semi-
lunar variety. They may be designated as ecreseent-producing.
H:ematozoin hlmpdrum 18 augge&ted by the writer as a suitable techni-
cal name for this variety of parasite.'

The three varieties of the malarial parasite may therefore be tech-
nically designated—(1) Hematozoin febris quartane ; (2) Hematozoin
Jebris terfiane ; (3) Hemafozoon malarie faleiparwin.  The name
sstivo-autumnal parasite, as the more commonly used and generally
understood designation, will, however, continue to be used, as well as
the term “ Hematozotn faleiparum,” in this article for the last-named
variety.

There is no difference of opinion, except among the unicists, that the
wstivo-autumnal organizsms form a variety or group which is to he differ-
entiated from both the guartan and the tertian OTZANISMS even more
sharply than the tertian and the quartan are differentiated from each other.
But the question as to the unity or the plurality of the wstivo-autumnal
organisms iz still an open one, and is the most important unsolved
pmljlmn relating to the divisions of malarial parasites. Its solution is
attended with unusual difficulties, but we may reasonably expect that
they will be surmounted by iutul‘ﬂ inv E"-vtlg"ltlf_ll'li-

TIn distinction from the quartan and the tertian organisms the wmstivo-
autumnal are often irregular and atypieal in their eyele of development.
Some, it is believed, may ecomplete their eyele in twenty-four hours,
others in fm'txuﬂ,t_l:ht or a longer ]]E‘-‘l‘lﬂd their t{-mll:'nﬂ' to deveﬁ:ﬁp
simultaneously in well-defined generations is far less marked than is the
case with tertian and quartan organisms, so that several or all phases
of development of @estivo-autumnal forms may be observed in the inter-
nal organs at the same time. The oceurrence of multiple groups of the
parasite is ecommon. Forms appear which pass thmuglp their ameeboid,
mature, and segmenting phases without any formation of pigment within
the parasite. The development takes place largely in the internal
organs. The development of crescents oceurs at a variable period after

1The name Hiematozoin f.,l;.Fl_“'lﬂ me suggested by Antolisei and Angelini is objection-
able, as it implies that the shape i= always fqh,ltm'm and is npplmahle only to the cres-
rmlnv forms. The adjective “falciparum ™ (falr, “sickle,” parire, *‘to I:nnng forth,”
“to produce” ), on the other hand, indicates that the property of forming crescents is
a distinctive character of the organism, and it is therefore applicable to the variety of the
parasite which possesses exclusively this property.
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the onset of the disease, but ravely in less than a week, Corresponding
to these variations and lI‘l‘E‘g‘llLll‘ltI{’-- the types of fever with which
sestivo-autumnal organisms are associated are various and irregular,

The attempt has been made to deduce certain laws controlling these
variations and apparent irregularities, and to subdivide the zstivo-
autumnal organisms into certain varieties or subvarieties, but there is
little ._]'l"l'("(‘ll'll*llt of opinion as to this subdivision,

The following are the principal divisions of the malarial ;ml‘“lﬂltL
which have been pml}:hml the essential differences in these various
divisions relating, of course, to the different views held concerning
the wmstivo-autumnal organisms :

I. Marchiafava and Celli (1889) recognized a short eyele of develop-
ment of the wmstivo-autumnal parasite, unaccompanied by development
of pigment, and a longer eyele with formation of a few plmuﬂﬂt eranules,
Marchiatava and Bln'n.um (1891) make two varieties of this parasite—
viz. the ameeba of @stivo-antumnal quotidian, with a t“untu ~four-hour
eyele, and the ameba of @stivo-autummnal tertian, with imtv eight-
hour eyele—Amaba febris quotidiance and Admeha ﬁ*b; is f(’.‘r'fh‘”itr.'_, estivo-
autwmaalis.  The latter variety is the malignant tertian organism of
these authors. The main differences between these varieties, according
to Marchiafava and Bignami, relate to the length of the ecycle of
development, but there are claimed to be also minor murplmlngu al and
hiological differences to be mentioned subsequently (page 51).

These authors, therefore, make four different varieties of the malarial
parasite. They divide the malarial fevers into two main groups :

Mild malarial fevers which prevail in winter and spring. These
are—

() Quartan fever (with its varieties of double and triple quartan).
This iz cansed by the dmeba febris quartance (Golgi), which completes
its life eycle in seventy-two hours.

(b) Tertian fever (with double tertian and rarely certain subcontinued
fevers). This is caused by the Amwba febris tertiane (Golgi), which
mmp]vta-s its life eyele in forty-eight hours,

2. Severe or sstivo-autumnal fevers, including the pernicious and
most of the subcontinued fevers. This group comprises—

() Astivo-auntumnal gquotidian fever (to be distinguished from quo-
tidians of tertian and of quartan L\vrlﬂl‘m}J aused by the dmaba febris
quotidiane, which completes its eycle in twenty-four hours. This is
the only variety of malarial parasite which can’ complete its life eycle
in =0 "!i]”‘rt i 115.‘"(.“1 as tw Ent\"-fﬁﬂ]' hours.

(h) Estivo-autumnal or malignant tertian fever, caused by the
Ameeba febris tertiance westivo-autumnalis, which Enmp]r}tﬁﬂ its evele in
forty-eight hours. Most of the pernicious cases belong to this variety,
the remainder to the mstivo-autumnal quotidian variety.

IT. Canalis (1889) does not subdivide into varieties the wmstivo-
autumnal parasite, which he ealls the “ semilunar variety,” but he con-
siders that it has two eyeles of development: (a) a rapid evele with the
usual Plhlﬂen of ameeboid, mature, segmenting forms and spores, and
(b) a slower cyele : associated with the dev elopment of erescentic bodies,
which he considers to be rcprmlucm‘e and to represent one phase in this
second cycle. A similar view is held by Antolisei and Angelini.
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ITI. Grassi and Feletti (1890) regard the Lre&cent-pmdumng forms
as an entirely separate species, w hich they call Laverania malorice, and
which they distinguish both from the directly spore-forming unpig-
mented E-ll\'ﬂ-.mtulmml forms, which they call Hemameba immacu ta,
and from similar rapidly lh-wlupmg but pigmented, mstivo-autumnal
parasites, without erescents, which they r'ull Hemameba precor. Their
classification of the malarial parasite is as follows: (a) Hemameba
malarice, identical with the quartan parasite; (b) Hemameba vivar,
which is identical with the tertian parasite of Golgi; (r) Hemameebe

sreecor, a form of the wstivo-autumnal parasite, giving 'rise to quotidian
tever; (d) Hemameba immaculata, similar to the prere:]mg, but without
rln:-wlnpnm-m of pigment ; (¢) Laverania malarie, the crescent-producing
variety, giving rise to ll"l'E,@.Llllq'll‘ fevers,

Sacharoff formerly regarded the crescents as belonging to a separate
species of malarial ]mhmtt‘r, and adopted the following eclassification :
() Heemameeba febris quartane (Golg), (b) Hoemameba febris tertiance
(Golgi), (¢) Hemameba precox (Grassi), (d) Laverania (Grassi). Re-
cently (1896) he holds that all variations of the estivo-autumnal para-
site are maodifications of a single variety due, mainly, to the development
of the parasite within nucleated red blood-corpuseles.

IV. Mannaberg (1893) accepts Marchiafava and Bignami’s division
of wstivo-autumnal parasites into quotidian and tertian, and alzo adopts
Grassi and Feletti’s division into pigmented and unpigmented quotidian
parasites, He does not, however, consider the erescents as belonging to
a species or variety distinet from these, but considers them as developing
from each of these three divisions of wstivo-autumnal parasitez. He has
a peculiar view as to the origin of the crescents from conjugation of
cells, and regards them, tlwrt-inre, as forms of syzygia. He divides the
malarial ]hll‘d‘:lfl‘!- into two gronps—the first group, with gpor ulation and
without syzygia, comprising () the quartan and (b) the tertian [nlm-;lti1~
of Golgi; the second group, with sporulation and with syzygia, eom-
prising {f!’} the pigmented quotidian parasite, (h) the uuplgmﬁnted quo-
tidian parasite, and (¢) the malignant tertian parasite.

V. Golgi (1893), an admirable and successful investigator of the
malarial |1*1m-1t<'~ does not consider the semilunar forms as belonging
to a species or variety distinet from the ordinary sporulating sestivo-
antumnal parasite. He attempts no subdivision of the sstivo-autumnal
parasite.  His conception of tllw maode of development of this parasite
differs in essential points from that of Marchiafava and Bignami and
of most other investigators, as will be explained in considering the
special characters of the sestivo-autumnal parasite.

The following statement of Golgi’s classification of the malarial
fevers is qu{ml:] from Thayer and Hewetson’s work on The Malarial
Fevers of Baltimore, alveady cited.! Golgi divides the malarial fevers
nto two groups

(1) Fevers the pathogenesis of which is connected with parasites
which have their principal habitat in the cirenlating blood, where, by
preference, they accomplish the phases of ﬂwu evele of existence.

(2) Fevers the pathogenesiz of which is connected with parasites

! The writer wishes to acknowledge his indebtedness to this excellent monograph for
much valnable assistance in the preparation of this article.
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which have their chief seats in the internal organs, particularly the
bone marrow and the spleen, where, by preference, they accomplish their
eyele of existence in conditions of relative stability.

(1) The fevers of the first group are unquestionably associated with
different species or varieties of the parasite—viz. (a) the quartan para-
site ; (b) the tertian parasite,

(2) “To the second group belong the fevers which appear elinically
under multiform types, very often irregular, of which for the present it
is impossible to make a grouping based upon an ascertained biology or
eyele of development of the parasite. . . . . We are dealing in these
eases with generations of parasites which, occurring in the parenchyma
of organs in different stages of development, give origin, at periods of a
eertain regularity or in a more or less continuous suceession, to colonies
of young forms which, in large or small numbers or in insignificant
quantity, may escape into the blood current, permitting one to discover
by microscopical examination of the blood the presence of the small
endoglobular amebz.” Golgi refers to the crescents as “ forms the biol-

y of which has not yet been well determined.”

VI. Thayer and Hewetson (1895) were likewise unable to confirm
Marchiafava and Bignami’s subdivision of the westivo-autumnal parasite
into a quotidian and a tertian variety. They say: “ We have been
unable to trace a constant length of the eyele of development, and we
have been unable further to separate two or more types of the [westivo-
autumnal | parasite depending either upon the length of the evele of
development or upon any other morphologieal or biological differences.
We believe that the length of the evele varies greatly in different eases,
lasting usnally from twenty-fonr hours, or even a little less, to forty-
eight hours or more. After the infection is five davs ora week old
certain of the organisms, instead of segmenting, pursue a further
growth, developing into the hyaline, refractive, ovoid, and crescentic
bodies.” They do not feel justified in making any positive statement as
to the significance or capacity of reproductive development of the
erescentic bodies,

The question has been raised whether in tropical regions, where per-
nicious types of malaria are common, any form of malarial parasite
different from those already mentioned oecurs. The observations of
Van Dyke Carter, Dock, van der Scheer, Plehn, and others show that
the same parasites are found in India, Panama, Java, and other tropical
countries as elsewhere. The negative reports which have been published
are referable doubtless to insufficient training in such examinations on
the part of the observers. The fact that a large part of the tropical
malarial fevers are caused by wmstivo-autummnal organisms which appear
in the red blood-corpuseles as small, pale, feebly-staining, delicate,
diaphanous, often unpigmented ameboid rings of hyaline protoplasm,
difficult to detect in many eases, and sometimes scanty or at times even
absent, will account for many of these negative observations,

The singular distribution of the hwemoglobinurie type of pernicious
~malarial fevers in certain definite localities suggests the possibility that
this may be caused by a special type of organism. The sporadic cases
of malarial hemoglobinuria examined in Italy have shown, however,
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ordinary wstivo-antumnal organisms.  Plehn' found in cases of black-
water fever oceurring on the West Coast of Africa small, annular amee-
boid forms, staining with great diffieulty and never lllgluﬂn‘u;:ﬂ, in the
red blood-corpuseles. # Out of the ameba tliere develops by thickening
of the peripheral zone an oval or egg-shaped body, with well-staining
double contour. In course of time thiz divides into five or six small
oval forms, staining at one pole, which, when they are set free, move
about with great rapidity in the blood. These ]nﬂbdhlv [lﬂwloib into
the .numhmql torms.”  The organism never attained a size larger than
one quarter of the red IllﬂlIll-f.'ul‘]ﬂ'l‘-f.'k". Crescents were oceasionally
found. Plehn seems to regard this organism as allied to, but not iden-
tical with, the wstivo-antumnal parasite deseribed by _Itqh-'m writers,
Although his description presents certain 'E}I‘l‘.‘i.lliﬂlltlt“- of the parasite
which he observed in the pernicious malarial heemoglobinuria and other
pernicions fevers of the West Coast of Afriea, especially the constant
absence of pigment, the extremely small size, the sporulation in the
blood, and the apparently motile spores,* nevertheless it is not suffiei-
ently mmplf_'h’ and satisfactory to justify the inference that the organ-
ism_differs from forms of the nrllm-tn sestivo-antumnal parasite as
}n{'tmu sly obzerved.

From the preceding review of the various investigations and opinions
concerning the divisions or varieties of the malarial parasite, especially
of the wstivo-autumnal form, we may draw the conclusion that whereas
the separation into quartan, n-rti:m, and smstivo-antumnal varieties rests
upon a =ound basis of fact, the various attempts to further subdivide the
@stivo- autumnal group have not as vet been sufficiently suceessful to jus-
tify our acceptance at the present time of any of these subdivisions. There
is, however, some reason to believe that this last group, as at present
{*D!hiillllui may comprise varieties which will hereafter be satisfactorily
differentiated from each other.

We will now consider the special characters of each of the three
varieties of the malarial parasite.

I. THE ParasiTE oF QUARTAN FEVER (HEMATOZOON FEBRIS
QuarTax®) (Prate 1. Fies. 25-42).

In most malarial regions this is the rarest form of the malarial
parasite, but there arve certain pLuw- (none of these have been recog-
nized in this conntry) where it is the prevailing variety. Being par-
ticularly common in the neighborhood of Pavia in ITtaly, the quartan
parasite was the first to be di flerentiated and described by G{)lgx (1885—
86), to whose masterly deseription nothing of essential importance has
been added by subsequent investigators, with the exception of certain
details of intimate structure.

The quartan parasite completes its eyele of development in seventy-
two hours and entirely within the eirculating blood. The youngest forms
of the parasite are small, ameeboid, when at rest discoidal, hyaline bodies,

I Plehn: “* Ueber das -‘.‘L'lu\':m:\\':lssﬂ'fiuhv|.' an der afrikanischen Westkiiste,”" Deutsche
med. Wochenszchrift, 1895, Nas. 25, 26, &

* It may here be mentioned that ]’ILIm considers that the spores of all varieties of
the malarial parasite are flagellated—a view which has not been confirmed by other
observers.
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within the red blood-corpuscles.  They are about one-fifth to one-fourth
the size of the red blood-corpusele (Plate I. Fig. 26). The central part
of the body may appear paler than the peripheral. These unpigmented,
youngest forms are found during and for several hours after the paroxysm ;
they may begin to appear two hours before the paroxysm. The very ear-
liest forms are not to be distinguished from the voungest tertian parasites,
but as thev begin to develop they present a "h].lci.l‘ll[’ll'l‘ outline and somewhat
more refractive : ippearance, and ‘their ameeboid movements are more slug-
wish and l‘l_"-h‘il:t(‘{l] than those of the corresponding stages of' the tertian
q;-ra-auhm These movements become more active on the warm stage of
the microscope. The presence of more than one parasite in a red blood-
corpuscle is sometimes obzerved.

rIShm 'tly, or within twelve to eighteen hours, after the paroxysm pig-
ment g‘[“lllll]("- appear within these hyaline bodies, which continue to
increase slowly in size, and for a while to exhibit lazy amceboid move-
ments (Plate 1. Figs. ?'“, 28, 29). The pigment appears in the form of
brownish or black rods and grains, which are coarser and darker than
those seen in tertian par: asites. [hu_- rod form of pigment iz less common
than in tlw tertian organism. These piwmﬂnt oranules are arranged
generally in the pe 111}|1r_= ral part of the parasite, and they present only a
sluggish movement in comparison with the active motion of the pigment
in the tertian parasite. With the gradual inerease in size of the hyaline
bodies and in the amount of contained igment the red blood-cor lm-:-lv"
enclosing them may appear unelmn:w:l or often they become a little
smaller, more refractive, and {]{'{‘]}E"l' in color, which may be somewhat
ereenish or coppery in tint (Plate 1. Figs. Eh 29). There is not that
tendency to decolorization and swelling of the infected red blood-cor-
puseles which iz noticed in the ecase of the tertian parasite, althongh in
the more advanced stages of {1{*\'vlnlmu=|1t there is usually some loss of
color in red LUI'])II“C’IE‘“ Il."':'lﬂ't-.'lI'lf'I]:['l;!-_L lil'lq.'llt-.“l L“{.!'l“l‘*ln .

In the process of development the ameeboid movements cease, and
the pﬂnmtv appears as a quiescent, pigmented, spherical, or ovoid body
oceupying perhaps one-halft to two-thirds of the red corpusele (Plate 1.
Figs. 30, 31). Such bodies are usually seen within forty-eight hours
after tlie paroxysm. These bodies continue to grow, and when they have
reached their full development in sixty to seventy hours after the parox-
ysm theyv are somewhat smaller than the normal red blood-corpuseles.
These full-grown forms are spherical or ovoid, refractive, hyaline hodies,
with nearly or qlutv motionless dark pigment gl‘.luulﬁn of variable size,
but coarser than in the tertian parasite, and with a tendeney to periph-
eral arrangement, but at times irregularly distributed. Around these
bodies a thin layer of the colored, refractive substance of the red blood-
corpuscle can usually still be seen (Plate 1. Figs. 32, 33, 34), or the
heemoglobin may be entirely removed, so that only a delie: lt[" thin, color-
less rim or line surrounding the parasite is all that is left of the nuwuml
red blood-corpuscle.  In unstained specimens these latter forms often
appear to be free in the plasma (Plate I. Fig. 35), and are sometimes
spoken of as free bodies, which may also oceur,

In six or eight to ten hours before the febrile paroxysm the first
phases of reproduction begin to appear. These are ushered in by the
gradual withdrawal of the pigment from the periphery toward the centre
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of the body. The pigment in this process is often arranged in definite
radial striee (Plate 1. Fig. 36). Such regular stellate arrangements of
the pigment as are seen in this stage of the quartan parasite are rarely,
if ever, observed in the tertian (Thayer and Hewetson). Finally the
Pl“‘ltl[*llt 1= concentrated into a central mass of granules or a solid block
of coalesced pigment, less frequently into two or more collections, and
the organisms assume a somewhat more refractive and slightly granular
appearance.

At the same time or soon afterward radial divisional strize begin to
appear in the periphery (Plate I. Fig. 37), and quickly extend to the
central part of the parasite, whereby the substance of the spherical
organizsm becomes divided into six to twelve ovoid or pear-shaped seg-
ments arranged with characteristic and exquisite regularity around the
central mass of pigment like the petals of a daisy (rosettes of Golgi)
(Plate I. Fig. 38). In each of the segments can be seen a small round
glizstening body which represents the nuelens or nuelear material. The
pyriform segments assume rapidly a round or oval shape, and become
separated from the central mass and from each other. The delicate
enveloping membrane, which may not be recognized on unstained speci-
mens, derived from the red blood-corpuscle ruptures, or it may previ-
ously have disappeared, and the small round or oval bodies, each pro-
vided with a bright nucleiform dot, are set free in the l]]ﬂ‘:-ma (Plate 1.
Fig. 39). These bodies are the so-called spores. Simultaneously with
this process of sporulation young amceboid hyaline bodies, formed di-
rectly from the spores, make their appearance in the red blood-corpus-
cles, and the cyvele of development is completed and another evele is
lwu‘uu

‘-wgm(-mmg or sporulating forms of the parasite may : 'lEpear =X or
eight hours before the paroxysm, and are most abundant shortly before
and during the onset of the paroxys=m. It iz of coursze not to be under-
stood that all of the parasites of one group pass through their ﬂﬂ‘ﬂlﬂp-
mental phases and mature at exactly the same moment. One parasite
of the group may be several hours in advanee of another, but this does
not interfere with the recognition of distinet groups or frt-uﬁrﬂtmna each
standing in definite relation to a paroxysm, or with the establishment of
Golgi’s law that the onset of each paroxysm corresponds to the matura-
tion of one group of oreanisms.

The eyele of development of the quartan parasite is attended with
fewer irregularities than that of any other variety of the malarial para-
site. Nevertheless, certain irregularities may oceur. As lmiutet% out
by Antolisei, w-‘im-ntdtlun may oceur exceptionally in pigmented hodies
'{'ﬂl'l'-lill"l‘dlﬂ‘r smaller than the usnal full-grown forms, containing less
pigment and filling only a part of the red blood- Lm'puscle. Here the
segments do not usually exceed four to six or eight. The accumulation
of pigment in the segmenting forms may be l‘H‘I‘JllIIEI‘Eﬂ or distributed
between the spores, or otherwise irregular,

As the quartan parasite (nmph-n-u itz development entirely within
the ecirculating blood, there is no appreciable difference at any stage
between the -11][-11u' and the peripheral blood as regards the number and

variety of the parasitic forms observed. Moreover, segmenting forms
of the quartan parasite are often seen in small ]'Ill]'llh[ﬂ' in the blood at a
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period before the total number of organisms is sufficiently large to pro-

duce by their ripening a paroxysm, whereas segmenting tertian parasites

are very rarely seen in the peripheral blood without the occurrence of a
ArOXysm in relation to the segmenting forms,

Not all of the mature forms proceed to sporulation.  Some, especially
those which may have escaped from the red corpusecles, swell up, beeome
transparent and larger than a red blood-corpuscle, and present irregu-
larly distributed and actively moving pigment granules (Plate 1. Fig. 40).
These swollen, hydropic forms are probably sterile, It can often be
seen in examining these bodies in fresh blood that the pigment becomes
guiescent, the outlines of the body become irregular and indistinet, and

evidently eadaveric forms resnlt.  Or these bodies may break up into a
number of fragments which become misshapen and indistinet, or the
whole body may become vacuolated, as is represented in Plate 1. I'w 42,
Bodies more or less resembling spores, but without the nuclear structure
of spores, may appear in these vacuoles.

Ag may occur with any variety of the malarial parasite, the mature
forms of the quartan parasite, instead of sporulating, may develop into
flagellate bodies in the manner already described. These bodies are
smaller and contain coarser pigment than the flagellate forms of the
tertian parasite. (Compare Plate I. Fig. 41 and Plate 1. Fig. 22.) De-
generated and flagellate forms are less common in quartan than in
tertian infections,

Not only may mature forms degenerate in the ways deseribed, but
forms in earlier stages of development may be liberated from the red
corpuscles and likewise degenerate,

The phenomena of ]ﬂl.i;_:;m,}'fnhl.-, are observed with regularity during
and for some hours after the paroxysm in quartan as well as in other
malarial infections. The pigmmlt set free by the process of sporulation
is taken up by phagoeytes. E \tl‘;lf‘nt‘[]ll*-ﬂlli.ll‘ organisms, ]}.unr-ulmlv
the various degenerated forms, are engulfed by phagocytes. The assanlt
on the flagellate bodies by leucoeytes can be watehed with interest on
the slide of fresh blood.  The leucoeytes can also be seen to take up
seementing bodies and spores when the specimen of blood is kept for a
while. The details and the significance of these phagoeytic phenomena
will be considered subsequently (page 65).

The intimate structure of the quartan and other malarial parasites,
as revealed by methods of staining, will also be deseribed subsequently.

Two or more groups of quﬂl"fE!.Il parasites arve often present in the
blood at the =ame time, -ﬂlhlm: double and triple quartan infections.
On account of the recrul.irltv in the development of the quartan para-
site, H,I]flﬂl}!.ltll]ﬂ‘ lz-t.u[lm[_r, and irregular fevers are less common in
ql_nrtai,n than in the other malarial infections. Careful examination of
the blood enables the observer to recognize the presence of two or more
groups of the parasite by noting the simultaneous oceurrence of bodies
in noticeably r'hﬂ'ment Ht.lg(“: of development ; as, for example, during
the paroxysm the association of segmenting and young hyaline bodies
with half-grown pigmented bodies.
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II. TaE PaArasite ofF TERTIAN FEVER (HEMATOZOON FEBRIS
TerTIANE) (PLATE 1. Fies, 1-24).

This variety of the malarial parasite is common in most malarial
regions. Where only mild types of malaria oceur it is, as a rule, the
lug-\'ulmg, and sometimes the sole, variety observed. The tertian and
the quartan parasites cause most, or in some places all, of the winter
and spring intermittents, but they, and especially the tertian parasite,
may cause in distriets of even severe malaria not a few of the malarial
fevers of summer and autumn, although the more severe and 1rre_gu]al'
of these latter fevers are eaused chiefly by the mstivo-autumnal parasite.
The tertian parasite may, however, produce severe, as well as mild,
tvpes of malaria,

The tertian parasite was differentiated from the quartan and deseribed
in its essential characters by Golgi in 1886 and 1889, Other observers,
particularly Antolisei {IHH"}—QUJ and Bastianelli and Bignami (1890),
have added to, and in some points corrected, Golgi’s first description.

The chief points to be emphasized in this description of the tertian
parasite are those which distinguish it from the quartan parasite. Unlike
the quartan parasite, certain 5tu§zﬁﬂ of {hn'[?h:pmﬂnt of the tertian—
namely, those concerned witl p]'me by preference in
the mplmn and the hone nm]wm, althongh ﬂ»,:_rmentmg forms are seen
also in the peripheral blood. The cyele of development is completed in
fortyv-eight hours.

]}tlllnw he paroxysm or shortly after it small, unpigmented, hyaline,
amahoid bodies are found within the red hlnml-l:'ur])us-('IEﬂ of “which
they are about one-fifth to one-fourth the size (Plate I. Figs. 2 and 3).
Usually one hyaline body is found, but not very infrequently two or
more are present, in a single blood- ~corpuscle, The tertian ameehz,
especially in their pigmented stage, change their shape and position
within the corpuscles much more actively than the quartan amebze,
these movements being vigorous at ordinary room temperature. Several
branching pseudopodia are sent out, often reaching nearly or quite the
periphery of the corpusele, and are retracted. All sorts of shapes
may thus be assumed by the parasite, which with its long branching
processes may seem to per vade nearly the whole -::{}rpu;;(*lp By the
union of two psendopodia the shape may be that of a ring EH(ID‘E]]‘Ig‘ a
bit of the corpuscular substance (Plate 1. Fig. 5). The tertian amebz
are }}.II{‘I' less sharply outlined, than the quartan (compare the two
varieties in Plate 1.). Ina short time fine reddish-brown or _v,e]l-::ms]v
brown rods and granules of pigment, varying somewhat in size, appear
in the margins of the ameehe (P late 1. Fig. 5). Pigment granulea often
collect in the bulbous ends of pseudopodia (Plate 1. Figs. 6 and 7), and
the intervening parts of the pseudopodia may be so thin and delicate as
to be readily overlooked, so that the appearance may be that of several
distinet bodies within one red blood-corpusele. Careful examination
will, however, detect the fine {*mnwt'tiug processes or the retraction of
the a pperntl separate bodies into the substance of one parasite. Two
or more parasites may, however, be present uccw,mna]lv within one red
corpuscle (Plate I. }*w 4). The pigment is in finer grains and
rods, and of a lighter, somewhat diffe ent, tint in the tertian, than in the
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quartan parasite. (See Plate I.) It is alzo in much more active move-
ment in the tertian amebwe. This movement is not altogether like the
Brunonian or molecular motion, and is probably due to intrinsie proto-
slasmic movements or currents.

With the continued growth and inereased pigmentation of the amoeeb:e
the infected {'l:rl‘pllhl:,lvn as a rule become distinetly swollen and paler
than normal—a change which may be already indicated even with quite
small pigmented forms, and which is one of the most distinctive cha-
racters of the tertian parasite (Plate I. Figs. 4=9). Oeccasionally the
eln'elﬂpmé corpuscle is not noticeably swollen or altered, and exe vptl{:u—
ally it may even shrink and acquire something of the brassy appearance
commﬂnl_‘u seen with red corpuscles infected Wwith the estivo-antumnal
parasite.

On the day of apyrexia the parasite, now with somewhat sharper
contour and more richly pigmented, may attain a size equalling one-half
to two-thirds that of the infected hi-:m:]-mrpuwﬂle The amaeboid move-
ments have become more sluggish, but they persist in stages of develop-
ment corresponding to which forms of the quartan Immmtv have become
quiescent. The pigment continues in active motion.

The fully developed parasite iz about the size of a normal red cor-
puscle, sometimes a little smaller, sometimes somewhat larger, and it is
therefore smaller than the swollen corpuscle in which it is contained,
It iz nearly or quite spherical in -|11pv and without amebic movements,
The plgmcut for a while preserves its marginal arrangement or less fre-

nently is irregularly distributed (Plate 1. Fig. 9). The expanded red
b ilﬂd—{,ﬂlpuq{‘]? Pn\'{,ln]nng the parasite becomes still paler.

These fully grown torms change into the presegmenting bodies by
the collection of the pigment, which has already become qme-oont
into a mass of granules or into a solid block sitnated usually in or near
the centre or sometimes near or at the margin. As with the other varie-
ties of the malarial parasite, the pigment with the development of the
parasite becomes coarser, and the delicate rod-like forms of pigment
become relatively less numerous. These spherical bodies with central
pigment clumps are more refractive than is the parasite in preceding
stages of derirlnpmcnt Stained specimens show that in these preseg-
menting bodies there appear multiple, deeply staining chromatin gran-
ulu-t, which represent nuclear substance, and which are the first indiea-
tion of the inception of nlmrul.ttmn

This phase of segmentation presents more variation than is observed
in the quartan parasite. Sometimes it begins with the appearance of
radial striation extending from the periphery to the centre, and proceeds
by a division of the substance of the parasite into twelve to twenty or
even more segments arranged in a rosette form around the central clump
of pigment. A little later the pigment clump is surrounded by a group
of '-sm:-ﬂl round bodies, which are the spores.  More mmmnnh’ un]mut
the formation of such I‘Oglll.-.ﬂ‘ figures, the protoplasm breaks up into :
mass of fourteen to twenty or more spores. Sometimes one sees an outer
and an inner ring of spores concentrically arranged around the central
mass of pigment. The larger number of segments or spores tormed by
the tertian as contrasted with the quartan parasite is an important dif-
ferential characteristic.
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The modes of -f:£,111{~11f.1ﬁ:}11 dezeribed (Plate 1. Figs, 10-14) corre-
spond in the main to Golgi’s second type of segmentation. His first
mode of seementation of the tertian parasite has not been noted by other
observers, It is as follows: After the colleetion of the pigment in the
centre the organism is differentiated into a peripheral zone sharply sepa-
ated from a central body containing the pigment. The peripheral rin
becomes radially htimtulj and then divides into fifteen to twenty smal
hyaline segments.  The central pigmented body does not t(}gmc—*nt, but
remains behind after the separation of the spores.  Golgi’s third variety
of segmentation iz now generally recognized as a process of degenerative
vacuolation.

Sometimes the segmenting bodies show, instead of one central acen-
mulation of pigment, two or more -.]nmp*- excentrically placed, or the
pigment may be concentrated in the periphery or distributed between
the spores or otherwise irregularly arranged,

The spores are set free by rupture ni the enveloping membrane
derived from the red corpuse le, or this membrane may have disappeared
hetore the segmentation is f.-mn]rlutu;l The individual spores are some-
what smaller than those of the quartan parasite. They usually show a
refractive nucleiform dot, which is, as a rule, less distinet than in the
quartan spores,

Coincidently with sporulation the young, colorless amebe, formed
from the spores, make their appearance in the red hlunﬂ—:-nrplmlea and
start on a fresh eycle of' development.

The hf‘f?li]{'nh]lg' bodies may make their appearance several hours
hefore the paroxysm. They are most numerous shortly before and dur-
ing the onszet of the paroxysm. They may be scanty in the peripheral
blood, for the process of sporulation takes place me]v in the internal
organs. The red corpuscles containing mature and pr resegmenting bodies
accumulate especially in the spleen and the bone marrow, and there the
organizms complete their reproductive development. During most of
the period of apyrexia no noticeable difference is observed in the num-
ber and kinds of parasites between the peripheral blood and that with-
drawn by hypodermie syringe from the spleen. But shortly before and
during the paroxysm far more ripe and spornlating forms are found in
the &pinm{ than in the peripheral blood,

Precocions segmentation into five to ten spores may oceur in bodies,
sometimes containing only a grain or two of pigment, which have not
attained a size exceeding one-half to two-thirds that of the red blood-
corpuscles (Plate 1. Figs. 16, 17), the usual size of a segmenting body
being about that of a red vmptm*]f* but sometimes considerably larger.
Such immature forms of segmentation are associated by Bastianelli and
Bignami with anticipating fey ers, but Mannaberg and I‘lhwer and Hew-
etson, although not inclined to discredit this mtmprehtmn were unable
to convinee themselves of this relation,

Partly developed and mature tertian parasites are often seen free in
the plasma. Swollen, transparent, extracorpuscular forms, which may
attain the size of Iar;_y leneoeytes, and which contain scattere{l danmng
pigment granules, are generaily considered to be degenerative or inea-
pable of reproductive development (Plate I. Fig. 18). These so-called
hydropic forms are eonsiderably larger and paler and more common than
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the similar forms of the quartan parasite. These swollen, richly pig-
mented forms are very common in tertian infections. In general, the
various forms of degeneration which have already been deseribed, such
as fragmentation, vacuolation, psendo-gemmation (Plate 1. Figs. 19, 20,
21, 23, 24), are more common with the tertian than the gquartan parasite.
Flagellate bodies are likewise more common. They are, as a rule, larger
and eontain finer pigment than the quartan flagellates (Plate I. Fig. 22).
They develop chiefly from the round, swollen, extracorpuscular forms
with seattered pigment, although flagella have been observed to develop
from forms still surrounded with a distinet layer of heemoglobin-con-
taining substance of the red blood-corpuscle. Flagellate bodies are most
abundant in blood withdrawn from the spleen shortly before and during
the paroxysm. Phagoeytosis occurs with the same regularity and with
similar phenomena in tertian as in quartan infections.

Infection with two groups of tertian parasites (double tertian), as
deseribed for quartan infection, is more common than with a single
group, especially in the later period of the malarial season in the spring
and in summer and autnmn.  The resulting type of fever is quotidian.
In some cases there seem to be several irregularly distributed genera-
tions causing remittent or subcontinued fevers., [t is not necessary to
attribute the presence of two or more groups of the same variety of
parasite to corresponding multiple infections from without. There is
evidence that certain members of a group may, in their development,
lag behind or advance beyond others of the same group, and in course
of time by further multiplication may constitute a .-:t-.;lin rate group capable
of eausing its own paroxysms of fever. It is remarkable, however, that
the second group should be separated in its eyele of development by such
definite intervals from the first as we usually obzerve in quotidian fevers
of tertian origin. Genuine mixed infeetions with malarial parasites, the
most frequent combination being that of the tertian and of the wstivo-
antumnal parasites, are not very uncominon,

The length of the eyele of development of the tertian parasite may
occasionally be noticeably shorter than forty-eight hours, perhaps only
forty hours or less, or, on the other hand, it may be longer than the
normal period. This may explain the anticipating and the postponing
fevers,

III. Tue Parasite oF EsTivo-auTuMNAL FEVER (HEMATOZOON
Favcriearoyd) (PraTe IL).

This was first clearly differentiated from other varieties of the mala-
rial parasite by Marchiatava and Celli (1889), and was subsequently more
fully deseribed by the same authors and by Canalis (1889-90). (See foot-
note, page 32.) The extensive literature concerning the parasitology of
malaria during the last six years has been concerned to a large extent
with this variety, but we are still far from possessing so full and
accurate knowledge regarding the characters and development of the
H:matozoin falciparum as regarding those of the quartan and tertian
parasites. Such knowledge iz much to be desired in view of the fre-
quency of the mstivo-autumnal parasite in regions, such as the southern
part of the United States, where the more severe types of malaria oceur,
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and of the almost exelusive association of this parasite with pernicious
malarial fevers.

Chief reasons for the difficulty in investigating the entire life history
of the H@ematozodn ‘Lil{*]pdl‘um are that it develops mainly within the
internal organs and often in multiple groups, and that the later repro-
duetive I}Imuva of development are met with in the ecirculating blood
only very exceptionally. Under the ¢ 'fﬂ.wﬁf‘ﬂi!mn of the malarial para-
sites we have already llli-“-{"ﬂf‘{*ﬂ the more important opinions which have
been advanced concerning possible subdivisions of the wstivo-autumnal
variety (page 35 ef seq.).

The voungest forms of this parasite are small hyaline bodies, about
one-sixth the- diameter of a red blood-corpuscle, which make their
appearance in the blood-corpuseles during or shortly after the paroxysm,
It is not uncommon to find two or more ln‘a]me bodies in a smgle cor-
puscle.  These wmstivo-autumnal hyaline bodies are in genem the
smallest forms of the malarial parasite which are observed in the red
blood-corpusele (Plate T1. Figs, 1 and 2). The youngest forms may be
quiescent, but as they dev clup they manifest ameboid movements
resembling in their -u-tn'rt*r those of the tertian amahe.

The young wstivo-autumnal ameebse may not be readily tllstmgm«:h-
able from the similar forms of the quartan and tertian parasites. Par-
ticularly characteristic, however, of the young hyaline forms of the
Hamatozoin fdl(*l]‘ﬁ'll‘ll]n when in repose and in stained specimens is the
ring shape. The appearance in fresh specimens is that of a somewhat
refr: wtive, clear, hyaline ring, usually thicker on one side, surrounding
a small round centr: al, or oftener excentrie, shaded part, or sometimes
two or three such parts, through which the ‘color of the red corpuscle
shows. In stained specimens the ring appears thinner than in fresh
specimens, and the eentral or excentrie part is unstained, while a minute
deeply stained granule is sitnated in the outer ring.

The atmh of the further development of these forms, especially on
stained specimens, has demonstrated that these app"ll‘(,uﬂx‘ annular
bodies are not actual rings, as some have supposed, enelosing a bit of
the red corpuscle, but that the clear area which does not stain i« a trans-
parvent part of the organism, which, as will be subsequently explained,
some regard as the nucleus.  Actual rings, however, as has already
been mentioned, may be formed by the junetion of pﬁeudn]}udm which
thereby enclose =ome of the corpuscular substance, but such is not the

explanation of the typical annular appearance of the wstivo-autumnal
hvaline bodies. It is not uncommon to find free hyaline bodies in the
blood plasma.

These hvaline bodies may, while under observation, become some-
what (-xlmmlﬂ{l and paler and lose their annular 1pp4:ﬂrﬂ,uce and again
resume the ring shape. While the very smallest intracorpuscular
hyaline bodies may present no amaeeboid movements, as they grow larger
these movements become active. Hyaline bodies are occasionally
observed to change their position within the corpuscle without change
in their shape. Manifold shapes are assumed during the ameeboid
movements (Plate [I. Figs. 4-6).

Usually in the course of development a few very fine dark reddish-
brown or black pigment granules appear in the outer layer of the
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hyaline bodies (Plate IL. Figs. 8-12). They may be situated near the
periphery or on the inner margin of the ring near the clear part.
Sometimes the pigment does not appear until shortly before a paroxysm.
The presence of many bodies mutamlll;_l; a considerable number of grains
of pigment is rrmll'ld,]h' indicative of an impending paroxysm. The
pigment g‘l‘i'lllll|l"- are at first very minute and few, and may be readily
overlooked. The granules of pigment increase in number and size, but
it is one of the characteristics of the sestivo-autumnal amcebe th at the
formation of pigment is, as a rule, scanty and in fine grains. Often
only one or two very fine pigment gmnult' are seen in the periphery or
on the inner NT;_JP of the refractive border of the hvaline bodies,
Usunally about six or seven granules of pigment are :lculupmi in the
hyaline bodies. The lnummlt cenerally shows but little motion in con-
trast with that in the tertian ameebz,

The sestivo-autumnal ameeboid forms do not generally grow larger
than one-quarter to one-third the diameter of the red blood-corpusele,
and they may remain smaller. The infected red corpuscles may appear
otherwise normal. They do not become swollen and decolorized in this
stage, as is the case in the tertian infeetions. On the other hand, they
often become shrunken, creased, or otherwise deformed, and pwm-ut
a deep brassy color (glofnli rossi otfonafi of the Italian writers) (Plate
IL. Figs. 7 , 16). Sometimes the hemoglobin separates from a part or
the whole ni the outer part of the stroma of the ('t}r}!ll'-'t"]l' and collects
around the enclosed hyvaline body (Plate I1. Fig. 13). These changes
in the red corpuscles, which are particularly characteristic of the sestivo-
autumpal variety, although not .lhanlutLh limited to it, are to be
regarded as {11;15}(”1111‘-“1\1' or neerobiotic. Marchiafava and Celli and
some others have thought that the parasite within these profoundly
altered corpuscles is also dead or incapable of further development.
Bastianelli states that sporulation forms are not observed in the brassy
corpuseles, but this statement 1s up]m-,a-l_l to observations of Marchiafava
anc Bl_g‘l]dml and others. The view that parasites within profoundly

altered corpuscles are incapable of further {}m -elopment is by no means
proven, and is opposed to the natural interpretation of many observations.

As the time for the onset of a paroxysm approaches, the hyaline
bodies gradually cease their ameboid movements, assume a spherical or
ovoid =hape, hecome somewhat more refractive and ]mmrwrumun, and
present a small collection of quiescent or but slightly moving pigment
gmuul(’n at about the centre or often near the IH'lilllwl"r (Plate 11. Figs.

13, 16, 17, 18). This pigment us utﬂv fuses into a single small, blac} 'k,
munﬂ or 1rrvtr1|]lr mass or block {l late IT. Figs. 14, 15, ]‘5-)4], or
there may be two such blocks.

These round, refractive bodies with pigment blocks or collections of
pigment g‘mnul:’:ﬂ (corpi con bloechetto) ave the presegmenting bodies, and
when they are present the onset of a paroxysm, within at most a few
hours, may generally be safely predicted. These l}{:tlwa are much smaller
than the cor H-«-.pmuhng forms of the quartan and tertian parasites. They
do not generally exceed one-quarter or one-third of the size of the
corpuscle, althongh they may be considerably larger. They are sur-
rounded with haemoglobin-containing substance of the corpuscle, which
is often of a brassy color.

Vo, I.—4
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The next phase of {hwvlﬂpuwnt is that of sporulation, but the seg-
menting forms are fonnd in the ]wup]wm] blood only mﬂ:,.t exception-
ally, save in some I:I(‘I‘Itl{l{]ll‘:-i 1ses, in which they may in rare instances
be even abundant. - Sacharoff observed in the Transcaucasus sporulating
forms in the blood, and on this account, but apparently without sufh-
eient reason, he r[-n"mik this form as a special variety, For a few hours
before and tlurmg the early stage of the paroxysm very few parasitic
forms of any kind are to be “found in the cireculating blood, and at this
p[-liml they may be entirely absent, in marked contrast to quartan infec-
tion. During this period the presence of |]1j_{‘l]ll"llti‘f1 leucocytes in the
blood may aid in the diagnosis. In tertian infections an :-lllll{jg[}ll‘: con-
dition is found, but not in the same degree, The disappearance of the
parasites from the blood is believed In most authorities to be due to
their lh*plhltl{:tl in internal organs, (“-pvvl.ll!ﬁ. the *-plm-n and the bone
marrow, and is attributed to the profound changes in the red blood-
(.Dl‘]'l'llhl:].("‘:. containing them, these changes u-ntlvr'mg the corpuseles vir-
tually foreign bodies w hich, like other foreign particles, are caught and
retained especially in the ‘-[ﬂm n and the bone marrow.

Blood withdrawn by puncture of the spleen at this time will, with
rare exceptions, show abundant intracorpuscular and free round bodies
with central or peripheral pigment, and also segmenting forms. In
certain eases segmenting forms are few in the spleen, but abundant in
certain other internal organs, as has been shown by post-mortem exam-
inations, These sporulating bodies are smaller than those of the quartan
and tertian p.n*naitm, and oceupy, as a rule, only a relatively small part of
the corpuscle, which is always altered in appearance, being shrunken and
brassy-colored or more 'fi'f-qtlmlth' decolorized. l"'llm. may appear to be
free or may be actually free. In pernicious cases tlli"r are present in
large, often enormous, numbers in the internal Organs, e-~pcem]lv in the
spleen and bone marrow, and in some types of pernicious fever in the
capillaries of the brain and in thuw of' the intestinal mucosa. This
varied distribution of the parasites in internal organs is in relation with
the types of pernicions fever. The stage of sporulation oceupies a rather
long period and takes place in suceessive groups.  This eireumstance 1s
believed to explain the long duration of the paroxysm in wstivo-
autumnal fevers, In pernicious cases spor ulation seems to be going on
continually in the vascular areas of certain internal organs.

In wstivo-autumnal infeetions the process of gporulation is in gc-nf-mi
similar to that of the tertian parasite, but it is more irregular and vari-
able and the spores are much smaller (Plate 1I. Figs. 25-28). The
number of spores formed by a segmenting estivo-autumnal organism is
extremely variable. There may be not more than six to ten spores, or
even fewer ; often there are ten to twenty, and the number may exceed
thirty. Some segmenting forms are mmh larger than others. Golgi
has observed exceptionally very large ones {numlnmg‘ as many as forty
to fifty spores. There are slight differences often to be observed in the
finer structure between the sstivo-autumnal spores and those of the
guartan and tertian parasites, az will be deseribed when we consider
the intimate structure of the malarial Imr"thitn

The young hyaline bodies of the new generation may be found in the
blood in the early part of the paroxysm, but often they do not make
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their appearance until several hours after the beginning of the paroxysm
or during itz deeline,

Not all of the mstivo-autumnal ameeb:e {lvulup pigment, “i]mlul 1-
tion may oceur in bodies, nsually of small size, entirely devoid of pig-
ment. As a role in these eases both lngnu-ntg-d and unpigmented
forms oceur, but cases of mstivo-autumnal malaria have been observed,
especially in tropical elimates, in which only unpigmented bodies could
be found at any stage of the fever before the appearance at a later
period of erescentic bodies which always contain ]}I{TIII-LIIL

As has already been mentioned l,‘l}m_m- 38) Grassi and Feletti regard
the parasites which do not develop pigment as belonging to a distinet
variety ( Heemainebea immaculata), but it is diffieult to reconcile this view
with the frequent association of pigmented and unpigmented forms, the
irm]m-ut transitions from one to the other as u;_r'mh the qu'umt\ of
pigment developed, and the absence of any points of distinction other
than the presence or absence of a variable, but generally small, amount
of pigment. Still further researches, 1*-11(*{*1‘1[1\ of the grave tropical
malarias, may perhaps demonstrate the existence of a distinet unpig-
mented hll‘lt'h of the parasite.

There is considerable uncertainty as to the length of the cyele of
development of the Hiematozotn falei iparum. This uncertainty is due to
the manner of development of the parasite, nsually in multiple groups,
in the internal organs, the most characteristic 1 {*prmlm-hw phases being
absent from the circulating blood.  So far as one can judge from the
study of these phases in eonnection with the different types of fever
with which they may be associated, the length of the eyele of develop-
ment may vary from twenty-four hours or less to forty-eight hours or
more.

The Hematozoin faleiparum may be associated with typical guotidian
fever or with tertian fever, and in some of these eases the blood shows
apparently only one group of organisms. As already mentioned,
Marchiafava and Bignami believe that there are two distinet varieties
or subvarieties of the westivo-autumnal Irlhhit{* the one a true quotidian
organism, with a eyele of twenty-four hours’ duration, and the other
their so-called malignant or summer-autumn tertian variety, with a evele
of forty-eight hours’ duration ; and this division has been aceepted by
some other authors, This distinction i is based mainly upon the apparent
duration of the eyele of r.]:wv]:}pmﬂnt—m the {i!mtulmn about twenty-
four hours, and in the malignant tertian forty-eight hours, more or less
—but there are claimed to be other differences of a minor character
relating to the 111{_\|l}+;1|t wtion, the size, and the amoeboid movements
of the organizms.! The {hlﬁiwntl-ﬂ thwﬂ'tm-m is =aid to be possible only

I The following are the biological and morphological differences between the wstivo-
antumnal quotidian and malignant tertian parasites, according to Marchiafava and Big-
nami [ On Swnmer- Autumn Malarial Fevers, translation, p. 83, The New Sydenham Society,
London, 1894) : Duration of cvele of development in the quotidian, about twenty-four
hours, in the summer tertian, forty-eight hours, more or less; in the quotidian sporula-
tion on rare oceasions is completed before the amele have become pigmented—this is not
observed in the sommer tertian; the fine granules of pigment in the periphery of the
summer tertian arve sometimes endowed with escillatory movements—this is not noticed in the
guotidian ; in the same relative stage of development the tertian ameeba is usnally larger
tﬁmn the quotidian, the adult pigmented tertian forms may be one-third of the size of the
red blood-corpuseles, and the forms of segmentation may be one-half or two-thirds of it ;
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with the adult forms. The differential characters claimed to exist between
the quotidian and the tertian varieties of the wstivo-antumnal parasite
are, for the most part, only such as one would expect with a malarial
parasite developing more rapidly in some cases than in others, and they,
at least so far as at present for mulated, scarcely suffice for a distinetion
into two well-defined varieties.

Thayer and Hewetson, while confirming Marchiafava and Bignami’s
recognition of guotidian and tertian fevers caused by the wstivo-autummnal
parasite, emphasize the occurrence of intermediate types of fever, and
in geners al the essential ir egularity of the fevers caused by this nrwan—
izm. They were unable to distinguish any morphological or hlu]nrm al
differences between the parasites “associated with these various types of
fever.  Although unwilling to commit themselves to a positive ‘conclu-
sion, ﬂ](ﬂr.m- “inclined to believe that the irregularity of the febrile
manifestations is due chiefly to the tendeney on the part of the parasite
to irregularities in the length of its eyele of ll['\{‘ll}l‘!m["llt {t]na variability
being dependent, perhaps, upon the m.lll_s_r;nlt\' of the organism or upon
the resistance of the individual affected) ; to the faet that the period of
time 1 f'!|tlll'~:‘{1 for the sporulation of one group of organisms is materially
greater than in the regular infections, owing to the fact that the arrange-
ment of the parasites in definite alur‘p OTOUPS, a]}t}rnl,_ltm;_r nearly at the

same time, is much less distinet than in the tertian and quartan inter-
mittents ; to the fact that, frequently, organisms in all stages of develop-
ment are present at one time, segmentation ocenrring almost contin-
uonsly.” !

(rolgi alzo considers that Marchiafava and Bignami’s divizion into
quotidian and tertian wstivo-autumnal organisms is based upon insnf-
ficient evidence, and that the duration of the eyele of development of the
wstivo-autumnal parasite is indeterminate, or at least has not as yet been
accurately ascertained. This evele is probably, he thinks, ]q:mgi- than is
‘-tl'|1|m-.|;'t| by Marchiafava and Bignami. This form of parasite, accord-
ing to Golgi, is characterized by the fact that it develops entirely in the
internal organs, and that the forms, chiefly of the earlier stages of
dl[‘it*]ﬂ]]l'll(‘lll’ 1.1]11( h appear in the nlanltmn, althongh they are found
there at certain periods of the disease in practically all cases, are, in a
sense, aceidentally present in this situation, being washed into the ciren-
lation from their foci of development, as nueleated red blood-corpuseles
may be conveved from the bone marrow into the blood eurrent in certain
anemias,  Golgi at first thonght that the forms present in the L’irLllli'l—
tiom {]("fi‘llf'hltl‘ but he does not now deny that they may lodge in
internal organs and there de welop into segmenting organisms. Marchia-
fava and [3|;_1:n umi with mueh reason vigorously contest Golgi’s coneep-
tion of the “accidental” nature of the presence of sestivo-autumnal
organisms in the cirenlating blood, althongh they also believe that a
large part of the parasites develop wholly in the internal organs, and

in the tertian the ameboid movements are maintained longer, even in the adult pigmented
forms, and the motion is more lively than in the quotidian during the pigmented phase ;
the duration of the nom-pigmented amoehoid l!lh.l,HE in the tertian is re]atlvel}r lung and may
exceed twenty-four hours ; the young forms of the new generation in the tertian nsually
appear in the blood sev eral hours after the beginning of the paroxysm, which is much
later than in the gquotidian,

1 Op. cit., pp. 151, 153.
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that sporulation oceurs only most exceptionally in the ecireulating
blood.

The two most important and original points in Golgi’s doetrine eon-
{:-elnmg__ the mstivo-antumnal lhll"l‘hlt[' are that groups of the Imnmtu'
organisms are variously distributed in vasenlar areas in the internal
organs, and there ill.“-.t‘lnp more or less independently of each other,
“with relative stability,” and that a large number of the {}1‘;“1!:—.-”%
develop within ]vlu'uu'l.tf.mJ endothelial (*L‘l]-, and other tissue-cells.  All
phases of development, aceording to (:u]wl, are found within these eells.
The spleen and the bone marrow are situations preferred by the ]}:.ll..lulti‘
but the capillaries of the liver, of the brain, of the lungs, of the intes-
tinal muecosa, may also contain them E"I'l("lﬂ*-{‘{l within H‘"*—-.

A. Monti l hag recently deseribed these intracellular forms in perni-
eious malaria, and he confirms the observation of many others that cells
eontaining parasites frequently degenerate and die. He finds apparently
intact parasites not infrequently “within cells, particularly endothelial
ﬂ-t‘":-u.

It is contended by Marchiafava, Bignami, and Bastianelli that the
intracellular inclusions of the |1.11r"|-|tv upon which Golgi bases his doe-
trine, are simply the well-known phagoeytic phenomena, and that such
enclosed parasites belong chiefly to the later stages of d{'\vlulmwnt
(presegmenting and segmenting bodies and spores ), .md that, instead of
llevi-i{:-pmw thvv d{*gmwr'ltv within the cells. The voung amaeboid
baodies, which, .uwmhnw to Golgi’s doetrine, should be frequently found
within cells, they found only with comparative infrequency within pha-
soevtes, and then almost always within their corpuscular hosts, which
had been swallowed by ecells. They admit the possibility of some
development of intracorpuscular parasites which have been taken up by
phagoevtes, but not of free parasites within cells,

As with the other varieties of the malarial paragite, the wmstivo-
autumnal do not all mature and segment. Extracorpuscular forms are
common, and it is more particularly these forms, deprived of the pro-
tective covering of the red blood-corpuscles, which degenerate.  Adult
and prezegmenting bodies and bodies of the erescentic phase frequently
become swollen and pale or vacuolated or fragmented, or throw off buds,
or present other desenerative changes which have been deseribed.

Phagoeytism in the westivo-autumnal, as in all malarial infections, is
a plwnunwnun of much importance, as will be subsequently explained.

The frequeney with which two or more groups of parasites i differ-
ent stages of development are found in wstivo-antumnal infections has
alremh' been repeatedly emphasized.  Marchiafava and Bignami believe
that even in the pernicious fevers there are not generally present more
than two groups of the wmstivo-autumnal parasite, and that the short
eyele of development and the prolonged ]wllml of sporulation suffice to
f-xplmn the simultaneous presence of parasites in notably different stages
of development. Combined infeetions with the sestivo-autumnal para-
site and one of the other varieties oceasionally oceur.

It is important to bear in mind the diserepancy which characterizes
wstivo-autumnal malaria between the number of p:uu-m*a in the blood
and the number in the internal organs. In the majority of eases the

VA, Monti: Bolletting delle Societd medico-chirurgion di Pavia, 1805,
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more severe the infection the greater the number of parasites found in
the circulating blood, but there are so many exceptions to this that the
number of parasites in the blood cannot be considered a trustworthy
index of the number within the body. Pernicious eases have been
repeatedly observed where the splenie blood examined during life or the
internal organs examined after lleath contained enormous numbers of
estivo-autumnal parasites, although the blood of the finger showed very
few. The organmizms may be few even in the hl]]PEIl when they are
abundant in the eerebral capillaries or in some other situation. As will
be explained subsequently, the varying symptoms and types of perni-
eions malaria can be explained in Lu';v:- part by the varying daatnﬂmtmn
of the parasites in internal organs.

It is evident from the deseription which has been given of the swstivo-
autumnal l‘hll’“l‘-lfi" that this variety is characterized especially by its
greaf activity in m ultlplmdtmn, and it will appear from the considera-
tion of the clinical features of the infections caused by this parasite that
other most important characteristies are its vu'ululw, greater than that
of other varieties, and its greater resistance to quinine.

There is a group of bodies of crescentic, fusiform, oval, or round
shape, presenting certain common and peculiar L]l&llﬂf_*t'[.’l"h,, which develop
only from the Hwematozoon falciparum. The erescents are the most
typical of these bodies, which may be designated, therefore, as bodies of
the ecrescentic (or semilunar) phase or group. They merit speeial con-
sideration.

Bodies of the Crescentic Group.—When a malaral fever cansed
by the Haematozoon faleiparum has lasted a week or more haodies of the
crescentic or semilunar phase are likely to appear in the blood. They
are very rarely found in the blood in the latter part of the first week.
If the fever is treated with sufficient doses of quinine during the early
part of the first week, erescents do not 'll‘ir(}'l]‘ but the administration
of quinine after the fever has lasted much onger than a week does not
prevent their appearance. They may persist in the blood two weeks or
more after all other forms of the parasite have disappeared. In such

ases they are often unassociated with any febrile manifestations or any
symptoms which ean be definitely referred to their presence. If a
relapse of the fever occurs, then the young hyaline bodies already
described arve always present. The erescents themselves are very resist-
ant to the action of quinine. Councilman in 1887 called attention to
the oceurrence of erescentic bodies as characteristie of the irregular and
remittent forms of malarial fever and malarial cachexia.

There was for a time much doubt as to the origin of the ecrescents,
but Marchiafava and Celli’s demonstration in 1886 of their intracor-
puscular development has been abundantly confirmed by the later studies
of Canaliz, Bastianelli and Burn'um, and others, The early intracorpuscu-
lar stages of dev elopment of the bodies of the erescentie group are rarely
seen in the circulating blood, except in certain perniciouns eases, but they
can often be found in the qJI(-mL blood. Bastianelli and Blg]html have
found these early phases so abundantly in the bone marrow that they
consider that they develop by preference in this situation.

Certain of the Illtl‘d{'i}l'pllz-i{ sular spherieal forms of the Hematozoin
faleiparum with collected pigment granules, instead of continuing their
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regulcu‘ evele of development into segmenting forms, are transformed
into the voung bodies of the semilunar phase. This transformation
takes place nnlv after a number of febrile paroxysms; that is to say,
only after the parasite has repeatedly passed through its regular ‘l“”"'
lating cyele of development.

The young bodies of the ereseentie group oceupy perhaps one-quarter
of the red corpuscle. Their shape is round, oval, or fusiform. They
present a characteristic homogeneous, refractive appearance, being more
refractive than the presegmenting bodies with central blocks of pigment.
They contain dark pigment, usnally in the shape of fine rods, sometimes
collected in a mass, but oftener irregularly distributed. TIn the fusiform
lH}(llH the pigment is often ar ange i along the longitudinal axis of the

spindle.  The hiemoglobin is frequently retracted into a denser stratum
tlrmuul the bodies. These bodies inerease in size without a correspond-
ingly large increase in the amount of pigment, and, as will be explained
later, without a corresponding increase in their chromatic or staining
substance—a point which distinguishes the direction of erescentic dev el-
opment from that of the regular sporulating development,

It is some time after these young semilunar bodies have begun to
form in the bone marrow and HI‘}[H*H hefore the adult erescents appear
in the circulating blood. These completely developed typical erescents
are on the average 8-10 p long, and in the middle 2-3 . broad
(Plate 11. Figs. 31, 32, H] They do not often exceed in length one
and a quarter or one and a half times the diameter of a red cor lmnt'le
They present a charaeteristic, homogeneous, refractive appearance. An
outer double-contoured Imwlcr can sometimes be seen, especially after
treatment with certain reagents, and this is interpreted by Laveran,
Mannaberg, and many authors as evidence of a t}llﬂll!("t s_-melupmg
membrane ; but the weight of evidence is opposed to the view that the
erescents, any more than any other form of the malarial parasite, possess
a membrane other than that which pertains to the enveloping red cor-
pusele. The outer refractive margin of the crescents, as pointed out by
Antolisei and Angelini—who interpret it asa rutlulldr envelope derived
from the red ]1]uml—vnrpuac-h-—lml:r be slightly colored by hemoglobin,
and it may show evidence of this presence of blood ('t}lt}rlllg‘ matter by
the staining with eosin. On the typical erescent-shaped forms a fine
line can often be seen stretching like a bow across the conecavity, its
attachment at each end being within the extremities of the horns. This
line is derived from the red blood-corpuscle within which the erescent
has developed, and represents the outer contour of the partly or com-
pletely decolorized eorpuscle.  This contour of the corpuscle can some-
times be detected also on the convexity of the erescent, and parts of the
L[]I‘ljll-:l;.le still containing heemoglobin’ may oceasionally be seen on the
margin of the crescent, or the whole crescent may be surrounded with
haamuglnhln-mnhmmg corpuscular substance (Plate TT. Fig. 29). Sim-
ilar evidences of' the partly or eompletely decolorized enveloping blood-
corpusele ean frequently be seen on the margin of the round and oval
bo«:ilm-.. (Plate I1. Figs. 34, 35, 36, 38, 39).

Bodies of the erescentic group are always plgnlr_‘utml The pigment
is very dark in color, often black, and mostly in fine rods. In the typ-
ical erescents the plﬂ'mmt} which is without movement and in fine rods
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and grains, is usually collected in the middle, sometimes in a single clump
or in two clumps. often in a coronal shape.  Mannaberg emphasizes the
frequency with which the pigment is arranged in two adjacent clumps
near the centre, presenting a figure-of-8 shape. In the immature eres-
cents the pigment is often sc: Jtt{*lwl or is arranged longitudinally, as it
often i= in the fusiform bodies. The amount of pigment varies; it is
often considerable. In eertain pernicious fevers yvoung crescents with
seattered pigment may be abundant in the blood. In the oval and round
bodies the pigment is natmlh concentrated in the centre, often in the form
of a eircle, but it may be distributed thronghout the body. Owoid, round,
anil fusiform bodies may be changed into typical creseents, and, on the
other hand, erescents may change into fusiform, oval, and round bodies.
The appearance of a fusiform or ovoid body may be presented when a
erescent is seen from the convex side.

I'rom the round bodies Hagellate h}r‘mu may develop in the manner
already described (Plate 11. [‘l;_-_‘-- 42, 43, 44). The wstivo-autumnal
flagellate bodies develop only from l'nnml hn-:lw- of the crescentic group.
They are =maller than the tertian flagellates, resembling rather the
quartan. The process of transformation of erescentic bodies into oval
and round forms, and the development of flagella from the latter, can
sometimes be observed in studving the fresh blood mieroscopically.
(‘mmnl]mm once observed a rapid undulatory movement of a body
presenting the general appearance of a erescent.

Creseents and the other bodies belonging to the same phase not infre-
quently become vacuolated or contain or throw off from the margin little
hvaline balls (pseudo-gemmation), or disintegrate or present other
degenerative changes (Plate 11, Figs, 34, 41, 40). Danilewsky has
observed crescents of unusually large size, as much as 20-22 ¢ long and
4-6 ¢ broad.

The biological significance of the ecrescents is unknown. These
bodies do not helong to the regular sporulating eyele of development
of the parasite, .mul there 15 no positive proot of their capacity for
further development.

Dr. Thayer in a personal communication to the writer reports a

valuable experiment made by himself which demonstrates the ineapacity
of erescents when inoculated into ﬂlv blood of healthy individuals to
develop or to cause any symptoms. The blood was taken from a patient
who had had acute H."H'[i"u.{l-—:llltllllllhl] fever, which was arrested by
adminiztration of guinine. Crescents ]u=1-1wtwk in the blood. For geven
days the blood was examined without finding hyaline bodies or any form
of the malarial paragite other than crescents, Seven davs after the
disappearance of the hyaline bodiez a hypodermie syringeful of blood
containing creseents in considerable number was withdrawn from the
median basilie vein of the patient and immediately injected into the
corresponding vein of a healthy man. No elevation of temperature or
other symptoms followed the injection, nor did crescents or any parasitic
forms make their appearance in the blood, which was examined daily for
two weeks and at intervals for over a month. In the inoenlation experi-
ments of Gualdi and Antolizei and others in which it is stated that the
blood contained only erescentz and infeetion with the Hematozoon fal-
ciparnm followed in the inoculated individual, it is probable that hyaline
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bodies were present in the blood used for the inoculation in such small
number that they escaped detection. :

The fullnwmg arve the prineipal views which have been advanced
regarding the interpretation of the crescents:

1. Laveran regards the crescentic bodies as eneysted forms from
which the flagella develop. There is no proof that these bodies are
encysted.

2. Canalis and Antolisei and Angelini believe that they have found
evidences of sporulation in the crescents and the ovoid and round bodies
belonging to the crescentic phase. Grassi and Feletti and Sacharoff
likewise believe that these bodies may sporulate.  Golgi considers them
capable of reproductive development in long eyeles, and brings them
into special relation with relapses and with fevers 'of long intervals,
Most ohservers have been unable to find genuine -..]mrulataun or other
evidences of reproduction in these bodies.

3. Grassi and Feletti consider that the crescents belong to a separate
species which they eall Laverania, and of which they leprment a regular
phase of development. The -.pnrulatmg hyaline bodies with which the
crescents are usually associated constitute, according to these writers,
different species, This view is not generally .IP(‘EPTE'{I} and is nppihv(l
to the observed facts.

4. Mannaberg regards the crescents as encysted svzveies formed by
conjugation of” two estivo-autumnal parasites and capable of reproduc-
tion by segmentation. His view is unconfirmed by any other obzerver,
and 1s lllll)l'ﬂljlg’fhl{‘ It fails to explain the ovoid and round bodies which
belong to the same phase of development, and it cannot be reconciled
with the appearances noted in the steps of development of the cres-
cents, a5 has been shown by Bastianelli and Bignami.

5. Councilman suggests that the crescents may be of the nature of
spores.  Several authors have called attention to a resemblance between
these bodies and the faleiform spores of coceidia, but there are such
essential differences between the two that the apparent resemblance is
only of the most superficial character,

6. Bastianelli and Bignami have described the crescents as deviate
and sterile forms. This has been interpreted to mean that they regard
the crescents as degenerative f':}rm-—-a view held by Kruse and some
others—but in their latest publication ' they suggest that these bodies
are a rudimentary phase of a second dev elnpmmlttll evele which eannot
be completed within the human body, but requnires for its continuation
some new environment in the outer world. They eall attention to the
occurrence of two cycles of development in sever al unicellular parasites,
especially the coccidia, which, after passing through several generations
in their ordinary parasitic life, enter upon forms belonging to a second
eyvele. The forms of this see nml eyvele remain sterile, degenerate, and
die, unless the pumqtv can escape from its host and find its appropriate
new conditions of life. Manson independently also has advanced the
hypothesiz that the crescents are intended for the continuance of the
life of the species in the external world. It has already been mentioned
that a similar view has been suggested also regarding the significance

! Bastianelli and Bignami: * Studi sulla Infezione Malarica," Bulleftino delle K.
Aeccademin Medica di Roma, Anno XX., 1893-94,
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of the flagellate bodies, and that Manson believes that the mosquito
may serve: as the host for this second eycle of development,

IMFFERENTIAL DIAGNOSIS OF THE VARIETIES OF THE MALARIAL
PARASITE.

An inexperienced observer may possibly mistake for the unpigmented
intracorpuscular hyaline forms of the malarial parasite the wvaeuoles
which oceasionally are present within red blood-corpuscles or the clear
spots which may result from certain deformities in the hlmllw of the
corpuscles. These vacuoles and clear spots may be distinguished in the
fresh specimen by their sharp outlines, the absence of ameboid changes
of shape, and a difference in refraction often suggestive of an empty
space or hole, and which can be described less readily than it ean be
dppll"[‘liitﬂ{i by actual observation. The absence of definite staining

eadily {]1-t111g1|1-hl-rs these vacuoles from the hyaline bodies of the para-
‘-IU." in stained specimens,

There are oceasionally seen in red corpuseles in stained specimens of
the blood, especially in angemie conditions, small stained dots which do
not bear much resemblance to forms of the malarial parasite, but which
should be known to the observer in order to avoid the possibility of
mistake. They are believed by some to be the result of degenerative
changes 1n the :'m]}tﬁclvh, and by others to be remnants of nuclear
chromatin derived from the originally nucleated condition of the red
corpuscle.

Blood-plates can be mistaken only for free spores or very small
extracorpuscular hyaline bodies. In gt-nem] no attention should be
waid as regards (1!1]5{1]{%1"1 to bodies free in the plasma which resemble
lood-plates.  Tn fresh specimens it is practically impossible to diagnose
free spores with any certainty. Clumps of blood- plates have been mis-
taken for sporulating bodies, but they can be readily distinguished from
the latter by the absence of ]ngment

For the sake of convenience the prlm'llml characters which enable
us to distinguish each of the three varieties of the malarial parasite,
and which have already been deseribed in detail, will here be summarized.
For modifications and amplification of f.hi.‘FE general statements the
reader must consult the detailed deseriptions already given.

1. DuraTioN oF THE CYCLE oF DEVELoOPMENT.—In the quartan
parasite, seventy-two hours; in the tertian, forty-eight hours; in the
wstivo-autumnal, irregular, varying from twenty- four hours to forty-
eight hours,

2. Av@rord Hyavnixe Bopies.—In their earliest stages often indis-
tingnishable from each other. Later, those of the quartan parasite,
sharply ontlined, somewhat refractive, ‘-Llllfmf'lﬁlll“.' ameeboid, with develo
ment of dark brown or black, nﬂ.ltn'ﬁlv coarse l‘ll“‘m["nt gﬂlllllEa, which
have but little motion. Amceboid movements cease in a relativ ely early
stage of development of the pigmented hyaline body.

Those of the tertian parasite, pale and indistinet, actively ameeboid,
with development of reddish-brown, actively motile, relatively fine pig-
ment granules, which tend to accumulate in the bulbous swellings at
the extremities of the delicate branching pseundopodia.  Ameboid move-
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ments continue in late stages of development of the pigmented
amaehze.

Those of the mstivo-autumnal parasite, small, somewhat refractive,
in repose ring-shaped, actively amceboid, with dev elopment of a few
very fine dark reddish-brown or black, unh slightly motile, pigment
granules, or sometimes without pigment t]lI’(lllg‘h!Hlt all Iﬂm-u- of the
spornlating eyele of development.

3. FoLLy DeEvELoPED HyavniNe Bopres.—Those of the quartan
parasite are somewhat smaller in size than the normal red blood-corpuscle,
and are usually surrounded by a border of the colored refractive sub-
stance of the UIIT!'I(I'HI][P red’ blood-corpuscle.

Those of the tertian parasite attain the full size of a normal red
blood-corpuscle and lie in swollen decolorized red blood-corpuseles,
Swollen, extracorpuscular, transparent bodies with dancing pigment
granules are common.

Those of the wstivo-autumnal parasite do not generally exceed one-
quarter to one-third the size of the red blood-¢ urpu-x_*h- The enve lupinrr
corpuscle is often shrunken and brassy. They contain much less pig-
ment than the {.lllilrttlﬂ and tertian iﬂ' ms, a |1{!. sometimes none at all.

4. PrEsEGMENTING Bonies.—In the process of eollection of the pig-
ment into a mass or block in the ecentre or excentricallvy the pigment
gmnul{‘-: often assume a more regular stellate arrangement in the quartan
than in the tertian forms. The differential points between the three
varieties in this stage relate to the same differences in size, in the amount
of pigment, and in the condition of the infected L"UI‘]H'I:'-]I_"JE as have been
mentioned under the preceding heading. The presence in the blood of
quartan and tertian ];whmrjrwntmtr bodies 1s associated with that of
gporulating forms, whereas with the sstivo-autumnal presegmenting

=
bodies q~pnc:nr-|1Lﬂ:mg forms are almost always missed in the cireulating

blood.

5. SPORULATING Bobpies.—Those of the quartan parasite in equal
proportion in the peripheral and the splenic blood. They are some-
what smaller than the red corpuscles, and present typical rosette forms
with a division into six to twelve ovoid or pyriform segments, each
segment becoming an oval or round spore containing a bright nucleiform
dot.

Those of the tertian parasite are more numerons in the splenic than
in the peripheral blood. They are as large as the red hlnmli-f*urpmc]e,
and present less regularity in segmentation than the quartan parasite.
They segment usually into from fourteen to twenty spores, which are a
little smaller and with less distinet nucleiform dot than those of the
quartan organism.

Those of the wstivo-autumnal parasite arve found only most excep-
tlondll‘r in the circulating blood in ordinary cases. They are abundant
in certain internal organs, including, as a rule, the spleen. They do not
generally exceed one-third to one-half the size of the red blood-cor-
pusde. They segment irregularly, the number of spores being some-
times siX to ten sometimes ten to twenty or even more. The spores are
smaller than those of the quartan and the tertian parasites. The stage
of sporulation is a prolonged one.

6. BEHAVIOR OF THE INFECTED CorrUscLES.—These often become
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somewhat shrunken and deeper in color in the quartan infections;
swollen and decolorized in the tertian ; and shrunken and brassy, some-
times with retraction of hemoglobin from the outer part of the cor-
puscle, in the estivo-autumnal,

7. Crescextic Bopies.—~Crescents and bodies of the erescentie
phase appear only in infections with the wstivo-autumnal parasite.

8. PreMeNTED LEUvcocyTEs.—Most abundant during and shortly
after the paroxvsm, they usually disappear during the period of apyrexia
in quartan and tertian infections, whereas it is not uncommon to find
them in all periods of wstivo-autumnal infections.

Tae INTIMATE STRUCTURE OF THE MALARIAL PARASITE.

The first systematic study of the finer structure of the malarial
parasite was made by Celli and Guarnieri (1888-89). This was
followed by similar investigations by Grassi and Feletti, Romanowsky,
Sacharoff, Mannaberg, Auntolizei, and Bastianelli and Bignami. The
small size and the but slightly differentiated appearanee of most forms
of the parasite, and the diffienlty of obtaining clear differential stain-
ing=, obzeure the insight into their intimate strueture.

Little detail of structure ean be made out in unstained specimens,
The substance of the parasite presents in general a homogeneous, color-
less, hyaline appearance. In the ameeboid hyaline bodies of the guartan
and tertian parasites, particularly in the larger forms, an area of
variable size in the centre, or more frequently exeentrically placed, may
sometimes be differentiated by its clear, pale appearance from the more
refractive outer zone, This area corresponds to the unstained structure
interpreted by many observers as the nucleus in stained specimens.
Occasionally two or more snch clear spaces can be seen. Sometimes
in the larger ameboid and the mature forms a finely granular appear-
ance of the protoplasm can be detected. It is particularly characteris-
tic of the sestivo-autumnal parasite that the young intracorpuscular
hyaline bodies show, when at rest, a clear space surrounded by a ring
of protoplasm, usually thin and delicate on one side and thicker on the
other. This clear space appears unstained on stained specimens. The
mature forms in which the pigment has collected into one or more
clumps appear uniform in strueture in fresh specimens, or may perhu}llﬁ
present a slightly granular appearance. Within the spores, especially
distinetly in those of the guartan parasite, a bright body ean often be
distingnished, which represents the nuclens or a nucleiform material.

The methods for staining the parasites will be deseribed under
Diagnosis, page 139, These methods are useful, not only for the study
of the finer structure, but also for the ready detection of the unpig-
mented voung hyaline forms, particularly of the sestivo-antumnal
parasites, which may, without very careful observation, escape recogni-
tion on fresh specimens, whereas the presence of pigment at once
attracts attention in the fresh specimens to the other parasitic forms.

On snitably stained specimens the intracorpuscular young hyaline
bodies show a stained outer part, an unstained, usnally excentrically
placed, internal part, and one or more deeply stained round or elon-
gated particles situated, as a rule, near the border of the stained and
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unstained parts. The constant unstained part is not to be confounded
with vacuoles which may oceasionally be present. There have been
various interpretations of the structures thus differentiated, Celli and
Guarnieri designated the stained part as ectoplasm and the unstained
part as Emlu|1|=1-m The deeply staining particles they interpreted as
the beginning differentiation of a nue 1«-11- which t|1n thought they
could recognize in larger forms as a {1{‘f‘tmtc~ stained or Imlv hmlv with-
in the endoplasm. Grassi and Feletti do not re cognize a division of
the protoplasm into ulnphmu and endoplasm, and in this they are
followed by most observers. The eclear unstained part they II]t(‘IlJll‘
as a l'chltl'-.vh' laree, \l“-ll'.'llldl‘ nuclens, and the deeply ntumnw particles
as nueleoli from which may proceed a delicate retienlum of chromatin
econnecting them with the nueclear membrane which they assume to
exist. The rest of the bladder-like nuecleus is filled with clear nuclear
juice.  Although not all of these details in the structure of the nucleus,
such as the membrane and the reticulum, have been observed by sub-
sequent investigators, Grrassi and Feletti’s lnt{*lpr{*’r.nmu of the un-
stained part as a nucleus and of the deeply staining particle as a nn-
cleolus or a concentration of nuelear chromatin has been adopted by
Celli and Sanfelice, Romanowsky, Sacharoff, and Mannaberg, and has
been widely aceepted.

Bastianelli ;m({ Bignami, while not denying that this interpretation
is applicable to the quartan and tertian amoeehwe, adopt a different view
as to the structure of the mstivo-autnmnal ameebwe, which they have
studied with great care. They differentiate in the latter an outer
colored, chromatic eytoplasm in the form of a stained ring, usually
thicker on one side, and an inner uncolored, achromatic {'itnp]‘hm
which is all of the elear part enclosed by the ring. The deeply staining
chromatic 1:=1|t1( le they find in the chromatie and not in the achromatic
evtoplasm.  Often there are two particles, each at opposite points in the
ring. This particle iz the only representative of nuelear material in
the parasite, and they interpret it as fulfilling the functions of a nueleus.
They consider that the '¢||n«:hh' of t]E”ﬂ'lUFI‘J]E'IIt and multiplication of
these mstivo-autumnal parasites prevents the formation of a definite
nucleus in a resting stage, such as is deseribed for the gnartan and
tertian forms.

According to Grassi and Feletti and Romanowsky, the nueleus and
nueleolus ean be found in all stages of the regular eve e of development
of the parasite. The nucleus divides directly—onr, according to Roman-
owsliy, by karvokinesis—to form multiple ‘nuelei just before sporula-
tion, {:u.]l nuclens then entering into the structure of a spore.

The evidence, however, is in favor of the view that at a certain stage
of (lE\'Dln}‘.rIm-nl the nueleus and the nueleolns disappear as differentiated
structures, the latter to reappear in multiple form shortly before sporu-
lation. Mannaberg was the first to demonstrate this elearly in his studies
of the structure of the tertian parasite. He observed that as the
ameeboid bodies approach their mature form, and then become the pre-
seementing bodies, the deeply staining particle (nucleolus) disappears,
and later the clear, previously nnstained part (nuclens) stains difTusely,
so that there is in this stage no definite differentiation of strueture in the
parasite, althongh the outer part, as a rule, staing more deeply than the
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central part. He, however, speaks of the outer part, which contains
pigment granules, as the “ ]}ldbllld part,”” and the inner part, into which
the pigment does not penetrate, as the “nuclear part.” He attributes
the deeper and more diffused staining of the parasite in this stage to the
solution of nuelear chromatin into the protoplasm. The first evidence
of sporulation on stained specimens is furnished by the appearance of
numerous small, deeply staining granules of chromatin in the periphery
of the l:ll)f{}picl:m. These are the forming nueleoli, which inerease in
size, and around each the general protoplasmic substance, during the
process of segmentation, divides, so that each segment or spore iz a cell
composed of a mwlvlfmm {lwlrlw staining body surrounded by its pro-
toplasmic envelope. In the quartan and tertian spores a clear unstained
part later is usually differentiated around the chromatin granule, and
the nucleus now resembles that seen in the young ameeboid hyaline
bodies within the red corpusele.

Bastianelli and Bignami likewise demonstrated the disappearance of
the deeply staining nucleiform body in the forms of the estivo-autumnal
parasite containing collected pigment (presegmenting bodies), and soon
afterward the appearance of diffuse staining in the previously achro-
matic cytoplasm, so that in this stage no sharp differentiation of strue-
ture can be made out within the parasite, which is richer in chromatic
material than before the disappearance of the nucleiform body. The
first sign of sporulation is the formation of multiple nucleiform chro-
matin granules in the periphery and the development of spores proceeds
in the manner already described, save that the wmstivo-autumnal spores
are composed only of the tlmeph staining nueleiform body immediately
surrounded by eytoplasm. The presence of the small, clear, unstained
part, which with the chromatin particle is 1nterpr(-.ted as the nucleus,
often seen in the tertian and quartan spores, is rarely observed in the
sestivo-autumnal spores,

It is evident from this deseription that the spores of the malarial
parasite possess a definite structure, a most important feature being the
presence of a deeply staining body which serves the function of a
nuclens., The r[-m_g-:nltmn of this structure renders it possible to dis-
tinguish from genuine spores the various pseudospores which have been
at times erroneously interpreted as 11]|.1i-{=- of reproduction of the para-
site, and which belong to the category of degenerative forms. Although
Antolisei has deseribed a double contour, w hich he interprets as a mem-
brane, about the spores, this observation has not been confirmed, and
the spores are to be regarded as naked, thus belonging to the {:la'éﬁ of
oymnospores.  Some have objected to the designation of these segments
as spores, but this nomenclatare is in accordance with that employed by
zoblogists for similar bodies formed in a like manner in certain other
unicellular organisms.

It is evident from the preceding (1e-:"-upt|m] that mvﬁﬂtlgatﬂrs are not
wholly agreed as to what structure in the malarial parasite shall be
called the nucleus, some applying this name to an unstained part con-
taining the deeply staining chromatin particle, others regarding the
chromatin granule itself’ as the only representative of the nucleus.
There is, however, general agreement that this deeply staining particle
or hmly is an essential constituent of the nuclens, and “that the
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resence of a nucleus or of a nueleiform body in the parasite has heen

emonstrated. This demonstration fulfils the important biological con-
dition that something performing the functions of a nueleus belongs to
every cell capable of reproduction, and it has served to remove any lin-
gering doubt which may have been entertained as to the recognition of
these bodies as l'ldl':l'-ltlf." organisms,

It is interesting to note that during the regular eycle of develop-
ment there is a continual increase in the amount of staining or chro-
matic substance from the small hyaline body to the sporulating bodies,
and that the cell becomes multinucleated just before segmentation ocenrs,
As the chromatie substance is to be regarded as endowed with especial
functional activity, these changes are highly significant.

The mature crescents, as a rule, stain feebly and diffusely, or often
only at the poles, and perhaps also along the margin.  Near the middle
one or two deeply stained granules, often covered up by the pigment,
may be present, but they are not constant. Mannaberg finds often a

narrow stained band in which are two or more deeply stained granules,
stretching across the middle of the crescent.  Bastianelli and ]il;_rmum find
that the yvoung developing bodies of the erescentic phasze stain ditfusely
and less mt{-n-q,lj' than the bodies with a central block of pigment whic h
develop into segmenting forms.  Whereas in the forms of the parasite
which develop into sporulating bodies there is a continual inerease in the
chromatic substance as the bodies continue to develop, in the develop-
ment of the semilunar bodies there is no correspondingly large increase
of staining substance. With rare execeptions these observers found no
chromatin granules in these developing erescentie bodies, nor did they
ever find in any body of this group those changes of structure, such
as the appearance of several chromatin granules, which indicate sporn-
lation.

Laveran, Celli and Guarnieri, and, with especial emphasis, Manna-
berg, consider that the erescents are enveloped in a double contoured
membrane. A number of other observers have also adopted this view.
We do not consider that any definite membrane, which can be regarded
as a part of the parasite itself, has been satisfactorily demonstrated
around the crescents or around any form of the malarial parasite. A
double contour ean sometimes, but not regularly, be seen in the periph-
ery of the erescents, but this alone eannot be considered as proot of the
existence of a membrane. The manner in which little hyaline pieces
(psendo-gemmation) can sometimes be seen to form at the margin of the
erescentic bodies speaks against the presence of an actual membrane.

TaE MaAavLARIAL PIGMENT.

The question as to the origin of the malarial pigment, which was so
long discussed without conclusive result before the discov ery of the
malarial parasite, has been definitely settled by this discovery. The
pigment is formed by the parasite out of the hemoglobin of the blood-
corpuscles by what may be regarded as a process of digestion. The
pigment oceurs in the form of little granules, which may be fine or
coarse, and of distinet rods and "-=pl{‘ll]l"-. which may be as much as 1 p
long. Such rods often present a certain superficial resemblance to
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deeply stained baeilli. The pigment may occur in the form of extremely
fine dust-like particles not easy to detect. It may be fused into black
blocks. The color varies from a vellowish-brown or rusty, reddish-
brown to black. Laveran speaks of fire-red and even llght blue pig-
ment, and Rosenbach observed a greenish hue of the pigment. The
malarial pigment is somewhat loosely ranked by pathologists among the
melanin pigments. The differences in the characters of the pigment
belonging to the different varieties of the malarial ]mmn}tp have already
been sufficiently deseribed. The deposition of the pigment in the varions
organs will be described under the Pathological Anatomy.

Sinee the examinations of malarial pigment by Meckel and by Frerichs
it has been known that concentrated sulphuric acid and hydrochlorie
acid do not alter it, and that it disappears upon the addition of strong
alkalies and of chloride of lime. Kiener observed that the pigment is
dissolved by ammonium sulphide.

The {]1-1|1{:|1--tmt1ml of the origin of the malarial pigment from the
blood coloring matter at once raised the tlmh-tmn whether, like many
pigments of hsematogenons origin, it contains iron demonstrable by our
micro-chemical tests. A statement by Perls as long ago as 1867, that
plwnwnh m the ‘-]}1{"“1 of intermittent fever 1‘{_“-=|]UI]‘-"1 to the test for
irom, has given rise to much confusion. It is not wholly elear that
Perls examined the malarial pigment, but, if he did, there can be no
doubt that he mistook for the true malarial ])1gmeut other pigments
which are abundantly present in certain organs of these dead of malaria,
and which respond to the chemiecal tests for iron (hsemosiderin). It has
been shown by Neumann, Bignami, Stieda, Dock, and others that the
pigment formed directly by the malarial parasite does not contain iron
in a combination which will respond to our ordinary micro-chemical
tests for this element. This, of course, does not prove that it may not
contain iron in some combination, sue 1 as that in hemoglobin, which
cannot be demonstrated by our miero-chemieal reactions. A= has been
pointed out by the writers named, the organs of those dead of malaria,
particularly t the spleen, the liver, and the bone marrow, contain a ]"ll‘g('
amount of haemosiderin, the presence of which is doubtless to be ex-
plained by the extensive destruetion of red blood-corpuseles in malaria,
There is no evidence that h!i‘l!]{‘.ﬁlll("l"l]] is formed directly by the malarial
arasite.  Marchiafava (1889), however, has advanced the hypothesis
that the black pigment may be formed not only within the malarial
parasites, but also within the leucoeytes out of red corpuseles altered
by the action of the parasite. He thus {'I]}ldll‘JH the intense melanosis
of the spleen, liver, and bone marrow in certain sestivo-autumnal per-
nicious infeetions where the parasites appear only ‘-»ll,ﬂ__jhth' lllﬂ‘mE*llt{'ﬂ
Bignami ! comes also to the conelusion, from his extensive {*Kﬂmmﬂtmns
of melanotic orcans in malaria, that the black pigment without miero-
chemieal iron reaction may have this deuble origin, being formed either
within the malarial parasite without an intermediate haemosiderin stage
or within cellz out of hsemosiderin derived from destroyed red corpus-
cles. The objection to this conclusion of Bignami is that hemosiderin
is found in the liver, spleen, and bone marrow very commonly in
anemias, but that the black pigment, without miero-chemical iron

! Bullettino della Reale Aecademin Medica di Roma, Anno xix. fasc. ii. p 230, 1893.
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reaction, which characterizes malarial infections, does not appear inder
these conditions. It is possible that the malarial paragite may produce
some chemieal th‘lllﬂ‘l' in the substance of the red blood-corpuscle which
permits the transformation of the specifically altered haemoglobin into
black malarial pigment within certain cells of the body. This, how-
ever, is a pure hypothesis,

PHAGOCYTISM.

The presence of malarvial pigment in lencoeytes and other cells
has long been known. Since the observation of phagoeytic phenom-
ena in malaria by Laveran, Marchiafava and Celli, and Metehnikoft,
important studies of this =ubject have been made, especially lw
Guarnieri, Golgi, Bastianelli, and Marchiafava and Bignami.! These
l]l‘ﬁ‘ﬂaflgdtlulln have shown that phagoevtosis is a common and import-
ant phenomenon in malaria, although there is much difference of
(II]l]]l{}l]; as to the interpretation of some of the observed facts. Some
assign to the phagoeytes no higher réle than that of scavengers charged
with the collection and removal of the pigment and débris resulting
from the activities of the malarial parasitezs and from the death and
disintegration of the parasites themselves. The amount of slag which
18 pmr]uw:] in severe cases of malaria in the form of pigment, dead and
disintegrating red blood-corpuseles, and degenerated and broken-up
parasites is so large that even this office of scavengers becomes an
important one. But Metehnikoff, Golgi, and some others believe that
the l:nlmwnﬁ'nm devour large numbers of intact, healthy parasites in
certain I‘}ll.l‘-("- of their de]npnwnt, and that in this contest between
cell and parasite is to be found the most important ageney for the de-
fence of the body. The arguments for and against this latter concep-
tion are essentially similar to those which are adduced as to the phago-
eytic theory in bacterial infections, the main difficulty being to deter-
mine to what extent fully active and virulent parasites are taken up
and destroyed by phagoeytes, and, even admitting the occurrence of this
mode of disposal of the parasites, whether or not it is the most essential
and the predominant factor in their destruetion. That malarial para-
sites, as well as bacteria, may perish in the blood plasma without incor-
poration within cells cannot be doubted, as we have direct observations
demonstrating this.

The cells which assume the functions of phagoeyvtes in malaria are
the leucocytes, the endothelial cells of the walls of the bloodvessels,
and large cells, found especially in the spleen, the bone marrow, and
the liver, and called by Metchnikoft”  macrophages.”  Of the leunco-
eytes the large mononuelear, the polvmorphonuclear, and the transitional
forms act as pll.l"‘t}{’\'h“w The small lymphoeytes and the eosinophils
have never been observed to contain pigment or débris in malaria.  Of
the leucocytes it is the large mononuclear forms which arve the most
active and important ph.l_!_'_‘t}l{‘\'h“- within the body in malaria, but, as has
been pointed out by Thayer and Hewetson, the [J(]l"rI“I'lﬂ1‘|}}](1II]1_'|('IL'JI‘ len-

! Especially valuable ave the articles of Golgi, “I1 fagocitismo nell’ infezione
malariea,” fiforme Medica, 1888, and of l-lmltms]h HT lencociti nell’ infezione
malarica,”’ Bull. della R. ,.-]cc::-fh':m'..r: Mediea di Rome, 1802,

Yor. I.—5
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coeytes are the ones which can be observed to be active in the fresh
blood during examination under the microscope. It is the latter which
pick up the pigment and the extracorpusenlar and degenerated parasites,
and which attack the flagellated bodies in the fresh blood withdrawn
from the body, =o that there may be a notable difference between the
blood examined immediataly after its withdrawal from the body and
that examined at a later ]wnml as regards the number of polymorpho-
nuclear leneocytes containing hm-lgn elements,  Endothelial cells con-
taining pigment, parasites, or fragments of parasites or of red corpuscles
are ]1-:1]"1._'].'\ seen in the eirenlating blood withdrawn for mieroscopical
examination ; but the study of microscopical sections of organs of those
dead of malarial infections shows that the endothelial cells lining the
capillaries and small bloodvessels, especially those of the spleen, bone
marrow, and liver, in certain eases also of the brain, intestine, and other
parts, manifest extensive phagoeytic activities, So too the Il]ﬂ-:‘rnpharrm,
although they have repeatedly been found in the circulating blood, are
met with chiefly in the nplmm blood and in the microscopical examina-
tion of organs of those dead of malaria. These macrophages, which
may attain an enormous size and are frequently destitute of nuelei, and
therefore neerotie, are mononuclear cells derived probably in part f'l o1
mononuclear leucocytes and certain fixed cells of the pulp of the spleen

and bone marrow. Their contents may be varied, consisting sometimes

within one cell of pigment, intact or Ll{gc-n{-ﬂml parasites, and red
blood-corpuseles and entire smaller phagoeytes.  Dock has counted as
many as twenty parasites within one phagoevte in the spleen. Under
Pathological ;I:rarr!mn y will be deseribed the appearances of these varions
||1|¢1ung1.t§- as seen in sections of the different organs of the body.

The foreign elements which are found within these phag«::f_vth in
malaria are—(1) malarial pigment ; (2) vellowish or reddish-yellow pig-
ment derived dirvectly from llhlt'lfi‘,f..l-:!i'{’{l red corpuscles (hsemosiderin) ;
(3) red eorpuscles, sometimes intact, but usually more or less Jltwﬂl
and fragmented ; (4) malarial panr: lnlllﬂ- cither free or enclosed within
red corpuscles, w hich are usunally .lltmvd such parasites appearing some-
times intact, often degenerated and fl"l"‘lll[‘l'll’i"{l (5) lnuti('lv which are
probably often derived from the {llhll]l{‘f_"l ation of parasites, but which
do not present appearances sufficiently characteristic to Emb]['. one to
determine their origin, It has already been mentioned that a phagoeyte
may be enclosed by a macrophage. Leunecoeytes either with or without
pigment may be thus enclosed. As phagoeytes and other eells often
degenerate and become necrotie and disintegrated in malaria, it is evident
that from this source may be derived material for inelusion within living
cells.

First in order of frequency are phagocytes containing malarial pig-
ment.  In the examination of malarial blood obtained from the periph-
eral eirenlation the only form of ]'.!}hlﬂ'ﬂt'\ te which 1s to be seen with any
frequency in the ]'r{"lf:"(th' fresh specimen is the melaniferous leucoeyte.
Lieucocytes containing elearly recognizable parasites are rarely, if ever,
seen in the freshly drawn specimen of peripheral blood, Maer opha
containing definite parasitic forms may occasionally be found in thi
situation. Both mononuclear and puhnmrphonucl&w lencocytes may
contain the pigment, but in the perfectly fresh specimen the former
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preponderate. The pigment is found most frequently in the form of

blocks and coarse granules, corresponding to that set free by the process

of =porulation, but sometimes the pigment within the leucoeytes is in

fine rods and grains, such as belong to the earlier stages of develop-

ment of the parasite.  The inference is a pr{:lmlﬂﬁ one that in the latter
case the leucoeyte may have enclosed the parasite,

As has already been stated, in the fresh blood removed from the
body and examined for a while ‘under the mic roscope the !an]numphn—
nuelear lencoeytes can be seen to engulf pigment and certain parasitie
forms—viz, (.‘\t'l-.'lf_u'l‘}.‘rll‘-{llldl' 'fﬂl‘llh, especially degenerated and frag-
mented forms, seementing forms and spores, and altered red cor ]nmlm

—and {*:-lmt'mlh do they attack the flagellate bodies, as has been
demonstrated by Thayer : and Hewetson {I‘thﬁ II. Figs. 4-}—-—1‘]‘} Such
enclosed parasitie forms, with the exception of the spores, can be seen
rapidly to become indistinet and unrecognizable within the leucocytes.

From the examination of the fresh circulating blood alone one obtains
a very nmdcqtmtu conception of the extent and nature of the phagocytic
processes in malaria. A fuller idea of these processes ecan be derived
from the study of blood withdrawn by puncture of the spleen, where
phagocytie p]uumnwnq are far more active than in the cirenlating blood ;
but it is especially in the microscopical examination of the organs Uf
those who have succumbed to a malarial attack that the best oppor-
tunity is afforded to learn the extent of phagoeytosis in malaria, Here
one finds abundantly leucoeytes, endothelial cells, and macrophages con-
taining pigment, |1.lr*t-1tu= inrm-, and altered red blood-corpuscles.

Parasites in their later stages of development, especially when they
are free, are fre qnenth‘ taken up by phagocytes—in their mh atdgﬂh
rarely, unless they have become extracorpuscular or the corpuscle con-
taining them is degenerated. Sporulating forms, and somewhat less
frequently forms with collected pigment (presegmenting bodies), are the
ones most commonly found in a recognizable condition within th-:- ]ﬂmgu-
eytes. It is stated by Bastianelli and Bignami that the bodies with pig-
ment blocks (presegmenting) are found most frequently within macro-
phages, and sporulating forms within polvmorphonuelear leucocytes.
P‘lgmentul amebze they found rarely, and red blood-corpuseles contain-
ing unpigmented amaebae very 1"11‘{*11. within phagoeytes, Bastianelli
gives the following as the order of fl‘t-llm ney in w hich the various para-
sitic elements are found within phagoeytes: (1) pigment; (2) sporulat-
ing forms and spores; (3) red corpuscles, normal or {10{*1}1:}1'Imd con-
taining sporulating forms or bodies with ’ central pigment 'l}lm-lxv (4)
l}r't-w and decolorized red corpuscles containing plasmodia (n.llnw
bodies in the amceboid stage); (5) free bodies with central pigment
clumps ; (6) more ravely free amabze or red corpuscles of normal appear-
ance containing }}amﬂte-; in the ameboid stage.  Aeccording to the obser-
vations of the writer, free bodies with central ngment elumps oceupy a
higher place in this scale than that assigned to them by Bastianelli.
Crescents enclosed in phagoevtes may be found even in the circulating
blood. The various bodies within ph.l-rocvtc: often lie in an area sur-
rounded by a elear zone like a vacuole.

Golgi (1887-88) discovered that phagoeytosis oceurs in quartan and
tertian infeetions with a definite periodieity which stands in relation to
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certain phases in the eyelical development of the parasite, and therefore
to certain periods of malarial fever. This is readily understood when
one considers that it is especially the free pigment and the mature and
segmenting ;:Ltru-ltt‘n and the degenerative forms which are taken up by
phagoeytes.  The }ln;_tlm-ut is liberated by the process of sporulation
which, as has already been explained, occurs shortly before and during
the early stages of the paroxysm. Cor responding with this, Golgi found
that pigmented lencocytes are present in the cire wulation during the
paroxysm and for a short time *ﬂtll*n.'.m'vtlJ and that they tllmppEdl‘ from
the circulation during the apyrexia. This periodicity in the appearance
of melaniferous Iemmvtvu and of other lhlm;_nutz-f-. can be observed
regularly in gquartan and tertian infections. There are frequently indi-
cations of it also in wstivo-autumnal infections, but on aceount of the
irregularities in the eyvelical development of the Hiematozotn faleiparum,

of the prolonged period of sporulation, of the frequent ocenrrence of
multiple groups of parasites, and of the presence at all periods of
degenerated red corpuscles, this periodicity in the oceurrence of phago-
eytosis iz often obseured or is not manifest at all. Pigmented lencoeytes

may be found in many cases of mstivo-autumnal infection during all
periods of the disease, although they are more numerous during the
paroxy=m and shortly afterward. In the severe prolonged cases they
are generally abundant, and they may persist in the cireulation for sev-

eral {I.n*u after cure is effected. As long as crescents are present pig-
mented lencocytes may be found.

Parasites which, to all appearances, are normal are found within
phagoeytic eells, What is the fate of such enclosed parasites? That
many degenerate and die cannot be questioned, for these il(’gﬁ*]ll?l‘cltl\'{*
alterations can be diveetly observed in progress under the mieroscope in
examining fresh blood, and in studying malarial blood and tissues one
freque nllv encounters evidences of this fate of the ]‘J-:ll’!.-w!t{“- It 1s
claimed, however, by Marchiafava, Bignami and Bastianelli that enclosed
spores ,J]lhmltrh |mu=|1t{'{1 from further development, may survive for
a long time within leucoc vtes and other eells, and that such latent spoves
may after an indefinite ]wnm] be set free and cause by their development
a relapse of the fever.

Attention has already been ealled to Golgi’s belief that the estivo-
autumnal parasite may, and to a considerable extent does, develop
within the lencoevtes and endothelial eells of internal organs, in ordinary
cases chiefly of the spleen and bone marrow. He adduces a number of
considerations in support of this view, but the objective evidence he and
his pupil, A. Monti, find in the detection of the frequent presence of
this parasite, ||1]L111=11th' intact and in all stages of development, within
these cells.  In opposition to Golgi, |1«::+m1\ﬂ, it 1= elaimed by Marechia-
fava, Bignami and Bastianelli that i*.ll'i}' phases of development of the
parasite are ravely seen within the cells, and that, therefore, the mueh
more commonly enclosed late phases cannot have dev eloped "ﬂ.l“lll'l the
cells from young parasites. Golgi alse brings to his support the obser-
vation, made In all who have studied the subject, that many of the
cells l:uutdu]mg parasites degenerate and die, as 18 made evident especi-
ally by the loss of their nuclei. He interprets this as meaning that in
the conflict hetween cell and parasite the latter often comes off the
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viector. Further investigations are needed to determine to what extent
Golgi’s doctrine as to the intercellular residence and development of
the Hematozoin faleiparum is correct. Certainly the greatly prepon-
derating number of intact wstivo-autumnal parasites observed in exam-
ining the organs of those dead of pernicious malaria are found within
free red blood-corpuseles in the vessels of internal organs.

The theory of Metchnikoff' that the essential factor in the resistance
of the body to the malarial parasite resides in the activities of phago-
evtes is opposed by many considerations. The most important factors
in determining the gravity and the course of a llhll.-.llhll infection are
the degree and {lll'd]lt\r' of virulence possessed by the parasite, on the one
hand, and the resistance of the individunal receiving the parasite, on the
other hand. There is no evidence that phagocytic functions are in
abeyance in severe and pernicions cases of malaria. On the contrary,
we find here often enormous numbers of parasitic enclosures within
phagocytes. There is no proof that spontaneous recoveries from malaria
are associated with an increase of phagocytic activity. Inasmuch as
phagocytes regularly attack degenerated and fragmented parasites, and
as we know that such degenerations oceur frequently within parasites
free in the plasma, it is permissible to suppose that many of t]he para-
sitic forms found within phagoeytes were already impaired in their
vitality before they were engulfed by cells. After the administration of
quinine, which directly injures the malarial parasite, a distinet increase
in the number of phug{mvtu has been often observed. C‘ertamly qui-
nine does not stimulate the lencocytes to swallow the parasites. Here
the increase in the JhagﬂcvtEa must be attributed to the inerease in the
number of damag l| parasites.

There is evidence that the blood-plasma may exert a parasiticidal
effect upon the malarial organizsm, as well as upon other protozoa (Fag-
gioli), when the parasite has escaped from the protective covering of the
red blood-corpuscle.  The period when the largest number of malarial
parasites are destroyed is that of sporulation and of free spores, and it
15 during this plm-w of the life-history of the parasite that quinine acts
most (‘HL{‘LIVE]V We may, at least prov isionally, adopt a theory to
explain natur: il resistance to the malarial I}.llﬂhlt{" similar to that which

any accept regarding resistance to bacteria—viz. that the parasites are
destroyed by parasiticidal substances contained both in the plasma and
within leucoeytes and other phagoeytic cells. The substanees injurions
to the parasite are in the last analysis furnished to the plasma by the
cells, and are in a more concentrated or potent form within the cells
than in the fluids. This theory assigns to the p}mfmntvu a higher role
than that of mere scavengers. They are endowed in especial degree
with the power of destroying the parasite, but this power is shared by
the plasma.

ParHOGENESIS.
The discovery of the malarial parasite has placed within our reach
the means of solving many problems mnccrmng malaria which we could
not formerly even attack with any hope of suecess.  Already we have

attained a satisfactory under -t*mthnn of not a few prev wusly une \.inl.unvd
manifestations of mahlrm and other tormerly obscure malarial phenom-
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ena have been brought at least within the range of our comprehension.
Much still remains to be elucidated, but we cannot doubt that further
studies will continue to throw fresh light upon what remains obseure.

In the deseription of the symptoms and lesions of malaria attention
will frequently be called to their relations to the parasite, and in this
connection only certain salient points, relating more particularly to
pathogenic properties of the parasite, require consideration.

The mere presence of the malarial parasite in the bedy is not suf-
ficient to cause symptoms. The organisms must have multiplied to a
certain ]miut before their prc-ﬂ}llLL iz manifested by recognizable symp-
toms. The bearing of this fact upon certain malarial phenomena, more
particularly upon t]m varyving periods of ineubation as determined by
experimental inoculations of malarial blood and upon fevers with long
intervals, will be considered in the clinical part of this article,

It may be stated as a general rule, which was first formulated by
Golgi, that the larger the number of organisms present in the body the
maore severe are tl’l[" manifestations of thﬂ dlb'&ﬂ"ﬂ but the .'I.'I.Hll'lhﬂl' of
the organisms is by no means the only factor which determines the
gravity of the disease. The variety of }'Idl'&'l'-:-lt{" which is concerned in
the infection is a factor of fundamental importance. The quartan variety
produces the mildest attacks, the tertian is more virulent than the
quartan, and the sestivo-autumnal variety is the most virulent of all,
and is the one which is almost exclusively associated with the pernicious
attacks. These variations in virulence are best explained upon the
assumption that the malarial organism produces toxic substances of
varying virulence according to the variety of parasite. There is also
clinieal evidence that one md the same \auetv may vary in virulence,
g0 that, for example, some sestivo-autumnal parasites are more vir ulent
than others.

In seeking an explanation of the varying elinieal characters of mala-
rial infections we have to reckon not only with the number, the varie-
ties, and the virulence of the parasites, but also with several other
factors, such as predisposing conditions on the part of the individual
infecte l’.l the occurrence uf multiple groups of the parasite, the distri-
bution of the organisms in internal parts, the cireulatory and other ana-
tomical disturbances induced by the parasites,

Periodicity is the most striking clinical characteristic of malarial
fevers, and the ¢ explanation of this phenomenon has exercised the minds
of py wtu]nghtn from aneient tum-n It is true that intermittence is not
limited to fevers of malarial origin, but regularity of rhythm in the
occurrence of the paroxysms is n:r‘-[m-:m]]v characteristic of malaria.
One of the most interesting additions to our knowledge resulting from
the discovery of the malarial parasite is the demonstration by Golgi,
which has been abundantly confirmed, that this rhythm in the malarial
paroxysms corresponds to a rhythm in the development of successive
generations of the parasite,

The onset of each paroxysm corresponds to the ripening and sporu-
lation of a generation of parasites and the setting free of a new brood.'

! The old idea that the periodicity of malarial fevers depends upon the periodical
pm:lnelmn in the blood of a materia peecans is thus confirmed. It is interesting in this
connection to note the line of argument presented by Griesinger in his admirable and sug-
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E:m,ctl} what the connection is between this aet of sporulation, with the
liberation of a fresh brood of yvoung parasites, and the cause of the
febrile paroxysm, is not definitely known. It was at first suggested by
Golgi (1887) that the paroxysm is due to the invasion of the red blood-
corpuscles by the new group of parasites, but it was shown by Antolisei
(1890) that the _paroxysm depends ather upon the act of segmentation
than upon the invasion of the blood-corpuscles by a new generation of
organisms, for quinine, administered before a paroxysm in sufficient
qluntltv may, by destroying the fresh brood, completely prevent the
invasion of the red n:-nrpr.ll:.cie-,} but it cannot prevent the segmentation
and the impending paroxysm. The view iz now widely held, and seems
plausible, t‘ at in the act of sporulation and of liberation of the spores
chemieal poisons are set free, and that these poizons, by their action on
the nervons centres concerned in the produetion of fever, cause the
febrile paroxysms. This toxic theory of malaria has been elaborated
especially by Baceelli.

The fact that the malarial parasite resides in, feeds upon, and de-
stroys the red blood-corpuscles furnishes an enti l‘c]u satisfactory explan-
ation of two of the most characteristic and important manifestations of
malaria—the melanemia and the anemia. The malarial p llﬂ‘l'ni'l'lt for
which we formerly had no adequate explanation, is formed as an un-
digested residue within the body of the parasite by metabolic processes
directly out of the heemoglobin of the infected red blood-corpuscle.
Various stages of the formation of the pigment within the parasite can
be seen. The liberation of this pigment, its inclusion by phagocytes,
its deposition in varions internal organs, have all been described, and
will lln, further considered under the Pathological Anatomy. The
relations of the biologieal characters of the parasite to malarial ansemias
and to luLlllugluhlmllm will be fully considered in the anatomical and
clinical parts of' this article (pages 93, 116, 125, and 130).

The ways in which the red blood- cnrpu-v]h may be altered by the
action of the malarial parasite are various. The extent of these changes
varies with the wvariety and the virulence of the parasite. They are
least in quartan infections, greatest in the mstivo-autumnal. The in-
fected blood-corpuscle may appear otherwise normal. It may be
E;.W{}HUI'I or sheunken or varionsly deformed. It may divide into two or
more pieces, It may be partly or completely decolorized, or the haemo-
globin may separate “from the stroma and be dissolved in the plasma,
or may be concentrated around the parasite. Especial significance in
the wstivo-autumnal infections attaches to that alteration in the cor-

gestive article on the malarial diseases ( Vivehow's Handb. d. spee. Path. w. Therap., Bd. ii.
Abth. 2, 2te Auflage, p. 41, Erlangen, 1864): “The cause of the periodicity of the fever
eannot, therefore, be referred to the disposition of the nervous system to rhythmical vital
actions, as many have formerly done, but it must, at least according to our present
althongh very "“-UT"I’]-'-*”’ knowledge concerning the causes of heat, be attributed to some-
thing seriodically ocenrring in the blood, which is connected with the increased produc-
tion {}II heat. It has been formerly conceived that a certain substance, a maferia peceans,
appears periodically in the blood and incites the febrile heat and reaction : this material
requires for its production and complete development sometimes longer, sometimes shorter,

riods, and herein lies the cause of the rhythm of the fever. . . . . As an explanatory
Pep:}the:.m this conception accomplishes more than the later attempts at explanation.

The continuous morbid process which causes the poisoning incites periodically ¢ hanges :n
nutrition or in the blood which arouse the nervous apparatus to abnormal manifestations.”’
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puscle which has been repeatedly referred to as the brassy change, on
account of the resemblance in the color of the shrunken corpuseles to
brass, sometimes compared also to copper or old gold. Nor are the
cor pua:-h-s which are aectually infeeted by the parasite the only ones
which may be altered. U ninfected corpuscles may also be Lh.d,nged
in appearance, and may be destroyed, especially in ecases of hemo-
elobinuria.

These changes in the red blood-corpuscles, which must be regarded
as degenerative and destructive, cannot be brought wholly into parallel-
ism with the development of the malarial |ug|1wut In fact, the most
profound lesions and the greatest destruetion of the red corpuscles ocenr
in infections with the mstivo-antumnal parasite, which is characterized
by the small amount or even the entire absence of pigment. To explain
many of these changes we must have recourse again to the theory that
toxic substances are produced by the parasite and directly damage the
blood-corpuscles,

These alterations in the red blood-corpuseles not only explain the
malarial an@emias and the hiemoglobinuria with their concomitant sym
toms and lesions, and the accumulation of malarial and other pigments
in certain organs, but they are utilized, although less conclusively, to
explain certain other malarial phenomena.  We know from phy amlngmal
observations that the physical ultt’gutv of the red blood-corpuseles iz an
important condition in the maintenance of their eireulation within the
blood current. It is reasonable to suppose that corpuseles as profoundly
altered as are many of those infected with the malarial parasite will
circulate with diffieculty, and will tend to accumulate in certain situa-
tions where local conditions of the eireulation favor the lodgement of
foreign particles which get into the circulation. Many writers, there-
fore, “attribute to these alterations in the physical properties of the in-
fected red {-nrpun(](-a the accumulation of the parasites within the vessels
of certain internal organs, more partieularly the spleen, the bone mar-
row, the liver, and the brain, and they explain the absence of such
accumulation in quartan infeetions by the comparatively slight lesions
of the infected corpuseles, and the large accumulation in tGl'Tldll, and
still more in westivo-autumnal, infections by the more serious damage
inflicted upon the infected red Cf}liﬂll‘-{'](h by the varieties of the parasite

ausing these latter infections.  Doubtless these factors—changes in the
infected red corpuseles and local conditions of  the cireulation—are
unpult.mt in determining the localization of the parasites in certain
internal parts, but with our present knowledge we eannot explain the
varving distribution of the parasites uhw‘&nml in different cases exclu-
‘-:I‘H.‘h by their aid, any more than we can ddﬂpl a similar explanation
for the localization of the micro-organisms in other infections.

The localization of the parasites in some ecases, more ]ml‘tlclﬂ arly in
sestivo-autumnal infections, within definite vascular areas of internal
organs stands in relation to o orresponding sy mptoms and lesions. The
comatose and the choleriform types of pernicious malaria are associated
with an acenmulation, which may be enormous, of the parasites in the
capillaries and small vessels of the brain and of the stomach and intes-
tine respectively. Other special localizations of the parasites will be
mentioned in the subsequent part of this article. In these cases cap-
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illaries and other small bloodvessels may be partly or completely
lugeed with parasites, chiefly within red blood-corpuseles.  Swollen,
en'em-mt{,d and desquamated endothelial cells, pigment, nmcrﬂpham-_.,
and other plm rocytes contribute to this occlusion of the vessels. Genu-
ine thrombi 'tiﬂ oceur.

Serions disturbances of the cireulation must result from such exten-
sive plugging of the vessels, It is not easy to determine how far these
mechanical disturbances of the eireulation are responsible for symptoms
and lesions with which they are associated. Marchiafava and Bignami
and others regard them as the essential cause of the grave nervous
symptoms in comatose pvuuunu*—s fever, and of other symptoms and of
lesions. Many years ago Frerichs likewise attached much importance
in the cansation of cerebral symptoms to accumulations of pigment and
the formation of coagula within the cerebral vessels. It appears, how-
ever, to the writer that, aside from certain general pathological consid-
eratm-v; and dmln;z;w-ﬁ mth similar conditions in other diseases, this
mechanical explanation is inadequate, and that here too the toxic |1rnd—
ucts of the parasite are operative. The promptness with which the
grave cerebral symptoms may subside after administration of quinine is
not easily reconcilable with the theory that they are due to plugging of
the vessels.

Even the focal necroses which are common in the liver in pernicious
cases, and may occur in the spleen, the kidneys, and elsewhere, are best
interpreted as due to the toxic products of the parasite, rather than as
the result, as is claimed for the liver by Guarnieri, of plugeing of the
bloody Enhﬁ*i, s. These necroses do not differ from those observed in
diphtheria, typhoid fever, and streptococens and other infections, and
that they may be purely toxic in origin has been demonstrated by Welch
and Flexner.!

The eapillary hemorrhages which have been observed in the brain in
the comatose form of pernicious fever, and which may ocenr elsewhere,
may be referred to the hyperemia and stasis resulting from plugging of.
the vessels. The interesting fact has been observed that in these capillary
hemorrhages the extravasated red corpuseles are without parasites, w hile
the nmg‘]lhnrm'r bloodvessels are filled with red corpuscles containing
parasites. The explanation of this which is given by Marchiafava and
Bignami and adopted by others is that the corpuscles containing para-
sites on account of their greater adhesiveness stick to the walls of the
vessels and thus are pwvvnt[i{l from escaping. The writer offers another
explanation as the more probable, The examination of these small
hemorrhages shows that they are the result of diapedesis, and not of
actual rupture of the vessels (rhexis). It is not difficult to comprehend
that red corpuscles altered by the invasion of parasites would not par-
ticlp'%te in the process of diapedesis, whereas it is not easy to understand
why they should not eseape from ruptured vessels.

It is evident from what has been said that, while ocelusion of vessels
ﬂ[ld Lﬂ'l'l'?f‘ql'lent [.I.'I"-'Lt'l'l'l l|I'.I-.‘l'I.'l'.l.l?(f"-u- of 11“" fl]'{!]l;lt[l]n anre Ccomimaon lI'I severe
malarial affections, and are doubtless of importance in cansing some of
the lesions and symptoms, the more important and characteristic symp-
toms and lesions are, in the opinion of the writer, with our present

Y The Joknsz Hoplins Hospital Bulletin, March, 1892
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knowledge, better [-'-.pLum-(l by the toxie theory of the pathogenic action
of the malarial parasite than by any mechanical theories which have
yet been offered.

We have, however, no positive demonstration of the existence of spe-
cific malarial toxins, The investigations as to the toxieity of the urine
of malarial patients will be deseribed on page 123.  They have not led
to any positive results as to the detection of specific malarial poisons.

It is a very old cone {‘}}tlull that the febrile reaction of the malarial
paroxysm is conservative in the sense that this response of the body to
the presence of pyogenic agents in some way aids in the elimination or
destruction of injurious substances. This conception is not altogether
without support tfrom the parasitological study of malaria. The fever
begins at the time of the birth of a new generation of parasites. These
young organisms before they have entered the red blood-corpuscles are,
of all plmwu of development of the parasite, in the most vulnerable
condition, as has been shown by investigations of the action of guinine.
That a large number of them pvrhh {]tll‘lllf__ the febrile paroXysm seems
to be de |1|nn-1t1=1t('{1 at least in quartan and tertian infeetions, by the
contrast between the namber of --l‘mllll‘l.l'II'lﬂ‘ forms and the number of
succeeding infected corpuscles.  Especially suggestive of inereased
potency of parasiticidal ageneies during the febrile PATOXYSIN are cases,
especially of quartan or tertian infection, in which, after a sharp
paroxysm, the symptoms and the parasites disappear, l}i’lllﬂl‘ﬁ perma-
m-nth l:ltt often to return after a long interval as a recrudeseence of the

fever {p.igu 121).

SiMinAr HEMATOZOA 1IN THE LOowER ANIMALS.

(Great interest attaches to the presence in the blood of certain lower
animals of protozoan parasites elozely resembling the malarial parasite,
Attention was first called to this resemblance by Danilewsky (1885-86),
who deseribed more fully certain forms which were pwrmu*:-]v known,
and added the discovery of new forms, especially that of hematozoa in
birds which bear elose resemblance to the human malarial parasite.
Sinee  Danilewsky’s first publications there have been a number of
investigations on this subject by Kruse, Celli and Sanfelice, Grassi and
Feletti, Laveran, Labbé, and others,

In the blood of frogs, turtles, lizards, and some other cold-blooded
animals hematozoa |m--{'ut||1;_=: some points of resemblance to the mala-
rial I}ell-.lhltl' are not uncommon. Of these the best studied and most
interesting is the DREPANIDIUM rRANARUM (Lankester), identical with
Gaule’s “ Wirmcehen,” in the blood of frogs. It is, however, certain
hsematozoa in birds which bear such close resemblanee to the malarial
parasite that their identity with the latter has been assumed by Dani-
lewsky and Grassi and Feletti, who speak of the existence of malaria
and of malarial parasites in these animals, Most of the observations
thus far reported have come from Russia and Italy, but the parasites
have been found in birds also in Germany and France, and recently in
the United States.

I'm birds thus infected have been found forms similar to those of the
malarial parasite in man—viz. unpigmented and pigmented hyaline
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bodies (which, however, in distinetion from similar bodies in man, mani-
fest little or no ameeboid movement), sporulating forms, crescents, and
flagellated bodies. The bird’s heematozoa are also parasites of the red
blood-corpuseles, from which they produce black pigment: they pass
through the same stages of dev ::Iu]mmnl as the latter, and the same
diversity of views exists as to the origin and significance of the erescents
and flagellated bodies. The name HaMoPROTEUS was introduced by
Kruse t:}dLal;_}:ﬂ‘lt{- these so-called malarial parasites of birds, and various
other names have also been suggested. Grassi and Feletti adopt the
same names and the same elassification for these parasite of birds as for
the human parasites (page 38). There are differences between the
heematozoa found in different species of birds, and in the same species
apparently different varieties of the parasite have been observed, but
there are at present no definite classification and no certainty as to the
number of varieties which may exist.

Although these heematozoa of birds evidently belong to the same class
of organizms as the malarial parasite, there are several reasons which in-
dicate that they are not identical with the latter. They present certain
morphological and physiological differences which it would lead too far
here to describe. Although found thus far chiefly in birds from mala-
rial regions, it is not proven that they may not exist in birds elsewhere,
The inoculation of uninfected birds with the blood of birds containing
the parasites has been, in a large preponderance of the experiments,
unsuccessful in the result. The inoculation of birds with blood from
human beings affected with malaria, and the inoculation of human
beings with ‘the blood of birds Gﬂl‘ltdltllllﬁ‘ the hsmatozoa, have been
umfr;rrmlv without positive result (Di Mattei ). Larg;z, doses of guinine
have no influence upon the parasites in birds. The presence of the
heematozoa in birds is usually without recognizable disturbance of the
health of the birds, although it may cause a _ chronic or an acute affec-
tion. While, then, we must admit a close relationship between certain
hsematozoa of birds and the human malarial parasite, the existing evi-
dence is opposed to their identification,



DESCRIPTION OF PLATES I. AND II!

The drawings were made with great care and skill by Mr. Max Broedel, with the
assistance of the camera lucida, from specimens of fresh blood. A Winkel microscope,
objective, 1-14 (oil-immersion), ocular, 4, was used.

Figs. 4, 13, 23, 24, and 42 of Plate 1. were drawn from fresh blood, without the
camera lucida.

PLATE 1.
Tur ParasiTE oF TERTIAN FEVER.

1.—XNormal red corpuscle.

2 3, 4 —Young hyaline forms. In 4 a corpuscle contains three distinet parasites.

5, 21.—Beginning of pigmentation. The parasite was observed to form a true ring
by the eonfluence of two pseudopodia. During observation the body burst from the cor-
puscle, which hecame decolorized and disappeared from view, The parasite became,
almost immediately, deformed and motionless, as shown in Fig, 21.

G, 7, 8.—Partly developed pigmented forms.

9. —Full-grown body,

10-14, —Sermenting hodies.

15, —Degenerative form simulating a segmenting body.

16, 17.-—Precocions segmentation. ;

18, 19, 20.—Large swollen and fragmenting extracellular bodies,

22, —Flagellate body.

23, 24.—Degenerative forms showing vacuolation.

Tae PArasiTE oF QUARTAN FEVER.?

25.—Normal red corpuscle.

26,—Young hyaline form.

27-34—Giradual development of the intracorpuscular bodies.

35.—Full-grown body. The substance of the red eorpuscle is not visible in the fresh
specimen.

36-38.—Segmenting bodies.

40.—Large swollen extracellular form.

41.—Flagellate body.

42, —Degenerative form showing vacuolation.

PLATE 1L
Tk PArAsiTE oF JEsTivo-AuTUuMNAL FEVER (Hematozoin faleiparum).

1, 2.—Small refractive ring-like hodies.

a-t.—Larger disk-like and ameboid forms.

7.—Ring-like body with a few pigment granules in a brassy, shrunken corpuscle.

8, 9, 10, 12.—Similar pigmented bodies.

11.—Amehboid body with pigment.

13. —Body with a central elump of pigment in a corpuscle showing a retraction of
the hwmoglobin-containing substance about the parasite.

14-20.—Bodies with central pigment clumps or blocks.  Presegmenting forms,

21-24,—Larger bodies with central pigment blocks. Presegmenting bodies, Seen in
the peripheral cirenlation during a severe paroxvsm.

25-28,—Segmenting  bodies from the spleen.  Figs, 25-27 represent one body where
the entire process of segmentation was observed. The segments, eighteen in number, were
aceuratelv counted before separation, as in Fig. 27. The sudden szeparation of the seg-
ments, occurring as though some retaining membrane were ruptured, was observed. -

29-37.—Creseents and ovoid bodies.  Figs. 34 and 35 represent one body which was
zeen to extrude slowly, and later to withdraw, two rounded protrusions.

a8, d—HRound bodies.

4. —FPzemdo-remmation, fragmentation.

41 —Vacuolation of a erescent.

4244 —Flagellation. The figures represent one organism. The blood was taken
from the ear at 4.15 p. 3. ; at 4.17 the body was as represented in Fig. 42. At 4.27 the
iiu;_i"elhl. appeared ; at 4.33 two of the flagella had already broken away from the mother
sy,

" 45-49.— Phagocytosis,  Traced with the camera lueida.

I These ]111510:; ire taken by permission from The Johns Hoplins Husﬁﬂ'nﬂ Reports, vol. v., 1895,
Four fisures—viz. Figs, 21, 22, 25 and M—have been added to Plate 11, and are alzo from the draw-
ings of Mr. Max Broedel.

~ 2The color of the pigment in these figures of the quartan parasite has too much of a reddish
tint.
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ETIOLOGY, PATHOLOGICAL ANATOMY, SYMPTOMS,
DIAGNOSIS, PROGNOSIS, AND TREATMENT.

By WILLIAM 8, THAYER, M. D.

KrioLocy.

DistrisuTioN.—The malarial fevers are widely distributed, oceur-
ring in almost all regions of the earth. There are, however, certain
principal foei where the disease is permanently endemic. These regions
are chiefly in the warmer temperate and tropical countries. Generally
speaking, the farther one departs from the equator the less common are
the malarial fevers. A sharp line of delimitation eannot, however, be
drawn, Oececasionl eases have, ace m«:linp: to Celli,' been observed as far
north as Irkutsk in Siberia, Haparanda in the Gulf of Bothnia (65° N,
latitude), Juliushaab, Southern Gre enland, and New Archangel in Alas-
ka, while to the south malaria has been reported to exist as far as the
isotherm of 60°. It must, however, be remembered in considering any
statizstics concerning the dlutrlhutmn of malaria that the diagnosis of
malarial fever has been, until very recently—and is, alas ! far too fre-
quently today—made upon a very insufficient basis. In many regions
today an intermittent fever with chills is without further investigation
assumed to be of malarial origin, and even at the present time, in some
of the large cities of this country, there are official statisties of mortality
due to malaria—statistics showi Ing thonsands of deaths every year—
which are almost absolutely incorrect.

About the main fovers of malaria there 1=, however, little dounbt.
In Europe the disease is common in the low lands about the coasts of
Italy, Sicily, Corsica, Greece, the Black and Caspian Seas, and in the
hmdh bnu]vrmﬂ‘ upon the Po, the Tiber, the Danube, and the Vol-
ga. About the coast of certain parts of France, Spain, and in Denmark
and Sweden, an oceasional ease is seen.  In Holland and Belgium the
milder forms of the disease are not unecommon, while a few cases of the
same nature are seen in Germany abont the mouth of the Elbe and
along the Baltic coast of Prussia, in Silesia, the plain of the river Mark,
and in Pomerania. In tropieal Africa the disease appears in its most
severe forms, especially along the West Coast. The chief fovers of
the disease in Europe are in Italy and Southern Russia. In India,
Ceylon, and in the East Indies it is particularly common, while in
Southern and Southwestern China it is also endemic. In Japan the
disease is rare. In the Western Hemisphere malaria is seen in the low-
lands about the eoast from New England to Florida, though above Vir-
ginia the severe forms are rare. In the Gulf States and along the
banks of the Mississippi and its tributaries, in most of the Southern
States, the disease is almost always present. Abont some of the (Great
Lakes, both in the United States and Canada, malarial fevers are ocea-

' Verhandl., d. X. Internal. Med. Cong., Bd. v. Abth. xv. p. 65.
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sionally seen, while a certain number of cases are reported from the
Pacific coast.

In Cuba, Mexico, and Central Ameriea some of the most fatal forms
of the disease are met with. The much feared Chagres fever of the
Isthmus of Panama is a pernicious malarial infection.  About the low-
lands of the eastern coast of South :'uum‘u"l, particularly in the Guianas
and in Brazil, the disease iz endemie in its most muhn'uant. forms. On
the west coast it is less frequent, thongh its oceurrence in Peru and
Bolivia has been known for years. Indeed, it is from the Peruvian
[ndians that we learned the value of the specific remedy for the disease.
In Australia, New Caledonia, and the islands of the Pacifie the disease
is very rare, ;il‘l(l in some regions, such as Hawaii, Samoa, New Zealand,
and Van Diemen’s Land, notwithstanding the i‘XI‘-t{,_II(’E’ of ext{mnne
low marshy traets, it is quite unknown.

In cases of malarial fever which occur sporadically in regions
where the disease is uncommon the infection may often be traced to a
previous sojourn in a malarious distriet, Ixtensive epidemies and pan-
demies of malarial fever, spreading over the greater part of the earth,
have been described. In most of these instances, however, consider-
able uncertainty exists as to the true nature of t.’:w process,

Puvsicar, GroGraruy.—The physical geography of the countr
has much to do with the prm.l]mw:- of malarial fever. In the wmdj‘iv
of Laveran, “ The principal fovers of paludism are situated on the coast
or along the banks of large rivers.” High altitudes are usually free
from malarial fev er, and the mountains and plateaus in the neighbor-
hood of malarial districts are often used as sanitaria by the inhabitants.
The high altitudes may not, however, be a pl‘ﬂtt‘-'ctlc}n as, according to
Hertz,'! Tfevers occur in the Tuscan "111(=11|1||1(l- at a height Df 1100 ieet
in the Pyrenees at 5000 feet, on the island of f‘m*lml at 6300 feet, in
Peru at from 10,000 to 11 lJ{JU' feet. It is, hnwt‘vvl‘ by no means
improbable that many of these fevers which have been called * mala-
rial  are, in reality, of some other nature. This has been shown to be
true in the case of the  mountain fever” of the Western States, which
is for the most part, probably, typhoid fever.

Tue Sorn.—Low, marshy regions are ]nrtl[-ulal'h likelv to be
malarious ; hence the term “ paludism” which is so generally used.
Mixed salt and fresh water marshes seem to be particularly favorable
for the 1]1"..{}ﬁpim,=nt of the disease. L[}‘n ll‘lﬂiﬁut lﬁ drained Lmds, rich
in vegetable matters—lands which have been allowed to fall out of cul-
tivation—are particularly dangerous. All marshy regions, however,
even in tropical countries, are not of necessity malarious, an Exam}_lh,
of this being shown in some of the South Pacific islands, as already
mentioned. And, while the disease is pﬂl‘tlculmh’ common in maﬁh}r
distriets, it may occur in other regions in sandy or clayey soil, or,
indeed, in rocky regions. An impervious subsoil is believed to be
|1.|rtuu]arlv {L!_I}{j(’lt}ll-n

Effects of Turning up the Soil.—In many instances the denudation of
a soil covered by forests or rank vegetation, or the turning up of the
<oil in a district which was previously free from the dlsease, may be fol-
lowed by an outbreak of malarial fever, while in other regions where

Ly, Ziemssen's Cyelopedia of the Practice of Medicine, vol. ii.
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the disease already exists similar interference with the vegetation or the
soil may greatly intensify the severity of the process. An example of
this latter condition is shown in the severe outbreak of malarial fever
which was associated with the excavation of the Panama Canal. In
Paris, which for many years had been free from paludism, the digging
of the Canal Saint Martin, and again, in 1840, the excavations for
the fortifications, were, in each instance, followed by an outhreak of
characteristic intermittent fever. Irrigation of low lying distriets
without proper drainage has been followed by an outbreak of mala-
ria or an increase in the severity of the cases. Such a condition of
things has been noted in some of the irrigated districts in Southern
“alifornia.

Effects of Drainage.— Efficient drainage of marshy distriets which
have been rich in malarial fevers has a marked effect npon the trequency
and severity of the manifestations of the disease. Years ago malaria
was common in the surroundings of London, which were marshy and
ill-drained ; today, thanks to good drainage, the disease is unknown.
The low lands of Holland used to be the seat of very severe malaria;
today, only oceasional cases of the mildest forms of the disease occur.
The effect of good drainage upon the Roman Campagna has been very
striking, the severity of’ malarial fever diminishing materially.

Cultivation—The cultivation of many marshy, malarious distriets
has been followed by a marked improvement in the sanitary condition.
The planting of trees has been supposed to have a particularly good
effect, possibly beeause of the drainage of the soil which is thus accom-
plished. For some time it was supposed that certain trees, particularly
the ewcalyptus globulus, had an almost specific effect in protecting the
neighborhood against malavial fever.  The advantages of this particular
tree have, however, been much exaggerated. Malarial fever never orig-
inates at sea. Those cases which have been reported date their infection,
unquestionably, to some period before the voyage. There is much to
sugoest that the soil has some intimate connection with the development
of the contagium of paludism.

VArIATIONS 1N DistrIBUTION—One of the most striking character-
isties of malarial fever is the manner in which it leaves one region in which
it has existed for some time, to appear in another which may, for a con-
siderable period, have been quite free from any manifestations of the
disease. This change in the distribution of the disease is in great part
due to the activity of man. On the one hand, an outbreak may follow
the abandonment or neglect of richly cultivated areas which have been
well drained and taken eare of, as, for instance, the Roman Campagna
in the time of Augustus, while, again, in other regions the turning up
of the =0il may bring about an outbreak where it is least expected. But
this explanation does not answer all cases. The appearance of malarial
fevers in the New England States during the past fifteen years, after a
long period of almost entive quiescence, is a striking example of these
inexplicable changes in location. Again, in distriets where malaria is
permanently endemic there are often cyeles in the severity of the disease
which are impossible to explain.

CrivmaTe.—Heat and moisture are important for the development
of the fever. In malarious districts a very dry season is usually more
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healthy. Laveran' states that in Algeria the rainy years show a more
severe endemic than the dry, while the first “rains of the autumn give
rise, almost always, in 'ti;yn L to a recrudescence of the fever.”

SEAasoN.—In t1'ulnml countries malaria exists usually throughout the
year, but it is almost always most severe in the summer and fall. As
one '1|1|u:m~:'|1~;“-, the temperate climate the cases in winter and spring
become very rare. Along the eastern coast of the United States, just as
in Rome, the cases in the winter are very few, while with the spring a
certain number of infections ln;_r;ul to appear. It is, however, not until
July that the real malarial season begins. The height of the malarial
season is reached in the nmutha of August, September, and October.
The following table, showing the number of ecases of malarial fever
treated at the Johns Hopkin: Hospital between January 1, 1890, and
January 1, 1894, gives a good idea of the variations in the occurrence
of the disease to the seasons of the year :

Jan. Feb, Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Deec. Total
a e 8 15 21 18 aa (i1 122 120 48 25 490

The earliest cases show also the mildest types of infection. Thus,
in l]lL spring the first cases arve nsually tertian or gquartan infections. As
the =eason advances double tertian infections become more frequent,
while at the height of the malarial season the majority of cases are of
the wmstivo-antumnal type, the most severe form of malaria. Thus, out
of 542 eases analyzed by Hewetson and the author,® there were—

First half year. Second half year.

Regularly intermittent fevers . . . . . . . . . . . . 113 230
ativo-autumnal fevers . - o0 0 i w ee @ e e W b 183
Compined AnTeeiioma. . &t s e wh vem e _E_»_

121 421 =542

At the height of the malarial season, during the months of September
and October, there were—

Regularly intermitlent fevers . . . . . . . . . o . - v v . - 109
atiro-auiomnal Favers .« . ol 5 et e i e ke SR IEIEI
Combined infections . ST s e S e R e S

This observation concerning the variation of the types of the fever
with the times of the year iz as old as Hippocrates. 1t has long been
popularly supposed that the early cases of fever in the winter and in
the spring re present, in toto, relapses from infections of the preceding
fall, the fevers of first invasion beginning only with the summer months.
ik !u- analyses of our cases at the Johns ankum Hﬂa]}lt"zl tend, however,
to show that, while the proportion of fevers of first invasion is less in
the spring tlnu in the summer months, vet they do ocenr.

Wixnps.—There i= much which 1.-|1{1- to sugwest that the infective
agent may be carried by the wind. It has hue.n asserted, for instance,
that along the banks of a stream in a malarious distriet the fevers are
often more frequent and severe on the side toward which the prevailing
winds blow. Again, in other instances it has appeared that strips of

t Traité des Fitvres palusires, Paris, 1884, }

2 “The Malarial Fevers of Baltimore," ohns Hopkuw Huspital Reports, vol. v.
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forest land have arrested the spread of the disease, suggesting that some
infeetious substance may be filtered out by the trees. Thus, Lancisi
believed that it was through the influence of the winds that the Roman
Campagna became more unhealthy after the removal of the sacred
groves. These, he believed, acted as a protection by filtering from the
air infections substances carried by the winds which blew over the
Pontine marshes,

Avrrrvpe.—It has been repeatedly obzerved that in malarious
districts the dangers of infection are much greater close to the ground.
Sleeping upon the ground is particularly dangerous. The upper stories
of a house are safer than the lower. Infection appears to take place
more readily by night than by day.

Drixgixg Warer.—Many have laid, and still do lay, much stress
upon drinking water as the source of the disease. The experiments,
however, of Celli,' Marino,® and Zeri,* who caunsed individuals to drinlk
in large quantities water which was obtained from the most malarious
districts, without any bad effects, and of Grassi and Feletti,! who fed
individuals upon dew collected from malarious regions, with similar
negative results, are strong arguments against this idea. It should be
remembered, however, that while these experiments are strong evidence
that the malarial poison iz not introduced through the drinking water,
yet it is no proof that water may not contain the parasite, or, indeed,
form an actual culture medium for some forms of the organism. We
are wholly ignorant of the manner of entry of the parasite into the
system, of the form in which it exists outside of the body, or of the
changes which it may pursue in other media than the circulating blood.
It is not impossible to imagine a body which might pursue a part of its
development in water, reaching its truly infections form only in a later
stage and in =ome other medium.

Grassi and Feletti have shown that the living parasite from the
circulating blood does not, when ingested, cause fever. Thus, they
cansed an individual to drink the fresh blood of a malarial patient
without result, while inoculation experiments with similar blood are
almost always positive. (See page 34.)

RackE—In many malarial districts the natives—negroes, Arabs,
Indians, Tamils—appear to have a relative insusceptibility to the dis-
ease, the degree of which varies in different localities and according to
different authors. Our observations in Baltimore would tend to show
that here the susceptibility of the negro is only about one third that
of the white.

OccuraTioN.—The oecupation has much to do with susceptibility to
the disease. Soldiers and tramps who sleep upon the ground in malarions
distriets are particularly susceptible. Fishermen in the bays and inlets
along the southern coast of the United States, as well as farmers and
berry pickers in the same regions, are particularly open to infection.

AGE has apparently no effect upon the susceptibility, excepting in so
far as the very voung and the very old are less likely to be exposed.

! Bull. d. Soc. Lane. d. Rowa, 1886, vi. 1, 39 (5 Dec, 1885).
* Hiformao Medica, 31 Oet., 1890, No. 251, 1502,

8 Bull. o, It Ace. Med. di Roma, 1889-90, xvi. 244.

* Contralblatt fiir Baekt., 1891, ix, 403, 429, 461.

Vor. I.—6
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Prebisposing Cavses.—It is generally believed that in malarious
districts almost anyvthing which tends to diminish the vitality of the
patient acts as a predisposing cause to malarial infection. It is often
asserted that where a previous attack has existed injuries of various
sorts are particularly likely to be followed ln' a relapse of the malaria.
It has heen asserted, for instance, that an injury to the spleen in a
patient who has f:}l‘nwrit had malarial fever may call forth a relapse.
With regard to the effects of traumatism, the observation of nearly a
thousand cases during the last five or six years has not given any posi-
tive answer, while the complications of malaria with other acute diseases
have been, ]:-vl'lmp- rather surprisingly infrequent. It seems reasonable
that trauma or operation, by reducing the condition of the patient,
shonld render him more susceptible to a fresh malarial infection or
more liable to a recrudescence of an already existing process. The faet,
however, that in nearly seven years not a single case of poat-upemtne
malaria has oceurred in the Johns Hopkins Hospital has led us to
believe that many of the chills oceurring under these eircumstances,
generally supposed to be malarial, are probably, in reality, septlc
in ﬂl’lg‘lﬂ.

MaxxEer oF IxrEcTioN.—The discoveries of Laveran have revealed
to us the infectious agent in malaria, while its specific action has been
abundantly demonstrated by elinical observation and inoculation experi-
ments. And yvet it must be confessed that we are wholly ignorant as to
the manner in which the parasite exists outside of the hody or how in-
fection takes place. The most important points of entry into the system
which have been suggested are

(1) The respiratory traet ;
(2) The digestive tract ;
(3) The skin (insect bites, ete.).

(1) There is a very general belief that infection may take place
through the respiratory tract, though positive proof of its oceurrence is
as vet uantm,{_r In favor of this view are the observations of Lancisi
and others concerning the winds.

(2) Many observers, as has been =aid, =till believe that the parasite is
introduced chiefly through the {llfrl“-tl"n{‘ tract. The observations, how-
ever, of Celli, Marino, f'.{*ll Grassi and Feletti, already referred to, are
xuly suggestive evidence a0 ainst this idea.

(3) The inoculation experiments referred to in the deseription of the
parasites have given positive proof that infection may take place when
the parasite is introduced beneath the skin. This renders more plausi-
ble the old idea that insect bites may sometimes serve to convey the
contagium. In this econnection one may remember the remarkable
observations of Theobald Smith,' who has shown that the hemoeytozoin
of Texas fever in cattle (/ ":,nmm:m higeminuwin) is conveyed from animal
to animal by means of the cattle tick ( Boiphilus bovis),

Experimentally it has been shown that although infection through
the alimentary tract is improbable, subeutaneous infection is possible,
while clinical observation is strongly in faver of the view that infection
through the respiratory tract may occur.

! U. 8. Dept. of Agriculture, Bureau of Animal Industry, Bull. No. I, Washington,
1892
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In Summary.—The malarial fevers flourizh in low, moist, hot regions,
the borders of rivers and marshes, places where the water is brackish
being particularly dangerous, ]Iiwil, dry, sandy, or rocky regions are
rarely malarious. In a malarions district there is greater {14]]1“!-]“ of in-
fection near the ground, by night than by day. There is suggestive
evidence that the contagium may be carried by the winds, A ge has no
marked influence on the susceptibility. The negro is relatively much
more insusceptible than the white. The manner of existence of the
parasite outside the body and the manner in which the infection takes
place are still wholly unknown.

PaTHOLOGICAL ANATOMY.

(1) AxaTomMIcAL CHANGES IN AcUTE MALARIAL INFECTIONS ; (2)
CHANGES FOLLOWING REPEATED orR CHRONIC [NFECTIONS,

Cases of the regularly intermittent fevers are so rarely met with
upon the autopsy table that our knowledge of the p: athological changes
present in the internal organs are Lll‘ﬂj{ll\ based upon a study of the
cases of }]L‘I‘III{‘IUII':- mstivo-autumnal fever. Our knowledge of the
pathology of the malarial fevers has been greatly increased in late years
by the investigations made since the 1i|~{:{nu‘1 of the p.n"mt(- by
Laveran, Councilman and Abbott, Guarnieri, Dock, Bignami, Barker,
and Monti. One of the most II]tL‘l‘l"-tillg‘ |m|nt- which at once strikes
the careful obzerver is the extreme variation in the distribution of the
malarial parasites in the body, and the anatomical changes produced by
them in different cases. This difference in the localization of the para-
sites and in the seat of the important anatomical changes may bear, as
has been pointed out in the deseription of the parasite, a direct relation
to the symptoms which have existed during life.

The most striking point in the appearance of the organs in malarial
fevers is the melanosis which gives a characteristie slaty gray color to
many of the organz. This results from the accumulation of the pigment
Iumlur ed by the p.ml-lh-- from the heemoglobin of the hl{m{I-ml‘pth[ Jes,
and, while almost invariably present, its dis stribution, as in the case of
the parasites, and the degree in w hich different or rgans are affected, varies

considerably in different cases,

TiE Braix.—The most striking changes in the brain are to be met
with in the cases of comatose pernicious fever. The brain may be the
seat of but few macroscopical changes. Melanosis may be entirely
absent. At times, however, there may be a slight subpial cedema with
hypersemia of the ceue bral substance, and perhaps punetate hemor-
rhages ; more commonly, however, the gray cortex shows a slatv or
chocolate color, which mm. be quite dsrsrp. The vessels are markedly
injected, and i in places, as has been --'mlJ punctate hemorrhages may he
found. In these instances the microscopical appearances are most
btﬁking The cerebral capillaries are erowded with parasites, which
are, for the most part, within red corpuseles, and may form an actunal
complete injection of many of the cerebral vessels. This is generally
most striking in the gray substance, These parasites (usually of the
sstivo-autumnal t*.'ln-] may be in all stages of development, though
generally one of the stages is most marked. Sometimes in cases where
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death has occurred during the paroxysm actual thrombi of segmenting
organisms may exist. Sometimes the or ganisms may not be so numer-
ous, but evidence of their previous existence is found in free clumps of
pigment and swollen pigmented endothelial cells, as well az leucoeytes
containing pigment and red blood-corpuseles.  There is usually decided
granular and fatty degeneration, and often pigmentation of the endothe-
lium of the vessels—a (hmg[- upon which the punctate hemorrhages
probably depend.  Some endothelial cells may be greatly swollen, almost
occluding the lumen of the vessels: these, as has been [l[-mﬂnﬂtlatcd
espee mllw. by Monti, may contain a cons siderable number of ﬂppaml]th'
well lnv--vnul parasites in various stages of development ; they may be
within shrunken or brassy corpuscles or full grown and free. Qceasion-
ally large macrophages are seen almost oceluding the eapillary, which
appear, according to Monti, to be endothelial eells which have broken
loo=e and are free in the eurrent,

These lesions are particularly marked in the comatose form of per-
nicious malaria.  In some instances different parts of the central ner-
vous system may be {Ilﬂ(‘t{‘ilﬂ\ affected. In one ecase, for instance,
studied by Marchiafava,' where the patient died with symptoms of
bulbar paralysis, a a—pwlal localization of the changes was noted in the
medulla. In other instances the cerebral lesions may be slight; the
collections of parasites in the capillaries, as well as the degenerative
changes in the endothelium, are not to be made out.

Monti® has recently studied the changes in the nerve cells in the
gray cortex in pernicions malaria, according to Golgi’s method, with
interesting results.  In some cases these elements were, so far as {sﬂllid
be made out, quite normal, while in others interesting changes were
noted : these cases were chief v thoze showing grave nervons symptoms,
such as coma, during life. T he alterations were not l.m]ful*m]'-. [hffu%ﬂ"l
throughout the cortex, and never affected all the elements in a given
zone. Usnally cells more or less profoundly altered were found among
other cells and fibres which were quite normal, although a tendency to
a foeal arrangement of these changes could be made out. The altera-
tions affected chiefly the protoplasmic prolongations of the nervous cells
of the cerebral cortex. Sometimes the prolongations appeared thinned
and studded with fine nodes. Not infrequently these alterations were
limited to the more delicate and distant branches, though it was not
difficult to find cells of which all the dendrites presented the beaded
appearance which is so well observed in the nerve cells of animals dead
of inanition. In other points the alterations consisted of simple irregu-
larities of contour in dendrites which were much thinned, extending
from cellz the bodies of which were sometimes normal, more often
swollen, rarvely thinned, shrunken, or atrophic. Coarser alterations
were, howeve r, not wanting. Clells were found whose dendrites showed
coarse varicosities and very marked constrietions, so that they appeared
as if formed of masses of protoplasmic matter connected {mh' |1"-' the
finest filaments of pmtnpl i=m. Similar changes were observ ed in the
brains of animals in which embolisms were pmﬂuﬂcﬂ by the injection
of lyeopodium,

! Lav. del. TIL Cong. del. Soe, Tal. di Med. Int., Roma, 1880, 142,
= Bull. d. Soc. Med.-Chir. di Pavia, 18395,
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In most of Monti’s cases the axis eylinders were well preserved ; the
principal lesion appeared to consist in alterations of the protoplasmic
prolongations. In some cases, however, especially in one severe case of
comatose pernicious fever, certain alterations were to be made out in the
axones. In this case the alterations of the nervous elements appeared
more marked throughout the brain than in the other cases; the altera-
tions in the dendrites were more frequent and marked, while the nervous

rolongations also, had, in many points, lost their normal character.

nstead of being smooth and regular as usual, they presented sometimes
small nodes, more rarely larger swellings. Also, among the axones, as
well in the cerebral cortex as in the cerebellum, there were oceasionally
varicosities. The alterations of the nervous fibres were, however,
always less marked than those of the dendrites.

Monti believes that these changes are due to the grave cireulatory
disturbances, the ocelusion of capillaries, lesions of their walls, the stasis,
and the hemorrhages produced by the malarial parasites. It may be
noted that many of these changes are not dissimilar to those deseribed
by Dr. Berklev in animals after the injection of ricin.

Tue SPLEEN.—The spleen is always enlarged ; there is a pronounced
“acute splenic tumor.” The capsule is tense. The parenchyma is
eyanotie and sometimes is of a markedly slaty gray color; it is soft and
is often almost diffluent., In acute malaria death may oceasionally oceur
from rupture of an enlarged spleen.  Microscopically, the pulp contains
enormous numbers of red corpuseles, many of which contain parasites.
These parasites may be in various stages of development. Sometimes,
in the same organ, different areas show separate groups of parasites in
different stages of development. Generally the pigmented and segment-
ing forms may be found in large numbers. Free forms of the parasite
are relatively rare. One of the most striking appearances in the splenie
pulp is, however, the presence of great numbers of phagoeytes, some
smaller and apparently leucoeytie in nature, others very large cells, rich
in protoplasm, containing a single large nuclens and oceasionally a
coarse granulation. These cells may reach an enormous size. They are
laden with pigment, either in large clumps or spheres, in rodlets, or in
very fine granules; the granules sometimes present the same arrange-
ment which they had in the body of the parasite. The fine pigment
may be distributed in delicate lines throughout the whole mass of proto-
plasm of the phagoeyte ; it often seems to vary in its color in different
parts of the cell, but on focussing this appearance is found to be due to
differences in plane. These large cellz also contain red corpuscles,
which are often partially or completely decolorized and contain para-
sites ; and, finally, entire smaller phagoeytes with their included pig-
ment or corpuscles, as well as elumps of hiemoglobin of the color of
old brass and fragments of degenerated red corpuscles. Golgi and
Monti have called particular attention to the frequency with which these
macrophages contain apparently well preserved parasites in different
stages of development. They believe that the shrunken and brassy para-
sitiferons red corpuseles are engulfed in the phagoeytes as would be any
foreign body, while the included parasites continue their development
within. Some of these macrophages may show evidences of necrosis.
In some cases one may find in the pulp actual focal neeroses, very much
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like those which may be seen in typhoid fever. These changes have
been well described by Barker.!

There may be malarial pigment free in the intercellular spaces in the
pulp. Pigmented polymorphonuclear cells are relatively rare; the
small mononuelear elements and the lymphoeytes of the follicles never
contain pigment. The capillaries are usually filled with corpuscles con-
taining parasites, while the splenie veins show relatively few, though
they always contain phagoeytes containing pigment and f'l‘agm(,nts of
blood-corpuscles.

Tue Liver.—The liver iz often of an intense slaty gray color,
which depends upon the enormous numbers of parasites and of pigment
contained in the capillaries. The distribution of the pigment is different,
as will be pointed out later, in this acute malarial infection from that
characteristic of repeated attacks. There is always a marked cloudy
swelling. ~ Microscopically, the capillaries are often crowded with lenco-
cytes and contain numerous phagoeytes ; some of the largest macro-
phages are here observed. Not infrequently the endothelial cells may
be alzo observed to show evidences of phagoeytic action. The perivas-
cular tissue in the portal spaces may show numerouns pip;mput hearin
cells, while frequently liver cells may be found to contain clumps %
pwm-s,nt derived from the blood and altered red cor puscles. This con-
dition, similar to that observed in pernicious ansmia, accounts, doubt-
less, fur the polveholia and the subieterie hue so commonly obszerved in
the malarial fevers. Ordinarily relatively few parasites within red cor-
suscles are to be found within the vessels: these are more numerous in
the interlobular branches of the portal vein. In the intralobular veins
one more often sees the macrophages.

Among the most interesting changes to be noted in the liver are
(J{‘E‘cl“‘lﬂlhl”‘i.’ oceurring disseminated areas of local necrosis of the liver
elements with fragmentation of the nuclei, wandering in of leucocytes,
and sometimes with evidences of pr oliferation of cells in the surround-
ing tissue. These changes are very similar to those already noted in
h'p]lmr] fever and other acute infectious diseases, and proven ]:IT Welch
and Flexner? to be pmdumﬁ in diphtheria, and by Reed?® in typhoid
fever, by a cirenlating toxie substance. Thf:- oceurrence of these foei in
the liver was first described by Guarnieri,* who aseribed them to the ent-
ting off of the nutrition by the extensive blocking of the intralobular
capillaries with pigment bearing phagocytes. Barker® deseribes and
pictures ecapillary thromboses in association with many of these areas.

Tue Luxes.—The alveolar capillaries show, generally, large num-
bers of phagoeytes, which are, however, smaller than the largest macro-
phages of the liver and N--p»'lt-le:'w Their substance may show evidence
of neerosis. Oeccasionally pigment may be found in the endothelial
cells of the eapillaries and small veins, but much more rarely than in
the capillaries of the brain or of thL liver. Leucocytes {:Dntﬂlnmg
malarial pigment are seldom found in the interior of the alveoli. Mono-
nuclear phagoeytes are much more frequent than ordinary polymorpho-

! Johns Hoplkins Hospital Reports, vol. v, 1895.
2 The Johns Hoplins Hospital Bulletin, No. 20, March, 1892.
# Johns Hoplins _Ho.r{m'u!' Feportz, vol. v., ]‘iﬂa
¢ At delle B, Aee. Med. di Roma, 1887, 8. ii. v. iii. 247-266. 5 Loe. cil.
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nuclear lencoeytes, which, when present, contain, usually, finer, smaller

particles of plfrmunt The mac rophages are g{mem]h’ collected about the
periphery of the smaller veins, The endoglobular Imrl“‘t*--‘* show, usu-
ally, all stages of dev e-]nlmwut The endothelinm of the capillaries and
small veins 1.11{*1'«' contains l‘.il"‘l‘ll[‘l'lt in sharp contrast to the condition
existing in the brain. It is striking that the areas of bronchopneu-
monia, which are not infrequently hnlnd contain only the ordinary

pulv1m>1*|ﬂmllemr leucoeytes and alveolar epithelial cells, pigmented
elements being very rarely present. The capillaries of the septa may,

however, be filled with pigment and maerophages. Bignami -1|mri-=~t-1
that this fact is due to the diminished vitality of the pigment |11:=:111|1g
cells, which have, to a certain extent, lost their motile power and are
t]u]-. less able to pass through the vessels,

Thne Kipxeys.—The ::Imn;_rc-w in the kidnevs in acute malaria are
usually much less marked than in the liver and spleen. Their gross
appearance varies but little from the normal. Evidences of pigmenta-
tion are usually wanting on gross examination. The malarial parasites
and pll.l;:c:nt{-- are usually present in smaller numbers, the quantity
being disproportionately small in comparison to the alterations of the
plrenc:hnm which are sometimes to be found. The glomeruli, how-
ever, are ordinarily considerably pigmented, the pigment at times hl_"lll}_‘:
seen within large white cells within the vessels, sometimes in the
glomerular endothelium. Endoglobular parasites are rarely seen in
the capillaries of the glomeruli ; they are more common in the inter-
tubular vessels, but are rare even there. The most important lesions
consist in exfoliation and degeneration of the epithelium lining the
capsules.  Albuminous exudates within the glunwrull were found by
Bignami only in algid |1[=|1mmu- fever. At times, however, there may
be marked alterations in the parenchyma—to wit, foeal necroses of the
epithelinm, i}‘nl‘lL(‘ld"\' that of the convoluted tubules,

The changes in the kidneys in cases of hemoglobinurie fever have
been described by Pellarin,! Benoit,? Kiéner, and Kelsch® The kid-
neys are somewhat increased in size, the mlur 1.':}1*.111{_:: from a t]i}[-])
reddish brown to a light _wlluwnuh |}rtm'n coffee eolor in more angemie
individuals. When the color is pale, irregular pinhead points and
blotches of a maroon color are to be seen upon the surface, some as
large as several millimetres in area. They are also scattered through-
out the cortex. These have been shown ‘by Kelsch and Kiéner to be
due to pigment deposits ; they are not visible in more congested kid-
neys. The pyramids are of a deep red eolor from intratubular hemor-
rhages. The capsule is easily detached ; the consisteney of the gland
is normal. .

Microscopically, the epithelium of the convoluted tubules and of the
large branches of Henle’s loops are very opaque, the nuclei being
“E"‘(‘E}]\" vizible. This is due to an infiltration of the protoplasm with
a diffuse coloring matter and fine pigment granules which are rendered
more evident by KOH. These granules are extremely small, and sepa-
rately appear of a yellowish color, while en masse they have a brown
shade. The {>I}1t]w1| al cells are -ﬂ.m"en and bulge into the lumen of the
canal. Oeceasionally a cell shows a hyaline protrusion which seems on

! Arch. de Méd. nav., 1865. 2 Ibid. * Arch. de Phys,, 1832,
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the point of escaping. In some tubes the epithelial covering is repre-
sented only by a thin protoplasmic layer with a homogeneous surface,
appearing as if eroded down to the level of the nuclei. The lumen
of the tubule iz filled with clumps of amorphous material or easts
mixed to a greater or less extent with this pigment. The brown specks
and blotehes seen macroscopically represent groups of tubules, the epithe-
linm and lnmina of which are erowded with similar masses of’ pigment ;
but pigment may also be found in larger granules—granules nearly as
large as a red blood-corpusele, and more or less spherieal ; they are refrac-
tive, of a color varying from a yellow ochre to a deep brown, and are some-
times accumulated in epithelial cells which bulge so as to almost ocelude
the lumen. Sometimes they occupy the Inmen and form conglomerations,
taking the shape of casts ; sometimes they are fused into a vitreoid mass.
Between the opaque dark casts formed by the fine brown granulations
and the almost vitreoid casts composed of the large orange colored
granulations every intermediate stage may be seen in the same prepara-
tion. Generally this pigment gives no reaction for iren, though Kelsch
and Kiéner have obtained this reaction from certain granules in one
case. The finely granular substance is found, according to these authors,
more particularly in cases where death has oceurred in a pernicious
paroxvsm, while the larger forms of pigment are more frequent in
cases of longer duration. In the glomeruli, as well as in the blood,
Kelsech and Kiéner have never seen the large variety of granules,
though the finer granules are numerous. Between the glomerulus and
capsule, usually near the mouth of the tubule, there is often quite a
collection of granules, which are also found sometimes in epithelial
cells, sometimes free.  In the glomerulus itself’ one may see fine gran-
ulations disseminated in its substance and apparently ineluded in the
cells of the capillary walls. More rarely granulations may be accumu-
lated in a capillary loop. In some cases there are small interstitial
hemorrhages. The pyramids show few changes. The same varieties
of casts as noted above may be found, and the same pigment collections.
The epithelium is usually intact, though sometimes protruding and
vesienlar cells suggest that they may take part in the formation of
hyaline material.  Almost invariably a number of the tubes are found
filled with blood-corpuscles,

THE GasTRO-INTESTINAT, TrACT.—The stomach and intestines
show, under ordinary circumstances, few changes bevond the melanosis.
It iz to be remembered, however, that the intestinal mucous membrane
may be of a dark steel gray color in conditions other than malaria.
Microscopieally, one may see a considerable number of parasites, espe-
cially of the full grown and segmenting varieties, in the capillaries of
the mueons membrane, together with numerons pigmented cells and
apparently few pigment clumps. In most eases, however, the gastro-
intestinal mucous membrane is not particularly sought by the parasites.

In other instances, as pointed out by Marchiafava and Bignami,
this region may be the seat of the main localization of the atfection.
Macroscopically, there may be intense hypersemia with punctate hemor-
rhages in the gastro-intestinal mueosa.  In one instanee observed by the
anthor there was a distinet dusky slaty tinge as well. Here the capil-
laries throughout the gastro-intestinal tract may be erowded and hlﬂcll(ed
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with parasites, free and contained in the red corpuscles or in phagoeytes.
Az in the ease of the brain, actual thromboses may exist with necrosis
of the epithelial covering and uleeration. Cases of this nature are asso-
eiated fmquvuth with marked gastro-intestinal symptoms, some show-
ing a clinical picture very -~1m||;1r to that of’ Asiatic cholera.

Tue Bosxe Marrow.—The marrow is generally of a dark slaty
eolor ; it is often almost black. The =mall vessels are filled with endo-
globular pigmented parasites, while numerous macrophages containing
i"wn[{:u[‘ and red hlnu:l—:mpu-ﬂ*lvn may be found about the pn!pllmv
of the lumina of the vessels. At times, between the corpuscles, Bignami *
found numerous ovoid or round l:{:dmh which, from their size : and stain-
ing propensities, he believed to be free spores.  Not only in the vessels,
but also outside of these, the parasites are to be found in greater or 1{*-~1
number. The mac |::-]11mgi-h are, however, especially numerous, even in
the pulp. At times also free pigment clumps are apparently to be
made out.

The AprENAL GLANDS may be the seat of pronounced alterations,
There are irregular areas of vascular dilatation, parasites being numer-
ous in the distended vessels. Macrophages with varving contents may
be present in considerable numbers. The endothelial cells of the ves-
sels may be phagocytie, and malarial pigment and infected corpuscles
may even be enclosed by true adrenal cells,

TIn the other Oreans there iz little that is characteristic.

(2) CHANGES FOLLOWING REPEATED orR CHRONIC INFECTIONS.—
CHroNIC MALARIAL CACHEXIA.

While the above mentioned changes are found in the acutely fatal
eases of malaria, interesting 1:.|t}1:ﬂnw1{"|l changes may oceur in varions
organs as the result of lun;_-; continued or fn-qlwntlﬁ. repeated attacks.
The most important of these changes oecenr in the spleen, the liver, the
bone marrow, and the eirenlating blood.

Tue SepLEEN.—The spleen is always considerably enlarged ; it may
be enormous, reaching beyond the umbiliens and as low as the pubes.
It iz firm dml hard ; the border is sharp. The eapsule is usually much
thickened, and white fibrous cartilaginoid plaques oceur upon the surface.
On section it has often a somewhat slaty color, while the trabecule are
very prominent.

The minute anatomy and development of the changes in the viscera,
following l!"]}i‘!!.t{‘{l malarial attacks, has been followed with partic aular
care by Blglmml upon whose valuable work we shall largely trespass
in the following t[cn-.emptmn The acute splenie tumor is caused chiefly
by the aggregation in the pulp of the spleen of an enormous number
of red corpuseles which have become either shrunken and brassy ¢ olored
or decolorized, and arve found ineluded in the colorless elements of the
spleen as brassv colored fragments or hyaline masses ; by the continuons
aggregation of colorless elements containing ]ntruwnt red corpuscles, or
parasites, which collect from all parts of the body, and many of which
are necrotic ; and, thirdly, by great numbers of 10(1 corpuscles eontain-
ing parasites, some of which apparently pass through the vessel walls

VAiti d. B. Aee. Med. di Roma, Anno xvi. v., 1890.
*Bull. d. R. dce. Med. di Rowma, 1893, Anno xix. f. 4, p. 186.
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by diapedesis and seek the columns of the pulp, where they are for the
most part enclosed by the epithelioid elements. While, as a result of
this proceeding, a considerable number of the proper elements of the
spleen become necrotic, others, as well in the pulp as in the follicles,
undergo karyokinetie division, while all this is followed by a 111.;11‘[{(-(1
|1}']wm:|11.1¢l and acute tumor f)‘f the splenic pulp. Thus the spleen is
converted into a place for the deposit of eadavers, while at the same
time, during the same infection, processes of l‘l-_rmlemtiml have begun
to appear.

When the actual infection is at an end and the acute hypersemia of
the spleen has ceased, the tissnes in the neighborhood of these collee-
tions of necrotic elements, or those surrounding the neerotie areas of the
splenic pulp, show certain changes which, on the one hand, tend to pro-
duee permanent alterations, and on the t}th{‘r to lead to a lmrtml repara-
tion of the part. In those parts where a considerable portion of the
splenie tissue becomes necrotic or disappears, being earried away by

the lymphatics, the splenic vessels become considerably dilated, forming

a network of venous lacuna which are H-pﬂrat{‘d ln' thin layers of pulp.
This results in a tissue simulating that of an angioma. In those cases
where a more marked destruction of the '-['Il{‘lll(‘ tizssue has oceurred,
and where every trace of the pulp is gone, parts become represented lw
extensive areas of tissue which consist of wide cavernous sinuses, the
septa of which are composed of a very delicate conneetive tissue, rich in
giant cells, similar to that of the bone marrow. Some of the fn]hr'h- he-
come necrotic and fibrons,  While this ocenrs a process of regeneration
vet more extensive takes place, starting for the most part from the fol-
licles, but ulm sometimes from the =plenie ]ml]), The follicles become
prmpl 1stie, reaching sometimes three or four times their normal size.
This new f'nrm of lymphoid tissue, starting from the follicles, may be
sometimes seen to surround neerotic areas of splenie tissue which’ be-
come smaller and smaller and finally disappear. In the neighborhood
of these hyperplastic follicles ocenrs a hyperplasia of’ the true elements
of the ]H|||'| while the reticulum becomes thickened so as to give rise,
in pr g-lx.u.l’runv- to very beautiful and clear figures, such az are not to
be seen in the normal ‘-llli‘l‘ll The pigment and probably the greater
part of the neerotic elements are carried on toward and collected about
the periphery of the follicles, so that the diffuse melanosis of the pulp
i= followed by a perifollie uLu* melanosis,  The p]ﬂ'm{*nt then passes on
into the lymphatic vessels of the sheaths of the arteries and of the con-
nective tissue of the septa. This results, on the one hand, in thickening
of the vaseular sheaths and of the septa, and, on the other hand, in the
appearance of single or multiple lymphatic cysts, giving sometimes the
picture of a lymphangioma and resulting in chronic lymph stasis.

When we consider that after each new infection fresh processes simi-
lar to these must oceur, it is easy to understand the gradual development
of the enormous .‘-}lli'lll{ tumors, in which, sometimes, it is difficult, even
histologically, to recognize the original 'atl*mtul'{- of the organ.

Tue LivEr.—The changes oceurring in the liver in chronic malaria
may in the same manner be traced from those ocenrring in the acute
infection. In the acute infection an enormous number of phagocytes,
pigmentiferous or globuliferous, coming in great part from the spleen,
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invades the capillary network of the liver, while the parasites are gen-
erally scanty. The circulation is slowed, the capillary network becomes
dilated, while a certain amount of pigment is taken up by the endothe-
lial cells of the vessels, and later by Kupffer's cells. The pigmented
endothelium becomes swollen and in part neerotic. These vaseular
changes are followed by new areas of blood stasis. At the same time,
as has been noted, many of the liver cells suffer alterations, either
undergoing an acute 'm'upln from pressure or a coagulative necrosis.
These areas are sometimes quite extensive. In other instances many
cells are found to be filled with blocks of yellowish iron-containing pig-
ment, r{-aultmg from the early death of many red corpuscles. At the
same time a certain number of liver cells, Kupffer’s cells, and endothe-
lial cells multiply by karyvokinesis. The result of all this is the acute
hepatiec tumor and the inerease in funetional aetivitv—polycholia.

But a small part of the great number of pigmented elements which
enter the liver escape, passing through the branches of the suprahepatic
veins. The greater part is taken up by endothelial and perivascular
cells, so that the melanemia is followed by a melanosiz of the vessels.
I']u—* pigment then passes forward out of the ["I]]Il":i]'\ network into the
pEll\'H--l.‘IlLll lymph channels, where it is collected in large blocks en-
closed in white cells. These carry the pigment hnl]mnnu the lymph
channels to the periphery of the lobules, and punlubuldr melanosiz
follows thus the interlobular melanosis. This process then extends,
and the masses of pigment are to be found three or four months after
the end of the infeetion in large blocks, for the most part endocellular,
in the perivascular lymphatic tissue of Glisson’s I_dlhlll("

While this migration of pigment is going on in the lobule there
oceur, on the one hand, permanent alterations, and on the other hand
regenerative processes. Where the dilatation of the lymph and blood-
vessels and the degeneration and pigmentation of the vascular elements
is= most marked and extensive, no regeneration may follow the di‘!_‘np]l‘l.'
and necrosis of the endothelial and liver cells. The dilatation of the
\'e-'-ﬁelf-, inereases and becomes permanent. The greater part of the re-
maining liver elements disappears; only a few remain in an atrophic
condition, the tissue showing an .'l'll'-"l(ll'l].l—]lki‘ appearance consisting
of ectatlc vascular network, about which may be recognized a '-tl{1l‘1'|"l..
consisting of Kupffer’s cells. Where the dilatation of the lvmph vessels
is most marked there may oceur small lvmphatic eysts,

In all parts of the liver, when the normal blood current has been
restored after the dmlp]pv ance of the pigment and the necrotic masses
in general from the endothelial cells of the vessel walls, an active regen-
eration of the tissue elements occurs about the : tti‘ﬂp]m' or necrotie liver
cells. The young hepatic cells become arranged with great regularity
in long rows on both sides of the old elements. Thus, w vhen the stroma
remains intact, an interlobular regeneration may occur. These regene-
rative processes are accompanied by the appearance of giant ce Als with
budding nueclei, just such as are found in the pmhnmuc liver. The
regeneration never appears in parts of the liver that have not been
entirelv freed from the collections of pigment and parasites.

The migration and collection of the pigment in the perilobular tissue
is followed by a hyperplasia of this tissne, so that the surroundings of
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the lobules are more distinet. These de- and regenerative changes result,
then, in a marked inerease in the size of some lobules and a diminution
in size and an atrophy of others.  As this process accompanies each acute
infection, one can readily understand the chronie perilobular, mono-
lobular hepatitis of malaria, which is characterized by the presence of
zones of hyperplasia or of atrophy of the parenchyma, by chronie blood
and lyvmph stasis, by the formation of areas of angiomatoid tissue, by
Iymphectases and lymphatic eysts.  In this manner the large liver
tumors which are so well known, with smooth surface and lobules of
irregular size, have their origin.

Bignami divides the processes in the liver into four stages :

(1) The liver appears congested, while the lobules are not sharply
distinguishable and show in severe cases a decreased melanosis. The
macroscopical characters are about the same as those of the liver in acute
malarial infeetions.  Microscopically, at this period, a little after the ter-
mination of the acute infection, it may be noted that the parasites have
disappeared from the capillaries of the liver, the pigmented endovascular
macrophages have in great part gone, and the pigment is entirely col-
lected in the endothelinm and in Kupffer's cells. Those parts of the
hepatic lobules in which neerosis or degeneration has oceurred undergo
a marked atrophy ; the necrotic and degenerate elements are ecarried
away in the phagoeytes, while the vascular network becomes dilated.

(2} In a more advanced stage on gross examination the lobules are
distinet. The melanosis continues to be diffuse throughout the lobule,
but is more marked at its periphery. The organ is still congested. The
particular features of this stage are that, on the one hand, the hepatie
lobule frees itself from the accumulation of pigment and the necrotie
remains, which become collected toward the periphery of the lobule,
while, on the other hand, an active process begins which tends toward a
partial regeneration of the parenchyma,

(3) In this stage the diffuse melanosis of the lobule, with the greater
prevalence of pigment toward the periphery, is suceeeded by an exelu-
sively perilobular melanosis.  The liver 1= enlarged, the conszistency
somewhat increased, the surface smooth. On section one may see that
all the lobules are surrounded by a slate colored line, in the neighbor-
hood of which the coloration of that part of the lobule is somewhat
brown. In general, the slaty lines marking out each lobule form an
exquisite network. The size of individual lobules varies greatly : some
are two or three times the normal size, others are markedly diminished.
Microscopically, it may be observed that the degenerative alterations of
some lobules have led to the formation of false angiomata and of lacunz
or eysts of lymphatic nature.  Other lobules, by the process of regene-
ration already deseribed, have inereased notably in volume, The pig-
ment has become extravascular ; its transport through the ecapillaries
and perilobular lvmphatics is brought about by white mono- and poly-
morphonuclear cells.

(4) In ecases in which the acute infection has passed for several
months (in one ease three months only) the pigmentation is greatly
diminished and scarcely visible to the naked eve. The liver is notably
enlarged and congested.  The surface is smooth. On seetion one may
see the lobules distinetly marked, surrounded by a most delicate red-
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dish brown border; the consisteney is somewhat increased. Micro-
scopical examination shows that the melanosis has become exclusively
perivascular.

(5) Lastly, one arrives at the definite terminal form of the chronic
malarial hepatic tumor. The maeroscopical characters are the follow-
ing : The liver is inereased in size and in weight, sometimes enormously ;
the surface is smooth, the capsule a little thickened. On section the
appearance is finely "‘hlllllh'n the lobules are distinet, a little prominent,
and surrounded h‘- a zone of sli ehtly pinkish tissue. Mieroscopical ex-
amination shows the Lllulppmi':lm e of all malarial pigment. The altera-
tions of the p.u:tmlnm are similar to those described in the last two
stages.  The lobules of varyving size are surrounded by a hyperplastie
l}enlﬁlml.n‘ connective tissue, The connective tissue of the larger so pta
15, on the other hand, of about normal volume. A notable dilatation
1:~f the capillaries, with stasis of the colorless corpuseles, persists.  The
hepatic cells are altered in form in the zones where the dilatation is
most marked. There is considerable difference in individual cases
in the extent of these various lesions. There are cases, for example,
in which, despite the enormous inerease in the weight of the organ,
there may be no very marked dilatation of the mplllcll ies, nor are false
ﬂnwmnmm or hmllh.m{' evsts to be found, while, on the other hand, the
]n'pulﬂ 1sia of the ]]'{'lll{.‘rlllll r connective tissue and the increase in vol-
ume of many lobules may be more marked : there may be an evident
hyperplasia ‘of the parenchyma (hepatic cells with many nuclei and
nueclei rich in chromatic substance). In other eases, on the other
hand, the eysts and false angiomata may be enormously developed,
s0 as to constitute one of the chief factors in the L'llllll*;_{{lmvnl ot the
liver.

THeE Boxg Marrow.—In individuals who have had numerous re-
lapses of malarial fever the marrow of the long bones—for example,
of the femur in the upper and lower fourths—is usnally red and of a
consistency greater than is generally seen in acute infeetions. The
microscopical alterations are various ; generally the signs of an aetive
proliferation of the proper elements of the marrow are present. This
leads to an inerease in the hsmatopoietic activity. There are factors
however, such as the degenerative and destructive alterations which
take }!1'1(,1? in the bone marrow during acute infections, which injure, to
a varying extent and through a varyving length of tnm- the hwematopoi-
etie ﬂlm.tlnnﬁ of the marrow. In other cases, very rare indeed, the bone
marrow presents the maeroscopical and mieroscopical features which
exist in acute pernicious ansemia, particularly the presence of a consid-
erable number of megaloblasts, Lastly, there may be eases in which
the new formation of the hematoblastic marrow is w anting or entirely
insufficient. In these eases the post-malarial ansemia is of neecessity
progressive.

Tiue Broop.—C I:‘Jl‘ll"'-}!'l.’llldlll{? to the change in the bone marrow,
Bignami and Ddionisi® distinguish four types of post-malarial ansemia :

(1) Ansemiwe in which the examination of the blood shows alterations
similar to those observed in secondary anemize, from which they differ
only in that the lencocytes are diminished in number. The greater part

! Cent. f. Allg. Path. w. Path., Anat., 1894, V. No. 10, 422,
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of these cases go on to recovery ; a few, without any further change in
the hsematological condition, pursue a fatal course.

(2) Ansemiwxe in which the examination of the blood shows alterations
similar to those seen in pernicious anemia—presence of gigantoblasts
(megaloblasts). These cases end fatally.

(3) Anemiwe which are progressive, as a result of lack of compen-
sation by the marrow for losses brought about by the infection. At
autopsy the marrow of the long bones is found to be wholly yellow,
while the marrow of the flat bones is also poor in nuecleated red
corpuseles,

(4) Chronie angemiz of the cachectic, which differ from the above-
mentioned types by clinical and anatomical characters in that the special
symptoms of malarial eachexia prevail, while one observes post-mortem
a sort of selerosis of the bone marrow. The marrow of the long bones
is red and of an increased consistency ; the giant cells are very numer-
ous, and many are necrotic ; the nucleated red blood-corpuscles are very
rarve, and the colorless polymorphonuclear corpuscles are present in
small numbers.

Tue Kipyevs.—The kidneys in chronic malaria show usually no
great changes.  Kiéner, however, deseribes two forms of kidneys met
with in chronic paludism : (1) the congested form, and (2) the atrophiec
form.

(1) The engorged kidneys are voluminous, inereased in weight ; the
surface is smooth, the consisteney firm, the color of a deep red. The
congestion is especially marked in the pyramids. All the vessels are
distended, and the congestion is sometimes so extreme that interstitial
hemorrhages may result or hemorrhages into the interior of the tubules.
The epithelium of the tubules is granular ; there is often desquamation,
and hyaline easts may be found. :

(2) The atrophic kidneys are small and irregular in surface. The
cap=ule is adherent, the consistency inereased. The kidneys show a
maroon or mahogany color or a blotchy appearance. Small eysts are
often to be found. The microscope shows alterations as well in the
connective tissue as in the epithelium of the tubules.

Awmyloid degeneration oceasionally follows ehronie malaria.  This has
been noted in the kidneys by Laveran' in two instances, but in both
of them the malarial eachexia was complicated with chronie broncho-
pneumonia and bronchiectasis.  Frerichs® deseribes three cases, while
Marchiafava and Bignami® have eavefully studied several instances.
The clinical history of these cases showed that after a long period of
febrile attacks (mstivo-autumnal or obstinate quartan) there followed
the symptoms of nephritis and a rapid cachexia, in which the patients
died in a few months. On autopsy the principal changes that were
found were a grave anmmia, a marantic condition of the organs, a
chronie nephritis, and a diffuse amyloid degeneration. The distribution
of the amyloid substance in their cases was as follows : The degenera-
tion was most prevalent in the kidneys, where not only the vessels of
small and medinum size and glomeruli were affected, but also, to a con-
siderable extent, the walls of the renal tubules. The alteration of the

! Traité des Fitvres palustres, p. 94. * Lehrbuch der Leberkrankheiten.
# Riforma Medica, 1891, vol. i. p. 571.
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interstitial tissue and the degenerations of the renal pm‘cnuh}'nm are
very grave,

After the kidneys the amyloid degeneration is most severe in the
intestines and the spleen. 1In the intestine the degeneration affects chiefly
the vessels of the villi, but also the vessels of the submuecosa, and to
less extent those of tllu other intestinal coats. In the spleen ﬂw vias-
cular network of the periphery of the follicles is particularly affected.
Here one sees usually the deposition of great blocks of amyloid sub-
stance, while in the trabeculie of the pulp the process is in its beginning
or is -_-ntu*u!v wanting. In the fiver there is a less extensive and diffuse
deposition of amyloid substance than in the kidneys. The degeneration
affects islands of hepatic tissue which are irregularly disseminated, so
that, for example, one may see an island of the size of a lobule or Lug{r
from which the hepatie tissue has entirely disappeared, the vascular net-
work showing a most grave amyloid de ‘generation, while about this
the hepatie tissue has a normal appearance.  The hht small zones of
degeneration, according to Bignami, seek by preference the periphery

=
of the hepatic lobules, from whence the process spreads.

Mavarian Cigraosis.—THE ReELAaTion oF CuroNic ok REPEATED
Mavarian Inrecrioxs To CirrHoric PROCESSES.

For many years certain authors have associated eirrhosis of the liver,
certain chronic renal changes, and, in some instances, chronie inflamma-
tion of the lung, Uulnmullum and central nervous svstem, with malarial
fever. Indeed, in almost all works upon medicine |n*1|'1r‘|'1| fever is in-
eluded as one of the etiologiecal factors in ordinary *1t|c}plnr: cirrhosis of
the liver. This statement has been based almost entir Ay upon rough
clinical observation, no one having definitely traced the lll"'ﬁ{‘lt}pl‘llﬂllb
of the cirrhosis from the changes fullumng acute or chronic malaria.
Frerichs ' noted the rarity of ecirrhosis in patients dying with chronie
malaria, though in five instances this was the mlh’ etiological cause
which he could discover. Laveran? in his considerable experience
has =een but two cases of atrophie ecirrhosiz following malarial fever.
Welch has seen but one case of atrophic eirrhosis which appeared to
follow malaria.

Kelsch and Kiéner give a longer deseription of hf*p;ltiti*—. in malaria,
distinguishing three forms of chronic malarial he patitis and two groups
of malarial cirrhoses : (1) Imsular eirrhosis with nodular hepatitis and
insular cirrhosis with diffuse parenchymatous hepatitis; (2) annular
eirrhosis with nodular or diffuse parenchymatous hepatitis. The gen-
eral appearance of the liver in these eases is that of ordinary atrophic
eirrhosis.

Bignami has recently diseussed this subject in a very thorough man-
ner. He concludes that there is little evidence to show that ordinary
atrophie eirrhosis is a frequent follower of malarial fever.  After deserib-
ing the dev {‘ll}l}lli{‘l][’ of the ordinary chronie hepatic tumor of malarial

cachexia, he says: “ It is easy to understand from this that it is not
difficult to m-ﬂ{a- a differential diagnosis between this form of chronie
tumor—or of chronie hepatitis, as one might sav—ftrom the other torms

I Loe. eit, 2 Tradié des Fitvrea Prl:.!hur.l'r.-'.-e, p. i),
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of ecirrhosis. There are not facts or reasons sufficient to cause us to
believe that ordinary eirrhosis can follow a chronic tumor. The struc-
ture in the two eases is absolutely different. In the one we have an
extensive new formation of connective tissue, multilobular in nature,
retracting about the ineluded lobules ; in the {:t]wr a more scanty for-
mation of perilobular conneective tizsue about a E-m.f.:vle lobule, not con-
tracting, together with grave alterations of the lobules themsely res,
especially of their vascular and Ivmphatic system, not depending, as
we have seen, upon the new formation of ])Eli]ul}lllﬂl‘ connective tissue,
but due to h-_-:iun.-‘ primarily local. Atrophic conditions of the liver
exist in malaria, but are simple atrophies, and oeeur in patients who
are exhausted, for exam ple, by profuse diarrheea, ete., or in ecases which
I have deseribed as progressive post-malarial anemia. They depend
upon the complete want or almost complete absence of any proecess
tending toward regeneration, resulting from grave and diffuse regressive
alterations.”

Barker ! has recently ably dizcussed the relation of malarial infections
to eirrhotic processes, and has emphasized the fact that many conditions
exist in the organs in malarial fever which ml;_l;ht well be t]le starting-
]mlnt for extensive growth of connective tissue. Flexner,” after the
mjection of blood serum from one animal into another, has seen the
development of characteristic cirrhosis of the liver and of the kidneys
in rabbits, following focal necroses not dissimilar to those found in the
liver in acute malarial infections.

In conclusion, then, it may be said that secondary selerotic processes
of greater or Jess degree in the liver, spleen, and bone marrow are not
uncommon after rvpg*.ltt-ﬂ malarial infections. The question of the
possibility of the dev e'ln]mwnt of a true atrophie cirrhosiz of the liver,
of malarial origin, i= not settled ; the (]U\'{‘I{JEIIIllHt has never bLEll
actnally traced and the condition, if it exist at all, is probably rare.
The possibility of its occurrence mnnot, however, be denied.

SYMPTOMS.

PEr1OD 0F INCcUBATION.—In the absence of definite knowledge as
to how malaria is acquired, the ideas concerning the period of incuba-
tion have varied very greatly. It has undoubtedly been observed that
characteristic malarial fever may appear very shortly after exposure in
a malarious distriet, many observers believing that this may oceur with-
in a shorter time than tw enty-four hours. It is possible that the febrile
attacks which oceur sometimes immediately after exposure at night in
damp, marshy, malarions distriets may have some other eause than
malarial mﬁ-fnuu Thus, Plehn 1'.]v-{*1|hl“-= cases where, after exposure
at night in very malarious ' districts in West Africa, there was an imme-
diate paroxysm similar to a malarial attack, “hl{h however, did not
recur until the appearance, ten days later, of a true malarial fever,
which doubtless dated its infection from the mght of exposure. At the
time of the first paroxysm the blood was negative, the parasite (sestivo-
duturnn'ﬂ] not appearing until ten days later. The hypothesis of Plehn
that the initial paroxysm was due to the absorption of some toxic sub-

U Johns Hopkins Hospitel Reports, vol. v. * The Medieal News, Philad., Aug., 15894,



SYMPTOMS. L

stance produced, perhaps, by the parasite outside of the body, is ingeni-
ous, but seems a little far-feteched.  More commonly an interval of one
or two weeks may be made out between the time of exposure and the
time of the breaking out of the disease. Maillot' considered the mean
period of ineubation to be from ten to twelve days, while Sorel® esti-
mated it at from seven to nine days. Hertz® states that the period of
ineubation is commonly reckoned at from six to twenty days, but be-
lieves that the disease may appear immediately after the reception of
the injurions influence. :

A number of instances of prolonged incubation have been reported,
many of which are open to doubt. Some of these, however, are hard
to explain. Such, for instance, is the case of Blaxall,' where, after
spending five days in the harbor of Port Louis, two of the erew of a
man-of-war were attacked, at the end of, respectively, twelve and four-
teen days, with quotidian intermittent fever, while two others developed
tertian fever at the end of, respectively, forty-eight and one hundred
and eighty-four days after embarkation. It is probable, in view of our
present knowledge, that many cases of prolonged incubation represent
relapses of earlier attacks, the manifestations of which have been pres-
ent and would have been evident on more careful examination.

Of recent vears, since the discoveries of the malarial parasite and
the inoeulation experiments of Gerhardt,” Mariotti and Ciarrochi,” Mar-
chiafava and Celli,;” Gualdi and Antolisei,® Angelini,” Di Mattei,"” Calan-
druceio,” Bein,” Baceelli,” Sacharov," the subject has been considered
in a much more intelligent manner. The period of incubation in these
eases where the blood of one malarial patient was introduced intravenously
or hypodermically into a healthy individual, have varied greatly. Inin-
dividunal eases there was a variance in the period of incubation of from six
to eighteen days, while the average duration was from eleven to twelve
days. Recently, Bastianelli and Bignami' have contributed four new
eases to this list and have made a eareful study of this subject. In
“their words, the period of incubation in these cases of artificial nocu-
lation represents *“ the time necessary for the inoculated parasites to
arrive, by multiplication, at the quantity necessary to determine the
fever.,” . . . . *The period of incubation with a given variety of para-
sites varies inversely to the guantity of material inoculated.” . . . .
“The mean and minimum period of inenbation under equal conditions
varies with the varions groups of the fever: it is least with sestival
fevers, a little longer with tertian fever, and yet a little longer with
guartan fever.” They believe that they are justified in coneluding that
“the period of incubation in experimental malarial infeetions is not a
constant guantity, but varies in the same group of fevers and in differ-
ent groups. In a given group of fevers it depends primarily upon the

! Traité des Fidvres, p. 263, * Arch. de Médecin milit., 1884, t. 3, p. 273.
3 Ziemsgen's Oyelopeedio, vol. ii. p. 588, ! Quoted from Hertz, loc. i,
* Zettschr. f. Elin. Med., 1884, 375. 8 Lo Sperimentale, 1884, = iv. t. liv. 263.

T Fortschritte d. Med., 1885, iii. Nos. 11 and 14. 5 Bif. Med., 1859, Nos. 225, 264, 274.
* Riy. Med., 1889, Nos. 226 and 227, pp. 1352, 1358,
0 Thid., 1891, p. &4, and Areh. fiir Hyg., 1895, 191,
i Of. Grassi and Feletti ; Cent. fiir Baeki., 1891, ix. 403, 429, 461.
2 (Mharité Annolen, 1891, 181, 3 Deutseh. med. Woeh., 1892, No. 32, 721.
W Cent. fiir Backt., 1894, xv. p. 158.
15 Bull. d. B. dce. Med. di Roma, 1893-94, Anno xv., v. xx. 151.
Vor. I.—7
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uantity of material inoculated. In different groups of fevers it varies
with the rapidity of the eyele of development of the ]]ﬂ]'ﬂ:,-.lf[f'-s dlld with
the special capacity for reproduction of the lml:wtlt, variety.”
They have constructed the following table from an a!]"lh’*-la of all
cases of experimental malarial infection which they could ecolleet :

Period of Incubation. Mﬁﬂ;.’;}:m HER;’E;I'“ {3'1[;":?;}
Quoartan fever . . . . & o o .« « 15 11 12
Tertian fever . . A e B 12 (§] 10
Astivo-autumnal !"Li'l.':l S e ST b 2 5

These researches, especially those of Bastianelli and Bignami proving
that the incubation lii'l‘lﬂl‘] in sestivo-autumnal fever may be as brief as
two an s, are of a great deal of interest. It is striking to see how
well their conelusions agree with the deduetions which have been drawn
by other observers before the discovery of the malarial }]:11’&!"-[1:[, It is
with the mstivo-antumnal v rariety of the parasite, that variety which is
associated with the pernicious fevers, that the short periods of incuba-
tion have been observed, while the older clinieal obzervations of short
periods of incubation l{-l.;ltﬂ u=ually to the same class of cases. We can-
not, however, positively assume that these figures represent the period
of lllc'llh.ltinn in infection as it ordinarily takes place, for we {LJ not
know how or in what form thiz oceurs.

The g‘t-m&rall 1‘~:*:4ult:4, however, of inoculations in tertian and quartan
fevers agree quite closely with what might have been expeeted from
clinical observation, while the demonstration that after small intra-
venous inoculations in westivo-antumnal fever the disease may appear
in forty-eight hours makes it very easy for us to believe that, however
the infeetion may oceur, the true incubation period in some very malig-
nant fevers may be w.trvnmh short.

Plehn ' advanees an ingenious hypothesis to account for eertain early
manifestations of fever. He asserts, as has been stated above, that he
has noticed in several instances a w vll marked febrile reaction occurring
within a few hours after exposure in a malarious locality and simulat-
ing a um,:_h- malarial paroxysm. The examination of the blood was
negative.  From nine to twelve days later, however, characteristic mala-

|'11 fever developed, the p'n"lalt{*s lwmﬂ‘ rey ‘ldll‘«' h}mul in the blood. He
suggests that by exposure in extremely |11.1L1rmu~ distriets the individual

ay absorb a mﬂu-]{-nt qlmnhtv of a ln'l{:{_‘euw toxine to cause imme-
diately a single paroxysm days before the true incubation period- has
been passed through ; there is, however, little which can be advanced
as proof of such an Il}'l}lhtll(?.-nl.-.

Basing our conelusions, then, upon the ecomparison between elinical
deductions and the acenrate ob=ervation of inoeulation experiments, we
may say that it seems likely that the ordinary period of ineubation in
tertian fever is about ten or twelve days, in quartan fever a little longer,
while in wstivo-autumnal fever the |n=rm-r;l may range from twenty-four
hours or even less to ten days or two weeks, averaging probably a some-
what shorter time than in the case of tertian or quartan fever.

Tyres or FEVER—The malarial fevers may be divided into two

L Vireh. Avchiv, 1892, exxix. 285.
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main classes : (1) The regularly intermittent fevers, oceurring through-
out the malarial season ; (2) the more irregular, often more or less con-
tinued fevers, occurring in temperate climates, only at the height of the
malarial season, the late summer and early fall.

And under these two main classes one may separate three distinet
types of fever, depending in turn upon infection with one of the three
types of the malarial parasite which have been deseribed previously.
Thus, the first elass, the regularly intermittent fevers, includes (a) fer-
tian fever, with its combinations (double tertian fever), and (b) quartan
fever, with its combinations (double and triple quartan fever). The
second class of fevers, that including the more irregular varieties, de-
pends upon infection with the third variety of’ parasite above described.
Oceurring, as it does, at the height of the malarial season (August, Sep-
tember, October), it justly deserves the name (¢) wstivo-autumnal fever
applied to it by the Italian observers.

Tertian fever 1s common in almost all malarial regions. Quartan
fever iz, however, rare in many districts where the other forms of infee-
tion are frequent. In the United States quartan fever appears to be
rare ; in the last seven years, out of nearly a thousand ecases observed
at the Johns Hopkins Hospital, only nine cases of quartan fever have
been seen.  On the other hand, there are certain regions in which quar-
tan fever is particularly common, as the neighborhood of Pavia in Italy
and in certain parts of Sicily.!

These types of fever are the same wherever they exist. In tropiecal
countries the severer types of wstivo-autumnal fevers are in exeess.  As
one passes away from the equator only the milder tertian and quartan
fevers are to be seen in the earlier part of the malarial season, while the
sestivo-autumnal fevers appear in the later summer and early autumn.
Lastly, in distriets where malaria is very uncommon the milder forms,
tertian and quartan fever, alone prevail.

Terriax FEVER.—(1) Single Infections— Tertian Infermittent Fever ;
(2) Double Infections— Quotidian Intermittent Fever.

(1) Single Infections— Tertian Infermittent Fever.—This type of fever
depends upon infection with the tertian parasite, an organism which,
as has heen described, possesses the remarkable characteristic of existing
in the blood of the infeeted individual in great groups, all the members
of which are approximately at the same stage of development and pass

! The interesting fact that distriets closely adjvining one another and presenting the
same general physical eonditions may be each the foyer for a distinet type of malarial
fever was noted by Troussean some years before the discovery of the parasite. In dis-
cussing the types of regularly intermittent fevers the great clinician savs ( Clinigue médi-
eale, vol. 111, p. 425, 2d. ed., 1865): ““The types seem to depend upon the nature of
the miasm, and especially npon the locality which it infects, rather than upon con-
ditions relative to the individoal who is affected. Tours and Saumur, both sitnated
on the left bank of the Loire, appear to me to present the same climatic and tellurie
conditions, yet one observes at Tours only tertian fevers, while the several cases of
quartan fever which 1 have met with there were individuals coming cither from Saumur
or Rochefort or from other regions where they had contracted it. One of the examples
which has most impressed me in connection with the subject is the following : Fourteen
soldiers imprisoned at Saumur came to Tours to testify before a court-martial. They had
been scarcely ten days in the last town when nine of them were compelled to enter the
hospital, aftecied with quartan fever, the germ of which they had evidently contracted at
Sanmur, since all the fevers which we observed with the inhabitants of Tours and the
neighborhood were of the tertian type.”’
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through their eycle of existence together, all the organisms composing
the group undergoing segmentation within a period of several hours ; it
requires, as has been said, approximately forty-eight hours to complete
its evele of development., In infections, then, with a single group of
parasites segmentation occurs at intervals approximately forty-eight
hours apart. As Golgi so clearly showed, the febrile paroxysm is
always associated with the segmentation of a group of malarial para-
sites, and, as one might expeet, the chief characteristic of this type of
fever consists in intermittent febrile paroxysms oceurring every other day.
The regularity with which these paroxysms recur is truly remarkable,
the onset sometimes taking place at almost exactly the same hour day
after day. More frequently there are slight differences, generally, how-
ever, of not more than two hours, between the time at which sueceeding
paroxysms recur. Our observations of nearly a thousand eases would
lead us to believe that slight anticipation in the hour of onset is more
common than retardation.

The Paroxysm.—The paroxysm is usually divided into three clas-
sical stages : (a) the ehifl ; (b) the fever; (c¢) the defervescence or sweat-
tigy stage.

() The C'hill.—This may begin without any premonitory symptoms.
More commonly, however, for a period of from a few minutes to half
an hour the patient complains of uneasy sensations, a slight headache,
or perhaps a little giddiness or fatigue. Not infrequently the onset is
preceded by vawning. If the temperature is carefully noted during
this period, it will wsually be found that a slight elevation has
:1]1*{1;[{11_&' begun to appear. Immediately after this the patient begins to
complain of chilly sensations, usnally up and down the back ; these
increase, the patient begins to shiver, and soon a general shaking chill
follows. The chill is often extremely violent: the teeth chatter; the
whole hn:]}' i= thrown into so violent a tremor that the bed and often
surronnding objects in the room are shaken. The skin is pale or often
somewhat evanotic and ecool, though wholly disproportionately so in
comparizon to the intense feeling of cold complained of by the patient.
It is often moist, while the erection of the hair follicles gives rise to the
characteristic “goose flesh.,” The pupils are usually dilated. The
patient complains often of headache, buzzing in the ears, vertigo, and
sometimes of troubles of vision. The pulse is small and rapid and
often of rather high tension. There may be nausea and vomiting,
The duration of the chill varies materially in different ecases; it may
last as long as an hour, thongh usunally the period is considerably shorter
—from ten minutes to half an hour. Not infrequently no actual shak-
ing ocenrs, the patient complaining only of chilly sensations. Oecea-
sionally, though very rarely in this type of fever, the chill may be
entirely absent. Thus out of 339 cases classified by Hewetson and the
author at the Johns Hopking Hospital, chills or chilly sensations were
present in 93.5 per cent. of the cases. During the period of the chill
the temperature of the patient rises rapidly, and at the end of the chilly
sensations may have reached almost its height. Generally, almost the
maximum point of temperature is reached within two hours after the
onset of the paroxysm.

(b) The Febrile Stage—After a certain length of time the chilly sen-




cations become less marked
and are interrupted by
flushes of heat, which be-
come more frequent, and
finally wholly replace the
chill. Then begins the
second or febrile stage of
the paroxysm. The patient
complains of an intense
burning heat ; the skin is
flushed, hot, and dry, the
conjunctivee injected, the
pulse becomes fuller, but
remains rapid ; it may be
dicrotic. The patient com-
plains bitterly of headache
and often of vertigo and
buzzing in the ears. The
coverings for which but a

short time ago he had
begeed are now thrown
aside. Often there is in-
tense thirst. The patient
is frequently restless, throw-
ing himself from one side
of the bed to the other.
In some instances there is
active delirinm. A case ob-

gerved by the anthor jumped.

from the window of the ward
during the febrile stage of a
double tertian paroxysm,
killing himselt by the fall.
In other instances the pa-
tient is dull, drowsy, and
typhoidal in appearance,
complaining upon inquiry
only of 1111'{,11-;(, hﬂmhche
and aching pains in the
back and the extremities.
Not infrequently there iz a
slight cough. ~ Sometimes
there is vomiting or diar-
rheea. Bleeding from the
nose oceasionally oceurs,
On physical examination
the face is flushed, the con-
Junetivee are injected ; the
tongue is often cl'n' and
coated. There i= often a
dusky, yellowizh-gray color
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to the skin, while the H}aa and mucous |1w111hmlwa are pale, IIEII‘]ES
on the ]||}-. and nose is very common. Various cutaneous eruptions
have been noted, usually ['I“\Tll{‘llhltﬂllh in nature. In sev eral instances
the author has observed an extensive general urticaria. The respi-
ration iz not particularly accelerated, though the pulse is often rapid
and sometimes dierotie.  The lungu are geners li}‘i' clear on aunseul-
tation and percussion, though, not infrequently, ev idences of a oeneral
bronchitis—sonorous and sibillant rales—may be heard throughout the
chest, more frequently in the back. The heart sounds are usually clear,
l]mug]l a soft systolic murmur may be heard over the body of the heart.
The abdomen is generally natural in appearance. The area of hepatic
dulness is often somewhat inereased.  There s frequently tenderness on
pressure in the region of the spleen, while the area of the splenie dulness
i= almost invariably inereased. In most eases the spleen is easily pal-
pable. This has been the case in 73.4 per cent. of our cases in which
notes were made.  In fresh cases the border is rounded and soft; in
older eases, where there have been numerous previous attacks, the bor-
der is often sharp and firm, reaching sometimes a considerable diztance
below the costal margin. The splenic tumor is particularly striking in
children. The most marked splenic enlargements oceur, however, in
the more irregular mstivo-autumnal fevers. 1'-1&5%[111-.\1]] noted the
presence of a soft souflle over the splenie area, which Bouchard has
compared to the uterine bruit. During this period the temperature
reaches its maximum point. Temperatures as high as 108° F. have
been noted. The duration of the febrile period is nsually four or five
hours, 1|1m|g]1, not 1|1f|e=r11|:~11t1}, considerably longer.

(¢) The Sweating Stoge—After the stage of fever has existed for four
or five hours it is usunally followed quite -1|||l|ﬂ|1l\. by the third or sweat-
ing stage of the paroxysm. The patient begins to feel relief from the
sensation of oppressive heat from which he has been '-llﬂellng, and then,
quite suddenly, breaks into a profuse sweat. The sweating is often
excessive e night-clothes and bedding may be soaked. In asso-
ciation with this the temperature falls, ll'wlhlil‘. quite rapidly. The
pulse, which has been rapid, becomes slow and full, and the p.liwnt
often passes into a nireuhmg sleep. The temperature falls, almost in-

variably to a subnormal point. The duration of the sweating stage
varies considerably. The defervescence iz generally somewhat longer
than the rise of temperature, though it may be very short and sudden ;
it commonly lasts from two to four Thours, though often somewhat lung._u*

The average length of the entire paroxysm from the time the tem-
perature passed 99° F. until it reached this point again averaged, in 173
cases obzerved by the anthor, about eleven hours, The paroxysms oceur
more frequently during the day than during the night, the onset bt?lllg,
perhaps, more u:mmmlh noted between midnight J,l'.td noon, though it
may oceur at any hour of the day or night ; indeed, paroxysms begin-
ning in the afternoon are not at all uncommon.

In children the paroxysm differs often from that observed in adults.
Very commonly in voung children both the first and third stages, the

chill and the sweating, may be absent or abortive. The first stage is
then generally upwwnlml by a -11;_Lht restlessness.  The face looks

LSt Pet, med, W ., 1884,
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pinched, the eyes are sunken ; the finger-tips and toes become eyanotic
and cold, while the child may yawn and stretch itself. Nansea, vomit-
ing and diarrheea are particularly common. These may be the only
manifestations of the first stage. Commonly, however, these "n}mptmhq
are followed by grave NEervous phenomena. l he t]ull in malaria, as in
other acute diseases, is not infr equently represented in the young child
by general convulsions. These begin usually with a slight spasmodie
twut-::hmg of the eyelids or of the extremities, the spasm soon becoming
general. The febrile stage and the whole paroxysm are often shorter
in the child than in the adult. The sweating stage may be wholly
absent. In many instances, besides a slight coldness of the hands and
blueness of the finger-tips, and a somewhat pinched expression of the
face in the first stage, the first and third stage of the paroxysm may be
entirely lacking.

The Interimission.—In the period of intermission the patient often feels
quite well, so much so that it is not uncommon for patients to pass through
a number of paroxysms before consulting a physician, believing after
each that the disease is at an end. The temperature after the sweating
stage becomes almost invariably subnormal, and often remains so during
the greater part of the next day. About fut‘tv-mgllt hours after the onset
of the first paroxysm the fresh group of parasites proceeding from the
segmentation of two days before having reached maturity and entered
again upon segmentation, a fresh paroxysm hegins. (}ﬁvn, as has been
said, the time of onset of several successive paroxysms is almost exactly
the same. More commonly, though, there are slight variations of an
hour or two, lllflt"II}.ltl{}[] or retardation. In these instances the parasite
passes thmu;:h its eyele of existence a little quicker or a little slower
than in the typical forty-eight hours. Slightly anticipating paroxysms
are very common, maore =20 than retardation.

The Blood. — The blood shows the presence of one group of the
characteristic tertian parasites. These organisms are to be followed
through all the stages of their development. They are most striking
and most readily observed several hours before the paroxysm, when
they are large and contain most pigment. At the time of the par-
oxy=m and Immmlmlle before this the picture may not be so striking,
as many of the |1£11=1-1|t{‘- which, earlier in development, are to he found
with great frequency in the }J"I]{‘ld] peripheral cireulation, beeome
accumulated in certain of the internal organs, where they remain during
the period of segmentation. Hp:rnmutmg parasites are usually to be
found in the peripheral cire l'l]-’.‘ltlﬂll the first being seen sev eral hours
before the onset of the paroxysm ; at times they may be present in
Luge numberz. Large swollen forms of the organizm with very active
pigment granules, or deformed and vacuolated forms, are also common
during this period. Often the fragmentation of these bodies may be
seen, and numerous small 11|~r1nenm{1 extracellular forms resulting from
this fm-‘rmentdtmn may be found. These swollen vacuolated and frag-
Il.'li_’l‘lh'[l forms appear to be more common where recovery is ttlun;_l;
place, and there is every reason to believe that they represent full-
grown parasites which, failing to nm]urg{} segmentation, have become
degenerate and sterile. During and just after the paroxysm the pro-
cess of phagoeytozis may often be observed under the microscope, and
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pigmented leucocytes are always present. The elements taken up are
for the most part the free pigment clumps from segmenting forms, the
?egmentizlg form itself, fragmented extracellular bodies, and flagellate
orms,

(2) Double Infections.— Quotidian Intermittent Fever.—Single tertian
infections are among the mildest forms of malarial fever which are |
obzerved in temperate climates ; more commonly the individual shows
an infection with two groups of the tertian parasite. These groups
reach maturity on alternate days. Segmentation, then, of a group of
purmﬂv-. occurs every day, and, as one might expect, dall} paroxysms,
quotidian intermiftent fever, lemlt The paroxysms in these instances
are similar in every way to those of single tertian infections. The
manner of onset and duration are the same, while during the periods
of intermission the temperature is likewise ul.must- always subnormal.
It is common, however, for the paroxysms on snccessive days to show
slight c:m-.tfmt di ﬁm{lnum in their hours of onset, one group of para-
sites arriving at maturity at an hour slightly different from that of
the other. These differences are uuualh not great, thuugh they may be
considerable, one paroxysm beginning in the morning, that upon the
following :l:-n in the afternoon. Very commonly one set of organisms
is more numerous than the other, causing thus a more severe paroxysm.
The chart then shows alternate ‘mild and severe attacks. These facts
alone might lead us to recognize the dependence of this quotidian fever
upon a double infection without the confirmation obtained by examina-
tion of the blood.

The blood shows the presence of two groups of the tertian parasite
in different stages of development. Thus at the time of the paroxysm,

Fig. 2.
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Double tertian infection (quotidian fever).

while one group is full grown and in the stage of segmentation, the
other is represented by smaller, slightly plgmented actively amceboid
bodies. The question of the origin of these double tertian infections is
interesting and by no means wholly clear. Very commonly the first
several paroxysms are tertian in nature, daily chills appearing only
later on in the course. This may well be, and probably is due to the
fact that at the time of the original infection there were two groups of
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parasites, one of which was so much smaller than the other as to take
materially longer to reach a size sufficient to produce a paroxysm. On
the other h.;md, some observers have suggested that the origin of double
infections may be due to the lagging behind of certain parasites out of
an originally single group, these retarded forms eventually forming a

roup of their own. If this be the case, however, it is remarkable that
51@ retardation should be almost L‘\d:ﬁ'tl\' twenty —four hours behind that
of the original group. Indeed, the remarkable similavity in the hours
of the paroxysms due to two {llﬂi"ll"llt aroups of the 1}:11‘&3[’[& is striking
and not easily explained.

Infections with multiple groups of parasites have been described.
These result, naturally, in more irregular subcontinuous fever. This
ig, however, L*xtrum-h' rare. Only one doubtful case of this nature has
been observed by the author. The examination of the blood in these
instances shows organisms in all stages of development ; there is great
diffienlty here in distinguishing separate groups.

QUARTAN FEvER.—(1) Single Infections.—Quartan Infermittent
Fever ; (2) Double Infections.— Double CQuartan Intermittent Fever ; (3)
Triple Infections.— Quotidian ( Triple Quartan) Intermiftent Fever,

(1) Single Infections.—CQuartan Intermittent Fever.—This type of
fever depends upon the presence in the blood of the quartan parasite,
an organism which, just as in the ease of the tertian parasite, possesses
the remarkable ch: H“]i't{‘rlhtl[' of existing in the blood in great groups, all
the members of which are, approximately, at the same stage of develop-
ment. The evele of development of the quartan parasite lasts approx-
imately seventy-two hours, segmentation oceurring every fourth day.
The characteristics, then, of :-tluglﬂ quartan infections are quartan inter-
mittent paroxysms, two days of complete intermission existing hetween.
The paroxysm in quartan fever resembles in all its features that
observed in tertian infection. The duration in the cases seen by the
author averaged between ten and eleven hours. The same periods
of subnormal temperature, lasting often during the greater part of the
two days of ||1t|mm|--=~u:r;1jr are observed. The regularity of the par-
oxysms in quartan infeetion is the most remarkable charvacteristic of the
disease. A tendency toward ﬂllll:'I]mtlnll or retardation in the par-
oxysms is less often noted than in tertian infection.

The blood shows the presence of a gquartan parasite. The develop-
ment of the organism may be readily followed. It is most clearly
demonstrated just hefore and during the paroxysm when the }mmhltva
are full grown. The tendency of the full grown and sporulating forms
to accumulate in the internal organs—a tendeney which has heen noted
in tertian fever, and exists, as w ill be stated later, to a greater extent in
sestivo-autumnal fever—is not to be observed in the case of the gquartan
organism ; all stages of development may be seen with equal frequency
in the peripheral circulation. At the time when the parasite reaches
maturity swollen, fragmented, and vacuolated forms may be seen as in
tertian fever. T]m‘r are, however, less frequent, as are also the flagellate
bodies,

(2) Double Infections.— Double Quartan Fever —Often more than one
group of quartan parasites may be present in the blood at the =ame time.
When two groups are present segmentation usually oceurs on two suc-
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parasite. This parasite, as has been previously stated, possesses to a
muech less marked degree the characteristic of existing in large sharply
defined groups, while, as has also been noted, the length of the evele of
existence appears to vary consider ably. -'\_t the beginning of many
infections an ar 'dl]wum*tlt in _LJ‘:IUI'I}_}*- may, however, be made out, dml
this arrangement may exist for a certain length of time. Usually,
however 1minn- the process has lasted very |u||,u' organisms in different
stages of development may be found at any time llullnu* the fever. In
some instances groups of ]ru'u-ltv- with a (“H‘Il" |l-t111;_-; about twenty-
four hours have apparently been made out, while in others fairly distinet
groups appear to pass through a eycle Ll=-t1|1u considerably longer, as long
as ﬁutv—vlwht hours or even more. Clinic ally, mstivo-autumnal fever
appears in very varied forms.

Not t:nimrltu-mlv it may be seen in the form of quofidian intermittent
Jever.  Here the paroxysms may resemble very closely those of tertian
or quartan fever, and in some Instances, without the examination of the
blood, the distinetion from double tertian or triple quartan infections
cannot be made. In these instances the process begins with a sharp
chill and ends with a well marked sweating stage, the duration of the
paroxysm being perhaps exactly similar to that in the regularly inter-
mittent fevers, More commonly, however, the paroxysms are longer
and more drawn ont, lasting p{-rlmpn a8 I:m;; as twenty hours, Here
the first stage often differs greatly from that in tertian or quartan fever.
While in the regularly intermittent fevers the onset is rapid and usually
associated with a chill, in these instances the rise may be much more
eradual, while the chill is not infrequently altogether lacking. Often
a slight transient chill may be observed some time after the beginning
of the rise in temperature. The chill in westivo-autumnal fever can by
no means be called the initinl symptom in the paroxysm ; the fever has
often become well marked before the onset of the rigor. Usually, after a
eertain number of paroxysms, a dis hnr'tnugulmﬂn in the fever beeomes
evident. FEither from the lengthening ont of one of the paroxysms or
from the anticipation of the following paroxysm the intermission between
the two becomes, perhaps, completely obliterated or indieated only by a
slight drop in tl'lll[}i‘!“ltlll‘{‘, until finally there results an irregular con-
tinued fever in which all trace of the paroxysm has disappeared.

Not infrequently the early paroxysms recur at greater intervals one
from the other. These intervals are flftiumltlﬁ. f:}l‘h -eight hours, more
or less (“/stivo-autumnal tertian fever ; malignant fertian v,rnrr”—
Marchiafava and Bignami). In these instances the PAroXysms are usii-
ally particnlarly ]lm_u: lasting sometimes as much as thirty-six hours.
The very gradual rise in temperature, which is often llll.lnmup.mlml
by a chill, and the slow fall, are in striking contrast to the chart of an
ordinar v tertian fever. Marchiafava and Bignami, who, as has been
before stated, believe that they can distinguish two separate fypes of
the sstivo-autumnal parasite, the |[11{:t|l|1¢||1 and the tertian, have de-
seribed minutely the fever curve in these ecases with longer intervals.
This eclass of cases they term “malignant tertian fever,” in contradis-
tinetion to the milder regularly intermittent tertian fever. They de-
seribe what they believe to be a characteristic fever curve, the more or
less sudden onset of the symptoms, a psendo-crisis, a preeritical elevation
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of temperature, which often reaches a point higher than has been pre-
viously attained, and, finally, the actual erisis. Charts similar to this
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have been observed by the author and reproduced in a recent publica-
tion (see Fig. 5), though he has not seen a sufficient number of in-
stanees to justify him in believing that such a eurve is characteristie
of a particular, separate type of parasite. It is certainly true, however,
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that irregular oscillations in the curve of the fever produced by these
parasites are very common. The periods of intermission between par-
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oxysms show, usually, a subnormal temperature. The periods of apy-
rexia are, however, very brief, as one may readily conceive when he
considers the length of the paroxysm, lasting, as it often does, thirty-zix
hours or over.
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In those cases in which the paroxysms oceur at intervals of approx-
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MEstivo-nutummnal fever (showing the development of remittent and continued fevers),

imately forty-eight hours,
one from another, the irreg-
ularity in the hour of onset
of the paroxysms is partie-
ularly striking. In some
cases there is marked re-
tardation, intervals of con-
siderably more than forty-
eight hours oceurring be-
tween the beginning of one
paroxyvzm and that of its
suecessor.  More frequent-
ly, however, there is antici-
pation, the paroxysms re-
curring at intervals of less
than  forty-eight  hours.
Now, if, as already stated,
the individual paroxysm
shounld last thirty-six hours
or more, it may be readily
seen how short the period
of intermission in these
cases would be. Often, then,
there is an almost continu-
ous high temperature, with
oceasional remissions or in-
termissions  lasting, per-
haps, less than an hour—
“anclarial vemittent fever.”

In many instances the
new paroxysm begins be-
fore the previous one has
finished, owing either to an
excessive prolongation of
the first paroxysm or to an
anticipation of the sueceeced-
ingone. In these cases the
result is, of course, a con-
tinuous fever. Usually, the
continuous fevers resulting
from wmstivo-autumnal in-
fections, though the tem-
perature may never reach
the normal point, yet show
indications of the parox-
ysms and sometimes ocea-
sional abortive chills. In
some instances, however,

all evidence of paroxysms may be absent, the chart elosely simulating
that of typhoid fever. Such cases are probably often due to infections
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with more than one group of parasites. It is probably true that the
long duration of some of the paroxysms is accounted for by the fact
that the segmentation of a given group of parasites occurs thrmwh an
'lpplu:l.;lhl? greater length of time than in the regularly intermittent
fevers.

The result of all this is that the chart of @stivo-autumnal fever
presents very commonly somewhat the following picture : At the onset
there are several intermittent ]nuu\vhm- occurring at intervals of from
twenty-four to forty-eight hours or a little more.  After a few of these
attacks the fever becomes irre ;-_l_‘i.l]dl‘ or continued. This may oeccur, as
has been said, in several ways: (1) Through modifications of the curve
in the individual parorysm ; (2) by modification in succession of the
ParoryEmns.

(1) The important modifications of the ewrve are the following: (a)
The lack of a sharp initial elevation, so that the curve rises in a slow
and continnous manner ; (6) the oceurrence of a pseudo-erisis, so that
the attack tends to lose its individuality ; (¢) the ]m:lnngmnn of the
paroxysm, which is usually associated with an exaggeration of the
thermic oscillations during the fastigium.

(2) The modifications in “the succession of the parorysms may be (a) the
anticipation of the paroxysms; (b) the retardation of the paroxysms ;
(¢) the prolongation of the paroxysms, by which apyrexia is made
incomplete ; () the oceurrence of slight “oscillations in temperature
during the lu_-rmd which ought to be one of apyrexia; (¢) the redupli-
ation of the attack.

Very often when the ease first comes under observation it is already
one of “remittent” or continued fever. The chills are frequently ab-
zent ; the patient complains bitterly of headache and general pain in
hiz back and extremities. He is usnally dull, drowsy, and apathetie,
thuugh there mav be marked delivium. The face is Hu-]wl.l the con-
junetivie are injected, the tongue dry and eoated ; there is sordes upon
the lips and teeth ; the patient remains -::untlnnml-]x in a condition
similar to that described in the febrile stage of the ordinary paroxysm.
In these instances it is often absolutely impossible, without examination
of the blood, to distinguish the case from one of typhoid fever. The
writer has 1'1'~pm,1:{1tllx seen  patients with sestivo-antumnal  malaria
placed under treatment as cases of typhoid fever, the attention being
first drawn to the true condition of things by a sudden fall of the tem-
perature to llmllhﬂ or by the discovery of the small ameeboid hyaline
parasites within the red corpuseles. Grave cerebral or abdominal symp-
toms develop, often early in the course of these subeontinnous fevers,
which frequently tend to become pernicions. Careful observations may
show that these symptoms are paroxysmal. Delirium, drowsiness,
stupor, coma, grave cerebral symptoms, local spasms, general convul-
sive seizures may occur, or perhaps profuse vomiting or a choleriform
diarrhcea with CIJ”qtp-w('. In faet, any of the symptoms which will be
diseussed under the Pernicions Fevers may suddenly develop in the
course of subeontinuous wmstivo-autumnal infection,

These instances of more or less continued fever are oceasionally
referred to as “malarial remittent fever.” They have been admirably
described by Baceelli, who recognized their true malarial nature, under
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the name of * subcontinua typhoidea.” As has been previously stated,
the tendency of the regularly intermittent fevers, when left to thern-
selves, is toward spontaneous recovery after a certain number of par-
oxysms, and, while relapses are common and productive, perhaps, of
orave secondary disturbances—angemia, nephritis, ete.—the tendeney to
beecome pernicions is rarely observed. This is not true of wstivo-
antumnal infections as a elass. In many instances, to be sure, when
placed under hygienic conditions the same tl-mlmlu toward sponta-
neous recovery, usually with relapses, is to be observed. Often, how-
ever, an untreated infection becomes steadily more 1;-_;_51"1“'11'({:{1, until,
finally, so-called  pernicious” symptoms appear and a fatal result
ensnes.

In other instaneces an sestivo-autumnal infeetion may be associated
with but slight irregular rises in temperature ; there may be no sharp
paroxysms, the patient complaining only of languor, anorexia, head-
ache, pains in the back and limbs. Such instances 111|1r eazily lead to
errors in diagnosis. There iz usually, if the case has existed for any
length of time, a certain degree of anmmia, with the characteristic
sallow hune to the skin, while the spleen is “almost always enlarged.
Such cazes probably often pass into the condition which will be later
described as “ chronic malarial eachexia.”

Peryiciovs Mararian Fevers—These very malignant forms of
ma]ulml fever have, in this aurl other languages, generally acquired the
name “the pernicious fevers.”” It is qmtv true that the term “lu.lll;_;*—
nant fevers” used by the translators of Marchiafava mld Htgmml
work 1s, in the ._1|J-=tl'u(t better, but the word * pernicious” is so hI*m]'l,'
m]]}]a.ntul in the ;_;{liwml usage that its eradication appears to the writer
injudi:-imh

Pernicious fever depends, almost invariably, upon infection with the
gestivo-autumnal parasite.  In temperate {IIITI:!.T.'{}-:. these fevers are rare,
but in the tropies they are extremely common., The pernicious pature
of an attack depends, generally, as has been shown in the section on
Pathological Anatomy (page 83), upon several causes: (1) The great
numbers of l'llrhlﬂ.": present and their I]hl{lt‘f for 1‘11}1{1 nnlltlp]]ultlnll
(2) the special involvement of certain vital organs by the parasites,
which, as has been ]Hlllltlll out, show a l‘tnmrlmhh- t(lltlwu'x toward
accumulation in certain definite organs, varving in different cases ; (3)
possibly upon the greater or less v irulence of the parasite. This latter
statement is based upon the assumption that the malarial parasites pro-
duce a ’-pulfu' toxic substance. Certain authors thus believe that, in
the case of infection with a very malignant parasite, pernicious symp-
toms may result, while but a small number of parasites are present,
])ﬂl‘twultulv if the chief seat of dev vlupnwnt of the parasite he loealized
in a particularly vital spot. This is, however, doubtful. While it is
]?I'{‘I'I}H,bk‘ that a specifie toxic substance may be produced by the para-
site, and while there is very good reason to believe that there is a dif-
ﬁ}l ence between the malignity of the parasites in different instances, vet,
in a general way, the -JJH*I‘Ih of the symptoms, as demonstrated I:}n:r
ago hy Golgi, appears to ll(‘]'l(.llii Li.l‘g‘t*]"r’ npon the number of parasites
present, And in a general way it may be definitely stated that per-

U The Parasites of Malavial Fevers, New Sydenham Society, 1804,
Vor. I.—8
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nicious fever never occurs without the presence of a considerable number
of parasites, though in some of these instances very few organisms may
be tound in the l}a-llphm al eireulation.

Bastianelli and Bignami in a recent article' well say : “The con-
ditions through which a malarial infection becomes pernicious are: (1)
That the infection be produced by one of the varieties of the westivo-
autumnal parasite. On this condition all today are agreed, and we
shall not insist further® (2) The second condition relates to the abun-
dance of the pamqltﬁ- and it may be stated as follows: In pEII']]CI{]llS
fevers, if one takes into consideration not only the examination of the
blood from the finger, but also the condition in the vessels of the various
organs (Marchiafava, Celli, Bignami), it is a ﬂtril{ing peint that, how-
ever the distribution of the parasites may vary in individual cases, their
total number is always considerable. As l'L'LJll"{]S the distribution, one
may make the fol lowi ing distinetions : There exist (1) cases in whlch the
number of parasites is most abundant, yes enormous, while all the organs
are uniformly invaded. These are the most common forms of pernicious
tever, and are usually accompanied by coma. There are some ecases in
this tultvgm y in which the number of [Itll‘ilhlf[*‘i in the blood of the finger,
of the spleen, of the bone marrow, ete. is enormous, while the number
in the brain is scanty ; clinically, the absence of cerebral phenomena is
noted. (2) Cases in which the number of parasites iz absolutely and
relatively scanty in the bone marrow, in the spleen, in the liver, while
there may be relatively few in the blood of the finger, vet other organs
are erowded with parasites. Among these the following localizations are
to be made out: (a) The brain and the meninges are filled with parasites
either in sporulation or in all their stages of development ; in such cases
it is difficult to find not only sporulating forms, but even young parasites
in the spleen. Clinically, there are cerebral phenomena. (b) The stomach
and intestine are chiefiy invaded ; in these organs the mature forms of
the parasite are usually found ; these are the cases of pernicious fever
which present, clinieally, . . . . intestinal pherlﬂmcna.’

I,].'I{! 1}&"'] nicious sy I'!'E]:ltﬂl'ﬂ‘\- ]'Il'i.:'i' come On liulti‘ Eﬂ,r}.}' 1n ﬂhe COUrse 'Df
the infection, though usually several paroxysms have existed before
their appearance. In very malarions distriets, however, almost the first
paroxysm observed may be pernicions in nature.

Tue CoMaTosE TypE.—The commonest form of pernicious malaria
i that accompanied by coma. Here, in the earlier part of the paroxysm,
the patient may be slightly dehrmu but he soon becomes drowsy and
somnolent, passing finally into a cnn{lltmn of pmfmmd coma. Not in-
frequently, in grave malarious districts, the patient comes for the first
time to the observation of the physic ian while in this condition. He is
profoundly unconseious ; the respiration is often stertorous, and oceca-
sionally of the Cheyne-Stokes type. The pupils may be contracted or
dilated, sometimes pml aps unequal There is often—a not unimportant
]}t}lllt—ﬂ slight jaundice. Not infrequently there is hiccough ; the pulse

V Bull. d. B, Ace. Med. di Roma, 1893-94, Anno xv., v. xx. 186,

* There are exceptions, though rare, to this rule. Dr. Walter Reed of the Army
Medical Musenm in Washington has recently communicated to me his observation of
specimens from a case of characteristic comatose pernicious fever due to a double tertian

infection. This caze has since been reported by Dr. Wm. B. French of Washington
(N, Y. Med. Jouwrnal, 1895, vol. Ixiii. p. G74).
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may be full and slow and of high tension, though toward the end it is
often rapid, irregular, and feeble. Local spasms of certain muscles may
occur. Thus, in one of the author’s cases there was a well marked
spasm of the Tower facial muscles on one side, which disappeared with
the paroxysm. Recovery may result after the gravest symptoms, but
without treatment the paroxysm is usually followed rapidly by a second,
which generally proves fatal.

OraER CEREBRAL MANIFESTATIONS.—In other instances most
decided cerebral symptoms of a different nature may oceur. Delirivm
which may be maniacal may be observed. Active delusions and halluei-
nations are not uncommon, while in some instances fetanic convulsions
have been noted. In a number of instances hemiplegia has been
associated with the paroxysm, disappearing after the attack. At
times distinet symptoms of bulbar paralysiz may oceur. In one of
these cases carefully studied by Marchiafava' the special localization
of the parasites in certain foci in the medulla was confirmed post-
mortem.

HeyMorrHAGIC TYPE. » instances of pernicious fever grave
hemorrhagic symptoms may l']l(l?lll—['l'll staxis, hmmoptysis, extensive
cutaneous lmtnorrlm;_:;um Several of these eases are deseribed by Mar-
chiafava and Bignami.®

ArGip Typre—This is sometimes extremely insidions and fatal,
After several paroxysms w hich are in no way remarkable the patient
very suddenly passes into a condition of extreme mlin]}w This does
not oceur at the beginning of the paroxysm, but at the time when the
stage of fever should exist. The temperature may be but slightly elevated ;
indeed, in some instances it is subnormal. The condition is not unlike
that in Asiatic cholera. The mind is clear, there is little suffering, but
extreme collapse. The eyes are sunken; the features drawn and
pinched ; the face expressionless; the tongue dry; the skin moist and
covered with a eold sweat. The patient may be so quiet and uncom-
pl.,uumn‘ that it may be, as Laveran states, only through an accidental
examination of the pulse that the true state of affairs may be discovered.
The pulse is very rapid and feeble and thready, almost impalpable, be-
coming imper ceptllﬂv at the wrist before death. Physical examination
of the thorax is negative excepting for the feeble action of the heart.
The second sound at the base may be quite inaudible. The abdomen is
usually retracted ; there is often tenderness on pressure in the region of
the spleen, which is palpable.

SUDORIFEROUS TyPE—A sudoriferous type of paroxysm has been
deseribed, in which, during the last stage, the sweating becomes exces-
sive and the patient passes into a eondition of collapse with a thready
pulse and cold extremities. Without vigorous interference the case may
end fatally

Biviovs Tyre—A type of paroxysm has been deseribed by eer-
tain observers, the chief symptom of which is the vomiting of large
quantities of l}!lﬂ-"-tilllli'll fluid ; this is usually associated with stools of 2
similar nature.

(GasTRALGIC AND Carprarcic Types.—Severe gastralgic parox-
vsms associated with profuse vomiting, and often with hsematemesis,

! Lav. d. ITL Cong. d. soe. It. d. Med. Ini,, Roma, 1890, 142, 2 Foe, il
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may oceur without the existence of striking intestinal symptoms. An
attack of this nature is well described h\' Laveran.!

CuoLERIFORM TypPE—In certain instances in which the chief
localization of the parasite is in the stomach and intestines the patients
present a clinical pieture strongly resembling that of Asiatic cholera.
These ecases have been pal'tmululv studied by Marchiafava® The
paroxysm usually begins with profuse vomiting and diarrheea ; the dis-
charges may resemble those of cholera. The skin is eold, moist, and
clammy. There is evanosiz of the lips and extremities ; the pulse is
rapid and thread-like. There may be eramps in the extremities. The
condition closely resembles the algid stage of Asiatic cholera. If the
paroxysm be not fatal, profuse swe ltmg may follow, with an intermis-
sion in the symptoms.  Anatomically, the mucous membrane of the
stomach and " intestines is found to be filled with malarial parasites.
These may produce actual thrombosis of the vessels of the mueous
membrane with superficial neeroses and uleeration.

Pxevmonic or Dyspx@Eic Tyre—Baceelli® and others have de-
seribed a type of paroxy=m the symptoms of which suggest strongly a
pnenmonia.  This admirable observer, however, as long ago as 1366
recognized this eondition to be distinet from a true complicating pnen-
monia. There is intense thoracie pain, great dyspneea, and a painful
cough. There may be moderate Ilnhu-m- over the affected 1l.mg with
eoarse, sonorous, and sibilant and finer moist rales.  Laveran® has =seen
al f:ill‘l\ abundant il;‘t‘l]lﬂpi’\'HIH following an acute dyspneic paroxysni.
In other instances, uv-[ut(' the extreme -‘.]‘i. spnaea, ph\ sical examination
may be quite negative. The sputum is mixed with dark fluid and
clotted blood. The condition is certainly not a pneumonia ; it is more
probably an active congestion of the pulmonary vessels. In the absence
of autopsy recerds in cases of this nature one can but suspeet that they
represent a special localization of the parasite in the pulmonary capil-
laries.

Hxyvocropixvric Tyee—** Walarial  Jeematuria.”—Hemoglobi-
nuria is a not uncommon symptom in the graver fevers in cer-
ain malarious districts.  In temperate climates it is rarelv seen.
The ultimate cause of its production is not yet settled. A con-
tinual destruction of the red blood-corpuseles is going on throughout
every malarial infeetion. This occurs in various ways: (1) The para-
sites, developing within the corpuseles, form the black pigment,
1111'],111111 -at the expense of the corpuscles in which they grow, the
corpuse les becoming gradually decolorized and destroyed. {:2} In many
instances the red hlun:l-v;-ur}m-:Iv-. containing the parasite undergo a pre-
mature necrosiz, becoming brassy colored and shrunken. (3) Sometimes
the decolorization of the {{:l‘|m-~{*1{'-~ containing the parasite occurs quite
suddenly, the corpuseles bursting, as it were, dm] setting free their hemo-
globin in the blood current. Thus, during an ordinary malarial attack
there 1= always a certain amount of heemoglobin set free in the serum,
but, as this amount does not l“l“"' beyond the limit of t]li‘ quautlh*
which can be disposzed of by the liver, it does not appear in the urine.

! Traité des Fidvres palustres, Obs, xxxviii.
* Cent. f. Allg. Path, w. Path. Anat., 1894, V. No. 10, 418.
1 Studien diber Malaria, Berlin, 1895, b Traité des Fidvres palustres.
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It is doubtless, in part, to this constant destruction of the red corpuscles,
with the liberation of their heemoglobin, that the polycholia and slight
jaundice g0 commonly observed in malaria are due. Ponfick estimates
that up to one sixth the total number of the red blood-corpuscles may
be de-;.tum,d and disposed of in the economy without the hzemoglobin
appearing, as such, in the urine. If this destruetion of the red blood-
corpuscles hecmm}‘, unusually great, and the quantity of hmmoglobin
separated from the disco-plasma of the red blood-corpuscles exceeds the
amount which ecan be taken care of by the liver, hiemoglobinuria will
result. It is not, however, only the infected cor ]:-11-i-lu-~ which lose their
hzemoglobin in these instances ; great numbers of their uninfected fel-
lows are equally affected, just as in the ordinary paroxysmal hemoglo-
binuria. Some substance excessively toxic to the disco-plasma of the
red bl(]ﬂd-(‘ﬂll}ll-.{ :les must be present in the eirculation, or some change
has taken place in the blood serum by which it has lost its isotonicity,
but what these c]mng‘u are and to what they are due are by no means
clear. There is much which might lt.'.ul us to believe with Baceelli
that some toxie substance, prmlliwﬂ perhaps by the parasite itself, may
be at the bottom of these changes. Why, however, hemoglobinuria
should be so common in certain regions—as, for instance, Greece and
West Africa—and so infrequent in many other more malarious dis-
triets is quite inexplicable in the present state of our knowledge.
Clinically, these cases are among the severest forms of ll'l‘Ell.J_l‘]dl
fever. lhﬂ same condition is known in Western Africa as “ black
water fever” By many observers, particularly by the French, the
term bilions hee um;,rfnbum;; ic fever h"l-- been used. Not lIlf't'{*qlu‘-lltl‘v. the
term “ heematuric” is used, dllt] indeed, as the interesting researches of
Joseph Jones HIIUH', J,f:hlil ]l'E"lI'l"‘ttllll'l often oceurs. The hemoglo-
binurie attack is rarely the initial symptom of the infection. ['*-u.lll\
the p-:-ltli‘l]t has had repeated attacks of malaria, the heemoglobinuria
appearing suddenly with a relapse, or, if it be the first lllfl"{tlﬁtl the
hemoglobinuric attack is preceded by ‘several intermittent PATOX VSIS,
In eases where either in a relapse or in a primary infeetion the hwemo-
globinuria appears with the first actual paroxysm, there are often pro-
dromal Q‘r'n'lllh,'imﬁ lasting for from several hours tn sometimes several
days. It iz probable that these are associated with moderate fever and
often represent abortive paroxysms. There are loss of appetite, head-
ache, indefinite pains in the extremities and back. It may be remem-
lwu-ll that in many paroxysms of the more ordinary types of wmstivo-
antumnal fever the gradual onset of the paroxysm without chill is fre-
quent : this is not true in the case of the hemoglobinuric paroxysm,
which begins almost invariably with a severe shaking chill. This is
followed by intense l'lﬂlll in the back, head, and extremities, and by pro-
fuse vomiting ; the vomitus consists of a deeply bile-stained fluid.” The
ﬁm-]-:. ﬂuah{-(] thc mn.}unrtn" s are injected ; the pulse is rapid ; the ]Mtwnt
is usually in a ' condition of great anxiety and apprehension. There is a
well marked icterie hue to the skin. There is usually profuse diarrhecea.
The first urine that is passed, in the early stage of the paroxysm, has
a somewhat rosy reddish hue. This, however, mlmlh becomes deeper,
and is finally an intense brownish black color with something of a
greenish tinge, and a greenish yellow foam on shaking. The vomitus
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hecomes of a deeper mlm, at first yvellow, then green, finally sometimes
almost black. There mav be {ll'ul]l:m the {1{4_}1?1;’L1 hvmsr green or
brown in eolor, while in nthm‘ instances thes ‘e iz constipation. During
the stage of fover the patient generally becomes jaundiced. There is
usually little delirium, the patient being quite conseious and in a con-
dition of great anxiety and agitation. He often complains of severe
v]ug,.lutrl{ pain, which is possibly associated with repeated vomiting ;
other instances the pains in the loins may be extremely severe, lmarmcr
possibly, as Kelsch and Kiéner' suggest, some relation to 't]]-ﬁ} llllelH{‘
renal congestion. The fever is often high, the temperature touching, in
some instances, 41° C. (106° F.) or even ]1|gzhe

The wrine at the height of the process is of a deep brownish black
color, and :lplm.-ntf-, on standing an abundanee of reddish brown sediment.
The amount varies considerably in different instanees, in some being
extremely seanty, in others amounting to as much as 1000 or 1500 c.c.
The specific ;_r;mnti varies inversely to the amount of urine passed. As
the amount is generally somewhat reduced, the specific gravity averages
above normal. The reaction varies ; it is ;_rumm]h feebly acid. There is
usnally an abundance of albumin.  In some instances a test for the biliary
m]m*m;__ matters may be obtained. Kelsch and Kiéner assert that this
is the rule at the height of the process, while Plehn?® in eight instances
was unable to obtain this test. The sediment consists of muens,
bladder epithelium, numerous granules and masses of pigment, renal
epithelial eells, and, almost invariably, hyaline and granular casts with
epithelial cells adherent.  In many mfatdll('(“- blood-corpuseles may also
be found, actual hemorrhages taking place into the kidney. Often,
Lhowever ]wq{lm the pmﬁm- sediment of a brownish granular rnflterm]
e *lamnql {‘I‘Jll'llﬁli al cells, and easts, not a Hgl] of a red ﬂﬂl‘]lll"-u(’ll] mayv
be found, the condition being a true hemoglobinuria.

In thl" simplest and mildest attacks the temperature remains elevated
nine or ten hours, and then falls quite suddenly to normal, the urine at
the same time clearing up, excepting for a slight trace of albumin with
oceasional casts, In some instances a paroxysm of' this nature is the
last manifestation of the process, complete recovery following. In
other instances there may be repeated intermittent hemoglobinurie par-
OXVEME, p_-m]mg pm-hqlpﬁ in recovery. Very frequently, however, the
condition is more severe. The fever lasts much longer ; the v-:}mltmg
and diarrhea continue ; the ]dun{ll{ e bm:mm“- more intense ; there are
perhaps occasional slight intermissions, but in the main the attack is
continuons,  The urine, as well as the fevcr may show oceasional tem-
porary changes for tlu:- better, but these are of short duration, fresh ex-
acerbations rapidly fol ]mi.mn‘ The urine becomes often f-u,antv and
more albuminous ; the p-'ment becomes emaeciated and pale ; the eyes
are sunken, the tongue is dry, the pulse rapid and feeble, and eveutluﬂy
a fatal Hh-ult follows. In some instances, however, recovery may occur
when the patient is apparently almost bey ond hﬂpe.

Certain cases pursue an extremely rapid fatal course. The initial
chill, fever, vomiting, and diarrheea are associated with almoest complete
-aupprpummn of urine ; that which is lmﬂ{*d often but a few drops, is in-
tensely bloody. liml‘v is great agitation, intense prostration, the patient

! Maladies des Poye chauds. ? Deuntsch, med. Woeh., 1895, Nos. 25, 26, 27.
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falling into a condition r:rf' profound collapse and dying within several
days. Nephritis almost invariably follows the Il&’lm}t?luhl:mllw attack.
In the milder cases it is transient and s slight.  In many more severe
cases, however, the end of the paroxysm is followed by the symptoms
of a well marked nephritis, lasting sometimes for weeks and possibly
even for months. In a certain number of instances this condition pur-
sues a rapidly fatal course. The albuminuria and casts persist; the
quantl,ty of urine remains steadily below normal ; the patient becomes
uremiec ; and delirium, coma, and convulsions ens e with a fatal result.

Mularml |1"emi_1gluhlmum does not oceur in all malarions distriets.
In some regions where pernicious fevers are relatively common hemo-
globinuria is rarely seen. The cause for this is not apparent. In
Rome, for instance, the disease is uncommon. It is not very frequent
in most of the malarious districts of the United States. In Greece it
seems to be unusually common, while in certain parts of Afriea it is
seen in its most fatal forms.

The blood generally shows the sstivo-autumnal parasite.' Predispos-
ing caunses appear to be any over-exertion or exposure, indeed anything
which reduces the vitality of the individual. Extremely inter {’wtlllg is
the widespread idea in certain regions that quinine, which has so specifie
an action upon the parasites, may yvet have an unfavorable influence,
indeed be the determining cause of the hemoglobinuric paroxysm. Tn
Joseph Jones’ interesting memoirs® a number of assertions of this nature
appear, More recently Plehn?® in a wvaluable article upon the black
water fever of Cameroon records his belief that in that climate, at least,
the development of hsmoglobinuria is often brought about In' the ad-
ministration of guinine, w hile the records of his cases of heemoglobinuric
fever treated with and without the specific malarial remedy show that
the more favorable course was pm-uml by those cases which were treated
expectantly. This view, however, is not held by the majority of ob-
servers. The tendency toward ‘r-]‘.*OI'lta.'l'l'lEﬂtlh recovery in many of these
cases suggests, cer mml‘r that the presence of the hemoglobinuria, de-
pendent on whatever it may be, may have an injurious effect upon the
life of the parasite.

THE BLooD 1N THE JEsTIvo-AUTUMN AL FEVERS.—The blood in the
sestivo-autumnal fevers shows the presence of the small form of the para-
site described first by Marchiafava and Celli (* Hiematozotn faleiparum,
Welch). As "lll‘m(h‘ noted in the description of the parasite, only the
earlier forms in its eyele of existence are generally found in the per-
ipheral cirenlation. These are the ring-like or amahoid hyaline bodies,
which are often quite free from pigment. As the later stages in the
development of the organism are rarely found in the lwrl]mhv al eircu-
lation, it is natural that the period shortly before and during the early
part Gf the paroxysm should be that in which the smallest number of
parasites is to be found on clinical examination of the blood ; and this

! This has been the casze in those instanees observed by the Roman authors, and the
descriptions of Plehn and others seem to point in the same direction. Owing, however,
to the remarkable distribution of these fevers, to which reference has been made above, we
should perhaps bear in mind the possibility that there may be certain fine differences
between the parasites of the ordinary irregular fevers and those of the hemoglobinurie
‘Ir'trler'., which may be brought to light In further study.

2 Medical and Surgicul Uemmr?, vol. ii., New Orleans, 1887. 3 Loc. it
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is the case. There are casez of mstivo-antumnal fever where, at this
period, a prolonged search must be made before parasites are to be
found. Always, however, in the experience of the writer, parasites
are present after a few hours have passed by. And I believe that
it may be emphatically stated that there are no dangerous forms of
malaria in which the parasite is not to be found after reasonably care-
ful search,

After the infection has existed for a week or two the crescentic and
ovoid pigmented forms of the organism are usually observable. Phago-
evtosis is very commonly to be noted, and pigment-bearing leucocytes
are to be found throughout almost ail periods of the fever. The period-
icity in the phagoeytic action is much less marked than in the ordinary
intermittent fevers. This is due in part to the presence at all times of
parasites in different stages of development, and in part to the early
neerosis of the red blood-corpuseles which i= so common in these fevers
the dead fragments are speedily engulfed and carried away by the eolor-
less elements.  Oecasionally, true macrophages, such as are seen in the
spleen, may be found in the peripheral cireulation ; these may be enor-
mous, ten times the size of an ordinary leucoeyte. They sometimes
contain coarse granules, much larger than any ordinarily seen in the
blood, having somewhat the appearance of eosinophilic granules. These
cells may contain not only parasites, but red corpuscles, nsually shrunken
and brassy colored, including a parasite, and also entire smaller phago-
eytes with their included pigment or parasites or corpuscles.

FEvERs wiTH Loxc INTERVALS.—From the earliest times there
have been deseribed, besides the ordinary quotidian, tertian, and quartan
intermittent fevers, other fevers with intermissionz eonsiderably longer ;
thus fevers with intervals of five, six, seven, eight, nine, ten, eleven,
and twelve days, or even longer, have been believed to exist. Celsus,
who distinguished quotidian, tertian, and quartan fevers, referred to the
oceasional occurrence of fevers with longer intervals, but noted their
rarity.

After Golgi’s first researches concerning the life history of the quar-
tan and tertian parasites, and after the fact became settled that a third
variety of parasite existed, whose evele, under some cireumstances, lasted
but twentv-four hours, the fever in every instance being definitely con-
neeted with the segmentation of a group of parasites, it is but natural
that many observers should have suspected the existence of other varie-
ties of parasites which in turn might be related to these rare fevers with
longer intervals,  And Golgi in 18892 advaneed the hypothesis that the
erescentic bodies which we know to be connected with the wmstivo-
autumnal parasite might bear a definite relation to these forms of fever.
He believed that they represented a form of parasite which underwent
a long, slow development, lasting from seven to twelve days—that,
finally, segmentation of the erescentic forms oceurred and paroxysms
followed, just as in the ease of the regularly intermittent fevers. This
variety of parasite, however, differed in the greater length and the
irregularity of the cycle of development, while the paroxysms, in like
manner, recurred at irregular intervals, from seven to twelve days apart

! Tnterdum etiam longiore circoitii quaedam redeunt, sed id raro evenit.”
* Ziegler's Beitrdge, 1890, vii. 647,
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or even more. Canalis' believed that the wmstivo-autumnal parasite
possessed two separate cycles—a shorter, lasting from one to two days,
and a longer, associated with the erescentic and ovoid bodies, lasting an
indefinite length of time, three or four days at least. Antolizei and
Angelini® also believed that this variety of parasite was associated with
fevers with longer intervals.

Clinically, however, one very rarely observes cases showing a regular
recurrence of paroxysms at intervals longer than every fourth day. On
the other hand, it is not =0 very unusual to meet with cases where a num-
ber of paroxysms have recurred at intervals of, appiroximately, six to four-
teen days. In all these instances one is generally compelled to depend
largely upon the statements of the patient. An analysis of those cases
which have been observed since the recognition of the parasite and its
different varieties shows that these fevers with long intervals may be
associated with any of the varieties of parasite which we now know.
Golgi noted the existence of such paroxysms in patients whose blood
showed the mstivo-autumnal parasite. Bignami? and Pes® deseribed
cases oceurring in connection with the tertian parasite, while Vincenzi®
has shown that they may be associated with the presence of any of the
varieties of parasites which we now know, alone or in combination.

The manner in which these fevers arise was deseribed first by
Bignami. As stated in the description of the parasite, the mere
presence of the organism in the cireulating blood is not sufficient to
produce subjective symptoms. These appear first only when, from
steady multiplication, the number of parasites contained in the eireu-
lation has reached a eertain necessary quantity. With every period of
segmentation their number appreciably increases.  Not every fresh
segment, however, continues to develop.  Were this the case, every in-
feetion would become pernicious within a short period.  With each par-
oxysm a very considerable number of young parasites is destroyed—so
great a number, in fact, that many, indeed the majority, of cases of ter-
tian and guartan fever tend toward spontaneous recovery, though, to be
sure, relapses often ocenr. To what this destruction is due is as yet
a matter of doubt. In how far it may depend upon the protective
power of the blood serum or upon an active defensive phagoeytosis
on the part of the lencoeytes, or, possibly, upon the deleterious effects
of some toxie substance produced, perhaps, by the parasite itself’ at the
time of segmentation, is as vet wholly a matter of speculation. It is,
however, not an infrequent occurrence to see, more particularly in tertian
or quartan infections, a severe paroxysm followed by a complete disap-
pearance of the symptoms, while the blood shows a disappearance of the
group of parasites. The author has previously published charts of this
nature.” In such instances, through =ome means or other, the greater
part or an entire group of parasites is destroyed at the time of segmen-
tation. In these cases the result is usually complete apyrexia for a
certain length of time, from several days to two weeks or even more,
and then, after, perhaps, a little warning, a repetition of the paroxysms.

1 Fortseheiite d. Med., 15490, Nos, 8 and 9, 2 Rl:,lrl'ili“‘il"fr Mediea, 1890, 320, 326, 332,

3 Thid., 1891, No. 165, p. 169. s Ibid., 1893, vol. ii. p. T59.

5 Bull. B. Ace. Med. di Roma, 1891-92, p. 631 ; Arch. per fe Se. Med., vol. xix. i 3,
p. 263. 8 The Malarial Fevers of Baltimore, loe. eil.
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In some instances the first paroxysm may be followed by a period of
apyrexia, lasting, as in one of the author’s eases, eight days before the
development of a second febrile attack, and that, in turn, by another
intermission of approximately the same length of time, and so on, the
chart thus showing an intermittent fever with intervals of, perhaps,
eight or ten or twelve days. And yet the examination of the blood
shows the characteristic parasites of tertian or of quartan fever.

The explanation, then, of these fevers with long intervals is not to
be found in a parasite whose cycle of development lasts an unusually
great length of time, but in the fact that the first sharp paroxysm is
followed by the destruction of so great a number of the parasites that
a long period—sometimes practically that of the period of incubation
of the disease—must be passed through before the group again reaches
a size sufficient to produce symptoms. The recurrent attacks repre-
sent, a8 Bignami pointed out, reerudescences from attacks from which
complete recovery has not taken place. Single paroxysms with long
intervals, or, more commonly, one or two paroxysms oceurring to-
gether with long intervals between them, may exist for a very consider-
able length of time in tertian or quartan infections. Thus, the author
has had oceasion to observe an individual who for over two years had
had occasional chills at irregular intervals of two or three weeks, more
or less, due to an untreated tertian infection. One or two paroxysms
were almost invariably followed by an apparent complete spontaneous
recovery, only to be suceeeded in the eourse of from two to four weeks
by another relapse.

In another class of cases the paroxysms with long intervals are due
to imperfectly treated malarial fever. Many patients living in mala-
rious distriets are in the habit of taking large single doses of quinine
immediately following any outbreak of fever. Thus in an instance
observed by the author a lady asserted that she had had paroxysms at
intervals of ten days. The third or fourth paroxysm oceurred under
his observation, the blood showing the characteristic tertian parasites.
In this instance the patient, by taking a single dose of quinine after
each paroxysm, had accomplished the same end which nature accom-
plishes in the other class of cases—viz. the destruction of the greater
part of the group of parasites; and in each instance a relapse oceurred
about ten days after the previons attack. The same explanation is
probably true in the cases ocenrring in stivo-autumnal infections.
There is no evidence to show that there is any such thing as a regular
type of fever oceurring at intervals longer than every fourth day. The
paroxysms in these instances differ in no way from those in tertian,
quartan, or mstivo-autumnal fevers according to the variety of infection.

ComeINED INFECTIONS WITH DIFFERENT VARIETIES OF PARASITES.

Combined infections with two or more varieties of the malarial para-
sites may occur, though they are rather uncommon. In 542 cases of
malarial fever elassified by Hewetson and the author there were only 11
such instances. Clinically, these cases present usually the features of
an ordinary tertian, quartan, or sestivo-autumnal infection, and without
examination of the blood the presence of two varieties of parasites



INFECTIONS WITH DIFFERENT VARIETIES OF PARASITES. 123

would often remain unsuspected. This is due to the faet that the two
different varieties of the organism are rarely present each in sufficient
number to produce symptoms at the same time. One type of the para-
site almost always predominates, and is responsible for the clinical
symptoms. Certain cases have been noted where a distinet alternation
of symptoms has occurred; a period of quartan fever, for instance,
being followed by spontaneous recovery, and succeeded by a period of
tertian fever, which, if untreated, pursues the same course, and gives
way finally to a relapse of the quartan infection ; the parasites of both
varieties are present at the same time. In rare instances complicated
fever curves may arise from a combined infection. This is, however,
very unusual. The commonest combination in this climate is @stivo-
autumnal and tertian fever.

Tae Urixi.—The urine in the malarial fevers has no special diag-
nostic features. There are no constant changes in the amount or in the
specific gravity of the twenty-four hours’ urine.  The color of the urine is
somewhat increased, due probably to the inereased guantity of urobilin
which is derived from the hwmoglobin of the red blood-corpuseles
destroyed by the parasites. The amount of wrea exereted during the
paroxysms is increased, just as it is during any other acute febrile con-
dition. Albwmin is usually present in serious cases. Thus, out of 284
cases examined by Hewetson and the author, albumin was present in
133 instances, nearly one-half. In many of these instances casts of the
renal tubules may be found. Actual acute nephritis may oceur. Thus
in 4 instances out of 335 of our cases m‘i{{ence;-s of a severe acute
nephritis were present—a nephritis which, apparently, owed its origin
directly to the malarial infection. In 3 of these instances the nephritis
was hemorrhagic in nature ; in the other case, which resulted fatally,
there was an extensive acute diffuse nephritis. Ehrlich’s diazo reaction
may be present ; it was found in 5.5 per cent. of’ our cases.

The Toxicity of Malarial Urine—Extremely interesting researches
have lately been made concerning the inereased toxicity of the urine
during malarial fever. Brousse,' studying the effects following the
injection of the urine of cases of malarial fever into animals, arrived
at the following conclusions: (1) The urotoxic coefficient calenlated
by Bouchard’s formula, the mean coefficient being 0.464, rises during
the paroxysm, and the physiological effects observed are those which
usually follow the injection of urine—dyspneea, myosis, falling of tem-
perature, exophthalmos, and furthermore convulsions ; (2) this toxicity
is diminished during the period of convalescence in intermittent fever,
very much below that of the urine during the paroxysm, and moreover
below that of the normal urine.” *

Roque and Lemoine?® studied the urine in 3 cases of malarial fever
one a case of tertian fever and two cases of pernicious comatose mala-
ria. Their conelusions were as follows: (1) The pathogenic agents of
paludism form, in the blood, a large quantity of toxie products, a great
part of which is eliminated by the urine. This elimination is at its
maximum immediately after the paroxysm, and lasts, generally, twenty-

I Quoted from Laveran, D Paludisme, efe., Paris, 1891,
 Société de Méd. et de Chir, pratiqnes de Montpellier, 14 Mai, 1390,
3 Hevwe de Méd., 1890, p. Y26,
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four hours, at least in the paroxysms of tertian fever. (2) Sulphate of
quinine acts by favoring the increase of this elimination. (311 Certain
pernicious feve r=, showing a mmpletﬂ absence of toxicity in urine,
depend probably upon alterations in the kidneys and liver, and the
return of the urinary toxicity should be considered a good prognostic
sign.  (4) Finally, it may be noted that in two cases recovery has fol-
lowed a more 1|1(1t=:hml elimination of toxines than that observed after
the preceding Paroxysms. 7 In discussing this paper Lépine Justl_}
remarked that injections should be made not only with the pure urine,
but alzo with a solution of the salts of the urine made after ealeination.
This alone can give a reliable idea of the toxieity of the urine dependent
npon organic compounds.

More recently Botazzi and Pensuti' have made an elaborate control
research, and, while finding the same ceneral results as Roque and
Lemoine, dw;um- their conclusions. Their studies were carried out in
ten cases. They collected urine during and after the febrile periods.
They found that during the paroxysm the urine showed a less intense
color than afterward. During the febrile ]wnm]- examination of the
urine with the ordinary reagents which are used in gualitative analysis
showed always a diminished amount of alkaline and earthy phosphates,
while that voided after the paroxysm showed sometimes a considerable
quantity. The specific gravity of the urine passed after the paroxysm
was higher than that during the paroxysm. They state that under other
conditions the urotoxic coefficient has been shown to run parallel to
the elimination of the potassium salts, while the presence of peptones
in the urine increases appreciably its toxicity. Both these substances
thev found present in inereased guantities in the urine passed after the
paroxysm, The lllnhiﬂn, a= already stated, is present in inereased
quantitics in the urine of malarial fever, and especially so in that fol-
lowing the paroxvsm. The toxicity of this substance has been demon-
strated by these authors, who found that the urine passed after the par-
OXYEI, W hen {]{rfruhn‘lmd lost half its toxicity. They assert, in opposition
to [{m]m' and Lemoine, llldt “there is no need to suppose the presence
of =pecial toxic substances of t]w nature of leucomaines to account for
the toxicity of malarial urine” [after the paroxysm]; “the potassium,
the ph:hphm e acid, the peptones, the urinary I}lﬁ'l'ﬂ.{‘ﬂtb, and c-r.-pcmailv
urobilin, which are found in this urine in m: arkedly inereased quantities
relatively to the normal urine and to that of the febrile period, are of
themselves a sufficient explanation.” The eause of the increased presence
of these substances is not diflicult to appreciate. The potassium salts and
the pigments which they believe to be the chief canse of the hypertoxicity
result from the destruction of the red blood-corpuscles, and the phos-
phorie acid and peptones are doubtless due to the tlmmtegrutmn and com-
bustion of the albumins and nucleins of the cellular elements of the tis-
cues.  They have not found evidence of a marked retention of toxie sub-
stances owing to dizease of the kidneys, as asserted by Roque and Lemoine.

In conclusion, they state: “ We think that we have demonstrated
(1) that in the malarial fevers the febrile urine is less toxie than that
emitted during the apyretic stage; (2) that the urine emitted during
the period of apyrexia is more toxic than normal urine; (3) that the

L Lo Sperimentale, Firenze, 1894, xlviii. 232, 254.
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t{nlut‘r of the urine of malarial ;mtunh augments constantly with the
‘-.-HEC{'-.-‘[I']II of febrile attacks, though in some caszes thiz= angmentation
appears in the form of unexpec ted and irregular exacer l‘mtlnmh ; (4) that,

as there is nothing specific in the course of the intoxieations pln:hlmwl in
rabbits with malarial urine, there is no need to suppose the presence of
-['lt—‘{iﬁ{_. toxins or substances of the nature of lencomaines, for the =alts
of potassium, phosphorie acid, the urinary pigments, the })L‘I}tulll."-,-l“ of
which substances are eliminated in increased quantities, are a sufficient
e‘lcp]ml‘itum (5) that the injection of febrile urine is followed by a
slower intoxication, characterized by sopor, by inereased diuresis, by
diarrheea, and I'Il‘rll.'l"hlhl‘- while the apyretic urine produces a more acute
etfect, sometimes hllmlmltmg charaeterized by clonie and tonie spasms
and myosis, ¢ evhorbitisine) spastic {\plhltmn (6) that to explain this
different picture one may suppose that with febrile urine the polyuria
and diarrheea are due chiefly to the inereased richness in the urea,
while the peptones may contribute to the production of sopor. In
the afebrile urines the salts of potassium, the pllu-plmrli acid, the uri-
nary pigments, and especially the urobilin, manifesting Ihf'nm-hi*« as
substances essentially convulsive, determine ]n]}vl'tnxlv!t\ (7) Finally,
besides the hgemoe vtﬂh sis and the destruction of the cellular l-lvlm-ntn
of the tissues, and the formation and elimination of toxie substances,
there must exist intermediate factors which account for the absence of
increased toxieity after the first febrile paroxysms and the irregular l"li‘—
vation and diminution in the urotoxic coefficient in some other cases.”

Laveran speaks also conservatively :-:ulu-rnmp; these experiments as a
proof’ of the existence of a spee ific toxin.

In conclusion, then, one may say that while a distinet increase in
the toxicity of the urine has been shown to be present after malarial
paroxysms, there is as vet no proof that this is dependent upon specific
products of the action of the malarial parasite.

TaE Broon.—Besides the presence of the parasites, the examination
of the blood in malarial fever reveals certain other changes which are at
times valuable from a diagnostie point of view.

(A) The Regularly Infermittent Fevers—An actual anwmia always
oceurs in malarial fever. Kelseh,! Kalindero,? Dionisi,* all noted that
a considerable fall in the number of red blood-cor J.unm'fu to the eubie
millimetre oceurred after each paroxysm, while similar results were
obtained by Dr. Kirkebride in some counts made under the author’s
observation in 1893. The fall in the number of red corpuscles may be
quite considerable, though in tertian and quartan fever the restitution
to normal is very .tlml Alwavs, however, after several paroxvsms
have oceurred there is a certain dv;rwv of anemia, which, if' the dizease
be allowed to continue, may hecome quite marked.

The percentage of hemaoglobin falls with the number of corpuseles,
but usually to a somewhat greater extent, while the return to the normal
point, as noted by Rossoni,' takes place more slowly than that of the
red corpusecles.

1 Arch. de Phys., 1876, ii. s, t. iii. 490.
* Jour. de Méd. et de Pharm. o Algérie, 1889, xiv. 123,
i Lo Jﬁ,rmruawn.!nhq 1891, t. iii. and iv. 284,
¥ Lav. d. Cong. d. Soe. Htal. d. med. Int., II* Congresso, Roma, Oct., 1889, 121.
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The behavior of the colorless corpuseles in malarial fever has been
noted especially by Kelsch,! Kalindero,* Bastianelli,® and Billings.! Tt
has been shown that the number of lencocytes in malarial fever is
almost invariably snbnormal. The smallest number of leucocytes is
seen just after the paroxysm when the temperature is subnormal. = From
this time there is a gradual, slight increase, whmh becomes accentuated
just before the paroxysm., A ru,pu:l illmmutlun in number oceurs again
during the paroxysm. At no time is there leucoeytosis,

(B) The Astivo-autumnal Fevers.—The clnug{-s in the blood in the
sestivo-autumnal fevers are very similar to those in the regularly inter-
mittent forms, differing only in their intensity. The red nnrpuaclcaﬁ
show a marked diminution with each paroxysm. When the parasites
are numerous this reduction amounts, sometimes, to as much as a million
corpuseles during a single paroxysm. Between the attacks the corpus-
cles do not show the same tendency to return to the normal number
which is observed in the regularly intermittent fevers. The restitution
is imperfeet and incomplete. The number, however, rarely falls below
one million to the cubie millimetre, alﬂmugh Kelsch has seen as small
a number as five hundred thousand. The colorless corpuseles are almost
invariably reduced in number. The changes in number follow the same
course here as in the regularly mtm*mlttent fevers. There is a diminu-
tion after the paroxysm, a slight rise just before the beginning of the
succeeding attack, with a fall again later on. The hemnoglobin follows
the same curve as do the red corpuseles, falling, however, generally to a
slightly greater extent.

In certain instances a well marked leucoeytosis has been noted in
pernicious paroxysms. Bignami has noted the unfavorable inferences
that one may draw from this symptom. In some instances this, very
possibly, dvpz-ml::. upon a secondary mixed infection. In other uﬁtanceﬁ,
however, it may oceur where eultures from the organs are quite nega-
tive. lhua, in one of the author’s cases of the pernicious algid type the
blood contained, one hour before death, sixty thousand leucocytes to the
cubic millimetre. The lencoeytes in malarial fever show certain other
changes which are quite characteristic and interesting.  Just as in the
case of typhoid fever, where the number of leucoeytes is ordinarily sub-
normal, so in malarial fever, one finds upon a differential count a well
marked reduction in the lwru';-ntagr* of the polymorphonuclear neuntro-
philes, with a corresponding relative increase in the percentage of the
large mononuclear forms.  Thus the average numerical proportions of

the various forms of lz-uu::lm tes 1n gixteen cases auulvzed in this elinie
by Billings were as follows :—

small'monoonelenr: . oG E SE SiaaaE B R T e e e
Large moncmuelear 0 o075 D57 0T dng b G S SR ST -SR] )
Polymorphonuelear.. ... o0 oo ol e
Foainophilio . -0 o0 8 B E e i T A

In the pernicious case above referred to, observed by the anthor, the
relative proportions of the different varieties of leucoeytes, notwithstand-
ing the leucoeytosis, were as follows :

L Areh. de Phys., 1876, ii. s, t. iii. 490, = Loe. e,

5 Bull, d. B. Ace. Med. d. Roma, 1890, Anno xviii., . v. 207.
v Johne Hopling Hospital Bulletin, 1894, No. 43, 105.
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Small mononuclear . . AT R e cent
Large mononuelear and trdn'ulum.il furm-{ R e e b L T
P-:-lymnrphunucle.tr S R e G AT e i T

The changes in the blood in malarial h@emoglobinuria have been
already referred to.

The grave anemiwe which may follow malarial fever will be con-
sidered later among the sequelse.

SEQUELZE AND (COMPLICATIONS.

There is no one point in the history of the development of our know-
ledge concerning the malarial fevers where so much confusion and mis-
apprehension has existed as in the appreciation of the nature of the
sequele and complications. The relation of chronie cachexia and grave
angzmia to malaria has long been recognized, as well as the existence of
an acute post-malarial I!Ll'llll]t!l"-;. The grave cerebral, nervouns, gastro-
intestinal symptoms which may oceur with acute malaria have been
already referred to. Many ﬂb*:l?l\'(,l-:, however, do, even today, azeribe
to the malarial poison the capacity of pr mllrf:mg of itzelf a considerable
number of other complicating processes ordinarily dependent on other
specific causes. These nh-.t-rvm' have in particular l.ll_“-(‘.llhull a charac-
teristic ““ malarial pneumonia,” “ malarial dysentery,” ete. That such
misapprehension should have arisen is not remarkable when we consider
the many ways in which the simple malarial procesz may be masked or
complicated.

Asecoli! states clearly the main possibilities in this direction as follows :
“ Finallv, in conclusion, we may distinguish the following eclinical
forms : (1} Malaria which simulates another pathological process. (2) A
disease, the [ordinary] course of which is known, which, in an indi-
vidual a-uﬁu‘mg with chronic malaria, progresses aml dev t~lu|1-- anomalies
in itz course according to the stage o of the cachexia. * (3) A fresh malaria
develops in a Hlll!]{‘{’ who is at that time in an apyretic stage of the
disease or suffering from the remains of a former infection (combinata).
(4) Different varieties of the hiematozoa exist in the blood of a patient
suffering from malaria alone (mista). (5) Two febrile diseases exist
together and contemporaneously (concomitanti): (a) exerting a recipro-
cal influence detrimental to the organism ( proporzionate) ; in certain of
these eases the reciprocal influence is not manifest throughout the entire
course ; (b) each preserving its more constant and common symptom-
atology (associata). (6) The malaria may prepare the ground for the
develnpment of another acute infection, or it may follow after another
infection has run itself out {mnaemfrm}.

The sequele and complications of malarial fever may be divided into—
(1) Those sequele or complications due directly to changes pmdu{-{*{i by
the malarial parasites or their toxie produects ; (2) truc complications,
mixed infections.

1. Sequelze and Complications due directly to Changes produced
byv the Malarial Parasites or their Toxie Products.—In the section
upon the pernicious fevers the acute symptoms produced by the special

! Bull. della Soe. Lane. d. Osp. di Roma, An. xii., 1891-92, 103,

* “ Una malattia di processo morboso noto che, attacando un malarico chronico, assume
andamento e parvenze variabili secondo lo stadio della cachessia.’
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localization of the parasites in the brain, lungs, or gastro-intestinal tract
have already been discussed. It is therefore unnecessary to refer again
to the acute choleriform and comatose cases which might so readily sug-
west a mixed infection.

RELaprses.—The extreme frequency with which relapses are met in
malarial fever has been referred to in the section on fevers with long
intervals.  Most cases, unless treatment be thoroughly carried out, show
recrudescences in the course of one or two or three weeks, These are
clearly proven to be due to the fact that all the parasites have not been
destroyed by the treatment. The few which escape form a nucleus for
the development of new groups, which in the course of a week or two
arrive at a degree of development sufficient to result in a fresh outhreak
of the symptoms. The reerndescences are, ordinarily, in every way simi-
lar to the original attacks. There is, howev er, I‘.H!ﬂlt_’l‘ varie t‘g of 1‘Ll.lp=-e
which has been recognized for many years—viz. the reappearance of an
infeetion many weeks or months after all symptoms have disappeared.
[Tndoubtedly, many such cases are fresh infections. There are, however,
ases where a fresh infection can be definitely ruled out, while the
malarial nature of the process iz undoubted. An interesting ['_\;H'[[]]}]E
of the reappearance of fever after a long period of perfect health is the
case of a friend of’ the author, a physician himself, wholly familiar with
malarial fever, elinieally and pathologically. Thu‘mg the fall of 1880
Dr. suffered from a prolonged attack of tertian fever which reduced
him to rather a cachectic condition. Recovery followed full doses of
quinine. For twenty-one months after this the health was perfectly
good, the patient living in non-malarious distriets. On a hot afternoon
of juutl-t 1882, while making a pedestrian tour in the Tyrol, after a
pmlunm-{i wall, llurm;_r: which the patient was subjeeted to great changes
of temperature, there was a well defined characteristic malarial parox-
vsm. The true nature of the attack was not suspected, but on the third
{Liv} at the same hour, while travelling in a railwav-carriage, there was
a second paroxysni. (}n the fifth day, again, at the same hour, a third
characteristic paroxysm occurred. Convinced then of the ‘malarial
nature of the attacks, treatment with quinine was begun, which resulted
in the immediate and permanent disappearance of the paroxysms. In
the words of Dr. , “ In this case there can be no question of a second
infeetion. I had not been in a country where there was any malaria
for two years, and for three weeks before the appearance of the first
chill T had been in the mountains of the Tyrol.”

The absolute proof—the discovery of the parasite—is here wanting ;
there can be little doubt, however, as to the nature of the case. The
explanation of these cases is diffieult. Tt is highly improbable that the
parasite has remained present in the blood, passing 'rhr{}ugh itz ordinary
evele of n;lewlnpm(-nt, and vet some i i the parasite must exist
throughout this time. Bignami, as was noted in the description of the
parasite, suggestz that some form of the organism—which perhaps we
have not yet been able to discover, possibly a non-staining spore—may
persist in some of the internal organs, possibly within the protoplasm
of some of the cellular elements.

Curoxte Mavarian Cacuexia.—The commonest sequel to mala-
rial fever is that which is generally known as chronic malarial eachexia.
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In malarious distriets many lmtn-ntn.. allow an infection to continue for
weeks, months—nay, in some instances, even for years—without ever
attunptmw a *ﬂ:-_utt‘nmtlf or thorough treatment. The result is, natu-
rally, a serious drain upon t the vital resources of the mlhu{iu.ll The
course of such a ease is commonly as follows : The patient has several
paroxysms, and takes a few doses of quinine, which are followed by
a disappearance of the fever, or after a week or so of paroxysms
which have been untreated the fever disappears spontaneously. Fre-
quent relapses oceur which are improperly treated or allowed to take
their own course. In s=ome instances of wstivo-antumnal fever a p.ltlf:ut
may remain for a long period of time with a slight, irregular fever, no
sharp, definite, |1h||¢1:|'|‘11 paroxysms being observ l."ll The first l[--ull;
of a continued process of this nature is the gltulu'll development of an
angemia which usually becomes marked, and iz sometimes extremely
grave. The patient has a sallow, erayish vellow color; the lips and
mucons membranes are blanched ; the tongue is often :-f:run-:f there is
frequently wdema of the ilE*])l'llll["llt parts. The spleen is usually greatly
enlarged, sometimes reaching to the right of the median line.  Indeed,
sOme of t]w largest splenic tnmors which occur mayv be seen in llu-w_‘
cases. The ]u:p.ltu' fAatness is inereased in extent ; the border is often
pﬂ]l}dhli‘ reaching sometimes a considerable t|t-~nll‘tu' below the costal
m’ugm The lmtwnt suffers greatly from exhaustion, severe headache,
pains in different regions of the body. Severe supraorbital II'[_‘llhl;li_l.:l
may exist, Sudden motion or exertion is followed by vertigo or faint-
ing. The gait is tottering and unsteady ; there may be a marked oeneral
tremor.

The examination of the blood during an afebrile stage may be quite
neg;t.tn'(, excepting for the anwemia. 1|k[mﬂ commonly oceasional para-
sites or pigmented lencoeytes may be found, while in estivo-autumnal
infections the characteristic erescentic or ovoid pigmented bodies are
usually to be seen. Chronic eachexia may follow any variety of infec-
tion. In the majority of instances, however, it re }”}'I'("hlllt“ an untreated
wstivo-antumnal infection, and in these instances the crescentic and
ovoid forms of the pxll'a.-:{tﬂ may be found. The same condition also
follows frequently repeated attacks, even though the individual attack
has 'EILLII actively treated. The tendeney toward l]l{:p‘n{[d] transuda-
tions is gener: 1""-' decided, and at times may give rize to confusion.
Thus, in -m.'eml instances the author has i:ll'l'-{"'[“l. ed cases of moderate
angemia with quite marked cedema of the dependent parts and complete
absence of fever, where, owing to an unsatisfactory history and the fail-
ure to find parasites in the blood, the true nature of the process was
wholly unsuspected until the appearance, within several weeks, of a re-
lapse. Gastro-intestinal disturbances are very common in malarial
eachexia, and the grave anemia, with diarrheea, ;edema of the dependent
parts, the enormous splenie tllmul' reduce the patient to a most distress-
g condition of marasmus, ulnl'a- he is an easy prey to complicating
mfectmua of all sorts.

Chronie malarial ecachexia is not uneommon in children, where,
owing to the irregularity of the symptoms, the true nature of the pro-
cess 1= often 'Elllhll"-pl‘i"t(‘il [t may lead to the most intense grade of
infantile dh‘uph_v. The child becomes ereatly emaciated ; the sallow,
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aravizh vellow, P.llfhlllf‘l]l’-—lllx(‘ skin hangs in folds ; the mucous mem-
pranes are blanched. There are ﬂ(*(‘.d-.!ﬂll._‘l"}' slight febrile attacks, the
child becoming cold and blue, or, perhaps, showing now and then a
=light t'('dfl'tlllﬁt* attack. There are persistent gastro-intestinal disturb-
ances, vomiting, diarrheea, as well as, perhaps, diffuse bronchitis. The
spleen is always enormously enlarged.

Posr-savarian Axamia.—The anemia associated with malarial
fever may assume various forms. Thus, Bignami and Dionisi' have
distinguizhed four types of post-malarial anszemia.

(1) Ansemia, in which the examination of the blood shows alterations
similar to those observed in ordinary secondary anemia, differing from
these cases only in that the leucoeytes are diminished in number. These
cases often show well marked oligoeythemia ; nllgm,hmlnﬂ,]mu relatively
greater ; more or less poikiloeytosis ; nucleated red corpuscles (normo-
blasts).  The lencoevtes, as already stated, are diminished in number,
while the relative proportion of the large mononuclear forms is increased
at the expense of the polymorphonuclear cells. The greater number
of these cases go on to recovery ; a few, however without any change in
the heem: |tn]n;_g~|("|| condition, pursue a fatal course.

(23 Angsemia in which thv blood shows changes or alterations similar
to those common in pernicious ansemia—i. e. marked oligoevthemia ;
oligochromemia relatively less; marked poikiloeytosis ; nucleated re d
Url}:lli-tl]{“- for the most part gigantoblasts ; leucoeytes, diminished in
number with an inerease often in the small mononuelear forms, and a
diminution in the polvmorphonuelear varieties. These cases end f:ltall}'.

(3) Angemia s=howing the ordinary charaeteristiecs of secondary
anemia, excepting for the complete absence of regenerative forms
(nueleated red corpuscles). These cases are progressive and fatal, the
marrow, at autopsy, showing, as has already been stated, no ev ]di']l[‘[" of
regenerative activity.

(4) Chronie secondary angemiz oceur in prolonged cases of malarial
achexia, and are remarkable for the small number of nueleated red
corpuscles present and the marked reduction in t]w number of the leu-
cocvtes, particularly of the polymorphonuclear variety. There are,
however , post-malarial anemias which do show clft!"l the clearing up of
the infection a le mcoeytosis similar to that in ordinary secondary anemia.
This is probably a favorable sign, pointing to a r: t]}l{‘] I*Egcneratmn.

Mararian NepHRITIS —T he erave damage which the kidneys may
suffer in certain acute malarial 111h*¢t1ml-. either from the direet action
of some toxin produced by the hsematazoa or from the presence in the
circulation of injurious substances, due ||1rhwﬂtiv to the action of the
parasite, i= most strikingly brought to one’s notice in the intense acute
nephritis which, as deseribed in a previous section, may follow mala-
rial hsemoglobinuria.  The kidney, however, rarvely escapes a certain
amount of damage in any severe malarial infeetion. Thus, out of 284
cases analvzed by Hewetson and the author, albumin was found in
nearly one-half, while severe acute nt-}}hrlth was present in 4 instances.
The mphl]th inlinmnw malarial fever i= usnally a mild aeute, diffuse
process similar to that observed in any infections disease. In some
instances, as stated in the section on malarial hsematuria, the course
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may be rapid and fatal ; in the majority, however, the prognosis is
favorable and complete rm'uu-w occurs, It is not 1mlm=--~1hl{‘ that, in
some instances, a fatal chronie diffuse lmplmth may owe its origin to
the malarial poison ; however, definite proof of this is as vet udnt:ug
There i nothing absolutely char: acteristic, clinically or pathologically, i
these instances of malarial nephritis,

AMyrLoip DEGENERATION.—Amyloid degeneration is an oce: mmmi
sequel to malarial fever. Two cases were reported by Frerichs," and
several others have recently been studied by Marchiafava and Bignami.®
These cases have followed after a long series of febrile attacks, those
which have been carefully studied ]J.u'mu' been sstivo-autamnal or
obstinate guartan fever, The clinical svmptoms are those of® nephritis
accompanied by an extremely rapid eachexia, ending fatally, as a rule,
within several months. The blood in these eases may show the mlulj-
tion first noted by Ehrlich as of grave portent—viz. complete absence
of nucleated red corpuseles and eosinophilie cells, and reduetion in the
number of the lencocytes, with an excess of lymphoeytes, while at
autopsy the marrow of thL long bones is found to be untm*h fatty,
showing no evidence of an attempt at proper regeneration.

ATROPHY OF THE (FASTRO-INTESTINAL MUCOsA.—Pensuti® has
reported a case of extensive :It'l'(ll['lll_\.' of the gastro-intestinal mucoza fol-
lowing, apparently, an acute malaria. Constant diarrhea followed the
attack, resulting in great exhanstion and death from broncho-pneumonia
in three months. Though Baccelli was inclined to believe that the
change was direetly due to the action of some toxic substance connected
with the malarial infection, the case cannot be s=aid to be wholly
convineing.

Marariarn HepariTis : MALARIA AND CirrHOTIC PROCESSES.—
As has been stated in the section on Pathological Anatomy, many ob-
servers insist upon the oceurrence of a true atrophic eirrhosis of the
liver as a sequel to malarial fever. There are many reasons which
would lead us to believe that this may, in some instances, oceur, but
clinically, in thiz climate at least, such cases are rarely met with. In
few instances does one meet wnh a true atrophic ecirrhosis of the liver
in which other important etiological factors have not al=o been present.
No zuech ease has come under observation in the Johns Hopkins Hos-
pital in the seven years since its opening.  On the other hand, chronie
hepatitis, resulting usually in an inerease in the size of the liver, is com-
monly observed in malarial eachexia and following repeated malarial
infections.  Distinet elinical symptoms due to the hepatie changes do
not apparently exist.

Mavarian Paravvses.—Cerebral Paralyses—Varions paralyses
have been deseribed in association with malaria. The different forms
which may occur in acute pernicions malaria have already been referred
to. l‘lw\' arve usually transitory, disappearing under treatment, and are
dne ])mh.lhlv to cireulatory disturbances induced mechanically by the
parasites : they are almost always cortical in nature. The nervous
symptoms in acute malaria are more commonly irritative than p.n.ulxtu-

Oceasionally symptoms suggesting involvement of the spinal cord

L Foe. cif. 2 Loe. il
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may oceur. Several Italian observers have reported cases where the
symptoms strongly suggested disseminated selerosis.  In all these in-
stances the parasites were found in the cireulating blood, and recovery
followed treatment by quinine. In one of Torti’s® cases there was,
however, no fever, notwithstanding the presence of active parasites in
the blood. In such instances it is easy to conceive that without exami-
nation of the blood a diagnosiz would be quite impossible. DaCosta®
has also reported a case of paraplegia with intention tremor, severe
headaches, bitemporal hemianopsia, and mental symptoms, where the
blood showed the wstivo-autumnal parasites. Recovery oceurred under
quinine. The cases of “acute ataxia” reported by Kahler and Pick*®
were probably truly malarial. Bastianelli and Bignami* have reported
a case showing symptoms of the so-called “ electric chorea™ or * Dubini’s
disease.”  This was associated with a continued fever, the nature of
which was not, at first, determined. Examination of the blood later
showed it to be due to an @stivo-autumnal malarial infection. Recovery
oceurred under quinine. They believed that the process was due to
“lesions secondary to the cerebral loealization of the parasites.”

All of these processes coming on with acute malarial fever are essen-
tially favorable in their course it treatment be begun in time. Aceord-
ing to Boinet and Salibert, however, permanent paralyses, both cerebral
and spinal in nature, may follow malarial fever.

Cases of peripheral newritis following malarial fever have been
reported, though definite proof that they were malarial in origin has not
been obtained.  From what we know, however, of the pathogenesis of
the disease, we may readily believe that malarial fever as well as other
acute infections disenses, may be followed by acute degenerative lesions
in the peripheral nerves,

Some observers have believed that there was some predisposing rela-
tion between malarial fever and Raynaud’s disease (symmetrical gan-
grene), though this i= by no means proven. Poncet has deseribed a
retinitis and a retino-choroiditis, due to emboli of melaniferous leuco-
evtes in the capillaries.

MexTAL Disgases.— Various mental affections may follow malarial
fever, just as mayv be the case with any acute infection. There is
nothing especially characteristic in these cases. Thus, one of our
instances of tertian malaria was followed by an attack of paranoia last-
ing for several months.

True Complications and Mixed Infections.—Malaria, like any
other aente disease, is subject to various complications, many of which
are a result of mixed infeetions with other pathogenic agents. As stated
before, many of the symptoms eansed by mixed infeetions were believed
by the older observers to be due directly to the malarial poison. Of
late, however, with our inereased facilities for study and appreciation
of these conditions, it has been recognized that in the majority of
instances the complieation is dependent upon a true mixed infection.

Proymoxary Comprications.—PyxgevusMoxta.—As has been stated

I Bull. o, Soc, Lane. d. Osp. d. Koma, 1801, xi. 217.

? International Clinies, Philada., 1881, 11, 246,

2 Reitriige z. Pathologie w. Pathologischen Anatomie des Centralnervensystem, Leipzig, 1870,
 Bull, . B, Ace. Med. di Eoma, 1893-94, Anno xx. p. 221,
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in an earlier section, many observers have deseribed pernicious fevers
which during the paroxysm showed well marked pulmonary symptoms,
dyspncea, pain, hemoptysis. These symptoms, dependent probably upon
the special localization of the p: arasites in the puhunu.u\. capillaries, are to
be sharply distinguished from true pnenmonia, which may, and not un-
ﬁ"(,(]lli*llth'l’lﬂl'_“- L[!Il]l]]l{,dfﬁ a malarial attack. Again, in :(=|t|in instances
an ordinary acute pneumonia may present an intermittent fever which
simulates quite closely the chart of intermittent malarial fever. These
cases, however; may be readily recognized by the absence of the parasite
from the ¢ lr(,uLl,tmw blood. Such cases have been deseribed by Wunderlich,
Jaceond, Hl_‘l‘tmnii, and Andrew Clark, while Ascoli' gives an excellent
chart. True acute pneamonia and malarial ﬁ'\'m may, however, {(IL\.l-xt
In these instances the course of the pneumonia may be but little in-
fluenced by the coexisting malarial fever, while in other instances the
exacerbations and remissions of temperature may be quite marked.
Here the pulmonary process is a genuine croupous pneumonia, due, as
has been shown by Marchiafava and Guarnieri,® to infection with the
{hplm oceus lanceolatus.  Its course is quite uninfluenced by t]u:* admin-
istration of quinine, and its connection with malarial fever is purely
aceidental, unless, as it may be in some instances, a preceding malaria
has pr (-lmwed the ground for the pneumococcus infection by reducing the
vital forees of the individual. Pneumonia oceurring in individuals suf-
fering with chronic malarial eachexia appears to pursue an unusually
malignant course, owing, doubtless, to the m-:llsLL{l condition of the
patient. Retarded resolution and “{Il"g'élllld.'ltlllll of the exudate are
not uncommon in these instances (Ascoli). Broncho-pmewmonin is also
occasionally observed in association with malaria. The infection, how-
ever, is purely secondary, in no way direetly related to the malarial
process.

Prevrisy.—Certain observers have deseribed symptoms in aecute
pernicious malaria sugeesting pleural involvement where, on autopsy,
nothing was to be found. In other instances pleurizy and malarial fever
may coexist, althongh there is nothing whatever to show that this pleu-
risy is not an entirely separate process from the malarial infection.
There is nothing abnormal in the elinical or pathological course of
such a pleurisy ; it is uninfluenced by the administration of ¢uinine,
These cases are not to be confounded with the plenral transudations
which may oceur in cachectics.  Quinine has no influence upon the process,

Tvyruorn FEvEr.—The relations between malarial fever and typhoid
fever have been much discussed, and are today lunhuhh more generally
misunderstood in this country th'm any one I}t}lllt in connection with
the febrile diseases. Since the r||-m'-.{1"r of” the malarial I‘.I.Ild‘-lt{‘ with
our modern means of diagnosis, there is no reason for the existence of
any such confusion at the present day. The great similarity between
the symptoms in certain ecases of mstivo-autumnal fever with typhoid
fever has been pointed out in earlier sections. There is, however, no
excuse whatever for the physician who today fails to recognize the
malarial nature of such a fever after a few days’ observation. The
simple examination of the blood will invariably settle this question,
the parasite being always present.

I Loe. cit. 2 Buil d. K. Aec. Med, di Foma, xv. 1838-89, 355,
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Few are unfamiliar with the term so eommonly employed, * typho-
malarial fever.” It was supposed that in malarious distriets there ex-
isted a continued fever which depended upon the combined action of
two poisons, that of malaria and that of typhoid fever—true “ pro-
portionata,” in the sense of the old Italian observers. This fever was
supposed to be markedly resistant to quinine and to betray its malarial
nature by the frequency with which rigors oceurred. We know today
that ¢ typho-malarial fever” as a distinet entity does not exist. Rigors
occurring in the course of typhoid fever are by no means uncommon,
but are of themselves wholly insufficient evidence on which to base a
diagnosis of malaria. We know, on the other hand, that there exist,
in this ecountry at least, no malarial fevers which resist for more than
three or four days the action of quinine. True complications of typhoid
fever and malaria may occur, but they are rare, only one doubtful in-
stance having been observed in zeven years in the Johns Hopkins Hos-
pital, where both typhoid fever and malaria are, unfortunately, very com-
mon. Typhoid fever may be acquired by a patient suffering from acute or
chronie malaria. A fresh malarial infection may break out or a slumber-
ing infection may come to life again during the course of typhoid fever.
But this eondition is uncommon, and in no way justifies the term typho-
malarial fever.  There is little doubt that the enormous majority of cases
referred to today as * typho-malarial 7 fever in this country and else-
where are cases of typhoid fever, pure and simple. Too much stress
cannot be laid upon this point, for the groundless assumption that there
exizsts in thiz country a fever due to the combined action of t}'rlu‘.rifl and
malarial poison, pursuing a fairly characteristic course and calling, from
it= malarial nature, for the continued use of quinine, has exercised in
the past, and is exercising today, an extremely injurious influence upon
the medical practice of this country. This influence cannot fail to be
appreciated by the intelligent observer who has occasion to note the
quantities of quinine which are systematically administered to many
cases of uncomplicated typhoid fever in various distriets of the United
States.

In the instances of true mixed infection of typhoid and malarial
fever the picture may be most varied. If a fresh malarial attack or a
relapse break out during the course of typhoid fever, well marked in-
dications of the paroxysms, varying according to the type of parasite
present, may be observed, as shown admirably by the charts recently
published by Gilman Thompson.! In these instances the blood shows
the presence of the parasites; these, with the symptoms dependent
upon them, disappear immediately after ordinary doses of quinine. If,
on the other hand, the typhoid fever develop in the course of latent
or chronie malarial infection, the symptoms on the part of the malarial
parasite may be almost absent.

IxTESTINAL CoMPLICATIONS,—The ocenrrence of diarrhcea, partie-
ularly in children, during acute paroxysms is well known. The changes
produced by the malarial parasite in the intestine in certain acnte per-
nicions cases have already been considered ; the acute choleriform per-
nicions paroxysm is truly malarial in nature. There is nothing, how-
ever, to show that the more chronic dysenteries and diarrheeas often

! Trans. Ass. Am. Phys., 1894, 110.
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associated with eachexia are in any way directly conneeted with the
action of the malarial poison, excepting in so far as this may have pre-
pared the ground. It iz not impossible to conceive that severe infee-
tions might follow directly upon an acute choleriform attack. Partie-
ularly interesting are several cases noted in the medical elinic of the
Johns H{]lelr- Ill]'-!!ll-_il where the Admeaba coli has been found in the
dﬂ]ef_t.l of lmtlmlta muﬂmmw *lIIllllt'lIil"Ullhlﬁ with acute malaria and
dysentery. In all of these instances the intestinal process might well
have been dirvectly aseribed to the malarial poison. The fre e ney ‘ﬁ.H’l]
which the Ameba coli is associated with Tilrl‘llhll dysenteries makes i
exceedingly probable that many of these post- -malarial intestinal J.ﬂ'l.'i'-
tions in t‘l‘(‘.l[llhll climates may be in reality due to a mixed infection with
the two protozoa, as in our instances

TUBRERCULOSIS.—Numerous uh.-:{?l'\::il'.-:, and particularly Boudin,! have
asserted that tuberenlosis was directly antagonistic to malarial fever and
the converse. Boudin pointed out that tuberculosis was rare in countries
where malaria existed, and that where tuberceulosis was common malaria
was rare. This assumption has exerted a certain influence on the minds
of many. Experience, however, has shown that it lacks foundation.
In many of’ the districts where malaria is common it 1s true that tuber-
culosis is unusual, owing to certain climatic influences.  In the northern
regions, where tuberculozis iz more common, malaria, as i= well known,
1s ml':tnr&]r infrequent.  In other regions we find malarial fever
and tuberenlosis side l}}' side, 1|1t|t11*m~h' associated, oceurring, by no
means infrequently, in the same patient. Marchiafay a,* lmlm-el
ielined to believe from his observations that chronie malaria is Iml an
uuun]mlt'mt predisposing cause to pulmonary tuberculosis. It is, how-
ever, really interesting that among the 614 cases analyzed by ]I{‘\H'tﬁ{ﬂt
and Hw author in Lot a single instance was puhnun.ln tuberculosis
present.

OrHer InrrEcTIONS. —Infection with the other pathogenie organi=ms
is not so very rare ; thus the author has observed furunculosis, pavofitiz,
tonsillitis, and aeute }.!'.--.r'u.iur.r.l'mm while in one fatal case, admirah 1'-. studied
by B:ll‘lﬂ? there was a _L";Ullt'l"'ll infection with the Streptococeus pyogenes.
Antolisei emd Laveran have obzerved cases of variola complicated dur-
ing convalescence by characteristic malarial fever, while Baccelli has
observed the same in cases of other evanthemeate.

Posr-parruMm AND PosT-0PERATIVE MALARTA—One hears not in-
frequently of post-partum and post-operative malarial fever, and it is,
alas !only too common today to aseribe elevations of temperature during
the first few days after ups*mtum and during the puerperium to malari: lI
fever. This condition is probably rare. There are fow such instances in
literature where the malarial nature of post-partum paroxysms was def-
initely proven, In the seven years since the opening of the Johns Hop-
kins II(JHIHL]' not a single case of post-operative malaria has ocenrred.
Undoubtedly, the reduced condition of the patient during these periods
might, and pwﬂmhh does, favor a reerudescence of the latent malarial
infection. It iz, on the other hand, probable that the majority of
instances of supposed post-partum aml post-operative malaria have no

U Phaité des Fidvres intermitlentes, Paris, 1842,
® Bull. d Soc. Lanc. d. (Jsp. d. Roma, 1391, Anne xv. 156
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connection whatever with true malarial fever, but represent simply a
septic infection.  This has been the case in every instance of suspected
post-operative malaria which has come under the anthor’s ohservation.

IxsoraTioNn.—The complication of an active or chronie malarial
fever with insolation is probably not very uncommon. Bastianelli and
Bignami ' have recently demonstrated in an interesting manner the fre-
queney with which such cases have, 111 Italy, been considered as essen-
tinlly malarial in nature. The pernicious nmldrml fevers are particu-
luh' common at the hottest season of the vear, while the individuals
most subjected to malarial infection are also often those who work
bareheaded in the fields, exposed directly to the sun’s rays. These
observers called attention to the fact that a number of instances of what
has been considered pernicions comatose malaria have been rt,]mrtcd n
which, at autopsy, only cerebral hypersemia, pulmonary hypostasis, and
slight degenerative changes in other organs were observed. In some of
these cases no malarial parasites were to be found ; in others, evidences
of a recent infection ; in others, perhaps the ﬂ']{lclme of a recent infec-
tion with the pwuvnm of a small number of active parasites—far too
few, however, to account under ordinary eireumstances for such grave
Hmptmm Cases of this nature have led some observers to assume
that a very small number of parasites mlght give rise to severe per-
nicious symptoms, owing to their excessive malignaney. It is mueh
more probable, as Bastianelli and Bignami state, that the process repre-
sents a complication of malarial fever with 111&{}1‘1t1-:}11 which might oceur
in an individual with active malarial fever or in one who has recently
recovered from an attack. Indeed, it is not impossible that a preceding
malarial infection, by reducing the strength of the individual, may
render him more I--uine*l{i: to such attacks.

Diacrosis.

(1) Tue REGULARLY INTERMITTENT FEVERS. ~+T]1{1 diagnosis of
the regularly intermittent, tertian, and quartan fevers is ;:-;{'m*ml]}"a rela-
tiv a-]v simple matter. The wtrul.n paroxv=ms with their three stages of
chill, fever, and sw eating are o characteristic as to leave little doubt in
most instances concerning the nature of the process. The angemia and
the enlarged spleen which are present in the vast majority of instances
are alzo important from the point of view of differential diagnosis. Oecea-
sionally paroxvsms very closely similar to the malarial access may
ocenr from other infections canses, and sometimes the regularity with
which the individual paroxysms may sneceed one another may lead
to errors in diagnosis.  The paroxysms, however, in malaria differ in
certain respects from those ocenrring in most other acute infections.
Thus, the average duration of the malarial paroxysm, if we estimate the
course from the time the te mperature passes 99° until it again falls below
thi= peint, is from ten to twelve |1n|||-} while in other infeetions the
course iz often materially shorter. There may, of course, be mild mala-
rial paroxysms which last but four or six huur;-. but in these the tem-
perature is correspondingly moderate. One l'arul}' observes in malarial
fever temperatures of 104°, 105°, or 106° in a paroxysm lasting as short

Y Bull. d. R. Aec. Med. d. Roma, 1893-94, Anno xx. p. 151.
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a time as six hours or even less.  The writer has seen cases of septic in-
feetion in which, for a considerable length of time, chills elosely simu-
lating those of malarial fever oceurred, while the anemia and enlarged
spleen were also present. The chief difference to be noted was the

marked difference in the length of the paroxysms, which were some-
times as short as four or five hours, the temperature reaching, perhaps,
within this time a point as bigh as 106°. The same may be true of the
chills which are not so infrequently seen during the course of typhoid
fever—chills caused, doubtless, by auto-intoxications as yet not under-
stood. Whenever thE teml‘.-{,nmlro rises as high as 104° and the par-
oxysm lasts no longer than six hours, one is justified in the suspicion
that the fever is not malarial in origin.

At times, however, other infections may give ll-E to paroxysms most
closely simul: ating thﬂhL of malarial fever. Thus, in two instances the
writer has observed typical quotidian paroxysms lasting from ten to
twelve hours, and beginning nearly at the same hour on two sncecessive
days, which were considered to be malarial in nature, but which, upon
examination, turned out to be due to acute otitis media (in one umtanue
due to the diplococens lanceolatus).

The intermittent fever which is most commonly confused with mala-
ria iz that associated with pulimenary tubereulosis. It iz probably no
exaggeration to say that the majority of cases of pulmonary tuberen-
losis arising in the malarial districts of this country are, at some time
in their course, mistaken for malarial fever. Intermittent fever, recur-
ring often at fairly regular hours on suceeeding days, is the rule at some
stage, earlier or later, of pulmonary tuberculosis, while actual chills
may oceur. It is natural that the patient should aseribe such symp-
toms to malaria ; there is, however, no excusge today for such error on
the part of the ]l]l}r.-lLI.'lI]. The sallow color, the angemia, the enlarged
spleen will serve to distinguish the malarial process from the tuberculo-
sis, where, thongh the face ‘be pale, the lips and mucous membranes show
uﬂhﬂh’ a good color, while splenic enlargement is rare. The examina-
tion of the lungs, sputa, and blood will determine the diagnosis.

The chills which often oceur in the course of gonorrhea or those
following catheterization or the passing of sounds may be confused with
malarial fever. The urethra should always be examined in doubtful
cases.  In some cases of grave =epticeemia following gonorrheea there
may be little or no evidence of an aetual urethritis. Here the exami-
nation of the blood will immediately settle the question. In the one
instance there is lencoeytosis without malarial parasites ; in the other,
a normal or reduced number of leucocytes with the presence of the ma
larial organism. In all these cases the final decision must be dilnul
at from an examination of the blood. It is through this alone that a
positive diagnosis of malarial fever can be made.

METHOD OF EXaMINATION 0F THE BLooD.—For the satisfactory
examination of the blood an oil-immersion lens is absolutely necessary.
No physician today can eonsider himself equipped for practice without
a good microseope and an oil-immersion lens. Though much valuable
work has begen done with dry lenses and lower powers, it is folly to
attempt careful work without better means. The simplest and best
method of studying the malarial parasite is in the fresh blood at the
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bedside or in the consulting room. The steps toward the preparation
of the specimen are quite simple, though certain precautions must be
rigidly adhered to. The cover-glasses and the slides must be carefully
washed in aleohol or aleohol and ether in order to remove all fatty sub-
stances ; they should always be washed immediately before use. The
blood may be taken from any part of the patient’s body, though the
lobe of the ear is perhaps preferable, inasmuch as it is less sensitive and
more readily approached than the finger-tip, while a smaller puncture
will deaw more blood. This method is also more satisfactory than the
puncture of the finger, in that the patient cannot =o readily observe the
proceeding—a point of considerable importance in nervous patients and
in children. The ear is first thoroughly ecleaned ; the lobe is then
punctured with a small knife or lancet. For the most ecareful pro-
cedures it is advizable to wash the ear with zoap and water, and after-
ward with the aleohol and ether. But, practically, it is often advisable
to make as few preparations as possible, and unless the ear or finger be
extremely dirty one may proceed at once. A pin or needle will, of
course, answer the purpose, but it is well to remember that a stab made
by a round blunt-pointed instrument i= much more painful than that
by a sharp cutting edge, while a eonsiderably deeper stab is required to
draw a given quantity of blood. If a very sharp spear-pointed lancet
be used, and the lobe of the ear taken firmly between the fingers so that
the skin is held tense, very slight pressure with the tip of the lanee
will eause an incision deep enough for all purposes. This process is
almost without pain to the patient. By proceeding earefully blood may
often be obtained in this manner from a sleeping infant without its
awakening.

After the first several dvops of blood have been wiped away the
freshly cleaned cover-glass is taken in a pair of forceps and allowed
to touch the tip of a minute drop of blood. It is then placed imme-
diately upon a perfeetly elean shide. It is well, if a third person be
present, to allow the =lide to be '..'i;_rnr{m.-al}' rubbed with a elean linen
cloth just before the application of the cover-glass. The spreading out
of a drop of blood will be thus considerably facilitated. If the slide
and cover be perfectly clean, the blood will immediately spread out
hetween them, and, unless the drop of blood be too large, the corpus-
cles may be seen lyving side by side entirely unaltered in their main cha-
acteristics.  The drop of blood which is taken should be very small
unless the patient be very anwmic, and care shounld also be exercised
that the tip of the drop only touch the cover. If the cover be placed
rudely against the drop and pressed perhaps also against the ear, the
blood may so far spread out that the process of drying may have begun
at the edge of the drop before the glass is laid upon the slide. If this
be the ease, the immediate spreading out of the blood between the slide
and the cover does not oceur.  No pressure whatever should be exerted
upon the cover, which should not be pushed or allowed to slide. The
specimens will remain in good condition for a considerable length of
time, an hour or more—long enough to be thoroughly examined. If
one desire to observe the specimen for a greater length of time, the per-
iphery of the glass may be surrounded by paraffin or vaseline. In
this manner we may see the parasites living and in active motion, while
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the most qums]te examples of phagocytosis may be observed. By
enclosing the specimen in paraffin or vaseline the preparations may, if
handled carefully, be carried from the residence of the patient to ‘the
consulting room ‘and there examined, but under these cireumstances one
must generally rely upon dried and stained specimens.

The pre]mratmn of specimens for staining is quite simple, requiring
only a llttlt,I experience and |1mf:tu-u Stained specimens are of especial
assistance in the detection of the unpigmented hyaline bodies, particu-
larly the pale tertian forms and those of the wstivo-autumnal parasites.
A small drop of blood flowing from the lobe of the ear or the finger-tip
iz collected upon a perfeetly clean cover-glass, which is immediatelv
placed upon another glass. The drop of hlﬂml it the two covers be
perfectly clean, lemda out immediately between the olasses. The
cover-glasses are then drawn apart. If neither glass be lifted or tilted
during this process, they will slide apart readily without sticking. If
the glasses have remained together so lnng that they have be oun to
adhere, one may be sure that the specimen will be no longer perfur
The glasses, thus prepared, are allowed to dry in the air, w hich they do
usnally in the course of a few seconds, and may then be preser ved for
an almost indefinite length of time. To prepare them for staining
the glasses should be heated upon a copper bar or in a thermostat at a
temperature of 100° to 120° C. for two hours, according to the method
of Ehrlich, or they may be placed in absolute aleohol and ether, equal
quantities, f(:-r two hours or more (Nikiforov’s method).

The malarial parasite is readily stained by most of the basiec nuelear
dyes. The simplest method is _'}E'I'hilp'-: to stain with a concentrated
aqueous solution of methylene |_'llll.lﬂ or Liffler’s methylene blue :

Coneentrated aleoholie solution of methvlene blue, 30 c.c.
Solution of caustie potash 1 : 10,000 100 *

In either instance, the specimens should be stained for from thirty
seconds to a minute, washed in water, dried between filter papers, and
mounted in oil or balsam. The red corpuscles then will be un-
stained, while the nueclei of the lencoevtes and parasites will be stained
a clear blue.

A contrast stain may be obtained by the following method : The
cover-glass specimen, after fixing in absolute alcohol and ether from
four to twenty-four hours, is }ﬂawd for a few aurmul- (thirty seconds= to
five minutes) in a 0.5 per cent. solution of eosin in 60 per eent. aleohol,
washed in water, dried between filter papers, and placed for from thlrrv
seconds to two minutes in a concentrated aqueous solution of methylene
blue, or in Liffler’s methvlene blue, washed in water, dried between
filter papers, and mounted in Canada balsam. The red corpuscles and
the eosinophilie granules are stained by the eosin, while the nuclei of
the leucocytes and the parasites take a blue color.

Admirable results may be obtained by a modification of Romanor-
sky’s method. Two solutions are necessary—a saturated aqueous solu-
tion of methylene bilue and a 1 per eent. watery solution of eosin.
The older the methylene blue solution the better the results. The
staining mixture should be made just before it is to be used. To
one pﬂrt of the filtered methylene hhm solution about two parts of the
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eosin solution are added. This iz carefully stirred with a glass rod and
poured into a watch-glass ; it should not be filtered after the mixture
has heen made. The cover-glasses, fixed according to the methods
above described or by hardening in aleohol for from ten minutes up-
ward, are allowed to float upon the top of this fluid. The specimens
are covered by another inverted glass, and the whole by an inverted
evlinder which is moistened on the inside. In from half an hour to
three hours—best in two or three hours—good specimens are obtained.

For quick work in the consulting room the simple stain with methy-
lene blue alone is perfectly satisfactory, thongh the observer must of
course have sufficient experience to be able to distinguish precipitates
which may be present in the staining solution from parasites.!

The discovery of malarial parasites in the red blood-corpuseles is, of
course, a positive sign of the malarial nature of the process. In some
instances where the parasites may be very scanty or absent the presence
or absence of a leucoeytosiz is an important diagnostic sign.  As will
be remembered, the lencoeytes in malarial fever are normal or dimin-
ished in number, whereas in almost all processes with which the acute
intermittent malarial fever may be confounded there is a well marked
lencoeytosis.  This is the case in all the septic infections which are most
likely to be confounded with tertian and quartan fever; it is also troe
of tuberculosis, at least when accompanied by intermittent fever. The
presence of a marked lencoeytosis is strong presumptive evidence against
the existence of malarial fever. In some instances where very few
parasites are present the finding of pigment-bearing lencocytes may be
an important aid in diagnosis. Tertian and quartan infections where
multiple groups of parasites are present may oceasionally be confounded
with typhoid fever. Well marked remissions and, almost invariably,
actual intermissions, usually occur, while the examination of the blood
will readily elear up the diagnosis,

The differential diagnosis between tertian and quartan infections
may be readily made in the fresh specimen, less distinetly in the
stained. The larger and more actively ameboid, pale tertian para-
site with fine brownish, actively dancing pigment granules may be
readily distinguished from the smaller, less active, more refractive quar-
tan parasite with its coarser, more slowly moving, darker granules. 1In
the case of the tertian parasite the red corpuscles may be seen to become
expanded and pale with the growth of the organism, while in the quar-
tan parasite the corpuscle is shrunken and of a deeper, more brassy
color.  If the blood be examined just before or during the paroxysm,
the more irregularly segmenting tertian organisms with their numerous
(twelve to thirty) segments may be elearly distinguished from the smaller
regular forms in quartan fever with their fewer (six to twelve) segments.
The presence, in either instanee, of one or more groups of parasites may
usually be readily determined. Combined infections with quartan and
tertian parasites—which, though very rare, do exist—may also be readily
made out.

[n the stained specimen the size of the pigment and the parasite

1The experienced observer may obtain sufficiently good specimens for diagnosiz in
many instances by rapid heating of the cover-glass over the flame for a few minutes ; the
rezults, however, are uncertain.
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and the behavior of the red corpusele, pale in one instance, taking a
deep eosin stain in the other, and the characteristics of the segmenting
forms, should enable us alzo to make a differential diagnosis.

If it be impossible to make a microscopical examination of the
blood, the therapeutic test is usually sufficient ; thus, in the regularly
intermittent fevers there is rarely any recurrence of the fever after
forty-eight hours from the beginning of the administration of quinine,
In the majority of instances of tertian infection in this climate all traces
of fever dizappear within twenty-four hours,

(2) THE AsTIVO-AUTUMNAL FEVERS.—While the diagnosis in the
regularly intermittent tertian and quartan fevers is a relatively simple
matter, the same is not true of the more irregular sstivo- autumnal
forms nf' malaria. In some instances, where the paroxysms are of
shorter duration and occur at regular intervals, usually quotidian,
the diagnosis may be as self-evident as in the regularly intermittent
fevers. The longer paroxysms, oceurring at intervals of approxi-
mately forty-eight hours one from another, with their less rapid rize,
but with a complete intermission between them, are also generally
easily recognized when we take into consideration the anwemia, the en-
larged spleen, and the herpes labialis which are so commonly present.
When, however, from any of the various causes above mentioned the
se;mutL PATOX VSINS become more or less complicated or merged one with
another, so that at first but slight transient intermissions, then perhaps
only irregular remissions, and finally a continued high ’r{".ﬂ result, the
diagnosis becomes often more difficult. Such a case often prg-qnt-‘ itself
in the form termed by Baceelli * subicontinua fw}humm The general
elinical appearances are so similar to those of typhoid fever that a dis-
tinetion without examination of’ the blood may be quite impossilile.  In
a certain number of instances vestiges of the paroxysms =till may be made
out, a well marked acme in the fever being reached at ;II}]}WI‘HJ'II.;'LTL‘I\ the
same hour at quotidian or tertian infervals, though in other instances all
traces of the individual PAroXysms may have disappeared.  Sometimes
the history of several sharply intermittent paroxysms in the beginning
of the illness may lead us to a correet diagnosis.  Again, the prodromal
symptoms are much less frequent and severe, as a rule, in malaria than
in typhoid.  Herpes is common in @stivo-autumnal malaria, unusual in
typhoid fever. Delirium may appear quite early in a malarial attack ; it is

are during the first few days of a typhoid. Bronehitis is more common
in ty phmd than in continued malarial fever. Marked abdominal symp-
toms, though they may oceur, are unusual in malaria ; the rule in ty ]:hnnl
fever. Certain erythemata, and {‘H}}!'E"hilh urticaria, may be present in
malarial fever, while the characteristic f\.;llmul roseola does not oceur.
In both instances the aplr-ml is usually enlarged. An important diag-
nostic sign is the ansemia which is almost invariably present if the ma-
larial fever has lasted more than a few days, while in typhoid fever
an@mia during the first two weeks is rare. Another important sign is
the slight ieteric hue which is usually present in malaria ; rave in h ]slmnl
Ehrlich’s diazo reaction is unusual in the urine in malarial fever : it was
found in but 6 per cent. of the cases classified by Hewetson dlli] the
author, while it is almost invariably present in typhoid.

Heru however, as in all other forms of malaria, the final decision
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i= to be reached only by examination of the blood, where the small,
amceboid, and ring-shaped, hyaline sestivo-autumnal parasites are to be
found. If the process has lasted a week or more, the pigmented ovoid
and crescentic bodies are also usually present. In rare instances quite
severe febrile symptoms may be present, while the peripheral cireulation
may at times show but a small number of parasites. Here the discovery
of plrrmr.-nt—h{ aring leucoeytes may often be of assistance. The dimin-
izhed number of lt'umnt(-- which one finds under these circumstances
does not help us in the differential diagnosis from typhoid fever, where
also the lencoeytes are almost invariably subnormal in number. If the
case ocenr in a neighborhood where it i= impossible to obtain the aid of
the microscope, the diagnosiz= may be definitely made by the t]mm]wutic
test.  No malarial fever now known resists gﬂu[l doses of quinine for
more than three or four days. It is generally safe to say that if the
process be malarial the temperature will be practically normal by the
fourth day. If quinine fails to influence the fever, we may rest assured
that the process i# either non-malarial or a mixed infection.

The confusion with typhus fever might occur in some instances, but
here, agnnn the examination of the blood will settle the question.

As in the ease of the regularly intermittent fevers, the process may
be confounded with tuberenlosis or other varions wpﬂc infections. The
one safe method of differential diagnosis is the examination of the blood.

Perxiciovs Manaria.—The diagnosis in some pernicious paroxysms
may be at times confusing,

Cometose Pernicions Fever—This type of fever must be distinguished
from sunstroke, ursemia, cerebral hemorrhage. The differentiation of
such an attack from sunstroke is by no means simple. As Bastianelli
and Bignami have pointed out, individuals who are subjected to mala-
rial infection are often those wm*kmg in the fields and most exposed to
the ravs of the sun at the hottest season of the year, while the elinical
symptoms of the two processes may be closely similar. It is interesting
to note that the case of comatose pernicious fever referred to above as
ocenrring in a tertian infeetion was at first mistaken for sunstroke. The
slight jaundice, the ansmia, the enlarged spleen would serve to sug-
gest the malarial nature of the process, while the examination of the
blood gives a positive clue to the diagnosis.  In the fefanic, meningeal,
eclamptic, and hemiplegic types the same symptoms may lead to a cor-
rect diagnosis,

The Algid Type—In this type of paroxvsm, where the temperature
may be normal or subnormal, and where often (from the actual conden-
sation of the blood) the ansmia may not be as apparent, the diagnosis
may be considerably in doubt. Here, however, icterus and enl: irged
spleen are suggestive, while examination of t]u- blood will give posi-
tive diagnosis. It is in eases of this nature that the physician who
makes systematic blood examinations in all doubtful cases will be
enabled at times to gain information which will save the life of his
patient.

The Hemorrhagic Type—The diagnosiz in some of the instances of
this nature must be made between malarial and yellow fever. The early
appearance of albumin and easts in vellow fever is snggestive, while the
spleen is often but little enlarged in this affection.
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The examination of the blood may in some ecases be the sole reliable
method of differentiation.

Malarvial Hemoglobinuric.—The diagnosis here lies usually between
yellow fever, the ordinary paroxysmal hemoglobinuria, and acute
nephritis from some other toxic ori igin.  And her e, again, the chief
reliance must be placed upon the examination of the blood.

Post-partwim and Post-operative Malaria.—A diagnosis of these con-
ditions ean only be made npon examination of the blood. The malarial
paroxys=ms differ from the paroxysm due to septic infection chiefly by
their greater vegularvity and by their average longer duration. The
hlﬂﬂr], apart from the presence of the specific parasites and pigment,
shows in the one instance diminution in the number of leucocytes, ml{i
in the other well marked lencoeytosis.

Chronic  Malarial Cachevia.—The diagnosis of chronie malarial
eachexia is usually relatively easy. It is chiefly to be confounded with
erave primary or secondary ansmia or with leuksemia and pseudo-
leukwemia. The malarial process may usually be distinguished from
splenic anemia by the presence of pigment and parasites in the blood,
In some instances, however, where these are not to be found, the en-
lareed spleen, the grave amwemia, the hemorrhagic tendency, the drop-
sical effusions present in both ’ conditions may render the dingnosis
almost impossible without appealing to the history of the patient. The
progress of such eases under proper treatment is usnally, however,
decisive. The malarial eachexia responds generally, slowly but progress-
ively, to treatment. Thus, the author has seen a hlll{"t‘ﬂ which reached
h[lum{] the umbilicus and almost to the pubes diminish under treatment
until it was only just palpable, while the blood returned from 1,000,000
red corpuscles to the cubic centimetre to the normal {-mulltmn the
patient remaining in pm‘fm ﬂ} cood health in a non-malarious distriet.
The diagnosis from lenksemia is readily made by examination of the
blood.

Post-malarvial Anemic.—An absolute differential diagnosis between
post-malarial ansemia and some other secondary anemize is impuuaihlr.
The tendeney, however, in the post-malarial angemia to a diminution in
the number of lmmnevtm is alwavs marked, while a relative increase in
the large mononuclear elements is very Htlgtﬂ‘a—h‘-'l,. As has been said
hetore, “there s nothing characteristic in the nephritis which follows
malarial fever.

Other Complications and Mixed Infections.—In some of the
mixed infections to which reference has been made above a certain
{]l-.lg‘tlﬂ-l'- can only be made by the discovery of the parasites and the
persistence of the f{'.rmpllmtlnu process after the ||1-q.1]:~pe-<u;1mt- of the
organisms under quinine, Thus, the diagnosis of typhoid fever may be
made if the characteristic ﬂ'I]llltnﬂ'l'- continue after the clearing up of
the complicating malarial process,

In the case of pnewmonia the diagnosizs depends more upon the
phy=ical examination, |~.I'IU‘||'-]':'I,'-_F,' as we do that the malarial |h1.'f“l-lf{‘ 15
of itself incapable of producing actual pneumonic consolidation. The
same is true of pleurisy.

The oceurrence of diarrhea or dysentery during the active malarial
process may or may not be directly due to the malarial poison. The
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presence of the Amaba coli in the stools is evidence of a complicating
process, while in other instances of diarrheea in acute malaria the result
of the specific treatment must be awaited before one can form a definite
~ diagnosis.

Parotitis, tonsillitis, acufe rheumatism, the evanthemata, occurring in
connection with malarial fever, may be recognized h} their usual
symptoms,

Progrnosis.

The Reqularly Intermittent Fevers.— The prognosis in tertian and
quartan fevers as for ultimate recovery is almost mvarmb]} good. The
writer knows of but one instance in which actual pernicious symptoms
were present in tertian or quartan infection. Without systematic and
careful treatment relapses and grave cachexia may, however, follow—
a cachexia which may well lay the patient open to the gravest second-
ary complicating ]m;w“ﬁa [t is not improbable that in certain of
these instances a fatal chronie nephritis may follow repeated malarial
infections.

Astivo-autwimnal Fecer—In ordinary cases of mstivo-antumnal fever
which come early under treatment the prognosis is perfectly good. Treat-
ment must, however, be more active and longer carried out than in the
regularly intermittent fevers Imperfectly treated cases are more likely
to be followed by eachexia and grave lmht malarial anemia.

Pernicious Fevers—Wherever pernicious symptoms have {'leveluped
the prognosis is extremely grave, and, unless active treatment be insti-
tuted, usually wholly unfavorable. Ina patient first coming under obzer-

-ation in a pernicious paroxysm an entirely favorable prognosis can never
be g‘lwll for at least forty-eight hours after the beginning of treatment,
It is always possible thata f-m;_,lv pernicious paroxysm may be succeeded,
despite treatment, by another upon the following day. If active trmt-
ment has been In;-nun during a pernicious paroxysm and no succeeding
paroxysm has oceurred within forty-eight hours, the prognosis is usually
favorable.

Malavial Hemoglobinuria.—The prognosis here is always extremely
grave ; indeed, the dangers of a fatal outcome are not past until geteral
days after the f'l'}mplf}ti’ disappearance of fever and of symptoms on the
part of the urine.

Chronie Malarial Cachervia.—In the milder grades of chroniec malarial

achexia the prognosis is good if the patient can be compelled to Jdﬂpt
a properly hygienic life. In the more severe grades recovery is ex-
tremely slmh and at times almost impossible, unless the patient be
transferred into a more healthy region.

Post-malarial Anemia.—The anemiz following malaria are often
extremely grave. In those instances where the “nucleated red cor-
puseles are scanty or abzent and the lencoeytes are diminished in num-
ber, and in those cases where the blood shows the eharacteristies of true
pernicious angemia, the prognosis is extremely grave.

The prognosis in the various complications of malaria is influenced
only by the possible unfavorable effect of the coexisting malarial in-
fection. Secondary infections ocenrring in individuals suffering from
malarial cachexia appear to pursue an unusually unfaverable course.
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TREATMENT.

GENERAL MEAsSURES.—Certain general hygienie measures are advis-
able, and sometimes very important, in the treatment of malarial fever.

Rest in Bed.—1t is always prudent, if possible, to keep a patient with
malarial fever in bed for twenty-four or forty-eight hours ; in the more
severe mstivo-autumnal fevers it is absolutely necessary. The simpler
regularly intermittent fevers often show a tvnl}mmn and sometimes
permanent spontaneous recovery following rest in bed, without further
treatment. In hospital P]:H"Tl{{‘ it is our rule to keep a patient with
malaria in bed until the entire disappearance of fever, whether it be
intermittent or subecontinuons. It is not impossible that the more satis-
factory results of hospital treatment may, in part, depend upon the fact
that the patients are =0 much more readily l-.upt at rest.

Ufrrmqﬁ of Surroundings.—If the patient’s dwelling be in a malarious
distriet, it is always important, if p{:--ﬁ:lv that the individual be removed
into more healthy surroundings. Thus, recovery from chronic eachexia
is greatly favored by the removal into hl“‘ll{‘t‘ more healthy regions. In
some instances of advanced cachexia the removal m: v be absolutely
necessary. In the ordinary acute malarial fevers it is, however, gen-
erally perfectly possible to treat the case in the malarial district itself.
The patient should be kept, while under treatment, in one of* the upper
stories of the house; he should be warned dguu-t remaining out of
doors at night -:hu'mg_r convalescence, and prevented, as far as possible,
from subsequent exposure to infection.

Diet—In the simple intermittent fevers the patient may be given an
ordinary nourishing general diet. During the paroxysms, which last but
ten or twelve hours in all, the patient need not be hnwl] to eat; it is,
however, generally well that liquids, milk, broths, soups, should be taken
in small quantities, Stimulants may be administered symptomatically.
In the more severe subeontinnous fm ers, where there is usually com-
plete anorexia, the patient may be given llilllll]‘ﬁ of all sorts, soups, milk,
broths, at ﬂllul*t intervals ; ‘I.'I.Il]]l' if he be hungry and there hs- no gastro-
intestinal symptoms, there is no c:mtl'umhmtmn to soft solids and eggs.
In cases where there are marked gastro-intestinal symptoms great care
must, of course, be exercised with the diet. Easily digested ligquids,
such as boiled mi":, albumin-water, and broths should alone be given.

Frposure to the Air.—There are distriets where experience has led
the inhabitants to believe, pmiﬂl}lv |1l=~l‘h that exposure to the night
air is injudicions. It may be unwise in such regions for the patient to
be allowed to sleep with his window open. If, however, the patient be in
a healthy district and be accustomed to lwmn and ul{-r;-lﬁnrr with open
windows, there is no reason w hy a change should be made during the
existence of the fever. There is no fever which we know today which
is unfavorably influenced by fresh air and open windows, provided the
individual be accustomed to such air beforehand.

QuiNiNE.—Malarial fever is one of the few diseases against which
we possess a remedy which truly deserves to be ealled :~|u=1_|hi This
remedy, in the form of cinchona bark, was introduced into Europe in
1640 hi' the countess del Chinchon (wife of del Chinchon, the I“‘*pdlil~~|1
governor of Peru), who had recovered from a severe attac k of intermit-

Vor, I.—10
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tent fever after taking a powder administered by a corregidor of Loxa.
As far as is known, this substance was first used by the Indians in this
region as a remedy against malarial fever. The powder, which was
known at first as “the powder of the countess,” and afterward as
“ the Jesuits’ powder” for the reason that it was introduced into gen-
eral use by the Jesnits in Rome in 1649, was prepared from the bark
of a Peruvian tree. This was for yvears known as Peruvian bark,
though its officinal name, Cinchona, is derived from that of its intro-
ducer to the Eastern hemisphere. It was at first administered in the
form of the pulverized bark, the cinchona powder, which contains, in
addition to various alkaloidal substances, a considerable quantity of
tannin. Today, however, the pulverized bark is no longer in general
use, its place having been taken by various salts of its active principle,
quinine.

Action of Quinine on the Malarial Parasite—For eenturies after the
introduction of quinine and after its specific action in malarial fever had
been noted the exact mode of aetion remained unknown. As long ago
as 1867, Binz' correctly concluded that the efficacy of quinine in
paludizm depended upon its action as a protoplasmic poison upon some
lower organism which he assumed to be the cause of the process. The
extremely toxic action of quinine upon the infusoria was at that time
clearly demonstrated. Since the development of our knowledge eon-
cerning the malarial parasite it has been possible to study, to a certain
extent, the direct action of quinine upon the hematozoa. Laveran
noted the immediate disappearance of the parasites following the ad-
ministration of quinine, and in 1881 asserted that “it is because it
destroys the parasite that quinine causes the disappearance of’ the man-
ifestations of paludism.” He showed that by allowing a 1 : 10,000 solu-
tion of quinine to run under the cover-glass the movements of the para-
site were immediately arrested, as they are upon subjecting the organism
to any other protoplasmic poison.

Golgi® has studied the action of quinine on the tertian and quartan
parasites.  He noted that after the administration of quinine the quar-
tan organism, in its endoglobular stage, shows a coarser granulation with
a metallic reflex, while the protoplasm shows a certain cloudiness. At
times one may see abortive segmenting forms which are smaller than
the normal, with a lack of regularity and fewer segments. The pig-
ment alzo may not collect as sharply in a clump in the middle of
the parasite. In the tertian parasite the changes are more marked,
owing to the greater normal activity of the organism. The body is
round and immovable, and shows a sharper outline than usual, while
the pigment has a pecnliar metallic reflex and tends to collect in
clumps. Full grown tertian forms may present a large transparent
swollen condition with very active movements of the pigment granules.
Sometimes the pigment may colleet toward the periphery, leaving an
hyaline space in the middle. Mannaberg ® asserts that three hours after
the administration of 0.5 of quinine the amaboid forms of the tertian
parasite show a marked diminution in their activity. In several hours
more the number has greatly diminished, while many of those present

U Centralblatt ||" o, ned, ||'e':=.-'., 1867, [ SR,
2 Deutsch. med. Woch., 1892, 661, 695, 707, 720. 3 Loc. eit.
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are fragmented, resulting in the presence of several separate spherules
in the red corpuscle. Full grown forms show a cessation of the move-
ments of the pigment, the lmdv having a somewhat refractive homoge-
neous appearance. Large hy dropic forms with active pigment may also
be seen. These two latter forms may oceur normally during the par-
oxy=m, as Golgi and Mannaberg also assert ; they are Innhihlv degen-
erate forms. The writer has also observed in the case of the tertian
parasite the somewhat greater refractiveness of the organism, the col-
leetion of the pigment into [lum]}-, and the cessation uf active move-
ments, as well as the presence of a greater number of fragmenting forms

Romanovskgy ' and Mannaberg* have made interesting studies with
stained specimens.  Both observers note the loss of affinity for coloring
matters in the chromatin substance of the nuelens.  They also note that
in the segmenting forms, after quinine has been given, the greater
number of the segments show no nucleoli. These changes in the
nueleus they believe to be evidence of a neerotic process, The segments
without nueleus Mannaberg terms “ still-born.”  Baccelli * noted that in
sestivo-autumnal fever after the intravenous injection of quinine there
was an increase in the activity of the small ameeboid forms, which, often
inside of' twenty-four hours, lll--:lI}I}L ared without wllm'l.m;_l; any outward
signs of rl('gem:-mfmn \I.lr{*ln.lﬂu.l and Bignami,' studying the wstivo-
autumnal fevers, note that the administration of quinine is followed by
an inerease in number of shrunken, brassy colored corpuscles. They
believe that the included parasites are incapable of further dm‘t'ltlp-
ment.

Most observers who have heen able to test the action of quinine upon
the malarial parasite will agree with Golgi that in tertian and quartan
fever quinine acts most markedly on the free yvoung segments, less upon
the more advanced forms where the red -‘_'[!1"|]ILI'-('1{‘ is in greater part de-
stroyed, and least upon the young endoglobular forms. If guinine be
L‘:l\'ﬂl] several hours before the paroxysm, it will not prevent segmenta-
tion, but it will destroy the new gronp of parasites, the fresh segments.
begmeutatmn takes place, toxie substances are produced and enter into
the blood serum, and the chill follows, being at most a little modified or
retarded. The further development of the new group of organisms is,
however, prevented, and on the following day no parasites w hafc"-'i?l
may be observed. Marchiafava and Bignami ® arrive at the same conelu-
sion in the case of the mstivo-autumnal parasite. They state < that the
maximum and most rapid action of the remedy is exercised on that
phase of the extraglobular life of the parasite which follows the com-
pleted segmentation.” They note, as does Golgi in the case of the ter-
tian and quartan organisms, that the segmentation cannot be prevented
it quinine b-:, given ulwu the parasite has reached the preparatory stages.
“Quinine,” they say, “acts on the amwba of malaria dnlllw those
phases of its life in which it absorbs nourishment and develops ; when
the nutritive activity comes to an end, the transformation of heemoglobin
into black pigment having been d(H]llIl|]]l*~]1{‘{1 and the phase of repro-
duetion begins, then quinine becomes inefficacious against this process.”

! Cent. fiir Bockt., 1892, xi. Nos. 6 and 7, 219 ; and St. Pet. med. Woch., 1891, Nos. 34
and 35. * Loe. eit., and Cent. fiir Kin, Med, 1891, No. 20
3 Deutseh. med. Woch., 1802, No. 32, 721. 4 Loe. eit. 5 Loc. eit.
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To best combat the further development of a group of malarial parasites
guinine should be in solution in the blood at the time of the setting free
of the fresh parasites—i, e, during and several hours before the parox-
yem. In ordinary tertian or quartan fevers, with moderate regular daily
doses of quinine, the parasites will usually wholly disappear from the
peripheral circulation inside of three days. In wstivo-autumnal fever
the time may be a little longer. All observers agree that the erescentic
bodies are affected slowly if at all by quinine ; they remain in the blood
long after all other forms of the parasite have disappeared.

Effects of Quinine upon the Huwman Being.—In small doses, such as
are ordinarily required therapeutically, quinine caunses no ‘H.Il'l]l[’{’tl\'{*
symptoms. In somewhat larger doses, however, it produces at times a
ringing in the ears, roaring or sometimes hnl-..hng' noises, and, finally,
more or less deafness.  Larger doses are followed by a dimming of the
vision, even to ('mn]ﬂvte* blindness. Ringer has noted that this may
sometimes begin in one eye, and, indeed, exist for considerable time
upon one side alone. The pupil is u-udlh dilated. In ]urger dozes a
severe frontal headache, with giddiness and staggering gait, delirium,
and great muscular we: llxlll"-‘-:? may follow, and, hlh]"\' in '-.tlll ]dlgﬁl‘
doses, convulsions and death. At times large dn:-.(-h of guinine are fol-
lowed by certain cutaneous disturbances.  Ringer describes an intense
general eryvthema similar to a searlet fever rash and followed also by
t]vnqllsiin.lhull Urticaria also at times oceurs.

Menner in which CQuinine should be (iiven.—Like another commonly
used and extremely valnable drug, digitalis, quinine, which is our main
stay in malarial processes, is very frequently abused. Laveran well
says : “In a general way it may be said that in malarial distriets far too
much -|1]p|mts- of rlmmiw 1= given to |ntwut-t who have no need of it,
while a sufficient quantity is not given to patients suffering from
paludism.”  The very degree of its efficac v, as in the case of mercury
and iodide of [:I{:Il"'l*-l-I[II'll in syphiliz, is lllulhlhh’ accountable for the lax
manner in which it is frequently given. When one or two dozes are
iilll{:\w{l by a {:mlplvhﬂ dizsappearance of symptoms, the immediate relief
is so0 great that the patient fails to recognize the importance of continued
treatment, and, by abandoning the r r,rgu];u réeime, lavs hims=elf open to
repeated relapses.

It is of considerable importance to determine in an individual case
how and in what form quinine should be given. The following tables,
taken from Laveran, show the percentage of quinine which the {lifﬁarent
salts contain, as well as their relative solubility :

Salts of Quinine classified aceording to the Percentage of the Allaloid
which they confain.

Guinine.
100 parts nl' the basic muriate of 1|m|1111{- conts V) | PR T s cent
nentral  ** i e el e ST ]

1k L basic lactate ih o A N ST R O £

" x ¥ hydrobromate i R R i ¢

i L ¢ anlphate £l L2 sV EE e D e

**  solphovinate A R o e | £t

o I nentral lactate b b L e I e A £

“ 0 “  hvdrobromate o e e E R e R o

ki ki “  gulphate i i e st e o S o

= - ““  gnlphovinate B A e el L i
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Salts of Quinine classified according to their Solubility in Water ( Regnaunld
and Villejean),

Water.
1 |m1r. of the neutral hydrochlorate of rlumnw issolublein. . . . . . . . . 096
Bt £ Hnlplmvm.m 5 b e R SR N[
et ' lactate E LE o R o e L
t6 & hasic sulphovinate 21 b i PR R e S S T
& pentral hydrobromage ¢ o8 2 e L P R
el “ gulphate i Et % P e gl o M O T
§ " bamic  lactate i 2 f 10.25
g “  hydrochlorate 2 i 21.40
ol ke “  hydrobromate i . 45.02
L # sulphate bt ; 5 281,00

The ordinary method of :uhmm-,t{*l‘mir gquinine is by the mouth ; the
common form in which it is given in this and most countries is as the
.mfpfu:rfr* The -‘mfpfmfr of quinine is very slightly soluble in water, but
quite readily soluble in dilute acids. The best manner to administer
this form of quinine is in water containing a sufficient quantity of dilute
hydrochlorie or sulphurie acid to hold the s=alt in solution.! The ex-
tremely bitter taste is sometimes an objection in sensitive patients : this,
in the case of the quinine powder, may be partly obviated by mixing
with an ultml {ll.ldntlt‘i. of ]mml{*md ginger. The drug may also be
administered in the form of pills or in i.lp-ult« QummL IJII"‘- are con-
venient, but are open to the common objection that in many instances
the cummer{,ml pill is an highly insoluble object. Thus, it is not at all
infrequent in dispensary practice for the physician to be consulted
by patients with simple intermittent fever who have taken quinine pills®
without effect, while the solution or the powder has an immediate result.
For more rapid action the quinine may be administered ]1\]}:}:f{rrnllf“|l1v
or, according to the method of Baccelli, intravenously. For these pur-
poses more “soluble salts than the sulphate must be used. Thus, for
subentaneous use the newfral hydrochiorate of quinine 1= an excellent
salt. De Beurmann and Villejean® use the following formula :

R. Bihydrochlorate of quinine, .
Distilled water, q.2. ad 10.
I c.e. (Mxv) of this solution contains 0.5 (gr. vijss) quinine.

If the hydrochlorate of quinine is not to be obtained, one may make
use of the ordinary sulphate, as follows :

R.. Sulphate of quinine, 15
Tartarie acid, 0.5
Distilled water, 10.

The officinal bisulphate of quinine is soluble in about 9 or 10 parts
of water, and may be used hypodermically if a more soluble salt cannot
be obtained,

! The druggist customarily adds about 1 drop of the dilute acid to 1 grain (0.65) of the
salt.

* My colleague, Dr. L. F. Barker, has actually obgerved the discharge of well preserved
quinine pills from fieeal fistule in three instances.

* Quoted from Laveran, Du Paludizine, ete.
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Baccelli' uses, as an intravenous injection, the following mixture,
which he has found to act with the greatest rapidity and the most
marked effect :

R. Quininge hydrochloratis, 1.0
Sodit ehloridi, 0.075
Aquee destillatze, 10.0

The =olution is perfectly clear and should be injected lukewarm. The
procedure is deseribed by Baceelli as follows: * After the veins of the
forearm have been made turgescent by means of a cireular tourniguet
above the elbow, we introduce a Pravaz needle in a direction from below
upward into th{- lumen of the vein. We select a small one in order to
avoid hemorrhage afterward. Generally, we are accustomed to select
one situated upon the flexor side of the forearm. The syringe holds 5
c.c., and is filled according to the dose which is to be given, and con-
nected with the needle before its introduction.” The most rigid anti-
sepsis must be observed.  The stab wound is elosed with collodion after
the needle has been withdrawn.

The bimwriate of quinine and wrea, which contains nearly 80 per cent.
of quinine and is soluble in less than its own bulk of water, is another
convenient form in which to administer the drug.

The hypodermic use of quinine is attended by considerable pain and
real danger of a subsequent abseess or necrosiz.  If the solution and the
instruments be carefully sterilized, there i little danger of abscess, but
at times a considerable area of neerosis may result. It is always import-
ant to introduce the needle well into the subeutaneous tissne ; if this
be neglected and the solution be introduced into the deeper part of the
cutis, necrosis usnally follows. Quinine may be given by rectum ; this
iz, however, a last resort, and iz practically never necessary Lhm*])tmg, at
times, in s:hlltlrvu.

The Time at which Cuwinine should be Given.—If one but remember
the studies of Laveran, Golgi, Mannaberg, and others concerning the
effect of quinine upon tlu- parasite, and then consider the cloze rela-
tion between the development of the parasite and the symptoms of the
malarial infection, one may readily perceive the time at which, theo-
retically, the drug ‘should be best administered. Inasmuch as it has been
shown that quinine acts most effectually upon the young extracorpus-
cular parasite, it would seem fair to mmlmé{- that the period just before
or during the paroxy=m should be that at which quinine might he ad-
ministered with most effect, and, as has been clearly shown, this is the
ase. A dose of quinine shortly before a paroxysm in ﬂlc regularly
intermittent fevers will not affect that paroxysm, but will prevent a
recurrence of the succeeding one dependent upon that group of organ-
isms. Thus, a single moderate dose of quinine given just before or
during a paroxysm in single tertian or gunartan infeetion will eause
gsrmmlh a total 11|-.l|}|w=11.|1wt- of the symptoms, while in the case of
a double tertian infection it may often be seen to change the type of the
fever from quotidian to tertian. Thus, in such an instance the par-
oxysm expected upon the following day will oceur, but that expected

v Studicr iiher Malarin, Berlin, 1895,
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in iortr-elght hours will not appear, the greater part of the group of
pﬂmnltes having been destroyed. The same has been shown to be true
in wmstivo-autumnal fever, thml;:h the parazites are much more resistant
to the action of quinine than those of the regularly intermittent fevers.
Administration of Quinine in the Regularly Tntermittent Fevers—Here
it is gencm]ljr best to place the patient upon regular continued treatment
with quinine. It it be possible to keep the patient in bed, very small
dns.e*-s will often be suthicient. Thus, 0.065 (gr. j) three times a {Ln‘ will,
in many instances, be followed by a dis: appearance of the symptoms. In
practice we may give, :tccunlmg to the severity of the case, from 0.13 to
0.325 (gr. ij-gr. v) three times a day. If in tertian fever the patient be
seen on the day between the paroxysms, 0.325 (gr. v}, three times a day
will generally, if’ the patient be confined to bed, }nmmt even any sue-
ceeding paroxysm. One may predict, almost swith certainty, the ‘entire
disappearance of the fever after this. If the patient be seen first just
before an expected paroxysm or during the attack, it may be well to
give a single large dose, 0.325-0.65 (gr. v—gr. x), and follow this by
smaller doses, 0.13 (gr. ij), three times a day. If the paroxysms have
been severe, it is sometimes wise to give |=1'|‘ﬂ'[" doses of the drug (0.325—
0.65 (gr. 1'—g1'. x) ) during the first days of treatment at the hour when
without treatment the paroxysm mlght have been expected. The para-
sites in tertian and quartan infections disappear from the blood generally
within three days, but treatment with small doses, 0.4 (gr. vj), in hwnt\'
four hours should be continued for at least three weeks.
Astivo-autuinnal Ferers—In the treatment of westivo-autumnal fever
larger quantities of quinine must, as a rule, be given. In ordinary cases
where no ]:rLI*mmml- svmptoms have dev E_‘llr]'hi_"l:l one may start treat-
ment with 0.325 (er. \} every four hours. In most eazes under such
treatment fever will entirely disappear inside of three days. If symp-
toms of ecinchonism {]{'\'PIUII the dose may be reduced. If the patient
come under observation during a paroxysm, or if the history be obtained
of a severe paroxysm having recently nccuwul it may be well to begin
with larger single doses. Jhm during or just before a paroxysm (. .65
(gr. x) may be administered, {ulhm ed by 0.325 (gr. v) every four hours,
If severe nervous manifestations ACCOMPATLY the paroxy=m and the rlf_--
velopment of pernicious symptoms be feared, it may be well to adminis-
ter the quinine hypoder mlmlllv ar intrav mmu-h Tt is rarvely necessary
to give doses larger than 1.0 (gr. xv). It may rarely be necessary to
give several doses of this size at intervals of several hours during a long-
continued paroxysm ; usually two or three doses at interwv: als of four
hours are sufficient, while afterward it will be possible to give =maller
quantities (0.325) every four hours. Such doses will usually prevent
the recurrence of a paroxysm due to this group of par: asites. It is,
however, possible that a second large group of parasites, which all
treatment has failed to influence, may on the following day produce a
fatal paroxysm. The same course should be pursued during the sue-
ceeding paroxysm. It has long been a well recognized fact in malari-
ous districts that if the patient survive the second paroxysm after the
beginning of treatment, ultimate recovery is usually assured. In true
pernicions paroxyvsms the experience of Baceelli would seem to show
that intravenous injections of quinine are by far the most eflicacious.
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Baceelli has used suceessfully the solution of quinine deseribed on
page 150. It is apparently nnnecessary to use ?ins(-ﬁ larger than 1.0
{gr. XV).

Malarial Heemoglobinuria.—The same general rules which apply
to the treatment of the other pernicious fevers hold good in the case
of malarial hemoglobinuria. It should, however, be noted that cer-
tain observers believe that large doses of quinine exert a distinetly
injurious influence upon the h]m:d, iurgr:ngltmf_r often the destruction
of the red corpuseles.  Thus, Plehn' in a recent article goes so far as
to advise an expectant tl"(‘-_ltm(’llt in these ¢ cases, asserting that recovery
1= more likely to result under ml{-’mi nursing  and gﬂ-ueml treatment
than under the administration of quinine. This view is not held by
the majority of observers.

CrixcnoNisys— Contraindications to Quinine.—There is a great dif-
ference in the susceptibility of different individuals to quinine. Rela-
tively small doses produce cinchonism in some individuals, while others
are extremely tolerant of the L]]u;_ In the majority of 1n=~t‘mm}3, how-
ever, in which complaint is made it is based upon the fact that the drug
has been administered in injudiciously large doses. The writer has
never observed but one ease in which it was impossible to administer
quinine in sufficient doses to combat ordinary malarial manifestations
without serious symptoms. In this instance, oceurring in a colleague,
the symptoms produced by quinine or other ecinchona derivatives are
interesting t-ll:nl;:h to mention here. After taking 0.13 (gr. ij) of the sul-
]l|1.ll1:‘ of :immlw in half an hour the patient had a feeling of ﬂpprvhl{m
m the (])151‘:]-t11l1li1 followed by nausea, vomiting, and then soon by *
hot prickling sensation over the entire skin.” On one oceasion, \ntlwut.
extreme itching, there was an intense scarlatinoid crvthenm, Lr-nu;.}; for
hours and followed by desquamation ; on another occasion, after 0.195
(gr. iij) of salicylate of cinchonidia, a most intense general urticaria.
(Cases of this nature ave extremely rare, and there are few in-
stances probably in which individual ‘31]-((‘[11']]}111‘1'\' 1= any true contra-
indication to the administration of quinine in malarial fever. T]le
prejudice against the drug is very strong in the mind of some in-
{II“.l:llm]a, and it 1= not ulfﬁ{lmutlv wize for the physician to intro-
duce quinine in a form unfamiliar to the |mtu=ut

Orner Cixcuoxa DerivaTivEs.—Various other cinchona deriva-
tives have been used as substitutes for quinine in the treatment of
malarial fever. Thus, cinchonin, einchonidin, quinidin, and gquinoidin
have been recommended. The efficacy of these drugs is, however, =0
far below that of the various salts of quinine that their employment is
inadvisable,

METHYLENE BLUE—~Next to quinine, the most valuable remedy
in malarial fever is, probably, methylene blue. This substance was first
employed in 1891 by Gutmann and Ehrlich,* who were led to its use by
the observation of Celli and Guarnieri that the malarial parasites were
stained while vet living by this substance. They found that in small
dozes quite a marked effeet was obtained in several cases of intermittent
fever. Since this time the drug has been used by a number of different
observers, most of whom agree in the conclusion that methylene blue

1 Loc. cit. ? Berliner Ein. Woek., 1591,
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possesses a well marked antimalarial action, the parasites often disap-
pearing from the blood and the patient recovering after its administra-
tion. As an antimalarial agent it i=, however, as the observations of the
author! have shown, far below quinine in efficiency, while the parasite
acquires, apparently, a certain tolerance to the drug after its continued
use. In certain mild cases of the regularly intermittent fevers it may be
given in doses of 0.13 every four hours in ca p=ule, with possibly a eura-
tive effect, Larger doses have been given without ill effect—doses as
high as 3.0 (gr. x1v) in twenty-four hours. The only unpleasant symptom
following its use is, apparently, strangury, which may be prevented by
the administration of small guantities of powdered nutmeg at the same
time. After ingestion of methylene blue the urine has a deep blue color ;
the fieces become blue on exposure to the air. While in certain instances
methylene blue may have a curative effect, it is =o far inferior to quinine
that its value is certainly extremely limited.

PuexocorL.—Within the last few vears several Italian observers
have reported moderate successes from the treatment of malarial fever
with the hydrochlorate or acetate of phenocoll, a derivative of phenace-
tin. It may be given in doses of 1.0 (gr. xv). It has been prescribed
in the treatment of malaria in children.

OtrneErR REMEDIES,—A large number of other drugs have been at
one time and another employed in the treatment of paludism. Thus
iodine, strychnine, sulphur, arsenic, alum, preparations of eucalyptus
and helianthus have been recommended. With the exception of arsenie,
which, as will be said, iz often of use in ansemia and chronic ecachexia,
the value of these substances 1s slight.

"vRTHER TrREATMENT.—Besides the treatment with the speeifie
drug, certain accessory and symptomatic measures are often important.
The value of purgation has long been insisted upon, and the old custom
of beginning the treatment of malarial fever by administering a mereu-
rial purge is probably in some instances of value. 1In cases where there
are grave intestinal symptoms it should be avoided. Profuse vomiting
or purging during a paroxysm should be eontrolled, as far as possible,
by morphia administered hypodermically. Exeitement and active de-
firiwm during the fever may also at times require the unse of morphia.
In the collapse in pernicious fevers most aetive stimulation must at
times be resorted to ; aleohol, strychnia, and ether may be freely admin-
istered hyvpodermically. In the algid forms external heat should be
applied, as well as enemata of warm water. In continued high fever,
particularly if there be delirium, cold sponging or the actual cold bath
may be of value.

During convalescence the most serious symptom with which we
have to deal is the anemia. In these eases iron and arsenic are our
mainstays. In most instances iron alone, either in the form of Blaud’s
pills or as the tineture of the chloride, in full doses, will be tollowed
by good results. In severe cases arsenic may be resorted to; it is
best given in Fowler’s solution (liquor potassii arsenitis). It is well to
begin with small doses (gtt. iii, £. i. d.), and to inerease the dose steadily,
one drop every other day, until the physiological effect is observable—
slight suffusion and injection of the conjunectivie, gastro-intestinal symp-

L Johns Hopkins Hosp. Bulletin, 1892, No, 22, 49,




154 MALARIA.

toms. The dose should then, after a few days’ pause, be reduced and
maintained at the highest possible limit. Some very grave anmemis
which closely simulate true pernicions angemia and react but little to
iron may show marked improvement after vigorous treatment with
arsenic. It should be borne in mind that in rare cases arsenieal
neuritis may follow. In some instances it is well to continue the use
of stryehnia in some form as a bitter tonie during convalescence.

TreEaTMENT oF CHRONIC MALARIAL CACHEXTIA.—The treatment
of chronie cachexia is often a very difficult matter. Aetive treatment by
quinine will readily remove the parasite from the cireulation and put an
end to acute symptoms, but the extreme debility and the grave ansemia
are often very obstinate. Owing to the great susceptibility of such
patients to fresh infeetions or to a reappearance of an old infeetion
after the cessation of treatment by quinine, it is sometimes almost neces-
sary to remove the sufferer to a non-malarious district. The anmemia,
which is nsually the gravest symptom, should be treated according to
the suggestions given above. It is in these cases that persistent and
vigorous treatment by arsenie is especially valuable. The patient should
be kept from all undue exertion ; if the anemia be very grave, rest in
bed iz important.  The diet should be most nourishing, and the patient
should be allowed to sit in the sun and fresh air in the middle of the
day if the climate be not too hot.  Bitter tonics are often valuable, par-
ticularly strychnia. Most cases of this nature will recover, even in a
malarious district, if treatment be properly carried out. The majority
ot ecases of malarial cachexia owe their origin to the carelessness of the
patient, who does not carry out proper treatment with quinine and fails
to observe the ordinary prophylactic measures.

Proruyraxis.— General public prophylactic measures, such as
proper drainage, cultivation of the soil, and so forth, ecannot be con-
sidered here.  The individual, however, may adopt certain measures
which may protect him in the most malarious distriets. If it be neeces-
sary to visit, temporarily, notorionsly malarious districts, let him, =o far
as possible, choose the season at which the fevers are least prevalent.
The dwelling should be sought upon ground as high and dry as possible,
Exposure at night in damp or marshy distriets should be i:lTﬂi({(.‘(i;. the
sleeping apartment should be an upper story of the honse. Despite the
experimental evidence against the idea that infection occurs through
the gastro-intestinal tract, it is prudent to boil all drinking water eom-
ing from malarious districts. Medicinally, quinine in small doses will
often prevent infeetion. If the district be extremely malariouns, the
various simple wines containing cinchona are insufficient protection,
and it is prodent to take several grains of quinine daily. Monti' has
recently reported good results from the administration of the sulphate
of quinine in doses of 0,40 (gr. vj) every other day. Sezary® believed
that a smaller quantity, 0.15 (a little over gr. ij), daily was sufficient to
protect the individual under most cireumstances.

1 Loe. cil. ? Médecine moderne, 1892,
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