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The female deposits eggs in the galleries of the mu-
cosa, which give rise to embryos that wander out into the
lumen of the intestine. In Teissier's case it was claimed
that these embryos had taken a different route and had
entered the circulation, perhaps by way of the ch;;lu
tubes; their presence here was accomp:m}ed by high
temperature, which abated with t._hmr disappearance
three days later. DMore probably this case represents a
double infection of Filaria with Strongyloides. T'he
limited number of Strongyloides eggs found in the feeces is
to be explained perhaps on their deposition deep in the fis-
gue. More recently Strong has confirmed the presence of
adults, eggs and embryos in the epithelium and in the
cavity of the erypts of Lieberkiihn, in which cases the
epithelium is often atrophied and less frequently entirely
gone. Infiltrations of small round cells were observed
ih some cases, but no marked inflammatory changes.
This author believes that the parasite is not harmless,
though not particularly dangerous; and he finds it capa-
ble of producing an intermittent diarrhcea with intestinal
disturbances. It certainly causes some
mechanical injury from its rapid move-
ments.

Prevention.—The use of filtered or
boiled water and abstinence from eat-
ing uncooked vegetables of any sort,
as well as the destruction of stools from
patients ufflicted with the parasite, are
evident mensures suggested by the life
history. Special mention has been
made by various observers of the gen-
eral immunity of natives in Cochin
China toward both the parasites and
the endemic dysentery, and it has been
explained oun the basis of their univer-
sal use of water boiled or treated with
alum sufficient to precipitate the or-
ganic matter.

The hydrotactic tendency of the em-
bryos is useful in diagnosisin cases in
which they are present in small num-
bers, since in the centre of a fecal laycr
spread on a culture plate a small cav-
ity can be made and filled with water;
here the embryos collect and are easily
found. In pure water the embryos of
the free generation are apt to perish,
perhaps through lack of food materi-

F6. 3542 Filaria 8ls. Leichtenstern has also pointed
medinensis, Roll- out that a differential diagnosis be-
?g;’{;?“%%‘ﬁ‘; {ween this species and Uncinarie is
sehenko.) not difficult, since in fresh fweces the

latter form appears only as eggs, the

former only as embryos. The Uneinaria embryo is also
easily distinguished from that of Strongyleides, since the
latter has a short thin-walled oral cavity, hardly chitin-
ized at all, and a large spindle-shaped sexual rudiment,
334 long, while the former possesses a long, heavily
chitinized oral cavity and a minute circular sexual rudi-
ment, only 81 long. If eggs are taken from the canal
at a necropsy, those of Uneinaria are distinguishable
from those of Strongyloides by the smaller size and
thicker shell.

Treatment.—Turpentine and male fern have no appar-
ent effect. In mild cases thymol with general tonic treat-
ment is successful generally, but in severe infections
nothing yet reported is of any apparent value.

A genus which offers evident affinities to both Stron-
gylidie and Filaride, but which is usually included in
a separate family, the Gnathostomid:w, is represented
among human parasites by a single rare species:

Gnathostoma siwmense (Levinsen 1889.)—(Syn.: Cheir-
acanthus stamensis Lev. 1889.)

The genus is easily recognizable by the numerous
gpines which cover the entire body, or at least the ante-
rior region. Several species occur in the Felide, and in
swine and cattle. This form is known only by a single
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the head eight circles of spines. The anterior third of
the body alone is covered with spines, the anterior of
which are three-pointed, and the posterior simple. The
vulva lies behind the centre of the body.

The specimen was collected in Siam and came from g
small tumor; when this disappeared there were found on
the skin nodules the size of a pea, from one of which thig
worm emerged. The same symptoms were observed in
two other cases, and in one of these five or six wormsg
were expelled, but were not preserved.

Family of the Filaride.—Body greatly elongated, fili-
form; mouth variable, often papillate, sometimes with
lips and even with a buccal capsule; cesophagus slender
and without a bulb; male, with somewhat coiled tail and
a single spicule or two unequal ones. Female, with
double ovary and vulva near the anterior end of the
body. Many species are ovoviviparous.

Filarie O. F. Miuller 1787.—Very slender worms of
nearly equal calibre throughout. Males notably smaller
than the females, with coiled posterior end, which pos-
sesges in some cases alar appendages. . Spicules ordinarily
verv different in size and form. Iour preanal papille
are almost constant; the number of postanal papille is,
however, variable. Vulva always near the anterior end.

These forms are parasites of the serous cavities and
gubdermal connective tissue; in general the develop-
ment, though not well known, appears to be indirect
with an intermediate host from Crustacea or Insecta.
Raillet justly remarks that for the physician this genus
is a sort of “catehall” into which he throws all round
worms, old or new, of which the structure is poorly
known.

Filaria medinensis (Linnsus 1758)—(Syn.: Gordius
medinensis Linn, 1758 F. medinensis Gmelin 1789; F.
dracunculus Bremser 1819; F. ethiopice Valenciennes
1856 ; Dracunculus medinensis Cobbold 1864.)

Female: 80-100 cm. long {ordinarily 50-80), 0.5-2 mm.
broad: body uniform in diameter, white or yellowish-
brown: the anterior end smooth, rounded, with cephalic
ghield, and small mouth surrounded by six papille; ali-
mentary canal atrophied in adult and with all other in-
ternal organs replaced by enormously developed uterus;
vagina has disappeared. Uterus filled with larval fila-
rize, 0.5-0.75 mm. long and 15-25 p wide.

Male doubtfully observed, said to be much smaller

male by its posterior extremity, about 14 cm, from the
anterior end of the latter. If the observation is substan
tiated. the male follows the female into the tissues and
perishes soon after copulation there. The vagina atro-
phies subsequently to this.

The so-called * guinea-worm” is the subject of the
oldest records dealing with any parasite. Doubtless the
fiery serpents which plagued the children of Israel in the
wilderness were this species. The writings of the Egyp-
tians and those of early classical times, as well as later
authorities, make definite references to it. The Arabian
physicians knew it well, and Rufus, of Ephesus, not only
gives a good description of the disease and its cause,
which he designates as a little snake, but recounts the:
commonly accepted opinion that “the Arabians suffer
from it, and many strangers acquire the disease if they
drinde the water, for that is the chief cause.”

Life History.—The adult female is met with in the con-
nective tissue, particularly of the legs and feet. It ap-
pears here in eighty-five per cent. of all cases, and pierces
the derma: a blister forms in the epidermis over this orl-
fice, and on rupturing shows a small ulcer at the centre
of which is a minute opening. If cold water is dashed
on the surface here, a drop of a milky fluid exudes or
small tube (the uterus?) is protruded and bursts, setting
free the opaque fluid. This fluid contains multitudes of
embryos 0.5-0.75 mm. long and 15-25p wide; they are
flattened, terminate in a long pointed tail, and have &
striated cuticula and a complete alimentary canal. They
swim actively but intermittently, and live six days 1D
pure water, but from two to three weeks in muddy water

female specimen, length 9 mm., breadth 1 mm.; about
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or moist earth.

than female, only 4-10 cm. long, found fixed to the fe- -
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As moay be followed experimentally they enter the
body cavity of small aquatic animals (Cyelope, Fig. 8543)
through the joincs in the exoskeletor, and there with two
or three moults, occupying five or six weeks, they meta-
morphose into a mcre cylindrical
form with a tripartite postferinr end.

The further life history is unknown.
Fedtschenko tried to infect cats and
dogs with these infested Cyclops,
but without result. Manson and
Blanchard have sucecessfully re-
peated these experiments, Some
further changes may easily be nec-
essary before the parasite is fitted
for its final bost, which may be
cattle, horse, dog, wildeat, or jackal as well as
man,

The life history, as given above, affords a rea-
sonable explanation of some biological features.
Both the preferential location of the worm in
legs and feet which are most likely to come in
contact with standing water and the expulsion
of the embryos on such contact are admirably
adjusted to secure for the young conditions for
further development. If is a widely current be-
lief among natives in different parts of Africa
and Arabia, both in ancient times and to-day,
that drinking-water is the source of infection.

In the majority of infected districts drinking-
water is obtained from surface pools which,
according fo the observations of naturalists, are
swarming with Cyclops, and hence afford every
opportunity for the spread of the disease.

Distribution. — The guinea-worm 1is rather
widely distributed in tropical and subtropical
countries. Most abundant in Deecan (India) and
on the west coast of Africa, where in some sea-
sons from one-half to nearly the entire popula-
tion is affected, it is found more or less from India west-
ward through Southern Asia and tropical Africa, and in
a limited area of Brazil, where its introduction may
probably be attributed to the slave trade. In Curacoa
and Surinam, where it was formerly endemic, and where
it was 1o doubt introduced with negroes, it has now
entirely disappeared. Records of its occurrence in Eu-
rope and North America are from natives of the infected
area or visitors fo it, and though frequently introduced
it .has never gained a footing in either place. Records
of ifs occurrence in Africa and Arabia arc found in his-
torical and medical works of all ages. Tt is also known
to occur in Persia, Turkestan, and Hindustan.

Pathology.—The seat of the adult females is the sub-
cutaneous connective. tissue, and they occur most com-

Fm_.’tB:'y-i{.—_—Fi'Fa-ria loa. A, Head of male; B, mid body of male
With cuticular bosses; C, head of female with bosses: D, posterior
end of female with two bosses. Magnifled. (After Blanchard.)

monly in the lower extremities, especially in the foot
and ankle, but have been found in the arm, tongue, eye-
lid, Serotum, perineum, and trunk. As many as five or
six in a single host is not uncommon, The presence of

the worm is not defected ordinarily until it approaches
the skin, where it produces a swelling, at first painless
but later painful, and ultimately a running sore. Of it-
self the worm may be considered comparatively harm-
less, but the complications incident
to a tropical climate often bring
about excessive suppuration and
gangrene, such as to necessitate
amputation of the part infected, or
even to be followed by death. The
worm is sometimes expelled spon-
taneously, but in the majority of
cases it is extracted by what is
known as the Soudanese method.
The end of the worm is seized firm-
ly between two splints, on which it is gradually
rolled up (Fig. 8542), great care being exercised
to avoid breaking the slender body. The man-
ner in which the worm is coiled up in the ab-
scess renders the operation very slow, and while
recovery is rapid when the entire worm is re-
moved, in those cases in which it has been
broken and a part left behind, the result has been
excessive pain and often fatal gangrene. The
physician finds it more satisfactory to remove
the entire worm at once by a simple operation.
In some cases complete cure follows a single
operation; in others subsequent growths, which
include fibrous tissue with numbers of em-

bryos, call for further operative interference.
Prevention. — Apparently the satisfactory
regulation of the supply of drinking-water will

F1e. 8543, —Em- Drove the means of stamping out the disease.
bryosof Filarig Surface water is particularly suspicious on ac-
medinensis  in
body cavity of 3
Cyclops. (After be present.
Fedtschenko.)

count of the large number of Cyelops likely fo

Filaria loa. Guyot 1778.—(Syn. : F. oculi Gerv.
et v. Ben. 1859 (nec. v. Nordm. 1852); Dra-
cunculus oculi Diesing 1860; Dr. loa Cobbold 1864.)

Female 30-40 (rarely 70) mm. long, by 0.5 mm. broad,
of cylindrical form (Fig. 8544) with anterior end blunt,
posterior, straight, pointed; cuticula, transparent, yel-
lowish, not striated but marked with minute, chitinous
bosses irregularly distributed; uterus bifid, coiled; eggs
30-35 by 20-25p; when deposited containing embryos
210-250 z in length.

Male: 20-80 mm. long, 0.3-0.45 broad; cuticula not
striated, but with small papillee except. on first and last
fifth; mouth without papille; tail (Fig. 3545) slightly in-
curved, with lateral wings and five ventral papille on
each side, three being preanal and the first the largest;
spicules two, short, unequal.

It was first observedin 1770, tlﬁugh a print of 1597
seems to show an operation for its removal. Nearly
thirty cases are now on record; most of these are only
notes, but recent descriptions of Ludwig and Blanchard
have made its appearance and
structure known. The earlier
authors were inclined to regard
it as identical with . medinensis,
but its specific distinctness main-
tained by others is now clearly
demonstrated. Even if the im-
maturity of specimens eliminates
the difference in size, the smooth
striated cuticula of the guinea-
worm will serve to separate it
at once on careful examination
from F. loa with its non-striated,
embossed surface. The embryos
differ also.

In distribution 7. loa is lim-
ited to an area on the west coast
of Africa (Guinea, Gold Croast,

FIG. 8545, — Tail of Male
Filaria loa with Spicules
and Papillee. (Author’s
specimen. )

Gaboon), where it is not uncommon, and cases reported
from other regions, which are largely among slaves of
earlier days, have been those of persons who had come
more or less recently from that region. Such are on rec-
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ord from Brazil, Trinidad, St. Domingo, France, Eng-
land, and the United States.

Naturally the majority of records affect negroes, but
physicians in Africa maintain that the parasite attacks
blacks and whites alike, and the number of cages reported
among missionaries supports this view. One of the lat-
ter has recently been reported in the United States by
Ward and Milvoy.

Tife History.—From the scattered facts on record
Blanchard has outlined the course of development as fol-
lows: Introduced into man in the larval form with drink-
ing-water, the form becomes adult in the alimentary ca-
nal. Bither before or after copulation it penefrates the
tissues where its development is slow, as shown by a resi-
dence of from four to fen years or more in the body. It
appears beneath the conjunctiva of the eye or the skin at
the last phase of its existence, but it may reach the sur-
face of the body without having acquired its full devel-
opment. That unlike F. medinensis it does not deposit
eggs in dermal abscesses is clear from the entire absence
of pus formation and of eruption in cases of its occur-
rence. It is a prisoner in the body, and the embryos
must eseape independently of the mother. They prob-
ably penetrate the blood, and are drawn from it by some
blood-sucking parasite, from which _in some unknown
way they reach running water and in it a new host, or are
inoculated directly when the intermediate host is feeding.
Manson has conjectured that the well-known F. divrne
is the larva of F. loa, with which it agreesin geographi-
cal distribution. The opinion is generally accepted
among inhabitants of the affected region that the source
of infection is to be found in drinking-water.

Pathology.—The parasite is an active migrant through
the connective tissue, but comes often into the region of
the orbit, 1ts appearance in the tissue of the lid or be-
neath the conjunctiva is made known ordinarily by iteh-
ing or even by slight pain which may disappear with the
withdrawal of the worm, only to recur with its subse-
quent return at irregular intervals of days, weeks, or
even months. An individual has been seen to Dass
rapidly from the one eye to the other over the bridge of
the nose. In one case only has an immature specimen
been found actually within the eye. In addition to
itching, transient cdematous swellings accompany its
appearance in various parts of the body. Fugitive tume-
factions, known as Calabar swellings, are not uncom-
mon in lower Nigeria. They are half the size of a goose
egg, painless, sudden in appearance, disappearance, and
recurrence, and may be found in any part of the body-.
They are thought to be produced by rubbing when a #.

loa approaches the surface.

Treatment,—The negroes drive it from the eye by
dropping a grain of salt into the conjunctival sac or by
extracting the worm with a thorn. Deftness in operat-
ing is necessary, and if after cocainizing the eye the
worm be grasped with a pair of forceps, a cut in con-
junctiva or lid gives an opening through which it usu-
ally starts to escape, or may be withdrawn by a second
forceps.

Filaria voloulus Leuckart 1893.—Body tapering uni-
formly, head rounded. Male 30-35 em. long, 40-140
in diameter, tail incurved ; one postanal, two adanal, one
preanal papilla on ecach side, two spicules 0.08 and
0.177 mm. long. Female 40-70 cm. in length. Em-
bryos 2504 long, 5-6 p wide, resembling F. nocturna
and F. diuwrna, but shorter and thicker and without
sheath, head rounded, tail very sharp, clear spot in an-
terior fourth of body.

Leuckart received two dermal tumors from Gold Coast
negroes containing several worms coiled in a ball and
surrounded by a fluid containing embryos. A somewhat
similar tumor excised from the arm of a French soldier,
who had been in Dahomey, showed that the worm occu-
pied a lymph vessel and was surrounded by a mass of
connective tissue. Its identification as the same species
has been questioned. Prout has recently described two
other cases from Sierra Leone. Like F. loa, it is vivip-
arous and found in subdermal tissue; but unlike that
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species it is sedentary and produces a circumscribed suh.
cutaneous tumor.

F. conjunctive Addario 1885.—(Syn.: F. palpebralis
Pace 1867, nec Wilson 1844; F. peritones fominis Ba-
besiu 1880; Hilarie inermis Grassi 1887.)

Female: Length 10-16 em., width 0.5 mm.; cuticula
strinted not embossed or papillate; mouth terminal, un-
armed, vulva near anterior end; uterusdouble, with eggs
and embryos measuring 850 by 5.5 Male unknown,

Dubini first found this species in Sicily in a tumor of
the conjunctiva, and it has been recorded as a human .
parasite also in Italy and Hungary. The species is, ac-
cording to Grassi, a normal parasite of the horse and ass
and is only occagional in man. ;

Filaria lentis Diesing 1851.—(Syn.: Filaria oeuli hu-

gnani von Nordmann 1852.)

With the case of von Nordmann, in which immature
nematode worms were found in the lens, have been asso-
ciated various poorly known and often doubtful cases of
later observers, in several of which it is probable that the
object was a vestige of a vessel or filament and not a fila-
ria. In three cascs the parasite wus in the lens, in three
also in the vitreous humor, and in two in the aqueous
humor. The most recent, by Drake and Brockman, at
Madras, has been assigned by Blanchard to Filaria equi-
na, which is abundant in India. The character of other
species is likely to remain permanently doubtful. Some
of them are very likely young forms of the preceding
species, F. inerniis.

Filaria restiformis Leidy 1880.  Length 66 cm., width
at head 0.375 mm., at centre 1.5 mm.; anterior end
pointed, posterior blunt; mouth without papille; cesoph-
agus 1.125 mm. long.

Passed in West Virginia from the bladder of a4 man,
fifty years of age. The patient had been suffering some
days from heematuria. Railliet regards it as evidently a
pseudoparasite. While it was not extracted by the at.
tending physician, he maintained that no doubt existed
as to the correctness of thie patient’s statements that the
worm had actually been passed.

Filaria hominis oris Leidy 1850.—Length 14 cm.,
width at head 0.1 mm., at centre 0.38 mm, Mouth ter-
minal, posterior end provided with an epidermal sping,
0.05 mm. long.

Leidy found the single specimen in the collection of
the Philadelphia Acadbmy labelled, “ Obtained from the
mouth of a child,” and gueried if it might be the young
or the male of F. medinensis. Leuckart shared the opin-
jon which has, however, been questioned by some later
investigators.

7 labialis Pane 1864.—Length 30 mm.; pointed an-
teriorly ; mouth with four papille, posterior end slightly
inflated ; vulva in posterior tenth; uterus double, but in
posterior branch rudimentary.

A single specimen only from a pustule on the upper
lip of a man in Naples, Italy. Not reported since 1864.

F. lymphatics Treutler 1793, —(Syn.: Hamularia
lymph. Treutler 1793; Filaria hominis bronchialis Rud.

1819: F. hominis Dies. 1851; F. lymph. Moq.-Tandon
1860: Strongylus bronchialis Cobbold 1879.)

Length about 26 mm, ; browmish spotted with white;
transparent and pointed anteriorly; thickened and blunt
posteriorly ; two short spicules. :

First found in 1790 in the hypertrophied bronchial
ganglia of a man of twenty-eight years of age; it has
been reported since then by Brera and by Ztrn, who dis-
covered another specimen at Geneva in 1879, under con-
ditions like those of the first case. The view of Diesing
and Weinland, that it was probably Strongylus longeva-
ginatus (= S. apr) is improbable according 1o Railliet,
who views it as a male of F. snermis. The view of
Braun that it is F. equina, a common parasite of horse
and ass in Europe, seems more probable. ;

Filaria immitis Leidy 1856.—Mouth with six papill.
Male: 12-18 cm. long, 0.7-0.9 mm. wide; posterior ¢n
with low lateral wings and eight preanal as well as nine
to ten postanal papille; posterior end rolled in sevf.l‘ﬂl
turns like a corkscrew, spicules unlike. Female: 25-30
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cm, long, 1-1.3 mm. wide, posterior end shortly blunt;
vulva in posterior fourth; ovoviviparous embryos 0.28-
0.30 mm. long and 5 wide, with a greatly attenuated
posterior extremity. :

Originally found by Leidy in the heart of a dog, it is
now known to inhabit the entire venous system. ; The

Fia. 3546.—Filaria Bancrofti. A, Adult male X 7.5. B.E
oty sl H i o 2005 L Attor Totimon and Pratty 2

embryosare to be found in the peripheral circulation duz-
ing the period of rest. With growth they retire to the
larger vessels and escape from the kidneys or in excre-
ment. Their normal method of exit is unknown. The
parasite is most common in dogs living in the open.

_ The parasite is common in the United States, especially
in the South and in South America. It seems to be very
abundant in China and Japan, and is reported also from
Italy, France, Germany, and Denmark.

_ As Moniez has shown, Braun was apparently in error
in citing Bowlby as authority for the oceurrence of this
species in_man; and Braun’s own case is foo uncertain
in detqrmmation to be accepted as evidence in absence of
other instances. If F. ¢mmités is even occasionally a
human parasite, it should be found as such in the United
States, where it occurs commonly. No case has been
fogud on record.

Filaria Bancrofti Cobbold 1877.—(Syn. : Trichd -
tiea Sth_sbury 1868, non Filaria cys(tiga Rud. 18?3- a'?fj,’f'
sanguinis hominis Lewis 1872; F. samg.-hom. @gypt. Son-

sino 1874; F. dermathemica Da Silva Araujo;
i }F‘ Wuchereri da Sillw\;[a Lima 1877; F. sanguinis
womanids nocturng Manson 1891; F.
Manson 1891.) shls
Body elongated, white, opague, very deli-
cate, showing tendency to coil; cuticula with-
out transverse striation, anterior end slightly
thickened, without lips or papille, posterior
end rounded. « Male 85-40 mm. long; 0.1-0.12
mm. broad, head 51 g, neck 43 p, in diameter;
@sophagus 0.13 mm. long; tail (Fig. 3547)
slightly bent, 1 mm. long; papille
undescribed; spicula 0.2 and 0.6
mm, long. Female 75-95 mm. long,
0.21-0.28 mm. broad, head 68 i, neck
51 p in diameter, vulva 0.72-1.27
mm. from head, anus 0.282 from
tail. Eggs 25-28x or 35 (Lothrop
Pre. 8547.—Tailof Male 2d Pratt) by 154, Embryos 0.127-
{riia.-r_m Banerofti. 0.2 mm. (or 0.2-0.33 n:nﬂ) long by
ﬁﬁlg?ﬁgfom gAtter 8-10 (7-11) g broad, with unstri-
A ategl cuticula, but enveloped in a
delicate sheath (Fig. 3546, B).
_{Jt[mughﬁrsﬁ reported as early as 1863 by Demarguay.
Ehlb form has been very generally confused with other
species of the group, especially ¥. Magalhaesi, and even
now only a little can be given beyond the data contained
in the general characteristics which are taken from Mait-
!and and Manson’s account, and from that of Lothrop
and Pratt. The discrepant measurements given by dif-
fqrt_:nt authors are due, in part at least, to the fact that
different species were under consideration.
The male (F1'g. 3546, A)ismuch shorter than the female
and the posterior end exhibits a strong tendency to twist

like a tendril. Both sexes manifest a proclivity to curl
into a knot, and various observers note the difficulty of dis-
entangling the individual worms from such a mass. In
the female, which alone has been examined, the anterior
end is traversed by four deep grooves, giving the trans-
section much the form of a maltese cross. The thick-
walled vagina extends posteriorly a short distance from its
external orifice, and splits into two thin-walled uterine
tubes, which occupy the entire cavity of the body, fore-
ing the intestine against the muscular wall at one side.
These tubes are filled with ova and embryos in all stages
of development, The smaller embryos are coiled within
a thin structureless chorion. Preserved specimens may
assume a brownish tint, owing to a change in the color
of the uterine walls, & :
The embryonic filarize in freshly drawn blood or in

hy_drocele fluid are rounded at the anterior end and
pointed at the posterior. Though in constant motion
twisting and coiling, they never (?) exhibit a true proi
gressive movement. In freshly drawn blood they are
covered by a delicate sheath, which is indistinguishable
normally except as a flagellum following the tail at some
distance, 0.8-0.4 mm. (Fig. 8548); rarely, when the move-
ment of the body is reversed, this disappears from the
tail and becomes evident at the head (Fig. 3548, 4). It is
evidently the collapsed sheath, which Manson ’regards as
a vitelline membrane, and in such specimens as have un-
dergone en(.l_osmotic changes it appears like a distended
sac enveloping the entire worm; such an appearance
though frequently figured, is entirely unnatural. - The
embryos of other species, e.g., K. tmmiiis, are without
this sheath. These embryos may be kept alive five or
more days in a cover-glass culture of blood, and after
forty-eight hours many empty sheaths may be observed
Afttached to the tip of the head is a minute spine which
at times is pro- ;

truded in rapid

succession with a

peculiar  “pout-

ing ” movement.

Life History.—

The female is vi-

viparous, and the

embryos, which

are produced in

€enormous  num-

bers, are evacu-

ated into the

lymph stream and

ultimately pass

from it into the

blood. current,

where they are

often found in ex-

traordinary abun-

dance; They

measure 0.2-0.33

mm. by 7-11 g

(Lothrop and

Pratt, 0.26-0.3

mm. by 6-8 pg).

Twelve hours af-

ter being taken

into the stomach

of a mosquifo one

finds side by side

free embryos and

empty sheaths.

By the next day

the embryos have FIG. 3548 Metamorphosis of Filaria Ban-

traversed the wall ;’;3{23 5 li{Thorgx of Toulion o Tl i

ok it ; A, posterior end; B, five days old;

C, ten days old; D,sixteen daysold. (Aft
: ) =i ys old. er
and are in the tho-  T- L- Bancroft, except A’ after Manson.)

racic muscle. At

the end of eleven days they are 20-25

: 8 —R5u broad and
more than 580 long. Af seventeen to eighteen days
they begin to leave the muscles and migrate into connec-

tive tissue in front of the prothorax. Such larve are
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more slender than before, 18-20 p in diameilserér ’llw;cgﬁ
larvee show an alimentary canal with cesophagus

differentiated and rudiments of the reproductive lap%(}_-
ratus. While some remain in muscles even up to the fif-

Fic. 3549.—Larve of Filaria Banerofti l’assing:
from Thorax to Proboscis of Mosquito. e, Larvee;
1. labium ; p, palpus, (Modifled after Manson.)

tieth day, the most are gone. By even

the twentieth day larve have pcqet-mted

the head and proboscis in sections of

which they appear crowded info t.h? cav-

ity headed toward the point (Fig. 3549),

Like the malarial organism they are inocu- :
lated directly. The last stage of development occurs in
the skin; they become adultand copulate there; thus t]._l(a
variable position of lesions of elephantiasis are explained.
In Anopheles James finds that the transformation re-
quires only from twelve to fourteen days, and the activ-
ity of the embryos does not cease. According to the same
author the broad inactive form measures 71-53 ¢ long
and the slender active form 151-132 p long and 2.6p
hroad; in this latter stage the asophagus is two-fifths
and the tail one-third of the entire length.

Bancrott and Manson suggested almost simultaneously
that the mosquito might serve as a carrier of the embry-
onic filarise in the blood. Manson, however, ﬁrs'st ob-
served the changes which these embryos undergo in the
mosquito. He allowed mosquitoes to guck the blood of
filarial subject, and found at first that the embryos are
within a delicate sheath or membrane, apparently almost
structureless; later, there becomes evident a marked
transverse striation, and the sheath is ruptured by the
worm forcing its cephalic end against it. Once free
from the sheath, the embryo bores through the stomach
wall of the insect and wanders into the thoracie muscles.
The embryos which emigrate to the thoracic cavity do so
as soon as they are withdrawn from the human host;
those found some hours later in the mosquito’s :st.omm:h
are such as by immaturity or injury are not destined to
metamorphose, and changes in such are refrogressive.

According to one view the worm escapes by boring its [
wway out at the time the mosquito is depositing her eggs

on the water, or by breaking out from dying mosq uitoes
which fall into a pool, and that the infectioulof the hu-
man host is brought about by drinking such water as
contains well-developed embryos. It is further sup-
posed that these young worms then bore their way
through the human intestinal wall and attain maturity
at some suitable point. Copulation here is followed by
the production of swarms of embryos. In objection it
may be urged that Bancroft has shown water to be fatal
to the embryos in the course of three or four hours, and
that hence it cannot be the medium by which they reach
the human subject. He also says the embryos never es-
cape naturally from the mosquito’s body even if in water.
The other hypothesis as to later development 1s that the
infection takes place when the mosquito containing the
fully developed embryos is sucking plood, and Baneroft
has proved the migration of such embryos from the
thoracic muscles info the labium, from which he believes
they escape at a definite point at the fip to penetrate the
body of the new host. Grassi believes that the larvee es-
cape from the bent labium in the act of biting by rupture
of the cuticula. This part of the life history hasnot been
cleared up as yet. : _

In the transmission of embryos certain species of mos-
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| quito only are culpable; among such are Culex fatigons
in Australia, Anopheles Rossiv in India, probably alse
Anopheles musious; this genus James regards as the proper
intermediate host, since in it the development is more
rapid. In case the embryos are taken up by any unsuit-
able species of mosquito they are digested in the stomach:
or if a few individuals succeed in wandering out, they

| are absorbed in the muscles.

Distribution.—Tropical Asia, Africa, America, and
Australia are all infeeted. In Samoa and some other
South Pacific Islands this parasite is particularly abun-
dant, as much. as fifty per cent. of the population being

infected. :

The first mention of this parasite in the United
States was made by Salisbury in 1868, who found
the ova in the urine, Some years later (1886) Guite-
ras called attention to the presence of the embryos in
the South, reporting four cases from Key West and
one from Charleston, S. C. Only a little later De Saus-
sure published a clinical history of twenty-two cases,
also from Charleston. Since then many cases have
been reported in the Gulf and South Atlantic States,
many of which have been undoubtedly imported, but
indigenous cases are not wanting, and one concernsa
woman who had always lived in Pennsylvania. The

last account by Lothrop and Pratt gives a most exfen-
sive and valuable study of two cases in Boston imported
from the Barbadoes, and includes important new data on
the characteristics of the adult worms. ;

Pathology.—The adult worm was first found in 1876,
by the elder Bancroft, in a lymphatic abscess of the arm
and subsequently in a hydrocele. The two sexes are
found coiled together, and probably live for some time.
Since then this discovery has beenabundantly confirmed.
Manson has shown that the species normally oceurs in
the lymphatic vessels, and that the embryos, as well as
the adults, rarely also gain the circulation by way of the
thoracic duct. The embryonic blood filari@ were first
observed by Demarquay, of Paris, in a man from Ha-
vana, who was suffering from chylocele. The name
P sanguinis homings, first used for these embryos by
Lewis in India, has been applied to several different em-
bryos, which Manson has distinguished by appropriate
names. Whether they belong to different species or are
atages of development in one or two forms is still unset-
tled, though I am inclined to accept their specific inde-
pendence. Such embryos have been reported from urine,
tears (7), and secretion of the Meibomian glandsas v_.-'ell as
from the blood in casesof chyluria and elephantiasis, and
also in apparently healthy individuals. Inthe Barbadoes
nearly thirteen per cent. of the persons examined were
infected, and yet two-thirds of the infected cases mani-
fested no external sign of the dis€ase. o

Manson was also the first to establish the periodicity of
the embryos, as those of this species appear in the b‘lood
toward évening, increase in numbers during the 3:‘ttght.
and disappear in the morning, Manson views the 'ﬂﬁ]a_r
ial periodicity as an adaptation of the habitsof the filaria
to those of the mosquito, the intermediary host indispens-
able to the future life of the parasite.” ~But since it has
been shown that by reversing the period of sleep the
habits of the embryo filariee may be reversed also, the

| explanation of von Linstow appears more probable,

namely, that the tonus of the capillaries is reduced dur-

| enter them during the day, find enfrance possible owing
| to the increased size of the vessels, Manson found t‘he
embryos massed in large arteries and irregularly scattered
through the capillaries in the day time. : ¢
The presence of embryos in the blood is evidence Oh
the parasitism of the adult in some part of the lymp:
system, The duration of life of both adult and larve 18
entirely unknown; for the former, however, if 15 certall{l ¥
| several years. So far as known the embryos dr}_not }Jl ing
about pathological changes, though leucocytosts wzlt;h all
| increase of eosinophiles is noted in early stages, t0 m]?d
pear later. The adults occlude large ly_mphatlcsla :
| produce lymph stasis with resulting dilatation of the lym:

ing sleep; and thus the embryos, which are too large to -
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phatics. The qlinical mal}ifest_ations depend upon lym-
phatic obstructions and give rise to both general symp-
toms and” local, which latter vary widely according to
the part involved and to possible modification by infec-
tive processes.

An estimate has been made of from forty to fifty millions
of embryos in the blood of a single man, and yet the in-
dividual suffered no apparent effect. It must be said,
however, that the results of the parasite are broughf
about gradually; they are primarily a varicose condition
of the Iymphaties, giving rise to various conditions, such
as chyluria,- varicose inguinal glands, lymph scrotum,
chylocele, lymphangitis, elephantiasis (¢. 2.). In the
latter it is probable that the obstruction to the flow of
the lymph produces mechanically the distention and ex-
cessive growth of such parts as arm, leg,sscrotum, which
ig characteristic of the disease.

For examination Manson recommends a thick film of
blood drawn at 8 to 9 P.M., when the embryos are most
numerous. Fixing is unnecessary and the stain (fuchsin,
gentian violet) is made by adding a few drops of an al-
coholic solution of the dye to a watch glass of water.
Overstaining is reducible by dilute acetic acid.

Prevention.—The protection of drinking-water from
confamination by mosquitoes 1s strongly to be advised,
and the case of the Friendly Islands is cited afs evidence of
the value of this measure. There forty per cent. of the
males are affected by filarie, all the people drinking
from open pools; but the chiefs who have closed-water
tanks rarely acquire the disease. It may, however, be
urged in favor of mosquito inoculation that the chiefs
are also least subject to mosquito bites. Im any event,
the protection of drinking-water and the destruction of
useless pools will certainly reduce the number of mos-
quitoes, and consequently the extent of the disease,
whether transmitted through drinking-water or by direct
inoculation of a mosquito.

It must be noted that the presence of an infected indi-
vidual is a distinct menace to the health of a community,
since the widegpread distribution of mosguitoes capable
of acting as the intermediate host insures the possibility,
and under some circumstances the cerfainty, of wider
transmission of the disease. There is little doubt that
the cases recorded from the Southern United States are
primarily traceable to such introduction from the West
Indies. Thesame explanation liesnear at hand for those
occasional eases which have been recorded in various lo-
calities, both here and abroad.

Filarie Magalhaesi R, Blanchard 1895, —(Syn. : F. Ban-
erofts Magalhaes 1892 nec Cobbold 1877.)

Body slender, elastic, resistant; cuticula heavy, cross
strinted. Female, 155 mm. long, 0.833 mm. broad. at
head, 0.285 mm, at neck, 0.7 mm. in maximum; vulva
2.56 mm. from cephalic extremity. Male, 83 mm. long,
0.407 mm. broad; tail with double spiral, on each side
four preanal and four large postanal, papille of mul-
berry form (Fig. 3550); smaller (?) spicule 0.23 mm. long,
longerunknown. Eggs 88 by 14 ¢; embryos 0.3-0.35 mm.
long and 5 ¢ broad with transversely striated cuticula.

Of this form Magalhaes discovered in Rio Janeiro two
adults in the left cardiac ventricle of a man in whose
blood embryonic filariee were also present. It was at
first wrongly assigned to . Banerofié, from which it is
easily distinguished by the above characteristics. Like
all Nematoda living in the heart the cuticula is tough to
resist the powerful blood pressure, the body being like

-catgut, whereas #. Banerofti is delicate and easily torn.
The proportions of embryos and adults also differ ma-
terially. :

The life history is unknown. :

F. perstans Manson 1891.—(Syn. : F. sanguinis hominis
‘minor Manson.)

The embryos, which have been known for some time,
are found in the blood at all hours. They have no
sheath, and measure only 0.18-0.23 mm. long by 4.5
broad, being thus much smaller than those previously
described. Their continued presence in the capillaries
amay be due to this fact. The head is armed with a mi-
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nute, exceedingly delicate filiform spine set on a papilla;
this structure may be protruded and retracted rapidly.
The embryo not only wriggles actively, but also travels
about very rapidly. It is not numerous, but may be
found in company with F. necturne and F. diurna.

The adult was found by Daniels in a native of British
Guiana, in whose blood both blunt- and sharp-tailed (#.
Ozzardi) embryos were present. A male and a female lay
in subperitoneal connective tissue. Manson also found
an adult in one case of “sleeping sickness.” Among the
negroes on the west coast of Africa from one-third to
one-half are infected, and most such show the earlier
symptoms of this disease in nearly all cases of which F.
perstans is present. Yet this parasite is found in appar-
ently healthy individuals, so that its etiological relation
to the disease mentioned is still & matter of doubt.

F. Ozzardi Manson 1897.—Male, 45 mm. long, 0.06 mm.
broad; female, 70-80 mm. long by 0.12 mm. broad. Em-
bryos in blood, without sheath, sharp-tailed, 0.173-0.240
mm. long by 4-5 ¢ broad.

The embryos were originally reported from the blood
of Carib Indians from British Guiana, and were present
in about fifty per cent. of the cases examined. At first
both sharp-and blunt-tailed embryos were found together
and were regarded as developmental stages of one species.
Daniels found adults, chiefly females, in the mesentery,
and in fat at various points in the peritoneal cavity; and
in a later case two sets of adults, the one which is re-
garded here as belonging to this species, and the other,
which was viewed by Manson as F. perstans, to which
the blunt-tailed embryos are also assigned. The relation
of the adults to these embryos is still a matter of consid-
erable doubt.

In addition to fhe foregoing there are also several spe-
cies of Filaria, known only by the embryonic form which
inhabits the blood. While von Linstow regards them all
as developmental phases of one species, I cannot coneur
in a conclusion so widely at variance with their differ-
ences in structure, habits, and distribution. They may
be briefly noted as follows:

Filaria diwrne Manson 1891.—Only free embryos of
this species have been observed. They were found in
the blood of negroes from the west coast of Africa. They
appear in the peripheral circulation about 8 A.a., in-
crease in numbers until noon, and decrease later, to dis-
appear by 9 r.M. The periodicity was maintained for
some weeks. As adults of F. low were found in one of
the cases, Manson regards it as likely that 7. diurne is
the larval form of that species.

Filaria Demarqueyi Manson 1891.—The embryos of
this species were found in the blood of apparently healthy
natives of St. Vincent, and later also of St. Lucia, West
Indies, and of New Guinea. They have also been re-
ported very recently from other local-
ities in the West Indies. They re-
semble the embryos of #. Banerofti in
general appearance; they are, how-
ever, only half so large (in dry smears)
and they are without a sheath. Their
presence in the superficial capillaries is
constant day and night.

For convenient reference the char-
acteristics of the blood filariee may be
given here in tabular form (p. 216) so
far as they have been determined.

Filaria romanorum-orientalis Sarcani
1888 is a species observed in the blood
of a Roumanian woman. The parasite
measured 1 mm. long by 0.03 mm.
broad, and had an alimentary canal Fig. 33;101—;1{“;15 of
and welll.de\ eloped sexual organs. ggll}fa i Magﬁ_

Family of the Trichocephalid®e. fed. (After von
Body extremely elongated with two  Linstow.)
distinet regions, the longer anterior
very slender and the shorter posterior more or less en-
larged. (Esophagus very long, anus terminal. Males
sometimes without a spicule, more often with a single -
simple one which possesses a sheath. Female with sim-
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