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Resuvrrs oF FILARIAsiS.—Mental Sequelae:—Extreme de-
pression is very often observed as mental sequelae in victims
of frequently recurring attacks of lymphangitis and of fever
associated with other inflammatory filarial conditions. It is
due to two causes: dread of recurrences, and sensitiveness,
especially amongst women. Thus, one Puerto Rican patient
so afflicted had not left her house for fifteen years, and a
voung girl in Caguas with elephantiasis of one leg wore
four stockings on the sound limb in order to make the enlarge-
ment of the other less noticeable.

Profound depression usually follows severe attacks of
lymphangitis and lasts for varying periods.

Fatalities:—It is generally believed that filarial disease
per se does not kill. However, a small percentage of patients
die as the result of septic complications, notably in abdominal
filariasis (Wise *°). Study of the literature reveals the fact
that suicide is not uncommon amongst filarial subjects.
Manson’s original patient, in whom he estimated the number
of microfilariae in different organs, was a suicide as was the
man in whom Young 2 found many adult filariae. Cunning-
ham reports that five of his patients committed suicide, while
a sixth attempted the act but failed. While studying post-
mortem records in Puerto Rico it was found that amongst
suicides there was a high percentage with evidence of well
established filarial disease.

Economic Loss Associated with Filariasis:—It is surpris-
ing that amongst patients affected with elephantiasis, often
so0 marked as to inhibit free locomotion, many are able and
willing to continue their employment. Amongst those suf-
fering from recurrent inflammatory conditions, however,
there is evidence of definite interference with the ability to
earn a living. The reasons are two: the patients are dis-
couraged by the frequent attacks which make it necessary
for them to lose much time from their employment, and by
the fact that they never feel quite well enough to work; and
employers are disinclined to retain employees who must often
absent themselves from their work and whose work is inferior
to that of persons not subjeet to filarial attacks. Many
writers have referred to the economic aspect of filariasis;
Connor summarizes the matter in Economic Loss:
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In many cases chronic invalidism results, in others wage earning capacity
is much lowered by recurring exacerbations of a febrile or inflammatory nature.
It is difficult to estimate the numbers who are thus afflicted, but in endemic
zones many thousands must be involved.

In Puerto Rico many filarial patients were seen in their
homes who for varying periods had done no work at all
hecause they were incapacitated or were refused employment
on account of inflammatory recurrences. A white Puerto
Rican physician ealeulated that during the last year he had
lost 48 working days as the result of recurrent attacks of
lymphangitis and the depression following each.

PATHOLOGY

The frequent discovery of living filariae by dissection and
the failure to find ecalcified or other degenerating parasites
by this procedure when such were suspected to be present,
suggested that the examination of serial sections of tissue
taken from foci of infection might he helpful in the study
of filarial cases. Fxperience with the method has shown it to
he of great value in this work and has indicated, moreover,
that it may yield important information with regard to other
parasitic infections as well, notably such helminthic infections
as schistosomiasis, paragonimiasis and clonorchiasis, and
such protozoal infections as amoebiasis and leishmaniasis.
The method was used in 1921 for the study of the epitrochlear
gland by C. E. Berry in Polynesia and was described two
years later . Tt has since been necessary to modify the pro-
cess in order to make it practicable from the standpoint of
time and economy, and the method as used at the present
time is therefore deseribed in some detail helow.

The tissues are fixed in bulk in 10 per cent formalin and
stored in it until required for cutting. The following pho-
tographic and diagrammatic records are prepared: (1) a
natural size photograph of the specimen with scale (Fig. 9);
(2) a natural size roentgenogram for the detection of calcified
filariae, indicative of the position of the majority of calcified
parasites and therefore the non-calcified ones in the vicinity
(Fig. 10); (3) tracing of first photograph on which may be
marked the size of the blocks and the positions of any worms
that may be discovered in the sections (Fig. 11). The tissue
is eut into blocks, and the exact size indicated on the diagram
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(Fig. 11). The blocks, properly numbered, are put through
any of the usual routine processes, embedded in paraffin,
mounted on the microtome, and sections nine micra thick are
cut in long ribbons of twenty sections each.

The parent or immature worms, whether dead or alive,
are commonly coiled. Moreover it has been observed in serial
sections that pathological evidence of the presence of worms
becomes apparent for a considerable distance before the
worms are disclosed. It has been found in praectice that if
neither parasites nor pathological evidences of them are seen
in the first few sections examined it is safe to lay aside the
next twenty sections before examining another group. Two
or more sections are then placed on a slide and kept for
study. The next twenty sections in ribbon form are retained,
without mounting, in an ordinary microscopical slide box
which has been partitioned by means of glass slides so as to
hold only this ribbon. The next few sections are again col-
lected for study, and so on until the whole of the block has
been cut.

The sections on slides are now put through the ordinary
routine for staining with hematoxylin and eosin. When they
have been cleared in xylol they are rapidly examined under
the dissecting microseope with the x10 lens, and immature
and parent worms can easily be detected. Confirmation under
the microscope with the 24 objective and the No. 4 ocular
can be made. The microscope should be used in any case
for a few sections in order to detect any microfilariae that
may be present in the blood, lymphatic vessels or the tissues.
If parasites are found, the complete series may be collected

-from the ribbon sections which have been laid aside in the
slide box. The positive slides are returned to xylol for
further clearing and these, together with the positive sections
subsequently made, are mounted in Canada balsam, labelled,
numbered and preserved in serial order as records. It has
been found that with considerable practice it is possible to
detect the parasites in the wax sections without further
preparation under the dissecting microscope, while miero-
filariae are as readily discernible in the wax sections under
the microscope with 24 objective. When examination is
made in this way the amount of chemicals and stains required
is reduced by more than half, while the time saved is con-
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siderable. By this method two technicians working six to
seven hours daily, can cut complete serial sections of a
testicle, epididymis, hydrocele sac of average size and sper-
matie cord as far as the internal abdominal ring in the course

SIZE AND POSITION OF BLOCKS
_ SECTIONED IN CASE J.5.

Fig. 11:—8ize and position of blocks sectioned.
Grabado 11:—Tamafio y posicién de los trozos dispuestos para cortar.

of three days. If the cord blocks are cut horizontally the
time can be further curtailed. ; :
" In sectioning the spermatic cord, epididymis and testicle
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the following procedure has been found practical. Since it
has been observed that the majority of the parasites are
present in the lymphatics anterior to the vas deferemns or
hetween the epididymis and the vas or between the epididymis

Fig. 12:—Preparation 'of tissue foi' sectioning.
Grabado 12:—Preparacién de los tejidos para el corte. .

and the testicle, the gross material is laid on its side
and blocks are cut. The testicle and epididymis require
special treatment. The testicle is divided laterally (Fig. 12)
just anterior to both poles of the epididymis into two portions

a
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(B1&2); B 1 is now divided antero-posteriorly into two
blocks for section and B 2 is treated in a similar manner.

Discusston or parmoLogical. Finpinags.—IHistologic study
of tissue removed from filarial subjects makes certain facts
obvious. In the first place, dead and degenerated worms
are much more commonly found than living ones. Secondly,
hyperfilariation, long suspected by Manson, has been defii-
nitely confirmed by the present and other recent work. The
special sites of election of W. bancrofti in man are not known
though it is recognized that the parasites may remain near
the point of entry through the skin at the time of infection
and that the external genitals of man harbor large numbers.
It has also been shown that where present in any numbers,
dead and living worms are constantly found in the same
vieinity. This is confirmed in the present studies and is
demonstrated in the list of parasites and the state of each
at the time of death of the host. (Table 3:)

Effect of Living Woirms on Surrounding Tissue :—The first
noticeable change observed in the tissues around living
Wuchereria is dilatation of the containing lymphatic vessels.
Where evidence of more central obstruction above the worms
is lacking, hypertrophy of the vessels is not noticeable.
(Fig. 13.) As there is often such obstruction, however, the
containing lymphatics are frequently hypertrophied (Fig 14).
The most characteristic changes are in the intima, which is
considerably thickened and appears to bhe thrown into folds
by the formation of polypi which protrude into the lumen.
The hypertrophy seems to be due to fibrous elements in which
enlarged blood vessels and lymphatics may be seen. There
is also some thickening of the medial coat. As a rule eosino-
phil cells are not increased nor are polymorphonuclear cells
conspicuous. Furthermore, giant cells are not observed in
the tissue cells near living worms. The lymphocytes however
are always increased and may be found in small groups or
in dense lymphoid deposits. Mixed with them or at the outer
edges of the groups may be some plasma cells. Within the
lymphatic vessel normal lymph, numerous lymphoeytes and
small or larger groups of red blood cells are seen.

Death and Degeneration of Worms:—The mere prepon-
derance of. dead over living worms is ample evidence of the
fragility of the parasite. Furthermore, Manson-Bahr has
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clearly shown that even with the most delicate handling it
is extremely difficult to remove specimens intact from the
living or recently dead tissues. While then most of the
parasites reach maturity, it is conceivable that any slight
local injury, severe local inflammatory reaction, toxic or
bacterial, may result in the death of one worm or more,
especially since dead immature forms are also found.

In sections containing living worms there are frequently
observed changes which seem to be precursors of the death
and degeneration of the worm. In such cases one notices
here and there on the endothelial lining small deposits of
fibrin, which tend to increase in size and rapidly become in-
filtrated with small round cells and fibroblasts. Soon foreign
body giant cells appear and eosinophil cells may be present
in varying numbers. The center or stem of the small gran-
ulomatous mass becomes organized into fibrous tissue, while
its free margins, projecting into the lumen, continue to grow
through further deposits of fibrin on the surface, which in
turn becomes organized, with the additional formation of
fibrous tissue. HKventually endothelial tumors of such mag-
nitude are formed that the worm becomes pressed into crevices
or pockets at the side of the lymphatic vessel. As the tumors
increase in size they show a tendency to grow around the
worm in many situations, and finally the latter becomes en-
tirely imprisoned and dies. These changes are most com-
monly observed at the two ends of the worm. At first they
may be of a nature beneficial to the worm since by narrow-
ing the lumen at either end they allow greater room for
the growth of the parasite and maintain it in its position.
Their presence slows but produces no real stasis of Iymph,
since in the early stages associated with such changes, pat-
ency of the lymph channels is maintained at each end of
the worm area. In the course of time, however, as study of
many specimens shows, the granulomatous process involves
the endothelium throughout the area occupied by the para-
sites. When a certain degree of granulation has taken place
the imprisoned parasite dies. The granulomatous bands and
tumors, which have till now been thickly infiltrated with
cells, become organized into bands of fibrous tissues which,
singe they surround the worm, have the characteristic ecir-
cular arrangement so commonly seen and desecribed.




244 PUERTO RICO JOURNAL OF PUBLIC HEALTH AND TROP. MEDICINE

About this time the first degenerative changes in the par-
asite are observed in the form of calcium deposits in the
cuticle, without, however, any alteration in the shape of the
worm. In all cases where early calcification is observed the
cuticle alone is involved. The interior and contents seem to
be affected much later. At this stage giant cells are often
found close to the worm surface and in the degenerated tis-
sues of its interior. Meanwhile the fibrous tissue surrounding
the worm becomes arranged as a capsule in concentrie rings.
(Fig. 15.) The cellular elements become more scanty and are
mainly limited to the outer portions and poles of the capsule,
where larger or smaller collections of small round cells may
be observed. Finally, calcification is completed within the
lymphatic and the parasite is entirely separated from the
surrounding tissues. In only two specimens was there evi-
dence of calcification of the endothelial lining of the contain-
ing lymphatic. Usually the lymphatic, though destroyed,
does not share in the calcification process, but becomes oc-
cluded by fibrosis. When microfilariae are present in the
worm they also ealeify.

When calcification is recent, even when complete, the de-
generated parasite shows a marked affinity for hematoxylin
and for the silver nitrate in Von Kossa’s stain. When the
process has been of longer duration the caleified mass be-
comes glassy and yellow in appearance, fragments easily and
shows an increasing resistance to the penetration of stains.
In these later stages there is also a tendency for the capsule
to lose its uniform appearance and for the spaces between
the layers of fibrous tissue to bhecome more compact and
close set and finally to become diffused in the fibrosis of the
neighboring connective tissue. In some specimens where
the granulomatous bands have surrounded a worm in the
lumen of a lymphatic the outlines of the latter may be ob.
servable after calcification is completed. More frequently,
however, all trace of the original lymphatic is completely
obliterated. With the completion of calcification giant cells
and plasma cells disappear from the inflammatory area and
finally the lymphatic cells may also do so. The tissue in the
immediate vieinity of the destroyed parasite becomes com-
pletely hyalinized. This type of degeneration, a gradual
process, occurs most commonly.
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In worms degenerating without calcification in the early
stages, the picture is different. The parasite is found in a
mass of caseous material surrounded by dense lymphoceytic
infiltration amongst which are many plasma cells. Close to
the parasite foreign body giant cells are present in large
numbers and later are seen to take an active part in its
demolition. Outside the zone of lymphoeytes in the earlier
stages and in many cases eosinophil cells are observed in con-
siderable numbers. As the process advances collogen fibers
are found invading the caseous mass or thrombus and with
further fibrosis the lymphocytes tend to retreat peripherally
while the eosinophils tend to disappear. As fibrosis be-
comes complete, the giant cells also disappear and a hy-
alinized fibrous scar results.

‘When the process of degeneration begins in a caseating
focus, calcification sometimes subsequently ensues. The re-
sulting scar containing calcium is less regular than when
the process has aoeompanwd complete edlclhcahon from the
beginning.

In some cases without exhibiting any tendency toward
the formation of isolated granulomatous growths, the whole
of the intima and media of the lymphatic becomes swollen,
oedematous and rapidly infiltrated with small mononuclear
cells showing pycnotic changes and fragmentation of nuclei.
Eosinophil cells may be seen in large numbers, though in
later stages they are not commonly present. During these
changes the walls of the lymphatic encroach rapidly on the
parasite, which maintains its general morphology but be-
comes pressed upon and generally constricted. When fe:
male parasites are involved, microfilariae with clearly de-
monstrable nuclei may be seen in the interior of a parent
which has been flattened to less than a third of its original
dimensions. KEventually the imprisoned parasite disappears
by molecular disintegration and is absorbed. In the im-
mediate vieinity of the worm the tissues become homogene-
ous, stain badly, and appear to be caseous. Finally, with
the disappearance of the worm, fibrosis takes place and a
local cicatrix results.

In some cases, during the later stages of the process
just described, patchy deposits of caleium may be observed,
but this change is not uniform and bears no resemblance to
the process first described (Fig. 16).
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Degenerating microfilariae were observed in only one case,
but their distribution was wide. In loose tissues (Fig. 17)
—granuloma of lymph vessels and at the angle of a hydro-
cele (Fig. 18)—they seem to promote granulation tissue for-
mation with many lymphocytes and plasma cells. Some of
the parasites undergo fragmentation. In other areas where
calcification of the embryos has taken place fibrosis has re-
sulted. HKosinophil and polymorphonuclear leucocytes were
not observed accompanying this process.

General Pathological Changes in Filariasis—During the
inflammatory attacks there is considerable oedema of the
tissues, when it is probable that much protein is liberated
in the intracellular spaces. In the acute stages infiltration
with lymphoeytes is characteristic. With subsidence of acute
phenomena cholesterol clefts are commonly found in such
situation as the epididymis and spermatic cord (Fig. 19).
Following each attack fibroblastic activity occurs in the in-
flamed areas. In early cases the lymphatics beneath the
skin are dilated and hypertrophied; in later stages, when
fibrosis is far advanced and when trophic changes are pres-
ent, some of the lymphatic vessels are usually obliterated.

In groups of enlarged lymphatic glands, and in the deeper
layers of the skin during the oedematous phase leading to
true elephantiasis, excessive deposit of fat is a striking feat-
ure, Many large groin masses consist mainly of fat and
sometimes contain only slightly enlarged glands. Strands
of fibrous tissue penetrate this fat and in cases of long stand-
ing tend to replace it. Coinciding with the recurrence of
inflammatory phenomena and with fibrotic changes, the intima
of the blood vessels becomes considerably thickened and ir-
regular patches of calcium may develop in this situation.
The medial coat is also sometimes thickened.

When parasites are present in the vicinity of lymphatic
glands, from fifty to seventy-five per cent of these are found
in the afferent lymphatics or collaterals outside the gland
or in the lymphatic vessels and sinuses of the capsule. They
are less commonly found in the substance of the gland, al-
though their numbers in this situation vary in different cases.
They are rarely encountered in the efferent vessels or in
the hilum of the glands. Their distribution in considerable
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