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I h:.s Ul,TS O}' FlLAKIASI l'1 .-Mt'" tal Se-q-tu'l(Jf':- r:xt rl'UIC de
pression is ve[" ~' often obse rved 0 8 men tal Ilf't l l ll' l a .. in victims 
of frequently recurri ng attack s of lym phauuit is and of Iever 
associa ted with other inffamrnatorv fila ria l conditions. It is 
du e to two causes ; dread of recurrences, and sensit iveness. 
..specia lly amongst women, TllU JoI , nile Puerto Rican pufieut 
so efflieted had not left he r house for fl f'teen years, a nd II 

young J.,'; rl in Caguas with elephan tiasis of one h'g wore 
fou r stockings on the sound limb in order In make th e enlarge
ment of the other less noticeable. 

Profound depression usually follows seve re attacks of 
lymphangit is and lasts for varying periods. 

Fat alities .---lt is generally believed that flla rla! disea se 
per .»e does not kill. However, a small per<'enta qt' of pa t ients 
die as the r esult of septic complicat ions, notably In abdomina l 
fil llr iatlil'4 (Wise :'). Study of the lite ra tu re reveals the fact 
that suicide is not uncommon amongst filarial subjects. 
~[an son 's original patient, in whom he es t imated the number 
of microfila rine in di fferent or gans, was a suicide 8 S was U IP 

man in whom Young w found lIluny ad ult f ilari ae . Cnnnine
ha m reports tha t five of his pa tients commit ted suicide, while 
u elxth attempted the lid but failed . While etudyiug post
mor tem record s in Puerto Rico it was found that umongst 
suicides there was u high percentage wit h evide nce of well 
established filarial disease, 

Ecownnic ].o.<;1j ~-l",~wl'i a te d with P ila ,.ia.~ i.'l :-1t ie surpris
inK that UIU OIl~t patients affected with elephantiasds, oft en 
so marked as to inhibit free locomotion, many ure uble and 
willing to continue their employment. Amongst th ose suf
fet-ing from recurrent inflammatory conditions, however, 
there is evidence of definite interference with the ebillty to 
ea rn a living. The re asons arc two : th e patients ar e dis
couraged hy ti lt' frequent at tacks whieh make it necessary 
for them to lose much time fro m th eir employm ent. a nd hy 
the fact that they never feel quite well enough to work ; and 
employe rs a r e disinclined to r etain employees who must of ten 
absent th emselves from their work and whose work is inferi or 
to that of persons not subject to filari al attacks. ),[any 
writers have referred to the economic aspect of filariasis ; 
Connor summar izes the matter in Economic L OSR: 
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In manr ellMt cllT(JIlk inT alidi~m l'Multa, iu ot here wage ...ruiul t.p"clt r 
i~ mueh Iewered by "-'turriug eu ....rbatiOIUl of • fobrile or mAammatorJ lIature. 
h il di flit ult ttl .....im.te the UUlOlJxoI"ll who .re th Wi dlitted, but ill f'udmrlt 
UlUI'll ma ur IhOUlQUldll m.....t be ia eolved, 

In Puert o ltieo urany filarial patients were St'C Il in their 
homes who for vnryi n~ periods had done no work at all 
because th ey were incupucitated or Wt>re refused employment 
on account of intlammatory recurrences. A white Puerto 
Rican phys ician calculated that during the last year he had 
lost 48 working days as the result of recurrent attacks of 
lymphangitis a nd the dep ressi on following each. 

PATIIOLOOY 

The frequent discovery of living filari ae by dissection and 
the fail ure to flnd calcified or other degenerating parasites 
hy this proced ure when such were suspected to be present, 
suggested thnt the examina tio n of serial sections of ti ssue 
taken fro m foci of infection might he helpful in the study 
of filurinl eases. Exper ience with th e method has shown it to 
he of great val ue in this work and has indicated, moreover, 
that it may yield important information with regard to other 
purusit ic infections us well, notably such helminthic infections 
as schistoso mias is, paragonimiasis and clonorchiasis, and 
l'llwh protozoal infect ions us amoebiasis and leishmaniasis. 
The method WM used in 1!l21 for the study of the epitrochlear 
gland h)-' C, K Ber-ry in Polynesia and was described two 
yenra Inter u . It has since been necessar y to modi fy the pro
('(' :-Il" in order to mnke it pract icable from the sta ndpoint ot 
t ime and economy, and th e method as used at th e present 
time is therefore described in some detail below. 

The ti ssues are fixed in bulk in 10 per cent formalin and 
stored in it until requi re..l for cutting. The following pho
tographio and diagrnmmutic records a re prepared : (1) a 
na tural sizo photogruph of the specimen with sca le ( }, i~ , 9); 
(2) a natural size roentgenogram for the detection of ealcifled 
fila riae, indi cative of the position of the major-ity of calcified 
parasites and therefore the non-calcified ones in the vicinity 
( }"'j ~ . 10) ; (3) t rueing of first photograph O il which may h~ 
marked the size of the blocks and the posit ions of any .....orms 
th nt mav be discovered in the sections (Pig. 11). The tis sue 
is cut' in"to blocks, nnd the exact size indicated on the ·diagrnrn 
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(F ig. 11). The blocks, properly numbered, a re put th rough 
nn y of the usu al routine processes, embed ded in paraffin, 
mounted on the microtome, and sections ni ne micra thick are 
cut in long ribbons of twenty sections each. 

The parent or immature worm s, whether dead or alive. 
a re commonly coiled. )loreover it has been observed in ser ial 
sections that pathological evidence of the presence of worms 
IJL'ComeR apparent for u ooneiderublc distance }WfOl 'P' the 
worms are disclosed. It has been found in practice that if 
neither parasites nor pathological evidences of them are seen 
in the fir st few secti ons examined it is safe to lay ueido the 
next twenty sect ions hefore 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 retai ned, 
with out 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 nre 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 ordinal")' 
routine for sta ining with hematoxylin and eosin. 'Vhen the)' 
have been cleared in xylol they are rupidly examined under 
the dissecting microscope with the xlO lens, and immature 
and parent worms can easily be detected. Confi rmation under 
the microscope with the 73 objective und the No. 4 (1('1111l1' 

can he made. The microscope should be need in any case 
for a few sections in order to detect any rnicrofllati ae 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 cleari ng and these, together with the posit ive sections 
subsequently made, are mounted in Canada balsam, labelled, 
number ed end preserved in serial orde r 8 8 records. It has 
been found that with considerable practice it is possible to 
detect the parasites in the wax sections without fu rther 
preparation under the dissecting microscope, while micro
filariae are as readily discer nible in the wax sections under 
the microscope with 7ft objective. When examination is 
made in this way the amount of chemicals and stains required 
is reduced by more than hal f, while the time saved is eon
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siderable. By this met hod two tech nic ians working six to 
5C" CII hou rs dail y, eau r-ut complete serial sections of a 
testicle, epididymis, hyd roe..l.. Mac of average size and sper
matic cord 8M fa r 81'i the internal abdominal ring in the conr ile 

Sill AND POSI TION OF BLOCKS 
, 'if.CnONtD IN CME J .5. 

Fig. 11:-81. e and positi on of blocks "«loned...
 
Or ab&40 ll :-Tam l.1l.o ~ PQ81e16n de 101: troSOll diIIp ueno. pur. cortaro
 

of three days. If the cord blocks are cut horizontally the 
time can be fur ther curtailed. . 

In sectioning the spermat ic 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 a rt' 
pr esent in the lymphatics anterior to the vas deferens or 
between the epid idymis ami the "as or between the epid idymis 
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Fli. 12 :- Prepa ratfoD ot u.u. f or Mctlonblg.� 
Orabado 12 :-Pnpan e16n 4. I_ " JldfM, para el eone.� 

and the test icle, the gross material is laid on its side 
and blocks are cut. Th e test icle and epididymis require 
special treatment. The testicle is divided laterally (F ig. 12) 
just anterior to both poles of the epididymis in to two portions 

-�
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(B 1 4 2); B 1 is now divided antero-poster torly into two 
blocks for section an d B 2 is t reated in a simila r manner. 

DI"Cl' l::il)IO~ OF rATIlOUJGICA I, rrxruxosc-c-Histologic study 
of ti ssue removed from filar ial subjects makes certni n facts 
obvious. In th e first place, dead and degene ra ted wor ms 
are much more commonly found than living ones . Secondly, 
hypert ila r iatiou, JUIlK sus pected by Ma nson, has beeu rlefii
uitely eonfi rmod hy the pr..sent and other recent work. The 
speeiul :;ih'rl of elec tion of Jr. bancroiti in mall a re not kno wn 
though it [; T('('uKnizt>l1 that the paras ites ma y rema in ueur 
tho point of ent ry through the sk in at the time of infection 
and that till' external genitals of ma n ha rbor la rge numbe rs. 
It IUl:- also OC't.'11 shown that where present ill UU)" numbers, 
dead nnd living worms arc consta ntly found in till' same 
vicini ty. This i- confirmed in the p resent stud ies nnd ill 
demonstra ted in the Iist of parasites and the state of eneh 
CI t the ti me of deat h uf the host . (Table:1.) 

e ffect uf [Af' iug 11"0.-111.... on S l/r r ound i " 9 Ti.~ ,,,, ,u~ .--Th e first 
noticeable change observed in the ti ssues around living 
WucJ~ re ria is d ilatation of the containing lymphat ic vessels. 
where evide nce of more cent ra l obstructi on s hove the wor ms 
is lacking, hypertrophy of the vessels is not noticeable. 
( F ig. t it) A ~ there is ol'len «ueh obst ruct ion. howeve r, till' 
con taining lympha t lcs are freq uently hype rt roph ied (F ig 14). 
The most char acteri stic changes are in the intima, which is 
co nsiderably thi ckened and appears to he thrown into folds 
by the formut ion of polypi which protrude into tilt' lumen. 
The hypertroph y seems to he du e to fibrou s elements in which 
enlarged blood vessels and lymphatics mar he seen. There 
is a lso some thickening of the medial coa t . As a rul e eosiuo
phil cells nr c not increased nor are pclymorphonueleur cells 
consp icuous. Furthermore, giant cells are not obser ved in 
the tissue cells nenr liv ing worms. The Iymphoeytes however 
nr e 111\\,a)'8 increased und may he found in sma ll g ro ups 0 1 

in dense lymphoid depoai ts. :lIixed with th 4>111 or ut the outer 
edges of the gro ups may be some plasma cells. W it hin tilt' 
lymphatic vessel normal lym ph , numerous lymphocytes lind 
small or la rge r gr oups IIf rNI blood cells a r e seen. 

Dealh ami De.Q(' IIUOl ioll of Wor m ,~ :-Th (' mere p r l'l'oll
derance ot dend over livin g worms is ample evidence of ti lt' 
f ragility of th e parasite. Furthermore, )'fan l"Oll. Bah r has 

.I 
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F IG. 13. T@'8t icle and epididymis, 
A. Male W.ch" er&a in a dilated lymphatic veeeel near the epidi

dym is. .. 
R F emale Wu .ll t r triaf in & dilated lymphat ic n_1 tear the 

rete testis. "' 
• 

•, 
(;UBADO 13. Teltk . lo y tpididimo. : 
A . partirito MGC1ta W. banerofti tN ." lid.!" li"f't~ dilolad4, . " 

14 t"ciM4d d, l tpidklimo. ~ 

u. PariUit() .\a7IbrG fI" am tG$O l i"l d/ ico dila lad4 , .. ld wciltdM 
de to red tutindor. · 

-e 

• 
• 

• 

· I 
. '10. J..I.. Section just above the epididymi s. LiviD!; 1\'. bancroft' 

in ~ dilated and hyper t rophied lymphatic vessel Evldenee of prox
ima l obif r uctl cn of lymphatics in the cord. 

OR.\ll.\DO H . Corl~ i1lmtdiatallun fe fIOY oll'imQ del tpidfdimo. 
W. binrrofti f ll ti,. t'aso "lin!J tico dilatlldo i ktperl ,.6jico. Venn 
$tli" u.. ."~U,,iN lk Ob"~CM~ J.t 10' t"I~~ ''',,'''''('o.r del cOI"dm.. 
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d early shown that even with the most delicate handling it 
is ext remely difficult to remove specimens intact from th e 
livi ng or r ecently dead tis sues. While then most of the 
parasites r each maturity, it is conceivable that any slight 
loenl injury, I'('\"('Te local inflammatory reaction, toxic or 
bac terial , may r esult in the death of one wonn or mor e, 
especially since dead immature forms are also found. 

In sections containing living worms there are f requently 
observed changes which seem to be precursors of th e death 
and degeneration of th e WOTIIl, In such eases on.' noti ces 
here and there on the endothelial lining small deposits or 
fibri n, whic h tend to increase in size and rapidly IleCOOlP in
flltruted with small round cells and fibroblas ts. Soon foreign 
body giant cells appear and eosinophil cells may be present 
in varying num bers. The cente r or stem of the small gran
ulomntous mass becomes organized into fibrous ti ssue, while 
its free ma rgins, project ing into the lumen, continue to grow 
through further deposits of fibrin OD the surface , which in 
turn becomes organized, with the additional formation of 
rlbrous t issue. r:\"elltunlly endothelial tumor!' of such mag
nitude are formed that the worm becomes pressed into crevices 
or pockets at tilt' side of the lymphatic vessel. As the tumors 
increase in size they show u tendency to grow around th.. 
worm in many situa tions, and finally the la tter becomes en
tirely imprisoned and dies. These changes are most com
monly obser ved at the two ends of the worm, At first they 
may be of a nature beneficial to the worm since by narrow
ing th e lumen at either pod they a llow greater room for 
th e growth of the pnrnaite and mai ntain it in its position. 
Their presence slows hut produces no real stasis of lymph , 
since ill the ea r -ly stages as sociated with such changes, put
ency of the lymph channels is maintained at each end of 
the worm urea. 111 the {'OIl TSe of time, however, us study of 
muny specimens shows, the g ranul omatous process involves 
the endot helium throughout the area occ upied by the para
sit es. Whl'D a cer tain degree of granulation has tak en place 
the imprisoned parasite dies. Th e granulomatous bands and 
tumors, which have till now been thickly infiltrated with 
cells , bec ome organized into hands of fibron!:. ti ssues whic h, 
since they sur round the worm, have the cha racteristic cir 
cula r urraugement so commonlv seen and described. 
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About thi s time the first degenerative changes in the par
uslte are obse rved in the form of calcium deposits in the 
cuticle, without, however, allY al ter a t ion in the shape of the 
worm. I n all cases where ea rly calcification is observed tile 
cuticle alone is involved. 'l'he in t erior and contents SWill to 
he affected much Inter. .At this stage giant cells Off' often 
round close to the worm surface and in the degenerated tis
sues of its int erior. )IeIUlwl! ilt· the fibrous t issue su rrounding 
the worm becomes arruuged a s II capsule ill concent ric r ings. 
(F ig. 15.) The cellula r elements becom e mo re scanty and are 
mainly limited to the outer portions 111111 1'01c1i uf th e caps ule, 
where larger or !"1II 8.l1el' collections of small round cells may 
be observed. F'inully, ca lcificatio n is completed within tile 
lymphatic and the parasite is enti rely sepuruted Irom the 
surroundi ng ti ssues. III on ly two specimens was there cvi
dence of ealcifieation of the endothelial lining of th e contain
ing lymphatic. Usually the lymphatic, though destroyed, 
does not sha re in the calcification process, but become s oc
cluded b)' fibro sis . When nriorotllaria e are present in the 
worm they also calcify. 

When calcific-ation is recent, even when co mplete, the de
gener ated purueite shows u marked affin ity fo r he rnutoxvlin 
and fo r the silver ni t r ute i ll Von Ko,;:o;a' l-( «ruin. Wh ell the 
process has been of longe r duration the culcifled nrass be
comes glassy and yellow in uppeurunee, Fragm ents cueily and 
shows an increasing resistance to th e penetration or stains. 
In these later s tages there is also a tend ency for the capsu le 
to lose its uni form uppenr nnee and fur the ~ pu<.' l'l' bet ween 
th e layers of fibro us tissue to become more compact and 
closo 1-(('. lind fina lly to become diffu :..cd in the tlhros is of the 
neighboring connective ti sane. In some speci mens where 
th e g ranulomatous bands have surrou nded u worm in the 
lumen of a lym phntie the outlines of the latter IlI!~Y he ob
servahle a ft er calcification is comple ted . :\Iore frequently, 
however, all trace of the cr'iginul lymphat ie is complete ly 
obliterated. W ith the completion of eak-ifleati on giant cells 
and plasma cells d isa pp..ur froru the inftammutory urea uud 
finally the lymphatic eells may a lso do :.:0. T111 ~ ti ssue in the 
immedia t e vicinity 0 1' the' t!pl"lroypcl p:u'Hl'ih' 1J~ 'Olll l' ~ com 
pletely hyal ini .....·(1. T his type of dl·,Lrt·lwnltinn. a gradua l 
p rocess, occurs most commonly. 
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I n worms degenerating without ea lcificn tion in the early 
stages, the pi cture is di ffer ent. T he parasit e if' fo und i ll ;l 
mass of caseous material surrounded by dense lymphocyt ic 
infiltration amongst which a re many plusm n (0(>118. C!Ol"(-o t o 
the pa rasit e foreign hod)' g iant cells are present in large 
num be r -a and In t CT nrc ,1Pf'n to take an active part in its 
demoli t ion. Outs ide t he zone of lym phocyt es ill the earlier 
slayt>_" and in mnnv cases eos inophi l l't>lls are observed in ('011· 

siderable number s. As the process advances eollogen fibers 
are fou nd invad ing the cnseous mass or thrombus and with 
further fibrosis th e IYJIIl'h Ul·~' t e" t end to ret re at peripherally 
while the eo -inophils tend to disappear. ~\ ~ fibrosis he
cornea complete, t he gian t cells a lso dis a ppear and u hy
al inized fibrous sent resu lt s. 

" ' hen t he process of degeneration be gi ns in a caseating 
focus , calciflcation sometimes subsequently ensues. T ile re
suiting sca r con taining ca lcium is 1 (,~ 8 regu lar than when 
the p rocess h S 8 accompanied com plete enleifiea tion Irom the 
be ginning. ° 

I II Hom o l' I "'I' ~ without exh ibi t ina 1111, tem lencv t oward 
the forma tion of Isolated granulomatous °g rowths. the whole 
of t he inti ma a nd media of thr- lym phatic becomes swollen . 
oodc mutous mill ra pidly infiltrated with SlTlll''I1 ruononuclcnr 
cells showing pycnotic l"1I8U.l{I·S a nd f'rngmeut ntion of nuclei . 
f<;osillophil ( ' (·II M III l1y Il l ' 1<1' 1.'11 i ll lnrgo num bers, thou gh in 
Inter s tnges th ey nrc nut eommouly present . During these 
ch nll,:t'NI the wal ls IIf the lymphufie ('II(' TOm'h rapid ly on t he 
Jlllra"ih\ whi ch maiutuins it s ~ t' II Prlll morphology hut be
comes pros sed upon uud srencrn lly constricted. Wh f'n fo 
male pa rns ite s ure involved, mi cror llu rlue with cll·n r ly do
monst rnble nuc lei ma y 11(' seen i ll the int er ior of II parent 
which hll M lx-en Ila t t c u cd t o lce« than n third nf it s o rigi nal 
dim ensions . Even tuall y the imprisoned pa rasite d isappears 
by mol-enlnr di sin tcgrafiou a wl is nbs orl x-d. In the im 
medi ate vicini ty of the worm the tiss ues become homo genc
OUSt st nin badly, and upponr to II(' r-useous . F inall y, with 
the disappcn rnnce of the worm, lihrol'lis tukee plnco und II 

local cicatrix results . 
I II 1'01Ilt' cneee, dll r iu.Lt tho la tr -r " t llltes of th e process 

just desceibc d, pntdl~' deposits of cnk-ium mlly he observed, 
hut th is cha nze is lint unifo rm anti hears uo resemhlnnce to 
the process first described {Pig. 16) . 
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J)t'.loCt' lle ratilll{ mic ro fila r ine we re obse rved in only one case, 
hut their distributio n was wide. In loose ti ssues ( Pig. 17) 
- A'rullulnma of lymph vessels and a1 the ungle of a hyd ro
(·t'le ( Fig. H~)-t b(')" seem to pro mot e granulation tissue fo r
mat ion wit h man)" lymphocytea and plasma cells. Some of 
the purusites undergo f ragmcnt nt iou . III other a rena where 
cuk-ificntiou of the embryos haH taken place fib rosis hag re
»ulted. Eosinophil and polymorphonuclear lcucocytee were 
1I0t obse rv ....l uceompunying this process. 

apI/nol PalilOiog ;cai Chollge.ff ill Filaria.... i.'l' .---J)uring the 
intla mmnto ry attacks there is conside rable oedema of the 
tissues, when it is probable that much protein ig liberated 
in the iutrueellular s IUU·('M. In the acute stages infilt rat ion 
wit h lymphocytes is characteristic. With subsidence of acute 
phenomena choleste rol clcf'ts arc commonly found in such 
situation as th e epididymis a nd spe rma tic cord ( Fig. 19). 
F ollowing each utt uck fibroblast ic activity occu rs in th e in
fhuncd areas. In ea rly cases th e lymphat ics beneath the 
skill UI"l' dilated a nd hypert rophied ; ill Inter stages, when 
fihros ill ilol fu r advu need and when trophic ehauges a re pres
en t, some of the lym pha tic vessels nrc usually obliterated. 

In Kro llps of eul urged Iympbutic glands, a nd in th e deeper 
lnycrs of the ski n during the oedemnto ua pha se lend ing' to 
11'\u' elepha nt ias is, excessi ve deposit of fa t iH 11 atr-i kiug feat 
111"1'. ~lull Y lurgu A'l'oiu nUI SSl' S eonsist mainly of fu t und ,� «umvti rm-s contain onl y I'lightly enl arged glands. Strands 
ut' Illn'ous tissuc penetrate t his flit and in CIl Ke H of long etund
ing 1t'1It1 to replace it. Cuiucidiug wit h th e recuercnoe of 
inflummutory ph enomena and wit h fibro tic cha nges, the intima 
of th e blood vessel s becomes con siderably thickened a nd ir
regular put chea of calcium may develop in this eituntion. 
T he medi al coat is al so someti mes thickened. 

Whell parasites a re p re sent in the vicinity of lymphatic 
1(111 111 11'1, from fift)· to sevent y-five per cent of th ese ure found 
i ll th e afferent lymphafice or col laternla outeide the gland 
UI' ill 1111' lym pha tic vessels and s inuses of the ca psule . They 
a rt' leslol commonly found in the subs ta nce of the g land, al
though their numbers ill thi s s it uat ion vary in d ifferent cases. 
Th('Y are rarely encounte red in th e efferent \ ' e 8 8 ('} 8 or in 
the hilum of the gla nds . Their distr'ihut ic n in cons ide rable 
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