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In Mi x families th ere were two persons with microflluriae in 
th e blood, a nd in fin families, one I)CT801l. 

In evalua ti ng these results it should be noted that the 
blood of six persons was not studied and , further, that since 
clinica l examiuutions were oft en cond ucted in t ill' p resence 
of both the mule und female members of the Iumily, and some
times in the presence of neighbors a s well, i t wa s not pos
s ible to examine the ma les for hydrocele or, as a TU)(', t o 
interrogate th em on the subject. Consequently the tii-,"U res 
g iven for po si tive fiudinga, whether clinical find ings or micro
filariae, are con servative, and probably lower than actual 
ones . 

Similar observations were made at Puerta de Tierra In 
San J U81l, a nd cnses were studied from all sect ions, It be
came evident that in nne particular area filarial infec t ion wa s 
hyperendemic. This area was adjacent to the Bay of San 
J uan on swampy ground and included a g roup of houses or 
shacks ill very poor condition. The relationship of these 
houses is shown on till' accompanying diagram (}<'ig. 3) . 
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It i!lo believed that sufficient evidence ha s IW (, l1 brought for
ward to show that in Puerto Rican towns there is not only 
defi nite evidence of posi t ive fam ily preva lence of flluriaais, 
hut also of neighborhood or envir onmental preva lence. Wb ile 
more females had symptoms tha n males, yet microfilariae 
were mnch more commonly found in the blood of males. 

T UE 1~8ECTI' HOST OF FTLAR IA BIR 

Culer /,'ol igOlIS 

P rr l'alePlce:-The insect vector of fllariaels in P uerto Rico, 
C. fa/ j!J(I ",~ . il'l abund an t, especially in th e poore r sections of 
the towns. Jt is verv numerous close to the sea f ront where 
there is protect ion i rom the preva iling winds, and trouble
some even two th ousand feet above the 1'1('8, It S at Aiboni to. 

Hreedi"g: -It" breeding places a re extensive uud are 
mainly in : 

a. Uncleaned ditches in the vieinity of towns. 
b. Borders of lagoons extending to the edges of populous towns, 
c. Drainage from wells. 
d. Wat(>r stored in barrels and other eontainere. 
e;� Various reeeptaetes in the exte nsive dumping he8J1H nea r 

town s. 

I n exist ing circumstances th e contr ol of many of the breed
ill/{ places is impossible. 

The length of t ime required for the development of the 
adult mosquito shows some var iation nt different seasons, 
Il./. mny be seen from the tabulation below : 

Mar tb . 1929� Beptember, 1\/30 

' t h-Sth dB,. E gg rafta laid. 9th dlly Egg raf ta laid. 
6th da,. Egp hatched .� 11th dllY EIl'll" hatched 

19th� da,. Pupation, 18th da,. Pupation, 
2ht dllY lma,;r in e~ "'merited. 20th da,. Ima giDH t!lJ1('rgtd, 

Nevertheless slight tempo rary changes in wea ther condi
tiona delay or nccolcru te development a t any season. 

llesti'lg and Fecfling . Habits :-For the adult mosquito, 
cond it ions are ideal in the dark, hot , steam)' and overcrowded 
houses 0 1' shucks of the poor, 'Where the inmates take little or 
110 precaution against a t tacks b)" the insects. In P uerta de 
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T ierra , in a single room., se vera l hund red eulex, mostly en
gorged, ma r he collected at auy time from behind furniture 
or cloth ing and under beds. .\. favorite resting place is be· 
neath the houses, especia lly those in damp sec tions or in the 
vicin ity of the breed ing pl aces. 

At all seasons C. /aliga 'M seem to feed most vigorou sly 
in the evening and the early part of the night, after which 
t11t"y are usually found resting 011 the walls or elsewhe re in 
huildiugs A mongs t mosquitoes used for transmission studies 
it WHl'I not iced that those which had nut fed b)' 10 p.m. rarely 
did 80 that night. If, however, imagines were sta rved auf
ficiently aud not brought into contact wit h man until la te r, 
they prompt ly proceeded to feed when opportunity offe red. 
These facts may explain the small nu mber of filariae found 
in moat mosqu itoes and the occasional hea vy infections that 
a re encountered. The tendency of C. tatigans to bite ear ly 
at night is impo rtant from the standpoint of fila rial infecti on 
in Puerto Rico, inasmuch as the Puert o Ricans usually sit 
ill their living r ooms, on their porches, or in the vicinity of 
th eir hou ses until ahout nine o 'c lock in the eve ning a nd an> 

thus exposed to the attack of the mosquitoes during the pe
riod of their g rea tes t activit)". 

C. t atigans is a shy feeder a nd is easily disturbed until 
such time as blood has begun to enter the abdomen, after 
which she can be captured without difficulty. 'Vhen attack
ing persons who a re sitting, she usually lights upon the ankle. 
If disturbed, she will hover around and return again gene
rally to this part of th e body. Persons lying in the dark in 
a rcc nmbcut position, howev er, tire liable to he bitten on any 
exposed surface. One mosquito which wee observed biting' 
below the right internal malleolus, was di aturbed ; she flew 
uwuy, but returned und fed below the ext erunl malleolus on 
the sume leg. Repeatedly di sturbed thereafter, she returned 
a ll each occasion, piercing the skin of the inn er side of the 
left ankle, the dorsum of the foot, and behind th e right in
te rnal malleolu s. These variations in feeding areas may play 
some part in the di ssemination of larva] filariae over extensive 
art"all of ekin . 
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1'Ja:. t . A. Record of bUn of O. fatlgana on a pe rlOn we.rlllC only a lOincloth betwee n 
7 p. m. and 10 p . m. 

B.� Foci of primary and moat aevere paiD iD cuea of lJDlphangltifl of the b reuta 
and upper 11mba. 

e ,� Foci ot prl m. ry and mOllt severe paiD In CUM of IJDlphanglt.ill of the acr ot uw 
. nd lower 11mbt. 

Grabado 4. A . N tl.moro de plcacla. que produce 01 mOllqulto de 7 p. m. a 10 p. m. a UI1lll 
pe n ona cublerta sol amente con un l1enso IIObre 1aa c.der.... 

B.� FocOi pri m. ri Oi y i lglcoe en vario. CUOII de 11nfalllltll de laa Dlam&ll }' 

de 101 miembrOi IUperiorea. 
C.� F oew prlmariOi y ilgkOll en ..rlOI CUOS de l1nt.~t1I del NCI'Oto T ell 

101 lIl1embroa InforiOrN. 
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Our observations «hewed that bv far the I{Tl'afer number 
of bites occurred abo ut the ankles, ~'~ I)('('inny ill the shadows 
below till' malleoli . The distribu tion of these bites is in
dica ted on Fig'. 4, an d seems to 1M:" of signiflcauce in view of 
the fuct that in P uerto Rico the ma uifeatu t lons of clinical 
tilar insis occur with fa r greater Freq uency in the lower limbs 
than in other pa rts of the body. T he close correla tion he
tween the positions of insect bites an d the most prevalent 
foei of acute puin in f ilarinl Iymphaugit is at> well aMthe most 
prevalent Mit£':-o of abscess indicates that the infect ion iR a 
1000ui one. 

Den lQp mf'Jlf uf W ncbe reria Imnuofti in C. fatigfUl .,,:- I n 
November, 1927, larva e of W. boncroi ti in nil stages of de
velopmont were found in speeimcus of C. fat(qan.<; ca ptured 
in Puerto Rico. In F ebruary and " fnn'h, H)~9. studies were 
underta ken to discover the t ime neeessury for development 
of the la rva e ill the insect . Similar invcet iga tl ous were mad e 
from Augu st to October. 1930, and ill December, 1930. 
Throughout a ll the experiments the' "arne volu ntee r filari al 
pat ient WR !oC used . This ma n had from Ior ty-flve to sixty mi
crofila r iue in blood samples of 20 emm. taken at midnigh t. 
'r ile expe rimen tal mosquitoes were placed inside hi8 mosquito 
uet in th e lut e a fternoon , fo rt y-eight bOUTS uf'ter hatching ; 
enrly the following morn ing they were collected und pla ced 
in gln!4!4 ju r lol. Ench insect received only 0 111,' feeding of blood. 
Thereaf'ter nour ishment was obta ined from small pi('('('!4 of 
cotton sa tura ted wi th sugar syrup, which were placed ou the 
mosquito netti ng cover ing the tops of the jars. Several in
sects f rom each jar were d issect ed daily until the period nee
esaa ry fo r development was det ermined . At th e same time 
a number of the insects were fixed in Bonin Medium and later 
preserved in 75 per cent alcohol . 

In gcne rul it was found, a~ Hac a nd Iyen gur 11 have 
shown, tha t development of th e parasite in the mosqu it o was 
more rapid with high humidity a nd high te mpe ra tu re, and 
in the fi rst s tudies th e average t ime required for this de
velopment was f rom 19 to 21 days. Tha t th is period is not 
consta nt for the winter months of every yea r is shown by th e 
fact that in the winter of 1930-1931, fully developed larvae 
were fo und in the head an d p roboscis on the twelf th day 
after the infec ting meal, and fnirly frequently f rom then 
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on. It ,...'ould seem, therefore, th at the period of arthropod 
development during u seasou depe nds on the variation in 
the wea the r cond itions Irorn dar to tlnr. During the stud ies 
mad e in the summer of 1930, mature larvae were found in 
the proboscis a ll the eleventh day and in most insect:' develop
ment was completed on th e twe lfth day. 

In nil the st ud ies y O UIl J( lurvue wert' fo und in th e thorax 
tweutv-Iour hou rs after the h100t1 meal. The" are difficult 
to eee at this time because, on en te ring the thorax, they ap
pea r to increase considerably in leng th and become propo r
t iona tely narrowed; if dissected out they arc ""11· active; 
but within another twelve ho ur" the )' become :oI 1 lggi~ h and 
begin to contract aud broaden, and the rectal vac uole be
cornea apparent . Th e du rat ion of the subsequent stages 
va r ie~ con sidera bly uceording to weather conditions. Heud
ing of th... pa fft!<o it f'1'l 011 themselves was observed during the 
win te r on ti lt' ninth day, a nd during the summer months on 
the seventh. Resumption of the st ra ight fo rm occu r red two 
days later i ll each ease. 

TI1l' ll rO( 'e!'\~ of the development of the larva e within th e 
mosquito WU >l similar to that previously described by ot her 
workers. In most figures ill ustra tin g development, the anal 
ori fice i!'\ dep icted us being len'] with th e ad jacent cuticle ; 
in Puerto Rican specimens us soon us this orifice becomes 
patent it oP(,I1 ~ a ll It alight pretuberunee through which met
ter ill extruded from time to time during further development 
in th e insoct ; this can he sta ined an d de monstrated in prep
nru t ions fixed by the SChRIUliulI process. Bahr 12 descri bes 
g ranules emerging from th e posterior V-spot at an ea rly 
stuge and throughout the whole cycle of develop ment. In 
the vicinity of the purueite, especiall y at the poster ior end, 
in stained seet ioue, u dear and slightly granular area can 
usually be made out in the muscles of the mosq uito. Whether 
th is represents material excreted from the parasite or rnre
fa ction of the mu scle.. themselves has not been determined. 

'VIlC'n till' parneltes are fully developed and reach lh e 
head they sho w a proclivity for the t issues supporti ng the 
eyes, a nd in most specimens can be demonstrated in this sit
nation. In the probosc is they are commonly observed in 
pairs, but s ingle specimens are frequent, and more rarelv 
several a re fou nd in this situation. In the thorax and ab
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domeu tilt' fu lly deve loped larvae a re ~~uall r found in the 
loose coumx-tive t issue between the vital organs . and. the 
skeleta l st ructures. ve ry commonly in the connective t iss ue 
flf the dorsum of the thorax overhan ging the neck. 

J)lIf iuJ{ the ea r fier stagl'l'i of development nft(' r the larvae 
lea ve till' s tomach they are observed only in t ~(" thora~ . 
WlwlI full y ~enlop4.'(I. hO~'l·\·('r. they .f,,,~uf'~ t1y indulge 1: 
nppnrentlv lllmll'M' wa nde r 'iuga. The.chtoitnhutIoll of ~h e full. 
Ill'n lop("(i pnrusites in seventy mosquitoes may he of interest. 

,,~ ..~ln l't" l A n'fI#' II"rrt J'oua d 
Pdr1 of JI <¥q"" o i...h i..... F. U, ~·.~r of JlNq'ri'«. 
l'roboteU onl, : 19 
~~ h~J ~aud • 10 

Probo.Os and th orax 1~ _ _ ___ _____ _ _ _ __ _ _ 

ProboBcia, hc-d thorax . _______ ________ P 

- Probo8eia, b~ thorax., .bdomea ~. _ __ _ _ _ __ _ _____ _ _ _ .. 
-,Proboed.. bead , abdomen • •• .. 

·Pru~.. tho~ abdotneo . ____________________________ 1 

· P rooo.eu,°l'robt.-i., head,. thorax, abdomen, ...C--- - - . --.----- --. ~ -head, leg . _______________________________ 1I ~ 

H.t,ad ooly • .... • •• . _____ 3 

Head, th nrax • ••_• .______ _ 1 
Th ora.'( onl,. .______ _____ _____________ 3 

-Thorax , abdomen . ____ 3 
-Thora x, ll"g t 
- AbdoDlt"1I (111 11_. • . __________________ !I 

Total . • __• • • 10~  

Th us in tweuty-four " of the seventy mosqnitoee lurvae had 
mad e migrations, the object of which was not clea r. The 
specimens in th e ulxlome n were as commonly found poste
riorly us anter iorl y. III three instances the pa ra sites seen in 
sections were at the posterior extremity of the inflect , 

'Vi lli spec imens of C. {atigalls were dissected for the 
purpose of ohsorviug the gene ra l distribution of parasites 
umongst the mosquito population und the incidence of para
~jtiz4.'d iIlS('(·tKin hyperendemic localities. No pa rasit es were 
fou nd ill twe lve mosquitoes from the )lnnicipal Hospital in 
SoltlJ t Ul'('l' , ill oijrht fro m th e Dist rict Hospltn l in San J uan, 
iu nino from the Presbyterian Hospital in Santurce. At 
1111.- ~ llll1 i eil'lll Hospita l in Ouayama twelve engorged mos. 
quitoes were studied , but contained no par asites j a ll of these 
buildi ngs ure well lighted and sit uated in spac ious gro unds 
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well exposed to wind . S ine mosquitoes collected in 8 house 
in P ucrta de 'Tierra where there were no persons with filar
ia llil'l and none harbor ing microtllariae ill the blood, wert'! 
uegntive. :\0 pa rasites were found in nu merous insecta col
lected nil many ()('('II!Oionll (rum a private residence in San. 
tu rce. 

011 the othe r hand, the fo llowing results were obtained in 
the d issecti on of C. faliga" .~ mosquit oes collected unde r the 
house of .J. R. ill Pncr ta de T ierra, which is nex t door to 
the house of H. C.• in which five occupants had microfilariae 
in the blood lind two others had symptoms of filar ilU(is : 

D-aber 19. 1930. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 7� 
I-.m 22, 1930 .. . . . . . . . • • . . . • . . . . 14 10 

Two 01 ~ JDf*ItPt(Wtl _ftOl fovod \oJ have fully developed larvae ; ODe __ 

taiDed 4. tbe otMr 6. 1" the latter thfte Wft'Il u.o 4 haIf~veloptd fOl'DUl. I ,. an· 
otUr i.-et tbtre __ 16 I'hort, fat patuitm. 

~rmbO't 26. 1930• . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 12� •,Dec:oembO't 31. 1930 . 13 2
J llDuary I , 1931 . 2 
J u uary 7, 19:11 . •" 

Dissec t ion of a mosquito captured ill the house of B. C. 
sho wed eighty pa rusites in t'u rly stuJ(es of develo pment in 
t he stomach blood nml t he thorax. 

Amongst tho mosquitoes of t his spec ies collect ed inside 
a hotll((' which "lll·It" J"t'd three filaria si« pat ients. eight of 
eleven mosquitoe s wen ' pnrnaiti zed . 

In collecti ons mad e ill and nuder th e house of S. ,\L 
(P uertn de Ti erra ), who hnd 590 microfilnriae ill 20 emm. of 
blood ta ken ut midn igh t , 20 per cent of ninety-seven eulex 
taken Oil «ix occnsions ill December und J an unrv \\"l1T(' in
Ieeted, the highest daily percentage being ti ft~· . . 

In II house {Santu rce ) in which lived ~Ir8 . H ., who had 
elephnnt ias ia, II son who had lymphangit is a nd five othe r 
child ren who had microfila riae in t he blood, th e percentage 
lit" puraait ized mosquitoes was forty. 

Although la rge numbers of parasites were never fou nd 
ill expe ri menta lly infected mosquitoes, this was not the case 
among mosqui toes infected in nature. Sixty-three parasites 

.� 
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weft:' found in one mosquito in the foregoing series j only 
ohrht of these were fully matured, but the othe r flf'ty-five 
1l1'1K'tm.'t1 to I ~ developing sarisfuctorily . 

III Aguadi llu th ree recently fed mosq uitoes were collected 
f rom ill:-, idl' l il t' mosquito net of II muu with microf ilarlae in 
tilt' blood. I II two, no Jlll fn ~ it e !'l were found ; in the third, 
»ixty-three unshea thed or young lnrvuc were di scove red, 
fi f' tv-five in the stomach blood und fifte en in the thora x. 

'Th i~ affords no evidence that most larvae rcnch the in
feefi on stage or th at the mosquito (' U Il long survive such 
ma saive Infect ions. 

Fat r. 0/ Larroe of lV . ufHu.:rof t i iw Wafer :-On September 
/'i, 11)30, two expe ri menta l mosquitoes were di ssected in water 
in It wa tch gIllloll"l at 3 :40 p- Ill. Three fully developed lnrvue 
emerged f rom the proboscis und hNUI of one, nnd a ile la rva 
f rom tilt..' probo scis of th e other. Th e four la rvae were un
damaged and ve ry act ive in the ubunda ut supply of water. 
At 4::l0 p. m. the movements of nil were sluggish ; a t 'i ::10 
p.m. three were motionless : nnd at 8 p. m. a ll were motion
less a nd uppa reut ly deu d. Several of th e experime ntal m OA

quitocs with fully developed la rvae d ied in water d llrinJt' the 
night. When these were dissected the la rvae wore usually 
dead. On one occasion , however, F ebruary 2fi, 19"19, au ex
t re mely ucfive lnrvu was fo und in the probo scis of II 1OOR

quito which hut! sn di ed . 
Other Lneecte as lla .d .~ of W. hO llc rol t i:- T he ideal host 

for 11'. boncrojti i ~ 1I0t C. 1(,ligoll8 hut ...t . sc ute iio ris (A. 
,·oriegatus). ~1 8n S() I1 - Bnhr, working on th e development 
of these larvae in ...t . scuteiioris in F ij i, pointed out that 
mature forma were often fou nd in the a b d 0 10 e 0 and 
legs of the mosqui to. O'Connor 's experience in Samoa and 
th e Ellice Isl ands confirmed th ese flndiug s, bu t h is work with 
C. fatigo lls in Puerto Rico suggests thu t this insect is not 
nea rly NO efficient u host fo r th e period ic microfila r ia a s is 
A . scu tella ri« for the nou-pori odle type'. In C. fat igflf&.s th e 
la rvae di d not tend to develop at the flume r ate as in A. »cvtel
loris. Xot unco mmonly, ful ly developed larvae were found 
in the proboscis of C. l a/igaus while only half-developed 
fo rms were present in the thorax. Degenerat ion, either by 
ca lcificat ion or by graunlat ion, of the parasites in the thorax 
01' t he mosquito seemed to he much more common in this 
species than in .J . scutellaris. 
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It has bee n shown that C. {at if/CHIS fe-eds mainly in the 
evening and the ea rl y part of th e night lit which times micro
filaria l' an' not numerous in the blood. It is uo t l" ur p r ll"iuR' 
the n tha t the mosquito usually I l<K' ''; 1I0t become hea vily para , 
sitizcd . The volu n tee r puti cut used for the feeding experi
ment had, lLS has OC-eD said, from for ty-five to s ixty la rvae in 
20 CIIUIL of blood. On the average, the exper imental euleeine
rarely harbored more than four or five parasites in th e tho rax. 
lIow~n'T from th e massive in fect ions repo rted Il l" (K'('nrr inK 
in nature, in which va rious sta,::es of Ia rvul development were 
observed in th e sumo mosqu ito, it is clea r tbut th t'!lt· ure 
frequently reinfec ted. 

Repented attempts were made to infect A. Ut',Q.'lpl; with 
Jr. bawcroj t i, but without I' U('CCS8. In a few instances ti lt' 
larvae reached the thora x, hut begun to dosrene rat.. afte r two 
or three days. 

'On several cecuslons bed Lugs were collected from the 
beds of person s with micrcfilarine in tilt' blood. III every 
instance mieroflla riae were found in th e s tomnr-h of the se 
insects, but iuvurinbly they were dead ill their shea ths. 

STUDIES OF FILARIA l. IXCIDKXl..'E IX PUE RTO nrcc 

The usual method of determining th e ineideuce of filariasis 
in a ny ureu is to nod to th e percentage of th e iuhubitunts 
showing clinical mnnifestutions of the d iseuse the pe rce ntage 
of oth er ! ICr SO Il S Iouud to have microf iluriao in th e blood. 
T he s um of these percentages const itutes the total Incidence. 
In 1927 uud lfI28 Hoffma n, Mnrfu and Bu rkel mnde II ( '0111 . 

prehensl ve sur vey of th e incidence of f ilaria sis in va rious 
commnnifies throughout the I sluud. Amongst ·J";')!tO J ll' r80U ~ 
whom they examined, 4S;! showe d SOUll' evid ence of infection. 

Microfila r iae were found in the blood of 275 or 5.5 pe l' 
cent of these, whi le in 20S there were clinica l mauifcs tntions 
of in fecti on. F ourteen person s had emb ryos in the blood at 
night as well aR clinical »Igns of infect ion, The highest in. 
cidencea, on all count s, were observed in Puerta de Tierra, 
Ag uadilla, CaK118S 111ld POII('(' . These a uthors beli eve th a t 
mieroflla riue nrc found most f'req ueutly in imma tu re person s, 
hu t they point out that th e parasit es art" hy no menus nbseut 
in persons Ilt'twt,t·u the ngt"l" of f OTtY a nd fift y veers. The 
work of these nhl-iern'r!ol at the Bo'yp:' and ili;I ~' Chn rit~· 
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Schools in Sa nturce i!" very sig uifica ut . A I ter explaiuiug 
that th ese schools ure withi n half a mile of each oth er a nd 
that mosquit o net s a re ra rely used in either, th e)' describe 
important d iffe rences influencing the spread of filariasi s in 
th e two in stituti ons, an d in cun firm atiou show ma rked con
trasta in the infect ion incideuecs. 

F or compar-ison th ey a re 8 " followa : 

Ho, . ' C.lI<aril y Srll ool (rt , /6' (.'lI4ril , Sr'"", 
l;itu.a tN on ~..el \aDd ia a dn...ly Hit na.ttott un II ....II d in...! "1o,,",, 

po pulattd dlotritL in a ll " I...n a n,1 ul lttn 1 1 dil,t rif't . 
)(~uit A t",-'ID&, l,lIICt't1 u .... IIU · R~i ll liC " Ill..... a rtl a l' l nll" wro ua. 

-~, !tJ""'Iu il o I"t"l,,·n..a l••r.. nu t " .....:I . 
)( " Iu il o "'1..I~t a re m uc.h u-.1. 313 .,hi" I",D "'Il'r. ....olinMl a ,,01 

::.\1 ..bUd!? D no ('IamiJlt'd, a",1 Af oC th..... 2: or • .01 , ..r tt'nt "howN 
th _ 36 Ar 13.9 , eta l IIhoweol tori · .. ri,' ",", ot 11 lIIri,,1 infPr I;<Il1 . 

dpn.... of fUari.1 infH'tioll_ I ~ ha" mi~rolllllria.. In t bl" 1oI00t1. 

21i u..1 mitrolllllri... i n Ihe M.....! . ) 0 Iuool t li ni...1 mani t ...t_ lio n... 
lj had diniral ll>aDiC""tali ..n~ . Th...li_Irib uli" u <of lnfeeted 10
Th e Int H'lloD nt.. showed. mark· ,(i .. Mna],. • • • ouiforlt' ",prdinl "'!I. 

ltd int r _ with M..h ~e,or nf 1"1""'1 id ..JIfl'. 

dpnM' at H hDOI. 

Tumpi III found i .7 per cen t of 518 1 )l;'I" I' OIl ~ f rom Santurce : 
positive fo r microfilar'ia e, the highest iucideuce being 9.5 per 
cent am ongst pupils of the H O)' R' Chn rl tv Schuol who were 
exa mined between 8 and 10 p. m. 

In the studies here reported, which were cur ried out dur
ing the yeu rs 1929 to m:n. 110 attempt WlI S mmle to inve st i
gate the infect ion of the en ti re Isluud fur t ln- follo wing 
rcnsona: Firstly, th ere is much vuriutinn ill im-idenee ill the 
different tOWJl S owi ng to g reat IlitTp!"t 'Il(·t'S ill tOllo,l{l'llphy and 
weather eonditions : secondly, tilt' rural populufiou fur ex
ceeds the urban, and fila r iasis i ~ essonti ully un urban prob
lem even in the plaine : a nd thi rdl y, filltri n"i1>i i1>i rare amongst 
th e inhabitants of th e highest hills and mountains, where 
there Is nevertheless a ,1 1'11 "1' urba n li S w..11 al' ruru l p OJlU

lation. 
Examinations to de te rm ine the microfila r ia l incide nce in 

va rious localiti es were made between the hour" of 8 p. m. 
a nd 2 a . m., the majo rit y of them be t ween !J lind 11 p. m. 
Persons of all ages, f rom three to eighty-five we re examined. 
Chart II shows the tise in the microfila ri al incidence from 
the age of s ix. TI ll' peak i" reached iu the Sl'C01I(.l decade: 
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and a lthough the pnrnsi te i!'l found at nil age- tip Iu eigbty, 
there is a di stinct fulling off in inc idence in a nd aft er the 
fourth decade. A large number of th ose exnmiued com
plained of filarial sym ptoms, and amongst such persuus the 
microfilarial incide nce wa s usuallv low, hut their relatives 
showed a high er incid ence tha n in' a ny other group. 

.... . 
"...-_._ oe-uo DA __.......c. 

..... -.. o,..c o 

Chart II. Aa_ ot cue. uamllled t or ml.erofllar1al .� 
Or' llca n Edad.. de la. C:&IIOI en qUI ee peaqaiaaron mJerollla.r1u en Ja Illl ll,lf r.,.� 

Twenty cubic millimeters of hlood were taken from the fin
ge r in a graduated pipette and expressed on to a microscopic 
"tide a s a circula r film three-qua r ters of an inch ill di am et er. 
After d ry ihg , the film was dehemoglobi nized ill ta p water, 
dried, fixed in equal parts of ether a nd alcohol, and dried 
again. 1l wa g th en stained with Bulla rd ' s hemutoa vli u fo r 
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seven minutes. The stain was flushed off with tap water, 
and the film wa s then blued in tap water for te n minutes. 
Each film was eompletelv examined microscopically un der 
the two-thirds objective with th e moclumieul :-ltnge. .-\11 films 
in which microfilariae were found were mounted, when d ry, 
in Canadlau half-am and were kept a:o; records. Complete 
counts of the number of pnrusites were made ill vnch case. 
The results of both microscopleal II IllI cli nical exumiuat ions 
are shown in Table 1. It will be seen that of 2,098 person s 
studied, 593, or 28.3 per cent , sh owed eithe r cli nica l mani 
festations of tilariaais or had microfilnrlae in the blood. Of 
these positives, lfJ!'), or 7.9 per cent , had microfilarial', while 
434, or 20.4 per cent, hud only clinical manifestations. Of 
the 165 with microfilarlae, :l-l, or 14.5 per cent , had symptoms 
as well. 

In comparing thesl:' percentugus with the mud. lower ones 
reported by Hoffman, ~Inrin and Burke, it must be remem
bored that the present s tud ies were mad e mainly amongst 
persons with clinical symptoms of filariasis and amongst rel
ative" of these person s. The figures of the above-named 
authors, resulting from their careful su rvey, should be ac
cepted as indicating' th e filariasis incidence for the whole 
island of Puerto Rico. Our figures ure confirmatory regard
ing the places in which th ese inves tiga tors found the g reatest 
amount of infection. That in our tabulation Santurce shows 
the h ighest iuf'ection incidence, when it. is almost certain that 
less filaria sis exists there limn in Puerta de Tie rra, i~ du e 
to the fact that ma ny patients living ill Puertu de Tie rra at
tended clini cs in Santurce and were sen t to us by the clinic 
physicians for examinat ion. In the tOW I1S of Naguubo nnd 
Humacao, wh ich were shown by IIoffmnn, )'lnrin und Burke 
to have high infect ion incidence s, we did not examine a suf 
ficient number of per sons 10 jwdit'y conclus ions , but the 
number of purely clinical cusee which We encountered con 
firmed their Iludl ug ». Our figures show th at, a s those oh. 
servers suspected, there i~ a high microfilarial incidence in 
Aguadu. or the persona ill the mountain town of Albonito 
who were found to have clinical symptoms or microfilariae 
ill "the 110od, m any hod previously lived in end emic a reas of 
fi lariasis, where th ey had probably become infected. This 
was also true of infoetod persons ill (Iuayumn and Arecibo. 
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Tn Sardi ne ra . u rura l di st r ict in the plains, th e three persons 
wit h microfilarine umonz the 293 exa mined had all lived for 
a number of :,·l't\r~ in hype rendemic areas of eifie... 

TUL& I.-Pruo.... F _ 1Id to u re Jl fcro/ll4l~ i_ 'u Blood ",r eli_kat H'. ,"o..... 
o! I 'WorUJN i. 18 C_.'"'.... D! Ptll'rto R~. 

Somboor....
Sumt ......... _ lIb� 

Ituml~ rib.......... Sum~
 

..... _J_III_ .,
Acuada · · · · · . · · · · · · · . . ·.· . '99 et 33 .66 st 
Guayama . se 36 41 .86 3 33
Ca<uu . . . .... .. •.. .. ..... . . . . . 81 so 37 .03 7 ..� 
SaD. Germ&n . es I 7 
Gll1nil:a . • •• o ..•.4.padUla .. .•.• .•.•.... ........ eos 70 33 _f'J 29�
SaDtUf<le •• • . • • • • • • • • • • • . • . . . • . • 83 se ffI .46 ..•Sau JlI&D.. _ . 1\7 40.17 
Puma de THorn. .. 158 .." 6265 "l8 " 81,Aibon ito . 63 11 17.46 3 
~ep. Alta . 110 45 ..... 10 35 
Sardine . 291 2 .06 3 a•Dorado . . . ... ...... .... .•... ... 31 f 1.89 25
Bayam6n ............•. ...•.... 129 13.95 12•
Luquillo . 51 

" I.', ..'" 5 o•
Loba . 85 5 5 .88 2 3
Po.noe . 31 29.00 5 
11. ya«UelI • • • • . • • • . • • • • • • • • • • • • - 26 15 .38 2 2 

1 11.11 o I 
Aeeeibc . 1•. • 2 2 
l[&natf ............... •... .. .. . 12 •1 • o I 
Rfo Piedr . l8 5 • u 5 

C.,..,. . •

r..are. .. u • o o 
X~ . •5 2 • o 2 
H umacao . I' 1 • 1 u 
JUDeOlI • • • • • • • • • • • • • • • • • • • • • • • • • 5 1 • o 1 
leabet• . . . . . . . . . . . . . . . . . . . . . . . 5 1 • o 1 
AI\&IotxI • •• ••.•..• .•... ....• . • . • 5 o • o c 
COmerlu . 7 1 • 1 c 
Ran Seb&llti' n • •.. ... ... ........ 3 u • o u 
San Lorenae . 7 1 • u 1 
" IU.. Buen . 3 o • o o 
lJ. tiI lo . , o • o o 
B. rr(lII ..•..... ....•....... •. ... 2 o • n o 
Gu bo .. . .. . . • . . . . . . . . . . . . ... . 1 • 1 o 
Cial .. •• n • o o 
Arroyo •• ••.•.• . " . •..• .• •••••• 2 n • o o 
~qui~ . 11 1 • u I 
l launabo .•.......... . .... . .... 3 n • u n 
P. tiUU . . . . . . . . . . . . . . . . . . . . . • . . 3 o • o n 
Quebradillu . 5 1 • o 1 
~bana Grande .. . .... . ........• o • o o•�Moro vil .•.. . . . . .. . . .. ... • . .. . . 1 o 1� 
CamllY •••••.••••.••.••••••• • • • 1 o o o 
yabu_ . 3 o • o n 
Barrio Pduwl . 2 1 • o 1 
lI . to Rey 1 1 1 o I 
SuDoco ·. . ... • . . .• . . •. .• .. . . .. 1 1 o I 
CaLa60 . 2 1 I 
SaD Xarn.o . •I 1 • o 1 

http:�...�..�..�
http:Morovil.�...............�
http:launabo.�
http:bo.......�
http:�.......�
http:SaDtUf<le���.�����������.�
http:Ca<uu.........�
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Tu u: I.-Prr_ F QIlRd to lIat't lIlno/Uart- i", t~ Blood or e li_kol S"..pt.... 
0/ I'j~ to- 78 ~."..' iu of Pwrto Biro .---eontin oed 

SIl.ID"-f 
Wll b S ...mt-E_.- Sum. .... - .1eruII...• _ lI b 

P oltti .. d in k'al'"'" III tIM -- """n ..... .,. ... \oto_ 

,Polo 8«00 • ••.. .• . . .. .. . .-..... . I • 0 I 
Trin klM •. . • . . • . . . ... ... ... I I • 0 I.. 
T~ AJta .• • . .••.. ·............ I • 0 I 
~ Alto ...... . . .. . . . . . . .. . •s I • 0 , 
.-\djuntu •• . •. • . •. • ..•..... . . . . . 2 0 • 0 0 
CaroIiDa .. .•...• .•. . ••..•... ... & I • 0 I 
Jayuya . ...· ............ & 0 · 0 0 
CorosaJ•. •. • . • ...·.....-. .. ... 3 • 0 3,_ •DIu . ....·............ 2 0 • 0 0� 
\'ieque. • .. . '" ·.....·. . . . . -. ... 3 I • 0 I 
e-mo . . . . ... ·.......... . .. .. - 2 0 • 0 0� 
Cabo Rojo ••. •. ..• .. ·.......... 6, 2 · 2 0� 
Trujillo •.. _... · ..... .....-... 0 · 0 0 
Utuado . .. -........ ....... ... 10 I • I I� 
""""",,".. ·..... ... 3 0 • 0 0�,Y-.ueo ... . ...... ......... .... 0 • 0 0� 
Cidra .. .. .. . .. .. ....... ........ 2 0 • 0 0� 
1oIoea .... . . .. . . -.. .. . ... .. 2 0 • 0 0� 
W JolarlM. .. .... ... ... .. .... . 2 0 • 0 0� 
TOll &j. .... . .. ..... .. .. ..... I 0 • 0 0�
La.;.. ...... ... .. .... .... ... ... . 2 0 • 0 0� 
NUl.Djlto.. . . . ... . . . ...... ..... I 0 • 0 0 
Rio Gl'Ulde . .. ... .. . ... . .. .. ... 2 , • I..... l u bel , ....... .... .. ..... I 0 • 0 

0
0� 

SeJm.. . . ..... .... . . . .. . . .. 3 1 • I 0� 
Glar-bo .. ... . ... . ........... I 0 • 0 0 
GIaYI.Di.lb. · .. ... .. .. . . . . I 0 • 0 0 

2,008 &93 28.3 ' 6& ... 
• 

In Table 2 the pe rcentage of per ilous with microfilariae 
in the blood a re list ed according to reg ion and sex. It will 
he seen th at the highest incidence was found on the weet coast 
and the second highes t on th e nor th' const.· · There is ap
parently li ttle difference i ll the sex incideucu of infect ion. 

ToW M .... F,maIe..."" - 
North Cout . ...... .. ......... ... .. .. ... ' .1 ' .7� 
80uth Cou,- ... ..... .. . .. .. ............ 6 .2 " 3 , 2.7�
W... e-t . .:: '" ...... .. . . . . .. ............ 13 .3 7.1 6 2� 
1I1a;b EkvatioD. • . . ·..... .. . . . . . . . . ...... . . . ...'0 ' .0R."" Plai lUl. .. ..... ...... ... . .. ... .... 1.00 0 .3< .69�.... Coatt . . • . . . . . . ... ........................ 3 8< 3.8< ... ..� 
eo""" \"aIlt'y•• • •. ... .. .. .. .. . . .. ...... .. &.2 2 .2 3 .05 

., 

http:Coatt..�
http:Rojo��.�...�
http:djuntu��.�.�.�.�..�
http:HF.AJ.TU


--

"+-++-+---'f--+-++-+-f- f--+-+, 
• 

""+ + + +-+-r-H H --t-t-t+
"t-r-r-r-r-t-t-H H -I-I--t! 

a, n+-+-j_+-+-+_I-+-+-+_I-++_ 

II 
~ 400-j--t---cf--t-+-----ft-t-+-t-+-+H__+_ 

"+-+-+-f- l-t-I+-+-+---1f--+-++l 

~ '. >+-+-11-+-+ 1+-*-1- 1--+-+ -+--+i3OO-f-IH-I--H-++-\\--t+-1-t-++-1 

:i 
b 

I l/~

l
• If ,,•

u 

'00 I 

•• es • 

• ~ 
.-.,.....~ •• •• •• •• •-c -c• •c <• • • • - • • • 

LE.eE: ... O A$Tu.,., o .. PI!,"_ICIT'" 

~. 
~ -........ Pa_ ..... r:-_- .....T''''"T 

H.C. oo A4u,.0.DM..-"'~.:.~.~"' .-_ 8 . C . ..,. .... ' i f", ",I' Z"C""'" '"IJ_..._ _ -n. J """'-6'JHn.- J. C . DI' __'" __-"""_ . . ~
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P eriodici t." of .11icF'"ojila F'" iae:-Thf.> microfilnrin e of Puerto 
Rico sho w a well ma rked periodicity, bein g most nUIl lf' TOUS 

between the hours of G p. m. and fi a. m. Although in ma ny 
instances th e g reatest numbers of parasites a n ' foum l he. 
tween midn ight and 1 n. m., this is not invariably the ense. 

- -,-,- ,-" " -,-- - - - ,,� 

,,~........ _ 1'1;..-..... __ .--..... .� ..... .... ~ .. __n-, .�
h _ _ 

~ 
_ . U _ • • ~

- - ,....~-- I!C . '''--,4 ; /r -__..... ...... ;.., _ ~ ,. ,1 ·IN, 

Chart IV. A at u<t y J.u puio,;Uc Uy.� 
Gr14 e& IV. Enudl o de 1& periodietdad albic• •� 

Chart III shows that when several members of 8 famib' h8 \'C 
microf ila rlae the per iod icity peaks 1118 )" 1)(' at diffe rent t imes. 
S imilarly, even for the sume individ ual (Cha rt IV') the peak 
may be at different times on d iffere nt nights . 
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ThC!:IC stud ies couti rmed th e observa tions of others that 
some microfilarial' arc ci rculati ng ill the blood at all times 
of the dny. Xe vertheless they nre not. common ly fou nd he
tween 11 u. m. uud ~ n, m. ill 20 cubic mi ll imet er» of blood. 
Between th e la t ter hours mk-rofil a r ia e mu v be present on 
one occasion and. absent on a nother, a nd their p resence or 
absence at such ti mes Up p PUT S to bea r litt le relat ion to the 
preponderance or numbers during the noct urnal peak (Chart 
q . Although the nocturnal r-ise becomes more appa re nt 
at and after 6 p. m., there see ms to he a definite elevation a t 
-! p. m. or earfier, l;u~ge!ltil1g that the beginning of the rise 
occurs some t ime at or a fte r 2 p. m. 

If there a re counted the numbers of mieroflluriue present 
in a measured quant ity of blood taken at p rec isely the same 
hour each night for a month, 110 real variation will be ob
served in the number of pnrasl tes circulating in the blood 
at that time. Th is is true whether t he person from whom 
the blood is ta ken is a sleep or awake when tilt' sa mple is ee
cured for exa mination (Chn rt VI ). 

In one case, where the periodicity curve was mad e by 
examining two separate films of 20 cuhic millimeters of 
blood at certain intervals du ri ng twenty-four hours, it was 
found tha t al though there were slight variations in the 
number of microfilariae in each of th e films at any g ive n 
hour as compared with others taken at the same hour on 
other days, fo r the twenty-Jour hours there Wl\S li tt le " a ri a
tion in the total nu mber of microfilarial' found. Thus in 
film 1 the re were l,6US microfilnria e a nd ill film 2 there were 
1,592, a difference of only 76 microfllariae. In another case, 
where th e observation of periodicity wus made twice hut a t 
an interval of twenty-two months, there were 212 mlerofllariae 
found in the firs t studies a nd 186 in the second, u difference 
of only 26. 

Studies were mnde in two cases (Cha rts VII a nd VITI ), to 
determine whether cor responding to the pe riodicity cycle of 
the microf ilnriae during twenty-four hours there was any 
periodic variation in the tota l leucocyte count and in the dif
ferential leucoc yte cou nt. While the results ure nei the r COD

vincing nor conclusive, certain indica ti ons wa rrant fu rther 
research in this ma tter. Thus, in each, the highest leucocyte 
count was at 6 p. m. A slight te mporary d rop in lymphocytes 



202 J' UF.RTO RICO .JOUR~A I . OF F UBI.JC J " : Al.TII ANO TROP. foIFDIM Nl': 

.. 
"� 

"� 

"� 
• "! 
Q 

I
t 

• ..
" 

•0
r 

~ " • 
~ 

•I 
~ " • e 

" 
., ~ ..!• 100 

0---
"
"

" 

1/ 
i

· 

I . 

! ! 

1/ 

! 

• 

I 

I 

:t ...__-r-... ~ 

• •
L 

• I 
• 2 • 

L.Q ..ND A._ •.........t� 

...- -_. A C ,, }........� 
--- •

L C•S . •--- "� " 

, 
i : 

! • . 
1/ . .'1 

• 1 • • 1 ••

~i 
1'., \ 

~I 

-
• • •< • • I• • 0 

• <
• • • • , 

A eTU..... 0 ..P'Ir_ IT ...___ ...L#l...... 

. .....,,~ _ _ .. T•..-- _ 0 ..... _ " II;" ..1 1_ "'-I h t_ "' 1 ___ 
~_. ..... ~., -; 

Chart V:- A IJttld,. In periodIcity.� 
OriJl.ea V :_ EmadJo U 1a peno41d4a4 AlArie..� 



•• 

• •• •••

••

•• 

•
••
• •
•
•• 

• 
• 

••••
•

srcn ree IS FILARIASIS 20' 

•
•
•

•�•,�
?� 0•-•

••
•• -I

•

•

•� 
~ 

-� 1<

•-• 

1\ •• 
• '"...�e ? ••••> 

"'�e «
.J,� 

e 

:� 

• 
... 0••

0

'"
ii: 0,

• 
" "0 

•• .. •• 
! 

:
g 

•-,
••, 

u
•

•� e 
0~ 

•�
•-, » -•-• 
•� 

.~ 
t:t: 
-:I 
S~ 

>.... ••
•0
»• 

<;�
0�
0

\� ! e 

"
"' •.. 0••.. » 

,�•-'� '"� -� !;
•
0 

» 
00
0•>

/� -
•
•� 

•�>� 0 

» 
•

i 

~ :> 

•�•�f-'" ....
<II-:� •� 

bo - • 
<'� •� 

•
· 

\
•-•� a••

t 

•�•• ! •o
~ 10 Il"lrJ 0 1 .. ' 000'" 40 "'1l~01'" 

J'l'1• .,.,. , O' ()I. 40 000 ""'''''''0.,,,. 40 'Ott 

o o 

•\


