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During recent years intradermal testing with parasitic extracts 
has received considerable attent ion. Some investigators claim prom
ising dia gnostic possibilities for the skin test as an aid in detecting 
the presence of helminths, while others have found little or· no cor
relation between positive reac tions and the presence or absence of the 
parasites in the skin-tested host. Considerable work has been done 
with regard to the hypersensitivity to the var ious species of ascarids 
while only a f ew articles have appeared d~al in g with the sensitivity 
tchookw or m (Necator em ericanus), 'I'he stat istical stud)' of Stum
berg an d Rodriguez Molina (1) on intradermal injections with various 
extracts of Necator americanus, the works of Coventry and Talia
ferro e ) and of Pirie, Retief and F erguson(3) are of leading import
ance. Stumberg an d Rodriguez-Molina noted that " all people gave 
an immediate type of r eact ion " but found no cor relat ion between 
the presence or absence of the parasite and the skin tsst. They, 
therefore, confirmed the findings of Coventry and Taliaferro 's work 
in Honduras. 

'I'ho present study of cutaneous hypersensi t ivity to hookworm 
extract (Necator americanlls) was carried out on t he Island of Porto 
Rico among three widely separated classes of individuals : A group 
of farmers living on a lar ge estate where they were employed as 
farm-hands in th e cultivation of fr uit and sugar-cane; a group of 
boys and girls from all parts of the Island, living as orphans in the 
., asilos ' of Santurce; and a gr oup of children living in the moun
tains of We northwester n par t of the Island. 

In this investigation a ttempts were made to determine the degree 
of hypersensitiveness 10 helminthic protein, before and af ter treat
ment, in individuals posit ive and negative for intestinal worms ; to 
study the specificity of th e react ions, an d to observe atopic sensitive
ness in children under 24 mont hs of age; to measure the reactions 
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at time intervals and study th e impor tance of erythema and the 
formation of pseudopods to extracts of Necator americanus. Fur
thermore, t o test out the effieacy of cutaneous hypersensitiveness 
expresed by the skin r eactions, as an aid in the dia gnosis of hook

worm infection. 

DESCRIPTIOX OF AREAS AND GROUPS 

Three general groups of people, widely iepar ated geographically 
and living under varied conditions, were studied. The first general 
group was a small population of farmers inhabiting a coastal plain 
in the northern part of the Isl and , in th e district of Dorado. This 
group was divided into two sections, A and B.· Section A, 168 
people, were occupied in the cultivation of grapefruit. They were 
rather energetic as a class and were provided by the landowner with 
good houses, each house havin g a latrine. Section B, 206 people, 
worked for a neighboring Central, and spent their time in the growth, 
cultivation and harvesting of sugar-cane. The liv ing conditions in 
this section were not good and little provision was mad e for sanitation. 
Only fourteen of the houses in this section had latrines. 

In sections A and B the soil wa sandy or sandy loam. In Sec
tion A, coconut palms, gr apefruit trees and numerous shade trees 
furnished the pr incipal vegetation ; while on Area B there were 
sugar-can~ fields and a few scatter ed trees. The houses in both 
sections, A and B, were widely separated. In each section ideal 
conditions were found favorable for the development of N ecotor 
americanus and A scaris lumbricoides. The min imum tempera ture 
was never below 570 F . with a maximum temperature of 990 F . 
The minimum mont hly temperature was between 70° and 800 F. 
Rainfall varied with the season. The minimum precipitation occur. 
red in the spring, with an annual rainfall of about 70 inches. 

The people of both section , A and B, were examined one or 
several times for intestinal parasites befor~ treatment and again post 

* Throughout the pOliter part of the experiment on Sections A and B a hoOkwnnn. 
prevention campaign wu conducted with the assistance of :Misa Blanca Oanales a ruident 
loelal wDl'ker who made houae -to-bcusa vls ii s explaining the rules of good health and the 
importance of the ule and care of latrines. Th rough her vleilanee the percentage of reID. 
!ected cases was kept eomp&rative1y low. Miss Canales' ASsistance wae made possible throlll'h 
the courte.,. of the Board of Education. 
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treatment." In determining the degree of infestation with intestinal 
helminths the Stoll C·) dilution egg counting method as employed by 
Cort, Riley and P ayne C6) in connection with their epidemiological 
studies of hookworm disease in P or to Rico, was used. 

Of 168 farmers and their children examined in Section A, 80 per 
cent were found infected wit h N. americamus, 65 per cent with A. 
lumbricoides, and 86 per cent with Trichur't~s trichittra. Fourteen 
days after treatment, 11 per cent, 4 per cent and 32 per cent remained 
infected with Necator, Ascaris and Trichuris, respectively. During 
the second month post treatment, 14 per cent, 23 per cent and 74 
per cent were infected, while in th e third and fifth months there 
was no appreciable change in th e degree of infection. By the ninth 
month little change was observed, the per cent of infection being 11, 
34 and 57 for Necator, Ascaris and Trichuris, respectively. The 
positive cases ha d egg counts ranging from 50 to 417,000 eggs per 
gram. In section B, 87 per cent of the cases were positive for Neca
tor, 51 pel' cent for Ascaris and 81 per cent for 'I'riehuris, Egg 
counts in this section varied from 100 to 81,400 eggs per gram. 

The second general group included 189 country children from 7 
to 20 years of age, living in th e moun tainous dist rict of Aguadilla, 
where little hookworm-prevention work had been done. Within this 
group 98 per cent were positive for Necator americamus, 28 per cent 
positi ve for A scaris lumbricoides and 96.4 per cent positive for Tri
churis trichiu ra. With in two months after treatment 164 of these 

• A.ll tho inf octed cues in Bection· .A were treated in a temporary hospital arrlmlled 
with laboratory, kitchen and bedroom fa cilities. Patients were admitted In t~ evening, and 
On the followi ng morning, before brealdast were given a mix ture of carbon tetr&chloride 
(2.2 ee.) and oll o! che nopodium (0 .8 ce.) , Adults over tlfteen years of age were ilven 
8 ceo of the mixture in cold black coffee. The strong extract of colfee camoutlaged the taste 
of the tetrschloride and oil of chenopodium, thereby making it leas objection able to the 
patient. To children nnder fifteen yellrs of age the following doses were given from the 
mixture: 

For 3 years old chil d. 0.6 ce,
 
For 4 years old child 0.8 ee,
 
For 5 years old ehtld 1.0 ceo
 
For 6 years old chlld 1.2 ee,
 
For 7 YCUs old child 1." ee,
 
For 8 yea r s old ch lld 1. 6 ee.
 
For 9 years old child 1. 8 co.
 
For 10 years old child 2.0 ee,
 
For 11 years old child 2.2 ec.
 
For 12 years old child 2. 4. ee,
 
For 18 years old child 2.6 ceo
 
For 14 yeMs old ehild. 2,8 eo.
 
After 15 yoars 3. 0 ee.
 

One to two hours after administering the mixture a saturat.ed solutiOn of sodium 11llphlltB 
wllS given . In most cases, on the morning of th e second day .. second purge was g1VOJl 

with ~ellent reaulh 18 determined by worm coun ts . This method of treatment wlls followed . 
in all caaes. Hospitalization was only done, howe ve r, mDorlldo al1d the Aulo Iroupl. 
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children were reexamined and showed 45 per cent, 9 per cent and 
77 per cent positive for Necator, Ascaris and Trichuris, respectively. 

The third gener al gronp consisted of 263 boys and 301 girls fro m 
various par ts of the Island, living in the two Asilos of Santur ce. Th is 
group was examined for intestinal helminths and was skin-tested . 
In the boys ' gr oup, 23.9 per cent were positive for Necat or, 10.2 per 
cent positive for Ascaris'.:l.and 44.1 per cent positive for 'I'ri churis . 
Wi thin this same group )£ per cent. of the boys were found infe cted 
with S chistosoma mansoni and 0.7 per cent with Strongy loides sler
corolis. Protozoan parasites appeared as follows : Giardia 1.9 per 
cent j E . histolytica 1.5 per cent ; and E n tamoeba coli 11.4 per cent . 
Within the girls' group 12 per cent were positive for .Nccator , 9 pel' 
cent positi ve for Ascaris, and 29 per cent posit ive for Trichuris. 
Besides, 0.3 per cent wer e posit ive for Taen ia saqinaia and 7 per cent 
positive for microfilaria. The protozoan infections wer e: 2 per cent 
positive for E. histolytica, 5 per cent posit ive for E ntamoeba coli , 
and 0.3 per cent posit ive for Giardia; Only two examinations for 
intestinal parasites wer e made in the boys ' and girls ' groups, since 
there was little chance for hookworm reinfestat ion to occur during 
the time of the experiment. 

In the compilation of our data no attempt has been made to sepa
rate into groups people infected with Trich.uris irichiura. The fact 
that a very large percentage of cases positive for Trichuris was also 
infected with either Necat or or Ascar is made it somewha t difficult 
to consider Trichuris in a group by itself. The othe r helminths as 
Filaria (Wuchereria:) bomcrofti , Schistosoma mansoni, S t rongyloid lJ s 
stercoralis ind Taenia saginata, and the protozoan infections will not 
be considered in this study. 

MATERIALS AND METHODS 

The adult Necator americanu« and Ascaris lu mbricoides used in 
the. preparation of the extracts ( test-antigens) II were obtained f rom 
human patients on treatment. The infective hookworm lar vae were 
cultivated in charcoal and obtained by the Baermanu isolatio n method. 
The Fasciola hepatica, commonly found here in the liver of cattl e 
and goats, was secured fresh f rom the abattoir, immediately after 
killing the cat tle. The bacterial test-antigen was obta ined by wash
ing off with sterile dist ill ed wat er a ·f8-hour culture of pure B. coli 
grown On nutrient aga r . 

• The term "tellt-llZltlll'en" 11 uaed to signify solutions used in tho teat tube experiments, 
&8 differentiated from the term "&tIngell" 8ilrll if~' i ng 8ubate cOll which atimulate the produc· 

.don of &ntibodieB withln the animal body. 
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In the preparation of the above test-antigens the material was 
thoroughly dried in vacuo over H2S04 or in a Freas hot-air electric 
oven, ground by hand and th en pulverized in an agate mortar with 
a mechanical grinder. All test-anti gens were made up in proportion 
of 0.5 gram of dried powder to 100 cu. em. of 0.85 per cent saline 
and Coca 's alkaline solut ion. Extraction was continued for twelve 
hours, then filt ered through a Jenken 's porcelain filter, stored in 
sterile ampoules of about 2 ee. cap acity and kept in the ice-box until 
ready for use. I n the preparation of several test-antigens the ex
tract was filtered through hard Whatmans filt er paper No.2, col
lected into ster ile ampoules, sealed an d autoelaved for 30 minutes 
at 120 pounds pressure. 

In an endeavor to find a suitable test-antigen, the following prep
arations were made and tried out on individuals positive or negative 
for either Necator or Ascaris (Table 1). 

(a) Adult Necator americanus in Coca's alkaline solution. 
(b )	 Adult Necat or americanus in Coca 's alkaline solution auto

elaved an d not filtered. 
(c)	 Adult Necator americanus in Coca's alkaline solution auto

claved and filtered. 
(d)	 Adult Necator americanue in Coca's solution and not fll

teredo 
(e) Adult Necator americtmus in 0.85 per cent saline solution. 
(f)	 Infective larvae of N ecator americanus in 0.85 per cent 

saline solution, and in Coca's alkaline solut ion. 
(g)	 Adult A scaris lu mbricoides (from man) in Coca's alkaline 

solution. 
(h ) Liver fluke, Fasciola hepatica, in Coca's alkaline solution. 
(0 B. (Escherichia) coli in Coca's alkaline solution. 

In the compilation of data obtained from the use of the various 
test-antigens it may be rea dily seen that three or four of th ese test
antirrens were potent (T'able L) . H owever , for convenience of p rcpa
ra tion and keeping qualities, Coca 's alkalin e solution was preferr ed 
li S the diluent. Coca's nutoelaved, unfi lt ered, gave a surpr isingly 
high per centage of positive rea ctions. The autoclaved filter ed extract 
showed less potency t han any of th e other test-ant igens used. 

In making t he intradermal tests t he inn er surface of the arm was 
tho roughly cleaned with alcohol and allowed to dry. With a 2772
inch 'Gage needle 0.025 cc. of th e test-ant igen was injected intra
dermally. I n every case a cont r ol injection of th e diluent was made 
0 11 the same arm. a shor t distance above th e site where the hookworm 
test-ant igen was injected. I n cases where mult iple injections were 
made both arms were used. 
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Just what constitutes a t rue positive immediate type of skin r eac
tion is at present d isputable. Cooke f") in his treatise on bro ncho
asthma, considers a marked cutaneou s reaction in which the urticar ia l 
wheal is 2 or 3 cu. mm. in diameter with the formation of pseudo
pods. Peshkin and F ineman (1) ill their work on asthma in chil
dren computed the size by measur ing th e diameter of th e wheal. 
A 3 plus react ion was a wheal of more than 10 mm. in diam eter with 
a zone of erythema an d the form ation of pseudop ods. Ffilleboruf") 
considers all wheals over 20 mm. as positive. F airley, Fairley, and 
Williams (9) studied the immediate type of reacti on following the 
intradermal injection of hydatid t est-ant igen and attempte d to evalu 
ate the reaetion by the size of the wheal and the presence of pseudo
pods. They regarded edema and erythema as too variable for meas
uring characteristics, In their measurement s, they included within 
the greatest diameter the length of one pseudopod and the measure
ment of the second diame ter at r ight angles to th e firs t. They consid
ered a reaction positive when the wheal measured 24 mm. in one 
diameter and at least an averaze of 22 min. in both. 

Throughout this study the authors have continued to use t he 
method as adopted by Taliaferro and Hoffruan C") and followed by 
Stumberg and Rodriguez-Molina (1) . 'I'heir meth od and the one here 
followed is essentially the measurement of an average of two di ameters, 
not including the pseudopods measured at right angles to one anothe r . 
The pseudopods were measur ed from the edge of the wheal. All 
measurements were taken to the near est millimeter. .All wheal" made 
by th e injection of the test-antigen and the diluent were measured at 
inter vals of 10, 30 and 60 minutes . P seud opods which generally dis
appeared by the end of 30 minutes wer e measured at inter vals of 10 
and 30 minutes. All intradermal reactions with an average diameter 
of 5 mm, or less were considered ,negative. Thi s limit was foll owed 
consistently throughout the entir e stu dy since it was found that 
0.025 cu. em. of the diluent when injected intradermally, produced 
a small bleb ranging from 2 to 4 mm. in diameter . 

Upon th e injection of the tes t-antigen an immedi ate type of reac 
tion generally occurred. Thi s r eaction was char acterized by a wheal 
formation, an eryth ema and the presence of pseudopods.' Pruritus 
frequently accompanied the r eacti on. All of these character istic s were 
not manifested in every test, nor did they bear any consistent relation 
to one another, either in their order of II ppearance or in the intensity 
of the reaction. In only a few cases \\"a " a delayed reaction observed. 
In infants under 24 months of age erythema was obser ved in a few 
cases without the formation of a definite wheal. 



SKIN� REAOTIONS TO Necator americanus 293 

In all of the intradermal tests the authors noted only two cases 
which showed a marked systemic r eaction. In one case, following 
the injection of Necator americanus, severe edema of the eyes, fever, 
ta ehychardia, arrhythmia and headache were well pronounced. The 
edema of th e face and eyes persisted for sever al days. In the second 
case an extensive lymphangit i occurred on the arm and extended to 
the axi lla ry glands ; intensive pruritus and tender ness of the axillary 
glands were also observed. Th ere w a no shor tness of breath nor 
rapid pulse. In al l r e pects th e pat ient seemed per fectly normal 
except for tenderness in the ax ill ary region. 

EXPERIlIIEN'l'AL RESUL TS 

For convenienee of descr iption, the general groups as outlined 
above (Dorado, Aguadilla and the Asilos) were considered under ele
ven major groups. Each major group was divided into 4 minor 
groups according to the type of worms harboured : 

(1 ) N ecator� umeric an us and A scaris lumbric oul es nega ti ve 
gr oup . 

(2)� Nec at or ame rican us and Ascaris lum bricoides po itive 
gr oup. 

(3)� Nec ator am eri canus positive and A scaris lum br icoides neg
at ive group and 

(4 ) N ecat or� american us negativ and A scaris lun ibr icoides 
positive group. . 

Each of the eleven major divisions ~ described as follows : 

1. I nt rad ermal test before and after t re at ment, on individuals 
harborinz N ecator um crioonus and A scar is lu m bri coides 
(Ta bles 2, 2A, and 2B). 

2. Contr ol 1.� Two intr ader mal tests lit var ious inter vals, on 
cases positive for intestinal nematodes. Cases wer e not 
treated. (Table 3) . 

3. Control 2.� I nt rader mal t-ests with various test-antigens 
on cases negative for Necator and Ascaris but li ving un der 
the same environment al conditions as 1 lind 2 Cr a ble 4) . 

4. Observations on th e var iability of wheal size at in ter val: of 
3 and 5 mon ths (Table 5) . 

5.� Cont rol 3. Intradermal te t on 251 children from 7 to 20 
years of age, livine in th e St a te of Michiga n, where in
testinal parasit es are rare (Table 6). 

6.� Study of specificity to var ious test an tigens as A. l unib r i
coides, F. hepatica, and R . coli (Table 7) . 

7. Comparison of intr adermal test in relat ion to sex (Table 8 . 
8.� Intradermal test on various age groups from 0 to 70 years 

(Table 9). 
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9. Atopic sensitiveness in mothers,� and their infants under 24 
months of age (Tables 10 and 11 ) . 

10.� Intradermal test on two miscellaneous groups: (a) conti
nentals inhabiting the Island from one to thi r ty-two years, 
and (b) group of native professionals such as teachers 
and physicians. 

11.� A study of the signi ficance of th e wheal size, erythema and 
pseudop od forma tion. (Table of Erythema 12). (Sum
mary Table 13) . 

In the first major group (see Tables 2, 2A and 2B), 512 intra
dermal tests before treatment and 517 tests after t reatment were 
made.· The object of making such a large number of tests was to 
determine an average per cent of reactivity in a population harboring 
an infection of intestinal nematodes and in order to determine the 
average difference in hypersensitiveness before and at various intervals 
of time after the administration of an anthelmintic. Post-treatment 
intradermal tests were performed on the same individuals on which 
pre-treatment tests were made. The tests were made at various inter
vals, from 1 to 2 months, 3 to 5 months, and as long as ·10 months 
after treatment. 

In table 2, 315 children of three of the minor groups gave 76 per 
cent , 91 per cent and 84 per cent positive skin reactions in 10 minutes, 
before treatment, while 278 of the same individuals, fr ee from intes
tinal parasites, gave 93 per cent positive reactions in 10 minutes, 
one to two months post-treatment . It will be noted that slight dif
ferences occurred in the perce ntage of positive reactions before and 
after treatment in the 30 and 60-minute periods. There was also 
little difference between the formation of pseudopods before and after 
treatment. The average percentage of pseudopods of the three minor 
groups before treatment was 25.6 pel' cent and 18 per cent. after 
treatment, a decrease of only 7.6 per cent in the treated group. 
There was no marked difference in the average size of the wheals 
before and after treatment. 

In the minor group, Necator and Ascaris positive, in 10 minutes, 
84 per cent of the total 32 positive reactions gave wheals within 5.5 
to 10 mm. in diam eter , and only 16 per cent of the positive reac
tions were 10.5- 15 mm. in diameter. In the second minor group, 
Necator positive and Ascaris negative, 61 per cent of 186 positive 
reactions gave wheals of an average diameter of 5.5 to 10 mm. and 
37 per cent fell within the 10.5 to 15 mm. diameter. The third minor 
group, Necator negative and Ascaris positive, showed 81 per cent 

* Five additional CllMI lroIII uother croup 6l'll here included. 
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and 19 per cent of the 59 posit ive reactions with wheals within 
the first- and second-size groups, respectively. 

One to two months after t reatmen t, 74 and 23 per cent of 259 
positive reactions were 5.5 to 10 IIlJl1 . and 10.5 to 15 mm, in diameter , 
respectively. Before and after t r eatment there was a diff erence of 
about 10 per cent, which is of 110 significance. Table 2A shows a 
cons iderable diffe r ence in the size of wheals before an d after treat
ment. In th e two minor groups, before treatment, 60 and 62 per 
cent of the total 46 and 97 posit ive reactions, r espect ively, gave 
wheals with an average diame ter of 5.5 to 10 mm. Three months 
post-treatment the average wheal size in the two groups decreased , 
since the average per cent of wheals increased within the smallest 
wheal size-group to 83 and 82 per cent. In the two oth er gronp» 
the size of the wheals remained ab out the same. 

There is also a difference in th e percentage of wheals with pseudo
pods before and three months post -treatmen t (Table 2A ). The in
definite reactions r emain about the same for the pre- and post-tr eat 
ment tests. 

In table 2B, five and ten months after treament, there is an in
cr ease in the number 'of smaller wheals. In the minor group, positive 
for Necator and Ascaris, 12 P CI' cent of th e positive reactions wer 
5.5 to 10 mID. in diameter before treatm ent. In the group negative 
for Necator lind Ascaris, 30 and 57 per' cent, respectively, gave nnall er 
wheals, The other minor groups also gave a corresponding decrease 
in the wheal size with tim e after treatmen t. The percentages of in 
definite reactions increased in 60 minutes. Th e formatio r, of wheals 
with pseudopods decreased with time after treatment . 

Stumberg and Rodriguez-Molina e) ill their sta tistical study of 
60 individu als of the same group, found 11 siguifleant difference l)r'
tween the size of the 10-minute wheal before and after t reatm ent , 
in favor of the former (P .E . Diff. is 12.18) , 

In the first major groups (T ables (2, 2A an d 2B ) the percentage 
of posi tive reactions with in the 10-minute perio d did not show any 
marked change before and after treatment. However, there was a 
considerable difference in th e ra te at which th e wheals became in
definite in 30- and 60-minute periods, five months post-treatment. 
Stumberg and Rodriguez-Molinn also found a differ ence in the ra te 
at which the wheal s became indefinite post -treatment, the X 2s fOI" 

30- and 60-minute readings being 38.9944 and 76.5938, r espectivelv. 
Furthermore, th e for mation of pseudopods, before and UftCI' t re at
ment, shows consi derable variat ion. Table 2, one to two months 
after treatment, gives an aver age of ~5 . 6 per cent of wheals with 
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pseudopods in the three groups before treatment, and 18 per cent. 
post-treatment. In 'f able 2A pr e-treatment, an average of 72 per 
cent of wheals contained pseudopods, against 27.8 per cent, three 
months after treatment , in the four groups. Likewise, in th e five 
and� ten months post-treatment periods (Table 2B ) the average for 
the two groups is 79 per cent before treatment, as compared to 48.6 
per� cent and 35.3 per cent, five and ten months after treatment, 
respectively. 

The question arises, in a ser ies of intradermal tests as descr ibed 
above, what might ha ve been the results of the intradermal test if 
the treatment had not been administered ? Is the sligh t reduction 
in the wheal size and the decreas e in t he percentage of wheals witn 
pseudopods after treatment due to elimination of the parasite, or is 
it nothing more than a biologica l variant? The writ ers are quite 
aware of the fact that the intervals between the intradermal tests 
were not long, and, furthermore, that reinfection in the treated cases 
was� difficult to control, especially among fa rmers. The latter, we 
feel , has been well controlled in the boys and girls fr om the Asilos , 
where there was no opportunity for reinfection, particularly with 
N. americansu. To determine the extent of variation in the wheal 
size and other characteristic changes, the following control groups 
were studied: 

1. Group positive for� intest inal parasites an d skin-tested sev
eral times before treatment (Table 3) . 

2. Group of individuals negative for int est inal parasites and 
-akin-tested several times with var ious test-antigens (Ta
ble 4) . 

3. Multiple� inject ions on the same cases at intervals of three 
and five months (Table 5). 

In the two minor gr oups of cases, positive for Necator and Ascaris, 
and positive for Necator, (Table 3) when the tests were made twic e 
before treat ment (cases were not treated until close of experiment) the 
size of the wheals varied somewhat between the first and second skin 
tests. The average wheal size for the first group is larger than for the 
second, but there is no change in 10 minut es between the per cent of 
posit ive reactions, in general, ill the two tests of the two groups; i, e., 
the average per cent of positives in 10 minutes was 98 per cent and, 
likewise, 98 per cent for the first two tests, and 98 and 100 per cent 
for the second tCNtS. The rate of appearance of indefinite reactions 
in the 60-minute periods remained about the same for the first and 
second tests. Also, there was no significant change in the formation 
of pseudopods. 
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The group of individuals negative for intestinal nematodes, were 
skin-tested several times with various test-antigens. The table is 
divided in to five antigen groups, each group showing the result of 
a test-antigen (Table 4) . With each antigen group are two minor 
groups showing the r esults of the first and second intradermal tests 
on the same individuals, per formed at int ervals of 1 to 4 months 
apart with a homologous test-antigen. In the first and second 
tests with the same antigens th e per cent of positive reactions in 
the 10-minute period showed a close similarity while on the other 
hand, the size of the wheals varied between the first and second 
tests of the same antigen groups. For example, the ten minute re
actions of th e first and second skin tests for th e five different antigen 
groups ar e as follows : 98 per cent (first test ) and 93 per cent (sec
ond tes t ); 80 per cent and 82 per cent; 75 and 72 per cent j 81 
and 81 per cent ; lind 100 per cent and 98 per cent. This simi
larity does not hold for th e 30 and 60-minute readings. In 
the saline larvae group t he percentage of wheals with pseudopods 
remains fairly constant throughout th e two tests. For th e Coca's 
adult ant igen and Coca's adul t un filtered tests there is a variat ion 
of 16 to 8.7 per cent and 26 to 14.9 per cent, r e pectively. 

Of 528 skin tests made, using Coca 's adult of Necator americanus, 
289 positive reactions on th e firs t test gave 37 per cent of the wheals 
with pseudopods, while on the second test only 3 per cent of the 
137 posit ive reactions contained pseudopods. There is a significant 
change in the formati on of pseudopods between the first and sec
ond intradermal tests with the same antigen. These facts show a 
considerable variation in the formation of pseudopods. 

In the 60·minute per iod the indefinite reactions were fairly cons
tant in all antigen gro ups, except in two. 'I'he difference between 
the two intradermal tests was: 0 first test, 70 per cen t second 
test; 52 per cent and 59 pel' cent j 63 per cent and 65 per cent ; 
80 per cent and 84 per cent; 0 and 40 per cent. For a complete 
summary of figures see Table 4. The wr iters believe tha t the high 
percentage of postive skin tests within these groups of cases negative 
for Necator americomus is due to the fa ct that most, if not all, of 
these people have had at some time or other an infect ion of Necator 
and th at the positive skin reactions may be nothing more than 
remainders of past infect ions. 

Schloss (11) has found th at the size of a positive reaction varied , 
depending on its location in the arm . This observation was later 
confirmed by Larsen, Paddock and Alexande r f!") by making test. 
with ragweed pollen on sensitive patients . Recen tly, Alexander P ") 
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has shown that the position wher e injections are made on the body 
influences to a great extent a negative or a positive react ion. In 
making multiple injections for comparison of wheal size it seemed 
ad visable that, in skin testing, the site of operation should be made 
as constant a f actor as possible. To this end, we used the inner sur
f ace of the arms a short distance above the wrists and below 'the 
elbow. Care was taken not to use the same site twice. 

In carrying out this study a group of 37 individuals was divided 
into th ree t est-antigen groups, each group being tested three times; 
second an d third tests were made 3 and 8 months after the first. 
All of these cases were positive for Necator; a few were also infected 
with Ascaris. None received treatment for intestinal helminths. 
The averages for the first, second and third tests at the 10- and 30
minute perio ds wer e very much alike. On comparison, the general 
averages of the thr ee tests for the th r ee antigen groups were similar. 
A fairly constant result was obtained in th e average diameter of 
the individual wheals. F or example, in case 23, the 10· and 30
min ute readines for th e three t ests varied little. On the other hand , 
in case 22 there was no constancy. The formation of pseudopods 
wa . likewise variable. (Table 5) 

'I'he intradermal t e ts as above descr ibed have been per formed 
on individuals who have spent their enti re life on the Island, and 
with out doubt have had, or in some way have come in contact , with 
intestinal helminths. This fact alone may account for an average 
of 80 per cent posit ive skin rea ctions for 10-minute periods in indi
viduals of oll the groups who wer e neeative for Necator and .Ascaris 
('rable 4) . 

In order to deter mine the degr ee of hyp ersen sitiveness caused 
by the presence of Necator and Ascari s. it was essent ial to have as 
control test s individuals who were not only free from Necator but 
who had lived all their life in an area free from hookworm. For 
t his study, a gr oup of 251 Michiga n children was selected. The 
clinical histories of these 251 cases showed no record of worms. On 
It large nu mber of th ese children fecal examinations for parasites 
wer e previously made from time to time, their stools being negative. 
I n carrying out th e intradermal tests the same technique was used 
us in the P orto Ric an groups. The test-antigen, Coca '8 adult of 
Necator amer icamus, and the diluent, were from the same prepara
tions as those of the former tests. Also all wheals over an average 
diameter of 5 mm. wer e considered posit ive. Tabl e 6 shows the 
following results: Within the 10-minute period 20 per cent of the 
wheals were positive and within 30 and 60 minutes, 17 per cent and 
3 per cent gave positive readings, respectively. The average diam
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eter of the wheals was small: 5.5-10 mm. Erythema was present 
in 3 per cent, 7 per cent and 5 per cent, within the 10-, 30- and 60
minute periods, respectively. In the control-diluent test, 2 per cent 
of the total number of tests gave wheals, and 18 per cent gave 
erythema. Thirteen per cent of the wheal contained pseudopods in 
10 minutes and all pseu dopods had completely disappeared by th e 
3D-minute period. It will be of general interest t o note here that 
Schick tes ts were made on the opposite arm at the same time that 
the injections of Necator americanus antigen were given. Over 93 pet' 
cent of the reactions in 10 and 30 minutes due to diphtheria toxin 
compared in intensity of reaction to the wheals produced by the injec
tion of the Necator extract . By eliminating those reactions due to 
the diluent, which were 2 per cent of the total number , and the re
actions similar in th e -10- and 3D-minute periods to the pseudo
Schicks, it can be safely stated that only 7 of the 251 cases or 2.7 
per cent gave a positive reaction. It therefore seems reasonable to 
assume from th e present experimental results that marked cutaneous 
hypersensitiveness to extracts of Necator americamus is demonstrated 
among groups infected or who have had contact with Necaior ameri
canus, while those individuals f ree from infection and who had lived 
outside of the infected area, 'were not sensitive to a similar amount 
of the test-antigen. 

Rackemann and Stevens f" ) rk well as many others, specially 
those working with Ascaris lumbricoides (1r. ) , have demonstrated that 
sensitiveness can be acquired t hrough contact . On a miscellaneous 
group of 13 continentals who have inhabited the Island from 5 to 

~ 

32 years, attempts wer e made to demonstrate the possibility of an 
acquired hypersensitiveness through conta ct . The individuals of this 
group, as fas as they knew, had never been infected with Necat or 
umericanus or Ascaris ' tumbric oides. Fecal examinations made at 
the time of the tests gave negative stools for worms. Of six conti
nentals with 8 to 32 years' residence in the Island, five gave marked 
positive cutaneous reactions and one gave a slight reaction. Of seven 
with 1 to 4 years' residence, four gave negative results and three 
gave slight reactions. While the continental group of 13 cases is 
too small to make any generalized statement, yet from the data ob
tained it has been found that sensitiveness seems to increase with 
the years of residence. 

In connection with the studies on acquired sensitiveness, a group 
of 18 teachers and physicians (all of whom were born and for the 
most part, educated in the Island and negative for intestinal nema
todes for ten years or more) gave positive reactions in 50 per cent, 
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39 per cent, and 11 per cent, in 10, 30 and 60 minutes, respectively. 
Fifty per cent of th e wheals had an average size of 5.5-10 mm. in 
diameter. In the negat ive group as described above (Table 4) the 
percentages of positive r eactions were much higher . The data from 
such a small group may not be of significance; yet it does sup
port Ftllleborns f") view that sensit ivity per sists for It period of years 
followin g the cessation of intestinal worms. 

In the analysis of th e above data nothing has been said as to 
specificity of the react ions . Brunner (10) postulat es a gr oup 'r eaction 
embracing t he var ious members of the nematode family as Ascaris, 
Trichuris, Oxyuris, and Necator, because individuals show a marked 
reaction when infected with other nematodes and not necessarily 
infected with Ascar is. Fulleborn (8) reports evidence of a specific 
reaction between Ascaris and Strongyloides, while, on the other hand, 
be obtained immediate react ions with hydatid fluid in two pa t ients 
injected with Strongyloides stercoralis, but showed no evidence of 
hydatid disease. 

'I'he purpose of making specificity tests wit h various test-antigens 
of Ascaris lumbricoides, F . hepatica.· and a common bacterium of the 
intestine, B. coli, 'was t o see if the reactions were specific in nature 
in individuals whom we knew were infected with N ecator america-nus 
and Ascaris lumbricoides. W ith the test-ant igen of R. coli and 
F. hepatica we tested 121 cases, using the r ight and left arms, 
respectively. Anoth er 60 individuals were tested with ext racts of 
Ascaris lum bricoides. Boys from 12-17 years of age were chosen 
for the above tests. The average siz of the wheal s du e to intra.. 
cutaneous injections wit h B. Coli and F. hepatic a was th e smallest 
obtained in any of th e previous infected groups (Table 7) . Ninety 
and 93 per cent of the wheals bad lin average diameter of 5.5-10 mm. 
Of those cases injected with Ascaris extracts, 78 P CI' cent gave a 
wheal of an average dia mete r of 5.5-10 mm. 

A comparison of the average diameter of the wheals in the three 
control test-antigens and Necator tes t-ant igen in 10, 30 and 60 
minutes, is as follows: 

10 Min. 30 Min. 60 Min. Oontrol 
B. colL 8. 05 mm. 9.83 mm. 10.66 mm. 7.04 mm. 
F. lIepatica__ ________ 7. 44 mm, 9.03 mm. 13.50 nun. 7.04 nun. 
A. 11l11lb ricoides 9.32 mm, 10.82 mm. 11.45 mm. 7.45 mm. 
X. american1l8 10. 98 mm, 13.39 mm, 7.94 mm, 7.24 mm. 

A significant fact is that individuals infected with Necator and 

F. hopati ca is nGt .. common infection in man Gil. the r . land. since onl,. Ib: ca... h.~ 
been repor ted 10 far. 
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Ascaris gave the largest wheal s to a homologous test-antigen. The 
size of the wheals increased as to time in all th e groups except in 
the group teste d with Necator americanus, where the average for 
the 6D-min. period was the smallest. Its maximum size was r eached 
in about 30 minutes. 

The rate at which the indefinite reactions appeared is of no im
portance. 'l'here is, however a considerable difference in the for
mat ion of pseudopods. In th e cases positive for Necator and Ascaris, 
and not treated (Table 3), an average of 72 per cent of the total 
wheals showed pseudopods while only 15 and 12 per cent of the 
wheals for B . coli and F . hepat ica, respectively, (Table 7) showed 
pseudopods. The figures are comparable to the Michigan group 
(Table 6) where only 13 per cent of the wheal s had pseudopods 
and 100 per cent of the wheal s had an average of 5. 5 to 10 mm. in 
dia meter. Th e percentages of wheals conta ining pseudopods in the 
tests for B . coli, F'. hepatica and A . lwrnbl'icoides were 15, 12 and 40 
per cent, r espectively. Ascaris test-antigen gave the highest per 
cent, which was expected, since most of the cases were infected with 
ascaris. 

From the data shown in Table 7 th ere is some difference between 
th e r eact ions to the vario us test -ant igens. The most significa nt one 
occurred in the formation of pseudopods. The difference in the aver
age wheal size is not large enough to warrant any specificity of reac 
tion. Th is seems to suppor t the group-react ion th eory as postulated 
by Br iinner . H owever , it must be considered that a large per cent 
of th e above case. were infected with two or more nemat~ des and 
therefore, befor e the question of specificity of group reaction can be 
established, the authors feel it would be necessary to use a larger 
number of individuals living in an ar ea infected with only one of 
th e common intestin al parasites. 

'I'he r e is the opinion that hypersensitiveness may not bear any 
relation to the degree of infestat ion, since many individuals with a 
low degree of infection have often given t he most marked intracuta
neous reactions, and, again, those with a heavy infestation responded 
only slightly to worm extr acts, 

SEX 

Stumberg and Rodriguez-Molina 's findings have demonstrated 
that the degree of in festation is not correlated to the mean wheal 
size. Hill I?") and Daengsvang t "') hav e both found a higher rate of 
infestat ion among men than women. They give as an explanation 
to this the result of frequent exposures, especially in the coastal 



302 PORTO RICO J OUR NAL 01" PUBl,IC IlEALTII AKD TROI' . MEDICD lE 

plains where sugar -cane is th e main ('I·Op. J f men are more exposed 
to the infective larvae than women, it seems reas onable to suppose 
that there hould be Il significant difference between th e hypersen
sitiveness of men and women. In this study a well-cont rolled gro up 
of 315 en .es (179 boys and 136 gi rls, fr um 7 to 20 years of age) Was 
tested. All th e :315 indi viduals were exami ned for intest inal parasites 
and arranged in gro ups, according to the type of infect ion. 

Three gr oups were used: (1) A "roup infected with Necator and 
Asearis, (2) A group positi ve for Necator and negative fOI' Aseur is. 
(3 ) A group positive for Ascaris and negative for Necator (Table 8) . 
W ithin the three groups th e gir ls ga ve a much higher percentage or 
wheals of an average size of 5.5 t o 10 111111 . in diam eter th an th e boys; 
that is, the wheals were smaller among girls than among boys. 
For instance, the per ceut of reactions wit h an average wheal size 
of 5.5 to 10 mm, in th e l O-minute per iod Necator and Ascar i positive 
group was 75 per cent for boys while amon g girls the percentage 
was 100. 

In t he Necato r positive and Aseari neg-a I in' group, the same held, 
true ; f or boys 45 per cent of the wheals were of the smallest average 
size, against 97 p r cent for the girls. 

The per cent of positive cases in th e Necat or negative an d Ascaris 
positive group wit hin the lO-min, period was 69 per cent for th e boys 
and 89 per cent for th e girls. 

The positive react ions of the total !lumber of boys was from 95 
per cent to 100 per cent and from 57 to 79 per cent for girls. In 
other werds, th e percentage of positive reactions was higher among 
th e boys than among the girls. 

A difference was also noted in th e formation of pseudopods ill 
r elation to sex. 'I'he percenta ge of wheals with pseudopods was higher 
among boys than among gir ls. F or instance, for boys and girls 
the results were 25 find 8 per cent ; ~5 and 26 per cent and 4~ and 
14 per cent in th e three groups, respect ively . 

'I'he degree of hypersensiti viness to Necator asnericanus, in regard 
to sex is well e ta blished in the above resu lts (Table 8 ) . However, 
we feel t hat th is difference is not entirely due to a physiological sex 
faetor but rather t o the nu mber of exposures to infection. 

AGE 

The question of age in connection with hypersensitiveness is a 
much disputed one. Brfinner {!") has found in his study of intra
cutaneous tests for Ascaris in adults and children from 11 months 
to 17 years of age, tha t. only 3,5 per cent of 181 cases gave significan t 
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intracutaneous reactions. About 40 per cen t· of th ese reactions oc
.ur r ed in ad ults infected with intestinal nematodes. All of his chil
dren tested, under 4 years of age, gave nogative stools and negative 
skin reactions. He therefore caine to the conclusion that posit ive 
int rac utaneous reaction to Ascaris extract is a result of infection 
with one or mort' members of the nematode group. Stumberg and 
Rodriguez-Molina (l), however , did not find any relation between age 
and wheal size among their cases . 

Kobak and P ilot (,0) , on the other hand, seem to think that the 
nega t ive results obtained in infa nts wit h var ious protein and worm 
extr acts were due to a lack of reacting power of the skin r ather than 
to circulat ing antibodies. Ra tner and Gre enburgh ("0) present still 
another point of view, They feel t hat the mechanism of congeni
tal hypersensitiveness depends on placental permeability and is a 
res ult of the passage of the antigen from an unsensitive mother to her 
susceptible fetus, or of sensitizing antibodies from an allergic mother 
to her susceptible offspring. 

In view of our OWII conce ptions. we arranged ~76 per 'on . no! 
including 111 mothers, into various age-groups from 1 week to 40 
years and oyer, ('fable 9). Age groups were from 1 week to 2 
years. 3-9 years, 10- 14 years, 15-25 years, 26-39 yea rs, and 40 years 
an d over . From the 10-year old to t he oldest age group no appreei
able difference was observed in the percentage of positive reactions, 
nor was there nny difference in the rate of appearance of inde
finite reactions. The pseudopod format ion remained about the same. 
However, in th e age groups below 9 years of age there;" a consider 
able d ifference as compared with th e olde r groups. In the grou p 3-9 
years th e percentage of positive reactions was 81 per cent as com
pared with 100 per cent in th e older ace groups and pseudopods were 
40 per cent, as against 69-74 per cent in t he older age groups. A 
significan t change was noticed in the group 1 wcek-24 months old, 
where only 5 per cent positive reactions occurred in the 10-minute 
period, All infants under 12 months of age gave negative re
actions tho ugh 2 cases from 7-9 months old gave positive erythemas 
but no wheals. In a nother series of 106 infants who did not 
give an y react ion to Coca's extract of Necator americanue (Table 
10 ) , 78 per cent were negat ive for parasites, 11.3 per cent positive 
for Ascaris. 5.6 per cent posit ive for Necator and 6.5 per cent positive 
for Trichuris. The mothers of t hese infants gave 100 per cent 
marked intracutaneous reactions. (Table 11) . 

In addition to the above figure (106 infants), nine from 7-24 
months old gave positive reactio ns. These are included in a separate 
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table (Table 11) on account of marked erythema without any meas
urable wh eal being obtained, while in some cases a measurable wh ea l 
was present without erythema. 'rile average wheal sizes in children 
were small, being only 6.7 and 7.7 mm, in the 10-and :lO-minute r ead 
ings, respectively. Six of th e 9 infan ts showed erythema, and four 
of the 9 cases were infected with Ascaris and Trichur is. 

Prom the above data it seems r easonable to assum e that age (as 
a. physiological factor ) does not influ ence th e degree of intensity in 
the reaction, but ra ther , that hypersensitiveness bears It relation to 
exposure. A marke d difference occurred in the age grou p 1 week
24 months of age, as compared to the other age groups. 'I'his 
difference, we believe, can be attributed to exposure to infect ion, 
Furthermore, the study of mothers and their in fants tends to Show 
that the immediate type of reacti on is not truly at opic in char acter 
but develops wit h exposure. 

Negative react ions in cases of positive stools seem to indicate lack 
of time in the development of \VOJ'm hy persensitiveness. In only 3 
eases (children of one year of age ) did we obtain negative cutaneous 
react ions with positive stools. 

ERYTIIEM.~ 

Erythema is gen erally the most common and constant component 
of the intradermal react ion al though at times it may be ent irely 
lacking. In the present study it occurred in abou t 72 per cent 01 
the cases te sted, before treatment. E rythema may occur , as in th e 
case of ehndr en (Table 11), without the presence of wheals or pru
ritus. 

It was observed that the minimum and maximum size of erythema 
in the 10- 30· and 60-min ute periods varied little between the 225 
tests performed before treatment and the 223 tests made after 
treatment. The average sizes of erythema for the pre-treatment tests 
were 13.3, 22 an d 14 mm. j and post -treatment, 22.5, 22.5 and 11.3 
mm. for 10-, 30· and 60-minute periods, respect ively. . No difference 
was noticed in the percentage of erythema to the various extracts 
used throughout the study. 

LOCAL POSITIVE TRAN SF ER OF SKIN SENSITIVITY TO 

• Necator americasius 

The experiment of Prausnitz and Kiistner f'" ) was performed on 
five individuals who had previously given negative reactions to Ne.c. 
americanus. The serum from a ease that had given a marked intra



SKIN REACTIOKS TO Necaior americanus 306 

cutaneous reaction was diluted with an equal amoun t of 0.85 per cent 
saline solution filtered through a J enken 's porcelain filter and tested 
for sterility. The inner surface of the arms of non-reacting recip
ients was cleaned with alcohol and then 0.2 ce of the sterile filtrate 
was injected intradermally at two sites. Twenty-four hours later 
0.025 cc of the [eeator extract and Coca's diluent was injected at the 
prepared sensitized sites . Two controls, one Coca 's and another 
Necator test-antigen, were injected on normal sites. I n the case of 
successful local passive transfer a positive reaction should be obtained 
Oll the first and not on the control sites. . Out of five passive transfers 
made we obtained four posit ive and one negative. Three were well 
marked reactions and one only slight. All three controls were uni
formly negative. 

OONCLUSIONS 

Experimental results of these studies demonstrate that in cer tain 
persons there is a marked intracutaneous hypersensitiveness to ex
tracts of Necat or americanus. I n a total of 2,901 intradermal tests 
this hypersensit iveness was detected in 81 to 98 per cent of all 
Port-o Ricans tested, while in fan ts under 12 months of age were uni
formly nega tive. Of those children tested in the State of Michigan, 
20 per cent gave positive reactions and only 7 of the 251 gave reactions 
of any significance. 

In general, five months after treatment, compared to its size 
before treatment, the wheal size decreased greatly. Th~!e was also 
an appreciable reduction in the number of wheals with pseudopods 
after treatment. 

In cases with positive stools, untreated, the percentage of wheals 
with pseudopods remained about the same throughout two or three 
intracutaneous tests . Cases with negative stools gave the lowest 
percentage of positi ve reactions in 10 minutes. Eighty-three and 
three-tenths (83.3) per cent of the wheals had an average diameter 
of 5.5 to 10 mm. Only 20.5 per cent of the wheals contained pseudo
pods. These positive cutaneous reactions undoubtedly represent 
remainders of previous infections and demonstrate that sensitiveness 
may persist indefinitely after cessation of the parasite. 

The controls for specificity tests with B. coU, F. helJatica and A. 
lumbricoides are significant. The lowest percentage of positive reae
tions and of wheals with pseudopods was obtained in C!lSCS with posi
tive stools for Necator and Ascaris, with extracts of B. coli and P. 
hepatica. 
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Ascaris test-antigen gave res ults comparable to those of Ne cator 
americanus. These, of course, may be due to the fact that a large 
percentage of the eases was infected with Ascaris. The results IlI ' C 

compatible 'wit h the assumption that sensit ivity to N ecator americanus 
in man is a group ph enomenon ari ring as a result of suffi cieut contact 
with the excitants or due to th e presence of intestinal nemat odes. 
]f we consider only those cases infected with Ascaris and 'I'ri ehuris. 
the cor relation between in fection and sensitiv ity to ext ra cts of N ecat or 
americunus is high . However, it should be noted th at a larg-e per 
cent of the cases tested hav e had in all probabi lity It previo us infec
tion of Necator americanus. 

There seems to be 110 relation between the wheal siz« aud the ' 
presence or absence of ery thema to the incidence of in fect ion. Within 
the various age groups a marked differ nee was noted , Th is seems 
to bear out the contention that positive in tracuta neous reactions to 
extracts of worm powder, immediate in r eacti on, arc 1I0t of a t r ue 
atopic character but rath er due to exposu re and infestat ion. Nec at ive 
findings among the Miehiaan school children and th e continent al 
group seems to support th is statement. 

The authors feel that for practical application of the skin test in 
detecting the presence of N ecat or um ericomus in individuals infected 
with two or more intestinal nemato des, the mea mra ble characteristics 
are too variable, and the reactions are not significantly specific, 

SUJI,DIARY 

(1)� Hypersensitiveness to N ecat or omericanus test-antigen was dem
onstrated in 90 to 98 per cent of 1,081 Porto Ricans posit ive 
for intestinal nematodes in the ten-minute period. 

(2)� This sensitiveness was found to diminish in intensity and there 
was a decrease ill the formation of pseudo pods five to ten 
months post-treatment. 

(3)� Hypersensitiveness 'HIS also shown in 81 pel' cent of 1,042 tests 
On patients negat ive for intest inal par asites with 20 P CI' cent 
of the wheals containing pseudopods. 

(4)� Wheal formation appeared in 98 pCI' cent of 189 tests, in ten 
minutes, in patients positive for intestinal worms, with 72 
per cent of the wheals contai nin g pseudopods. 

(5 )� Skin sensitivity to Necator americanus was tested in 251 Michi
gan children. Twenty per cent reacted in ten minutes, 13 per 
cent of the wheals contained pseudopods and all of th e wheals 
were under an average of 10 Dun in diameter, 
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(6)� H yper .ensit lvenes to N ecat or american us was found in only 5 
per cent of fiftee n children under twen ty-four months of age. 
The mot hers of t hese children ga ve 100 per cent positive re
actions. 

(7)� Extracts of B. coli an I F . hepat ica on one hundred and twenty
one pat ients were positive in 73 and 55 per cent of these cases. 
r esp ect ively . Only 15 and 12 per cent of the wheals contained 
pseudop ods; 90 and 93 per cen t of the wheals were under an 
av erage diameter of 10 mm, 

(8 )� I n tradermal te sts to .4. htmb ricoid e« were positive in 92 per cent 
of sixty cases, 40 per cent of which sh owed pseudopods. 

(9) Th e wheal size an d for mation of ps eudopods wer e found to vary 
in t he same in dividual. 

( 10)� Continentals liv ing on the Isla nd for various lengths of time 
seem to acquire hy pe rsensit iveness to N ecator americanas. 

(11) Hypersensit iveness was more marked in boys than girls. This 
difference is probably due to exposure rath er t han to the 
degree of infect ion. 

( 12)� The average per cent of positive reactions in people over 10 
years of ag e was fairly constan t. in the 10 and 3D-minute 
periods. I n age group 3-9 years old there is a considerable 
difference in t he intensity of the react ion compared with the 
other groups. A significant change was noted in the group 
1 week- 24 months old, where only 5 per cent of 115 children 
gave positive reactions in the I fl-minute period. 

(13)� Erythema is not a constant factor, but when present tae average 
size of the eryt hemic area varied but lit tl e. 

(14)� No r elation was found between the positive skin reaction and 
the presence of Necator or other intestinal nematodes. 

(15)� Table 13 shows a summary of 2,901 skin tests and the per cent 
of positive, negative and indefinite reactions and pseudopods 
to extract s of Nee. omericamus in 10-, 30- and 60-minllte 
periods. 
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TAB LE \ 

8P.OWI1"G THE AVERAGE P E n CENT OF PO SITIVE, NEGAT IVE AKD INDE F I NITE REA CTIO N8 IN TWO GROUPS (r.ECAT OR POSI TIVE-ASCARIS r.. EG AT IVE Ar>D l'-ECAT OR N1WATIVE
ASCA RI S POSIT IVE ) WITIl VAHlO US EXTR.-I.CTS OF NEOA TOR A M F.R lCANUS 

Necator Positi v&-AsC3ris Nega tive Neeator Negative - .-I.scarls Positive 

Per cent 01 P nsitl ve Per cent 01 Per cent 01 Per cent 01 Positive P (\l" cent 01 Per cent of \J Reacti ons Indefinite Reaetlons Per Ne~ a th'e Reactions Reactions Iu deflnlte React ions Per N egnt lve RCll CtlOJ15 -L-______ 
Antigen cent cent - - ----.-_ .. _-

01 of 
C· 10 50 60 10 50 60 Psds. C· 10 SO I 60 10 SfJ 60 10 SO 60 PSI)S. 10 SO 80 

--
tnin. min. min. min. min. "tIn. min. min. 711111 . C · mi n. mi". mfn. min. min. mi·n. C· min. min. 711111 . 

I---- - ---L-- --- ---- - - - - - ---- - - ------~  - - - - -- - --
Boline Lar vae . . . . . ... .. .. .. . .. 28 100 28 - - - - ~O 72 - 72 - 2'l 100 28 - - - - 50.7 72 , - 72 
Co es '5 Lervne..... . . .... ... . . . 16 100 00 - - - - 33 83 - 40 - so \00 50 - - - - 50 30 - so 
Coca '5 Aflnl! Aut oc1o.ved Un

filtered .. . .. . . ....... .. . . . . - 100 !j6 :\9 - 14 GO 11 100 - - - - \00 50 - - 50 \00 - \00 - - 
Coca 's Adul t ... .. .. . . . . .. . ... . 6 9.\ 84 30 - 8 64 ·18 9j 3 8 6 - \00 40 - - 20 100 40 \00 - 4 
Coca 's Adul t Untlltered . . . . . . . - S5 50 7 - a ss 30 \ 00 I:' 7 7 - 81 0:\ 9 - \ 8 72 - \00 19 III 18 

Snllne Adu lt.. . .. ... ..... . . ... . - 80 ~O  26 - 3 GO 26 100 20 \0 13 - 86 81 19 - - 66 \9 \00 14 UI 14 

Coes 's Adul t Autoclavod FU· 
tered . .. . . .. .. .. . .. .. .. . .. . - 7~ G8 12 - 25 70 8 100 25 16 \0 - 00 47 - 0 30 79 7 100 30 20 20 

C·-Dilucnt control. 



- - - - ---

- - - ----- - - --- - --- - - - - - - - ---- - - - - - - - - - --

~ ....TABLE 2 o 
RHOWII'O RRfl UI.T8 or SKIN 1'EBTS WITH COCA'S EXTRACT OF ADULT NECATOR AMERlCANUS 01\' SCHOOL CIl!LD RE N ~'ltOM  7� 

TO 2Cl YEARS OF AGE, BEFORE, AND' ONE TO 1'WO MONTHS AFTER TREATMEJ:I. 'I'� 'tl o 

Before TlllIltmenl I - 2 Mo nt hs alter Treatment ~ - ~ !S 
Infeetlon Positive Positi ve Ne cator Pcsltive Ascaris Nogatl ve' n 

Necator end A!IC>lI'il! Negative Ascaris Negative Necator Necator and Ascar is o 
to< 
o 

Sil e 01 10 30 60 10 30 60 10 30 60 .,. I 10' .'0 60. ;;j 
... h....l in mm. C' min. min. min. C' min. min. min. C' min. min. min. _ c__ ~~~~~  Z- f--- - - >

5,5-· 10. . .. , . . .. . . .. 2 27(84%) 17 2 8 112~ 1%) 67 20 5 48181 % ~  20 2 ~~;  1 1l3  ~74n  103 4 t"'� 
10.5 - 15........... .. - 5(16%) 6 3 - 70 7%) 70 14 - 111~ 8 :I - 00 23%) 00 31 
16.•~ - 20. . .. .... .. ... - - I 1 - 4( 2%) il 5 - - 2 - - 4 ( 2%) 9 ~ ~ 

20.6 - 25. . . .. .. .. .. . - - - - - - 2 - - - - - - 2( 1%) 2 - 'tl� 

Total Po siti ve .. . . . . . . . 2 32 24 6 11 186 150 39 5 59 39 5 2ii 259 18:i 37 ~ 

Per 08nt Positi ve . ... . . 4% 76% 58% 20% 3% 91l TJJ m 7% 84% 55J 9J 9~ lJ,~l MJ 15% ~-_.- - - - - - - - - - --- - - - n 
Indafln ite . . ... .. , .. .. . - - 9 20 - - 23 93 - 1 9 38 - - 78 171(�
Per eent .. .. . ... . ... .. . - - 21% 69% - - 11% 65% - 2% 11/% 74% - - ~'llJ 7{J� 

TotsL ....... . .. . 2 32 33 26 8 186 173 132 5 60 48 43 26 259 261 2J5� 
- --- ------ - - - ------- --- --- - - - ---:---I--- ._- - - - - 1- -- - ~ 

Negative ......... . . .. . 40 10 9 3 195 17 30 11 es 10 ~  8 252 19 17 24 ~ 

Percent... . .. .. .. . .. . 116J 24J 21% 11% 97% 9J 1 5~ 6% 93~ 14% 31% 17% 91% 7% 7% 1\%- - - ----------- --- - - - - - - - - - - ------ -- - ----I--- - --- - -- - - - - >
T otal .. .......... 42 42 42 211 203 203 203 143 70 70 70 51 27M m 27M ZIY ~ 
 

tl- - ------ - - - - - - - --- - - -- - - - - -- - - --- --- f--- --- - -- --- 
Total N umber 01 Gases .. .. .. . . . . . .. . . . .. . . . . . . .. . . .. . . . . .. .. .. .. . . . . .. .315 27M '"'l� 

~ 

Pseudopods ;ll 
-

1 - 3 mm .. _ .. .. .... 3 30 8 IY ~
 

a- 9 rnm .. .. .. .. .. .. 2 28 5 23� 
II mm. up . ... . .. .. . .. . I 2 6 ~
 o " 
Total P seudopods . . . . . 6(11/%) 62(33%) 16(25%) 48(18J) Z 

t!'l 

' C - Diluent control. 



- - - - - - - - - --- ---- - - - - - -- - - ----- ---- ---
--- - - - - - - ---

- - - - --- - - - - - - ------ - - - - - - - ---- - - - - - - - - - - --- - -
--- ------- - - --- - - - - - - --------- --- ------- - --- --

- - - - - -- - - - - - - - --- - - - - ----- - - - - - - - - -

TABLE 3 

SHOWING INTRAD ERMAl, 1.'.:81'8 TO ADULT N RCA TOR II J£ERICIINU S ON TWO GRO UP S, POSITIVE FOR I'K U_" T O R ANO AReA uis� 
AND POSITIVE FOR NECATOR� 

THESE CASE R WJl:RE N OT TRE."TED U NT Il, C L OSE OF T H E EXPERIME NT� 

~'i rs t Te.qt Seeonu 'Pest 

Posi Uve [or Posit! ve for Posi ti ve fot Positi ve [or JJ
. N eeator and A. cut ls Necat or Necator and .... earls Nreut or 

SiuJ of wheal in mm . ~ 

~ 

C' 10 30 60 C' 10 30 tIQ C" to sa eo O' 10 .W IiO 
.. . min. min. . min. min. m·iu. 1nlon . min. min. 'lili l£ . m;7•. ?n1n. 

- - - -- - ------ --- --- - - - --- - - - --- --- - - - --- - - - ~ 

o 
6 .5 - 10, . . .. .. .. .. .. 11 22(50%) \I \I 2() 28(58%) 19 16 11 9 7 15 17(34%l 8 6� ~ 10. 5 - 15, .... .... . . . . 3 20(44%) 1 19 19143%i 21 13 2 :J(} (01% 27 19�16 13 18 (38%) 14 - 2:1 52% 

1IU i - 21). . . .. . .. . .... - 2/4%) 7 , - 2( 4%) 7 5 - 2 4% 11 8 - 2( 4%) 11 8 Z 
o� 

:llJ.5 - 2.¥.. ..... .. .. .. - 1 2%) 3 3 - - - - - - 1 1 - - 1 3 in� 
25.5 - 30. . .. .. .. .. . .. . - - - - - - - - - - - 1 - - - 1�. 
T otal Positi ve . . .. . . .. . 14 45 35 32 21 48 4.~ 35 11 44 • 42 30 17 49 47 37 d 
illJr ce nt .. .... .. ... .... 3ll% 98% 70% 09% -1 2% 98% 92t 71% 24% \ISS 93% 66% 34% 100'1: 9·'S 7U - - - - - - --- --- --- ---- ------- - - --- - - - ~ 

Indefinite . . .. . ... .. .. . . - - 10 13 - - 3 11 - - 3 11 - - 1 II <'>� "" Per oent.. .. .. .. . . . . . . . - . - 2')1 28% - - M 20S - - 0% 24% - - 2% 2U ":l ..... 
C'Tota l. . . .... .. .. .. ... . . 14 45 -15 45 21 48 48 46 Jl 44 45 41 17 4\1 48 46 ...� 

Ne gst h·e.... .. . .. .. _. . 32 1 1 1 28 J I :1 34 1 - 4 32 - J 3� 
Per ce nt .. . . .... . . ..... 70% 2% 2% 2% 58% 2% 2% (lJ 76% 21 - 11% 66% - 2~ 8~ ~
 

.", 

To tal .. .. .. . .. . . . . ..... '46 46 46 46 49 ill 49 49 45 4.~ 45 45 49 49 49 411 - - - -- - --- - - - --- --- f-._- --- - - - - - - - --- - - - - - - - - § 
~  

Total No . of Cases ... .. 95 Il-l 

I. 
:;! 
~lAllllth ~I  Pseudopods .. 

ta znm.� 
1 - 3 mID .. . .. .. . 21 19 18� 
4 - 9 .. . ... .. .. .. . 13 13 13 12� ,9mm. u l' .. .. .. . .. 2 1 I 5� .

Total Pseudopods . . . . _ :w :ll :l3 35 
Per cent Pseudopods .. ~ 64~ 75% 7iS 

' C' - D iluent control ~ .... .... 



- - -

- - --- - - ----- - - ----- - - --- - - ------

-- - - - --- - --- - - - - - - - - - - - ----------- -- --- ------- - - - -- - - --- --- - -- - - ---- --- --- ---- --- ----

- - - -- - - - - - - - - - - - - - - - ----- - - - - - - --- - --- - -- - - --- ----- - ----- - - -- ---- -- -- --------
- - - - - -- - - - - - ---- - - ---- - - - - - -- - - - - ----- ---- ---- - - ---- - - - ------ --------- - --- - --- --

----- - -------- -

--------------

T AlILl! i-A. 

SUMMARY OF SKIN TESTS WITH COCA'S E XT RACT OF D RIED PULVERIZE D LARVAE OF NECA TOR AMERICAl'{US BEFORE, AND THREE MONTHS AFTER TREATMENT 

Before T reatment Three Montw After Treatment 
I - -,;--- -----

Posi ti ve lor Necator positive Negntl,·o lor Necator nega ti ve PosItive lor 
Necat or nnd Ascarls Ascaris negative Necator and Ascsrts Asc"ris poslt !\' e Necator IInti Ascaris 

Size 01wheslln mm, 

C' 10 S() C' C' 10 ~o  10 80 C' 10 8010 I S()
min . min. 11lln . min. min. min. min. min. min. min. 

-------- - - - ---1- - 1- - - 1- - 1--1 1-- -- - --- ---- -
. .. . .. . . . . . . . .. . . .. . .. .. . 1 20 28 (ooS) 13 29 b-I(83%) 4 (06') 3 2 5fo:lS) 6�6 1162S~ 

.. · · .. · , .. 1 - I 16(34%) 20 I 3536S 90 m 2 (34%) 2 - 3 37%) '2 

.. .... , " • .. .. .. - 2 (6%) 6 - I (21) 2( 30 - - - 
- 1-1 1- - - 

20 ~6  38 30 97 65 55 II 56 60 I 6 5 2 8 8 
43~ 97~  1m 30:' 97S 90S 76% 10'( 91% 94% 12% 75% 621 m 88~ 88S ,-.. .. .. .... ....., = I - - - I - - - i� 

-. -' ... ...... - - ~s l = 13S - - 12�--- - U 
I ~O 46 45 30 97 G5 -

2 70 3 7':::::::. _:::_ :::::::: :::::::1 ~% I lOS1 I ____ _3% ~1~ __3%� 
. ... .. . .. ... . .. . .. .... . 1 47 47 47 100 100 i2� 

1-  1 1� 

Tot111 No. 01 case , .. B7 us� 
- - I 

Length 01 Pseud opod s I� 
1- 3 mm"" .... . · · .. .. " .. .. .. .. · .. ·· .. · .. · .. .. · " " ..� 19 48 10 11� 

12 15 6 S� 
~ -;;;.:~~~: : : : :  : :  : : :  : : :: :: ::::: ::::::::::::::::::: ::::::: 3 5 I 2� -

34 68 17 2\ 2 I 
~~;n~e~~~: : :  : : : : : : :  :  :  : : : : :: : :: : :: : : : : : : : : : : : : : : : : : : : : ::: ::1 74% 7~ 2ll% 3SS 33% 12.5 % 

C ' - Diluen t con tr ol . 

TAIlLE 2-D 

SKIN TESTS ON COUNTRY P.EOPhE WIT H COCA'S E XTRACT OF D RI E D P UI,VERIZED ADUI,T N ECA TOR A M ERlCANUS DEFORE, F IVE , A:>lD TE N M ONT US AI"T E n TREAT1\IENT 

Delore Trontment Fivo Months alter 1' reatmont T en M ouths a fter Treatment 
.. 

Positive Poslti...e Necator Negat ive P osltl ...e Nocs to r Poslt !...e A.C1rls Negative Po.itlve N ecat or P "" I:lvo A9<mr is 
NecnVlr &: Ascar ls Negntlve Ascaris Ascaris und l\ ecutor Negat ive ASCl\r[s Negll.lve Necator Ascaris und N O~l t or  Ne. atlve Asca r is Negat lve :O<ecator,� 

8 100 of wboal in m m , - 
C' C' 10 50 60 C ' 10 SO 60 C' J() YJ 60 C' /0 S() (JIJ C' 60 C' 10 SO 80 C' JO IJOI SO 80 1!J I ~!J .'010 min. min . mIn . min. mIn. min . /II1n. mhl. min. min. min. mill. nu n. mm. min. mfn . mi n. min. min. min. min.~~ f,,; n . 

6 .5 - 10.. .. . .... .. ...... . - 4 (12%) 7 7 - 2 4 6 8 (30S) 2 - - - 2 I 4 2 (221) - - 2 21 \S71) 19 4 - 1 &131) I - - 6 (.50" 3 1�3 P 8$l
10 . ~ - 16.. . .. . .. .. .. . ..... - 22 (G6~ )  16 10 - 6 29$ 4 I I J4r if>S) 3 - - 4 (I <AlS) - - - £> (561) I - - 12 ,32  ~) 10 3 - 2 671) I - - (l (,;o~ ) 6 
15.5 - 20 ....... .. .. .. .. .. . I 4 (121 6 7 - 8 (47SJ 9 4 - 4 1  5~J 9 I - - I - - 2(2'l 1J - - - 4(11%) · 7 2 - - - - - - - 
20.6 - 25..... . .... ....... . - 2( 6~ 3 I - l( 6S) I G - - I - - - - - - - - - - - - - - - - - - - - 
25 .5 - 30 .. .. .. .. .. .. .. .. .. - l( 3%l - I - - I - - - I 1 - - - - - - - - - - - - - - - - - - - 
30 .6 - 35 .. . .. .. .. . . .... .. . - - I 2 - - - I - - - - - - - - - - - - - - - - - - - - - - - 
Total Positlve .. .... . .. . . .. . I 33 33 28 - 17 17 16 6 26 16 2 - 4 3 I 4 0 1 - 2 37 36 9 - 3 2 - - 12 9 I� 
Per cent Poslrlve . ... . . . . . _ 3S 100% lOllS 6-1S - I~ 100S 941 22% IO~ 61~ 8% - 10lX 76% - 4H 103. 11% - 5~  lOllS 97% 24 ~ - 10)$ 6BS - - 100' 76% 8%� - - - -- - I- -- - - - --- - - - - -- ------ --- - - - --- - - - - ---- --- - - - - - - - 
Indefinites . . . . . ... .. . . . . . .. - - - - - - - - - - 2 3 - - 1 - - - 2 4 - ' - I 2"l - - I I - - 3 s� 
Per cent .. ... .. , ... ,' . .... . - - - - - - - - - - 8% IU - - 2:>1 - - - :rl% 44% - - a1 tlYo - - 3J ~ :tl% - - 251 67%� 

Total. .. . . .. , ... .. .. . 1 33 33 28 - 17 17 16 G 2U 18 5 - 4 4 I 4 9 3 4 2 :l7 37 31 - 3 3 I - 12 12 9� 

~ellal\ves..... .. .... . . .. .. . 32 - - 5 J7 - - I 20 - 8 21 4 - - 3 6 - 6 6 35 - - 6 3 - - 2 12 - - 3� 
er cent .. .. .. .. .. .... .. .. 07~ - - 15% 100$ - - 0 77~ - 30S sOS I~ - - 7b% 56% - 661 50 951 - - 16% l OiJ% - - 66% 100. - - 25%� 

------ - --- - - -- - - _._- -- ,- - - --- - - - - - - - --- - - ----- - - - - - - - - - - - -- ---- - -----
Total. . . . . . .. ... ... .. 2G 2oJ :!626 44 44\1 9 II 9 37 37 37 37 3 3 3 3 12 12 12 12�33 33 33 33 17 17 17 17 _ _ __ _ _ __ __ _. --- -- - - -1----- - - - - --- - - - ------------ -- - - - - --;-- - - --- 52-- ----.- - - - ---

Totfll Kumbcr 01 Cases .. . . . 39W - - - -- - - - 
Length 01 Pseudopods 

Inmm,� 
1 - 3111111 ...... ...... . 27 13 2 - - 4 - 

- - 10 2 3�4 lS I 
: ;.:.n~~~ : : : : : : : : : : : : : - - 2 - - 3 - 1 

T ot al P.eucJopods.. .. 27 /3 14 2 4 15 1 4 
Per cent .. ... . .. .. .. .1 lSI1 77-; S~ bO% 441 40% 33$ 331 

C'-Dlluent control. 
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TULI 5 

!!BOWINO VARIABILITY IN SIZE OF WSEALTO EXTRACT OF NEC.{ TOR AMERICA N US AT 
INTERVALS OF THREE AND FIVE MONTHS IN OASE S POSITIVE 

F OR NEOAT OR AN"D ASC ARIS 

Second Bid n Test Third Skin T ... t 
F irst Skin Test 3 months IBter 5 months IBler 

Cas e No. 

C' 10 SO P ad. C' I~ Pad. C· 10 30 6() Pad . ~ ~ mtn. mill. m 111. . nun. min. min . mill. ",Ill. 
._- - - --I-- - - - - ------ '--- --- - - - - 

I 7 10 15 - - 8.5 10 - - 10 Ind . lnd .. 13.5 20 5 13 2'l.5 3 10 12.5 122 - - - s 7 IG - n .s 11 5 - 7 9 Ind .. "il - 
{ d!I.!!!l - Ii 10 - - 12.5 13 5 - 7 15 Ind.. 
6 n - 10 - 2 - 8 .5 7 .5 j - - 8 7 Ind .. 2 
II UOl - 12 - 1 - 10 1G 0 - 13.6 12.5 10 S 
7 - 13 17.5 8 - 8 11. 5 6 - 10 10 11 

8 - 8 .5 11 3 10 12 8 II ~1 - 10 - 
9 - 10 10 - - 5 6.5 ~ - - 10 II 13 

10 <~ - 7 8 - - 7 10 3 - H.6 16 18 
11 - 12 13 - - 6 6.5 { - II 13 13 
12 - 13 15 5 - 11 . 11 12 - 13 15 15 
13 - 11 15 1 - 11 11.5 - Lett Scbool 

Av_e 8ize of Wheals .. - 10 .8 13.3 3.6 - 9 .2 12.9 - 5 .2 - 1(j.3 12 - 2 
---- I----- -------

14 - 13 - 1 - 7 10 8 - - 9 io 12 
15 '" - 11 11 - - - 7 6 - - 7 U 12 .. 
J6 "6 1 10.5 - 2 - 6 7 6 - - 17 17 17 
17 0 - 11 12 - - 8 7.5 7. 5 - - 8 10 12 
18 U.. - 16 - I - 8 10 Ind.. - - 10 10 12 
19 - 13 - - - 6 6 Ind .. - - 10 10 1(J 
20 - 10 10 - - 7.6 8 .5 7 - - 7.5 8 8 5 
21 3 

~ 
- 9 14 - - - - - - - ro 1 2 . ~ 13 

22 6 12 - 1 - 11 \G.5 Ind.. - - 12 .~ 1~ 13.6 - - - - - - --I-- - - --- - --------I----
Avemp Site of Wbee.ls . - 11.1 H .8 1.2 - 9.6 8 .6 - - - 10.1 11.5 - •.s --------f------- - - - - - -
23 10 12 13.5 1 - 9 13.5 10 t - y 12 1~ 
24 - 8 10 - - ~ 8 .6 7 - - 11 10 10 
~ - 8 .5 10.1 - - 10 10.6 11. ~ - - 8 . ~ 8.5 10 
26 - 1. - 1 - 10 11.5 12.5 - - 11 12.5 12.5 
21 - 11.6 - - - 9.6 12.5 In d .. - - 9 ro 12 3" 28 :;" - 12 19 - - 10 H 12 5 - 10 \G 10 
:» <J> - 11 - - - 10.6 13 .5 12 "- - 15 2(J :Ill 3 
3(J .. - 8 .5 - - - 8 lO.6 Ind .. - - t 8 Ind .• si ~ - 8 9 - - 9 11 11 6 - J1J 20 11 
32 ~ - 8 - - - 7 8 .~ 7 - - 7 7 8 
33 ... 11 14 13 1 - 19.5 17.5 Ind .. - - 12 .5 12.5 11.5 
3{ - 0 12 - - io 12 11 - - 10 13 12 
36 - 10 12 - - 1l 1l 8 3 - 8 9 8 
36 j 13 - - - 7 . ~ 13 12.5 5 - 8 .5 IG 11 
37 - 5 - - - 8 11 13 - - 7 8 8 

I------ - - - f- - - ------~ - - - - - - --
Average Blze of Wheals . . . - 10. 1 12.3 1 - 0.2 11.7 - 5 - lO.2 10.7 - 3 - - - - - - - -~ --- - - - - - - - ----f-- - -
Oeaerei Average. . . . .. . . . . - 10.8 12.• 1.9 - 9 .3 11.0 - 5.1 - 10. 2 11. . - 3.1� 

C"-DIluent eeatrot. 

....� 



--- - --
- - - - - --
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- --- - - - --- -
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TABLE n 

SHOWING RE SUL T S IH' IJ'TRAD E R:'IAL TEST ON 251 ca lI.DREN LIYl NO IN' 
THE s 'r AT E OF MIC B~OAN' 

C' 10 IJ()
Site oC wheal In mm,� M in. M in. ~. 

5 .5 - 10. .. .,. .. .. ... .. .... .. .... .. . .... . .. .. 6 520O!n) 39 . 
10 .5 - 15 . .. .. .. ......... ... ... .. ......... .... '" .. .. - - 5� 
15 .5 - 20. ...... ..... ... .... .. ........... - - - 
20 .5 - 25. . .. . ................ .. .. ....... .. ... .. .. - - - 
Poslth·e . ....... ...... .. .. .. .. .. . .. .. ... 6 52� 44 8 

~ 17% 3%Per cent ....... ...... .... . ... .. .. .. .. .. .. ..... 201 

- 38Indeftnlt e . ... .... .. .. ... .. , ... ... - 17 
Pet cent .. . . . ... . ... .. .. ..... - - 7% 16%� 

Negatlvo. . .. ... .. .. ... .. ... "� ... .. .. .. . .. 245 1911 190 2� 
" 81�p,.. cent . . . . . ... ........... ...... ... .. .. .. .. .. .. ... 98% SIX 76%� 

'rota!. ..... .... .. .. .. .. .. ..... .. .. 251 2.11 25\ 251� 

Pseudopods 
I - 3 mm.. . .......... ....... .. .. .. . . .. .. ...... . ... - 6 - 
i - II 1l1IIl . • • .. .......... .. .. .... .. ...... .... '" . .... - 1 - 
II mm up. .. ....... ........... ..... .. " .. .. .... .. . . - 1  -
Pseudopods

Tota!. .. ............... .. .. .. .. .... . .. .. .. .. - 7 - 
Percent .... ... .. ......... ... " .. .. ... .. .... .. ... 13% 

Erythema 
5 .5 - 15. . ......••.. .. ......... .... ... .. .... .. .. . .. . 1 - - 1�'" 

15 .5 - 25. .. . .. .. ., .. .... .. .......... .... ........... 1 - 2 
25 .5 - is . . . .. .......... ..... .. .. ............ ..... .. .. ... . - 7 18� 11 

To t sl erythema . . . . . . ... .. .. ... .. .. .. .. .. ........ 2 7 20 12 
Per eent oC erythema .. . . .. .. .. " .. .... .. .. 18% 3J 7% 5% 

C"- D lluent control. 



-- - - - -----

----- -

T.lIlLll 7 

SHOWING TOTALS AND PER CENTS OF POSITIVE, INDEFINITE, AN D N E O AT I VE REACTIO NS; TOTAl,S AND PER C E NT S OF� 
PSEUDOPODS AN» ERYTHEMA, WITH COCA 'S EXTRACT OF n. COLI, F. IIEPATI CA, AND A. L UMBRlCOIDEB,� 

IN BOYS FROM 12TO 17 YEA RS OF AGE� 
~  

B . coli F . hepatica A .lumbrlcoldllS ~  

~::Ii.e 01wheal 111 mm . 
10 3IJ 60 Co n t rol ' 10 3IJ 6Q 10 30 60 Con t rol ' §

l1I/n. ",Iu . min. min . min. min. min. min. mi'R. 
t.< 
o 

~ . 6  - 10.. .. ... .. . .. . . .. . .... .. .. ... .. ...... . .. .. .. .. ss 26 10 ~6 22 43 (78%) 35 24 12 c:�8O  (~~  ;Q10 .6 - l L ... .. . .. ............. .. ...... ... .. . . .. .. . . . 8( 90% 27 15 I .~ 7%) 10 11 13� 
16  .~  - 20.. .... .. .. . .. .. .. . ... . .. . ..... . . .. ... ... . .. .. l(m - :I - - - 2 I( ~ 3 2 - ~
 

62193%) 10 (I S%l 13 
20.5 - 30.... .. .. .. . . .. .. .. .... ..... . . . .. . ... .. .. . . . . - - - - - - - I ( ~) I I  ~ 

Total ... . .. . . .. . . .. . . . . .. . . .. .... . . . . .. . .. . . . . . . . . . . . . 89 86 42 11 67 Il6 3" 5.'; 52 40 12 e� 
Per oont .. .. . .. . .. .. . .. .. . .. .. . .. . . .. .. .. .. .. . .. . .. .. . 73% 71% 34% IS% 5.'iJ 54J 38% lrJ'S 87% 1l6% aJJ "'.l� 

- - - ~ 

lodelln1te . .. .. . .. . . .. .. . . .. .. . . .. . . .. .. . . .. . . .. .. . , . , - 12 M - I U 47 I 5 17 - c::� 
P er O6ot .. . . ... .. .. . .. . .. .. .. ... . , . .. ... .. . .. .. . . ... . . - II:l 45J - :IS 11% 40S :IS SJ 28% - t:=� - ~ 

T ot al ... .. ... . .... . .. .. . .. . .. .. .. .. .. . . .. .. .. ... . .. ... 89 98 06 - es 80 82 56 57 67 12 (;)�- ---- --- ...
Nega t iv e .. ... . . . . . .. . . .... .. .. .. .. . .. .. .. .. .. . . .. . . .. . 32 24 25 49 sa 41 39 4 3 3 4S� 
P&r cent .. . . .. .. .. . .. .. . . ... .. . .. .. . .. .. . .. . .. . . .. . . .. 26J 20J 21% 8~ 43% 3{% 32J 6J 6J 80%�"% ~ e
Total . ... .... .... . . .... . . ...... . . ..... . . . . . . . .... . .... \2\ 121 \ 21 61 121 121 121 60 60 eo 60 0,1� 

........
.\ .elllle slz.e of wheel. . . .. .. .. . . .... .. .. .. .. .. .. . .. .. . 8.05 9 .83 10.66 7 .04 7.44 0.03 13.5 9 .32 10 .82 11. 45 7 .45� 

> 
Psds. ln mm . ~ 

1 -3.. . .. .... .. .. .. . . .. .. . .. . . .. .. ... ... . .. .. . .. .. . - 4 - - - 2 - - 6 -  ~ 

4 - 9.. . . .. .. ...... . .. .. .. ......... .... .. .... . .. ... - 9 - - - 5 - - 11 - - "l� 
0+ •. . . . . . .. . . . . . . . . . . .. . . . .. ... . . . . . . . .. . . . . . . . . . . . . - J - - - 1 - - 5 - fg 

Total. ... .. .. . .. . .. .. . . .. .. . .. . . .. . .. . .. . . .. ..... .. ... - H - - - 8 - - 22 - - :-a� 
Per cent ..... . .. . ..... . . . ... . ... . . . .. . . .. . .. .. .. ' .. .... - 1.;J - - - 12% - - 40J - 

1:;' --- i:!:: 
t'lErytbem"

5 .5 - 15.. .... .. ... ... .. .. . .... . .. . . . .. . . . ... .. . . . .. . 2" 10 4 - 10 13 4 16 25 18 8 ~
 

15 .5 - 211. . ..... . .. .. ...... ... .... . .. .. .. . . .. .. .. " . . 3 17 8 2 6 10 4 6 3 3 3 o� 
~5 .5 - 30.. . ..... . . . .. .. . .... .. ... .. .... . .. . ... .. ~  4 0 - 0 :I 0 5 5 :I 1� Z30 .5 - 35.... ........ .. .... ........... .. .. .. .. ... . .... 1 1 0 - - I I 3 1 1 1� t'l 

Total ... ... . . . . . . . .. . . . • . . . .. . . . . ... .• . . . . ... . . . . . . . .. 32 32 12 2 16 27 9 211 34 24 13 
c.:l .... 
C!'

' C-Diluent oonUoI. 



---- - - - - --- - - ---- - - ------ - - - - - - ---

- - - --- - -- - - - - - -- - - --- - - - --- --- - - - - - - - - - ---

- - - - - - -- - --- -

---- - --- - - - - - - - - - - - - -- - - - - --- - - - - - - ---
----- - - - - - -

--- --- - - - ---- --- - --
- - - -- - - - - --- - - - -

- --- --------- - - - - - - --- ---- - - - - - -- ----

- -- - - -- - - - - - ---- - - - - - - ---- - -- - --

------ - - - -- - - - --- - - - --- ------- --- --- - - --- - --- - - -

--- ---
------- - -- - - --- - - --- - - - - - - - - - - - - ---- --- ---- ------ - --- --- - - -

- - - - - - - - ---- - -- - - -- - -

-- - -- --- - ---

- --- - - --- ---------- - -
- --- ---

TABLE s 
COMPARISON OF I~TRADERMAL  T ESTS TO COCA'S ADULT N ECA TOR AMERICA-NUS ON BOY8 AND GIRLS 

Boys Age 7 - 20 Gir ls Ago 7 - 20 

Positive Necator Positi ve Ascnrls Posltl ve Positi ve Neeator Posi t ive Ascaris Posltlva 
Neca tor and Ascaris Ascari s Nogative N ecat or Negntl ve N&e:ltor and Ascar is Ascaris t-egll tl ve Necato r Negative 

Size 01 wheal In mm. 
i 

.~I)  •C' 10 SO oa C' 10 so 60 C' 10 SO 60 C' 10 SO 6!J C' 10 60 C' 10 SO 60
min . mill. mi n. mi n. -m in. mi ll. mi n. mi n. min. mf n. mi n. min. mi ll. min. mi n. mi n. min . min. 

5 .5 - 10 . ......... . .... . .. 2 15f "S) II 2 a W (45S) 31 10 5 10(®'l) 5 - - 12(100%) 8 - - 52 (117% ) 36 9 - 32(81)%) 24 2� 
10.5 - 15.. . .. . ...... . . . .. . 5 25%) 6 3 01 11 7 Col iS) 3 - 2( 3S) 9 3 4 (liS)�- - 6ll ~5~)  - - - - - - - 6 3 
15. 5 - 20. . . .. .. .. .. .. . . . .. - - I I - 4 3S) II 5 - - - - - - - - - - - - - 2 
211 .5 - 25.... . .. .. . .. . .. .. . - - - - - - 2 - - - - - - -- - - - - - - - - - 
Total Poslt tva...... .. . .. .. . 2 20 16 6 8 132 105 20 s 2.1 8 - - 12 8 - - 54 45 12 - 36 31 5� 
Per eent ....... .. .. .... . ... 1)% 95S 76S 7L~ 5% 98S T " 3uS 21S 100S 3~~  - - 5-- 3g~ - - i 9% 60S 1 7~ - 71l% 66S IO:C�------- -- ' .' --- --
Indefi nite . ... . ... . .. . . .. . . . - - 1 2 - - 10 46 - - 2 4 - - 8 18 - - 13 47 - I 7 34 
Per cent .. .. .. .. .. .. .. . .. .. - - 4S 25% - - 7% 62% - 9S lOS 100S - - 38S 85% - - Ill:' 70S - 27% 15S 73S 

T ota l. .. ..... ..... . . .. . .. . . 2 20 17 8 8 132 5 23 10 4 - 12 Jtl 18 - fH ss 59 - 37 38 311� 
_.I q-Neltatl ve. . . .. . .. . . . . . . . . . . . III I 4 3 20 2 18 13 21 II 5 3 08 H 10 II '17 10 9 a 

Per cent .. .. .. . .. . .. .. . . .. . IJIS 1% Ig~ 9~~ 2~ IU% 2% 79'" MS 1001 4  3~ 23S l OS 1:10:1 2IX 15S 13% 100% 21% 11)% 17S "'
"

n
T otlll .... .. ..... ... . .. . . ... 21 I 21 21 I 8 135 130 ~I 74 23- 23 _ 23 _ _4_ 21 21 21 21 08 08 68 68 47 ~7 47 47 

Total ~o. 01 C ese• .. . . . .. . . 17\l 1:16� 

Pseudopod. 
1 - 3 mm .... .. .. ...... .. . 3 28 7 - - 1 
4 - II mID..... .. .. . .... .. . 1 III 0' I 2 8 
II mm, +.................. I 3 I - 12 t 

T ot.u Psds .. .. . .. . .. . .. .. .. 0 47 10 1 a 0� 

Per cont .. . . .. .. . .. .. .. .. .. 25S 35S 43S as 20~ 14S I 
' C-Diluen t con trol. 

1' .\IIl.R II 

SIIO W INO I N'I'RAC UTA NEOU S R E .....CTION I:>:' VARIO US AG E G HOUPS , WITH COC A' S E X T RA CT OJ,' AD UI,'l' NECATOR AlofEUICANUS 

Age groups I week - 2 ) 'Ollnl 3 - II ven rs 10 - 14 yea rs 15 - 25 years 26 - 39 years 40 years up 
-

C' 10 .' 0 IJ') C' , /0 .~O C· 10 m 6IJ C' 10 SO C' /0 SO HI) O' 10 SO 60ff,.Size 01 wheal in mm. mIn. mi n. min. '?Tun, min. fil II. ,,,in . mill . min. min. min. mIn. min. min. mIn. mIn. min.'no/'"- - _ . 
5 .L - 10.. . .. .. . .. .. ... .. . - 6 (100%) 4 0 5 t. 10 7 12 a 8 I fl l3ll~ ) 10 12 .. II (5SS~  h h 6 11(3.1) '2 4�

25 l71  S~ 12 t OS) 7 I 11 610 .5 - 10. ..... .. . .. .. . .. .. - - - - - 9 2M 6 5 '2 17 55~ ) 10 6 I 20 47S) 20 12 I 7( 35" 10 IJ ~46S )
 

15 .5 - 20.. . .. ... . . ........ - - - - - I ( 3~ 4 2 - :I 1l',C ) 5 3 - 4 ~1 (5 ) t II - 2 (l OS) 2 3 - 4 17S) 7 3� 
20.5 - 25... ......... . .. . .. - - - - - - - 2 - - I - - I 2.5%) 2 4 - - I 1 - - - 1� 
25 .5 - 3() .. . .. .... .. .... ... - - - - - - - - - - - - - I (2.0S) - - - - I I - - - 
30 .5 - 30.......... .. ...... - - - - - - - - - - - - - - I 1 - - - - - - - 
T otal Positive.. .. .. .. . .. .. . - 6 ·1 0 5 3lJ 2j 10 II 31 zs 17 II 42 40 37 8 20 III 17 7 24 20 14 
P er ren t . .. . .. .. .. .. . .. .. .. - 5~ 3S - liS 81~ 63% 4 '1~ 2'JS 100% 9<X 69% 21 100:; \J5 ~ 8S% 3SS 90~ IJ2% lllS 29S I~ S3S 158S 

Indefinite . ..... . ..... . ... . . - 0 2 3 - - (\ 10 - - 3 11 - - 2 ,] - - I 3 - - I 3 
q . ' - 4~ 4S 13%Per <.'COl . .. . .. .. . .. . .. . .. . . - - 2'1 - - 15% 22 ~ - lIS a2~ - - H II~ - 1oI~  - -- -,' --- --- --

1 '0131. .. ... . . .. . . .. .. . .. .. . - 6 6 :I s 35 33 29 1I 31 31 2ll 9 42 42 41 a 20 20 20 7 24 21 17 

Negat ive .. ... . . .... ... ..... - IO'J I()l) 112 38 8 10 H 22 - - 3 33 - - 1 13 1 1 1 17 - 3 7� 
Fer eent . .. .. .. .. . . .... .. . . - VIS 11-1% 97% &l% IllS 22%. :)a~ 71 ~ - - IJ{ 78% - - 2% 61 ~ 4S 41 4% 71S - 12% 2IlS� 

i--
'rota l. . .. .... .. ........ . .. . - 11  ~ 115 liS 43 ·13 43 11 31 31 :11 :\1 42 42 42 42 21 21 21 21 24 24 24 24 

----- -- - --- ----- - - ----- -- - - --- - - - I-
1'01111 Nu mber 01 ensos .. . .. ZiG 

Slze 01 Pseudopods 
7 61 - 3 m ill .. .. ... .. .. .. 0 11 I~ 22� 
7 114 -II mID.. .. .. .. .. .. . 0 3 2 7 _. I9 mm . 11)' ..... . .. ..... 0 - - 2 

1 '01111 Pseudopods ... . . . . .. . 0 H ~1 31 14 J7� 

71SP er cent . . . .. . .. .. . .. .. . .. . 0 6~ % . 41 7l1S"'0% 

• C- Diluent contrcl, 



- - - - - - - - -

- - - - -

TULI 10 

SKIN SE N SIT IVIT Y IN MOTH E R S A:-:D TIJKIR CHl L O H KN U N UF. U 2 Y~: AHS OF AGE, WITH COCA' S . :XTRA OT O F' N . A MER / CAlVU8 

M otbers : 2O-r.o years Ch ildren: 0-24 mon th s - _ .
or.-e'" 't: .. 8- ., 0 

A, eragc size of So 00"e. 
wheal in mm . tl" Indeflnlte N o. A ge 

._~  No. of A veraxe sir. e or -'0 No. of Cases ~!
wheal in nun. U" Poslt lve ror tll- ~ Nu.of .v . a1!1 Heactlons In of in ~~  t ntcsunat PlU'BSI1OS .... 

~ c. ~ CoCn.""" Cn~  rs mon t hs ~~ ~ ~ - .= '0" -.<: - Coe ...... ~ c.::: ~ 10 ",0 30 
o 

0 60 c~  60 0 10 SO 60 o ~  Asc, Nee. T rieh . o~ () " Min. .'tIi n. l.fin. M i n, t,)" M i n. M in . % ~ ~Z M i n. M i • . --- - - - - - - --- - ----- - - - --- - - - - - - - - ---- - - - - -- --- --- --- o.., 
I. .... ... ... .. - 7 7 - - I 1 1 - - - - - - - I- a6.. ...... .. . .. - 7 .6 9 .4 8 .5 \ - - 7 2 - i�
:I .......... . .. II 10 - 1 ., - - - - - - - ~
- - - J - - - - - 1 - - I ~ 

.~ .... .. ....... - II \2 .1 12.7 :I 2 ,� 
7. .... .. .. .. 7.3 8 .3 9 .3 - 4 I :1 "7 

4 
r. - - - - -

-
1 1 - t (313.. ... .. ..... - 7.6 8.8 8 .3 \ - 4 14 6 - - - - - - - H5. .. . .. .. .. . . . 8 .4 11.5 11 2 ,�- - 2 5 7 - - - - - - - :...10. .. .. ... .... - II 12.3 \5 4 \I2 8 - - - - - - \ - I ( ~.

8...... .. . 7.3 11. 7 11. 6 .\ - 4 - " 8 II - - - - - - ~ C'>
6 . . ... ... . . . .. - 6.6 - - - 3 4 6 10 - -- - - - 2 - -- 4 :::l�
6....... .. .. . . - 8 \2 .3 11. 5 \ - \ 6 \2 - - - - I 

....�- - - - C2.. ..... . .. ... - 7 9 \0 \ - \ :I 13 - - - - - - - - l ..,
4 .. . ... . . . . . . . - 8 .3 10.8 15 2 - 2 4 14 - - - 4�
\ ... .... .... .. - 9 12 \I - - - \ \5 - - - - - - - - 1 :::l 
2.. .. .. ... . . ..� - 9. 7 10 U 1 1 I 2 17 - - - - - N o sam ples 
~  ............. - \0 \2.1 12 3 - 2 8 18 - - - - - 1 - 3 4 .,�Mother Dead. ........ ........ ........ .. ... ... ........ - - 1 :II - - - - - - - - I ""(;.� 3 ...... .. ... .. 7.8 9.1 7. 1 2- - - 3 21 - - - - - 1 - - ~ 

I. .... .. . .. .. . - 7 7 - - 1 1 22 - e- - - - - - - - \
2 .. .. . . ... . . .. 13 \5 .5 17.5 - 1 - - 2 23 - - - - \ 1 - C
11. ...... .. .. . - 8 9.5 13.3 1 - 2 11 24 - - - - - (, 3 4 1 f�- - - - -- - - - - -----f- ------ - - - - - - --- ----102.. .. ...... . - 1&\.6 198.4 188 8 30 7 36 106 Total . .. - - - - - \2 6 7 ~ - - - ---I-.--~---~_. - --- ------------ - - - - - - - -- >---
A verage sUB -- 

at wheal .. .. - 8.33 10.4 11. 8 Per UltIt o/infectlon.. . .. . .. .. .. . .. . . .. .. . . .. .. .. . . 11.3 6.6 6 .6 7llS 

"Diluent oontrol. 
l;.o... 
-l 



~  

TJ.BLII 11 
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SKIN SENSITIVITY IN MOTHERS AND THEIR CHILDREN UNDER 2 YEARS OF AGE WHO REACTED TO OOCA'S ADULT OF NECATOR 
AMERICA-NUB '1l 

Mothers CbildrBIl ~ 

~ 

SiJ.e of wbeal in mm. Size of wheal in mm. Erythema lntf<ltlnal Parasites o 
C..... No. Con- o 

....trols I I I I I Age ICnn10 II(} 60 in trois 10 so 60 10 30 60 o 
Min. Mill. MIn.. Psd. months I Min. I Nin. I Min. I Pan. I Min. I M in . I Min. I Asc. I Nee. I Trle. g

---------1 1---1---1--1-1---1- - - 1- - - ,- - -1- - - 1- - - ,- - - ,- - - ,- - - ,- - - ,- - - ,- - 
103 . 12 13 14 
IDe . " • 13 Ind .. . . + ~ 

1()5 . 51 It 17.5 10 o 
106 . 20 Ind .. 10 'oj 

101 .. 15 Ind . 5 '1l 
108 .. 12 17.5 4 q 
lOll . ;her 
110 . 14 Ind . .. 7 ~ ...
111 . 12.5 12 14 o 

A verage Size or wbeal. - , 12.6 14.0 15 ~ 

l:".., 
IJ1 
~ 

Z 
e .., 
~ 

to:: 
~ ... 
o 

~ 
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T ABLE 13 

s u~n.!.\RY O}' 2001 SKIN T E ST S AND PER CE NT OF POSITIVE, NEGATIVE AND INDEFImTE� 
REACT IO N S AND PSEUDOPODS TO EXTRACTS OF NECATOR .-tMERlC.-tNUS� 

IN 10, 30, AND 60 MINUTES� 

Per cent of 
reactivity at Per cent ot Per cent Per cent of 

Group. of roses Total Tests di fferent periods Indefinite of resettons with an 
positive and number giving of time Reactions wheals average wheal of 
nllll:"tive for of positive with 

necstur tests : reaction pseudo. 
and asearls ma de 10 ~ 6!J 10 MJ 60 pods 5.•~ -10 10.5 - 15 15.5+ 

min . min . ml1l. min . min. min. "'m. ...m. 111m• --- - - - I- - - - - - - - - - - - - -I----
Pos ltlvo Cases 

(Before T reatment) 516 4n 00 71 54 1 13 53 41 62 31 7 

Negative Cases 
(Arter Treatment) . 376 31"00 93 67 25 0 25 60 22 67 27 6 

P09ltiva Oases 
(Not Treated) . . . . . 189 186 98 89 70 0 8 23 72 46 .9 6 

Negative Cases 
(Not '('reat ed) .. . . . 1,042 868 81 74 28 2 11 60 20 83 1& .8 

~'[others aDd the ir 
Cbildren 

Mothers . . . . .. . ... .. . no 110 100 U. 87 0 6 3G 34 92 8 0 
Cbildren . .. .. . ...... . 115 6 5 3 0 0 1 2 0 100 0 0 

Michigan Children 
N egative for 
Para.ites . ... . . . . . . . 251 52 20 17 3 0 7 16 13 100 0 0 

Control Test. with 
Coca 's Extracts of: 

B. coU . . .. . .. .. .. 121 ti9 73 71 3t 0 9 45 15 00 9 J 

F. Iltplltlca .. .. . .. 121 6; 55 at 28 :I 11 40 12 93 7 0 

A.lumbTiooidu.. . 60 55 92 87 66 2 8 28 to 78 18 4 



..... - I -- 0 " 0 .

- - - - --- - --- - - - - - - - - - - -- - - -- -

- - - - - - - - - - - - - - - --- - - - - - - - - ------- - - -

_ 

~~B  r.1 12� 

SHOWISG THE PEnCEXTAGE AN.D AVERAGE SiZE IN MILLIMETERS OF E R YTHEMA txc, SE S POS ITIVE F O R N E CA TOR AMERICANUS AND A S CARIS L UJfBRICOlD ES AT 10, 30, AND 6  o-~lINUTE 
 

INT E R VA LS WI EXT UA CTS OF N E CA TOR AMERICAN US 

fie/ore Treatmeut Aft er Treatment 

P051th'e (or N. amcrica1lu& li nd A. lu.m~r koid'8  Nezutlve for N, amer/canus and A. lurnbricoi.fe8 -
Adult Coca ' 5 Ad u l]. C oea 's Adul t CO"' I 'S Adul t COC!' 's� 

Size 01 Erj'tllelDll Adult C OCll'S Autoola vod Not 1:'llt eroo Ad u l t COCl.'S Au toeta ved N ot F il te red� 

C' 10 80 (j() C' 10 ~O 60 C' 10 :f 60 C' 10 ~ 60 C' 1IJ 80 60 C' 10 ~O 60� 
min. mi n. min. min. min . min. 1nin. miL min. miT£. min . min. m.in. min. min, min. min. min.� 

- - - I-- - - - - - - - - - --- - - - - - - -- - - ---- -- - - --- -- - - - --- - - - - -----
10 - 11;. . . ..... ........ - .. . .. 7 1 (2.5%) 3 7 - 4( 8~ ) 3 I 2 - - 2 4 4( 5%) 10 ra - 3 ( 5%) 6 6 1 1 ( II) 3 11� 
15.5 - 20.. .. .. . .. . .. . ..... 4 1 5 ( 27 ~ ) 2·1 16 - 11 (20  ~) 21 24 I 12 (21%) I Ig 0 25131%) 20 16 IS 17 2 30 (441)� - 2° i20~ ) 18 25� 
20 .5 - 30.... ..... .. .. .. .. . 3 32 (58 ~) 35 20 - 2(j (4b~) 31 13 2 2lI (m ) Ii 26 5 34 47%) 33 J5 - 37 54 ~) 37 13 - 34(50() 40 6� 
:iO.5 - 40.. .. .. ...... . ... .. I 6(\0%) 3 2 - II (20%1 6 4 - 11 (50%) e 2 I 9 (14%) 8 2 - 7 (11%) !! 2 - 3( 5%) 7 2� 
40.5 - 50.... . . ...... .. .... - 1(2.5%) 2 - - 2 ( 4% - - - 3 ( 7%l - - - - J - I ( 1%) - - - - I 

I- - -- - - - - - - - --- - - - ----- - - - - - - - - - - - -- ---
Toml posltive . , .. ... .. .. ... J9 72 71 47 - 68 60 3S 3 6.3 O~ 44� 
Per cent . .. . .. -- .. ...... .. . 20% 73% 90% ~ - 72% 8li ,...ti~  6% 73% 1~ 6-l~~~_ _ _ 95%~.-=-_90  ~ _ ~ _ 50.5% _ _ 4_% __9_1_%____..:~  __ 59%� "" M - M "'" •I~ M " 
Negative __ . .. . , . . .. .. .. . .. . 60 .0 7 30 75 21 14 33 iO 20 5 27 55 2 a 27 75 7 9 37. il 6 5 30� 
Per cen t .. .. .. . ...... .. . .. . ...~,  '..... ""' ~, "' .., ~,~, .~ .. 74% 2% 4% 36% 100% 10% 22% 49.5% 95( 8% 6S 40%� 

'Tutul . . . . . . . . . . . .... .... . .. 75 75 75 75 75 zs 75 75 75 75 ::; i 5 i4 i4 74 74 75 zs 75 75 74 74 H 74� - - - --- - ---- - - - - 1-- _._ --- ~  -- --- - ------ --- --- - -
Total No. 01 CllS9S. . .. . . .. . 225 223� 

Minimum slzo . . . . . . . . . . . .. s J9 . ~ 12.5 10 - 12.5 10 JO 10 111 .5 II I I ~ 10 10 10 15 - 10 10 10 10 I 15 10� 
Maximum slze . . . . . . . . . . . . . 32 .5 45 52 .5 40 - 42 40 27.5 30 50 i1l 35 .5 J5 42.5 35�I-I-I-I-I-I-I-I-I-I-~I----1------,----

~ .~ ,A vornge size ... . .... . . - .• .. . 23 9 .5� 3 .9 __18__ ~  ~_=_~~~___.:::..~~1  _ 15 .5 ~~I_~ · I -~I~L =-'~~~~IJg · 3 1~1 

C' 10 30 60 C' 10 W 50� 
Average sh e Erythema or min. min . min. min. min. min.� 

the Broup.. .. ... .... . . .. .. 2 J9 .3 2'l 14 2.2 2'2  .~  22.5 n .s� 

'C-Diluent cont rol. 
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