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During recent years intradermal testing with parasitic extracts
has received considerable attention. Some investigators claim prom-
ising diagnostic 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 reactions 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 various species of ascarids
while only a few articles have appeared dealing with the sensitivity
to hookworm (Necator americanus). The statistical study of Stum-
berg and Rodriguez Molina(®) on intradermal injections with various
extracts of Necator americanus, the works of Coventry and Talia-
ferro(®) and of Pirie, Retief and Ferguson(®) are of leading import-
ance. Stumberg and Rodriguez-Molina noted that ‘“all people gave
an immediate type of reaction’’ but found no correlation between
the presence or absence of the parasite and the skin test. They,
therefore, confirmed the findings of Coventry and Taliaferre’s work
in Honduras.

The present study of cutaneous hypersensitivity to hookworm
extract (Necator americanus) was carried out on the Island of Porto
Rico among three widely separated classes of individuals: A group
of farmers living on a large estate where they were employed as
farm-hands in the cultivation of fruit and sugar-cane; a group of
boys and girls from all parts of the Island, living as orphans in the
“4agilos’’ of Santurce; and a group of children living in the moun-
tains of the northwestern part of the Island.

In this investigation attempts were made to determine the degree
of hypersensitiveness to helminthic protein, before and after treat-
ment, in individuals positive and negative for intestinal worms; to
study the specificity of the reactions, and to observe atopic sensitive-
ness in children under 24 months of age: to measure the reactions
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at time intervals and study the importance of erythema and the
formation of pseudopods to extracts of Necator americanus. Fur-
thermore, to test out the efficacy of cutaneous hypersensitiveness
expresed by the skin reactions, as an aid in the diagnosis of hook-
worm infection.

DESCRIPTION OF AREAS AND GROUPS

Three general groups of people, widely separated geographiecally
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 Island, in the distriet 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 having 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 living conditions in
this section were not good and little provision was made for sanitation.
Only fourteen of the houses in this section had latrines.

In seetions A and B the soil was sandy or sandy loam. In Seec-
tion A, coconut palms, grapefruit trees and numerous shade trees
furnished the principal vegetation; while on Area B there were
sugar-cane fields and a few scattered trees. The houses in both
sections, A and B, were widely separated. In each section ideal
conditions were found favorable for the development of Necotor
americanus and Ascaris lumbricoides. The minimum temperature
was never below 57° F. with a maximum temperature of 99° F.
The minimum monthly temperature was between 70° and 80° F.
Rainfall varied with the season. The minimum preecipitation oceur-
red in the spring, with an annual rainfall of about 70 inches.

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

* Throughout the greater pert of the experiment on Sections A and B a hookworm-
prevention campaign wag conducted with the assistance of Miss Blanca COanales, a resident
soeial worker who made house-to-house visits explaining the rulee of good health and the
importance of the use and care of latrines. Through her vigilance the percentage of reim-
focted cases was kept comparatively low. Miss Canales’ sgsistance was made posaible throngh
the courtesy of the Beard of Education,
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treatment.* In determining the degree of infestation with intestinal
helminths the Stoll (*) dilution egg counting method as employed by
Cort, Riley and Payne(®) in connection with their epidemiological
studies of hookworm disease in Porto Rico, was used.

Of 168 farmers and their children examined in Section A, 80 per
cent were found infected with N. americonus, 65 per cent with 4.
lumbricoides, and 86 per cent with Trichuris irichiurg. Fourteen
days after treatment, 11 per cent, 4 per cent and 32 per cent remained
infeeted with Necator, Ascaris and Trichuris, respectively. During
the second month post treatment, 14 per cent, 23 per cent and T4
per cent were infected, while in the third and fifth months there
was no appreciable change in the degree of infection. By the ninih
month little change was observed, the per cent of infection being 11,
34 and 57 for Necator, Ascaris and Trichuris, respeetively. The
positive eases had egg counts ranging from 50 to 417,000 eggs per
gram. In seetion B, 87 per cent of the cases were positive for Neca-
tor, 51 per cent for Ascaris and 81 per cent for Trichuris. 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 the mountainous distriet of Aguadilla,
where little hookworm-prevention work had been done. Within this
group 98 per cent were positive for Necator americanus, 28 per cent
positive for Ascaris lumbricoides and 96.4 per cent positive for Tri-
churis trichiura. Within two months after treatment 164 of these

* All the infected cases in Hection A were treated in a temporary hospital arranged
with laboratory, kitchen and bedroom facilities. Patients were admitted in thh evening, and
on the following morning, before breakfast were given a mixture of carbon tetrachloride
(2.2 ce.) and oil of chenopodium (0.8 c¢.). Adnlte over fiffeen years of age were given
8 co. of the mixture in cold black coffee. The strong exiract of coffee camouflaged the taste
of the tetrachloride and oil of chenopodium, thereby making it less objectionable to the
patlent. To children under fifteen years of age the following doses were given from the
mixture:
ce.
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One to two hours after administering the mixture a saturated solution of sodlum sulphata
wak given. In most cases, on the morning of the second day & second purge was glvenm
with excellent results as determined by worm counts. 'This method of treatment waa followed .
in all cases. Hospitalization was only done, however, in Dorsdo and the Asilo groups.
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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 general group consisted of 263 boys and 301 girls from
various parts of the Island, living in the two Asilos of Santurce. This
group was examined for intestinal helminths and was skin-tested.
In the boys’ group, 23.9 per cent were positive for Necator, 10.2 per
cent positive for Ascaris,,and 44.1 per cent positive for Trichuris.
Within this same group J per cent of the boys were found infected
with Sechistosoma mansoni and 0.7 per cent with Strongyloides sier-
coralis. Protozoan parasites appeared as follows: Giardiz 1.9 per
cent; E. histolytica 1.5 per cent; and Enfamoeba coli 11.4 per cent.
Within the girls’ group 12 per cent were positive for Necator, 9 per
cent positive for Ascaris, and 29 per cent positive for Trichuris.
Besides, 0.3 per cent were positive for Taenia saginata and 7 per cent
positive for microfilaria. The protozoan infections were: 2 per cent
positive for E. histolytica, 5 per cent positive for Entamoeba coli,
and 0.3 per cent positive for Giardie. Only two examinations for
integtinal parasites were made in the boys’ and girls’ groups, sinee
there was little chance for hookworm reinfestation 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 T'richuris trichiura. The faet
that a very large percentage of cases positive for Trichuris was also
infected with either Neeator or Ascaris made it somewhat diffieult
to consider Trichuris in a group by itself. The other helminths as
Filarie (Wuchereria) bancrofti, Schistosoma mansoni, Strongyloides
stercoralis dand Taenta saginata, and the protozoan infections will not
be considered in this study.

MATERIALS AND METHODS

The adult Necator americanus and Ascaris lumbricoides used in
the preparation of the extracts (test-antigens)* were obtained from
human patients on treatment. The infective hookworm larvae were
cultivated in charcoal and obtained by the Baermann isolation method.
The Fasciole hepatica, commonly found here in the liver of cattle
and goats, was secured fresh from the abattoir, immediately after
killing the cattle. The bacterial test-antigen was obtained by wash-
ing off with sterile distilled water a 48-hour culture of pure B. coli
grown on nutrient agar.

* The term “‘est-antigen” is uded to slgnify solutions nsed in the test tube experiments,

as differentiated from the term “antigen” signifying substancea which stimulate the prodme-
.tion of antibodies within the animal body.

— = ——
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In the preparation of the above test-antigens the material was
thoroughly dried in vacue over H,SOy or in a Freas hot-air electric
oven, ground by hand and then pulverized in an agate mortar with
a mechanical grinder. All test-antigens 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 solution. Extraction was continued for twelve
hours, then filtered through a Jenken’s poreelain filter, stored in
sterile ampoules of about 2 ce. eapacity and kept in the ice-box untii
ready for use. In the preparation of several test-antigens the ex-
tract was filtered through hard Whatman’s filter paper No. 2, col-
lected into sterile ampoules, sealed and 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).

{e) Adult Necator americanus in Coeca’s alkaline solution.

(b) Adult Necator americanus in Coca’s alkaline solution auto-
elaved and not filtered.

{¢) Adult Necator americanus in Coca’s alkaline solution auto-
claved and filtered.

(d) Adult Necator americanus in Coca’s solution and not fil-
tered.

(e) Adult Necator americanus in 0.85 per cent saline solution.

(f) Infective larvae of Necator americanus in 0.85 per cent
saline solution, and in Coca’s alkaline seolution.

(g) Adult Ascaris lumbricoides (from man) in Coeca’s alkaline
golution. »

(k) Liver fluke, Fasciola hepatica, in Coca’s alkaline solution.

(i) 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 readily seen that three or four of these test-
antigens were potent (Table 1). However, for convenience of prepa-
ration and keeping qualities, Coca’s alkaline solution was preferred
as the diluent. Coea’s autoclaved, unfiltered, gave a surprisingly
high percentage of positive reactions. The auntoclaved filtered extraet
showed less potency than any of the other test-antigens used.

In making the intradermal tests the inner surface of the arm was
thoroughly cleaned with alcohol and allowed to dry. With a 27%4-
ineh ‘Gage needle 0.025 cc. of the test-antigen was injected intra-
dermally. In every case a control injection of the diluent was made
on the same arm, a short distance above the site where the hookworm
test-antigen was injected. In cases where multiple injections were
made both arms were used.
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Just what constitutes a true positive immediate type of skin reac-
tion is at present disputable. Cooke(®) in his treatise on broneho-
asthma, considers a marked eutaneous reaction in which the urtiearial
wheal is 2 or 3 eu. mm. in diameter with the formation of pseudo-
pods. Peshkin and Fineman(?) in their work on asthma in chil-
dren computed the size by measuring the diameter of the wheal.
A 3 plus reaction was a wheal of more than 10 mm. in diameter with
a zone of erythema and the formation of pseudopods. Fiilleborn (®)
considers all wheals over 20 mm. as positive. Fairley, Fairley, and
Williams(®) studied the immediate type of reaction following the
intradermal injection of hydatid test-antigen and attempted to evalu-
ate the reaction 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 measurements, they included within
the greatest diameter the length of one pseudopod and the measure-
ment of the second diameter at right angles to the first. They consid-
ered a reaction positive when the wheal measured 24 mm. in one
diameter and at least an average of 22 mm. in both.

Throughout this study the authors have continued to wuse the
method as adopted by Taliaferro and Hoffman (') and followed by
Stumberg and Rodriguez-Molina(*). Their method and the one here
followed is essentially the measurement of an average of two diameters,
not including the pseudopods measured at right angles to one another.
The pseundopods were measured from the edge of the wheal. All
measurements were taken to the nearest millimeter, All wheals made
by the injaction of the test-antigen and the diluent were measured at
intervals of 10, 30 and 60 minutes. Pseudopods which generally dis-
appeared by the end of 30 minutes were measured at intervals of 10
and 30 minutes. All intradermal reactions with an average diameter
of 5 mm. or less were considered negative. This limit was followed
consistently throughout the entire study 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 the injection of the test-antigen an immediate type of reac-
tion generally occurred. This reaction was characterized by a wheal
formation, an erythema and the presence of pseudopods.” Pruritus
frequently accompanied the reaction. All of these characteristics were
not manifested in every test, nor did they bear any consistent relation
to one another, either in their order of appearance or in the intensity
of the reaction. In only a few cases wa=« n delayed reaction observed.
In infants under 24 months of age erythema was observed in a few
cases without the formation of a definite wheal.
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In all of the intradermal tests the authors noted only two cases
which showed a marked systemic reaction. In one case, following
the injeetion of Necator americanus, severe edema of the eyes, fever,
tachychardia, arrhythmia and headache were well pronounced. The
edema of the face and eyes persisted for several days. In the second
case an extensive lymphangitis occurred on the arm and extended to
the axillary glands; intensive pruritus and tenderness of the axillary
glands were also observed. There was no shortness of breath nor
rapid pulse. In all respects the patient seemed perfectly normal
except for tenderness in the axillary region.

EXPERIMENTAL RESULTS

For convenience of description, 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) Necator americanus and Ascaris lumbricoides negative
group.

(2) Necator americanus and Ascaris lwmbricoides positive
group.

(3) Necator americanus positive and Asearis lumbricoides neg-
ative group and

(4) Necator americanus negative and Ascarts lumbricoides
positive group.

Each of the eleven major divisions T&{'(t described as follows:

1. Intradermal test before and after treatment, on individuals
harboring Necator americanus and Asecaris lwmbricoides
(Tables 2, 2A, and 2B).

2. Control 1. Two intradermal tests at various intervals, on
cases positive for intestinal nematodes. Cases were not
treated. (Table 3).

3. Control 2. Intradermal tests with various test-antigens
on cases negative for Necator and Ascaris but living under
the same environmental conditions as 1 and 2 (Table 4).

4. Observations on the variability of wheal size at intervals of

; 3 and 5 months (Table 5).

5. Control 3. Intradermal test on 251 children from 7 to 20
years of age, living in the State of Michigan, where in-
testinal parasites are rare (Table 6).

6. Btudy of specificity to various test antigens as A. lumbri-
coides, F. hepatica, and B. coli (Table 7).

7. Comparison of intradermal test in relation to sex (Table 8).

8. Intradermal test on various age groups from 0 to 70 years
(Table 9).
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9. Atopie sensitiveness in mothers, and their infants under 24
months of age (Tables 10 and 11).

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

11. A study of the significance of the wheal size, erythema and
pseudopod formation. (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 treatment 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-
valg, 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, free from intes-
tinal parasites, gave 93 per cent positive reactions in 10 minutes,
one to two months post-treatment. Tt will be noted that slight dif-
ferences occurred in the percentage 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 per 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 Asearis positive, in 10 minutes,
84 per cent of the total 32 positive reactions gave wheals within 5.5
to 10 mm. in diameter, and only 16 per cent of the positive reac-
tiong 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 cases from another group are here included.
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and 19 per cent of the 59 positive reactions with wheals within
the first- and second-size groups, respectively.

One to two months after treatment, 74 and 23 per cent of 259
positive reactions were 5.5 to 10 mm. and 10.5 to 15 mm. in diameter,
respectively. Before and after treatment there was a difference of
about 10 per eent, which is of no significance. Table 2A shows a
considerable difference in the size of wheals before and after treat-
ment. In the two minor groups, before treatment, 60 and 62 per
cent of the total 46 and 97 positive reactions, respectively, gave
wheals with an average diameter of 5.5 to 10 mm. Three months
post-treatment the average wheal size in the two groups decreased,
sinece the average per cent of wheals increased within the smallest
wheal size-group to 83 and 82 per cent. In the two other gronps
the size of the wheals remained about the same.

There is also a difference in the percentage of wheals with pseudo-
pods before and three months post-treatment (Table 2A). The in-
definite reactions remain about the same for the pre- and post-treat-
ment tests.

In table 2B, five and ten months after treament, there is an in-
crease in the number of smaller wheals, In the minor group, positive
for Necator and Ascaris, 12 per cent of the positive reactions were
5.5 to 10 mm. in diameter before treatment. In the group negative
for Necator and Ascaris, 30 and 57 per cent, respectively, gave smaller
wheals. The other minor groups also gave a corresponding deecrease
in the wheal size with time after treatment. The percentages of in-
definite reactions inereased in 60 minutes. The formatior, of wheals
with pseudopods decreased with time after treatment.

Stumberg and Rodriguez-Molina (') in their statistieal study of
60 individuals of the same group, found a significant difference be-
tween the size of the 10-minute wheal before and after treatment,
in favor of the former (P.E. Diff. is 12.18).

In the first major groups (Tables (2, 2A and 2B) the percentage
of positive reactions within the 10-minute period did not show any
marked change before and after treatment. However, there was a
considerable difference in the rate at which the wheals became in-
definite in 30- and 60-minute periods, five months post-treatment.
Stumberg and Rodriguez-Molina also found a difference in the rate
at which the wheals became indefinite post-treatment, the X% for
30- and 60-minute readings being 38.9944 and 76.5938, respectively.
Furthermore, the formation of pseudopods, before and after treat-
ment, shows eonsiderable variation. Table 2, one to two months
after treatment, gives an average of 25.6 per cent of wheals with
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pseudopods in the three groups before treatment, and 18 per cent
post-treatment. In Table 2A pre-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 the 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 guestion arises, in a series of intradermal tests as deseribed
above, what might have been the results of the intradermal test if
the treatment had not been administered? Is the slight reduction
in the wheal size and the decrease in the percentage of wheals witn
pseudopods after treatment due to elimination of the parasite, or is
it nothing more than a biological variant? The writers 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 farmers. The latter, we
feel, has been well controlled in the boys and girls from the Asilos,
where there was no opportunity for reinfection, particularly with
N. americanus. To determine the extent of variation in the wheal
gize and other characteristic changes, the following control groups
were studied :

1. Group positive for intestinal parasites and skin-tested sev-
eral times before treatment (Table 3).

2. Group of individuals negative for intestinal parasites and
zgkin-tested several times with various test-antigens (Ta-
ble 4). :

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

In the two minor groups of cases, positive for Necator and Asearis,
and positive for Necator, (Table 3) when the tests were made twice
before treatment (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 minutes between the per cent of
positive reactions, in general, in the two tests of the two groups; i. e,
the average per cent of positives in 10 minutes was 98 per ecent and,
likewise, 98 per cent for the first two tests, and 98 and 100 per cent
for the second tests. 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
gkin-tested several times with various test-antigens. The table is
divided into five antigen groups, each group showing the result of
a test-antizen (Table 4). With each antigen group are two minor
groups showing the results of the first and second intradermal tests
on the same individuals, performed at intervals of 1 to 4 months
apart with a homologous test-antigen. In the first and second
tests with the same antigens the 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 the first and second skin tests for the five different antigen
groups are as follows: 98 per cent (first test) and 93 per cent (see-
ond test) ; B0 per cent and B2 per cent; 75 and 72 per eent; 81
and 81 per cent; and 100 per cent and 98 per cent. This simi-
larity does not hold for the 30 and 60-minute readings. In
the saline larvae group the percentage of wheals with pseudopods
remains fairly constant throughout the two tests. For the Coca’s
adult antigen and Coca’s adult unfiltered tests there is a variation
of 16 to 8.7 per cent and 26 to 14.9 per cent, respectively.

Of 528 skin tests made, using Coca’s adult of Necator americanus,
289 positive reactions on the first test gave 37 per cent of the wheals
with pseudopods, while on the second test only 3 per cent of the
137 positive reactions contained pseudopods. There is a significant
change in the formation of pseudopods between the first and see-
ond intradermal tests with the same antigen. These fgcts show a
considerable variation in the formation of pseudopods.

In the 60-minute period the indefinite reactions were fairly cons-
tant in all antigen groups, except in two. The difference between
the two intradermal tests was: 0 first test, 70 per cent second
test; 52 per cent and 59 per cent; 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 writers believe that the high
percentage of postive skin tests within these groups of cases negative
for Necator americanus is due to the fact that most, if not all, of
these people have had at some time or other an infection of Neecator
and that the positive skin reactions may be nothing more than
remainders of past infeections.

Schloss(**) has found that the size of a positive reaction varied,
depending on its location in the arm. This observation was later
confirmed by Larsen, Paddock and Alexander('?) by making tests
with ragweed pollen on sensitive patients. Recently, Alexander(**)
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has shown that the position where injections are made on the body
influences to a great extent a negative or a positive reaction. In
making multiple injections for comparison of wheal size it seemed
advisable that, in skin testing, the site of operation should be made
as constant a factor as possible. To this end, we used the inner sur-
face 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 three test-antigen groups, each group being tested three times;
second and third tests were made 3 and 8 months after the first.
All of these cases were positive for Neeator; 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 380-
minute periods were very much alike. On comparison, the general
averages of the three tests for the three antigen groups were similar.
A fairly constant result was obtained in the average diameter of
the individual wheals. For example, in case 23, the 10- and 30-
minute readings for the three tests varied little. On the other hand,
in case 22 there was no constancy. The formation of pseudopods
was likewise variable. (Table 5)

The intradermal tests as above described have been performed
on individuals who have spent their entire life on the Island, and
without doubt have had, or in some way have come in eontact, with
intestinal helminths. This fact alone may account for an average
of 80 per cent positive skin reactions for 10-minute periods in indi-
viduals of all the groups who were negative for Necator and Ascaris
(Table 4). ;

In order to determine the degree of hypersensitiveness caused
by the presence of Necator and Asecaris, it was essential to have as
control tests individuals who were not only free from Necator but
who had lived all their life in an area free from hookworm. For
this study, a group of 251 Michican children was seleeted. The
clinical histories of these 251 cases showed no record of worms. On
a large number of these children fecal examinations for parasites
were previously made from time to time, their stools being negative.
In carrying out the intradermal tests the same technique was used
as in the Porto Rican groups. The test-antigen, Coca’s adult of
Necator americanus, 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. were considered posifive. Table € 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: 55-10 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 wheals eontained pseudopods in
10 minutes and all pseudopods had completely disappeared by the
30-minute period. It will be of general interest to note here that
Schick tests were made on the opposite arm at the same time that
the injections of Necator americanus antigen were given. Over 93 per
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 the 10- and 30-minute periods to the pseudo-
Sechicks, it ean 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 the present experimental results that marked cutaneous
hypersensitiveness to extracts of Necalor americanus is demonstrated
among groups infeeted or who have had contact with Necator ameri-
canus, while those individuals free 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('*) as well as many others, specially
those working with Asecaris lumbricoides(*®), have demonstrated that
sensitiveness can be acquired through contact. On a miscellaneous
group of 13 continentals who have inhabited the Island from 5 to
32 vears, attempts were made to demonstrate the possibility of an
acquired hypersensitiveness through contact. The individuals of this
group, as fas as they knew, had never been infected with Necator
americanus or Ascaris lumbricoides. 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 eent, and 11 per cent, in 10, 30 and 60 minutes, respectively.
Fifty per cent of the wheals had an average size of 5.5-10 mm. in
diameter. In the negative group as described above (Table 4) the
percentages of positive reactions were much higher. The data from
sueh a small group may not be of significance; yet it does sup-
port Fiilleborn’s(®) view that sensitivity persists for a period of years
following the cessation of intestinal worms.

In the analysis of the above data nothing has been said as fo
specificity of the reactions. Briinner (°) postulates a group reaction
embracing the various members of the nematode family as Asearis,
Trichuris, Oxyuris, and Necator, beeause individuals show a marked
reaction when infected with other nematodes and not necessarily
infected with Ascaris. Fiilleborn (®) reports evidence of a specific
reaction between Ascaris and Strongyloides, while, on the other hand,
he obtained immediate reactions with hydatid fluid in two patients
injected with Strongyloides stercoralis, but showed no evidence of
hydatid disease.

The purpose of making speecificity tests with various test-antigens
of Ascaris lumbricoides, F. hepatica® and a common bacterium of the
intestine, B. coli, was to see if the reactions were specific in nature
in individuals whom we knew were infected with Necator americanus
and Ascaris lumbricoides. With the test-antigen of B. coli and
F. hepatica we tested 121 cases, using the right and left arms,
respectively. Another 60 individuals were tested with extracts of
Ascarts lumbricoides. Boys from 12-17 years of age were chosen
for the aboye tests. The average size of the wheals due to intra-
cutaneous injeetions with B. Coli and F. hepetica was the smallest
obtained in any of the previous infected groups (Table 7). Ninety
and 93 per cent of the wheals had an average diameter of 5.5-10 mm.
Of those cases injected with Ascaris extraets, 78 per cent gave a
wheal of an average diameter of 5.5-10 mm.

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

10 Min. 80 Min. 60 Min, Conirol
F T N SR e 8, 05 mm, 9, 83 mm. 10. 66 mm, 7.04 mm,
. hepatica___ . 7. 44 mm, 9. 03 mm. 13. 50 mm, 7.04 mm,
A. lumbricoides_._____ 9, 32 mm, 10. 82 mm. 11. 456 mm, 7. 45 mm.
N. americanus_______ 10, 98 mm, 13.39 mm, 7.94 mm, 7.24 mm,

A gignificant fact is that individuals infected with Necator and

F. hepatica is not & common infection in man on the Island, since only six cases have
been reported so far.
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Ascaris gave the largest wheals to a homologous test-antigen. The
size of the wheals increased as to time in all the groups except in
the group tested with Necafor americanus, where the average for
the 60—min. period was the smallest. Its maximum size was reached
in about 30 minutes,

The rate at which the indefinite reactions appeared is of no im-
portance. There is, however a considerable difference in the for-
mation of pseudopods. In the 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. hepatica, respectively, (Table 7) showed
pseudopods. The figures are comparable to the Michigan group
(Table 6) where only 13 per cent of the wheals had pseudopods
and 100 per cent of the wheals had an average of 5.5 to 10 mm. in
diameter. The percentages of wheals containing pseudopods in the
tests for B. coli, F. hepatica and A. lumbricoides were 15, 12 and 40
per cent, respectively. Ascaris test-antigen gave the highest per
cent, which was expected, since most of the cases were infected with
asearis.

From the data shown in Table 7 there is some difference between
the reactions to the various test-antigens. The most significant one
occurred in the formation of pseudopods. The difference in the aver-
age wheal size is not large enough to warrant any specificity of reaec-
tion. This seems to support the group-reaction theory as postulated
by Briinner. However, it must be considered that a large per cent
of the above cases were infected with two or more nematodes and
therefore, before the question of specificity of group reaction ean be
established, the authors feel it would be necessary to use a larger
number of individuals living in an area infected with only one of
the ecommon intestinal parasites.

There is the opinion that hypersensitiveness may not bear any
relation to the degree of infestation, since many individuals with a
low degree of infection have often given the most marked intracuta-
neous reactions, and, again, those with a heavy infestation responded
only slightly to worm extracts.

SEX

Stumberg and Rodriguez-Molina’s findings have demonstrated
that the degree of infestation is not correlated to the mean wheal
size. Hill(*") and Daengsvang (**) have both found a higher rate of
infestation among men than women. They give as an explanation
to this the result of frequent exposures, especially in the coastal
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plains where sugar-cane is the main crop. If men are more exposed
to the infective larvae than women, it seems reasonable to suppose
that there should be a significant difference between the hypersen-
sitiveness of men and women. In this study a well-controlled group
of 315 eases (179 boys and 136 girls, from 7 to 20 years of age) was
tested. All the 315 individuals were examined for intestinal parasites
and arranged in groups, according to the type of infection.

Three groups were used: (1) A group infeeted with Necator and
Asearis. (2) A group positive for Necator and negative for Ascaris.
(8) A group positive for Ascaris and negative for Necator (Table 8).
Within the three groups the girls gave a much higher percentage of
wheals of an average size of 5.5 to 10 mm. in diameter than the boys;
that is, the wheals were smaller among girls than among boys.
For instance, the per cent of reactions with an average wheal size
of 5.5 to 10 mm. in the 10-minute period Necator and Ascaris positive
group was 75 per cent for boys while among girls the percentage
was 100.

In the Necator positive and Ascaris negative group, the same held,
true; for boys 45 per cent of the wheals were of the smallest average
gize, against 97 per cent for the girls.

The per eent of positive cases in the Necator negative and Ascaris
positive group within the 10-min. period was 69 per cent for the boys
and 89 per cent for the girls.

The positive reactions of the total number of boys was from 95
per cent to 100 per cent and from 57 to 79 per cent for girls. In
other wards, the percentage of positive reactions was higher among
the boys than among the girls.

A difference was also noted in the formation of pseudopods in
relation to sex. The percentage of wheals with pseudopods was higher
among boys than among girls. For instanee, for boys and girls
the results were 25 and 8 per cent; 35 and 26 per cent and 43 and
14 per cent in the three groups, respectively.

The degree of hypersensitiviness to Necator americanus, in regard
to sex is well established in the above results (Table 8). However,
we feel that this difference is not entirely due to a physiological sex
factor but rather to the number of exposures to infection.

AGE

The question of age in connection with hypersensitiveness is a
much disputed one. Briinner(*®) has found in his study of intra-
cutaneous tests for Ascaris in adults and children from 11 months
to 17 years of age, that only 3.5 per cent of 181 cases gave significant

P
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intracutaneous reactions. About 40 per cent of these reactions oe-
curred in adults infected with intestinal nematodes. All of his chil-
dren tested, under 4 years of age, gave negative stools and negative
skin reactions. IHe therefore came to the conclusion that positive
intracutaneous reaction to Asecaris extract is a result of infection
with one or more members of the nematode group. Stumberg and
Rodriguez-Molina(), however, did not find any relation between age
and wheal size among their cases.

Kobak and Pilot(**), on the other hand, seem to think that the
negative results obtained in infants with various protein and worm
extracts were due to a lack of reacting power of the skin rather than
to circulating antibodies. Ratner and Greenburgh(*°) present still
another point of view. They feel that the mechanism of congeni-
tal hypersensitiveness depends on placental permeability and is a
result 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 own conceptions, we arranged 276 persons, nol
including 111 mothers, into various age-groups from 1 week to 40
years and over. (Table 9). Age groups were from 1 week to 2
vears, 3-9 years, 10-14 years, 15-25 years, 26-39 years, and 40 years
and over. From the 10-year old to the oldest age group no appreci-
able difference was observed in the percentage of positive reactions,
nor was there any difference in the rate of appearance of inde-
finite reactions. The pseudopod formation remained about the same,
However, in the age groups below 9 vears of age there & a consider-
able difference as compared with the older groups. In the group 3-9
vears the percentage of positive reactions was 81 per cent as com-
pared with 100 per cent in the older age groups and pseu'dopods were
40 per cent, as against 69-74 per cent in the older age groups. A
significant chanpe was noticed in the group 1 week-24 months old,
where only 5 per cent positive reactions oceurred in the 10-minute
period, All infants under 12 months of age gave negative re-
actions though 2 cases from 7-9 months old gave positive erythemas
but no wheals. In another series of 106 infants who did not
give any reaction to Coca’s extract of Necator americanus (Table
10), 78 per cent were negative for parasites, 11.3 per cent positive
for Ascaris. 5.6 per cent positive for Neeator and 6.5 per cent positive
for Trichuris. The mothers of these 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 reactions. These are included in a separate
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table (Table 11) on account of marked erythema without any meas-
urable wheal being obtained, while in some cases a measurable wheal
was present without erythema. The average wheal sizes in children
were small, being only 6.7 and 7.7 mm. in the 10-and 30-minute read-
ings, respectively. Six of the 9 infants showed erythema, and four
of the 9 cases were infected with Ascaris and Trichuris.

From the above data it seems reasonable to assume that age (as
a physiological factor) does not influence the degree of intensity in
the reaction, but rather, that hypersensitiveness bears a relation to
exposure. A marked difference oceurred in the age group 1 week-
24 months of age, as compared to the other age groups. This
difference, we believe, can be attributed to exposure to infection.
Furthermore, the study of mothers and their infants tends to show
that the immediate type of reaction is not truly atopic in character
but develops with exposure.

Negative reactions in cases of positive stools seem to indicate lack
of time in the development of worm hypersensitiveness. In only 3
cases (children of one year of age) did we obtain negative cutaneous
reactions with positive stools.

ERYTHEMA

Erythema is generally the most common and constant component
of the intradermal reaction although at times it may be entirely
lacking. In the present study it occurred in about 72 per cent of
the cases tested, before treatment. Erythema may oceur, as in the
case of chivdren (Table 11), without the presence of wheals or pru-
ritus.

It was observed that the minimum and maximum size of erythema
in the 10- 80- and 60-minute 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 and 14 mm.; and post-treatment, 22.5, 22.5 and 11.3
mm. for 10-, 30- and 60-minute periods, respectively. No difference
was noticed in the percentage of erythema to the various extracts
used throughout the study.

LOCAL POSITIVE TRANSFER OF SKIN SENSITIVITY TO
. Necator americanus

The experiment of Prausnitz and Kiistner (*') was performed on
five individuals who had previously given negative reactions to Nee.
americanus. The serum from a case that had given a marked intra-
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cutaneous reaction was diluted with an equal amount of 0.85 per cent
saline solution filtered through a Jenken’s porcelain filter and tested
for sterility. The inner surface of the arms of non-reacting recip-
ients was cleaned with aleohol and then 0.2 ce of the sterile filtrate
was injeeted intradermally at two sites. Twenty-four hours later
0.025 ce of the Neecator extraet 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. In the case of
successful local passive transfer a positive reaction should be obtained
on the first and not on the control sites. Out of five passive transfers
made we obtained four positive and one negative. Three were well
marked reactions and one only slight, All three controls were uni-
formly negative.
CONCLUSIONS

Experimental results of these studies demonstrate that in certain
persons there is a marked intracutaneous hypersensitiveness to ex-
tracts of Necator americanus. In a total of 2,901 intradermal tests
this hypersensitiveness was detected in 81 to 98 per cent of all
Porto Ricans tested, while infants under 12 months of age were uni-
formly negative. 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. There 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 fests. Cases with negative stools gave the lowest
percentage of positive 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 eontrols for specificity tests with B. coli, F. hepatica and A.
lumbricoides are significant. The lowest percentage of positive reae-
tions and of wheals with pseudopods was obtained in cases with posi-
tive stools for Neeator and Ascaris, with extracts of B. coli and F.
hepatica.
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Asecaris test-antigen gave results comparable to those of Necafor
americanus. 'These, of course, may be due to the faet that a large
percentage of the cases was infected with Ascaris. The results are
compatible with the assumption that sensitivity to Necalor americanus
in man is a group phenomenon arising as a result of sufficient contact
with the excitants or due to the presence of intestinal nematodes.
If we consider only those cases infected with Ascaris and Trichuris,
the correlation between infection and sensitivity to extracts of Necator
americanus is high. However, it should be noted that a large per
cent of the cases tested have had in all probability a previous infee-
tion of Necator americanus.

There seems to be no relation between the wheal size and the
presence or absence of erythema to the incidence of infection. Within
the various age groups a marked difference was noted. This seems
to bear out the contention that positive intracutaneous reactions to
extracts of worm powder, immediate in reaction, are not of a true
atopie character but rather due to exposure and infestation. Negative
findings among the Michigan school children and the continental
group seems to support this statement.

The authors feel that for practical application of the skin test in
detecting the presence of Necator emericanus in individuals infected
with two or more intestinal nematodes, the measurable characteristics
are too variable, and the reactions are not significantly specific.

BUMMARY

(1) Hypersensitiveness to Necalor americanus test-antigen was dem-
onstrated in 90 to 98 per cent of 1,081 Porto Ricans positive
for intestinal nematodes in the ten-minute period.

(2) This sensitiveness was found to diminish in intensity and there
was a deerease in the formation of pseudopods five to ten
months post-treatment.

{3) Hypersensitiveness was also shown in 81 per cent of 1,042 tests
on patients negative for intestinal parasites with 20 per cent
of the wheals containing pseudopods.

(4) Wheal formation appeared in 98 per cent of 189 tests, in ten
minutes, in patients positive for intestinal worms, with 72
per cent of the wheals containing 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 the wheals
were under an average of 10 mm in diameter,
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Hypersensitiveness to Necator amertcanus was found in only 5
per cent of fifteen children under twenty-four months of age.
The mothers of these children gave 100 per cent positive re-
actions.

Extracts of B. coli and F. hepatica on one hundred and twenty-
one patients were positive in 73 and 55 per cent of these cases,
respectively. Only 15 and 12 per cent of the wheals contained
pseudopods; 90 and 93 per cent of the wheals were under an
average diameter of 10 mm.

Intradermal tests to A. lumbricoides were positive in 92 per cent
of sixty cases, 40 per cent of which showed pseudopods.

The wheal size and formation of pseudopods were found to vary
in the same individual.

Continentals living on the Island for various lengths of time
seem to aequire hypersensitiveness to Necalor americanus.

Hypersensitiveness was more marked in boys than girls. This
difference is probably due to exposure rather than to the
degree of infection.

The average per cent of positive reactions in people over 10
years of age was fairly constant in the 10 and 30-minute
periods. In age group 3-9 years old there is a considerable
difference in the intensity of the reaction 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 10-minute period.

Erythema is not a constant factor, but when present tie average
size of the erythemic area varied but little.

No relation was found between the positive skin reaction and
the presence of Necator or other intestinal nematodes.

Table 13 shows a summary of 2,901 skin tests and the per cent
of positive, negative and indefinite reactions and pseudopods
to extracts of Nec. gamericanus in 10-, 30- and 60-minute
periods.
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TABLE 1

SFOWING THE AVERAGE PER CENT COF FPOSITIVE, NEGATIVE AND INDEFINITE REACTIONS IN TWO GROUPS (NECATOR POSITIVE—ASCARIS NEGATIVE AND NECATOR NEGATIVE—
ASCARIS POBITIVE) WITH VARIOUS EXTRACTS OF NECATOR AMERICANUS
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TABLE 2

SHOWING RESULTS OF SKIN TESTS WITH COCA'S8 EXTRACT OF ADULT NECATOR AMERICANUS ON SCHOOL CHILDREN FROM 7
TO 20 YEAREB OF AGE, BEFORE, AND ONE TO TWO MONTHS AFTER TREATMENT
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Per cent Positive. . ... 4y ey 58] 208 3% ol 73% 208 7% 84g 55% 91} o3| 93¢ 65% 15§
Indefinite, ., ..........| — s 9 0| — iy @m| e8] — 1 9| s — ks B m
Percent............... 1 A 213 g — o 11% 65%| — 21 194 48] — — 8% 748
Total.... 21 a2 i3 26 81 18 173 132 5) 60 48 43 26 § 259 261 215
Negative.............. 4 10 ] 3 195 17 30 11 65 10 22 2] 252 19 17 b
Pereent............... o8%| 248 21%. 11% 974  9f 15% 6% o3%] 14% 314 174 9y 7% 7% 11%
Lo PR R 42 42 42 2 203 | 208 203 143 | 70 70 51 278 | 278 278 239
Total NUIDOr Of CBIES. ... ....eveerrserennnneessrassisnnnansesennes 815 7 T
Preudopods
3 30 8 9
2 b il 23
1 4 2 ]
6(191) 62(33%) 15{25%) 48(18%)

* — Driluent control,
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TABLE 3

SHOWING INTRADERMAL TESTS TO ADULT NECATOR AMERICANUS ON TWO GROUPS, POSITIVE FOR NECATOR AND ABCARIS
i AND POSITIVE FOR NECATOR
THESE CASES WERE NOT TREATED UNTIL CLOSE OF THE EXPERIMENT

First Test Second Test
Positive for Positive for Positive for Positive for
. Necator and Ascaris Necator Necator and Asearis Necator
Size of wheal in mm,
cr 0 30 a0 cs 7 30 60 cr 10 50 80 o* 10 50 60
min. min, | min. mimn. min. mimn. L. min. mif. min. min.
n m(ﬁi}i) ] ] 20 | 28(58%) 18 16 11 19 E-!BS 9 7 15 17 (Mii 8 6
3| 20(44%) 16 13 1| 1B(38%) 19 1wy — 24(52¢ 21 13 2| 30(0l% 27 19
- 2( 48) 7 7 2( 4%) 7 5] — 2( 4¢ il g .| i 2( 43) 11 1
— 1( 25) 3 3 — —_— =l L, 1l fy i 1 ! = 1 3
— — — — — - n =2 — — 1 - o e 1
Total Positive......... 14| 46 33 21 | 48 15 35 11| 44 42 30 17 | 40 | 3
B ent 308 o8t 763 695 42%) 983 921 714 24| 8% 93¢ 66% 34g| 100% 93% 745
Indefinite. ..,,........ i 2 10 13| — Gl 3 n| — _ 3 e = TR
Percent............... — | = 22¢ 288 — — 64 204 — 6% 643 — o 2 245
TR il L S 14| 45 45 45 21| 48 48 46 11| 44 45 41 17 | 49 48 4
Negative. .. ........._. a2 1 1 1 28 1 i 3 34 1 - 4 a2 g 1 5
Por'demt. ... /i i, 08 2% 2% 2 585 20 2 [} Y 2 — 9 66 = 24 8%
Total....., A s 46 | 48 48 46 49 | 49 49 49 45 | 45 45 45 40 | 48 49 48
Total No. of Cases..... 95 o LR
Length of Pseudopods i
in mm.

T—8mm........ 21 17 19 18

4—9. ... 13 13 13 12

9 mm, ap......... 2 L 1 1 i
Total Pseudopods... .. 36 31 33 36 7

Per cont Pgeudopods. . ; 644 75 714

*(' —Diluent control
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TABLE 2—A
BUMMARY OF SKIN TESTS WITH COCA’S EXTRACT OF DRIED PULVERIZED LARVAE OF NECATOR AMERICANUS BEFORE, AND THREE MONTHS8 AFTER TREATMENT

Before Treatment Three Months After Treatment
Positive for Necator positive Negative for MNecator positive Naeator negative Posltive for
Necator and Ascaris Ascaris negative Neeator and Ascaris Asearis negative Asparis positive Necator and Ascaris
fize of wheal in mm. A = K
o 10 30 c* 10 30 ;" 10 30 C* 10 30 Ce 10 80 c* 10 50
min, min. min, min., min. min. min. min, min, min. min. min.
BE = A0 AR e Tt ) e il vt 20 28(607) 13 29 61 (62% 15 8 54 (83%) 35 11 46 fszsg 39 1 4(66%) 3 2 §(039) 8
105 — 15....... R T L L SIS — 16(34%) 20 1 35 (365 0] — 9(14%) 20| — 8(14% | = 2(341) ol 3(37%) 2
A L Ao MR TR T | T W N = 2 (6% 5| — 1 (2% 8| — 2035 | — — 2043 [ — - - — s - =
Total
D el e Tkt e il L 20 46 38 a0 97 73 J 8 65 55 11 58 5 1 6 5 2 8 8 I
L L s L e s e 435, 974 803 30% 974 . 734, 11% 90¢ 76% 1 014 041 129 75¢ 82% 224 88¢ s%ﬁ" »
Indefinite. . .........-. o Lt A o S R —_ — T — — 23 —_ —_ 15 — — 2 - - 1 — - i
Pner e A I T R L i R — — 158 - — o3s] — — a1yl — — ¥ — - 188 — - 12¢
" Total 0| 4 45 30| o7 95 8| o5 0 1| s 58 1 8 6 2 8 Iy
Negative 27 1 2 70 3 4 fid 7 2 48 3 1 7 2 2 T 1 —
Per cent.. 56% 3% 44 0% 3% 4% 89% 105 2 81¢ 5% 1.7% 883  23% 254 7R¢l 127 =L
Total 47 47 47 00| 100 100 72 72 72 59 59 50 8 8 8 9 9 9
Total Ho. ol GABE. ... cvvsrranirunensiss Ll N 147 148
t dopods
Tensth ol Eieudop 19 48 10 1 1 1
4— 9 mm 12 15 6 8 1
§ mm up a4 5 1 2 — o
Total Peds........ 34 68 17 21 2 1
Pgrucem ....................... + A e o 74% 70 289 38% 33¢ 12,54
C*—Diluent control.
i TaBLE 2—B
SKIN TESTS ON COUNTRY PEOPLE WITH COCA'S EXTRACT OF DRIED PULVERIZED ADULT NECATOR AMERICANUS BEFORE, FIVE, AND TEN MONTHS AFTER TREATMENT
Before Treatment Five Months after Treéatment Ten Months after Treatment
Positive ) Paositive Necator Negative Positive Neeataor Positive Asearis Negative Positive Neeator Posltive Asearis
Necator & Ascatls Negative Ascaris Ascaris and Neeator Negative Ascarls Nega.ive Necator Ascarls and Naeator Negative Ascaris Negative Necator
L
Bize of wheal in mm.
£ ik g 19 80 a0 C* id 50 L] e 10 30 60 c* 10 50 60 L= 10 30 60 c* i0 2 60 - 1 a0 c* 10 30
min, min. | min, min. min. | min. min. min, | min. min. min, | min. min. min. | mif. mis, min. | min. min. min. | min, min. min.
55— 10....... ARSE S IR 4(12%) 7 7|1 — 3(189) 2 4 5| 8309 2| — | — — 2 1 4| 2020 — | — 2| 21(579) 19 1| — 1(33%) 1| — |'— 6(50¢) 3
R — 22(66%) 16 10| — 5(20%) 4 1 1| 14(56%) i s = 4(100) | — r = 5(56%) O - 12{32%) 19 Sniir= 2(67%) Tyl - 6(508) 6
155 — 2. . ...ceririnnnnn 1 4125 (] T 8(47%) L] 4 — 4(16%) 9 1 == = = — 2(226) = — — 4(11%) VT, 21 — — — AZ A =4 e =
WIS as — 20 065 | G ] 1( 63) 1 e == e 1 == - = - = = = =T o i o = == = = — = = i
< e e RN — 108 | — Tl =5 o 1| — 1 — == 1 L o = = = = il W = tth| ey o = b= = —_ -
BRI =S il - — 1 i = = T ees = — [N el 7 il e = sliEEs] = 7y il e = el g = =
Total Positive............. 1 a3 28 — 17 17 16 L] 26 16 2 —_ 4 1 4 9 1 = 2 37 a6 9 — 3 2] — = 12 a
er cent Fositive.......... a3 0% 100% B84% — 100% 1004 G441 22¢) 1002 G615 8§ — [100% g — 447 1003 118 — 5311008 74 Hy — 100§ a6 = 100% 75%)
Indefinites................. T —_— —= - = e — _ = e 2 ) i d 1 _— =7 = 2 4 b 1 - = 1 = 3
e - — =l = = — = =1 = - 8y 11§ — 2y — | — — 225 gl — - 3% em| — — sag| a3y — — 25¢
i RUOTET L et 1 1 23 wWl — 17 17 16 ] 26 18 5 — 4 4 v 4 9 3 4 2 a7 a7 31 — 3 3 1 —_ i2 12
Negatives.................. a2 — - 5| 17 — — T‘ 20 - 8| 21 4 - - : 5 - 6 5| 3 — — (i 3 — - 2! 12 - —
EWCoAnt. L 0y - — 15 1004 — e I i - 30%| s0%| 1008 — — 75%| o8F — 664 55E| 90565 — = 6% 1008 — = 662 1005 — =
I T 8 | 2 w| m| w| 1 T | =] ® %| 2| 4] 4 R e vl o] a| wm ar| 7| 3| 8 3| a| 12| 12 12
Totsl Number of Cuses .. .. SEETIRE 3 ; 52
Length of Pseudopods e
in mm, 4
21 13 2 == T [T =
oy i 4 5 1 3
i = 9 & i 8 5 :
Total Psendopods.... "o - 13 14 2 4 15 1
OF COnt 1. 81¢ 7% 53¢ 504 443 408 33% 33%

C*—Diluent control,
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TABLE 5

SHOWING VARIABILITY IN S8IZE OF WHEAL TO EXTRACT OF NECATOR AMERICANUS AT
INTERVALS OF THREE AND FIVE MONTHS IN CASES POBITIVE
FOR NECATOR AND ABCARIB

313

First Bkin Test

Second Bkin Teat
3 months later

Third Skin Teat
5 months later

Case No,
C* | 10 | 80 |Psd.| C* | 70 | 30 |. 60 |Psd.] O* | 10 | %0 | 60 | Psd.
min. | min. min. | min, | min. min. | min. | min.
1 7/ 10 | 15 | — | — | 85| 10 - | - 10 d. | Ind..| —
2 - 13.5| 20 Sl 13 | 22.5 3| — 10 | 12,5 12 | —
3 aB 71 10 | — | — )} — | 118 11 | . i | — 7 g | Ind..| —
1 b 5 11 0| — | — | 12.5 13 5 | — 7 15 | Ind..| —
8 g3 — 1w | = | 2| —| 835 75 8 -]~ 8| 7 |md]| 2
6 Ce - T 1| — | 10| 10 ] 6 | — 13.8) 12.5| 10 | —
7 = — 13 | 175 8 | — 8 1.5 2 8 | — 10 | 10 =
8 EE E 8 |w | —|—|8s| 1| B 3| — | 10| 12 Sl
9 == -t |Ww | - |- 5 68 Z | — | — | w || 13| —
16 g - 7 8 | — — 7 10 5] — {148 15 | 18 | —
1 — g g [ = — i 6.5 4 | — 11 1B | 13| —
12 - 1=l =15 5| — | 1n|.n 12 { — 13 15 =
13 — 11 15 1| — 11 | 11.5 — | Left School
Average Size of Wheals..| — | 10.8| 13.3] 3.6] — 9.2 129 — 5.2 — 10.3) 12 | — 2
14 — 13| — 1| — 7 10 8| —1— 9 10 | 12 | —
15 = — |1 n |- =1 7 8| — | — 7 11 12 4
185 8 7| 10,5 — 2| - [ 7 6 | — | — | 17 17 17 | —
17 8 — | ol F—=—4— 8 75| 7.8 — | — Y 10| 12| —
18 5 — 16 —_ 1 —_ B 10 | Ind..| — — 10 0 12 —
19 = -8B | =]=1-= 6 8 |Ipd.,] — | — | 10 | 10 0| —
20 E — || w0 | = |- 7.6 85 7| — | — 7.5 B 8 5
2 3 — o ||l =-|=|==d=|=]=|1w] 125 18| —
2 6| 12 | — 1 | — | 11 | 105/ Ind..] — | — | 12.5] 15 1.5 —
Average Size of Wheals, .| — 11.7] 11.8] 1.2] — 9.6/ RB6 — — -— 10.1] 11.5] — 4.
P 10 12| 135 1| — 9 | 13.5 1@ 7| — g | 12| 127] —
24 - - U R 8 8. Tl —1—=|1n 0| 1w | —
25 — 8.5 0.1 — | — 10 | 10.5 11.5) — | — 85 85 10 | —
26 - 4 | — 1| — | 10 | 12.5/ 128 — | — 11 | 12,5 12.5 —
b1l ] — | us — | — | - 9.5/ 125 Ind..] — | — 9 10 | 12 3
] -] - 12 v | — | — | 10| 11|12 5|l — |10 1w 0 | —
P 3 — 1 | —~ | — | — | 10.5 13.5 12 4| — | 15| 20| 3
30 @ -~ 88l — | — | — 8§ | 105 Ind. — | — 7 8 |Ind.| —
31 g — a3 9| -1 - 9 | 11 11 6 | — (W0 | 20 11 | —
32 9 — 8§ | — | — ] — 7 886 7| — | — 7 7 8 | —
38 = i) 1a | 13 1§ — | 195 17.5| Ind..] — | — | 12.5| 12.5| 11.5 —
34 — 9 | 12 | — | — | 10 | 12 1| — ] — | 10|13 12 | -
35 — w12 —-]—-]1 11 3 3 | — 8 9 8 | —
a8 A T B e 7.5 18 | 12.5) 5 § — 8.5 10 [ 1 -
37 — 5l -] -1 = 8 | 11 13| -] — 7 8 8 | —
Average Bize of Wheals. ..| — | 10.1] 12.3 — 9.2 11.7] — 5 f — 10.2| 10.7] — 3
Qenaral Average.......... — | 10.8] 12.4] 1.9] — 9.3 1.0 — Al — | 0.2 14| — 3.

C*—Diluent conirel.




£ 314 SKIN REACTIONR TO Necator americanus
_i TABLE
i BHOWING RESULTS OF INTRADERMAL TEST ON 231 CHILDREN LIVING IN
| THE S8TATE OF MICHIGAN
(5L 10 30
| Size of wheal in mm. Min, Min, Mafn.
T e T, =i S Ty S i Sl 6 | 52(100%) 39 7
T8 T |y e e i S e e s 5 1
G T At Sy ST oA o e el & il S g
B e D e e e e s e e — — !
ORI e e s P e s e R T e e e [} 52 44 8
R T R e L e 2% 208 175 3
TOdAIIIRS. - vian s s e e A R AT e et - - 17 38
e N SR e e T S e o = b 1%
| Negative............. e e e ST e e 245 189 180 205
Paricent ol T B e o e S e 985 80% 76% BI%
" b o DR R e B T P e S e R S 251 251 251 251
Paeudopods
R N R e i s . e e e e — & — =
e D o e g e e e = 1 —_ <3
T T e L i DR e — 1 - =
Pseudopods
Rl e e e s o = =
LT ) R e e S e P L o e R A TR — 13% s —
Erythema
i 5.5 —16........ T o i B e e S e e e 1 — ey 1
| R R 1 — 2 —
| — 7 18 11
/ Ty e R e o B 2| 7 20 12
| Percent of erythema.........oovvvivnnnnanriieieinnne.. 18% 3% 7% 5%
!
C*—Dluent control.
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TABLE 7

SHOWING TOTALS AND PER CENTE OF POSITIVE, INDEFINITE, AND NEGATIVE REACTIONS; TOTALS AND PER CENTS OF
PEBEUDOPODS AND ERYTHEMA, WITH COCA'S EXTRACT OF B. COLIL F. HEPATICA, AND A, LUMBRICOIDES,
IN BOYB FROM 12 TO 17 YEARS OF AGE

B. coli F. hepatica A. lumbricoides
Bize of wheal in mm.
o 50 60 Control* 16 80 60 1 30 60 Control*
min. min, | min. min, min. min. min. min. min,
80(00%) 58 2% 10 aa&sas) 56 22 43(78%) 35 24 12
8(00%) 27 15 1 5( 79 10 11 10{18% 13 13 —
1( 1% — 2 L s fo 2 1{ 25} 3 2 —
- — — — - — — 1 29) 1 1 -
o e, =1 MBS LS TS S R S e e A T s 20 42 11 ing 086 35 35 52 40 12
LT TR R e AR e M T S S S 73% 71%) 343 18% 5h% 544 v 753 875 60% b1, 3
ORI i e e i ale i e wa T SRS R A 0y - 12 54 —_ 1 14 47 1 5 17 -
P e A e D RN el Y —_ 93| 453/ — 2 114 403 2% 8% 28% —_
R L G T s AR ] 98 06 —_ 68 80 82 56 57 &7 12
ity RANEGRR ) WERRG R RS S RO IR S S R 32 24 25 49 53 41 39 4 3 3 48
P TORIE < S e e e e D 268 20% 21% 825 43% 344 321.& 6% 5% b} 80%
217y, R e s IR LS LI WL S L S TR By 121 121 121 61 121 121 121 60 60 60 60
Averagesizeofwheal .. ......... ... . ... .. ...l 8.05 9.83 10. 66 T.04 7.44 .03 13.5 f.32 10.82 11.45 745
Psds. in mm,
1—3 - 4 — — 2 - 6| — —
— o — - - 5| — - | — —
— 1 — —_ — 1 — 5 — —
M| — — — 8l — - 22 —
— 168 — — — 12| — — g — —
B
26 10 4 i 10 13 4 156 ] 18 ]
3 17 & 2 ] i) 4 [ 3 3 3
3 4 0 - 0 3 L] 5 & 2 1
1 1 0 =5 i 1 1 3 1 1 i
32 32 12 2 18 P 1 ] 28 34 24 13

*C—Diluent control,
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TABLE 8
COMPARISON OF INTRADERMAL TESTS TO COCA'S ADULT NECATOR AMERICANUS ON BOYS AND GIRLS
Boys Age 7 — 20 Girls Age 7 — 20
Positive Necator Positive Ascaris Positive Positive Necator Positive Ascaris Positive
. Neecator and Ascaris Ascaris Negative Necator Negative Necator and Ascaris Ascaris Megative Necator Negative
Size of wheal in mm.
13
Lol 19 30 60 gv 10 0 60 c* 10 & 60 {8h 10 20 63 e 10 80 a0 C* 10 20 a0
min, min. | min. min. min. | mwin. min. min. | min. min. min. min. min. min, min. min. min, min.
5.5 — 10.. Sahisao 2| 15{75%) 9 2 8 | 60(45%) 31 10 5| 18(00%) 5| — — 12(100%) 8 — — 52(97%) 36 9 — 32(89%) 24 2
e (I b Dl e — 5%254;; & 3| — 03552-;) 6L 11| - 7(314) sl = L — — - . 32 9 3| — 4(112) H 3
T =yl S T — — 1 1| — 4( 39) 11 | = =% sk = 2 s = pis it ki il =y £ e 2 -
206 — 26..0c0n,., AR A — — ]| St [l S el A A I — | = = = = = =, R = = L. 2
Total Positive.............. 2| 20 16 [ 8 | 132 105 26 5] 23 8| — - 12 8 — — 54 45 12 — 26 31 5
Por-cant i ol Rk o 04| 95% T6% 155 8% 08¢ 774 36%  21%) 100% 365 — — 57% 38% - -_— 7937 665 sl = T0¢ 663 10%
Tndennitel, . e = —_ 1 21 — s 10 16 | — — 2 4 =t — 8 18 — — 13 47 e 1 7 34
Per cont.......... R — — 44 259 — — 74 624 — 0% 10%) 100§ — — 38§ 834 — — 194 708 - 274 15% 73%
i by} o e SR R I e T 2 20 17 8 8| 132 115 72 1 23 10 4 - 12 14 18 54 58 59 — 37 a8 30
Nepative:, 1L o LIS 14 1 4 =il 127 3 20 2 18 e 13 — 21 9 & g i3 14 10 0 47 1 9 8
Per panbinm s i s 918 43 193] — 053] 2¢ 164 2% 793 —_ 56§ — 100%] 43¢ 3% 15% 100% 204 15% 134 100% 21% 193 17%
Wobal T U 2t | 21 21 8| 135 | 135 135 74 3| = 2 4 al a1 21 21 68 68 68 68 47 47 47 47
Total No. of Cases, . ....... 170 138
Pseudopods
L—3dmm...........onnees 3 28 v = v 1
4 —pmm...... Faea et g 1 16 a 1 2 8
gmm, +...iiain . 1 3 1 <3 12 1
TotalPada), T, U 5 47 10 1 14 5
e LT R 255 354 43¢ 8% 204 14% =
+*C—Diluent control.
TABLE 9
SHOWING INTRACUTANEOUS REACTION IN VARIOUS AGE GROUPS, WITH COCA’S EXTRACT OF ADULT NECATOR AMERICANUS
Age groups 1 week — 2 years 3 — 0 years 10 — 14 years 15 —25 vears 26 — 30 years 40 years up
i o 10 30 &9 c* ] 30 6?., C* 10 30 G0 c* 0 30 an > Y 30 50 Qs I0 80 a0
Size of wheal in mm. min, min. | min. man, min. | min. Tmin, min. | min. min. Tin. mil® mia, min, min, min, mif. min.
5.5 — 10, — 6(1005)| 4 0 5| esme) | 1| 10 7| 12@e | 12 8 8 16.(38%) 10 12 7 11(55%) 5 5 i 9374} 4
10 5 — 15. - — - | =] = 9524'.7; 6 5 2| 17(65%) 10 6 1 20§4m 20 12 1 7(35%) 10 7 1 11(46%) 11 (3
— = - — — 1{ 3:.;; 4 2| — 2{ 6%) 5 3 — Mtluy.') T 8 — 2(10%) 2 3 — 4(17%) 3
o — s — - — — 2| — - 1| — — 1(2.5¢) 2 4 — — 1 1 — — — 1
- - - | =1 - - - | =1 = — — | = — 1(2.5)| — — - — 1 1| — — - -
e e . o = =k = i - 1 A =7 oo =5 1 1 ey = L e — e Lo —_
Total Positive......... e e () 4 (1] a5 a7 10 9| 381 28 17 9 42 40 ar 8 20 19 17 7 24 20 14
A A O TR S R - &4 3 — 114} 81% 63¢) 443 20%| 1005 005 593 21 1004 952 85% 384l 96% 9235 81§ 208 100§ 835 584
Indefinite ] - (] 2 3| — — ] 10 —_ 3 11 == - 2 4 = — 1 3 = e 1 3
Per cent......oooieinnnn = = . — 158 228 — — og| a2 — - 44 os| — — a5 ug| — - 4zl 133
Rl s et P - ] 6 3 5| 35 33 29 9| 31 31 28 9 42 42 41 8 20 20 20 7 24 21 17
Negative..........ooeaveis] — 100 100 | 112 38 ] 10 14 22 - ke 3 33 — _ 1 i3 1 1 1 17 _ 3 i
P Chnt, .0 AR T — | 945 944 07| s8¢l 1sg 23 335'% sl | — - 9% 78% — = 2 615 44 44 44 713 = 124 204
bl e MRS I L — | 115 1| 35| 48| 43 3| 1 a | 31 1 a| s 12 42 42 42 21 21 21 21 24 24 24 24
Total Number of cases. . ... { f 276
Bize of Pseudopods
T Nl (L 0 11 19 22 7 T
4 — 0 mm. 0 3 2 7 7 i
(b P T O RTPCR TR 0 —_ it 2 =
Total Pseudopods. . ........ 0 14 21 81 14 17
P Cantl et I IEE 0 409 604 I 70% g

* —Diluent contral.
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TaeLg 10
SKIN SENSITIVITY IN MOTHERS AND THEIR CHILDREN UNDER 2 YEARS OF AGE, WITH COCA’'S EXTRACT OF N. AMERICANUS
Mothers: 20-50 years Children: 0-24 months
% oy
z& H 4
Average size of S No. of Average size of _Sg No. of Cases :|§ m
wheal in mm, B2 Indefinite No, Age wheal in mm. = Fusitive for 2 I
No. of ., g% | Reactionsin of in . §Z | Intestinal Parasites g 8 =
OCases g |— B A #a Oases |months| 5 E T S8 *
- S5 B=] ‘5_4: [=] A
E | 10 | 30 | w | GE| 50 | e g8 | 10 | s0 | 60 | gF | Ase. | Neo. |Trieh.| o &
o Min, | Min. | Min, A Min. | Min. 0 Min. | Min, | Min. 4 Z [
A I B REARL e e e Q
|
3 7 7 = i F 1 1 1 2 = = - = = = - 7,50 i
s 7.6 9.4 8.5 1: [ = 7 T3] [ e = o - = - = 7 7
- 9 10 e e 24 1 2 g1l =S o = - i e — 1 %
= 9 121 | 197 4 [l 2 5 CHEN R =X == —_ £ re = —~ 5
- 735 8.3 9.3 4 1 3 7 Bl e o o = e 1 4 I 6 2
— 7.6 8.8 8.3 1| — 4 14 6} Lce — - e il - - — 14
- g4 sl 1 2| — 2 5 7| - = — - - — - 5 b
= 9 123| 15 4 2 5 11 3 par = = i 25 % 1 e 104 o
— 00 N T 4] = 4 8 9l ~ - — — — — - - 8 &
- 66| — - - 3 4 [ w, — - - — -- 2 — — 4 =
— 8 123} 115 1] ~ 1 5 12] — — - = i = e 23 b
- 7 9 10 1] — 1 2 T G iy - i 4 = 5 ! 2 S
e 83| 108] 15 2| — 2 4 7 o — — - — — - — TR
- 9 12 9 £ i — 1 15| = = i ~ . - 14
— 9.7 10 9 1 1 1 2 17 — — == — — No samples =
— 10 1211 12 8| 2 8 8| — - — - — 1 — 3 L
................. L - 1 | — = = £ e e o £ 1 2
== 7.8 —— —_ 3 2 —_— o = —_ — 1 - - 4 I~
— 7 SR 1 1 2 = - = —_ i == vy — 1 =
- 13 = 2 i (= i3 i e 1 it 0 g
== 8 — 2 1 M| — - - = — 5 3 4 /118
R S = 166.6 | 198.4 | 188.8 10 t? 6 106 |Total. .| — — - = - 12 6 7 82
Average size
of wheal.. . —_ 8.33 10.4 11.8 Per cent of Infection.. . .. A o R PR 11.3 5.6 6.5 788

*Diluent control.
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TABLE 11 ;
SKIN SENBITIVITY IN MOTHERS AND THEIR CHILDREN UNDER 2 YEARB OF AGE WHO REACTED T0 OQCA’'S ADULT OF NECATOR

AMERICANUS g
=]
Mothers f Children 3
Z
Size of wheal in mm. Size of wheal in mm. Erythema Intestinal Parasites ')
Case No. Con- Q
irols Age Con- e
0 30 L] in trols 10 %0 60 10 30 a0 =]
Min, | Min. | Min. | Psd. [months \ Min, | Min, Min, Psa Min, | Min. | Min, Ase Nec. | Trie g
Z
- 11.57 12 13 14 7| - - e - — - 12| 125 — - — s
s 10 13 | Ind - gf — - - - — 12 12 115 + — + <
b AT AT 17.5 10 12| — 6 |Ipd. .| — —_ — e ol Ly 8 bl o
— 13 20 | Ind 10 T e 6 [ - —_ - i e 2 /i3 ol =
- 15 15 | Ind 5 18| — 7.5 9 |Ind — 25 8| 13 Not Exam, w
— 12 12 17.5 4 0] — 7 8 |Ind - — 20 | Ind. Not Exam, =]
No mother = B i — 8 8 = - s — -— o o =2 g

=3 14.5 14 Ind i 24 — —_ — —_ — = 26 L R pn +
— 1.5 125 12 14 %l — 6 [Ind... |Ind...| — 5] — - — - + a
3 0 3 ]
Average Size of wheal.| — 126 14.0| 15 — - — 8.7 7.7 — - 17 17| 16 42 — 12 E
o
]
s
b
=
=]
g
v
B
5
o
Z
=




SKIN REACTIONS TO Necator americanus 319

TABLE 13

SUMMARY OF 2001 SKIN TESTS AND PER CENT OF POSITIVE, NEGATIVE AND INDEFINITE
REACTIONS AND PSEUDOPODS TO EXTRACTS OF NECATOR AMERICANDS
IN 10, 30, AND 60 MINUTES

Per cent of
reactivity at Per cent of Per cent Per cent of
Groups of cases Total Tests | different periods Indefinite of reactions with an
positive and number | giving of time Reactions wheals aversge wheal of
negative for of positive with
necator tests | | reaetion pseudo-
and a2caris made 10 30 a0 10 50 80 pods | 5.5-10 (10.6 - 15] 15.54
min, | min. | min. | min. | min. | min. mm. WM. mm,
Positive Cases
{Before Treatment} 516 474 9 71 54 1 13 53 4] 62 B 7
Negative Cases
(After Treatment). 376 350 93 o7 25 0 25 60 22 o7 a9 ]
Positive Cases
{Not Treated) . .... 189 186 o8 89 70 i 8 23 72 46 40 5
Negative Cases
(Not Freated)..... 1,042 HER 81 T4 23 2 11 60 20 83 18 8
Mothers and their
Children
Mothers. .......nnn- 110 110 | 100 4 87 0 [] a5 M ] 8 0
Children............. 115 8 5 3 1] 0 1 2 0 100 0 1]
Michigan Children
Negative for
Parasites. .......... 251 52 20 17 3 1] 7 16 13 100 1] 0
Control Tests with
Coca's Extracts of:
PO BT 121 i) 73 71 3 Q 9 45 15 80 ] 1
F. hepatica. . ... .. 121 67 55 54 28 2 11 40 12 93 7 0
A. lumbricoides. . . 60 53 '] a7 L] 2 B b2l 40 78 18 4
L
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Ll T

ah et _ bk Sl e e & Ll S h b

N

T - ABLE 12

SHOWING THE PERCENTAGE AND AVERAGE BIZE IN MILLIMETERS OF ERYTHEMA INCSASES POSITIVE FOR NECATOR AMERICANUSAND ASCARISLUMBRICOIDESAT 10, 30, AND 60-MINUTE
INTERVALS Wil  EXTRACTS OF NECATOR AMERICANUS

Before Treatment After Treatment
Positive for N. emericanus and A, fumbricoides Negative for N, emericanus and A. lumbricoides
. Adult Coca’s Aduali Coea's Adult Coea’s Adult Coea's
Size of Erythema Adult Coca's Autorlaved Not Filteral Adult Coea’s Autoclaved Not Filtered
o* (i) 80 [ a» 10 30 60 O* 10 £ 60 ¢l Hij 30 a0 o* i 50 a0 o 10 30 1]

min. min. | min, min, min. | min, min, i min. mmin. min. min, i, min. min. min, min, min.
;TR A T fe Lt e e 2 7 1(3.5%) 3 7 - 4( 8%) 3 1 2 —_ - 2 4 4( 5%) 10 13 — 3( 5% 6 ) 1 1( 15 3 11
T Tyl e R 4| 15(27%) 24 16| — 11(20%) 21 2 1| 12(21%) 1 18 9 25 (34%) 20 18] — 20(20%) 15 17 2 30 (441) 18 25
0.5 = B et L e v 3 32(58%) 35 20 - 206(45%) 31 13 2 29(22%) 1 26 i} 34(47%) 33 15 — 37 (534%) 37 13 — 34(50%) 40 Li]
0.8 —40....... 1 G{104) 3 2 = 11(20%) ] 4 — 11 (50%) 2 2 1 9(143) 8 2 == T(11%) 8 2 ) 3( &%) 7 2
BB e B b e i — 1(2.59) 2| — — 2( 4%) | — — - 3 79) I _ — —_ —_ 1 — 1{ 1%) — —_— - e 1 ke
Total positive.............. 15 &5 68 45 | — 54 61 42 ] 55 i 48 19 72 Tl 47| — i) 66 k3 3 63 60 4
Per VOO, .o rhingnsohaay 204 73% 90z 604 — 2% B1%| -AB% 63| 7ag [ 645 258 o7s 05% wf — g0y 88%| 50.5¢ 41 o1% 93¢ g
Negabive.......ooovenannnnn 60 40 T 30 75 21 14 a3 70 20 § i 55 2 3 27 75 7 9 37. 71 6 i) 30
FOr OO . i sonsisisunanusss 80%| 26% 10% 40%| 100%| 28% i8% 445 934 208 % 365 745 27 4% 363 1005 108 224! 49.5¢ 95§, 8% L4 40%
Totall, n s Ry 74 75 75 75 75 75 5 5 75 75 1 ] 75 T4 74 74 T4 5 75 75 75 74 74 T4 T4
Total No, of Cases. ........ g ' 225 ~ ; 223
Minimom size. . ........... 8 19.5 | 12.5 ) 10 — 12.5 10| 10 10 149.6 )1 15 10 10 10 13 B 10 10 10 10 15 15 10
Maximum size............. 32.5 45 52.5 | 40 e 42 40 | 27.5 | 30 50 & 36.5 2.5 40 40 45 s 43 40 45 20 3r.6 42.5 35
AVerage 5ige.,........c.0000n 3.9 18 213 | 13.2| — 20.3 20 | 13 1.3 19.5 | 224 15.5 5.0 .1 23 14.2 — 2.4 21.5 10.3 0.8 o] 23 9.5

: ¢t 10 30 60 y ) T 30 50
Average size Erythema of min, min, min. wiin, Wit min.
PO YO i e s dansnsind 2 14.3 22 14 2.2 22.5 22.5 11.3

*C—Diluent control.
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