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An understanding of resistanee to metazoan infeetions has been
t =]

enemragingly approached throuch the isolation of individunal factors -

which affeet the balaneé belween resistanee and suseeptibility in
particnlar host-parasite combinations.  In the case of 1:':1E:.I‘E:1a1.iﬂn:ihip
of the dog to its hookworm parasite, Aneylostoma caninom, there has
heen summiarized elsewhere (Foster, 1935) a considerable body of
evidence whiel emphasizes the huportanee in this respeet of sneh
faetors as age of host, diet, genetie constitution, desree of infestation,
and pathogenieily of parvasite, As a working hypothesis it was sue-
gestedd that factors which wmilitate azainst a host's well-being are
faetors whieh vender that hest more susceptible to the invasion of
hookworms.

In this report it is desived to present briefiy the results of ex-
perimental studies with two additioual factors, namely, perisdie blood
loss and & milk (iron-deficient} diet, both of which were ohsorved
o render dogs and cats more suseeptible to parasitisin with . eani-
st Although these factors weve the subjeets of separate experi-
mental studies, and are treated as sueh in the following pages, it is
believed that the iron-depletion factor, with its conseyient anemia,
which was conuuon to both investigations, michi presumably have
peens the factor most responsible for the observed uniform effect wpon
resistance 11 both cases,

It should, perhaps, be stated that these investirations were eon-
lucted during 1932 and 1933, but were not pursned as extensively as
bad been originally planned. It has been felt, however, 1hat the re-
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eent experimential activity along precisely the same lines in other
host-parasite relationships (Porter and Ackert, 1933; Porter, 1933)
lrus madle it desirable to place on reeord these nbservations,

The effeet of perindie Dlood loss upon the resislonce of daogs o A
@i inm,

The literature affords two instanees, boili invelving the relation-
ship of the ehicken to its Intestinal roundworm, Asearidia golli)
wherein the efTeet of blood loss upon suseeptibility to helminthic in-
feetion has been observed.  IHerrick {1925} condueted a preliminary
experiment and it seemed clear that in some eases the bled chickens
were less resistant, Condinuine aleng the same line, Porter and
Ackert {1933) were able to give furiher support to Herriek's find-
ings,  The Bled chickens were not uniformly more suseeptible, ol in
16 eut of 20 experimental gronyps, they vielded at antopsy either move
or longer worms than the contrels.

In the present study, the procedure consisted in following the
eonrses of hooloworm infection and hemoslobin level in resistant mon-
arel dogs From which large quantities of blood were removed from |
to 3 times weekly over rather long periods of time. The bleod was
aspirated by the method of eardiae puneture {Foster and Landsberg,
1934, . 262).

It was possible to test the effeet of bleeding in a preliminary way
with an animal {12723) which had already beesmwe hislly resistant
to hookworin infection during the course of earlier experiments.
After this animal had resched 8 months of ase, i1 was wsed Lo o
- peviod of 40 weels In ostudies of the efleet of a defleient diet noou
resistanee, and g complete history for ilis pericd has been pee
senteid elsewhere (Foster and Cort, 1935, p. 3043, It may be siafed,
ab this thne, however, that during a pevied of 12 weelks, while on &
noral diet immediately preceding the period of bleeding, this dog
was miven a total of 21,210 larvae in seven deses. In spite of thess
heavy infections, the daily erg production dropped off to a level of
about 150,000 B.I.D.* a reaction which indicated an extremely re-
sistant eondition. The hemoglobin level at thiz time was about 51
per cent and its body weight about 5 kg, Tt was felt that this dov
presented extremely favorable material for the present experlment
beeause of this condition of alwost complete resistunce to farther in-
lection. IPor the period of bleeding the infective doses were redueed

BTN, = epgs per day,
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to 500 larvae each biweekly, The animal was bled eleven times dur-
ing a period of 48 days, taking a total of 1285 ce. of blood. This
represented an averare blood loss of about (0,553 per eent of body
weight per day for the whele period. The hemoglebin fell from 81
per eent to 41 per eent, a drop of about 50 per cent.  The vesistance
of this host was no less affeeted.  IPor the first 2 weeks of Lleeding
the daily ege output remained unehanged but by the third week it
had inereased to more than twiee ils original level and remained
stable at this point (about 300,000 E.P.D.) tlvonghout the bleeding
pericdl and for move than a week after bleeding was diseontinued,
Within 3 weeks of cessation of bleeding, however, the cor produstion
was down to a much lower level than existed belore the period of
bleeding, indicating that its resistance was remained guickly  and
effectively when the animal was no longer hled.

Having observed this result in a preliminary fest, an ex periment
wits organized to take advantage of five dogs whiclh were available
st the llwe and presented favorvable material, Cnly three of these
were earvied sueeessfully through the whole experiment ; the other
two were killed before any eflect had been observed, one by excessive
bleeding {405 per cent body weight in blood taken twice within a
period of 5 days), and the other by cardiae embarrassment as a result
of hemorrhage into the pericardium. The following discussion will
ne limited to the results obtained with the three doss which lived
thronghout the whoele experiment.

Dt on D732, D730, DFss. Thess were not litter mates but all
were about 10 months old when first infected for use in the present
experiment,  The data are presented in table 1.

The infection history of D752, shown in graph 1, has seemed to
show maost clearly the effect of lieavy blood loss upon resistanee o
npokworm infeetion.  An initial infection of 100 larvae was given
when the experiment was started, in order to measure the dogres of
vesistance of this dog while still unbled. The resulting infestation,
whicl was followed for 67 days, showed throughout a daily ege pro-
duction under 50,000 EP.D.  This agrees well with the type of in-
festation usually encountered in dogs of this age when given small
mfeetive doses.  The hemoglobin level during this period varied be-
tween 72 per cent and 79 per cent, with an average of about 76 per
cent.  Beginning 48 days after this initial infection, and continuing
for a period of 73 days thereafter, this dog was bled, taking an
sverage of 37.8 ce. of blood daily., The average weight of the ani-
mal for this period was 8437 gin., making the daily blood loss (37.8
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all, & total of 23T ce. of blood was laken in twenty-founr bleedings

Tamee 1.
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m the sixty-seventh day,

the

negative to Lane examination for more than o weck,

same dose of larvae.

1% days afver bleeding was begun, this dor
was (reated to negative in order that it might be tested again with

Aceordingly, a second infection of 100
lurvae was given on the eighty-first day, the animal having been

A pood infes-
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tation developed from this reinfection, the cggs first appearing afrer
a nermal prepatent peried of 14 days, with gradually inereasing
oo produetion threvghont the period of bleedine,  After the ooe
count had rewched shont 1,000,000 15113 123 davs on experimens

ETALATET
HIT BLLD in HET BLLD BLED |~ HoT BLLD

7
= e \
J
Bt
; e : I
1] E T [E] DAY Y e EES] {1 EF]
2] -2 2 4 § umwe B oowen ¥ 2g2 f %

Cigarmiz 10 The eurve of daily ege production of dog 752, showing {he effect of
peviedie blecding,

and 75 dayvs alier bleeding was begun, the bleeding was discontinned,
The hemoglobin level had been reduced to about 40 per cent, which
represents a drop fo approximately one-lialf of the original level,
After the cessation of bleading the ey count fell off rapidly in spite
of four additional heavy infections, totaling 4700 larvae.  leanwhile
the hemoglobin index retwrned to normal, DBleedine was resumed
after 105 days and continued for a period of 20 weelks, The animal
wag bled 16 times, taling a total of 3013 ce, of blood, giving an aver-
are daily blood less of 35,8 ee. which was equivalent to 0380 per
eent of body weight per day,  During this second period only two
infections totaling 2200 larvae were given, yet the general trend of
the eoe curve was materially affected.  The eger outpnt nereased
from an average of 110,000 BT t0 a maxinum of 044,000 near
the end of the bleeding period. The lemoglebin was again rveduesd
to about half of its orizinal level :

Bleeding was diseontinued after 368 days on experiment, fol-
lowing whiclh the animal was given five doses of 10000 larvae paeh
within a period of 49 days. In spite of these heavy infeetions, the
e production fell off te about 200,000 E.R.D. and the hemoglobin
returned 1o its normal level,
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Another animal of this series, D730, presented a history which is
a little move diffienlt to analyze. Dog 730 was given an initial in-
Teetion of 100 larvae when the experiment was started, and the re-
sulting  infestation produced a maximum cor output of 131,000
E.I.D., 67 days alter infection. At this point the animal was freed
of 1ts worms by tetrachlorethvlene treatment, and was reinfected on
the eighty-first day with another dose of 100 larvae, Meanwhile
bleeding had beesn begun on the forty-ninth day, the infeotion his-
tory of this animal thus being similar to that of D752 up to this point,
The bleeding peviod of D730, however, was eonfinued for 310 davs
{47 to 368 days on experiment) during which time an averaze daily
loss of 34.4 ve. of blood was sustnined. This was eouivalent to (0,423
per cent of the body weight per day. In this case, the dose of 100
larvae given during the period of bleeding failed to produce an in-
festation. Within about 8 weeks the pereentage of hemerlobin lad
drapped about 60 per cent and ihe animal was again infected with
1060 Iarvae. The resulting infestation was very light, indieating
that this dog was still highly vesistant at this point in the bleeding.
Two additional doses of 1000 larvae each were given alter 158 days
anil 165 days vespectively on experiment. As a vesult of these in-
fections, there was built up a low grade infestation which persisted
thronghout the perisd of bleeding. Subsequent doses of 1200 and
1000 larvae each were given during this period but there was no im-
wediate inerease in the daily egg produetion tallowing these infoee-
tions. During the last 49 davs, the animal was bled more heawily
and ne additional infections weve given., For this imterval, an aver-
age of 50.7 ce. of blood was taken daily, reducing the hemoglobin
index, in one instance, to 24 per cent. The epp production was in-
ereaseld from 118,000 E.P.I. to 299,000, which Las been rigaried as
i substantial inerease in view of the high degree of resistance which
had been exhibited by this dog. Bleeding was discontinued on the
d68th day and the egr count rapidly fell off to 112,000 E.P.D. while
the hemoglobin level rose to about 30 per cent. Meanwhile, thers
were given three infections of 1000 larvae each at weaekly infervals,
With the maturation of worms from these infeotions, the daily cop
production rose rapidly to a peak of 3,149,000 EP.D This rreatly
inereased rate of egg output was not sustained, however, and the sy
eount fell off as vapidly as it had risen, in spite of additional infee-
Livais.

There are two points in the infection history of this highly re-
sistant dog which merit particular aitention. In the frst place there
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was & period of moderate suseeptibility near the end of the blesdin ir
period where the ege production inereased signifieantly, in the ah.
senee of recent infectioms, In the seeond place, thers was a pering
of marked suseeptibility, cquivalent almost to a eom nlete breakinge of
resistanee, during the 8 weeks immediately following the cessation of
bleeding,  Heavy infeetions were miven during this period of sns-
ceptibility and the egr produelion was inereased more than tenfold
aver what it had reached at any time previouslv, It is felt that bath
of these effects may be correlated with the fact that relitively laree
quantities of blood were taken during the last 49 davs of the bleeding
period.  The very rapid recovery of resistance which Followed this
period of great susceptibility appears also to indieate sueh a relation-
slip,

The data en the thivd dow of this series, D755, offer evidenee which
tends to confirm the findines on the other two, This dog wias initially
infeeted with 100 larvae, and the resulting infestation produeed a
maximum of 636,000 B.P.D., 4 weeks after infeetion. This infesta-
tion was expelled by trealment on the sixty-seventh day, and the
animal was reinfeeted with 100 larvae on the efehty-first day. Tlere
wits no bleeding thronghout this second in festation, eontrary to fhe
procedure Followed in the other two sases,  The e gutput this time
rose to & maximum of only 185,000 B P.D, this peal being reached
T weelks alter the seeondd infeetion of 100 larvae, At this point, an
additional 130 lurvae were wiven, and bleading was begun,  For #
peried of 238 days subsequently, the animal was bled recularly, taking
an average of 387 ee. of bload per day.,  This was equivalent to 0426
per eent of the animal’s body weight per day. During the bleeding
period, a total of 6750 larvae was ziven in five infections. There was
i tendeney toward a senerally inereasing epe production throushont
this period, althongh the average cews per day did not exesed 675,000
al any time.  Cn the other hand, with the cessation of bleeding (368
days on experiment}, the ege count fell to a level of about 100,000
BTN, even under eonditions of repeated heavy infection,

The disenssion thus far has covered an experimental period of 452
days, the data for this period having been presented in table 1. Tt
may be said, however, that these three dogs were followed for an
additional 182 days, during which time two of the dogs (D730, D752)
were again bled. It scemed unnecessary to add to the table the data
for this relatively long period since the pertinent facte, althongh very
significant, may be slated quite briefly. DTH5, under continned hoavy
infection, went negative after 494 days on the experiment, was treated
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onn the 508t duy, and gave birth to eight puppies on the 520th day.
An infeetion of 1000 larvae given on the 5471 day produeed a tran-
sient infestation, with a patent period of only 4 weeks, and 2 maximum
epg output of only 17,000 B.P.D. D752 went negative after 522 days
on experiment and later, during a 21-day bleeding peried, reached a
maximum ez produciion of 8000 E.P.I).  Forty-two days afier cessa-
tion of bleeding this animal went nerative again. D730 went nesa-
tive on the 536th day, was bled from the 547th to the 578th days, dur-
ingewhich period the epe pmd'nutirm Inereased to o maximum of 435,000
B, at the close of the bleeding period. During these last biced-
ing periods, from 400 to 600 ce. of blood were talen from exch animal
every D davs,

While such findings do not indicate a striking susceptibility as a
result of bleeding, it is nevertheless guite elear that the animals were
clirenieally unable to react s0 as to throw off their worm burdens so
long as the bleeding was continued, Tt is unforiunate that the nature
of these observations precluded any information as Lo whether the in-
ereased egp cutput for the bleeding periods was due to an inereased
maturation of worms, or more directly to a removal of the restraint
whieh a high degree of resistanee placed upon the funetion of egp
produetion, altheugh either effeet must be interpreted as a shift in the
direction of susceptibility.

The effect of ¢ milk diet wpon the revistance of dogs and cals to hook-
work nfeciion?t

Reeently, Porter (1935) demonstrated that a higher rate of de-
velopment of Nipposirangylis murds securred in rats on a whole milk
iiet than in rats maintained on a good stock ration. This must be
interpreted as a change in the direction of susceptibility.

The present studies were condueted on three dors and five cats,
In addition, infections were attempted with the human hiooloworm,
Necator americanus, upon two puppies on a milk diet.

During the early part of the experiments the diet consisted of
whole milk powder ® mixed with 7 parts of water. It was soon Pound
necessary, however, to alter this diet so as to ensure fecal samples of
proper consisteney to make possible an accurate estimate of the daily

#The writer 38 Indebted to Do IL D, Kruse of the Department of Ria-
ehomisley Sor supgestions npon the composition of thiz diet. 1t is a pleasure to
ackuowledge at this time that the eounscl and sssistance of T, Truse have been

hnportant factora in the execntion of this and olher detary studics.
A produer of the Mead Johmson Co,
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ger produetion of the infestations.  After consideration af the toeh-
nieal diffienlties involved, the following diet given in pereentase eom-
position by weight, was deeided upon: whele milk powder, 723,
cane sugar, 18.7; and caleium carbonate, 9.0. This was prenared in
a dry mixture and eombined with 5 parts distilled water for feeding,
making a diet equivalent to 95.4 per cent milk, 3.1 per eont dextrose,
and 1.5 per eent CaCO,. It was estimated that the adidition of sngar
up to 3.1 per eent, raised the caloric value approximately 15 per cont
per unit of weight, while the CaCO, fraction effected the desired eom-
sisteney of the stools, The irvon eontent of this dief, about 000295
per eent," eompares very feavorably with that of fresh milk, An
attempt was made to feed a sufficient quantity of this food to satisfy
the ealorie requirements of the animals, For the most part the ex-
perimental animals ate well, although in some instances, the appetites
failed aller an extended time on this diet and the animals had to e
tod artifieially with a stomaeh tube,

Dode on DF46, D74y, Dids. These does, litter mates reaved in the
laboratory, were about 1 year old when eonsigned to this experiment,
They had been infeeted for about 10 months previously in eenneetion
with studies upon the immunity of dees to A, eandnum, Thelr eom-
plete infeetion histories during this earlier period have been published
{FPoster, 1935, p. 758). It may he reviewed that during this earlier
10-month period these dogs had been given 500 larvae each biweekly
and had developed a marked resistance Lo the later infeetions,  Hav-
g obtained such a thorough record of the degree of resistanes pros-
ent, these animals were placed upon a millk diel and the standardized
Inrval doses continued.

Cme animal (D748} died after being on the milk diet only 61 days.
At antopsy 66 worms were recovered. Ilemoglobin readings made
throunghent the experiment showed that this dor was not more anemic
when on this diel than nermally, Likewise, there was no indiealioe
by ezo count that thizs dor had lost any appreeizble degres of o
sistance to A, caninwm. There was, however, a surprising loss of
weiglt, which approached 57 per cent of its original weicht, The
second dog (DT46) survived 173 days and at antopsy 69 werms wers
resoverad.  There was a loss of 46 per cent in weight, bt again there
was no indieation either from hemoglobin readings or from observe-
tions of the organs at antopsy that any suceess huadd been achioved in

¢ Computed from an estimnde of the iven content of the whole milk prodast,

the analysis being fomished the wiiter by Mewl Jobnson Ce, in o private come
mumication,
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producing a nutritional anemia. Likewise there was no evidence,
either by egg counts throughout the experiment, or by worm eounts
al autopsy, that the preolonged period on o millk diet sipnitieantly
altered this deg's resistance to hoolworm infection.  ‘Che third mem-
ber of this litter (1747} died after 197 days on milk diel, after having
lost D1 per cent of body weight during the diet period.  This dog
Leeame wvery anemie toward the end, as was strikingly evidenced Ty
the Blanched appearance of the liver and lungs at autopsy., A fotal
of 260 wormns was recovered, which 15 significantly more than was
obtpined from either of 1he other two dogs, Furihermore, 163 of
this number were Foung worms, a finding which sngpests that the
resistanee of this dor had been broken only a short time hefore death,
at whieh time a number of worms from recent larval infections were
permitted to mature.  There was, however, no evidence by egz cownt
of a4 decreased resistance, the esg count remaining at a level below
0000 E.ID. throughout the entire period on mille diet.

Tn view of the results of other experiments, which are disenssed
in the following pages, it is important to note the general charaeter
of the information which the studies on these three dogs have sap-
pliecd.  Before Leing placed on the milk diet, these animals had been
exposed to periodie hoolworm infeetion for almost a year, and liad
developad a condition of pronouneed resistance to further infection,
While on the milk diet, the rate of infeetion was continued as hefore,
vet the ego output was not materially altered, indicating that the de-
gree of resistanee remained unehanged, On the other hand, these
dogs lost from 46 to 57 per cent in body weight during this period,
and died after from 61 to 193 days on this diet. At autopsy, only one
animal, 1747, showed evidenee of a recently increased worm burden.
This dog had also survived the longest (197 days) on the diet and was
she only one which had developed & severs anemia,

Alftempls lo dnfecl puppies on a mill diel with Neentor americanus.
It s desired to Interpose al this peint a short diseussion of the two
pupplies which were placed on a milk diet and infected with the hu-
wan hookworn.

There is apparently ne record of the development of N, gwericanis
in the dog, The only available report of attempts in this direetion is
entively negative (Foster and Cort, 1932, p. D97, In a stady by
Selhwarts and Alieatn (19347 16 was found that the infective larvae
of this pavasite given to guinea pigs probably always passed through
the lungs, and subsequently developed to the fourth stage in the in-
testine ol that heost. With respeet to the other important intestinal



120 “A, O, FOSTER

hookworm of man, dwneclosioma dwupdenale, there appear to be two
reports of attempts o infeet dogs (Looss, 1911 Nanss, 19215, ot in
neither of these, as in the eases above, did the worms reasch sexnal
maturity, Nakajima (19313 fried to faver the esiablishment of A,
duadenele I rabbits by previously treating the infeetive larvae with
ecll emulsions of human organs. It was coneluded that these cell
einulsions of the normal host (particularly lung tissue) inereased the
rate of development of this parasite in the rabbit, although ne worms
reached sexual maturity,

The present experiment involves two puppies which were born
n the laboratory, and which were placed on a milk diet when 62 doys
old.  Each was infected the day after being placed on this diet with
4000 larvae of N, americanws, In each ease 2000 larvae were given
by skin and 2000 by mouth. One puppy was antopsied 24 dave after
infection and H worms were recovered.  The other puppy was autop-
sied 31 days alter infection and 26 worms were recovered,  In beth
eases Lhe worns were identified as Necafor americasis,  There was no
indieation of sexual maturity, however, although the worms weve
otherwise mature and the sexes easilv distinenished. It is believed
that this iz the only reeord of the establishment of N, anterfeanis in
the dog host, and the only instanee where either of the himman honk-
worms has been reared for as long as a month in an abnormal host,
This finding parallels thut which has been veported for A, duedenale,
although in this ease (N, ameericanuws), the establishment of the para-
site may bave been favored by the feeding of a milk diet to the dog
host,

Eaperiments with eate, OF07, O304, and C595, on o wilk disl
These cats were about 10 months old when infected with the eatl sirain
of A, candnan (Seott, 1929 Foster and Daengsvang, 1932}, a strain
of hookweorms particularly adapted to the ecat. While on a normal
diet, eacl was ziven a test injection of 11700 lavvae intraperitoneally,
Cne eal (O504) beeame positive fo Lane examination 18 davs later
and the other two remained entively nepative until several digys after
transfer to a milk diet.  Since all three eats showed extreme resistance
to these initinl infeetions, they were aain infested intraperiloneally
on the twenty-fifth day with doses of from 3500 to 8300 lavrvae each
(see table 2 and graph 2}, and then put on o mills diet.  After about
5 weels and in the absence of additional larval doses, all three eats
were showing relatively substantial erg productions (80,000 te 112,000
LI, In the case of C581, there was o gradually increasing cgy
ondiput, with a sharp rise just belore the animal died (66 days on the
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Tante 2,

Dat one the infection kislories of cals 561, 504, and 585 which were maintmingd on o
il died.

| Lal ) O A0 C G
Thays on oxpi.
| Larvne | I, Tncvac E.B.1). . Lnrvne | L.
0 | 11,700 11,700 | 1L700
a5 [ 8500 i 5,250 - | 3,500 | v}
R Put on milk diet .
32 0 a ' 0
B4l 1] i | 1]
53 18 &0 | 25
] 150 i | 101
67 112 43 28
74 [ 198 2o | | 42
8l | 207 28 | Lt 78
83 | 168 39 f il
a1 | 420 |
943 el a3 a5
103 66 days on milk diet CouT ' il
109 [ 192 | 57
116 160 C 20
115 1,350 | 1,380
123 o i
130 100 : Hii}
137 51 4
144 ! G 16
151 Diied 43
L8 118 days an milk dief i a7
165 | 61
72 | 232
175 | 07
Tried
| 142 days on milk diet.

milk diet).,  Av autopsy 324 worms were recovercd. During  the
period on milk diet, this animal lost about 35 per eent in bhody wedrhd,
and it was evident at awtopsy that it had become very anemie. The
terminal failure of the rvesistanee mechanizm, a8 indicated by the
marked inerense in egg produetion just before death, was similar to
what had been observed in voung dows on o generally deficient diet
(Foster and Cort, 1935).  The worm burden at autopsy was unusnally
larze even for voung suscepiible kiftens, The histories of the other
two eats (G484, C595) were very similar, as can be seen in graph 2,
althowel there did nol oeeur in either of these cases o marked terminal
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broak-down of resistance, sueh as was noted in €591, 1t is evident,
however, from the generally inereasing proportions of the egg eounts
thronelhout the period of milk diet, and from the worm burdens al
antopsy (452 and 355 hookworms respectively for C584 and €335],
that the resistanes of these animals wag materially redoced as 2 re-
sull of maintenanee on the milk dist,

Feperiments with (550, (553, Two cats, which had outgrown
their uselnlness as eulture animals as a result of inereasing age anmd

L]
B |
.IJP] i
!
]
|
00t i
[
e i
Z i
= i
= ‘ d
i 2
a5 [
et :
i
:
Len 3
[}
. - | . )
[i] i o DS R 120 fES] g
e
£
2 i LERWAL GIVER 2 KESOTCHSL 500Te L50%

Grarm 2, The ewrves of daily epr produetion of thres ests which swere main
tained on a milk dict.

more than a year of repeated infection, were placed on the millk diet.
This lone history demonstrated that they had become almost com-
pletely immune to further infeetion so long as they were wmaintainaed
on the stoel diet. The data covering these eats (G530, C533) are
summarized in tables 3 and 4. The infection history of €533 lor the
first 431 days is not given in detail, since the important aspect of this
earlier history has already been mentioned.

The interpretation of the record on (530 has seemed to be per-
feetly clear, as the findings agree in all important partienlars with
what has aleeady been discussed for the three previens eases. The
animal died after 82 days on the milk diet, the organs appeared ex-
tremely anemie at antopsy, and theve had oeeurred o marked terminal
inerease in the eoe onlput during the 2 weelks before death, with 2
purden of 223 worms recovered. The ease of 533 s not so clear
Thiz animal Liad been infeeted for 636 days, and was maintained for
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Tance 3,

Dhta on the Infeetion Ju's:iw‘.:'.:-s af eals 530 gl @33 whick wore mainiained on o wmalk diet,

& ¢ 530 C 533
PR H E Drye i T
X | | R
i Larvyne | BRI Larvie EI.D.
] 2110 [ 4 infeotions  totaling 10,115 lacveae.
L 125 ! Maximum egg count (120 119th day.

3 2,504 [ Subsoquently as follows:
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i | # 530 11
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408 + hhl 3
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422 -+ ol 1,300 +
455 3,300 + | cos | 410, 000 i
471 2,900 27 25 i
475 5 63z | 15

ash o1 | 636 | i
Died j ~ Died
83 diys on mill diet | 203 days on milk diet

203 days on the milk diet before it sueeumbed. This animal was
younger than Ch30, although it had had a mueh longer infection his-
tory, but it survived over two and one-half times lonmer on the millk
diet than the younser animal. This result suzeests that G533 may
have been ceiting something which it had been intended to rale out of
is diet {le., iron). In dietary experimentation, sueh possibilities
must always be recognlzed, and in this instance it has scemed that
this explanation might aceount for the resulis oblained. It cannotl
be said with ceriaingy that the history of this animal is indicative of
d redueed resistance while on the mille diet, althoueh there wis a



154 Al O TOSTER

slishtly elevated ez production during the 2 weeks before death, and
at autopsy 347 worms were recovered. It is to be reeognized, however,
that in this ease this seemingly indieative result may have Dbeen in-
fineneed by an abnormally large dose of larvae (30,000} which was
eiven only 20 days hefore the animal died.  This dose was prompted
by the desire to determine the size of larval doses which this aninal
eould resist. At the time of death this cat was very anemie and lad

TapLe 4.

Summary datn of the andials used in Uhe il diel sfudics.
i

Total | - Larwie “Iuiﬂ-.:|m Im o
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* Age when put on milk diet.

lost 85 per cent in body weight, Yel in the absenece of carlisr test
infeetions of similar magnitude, one eannot say that the end result,
observed in this animal, was anything other than the effeet of an
overwhelming massive infeetion, It is interesting, also, that this
latter interpretation not only seems reasonable, but it agrees well with
the sugeestion that the diet of this animal may not have heen sneeess-
fully restrietive, and aeeounts for the nnsueeessful result as compir el
with the remﬂrs on the other Tour eats of this study.

Ihsoussio.

Briefly summarized, it has been shown that four dogs were Ten-
dered more suseeptible to hookwerny inlection by peviodie bleeding. Tn
addition two dozs were seemingly rendered more suseeptible fo the
human hooloworm, Necetor amerieanis, by maintaining them cn at



ANEMIA AND SUSCEPTIRILITY 1O TIOO0IWORM [25

iron-deficient (mille) diet. Also 4 of 5§ cats and 1 of 3 dogs wers
quite definitely less resistant to hookworms when kept on a milk diet.
The faet that 1 eal and 2 dogs, on milk diet, did not react like their
experiinental ates, sugoested the possibility that, In some uncon-
trollable way, these animals were geiting the substanee or substanees
necessary to meet the needs of the body in maintaining resistanee to
infeetion.  In ceneral, however, it has been felt that those animals
in whieh the mille diet effeeted its purpose (the produetion of anemia)
were rendered more susceptible. There remains only the problem of
aligning the information obtained on (1) the bleading experiments
awd (2} the milk diet experimenis into the form of a provisional
hypotlivsis,

It Las been asswned that the fundamental elfeet upon the host of
pertodie bleeding is an iron-depletion, with a econseguent anemia,
Likewise, the asswmption is made that o lael of iron ig the funda-
mental deficieney of the milk diet used in these studies, and that this
deficteney produces a nuteitional anemia. It has been shown for the
prperiments disenssed above, that these anemias did follow in the
wake of periodie bleeding and the feeding of a milk diet, and that
aninuls were rendered less resistant to hooliworm infection by both
pracesses. [1 has also been explained that those animals which were
not rendered anemic on the milk diet were those which failed to be-
eoare less resisiant. While the evidence is admitiedly more diree-
tional than conelusive, it does appear reasonable to interpret these
results as indicative of a positive eorrelation between iron-defieiency
and decreased resistanee to infeetion with the der hookworm. In
turn, an iron-deficiency may be readily translated into terms of an
anemi,

There are also other lines of evidence which have pointed to a
relationship between the hemoglobin level and the resistance of dops
A, eandnin, Lt was shown by MeCoy (1931} that an improvement
in the hemoolobin level is the frst indication of a developing resist-
anee, and that this was followed by reduced ego output and spon-
taneous loss of parasites. It was obgerved by Poster and Landsherg
{1934, p. 252 that an inercased resistance was practically always
evideneed following the improvement of the hemoglobin level of in-
feeted dogs by iron therapy.

These considerations strongly sugeest that there i a relationship
between a condition of anemia and suseeptibility to hookworm infee-
tion, It hias seemed that this view has at least two important appliea-
tlons:
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First, it is possible that these findings throw some light upon the
explanation of age-resistunce, as observed, for examnple, in the reae-
tions of the dog lo A, eaninum, In the eourse of hookworn stadies,
references to several of which have bheen eited in this report, the writer
has often reflocted upon the interesting fact that the curve of apge.
resistanee in this hest-parasite rvelationship corresponds to the ase.
enrve of hemeglobin eoncentration in the bload. Yeune animals ave
anemic and suseeptible, but over a course of several months, the
hemoglobin level gradnally improves and the animal becomes crad.
ually more relractory to hookworms., It was felt that i there wers an
assoelation in this ease, certain experimental procedures could bhe de
vised to test i, It geemed, for example, that the inducing of an anemia
in a resistant animal ought, decording to this hvpothesis, render
him again snseeptible to infection, It was partly for this reason that
the present studies were conducted, with the result that this hy-
pothesis has been, to some extent, supported. 1t was also apparent,
that sinee the effect of hookworms upon their hosts is the production
of anemia, then the presenee of o severe enough infestation to prodoee
anemia in resistant animals ought, by this hypothesis, to render them
even more suseeptible to subsequent infections {a directly contrary
result to what would be expected in the event of an acquired im-
munity ). That overinfestation is a Laclor which ean break down
resistance has already been demonstrated (Foster, 1935, p. 1013, On
the basis of this hypothesis 1t must follow alse, that, were it possible
to produce in young dows (naturally anemie) an abuoormalle hizh
hemoglobin level, they should then be more resistant to inlectiow
Because Orten ef ol (1932) had demonstrated ile production of a
polyeythemia in rats by the administration of eobalt, this element wis
tested on young puppies, but it was not possible, in our studies, to
produee any significant rise in the hemoglobin level, 1'his has beon
mentioned, becanse, with further studies, this result may be achieved,
and it is desivable, if possible, that this hypothesis be tested further
It is probable that this hypothesis lacks mueh of explaining ase-
resistunce, as observed in helminthic and other infections, but it does
appear that this is the only experimental attempt which has Dbeen
made Lo throw some light on 1his phenomenon,

caecondly, if 1t be presumed that these findings are applieable o
human hookworm disease, it wnst be aceepled that a heavily infected
individual is épee faefol an easier prey 1o inereased parasitism. More-
over, it follows that in areas where people suffer from nufritional
anemias, which seems to be the case in many endemie lookwerm
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porions (e.r, IPorto Rieo), one may perhaps allribuie part of the
Loakworm problem fo these anemias.  In other words, these anemnias
probably militate against the individuals® resistance to the mvasion
aund establishment of hoolworms as well as against their resistanee
to the injurions effects of these parasites.

BIUTMMALY.

1. Four resistant dogs were rendered more suscepiible to para-
sitisin with AL eondnon by periodie bleeding,

2 Two pupples were infected with Necator emericanus when they
were maintained on a milk {iron-deficient) diet.  The worms did not
heeome sexually mwatare boat reached the fifth stace and survived in
the lost over a month, '

. In stadies upon three dors and five eats, it was found that one
of the dogs and four of the eats became distinetly more suseeptible
1 hoolworms when they had been fed for several weeks on a milk
dict,

d. It wis considered most probable that iron-defielency, with its
eonsequent ancmin, was the responsible factor in each cuse,

a0 It was sugoestad that age-resistance may possibly be related, in
part, to the natural ase-curve of the hemorlobin level of the host,

G. The above findings, lowether with other observatlions, were
interprefed as indieating a probable correlation beiween anemia and
resislance to hooloworin infeetion.
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