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In recent studies an experimental demonstration has heen riven
of a correlation between malnutrition in dogs and susceptibility to in-
feetion with the common dog hookworm, Awncylosioma caninmm [ Fos-
tor and Cort, 1931 1932). The malnourished condition was chay-
acterized by a lowering of the resistance to infection in animals that
had developed a very great resistance due to previous infeetion and
age. There was an inereased rate of development of the worms and
a greatly inereased ege preduvtion of the females. When the dogs
that had aegnired an infestalion while om a deficient diet were trans-
ferred 1o a good diet, their recovery of resistance was indieated by a
spontaneous loss of worms, which in certain cases amonnted prae-
tically to a dietary eure, and the :!s=w]upmnnt of o resistanee fo
further infeetion,

The data of the present report have been derived from additional
studies on the changes of resistance effected in dogs by the feeding
of the same inadequate diet § (IMoster and Cort, 1932, p. 2493,

The results have exhibited a uniform agreement with our earlier
findings; yet their real importance is found in certain new and inter-
esting information which has eome in part from the use of younger
experimental animals in which the effect of age npon resistance was
not s strongly marked as in the ease of the animals used carlier, and
in part also from the fact that observations were made upon several
dogs which were carried to the point of death on the poor diet.

* From the Department of Helminthelogy of the School of Hygiens and Pub.
lie Health of The Johns Hopking University, Baltimore, Maryland. This work
was made possible by the aid of the Internationzl Health Dlivision ni‘ the Rocke-
feller Tonudation,

t The autlhors wish bo expeess their sppeeeiation fo Dr T IL Eruse, of the
Departwent of Biochemistry of this institution, for his sugpestion of the diet
used and Lor is advice on the prosesution of these sxperiments.
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The twelve dogs upon which these further studies have been made
were street dogs of mongrel breed, brought into the laboratory when
from 2 to 9 months old.
gratory ranged from 7 to 19 months.
were subjeeted te repeated hookworm infeetion to which they re-
sponded with the manifestation of a reasonable degree of resistance

Their ages when first infeeted in our lab-

While on a normal diet, they

TABLE 1.
Datn on D 783 and D 727 of proup 1.
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TARLE 1 (Conbimed).

Tr 723 727
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Conticued on other sxperiments.

[P, = egga per day.

to further infeetion. In all cases jnfective larvae ‘were prally ad-
ministered and estimations of daily egg production were made by the
dilution count on 3-day eomposite focal samples. The egz eount data
have been derived from averages of the two erg counts made each
week.

In order to facilitate the presentation of the experimental work,
the animals have been divided into four natural groups. The data
on each will be presented separately. _

Growp I, comprising I} 723 and D 727. ‘The data pertaining to .
thess animals are presented in table 1 and graph L. Besinning at
about 8 months of age, these dogs were given a series of heavy doses
of hookworm larvae. QOver a period of 6 weels, 1° 723 was given
four infections, totalling 2,625 larvae; vet the maximnm egg ovtput
reached during this preliminary period of Anfection was only 833,000
E.DP.D.* This ability to withstand relatively heavy doses of larvae
may perhaps be explained by the age of the host. Furthermore, it 1%
significant to note that the peak of exe production {graph 1} followed

P = Bpos por dar
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the maturation of worms from the first two doses of inlective larvae,
and that subsequent infections of 625 and 1,000 larvae respeetively
failed to increase the egg output. After 9 weeks on a good diet, dur-
ine which time this resistance as manifested by the reduction in the
e count beeame evident, the animal was placed on the deficlent
diet. TFor 3 weeks on this diet, the daily egg production continwed
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Grapi 1, Inteatation histories of Tr 723 and D 727 of goeup 1.

to fall and reached a low level of 95,000 EP.D, indicating that the
resistaree which had begun to develop while on the normal diet cen-
tinued to be effective for some time after the change to the defieient
diet. After the third week on poor diet, the egg output began to
inevease and continned steadily upward throughout the remainder
of the period on this dist. This inerease oceurréd in the absence of
additional larval doses during the first 7 weeks on the poor diet;
therefore it indicates that the breaking of vesistance under the influ-
ence of the deficient diet resulted in an increased egg production of
the worms already sexually mature. It is not impossibie, however,
thil gorme worms from previous infections may have been retarded
in the development on aceount of o previons condition of resistance,
and that with iuereasing susceptibility of the host they were per-



306 A_ 9. FOSTEE AND W. W. CORT

mitted to mature and thus contribute to the inereage in egg produe-
tion. After the seventh week on poor diet, U 723 was given doses of
150 and 600 larvae separated by an interval of 2 weeks, to test the
degree of resistance to superinfeetion. It has been peinted out that
doses of 625 and 1,000 larvae failed to produce an increase in egg
produetion while this animal was retained on the normal diet. Under
the influence of the deficient diet, however, the resistance to super-
infection had disappeared, since the 5-week peried following the ad-
ministration of these relatively small doses of larvae was character-
ized by a steadily increasing egg ountput. - After 103 days on the poor
diet the daily erg production reached a peak (622000 L.P.D.),
nearly twice that which had been reached when the animal was first
infected on & normal diet (333,000 BEPD). As a result of the pro-
longed period on poor diet, the animal lost 37 per cent of its body
weight and grew very anemic and emaciated.

Mhe findings on D 727 were essentially similar to those already
recited for D 723, This dog was given a preliminary series of six
infeetions totalling 4,283 larvae while on the good diet, during which
time it became ]Ligh'ly resistant to further infection. It was fed on
the deficient diet for 103 days, during which time, it lost its re-
sistance, beeame anemic and weak, and was reduced 33 per cent in
hody weight. In this instance, a maximum egg count of 2,345,000
L.P.D. was recorded during the initial period of infection on a good
diet. There was no inerease in daily egg production which eould
be attributed to the accession of worms from the last dose of 1.500
larvae which was given during this period. Likewise, in this case
the ez count fell off for several weeks after transfer to the deficient
diet but began to inerease without further administrations of infec-
tive larvae. Although the resistanee of I 727 was broken down
under the prolonged maintenance on a poor diet, the animal did not
in this ease reach as hizh a level ot ere produetion under the infiu-
enee of the deficient diet as was recorded during the early period cuf
heavy infeetion while on the normal diet.

There is an additional feature in the dietary history of these ani-
mals (D 723, D 727) which deserves emphasis. Instead of an im-
mediate transfer from the deficient diet to # normal diet, the period
an poor diet was followed by a period of 3 weeks during which the
deficient diet was supplemented by the addition of liver extraet.®
Each dog was given about 5 gm. per day of the powdered extract.

* The liver extraet used in these experiments was supplied by the Parke,
Dravia and Co.
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In both cases, this treatment was followed by a vefurn of resistance
which was interpreted as being about the same as had occurred in
other animals when returned directly to an adequate diet. Although
these data are insuffielent to warrant coneclosions with respect to the
restorative power of liver extract, it has seemed worth while to point
out that both animals exhibited a “ferisis™ in ege produetion during
this short interval of liver therapy and that in both cases there was
a slight improvement in the hemoglobin level {ef. table 1}). This re-
sult is of some significance since:it suggests that the favorable re-
sponses which have followed the administration of liver extract to
some cases of human hookworm disease may have resulted more from
a general dietary improvement than from a specifie effect of liver
therapy.

Following this Lrief period of liver extract administration, D 723
and D 727 were returned to the normal diet, In order to test the ef-
fectiveness of the resistance which was being regained rapidly at this
time, both dogs were subjested to repeated infection with large num-
bers of larvae.  During a period of 10 weeks, D 723 was given a total
cof 21,000 infective larvae in six doeses and DD 727 was given about
12,500 larvae in five doses. In meither case did these administrations
of larvae preduce any significant changes in the curves of daily ege
production, wnless, perhaps, in the direction of inereased resistance.

Bince it was evident that the resistanee of these dogs, in so far as
eould be determined by erz count, was broken down by the deficient
diet and restored arain by an adequate diet, it was eonsidered unneces-
sary to sacrifice them for purposes of obtaining worm counts,

Group 1, comprizing D 731 and D 732, The data on these dogs
are given in table 2 and graph 2. They were placed on the deficient
diet when about 8 months old, and infected with 1,500 larvae each
3 days later. TPor a period of 60 days on the poor diet, the erg pro-
duclions rradually inereased, .a finding whieh indicates that the ani-
mals were kept highly suseeptible to hookworm infection so long as
the deficient diet was fed. It cannot be said with eertainly, however,
that in these cases the failure to develop an immunity was due {o poor
dief, sinee no control infections were carried out while the animals

- owere retained on oa normal diet. By interpretation of the resnlis on
these two animals in the light of the results of other experiments,
however, support 1s given to the belief that the hizh susceptibility
wiich prevailed while the animals were maintained on defictent dist
wius the divest effect of this diet.  Further support is offered by the
fact that a resistance to infeetion was rapldly developed when the ani-
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TABLE 2.
Data on D 731 and I} 732 of group 2.

L 731 D 7az
Weekn — = m—
Latvae given EP.D. in thovsnnda Larvae given E.IMD. i thousanda
0 Put oo poor diet
0.3 1,500 1,500
36 E Ak 1,045
4.0 BN Gid
A 1,011 1,116
.6 1,839 LA
B f Returned to normal dies
10 | 1,500 1,514 540
11 L) Tk
12 1,051 1,500 TOR
13 1,531 [
14 6T 322
14 1,028 223
16 | 1,040 535
17 1,500 1,000
14 GG 467
20 L] 435
201 SO0 A00
1 5T aTn
21.1 a0 i
P Hdd a3
221 A0 SO
23 i B56
231 LY
24 161 103
24.1 00 N
25 54 111
251 500
26 9% 148
261 S0 00
oy 43 &7
7.1 Ak
5 o 13
251 S0k A0
pil ] ]

Comtingsd g ather experinenis
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mals were returned to a normal diet. This resistance persisted even
under conditions of repeated infeetion.

Group ITI, comprising D 674, D 703, D 708, D 747, D 720, The
data on these dogs are presented in table 3 and graph 3. The results
of this experiment are in many respeets more sirnificant and conelu-
sive than any of the experiments previously reported. All of the
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Guari 2. Iofestation histories of I 731 and D 732 of group 2.
Mo examinalions made from sixth fo tenth weeks.

effects upon registance to hookworm infeetion which have heen
aseribed to the influence of diet in previous experiments were exhib-
ited by these animals with a striking uwniformity, The conduet of
this experiment was similar to that of other experiments wheréin an
initial series of repeated infections was given while the dogs were on
a good diet and, when a marked resistance became evident, the animals
were transferred to the deficient diet. Four of the dogs of this ex-
periment were younzer {7 to 9 months old) than any of those studied
previously under the influence of deficient diet, and all five of these
animals were maintained on the deficient diet until their deaths elosed
the experiment. 1% is felt that these considerations added partieular
sienificance to some of the responses to the deficient diet which were
recularly elicitod.

In order to point out the nature of the findings on these dogs, the
history of eue of them (13 6740 will be reviewsd in some detail.
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When about 7 months old, this dog was given a single infeetion of
2,000 larvae of the dog hookworm per oz, This immediately produeed
a good infestation with a peak of almost 4,000,000 E.P.D., which was
reached during the fourth week, From the fourth to the nineteenth
weelt, in spite of additional infections, totaling 8,940 larvae, the g
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Ciarer 3. Tnfestation histories of D 674, D 703, D T, T TI7, and D 720
of group & Al of these animals were sacried fo the point of deuth on the def-
cient dicl. Arvrews indiegte the point of change te fhe defieient dist,
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count fell off rapidly to about 30,000 E.P.In, where it appeared to
stabilize. When there was no indication that the last series of iloses
ot infective larvae, which had been given, was going to produce in-
ereased infestation, the dog was put on the deficient diet. After abont
8 weeks on the deficient diet the egr count began to rise, and, for
about 8 weeks more there was a sustained increase in dail ¥ e produe-
tion. For reasons which at present are ohseure, the err count fell
back to a very low level 2 weeks hefore the death of the dog.  The last
2 weeks, however, were characterized by a striking rate of inercase in
exg output, which rose from an average of 15,000 E.P.D. 10 days bes
fore death to an average of 754,000 E.P.D. at the time of death, after
124 days on poor diet. At autopsy 155 adult worms wore racoversd,
During the time on the defieient diet, D 674 lost 2900 gm. weight,
which was 46 per cent of the animal’s former weight.

The initial period of infeetion was reduced to 21 weeks in the raEe
of I} 703 and to 10 weeks in the other three cases (D 705, D 717,
D 720). In every case, however, the resistance to superinfection was
well established before the animals were placed on poor diet, There
was given to 1) 708, for example, a series of ten infections, totalling
6,383 larvae, over a period of only 6 weeks, The higkest daily pge
output for this period on normal diet was 38L000 ET.D. (sixth
week), and 4 weeks later, when the animal was put on poor diet, tha
eag count had fallen to 232,000, The high degres of resistunce of
this dog while on & normal diet is shawn hoth by the low maximum ees
production during this period, and by the fact that the last two of
the ten infeetions, which were of 625 and 1500 larvae rvespectively,
Failed to produce an inereased e oubpnt, While on the deficient dice
a total of only 750 larvae, given in twa doses, produced a terminal eve
production of ever 3,000,000 E.P.D., which was more than ten times
the maximum egz production reached while this dog was maintained
tm a good diet.  When this dog died, after 79 days on the poor diet,
2539 worms wére recovered, a finding which indicates that in this cass
ilzo death was probably eaused by the eombined effests of a poor diet
and an inereasing worm burden. The findings on D 703 and I} 717
wers essentially the same in all respeets to those already pointed put
for I 674 and 1 708, These dogs died after 132 and 96 days respec-
tively on’ poor diet and the number of aduli svorms harbored was 248
by 1 703, and 307 by D 717, The history of D 720 differs onlv in the
fact that no additional infections were given during the perind on
poor diet, althoush a total of 5355 larvas was miven during the pre.

ceding period on the normal diet, The animal died after 6 weeks on
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the defielent diet, during which time its ez production increased from
824,000 E.P.D. to 1,789,000 E.P.T}, and at autopsy 321 hookworms
were recovered. There was a period of more than 10 weeks between
the time when the last infection was given on normal diet, and the
fime when the terminal inerease in ege production was recorded om
deficient diet. This effect of the deficient diet upon the infestation
{i.e, an increased egz output) which has already been observed in
g0 many cases, has therefore been interpreted in this instance as prob-
ably denoting an increase in the number of eges produced per day per
worm rather than an inereased maturation of worms from previous
infeetions,

From the above disenssion, with the aid of the tables and rraphs,
wee are able to point out guite Triefly, the important features of the
experimant. The dogs were given n sevies of repeated infections for
from 10 to 23 weeks while on a normal diet. At the end of this initial
period of infeetion, all five of the animals had passed the peak of egz
production and were exhibiting a marked degree of resistanee to fur-
ther infection. After they were placed on the deficient diet, and un-
der conditions of relatively lizht infection, thers resulted an initial
period during whieh the resistance fell off very slowly, followed by a
terminal period of about 2 weeks doring which the por ontput in-
areased abruptly and death resulted. The worm burdens were fonnd
at autopsy to range from 155 to 321 hoeokworms with an averare of
258 per doz, Death was attributed to the combined effects of defi-
cient diet and inereased worm infestations.

Growp IV, comprising D 710, D 7244, D 739, The three dogs of
this group represent miscellaneous observations which have con-
tribuated to our knewledge of the relation of diet to resistance.

The first of these animals, T 710, was the oldest of this zeries, be-
ing about 31 months old when first infected. It was given a single
infeetion of 500 Iarvae and placed on the deficient diet 59 days Iater,
Meanwhile the daily egg produetion rose to a peak of 1,545,000 E.P.D,
during the fifth week after infection, indieating an abnormal degres
of susceptibility for an adult dor.  The infection was short-lived, how-
ever, a5 was indieated by average counts of 500,000, 622,000, and 367,-
000 E.P.D. for the sixth, seventh. and eighth weeks respeetively.
Dhiring the eighth week on experiment, thiz animal was plaeed on the
poor diet but was continued on it only 20 days beeanse of advanced
pregnancy,  The sueeessive weekly averages of the daily ere produe-
tions Lor this period were 564000, T11,000, gnd 377,000 TP, It 3s
Felt that thess fivares show that the perind on deficient diet, although
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only 20 days in duration, caused an interruption of the rather rapid
rate of decrease in E.P.D. This points to a reduced resistanee and
since it oecurred so soon on the deficient diet, it is considered probable
that the eondition of pregnaney may have contributed to produce a
more rapid weakening of resistanee.

I 7944 was 19 months old when first infected, and on the basis of
previous experience one wounld have expected a hizh erade resistance.
The animal was put on the defieient diet at the start of the ENpErls
ment, and after 96 days infections aggrezating 4,000 farvae were given
grally. The prepatent period was 17 days, about 3 days longer than
is encountered in susceptible animals, which indicated that there was
some degree of resistance left, even after the extended period on the
defielent diet. Fowever, after 120 days on the poor diet, a single
eomposite ez count was obtained whieh showed a daily erz produc-
tiom of 1,169,000 E.P.D. At this point the animal died. This finding
mads it appear that there was a complete failure of the vesistance of
this deg, cccurring as a terminal event ‘on the deficient diet. At
antopsy A6 worms were recoverad, t

1 729 was given 1,000 larvae and placed on the poor diet. Three
days later an additional 1,800 of larvae were given, The first egg
comnt was obtained 27 days after infection, although there had been
a slight pessage of eges for 6 days previonsly. The averaze daily
eze output for the week ending 31 days on the deficient diet, was
1601000 BE.P.D. Tor the following week, an average of 1.634,000
E.P.D, was obtained. The dog died after 50 days on the deficient diet
and at autopsy 614 worms were recovered. In this case, and in the
case of D T2A, it is probable that the inereasing sworm burdens,
which were built up in the absence of a resistance to the invasion of
parasites, contributed significantly to the early deaths of these animals
on the deficient diet. A point deserving particular emphasis is that
the resistance of these dogs was broken suddenly and terminally, with
the result that at the time of the death of the host the infestation was
at ifs maximum erz production. :

A summary of certain of the important data on the twelve animals
of this series has been presented in table 4, [t becomes appareat irom
a study of this table that the maintenanee of animals on the deficient
diet prodieed anemia and loss of weight, Seven of the animals, with
ames vanging between 7 and 19 months when first infeeted, were car-
ried to the point of death on the defictent diet: theie worm burdens
varied from 155 to 614 worms, fisnves indivative of the type of -
Festation usually eneountersd in young fuseeplible degs. The data
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TABLE 4.

bavmmar,.' af tmepertant deta gne the fwelve dogs of Hhis reporl which were sludied on
defetent diet.

—— ==

| ]
Weight less on
Ao In] Dy : i o (A, -
Dog whh:n -:?grs :r::s poer diet dsr:\;ﬁ?tt ] ':.}‘.;.'.}.} W?’T‘“ Pear crnt -F_:'C"]; rﬁ:l
stumber | infeszed | eoperi- | oo Basma- | in thou-| TV | famoles T
{inoolis)| muent dics o . zlobin sanda ered macw
ranes | Per cont
D674 | 7 | 208 | 124 |29000] a6 | — | ess| 1s5 | 54 | 7200
D73 | 8 275 | 132 (4,700 49 — b1851 298 | 58 | 0450
I TOB 15 143 T4 ] 20 an 923 | 259 BE) i, 305
D717 7 163 agG | 6,200 a7 a0 2,504 | 30T g4 114,700
T 720 G 112 42 A0 26 .0 1,735 | 321 k5] 5,004
Ty 7zaal 10 120§ 120 | 6,800 &l — 1,189 | 386 s 4,174
739 & | 40 39 | 1,500 28 — 1,617 | Bl4 3L 4, 14[1
Ta 723 B - 103 | 20000 art 44k
'_l'_;l - HL L3 = = 3
. g ”S ,1? I‘Ejg f’gx 1; 3 Not autopsied.  Translerred
4 = N = z H 3
D a1 s B 60 |2700| 32 ve to other experiments,
D 7ag 5 - G0 | LB00 25 10
Ave® | 104 | 166 | o0 [3414| 37 | — |Tams]am | & | 7e07

(1) Average emzs per day in thousands based on counts of lest nine davs,

(2] Average eggs per day per adult female worm.

* Based on first seven animals all of which died on poor diet aiter the number of
deys indieated in fourth column,

indicate also that death was cansed by the eombined effeets of the
worm burden and the prolonged feeding of an inadequata diet.

Dizruseion,

Thers is evidenee in these studies of an effeet of dictary defieieney
upon resistance to infeetion which is distinet from the similar relation-
ship which appears alse to exist between inadequate nutrition and de-
ereaszed ability to compensate for the injurions effects of worm infesty-
tion.  The animals fod on deficient diet exhibited a lowered vesistanee
to the fnvasion and establishment of hockworms, an inereased rate of
development of the worms, an increased absolute ey production, and
axn inerease in the number of eres produeced daily by individual female
WO,

OF the fwelve doos discussed in this report, seven dicd while on
the deficient diet. In ilese cases there was uniformly a complete
and sndden breakdown of the resistance mechanism whivlh ncenreed as
a terminal pheavmenon.  Although sur attention was not dirccted to
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