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The oeeurrence of prenatal infection with parasitic worms suggests a
situation of considerable economic and public health importance.  As #r
back 2s 1921, the possibilities of prenatally acquired helminthiases had
heben strongly enough indicaled 1o warrant the appearance of general dis-
cussions of this subject in medical JDIII”"‘Jb of both the L1]1.1:l; States
{(_.U t, 1021 ) and Franee (Neven-Lemaire, 1021}, Although our infor-
mation is still too Hmited to evaluate proper -}' gither the real nportance
of this phenomenon or the frequency and extent of its occurrence under
natural conditions, there can be no doubt that it has been demonstrated
more or less readily under experimental conditions 1 a number of host-
parasite relationships. [t is significant also to nete that many of the
recent contributions to ocur knowledgze of this plenomenon were antici-
pated in the early discussions mentioned above,

It has been shown experimentally that puppies can beeome infected
before Bivth with the rownd-worn, Torocora caonis {(Fulleborn, 1921
Shillinger and Cram, rge3; Augusting, 1927}, and with the hookworm,
/Jn.-:j"'u;"-:.n. o canmnon {Adler and Clark, 1gz22; Foster, 1932). On the
hasis of animal experimentation, it appears that intra-uterine infestation
with the Japanese blood fluke, Schistorema faponicrwn {Fujinami and
Soaleamura, 1011 ; Narabavashi, 1014, 1016}, has also been demonstrated.

Try aeledition te these, there are many helminths for which observa-
tonal evidenee has been presented o indicate the probability of pre-
Iy acquired infestation by both heman and animal hosts.  In this
rOl ary the hman hooloworm, A duodenale If_:[].-{:l'-.‘p’U.T{lJ 117, De-
Langen, 1923}, the agent of hydatid disease, Lchinoceccns granulosits
{ Deve; 1018), the cattle round-worm, Asearis witidorin (Mache, 1922
Criffiths, rg22), the hookworm of the pig, Necator suillus (Ackert and
TPayne, 19233, the sheep lung-worm, [Hetvecoulns fileric (Meven-Le-
madre, 109123, and the dog heart-worm, Dirofiloric fumitis {Shipley,
1804 ; Trench, 1800; Hopkins, 1on3). [t is possible also that prenatal
infection may occer with Strangalus enlgaris, since verminous ancun-
rysms have several times been reported in foals which were too young
to have developed such an advanced lesion after birth (Hutyra and
Marel, oz6),
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Crar present information suggests that the possibility of presatal in-
fection with any parasitic worm is conditioned upon (1) a blood-stream
migration of the larvae, and (2) a tendency of the larvae 1o penetrate
tissue barriers. [t niight be of interest to point out certain of the human
nelminths in addition to those discussed above which might he expected,
on this basis, to be capable of infecting man prematally,  Among the
nematodes, it appears that the above conditions ave satished by slscaris
fnbricoides, Necator americanus, and Strongyloides stercoralis. It 13
not known that the larvae of Trickinelln spivaliz possess cither the ten-
deney or the ability to migrate from the Dlood stream, and it seems quite
possible that they are transported to their final seat of encystment while
still within the finer vessels.  This may aceount fov the apparently nega-
tive resalts of experinents which have tested for the possibility of intra-
uterine inlection with this for, Among the cestodes, other than Eeliino-
coceins, it is possible that prenatal infection night ravely occur in the
case of Teenie solfium,  This possibility is limited to the development of
the cysticercus stage which presumably would becowe established in a
fetus only i an onchasphere traversed the placental barvier.  Other than
the schistosmmes it appears that the only trematode of wan with which
prenatal infection might occur, is the oriental lung fluke, Faragouimus
westerinand. Since the larvae of Parogonsmus muigrate through the
tissues rather than by way of the bleod stream and are larger than larval
schistosomes it is improbable, although perhaps not impossible, that pre-
natal infection would occur with-this forni.

The present study includes additional data on the oceurrence of pre-
natial hookworm infestation in dogs.  In an earlier report (Foster, 1932)
evidence was presented to show that all of the puppies of two litters
(numbering 3 and § pups, respectively) born to mothers infected with
A caninua larvae, during pregnancy acquired prenatal infestations. It
was shown that in these cases the development of the larvae in the pre-
natally infected puppies did not take place until after birth, The fact
that more than ten per cent of the larvae given the mothers during ges-
tation were recovered from the puppies as mature wormns was taken as
indicating a wide-spread migration of hooleworm larvae afrer oral infec-
tion, a phenomenon whiclt it was saggested may have heen associated
with the resistance of the hosts, The marked susceptibility of the pup-
pics born to very resistant mothers was pointed out to be difficult to
reconcile with a serological explanation of this type of resistance. These
findings made it desirable to pursue further the studies of prenatal hook-
worm infection, particularly sinee no difficulties were being experienced
in the breeding and rearing of dogs and since both specific and non-
specific strains of the dog hookworm were available,

Tt was possible to obtain three litters of puppies [rom bitches which
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were given only one dose of infective larvae during presnancy and a
fourth litter from a mother which was infected during late pregnancy
with larvae of the “cat strain™ of A candimem®  The data from these ex-
periments offer some interesting comparisons with the earlier results
sittce 1n those cases reported previously the mothers were subjected 1o
repeated infection during pregnancy.

The mother of the first litter had been given a total of 12,000 larvae
fer og over a period of 380 days, of which number, 5000 were given in
a single infection nine days before the puppies were born.  She had
been freed of worms from earlier infections, however, by anthelminthic
treatment during pregnancy and the infective dose noted above was the
only one given during this period.  Two puppies were born and they
were exanuned i]*-Lli'-.'i-:ls.'.a]]y by the Lane Method on successive days,
beginning seven days after birtl,  On the eleventh day one becar - posi-
tive to tlus L*.Y_.M111nu1.ic.~:1, while the other did not,  On the twelfth and
thirteenth days the same condition prevailed and it was thought that anly
one of the puppies had acquired a prenatal infection,  Since it was not
necessary to autopsy these puppies in order to establish the fact that one
of them was prenatally infected, they were kept available in case some
additional experimental procedure should suggest itsell,  However, when
these puppies were eighty days old, it was decided 1o autopsy the one
which bl become positive to Lane examination on the cleventh day.
Only six hookworms were found, Finding this very light infestation
made it desirable to obtain an antopsy record on the other mip of this
Heter, mnd in this case seven hooloaorme were recovered, one female and
siz males. It 13 not koown whether this dog had been passing eges im-
mediately helore antopsy but # seems reasovable to suppose that this
inlestation had heen present since birth, Certain findings on the next
litter indicate that the inahility to recover eggs [rom this light infesta-
tion during the course of the early examinations might be explained by
the possibility that the only female worm of the infestation was in
caopula during that time.

The second litter presentod an interesting case, similar to that of
litter 1, since in this instance also, a single infection given the mother
produced very light infestations in the puppies.  The wother of this litter
was born in the laboratory March 30, 1931, and had successiully reared
two litters previous to the ene under discussion. This, her thivd litter,
was born January 23, 1033, During the five months immediately pre-

#The so-called "eal-steain” of the dog hookworm, described by Seott (o2,
0208, 10300 5 oa physiclogical varicly of Awcvlestema canlmem, the lpcvae of
which ave anly slightly infeative to 1:10513 bug highly infective ta cats,  There is
also g 1111|k|_c' age resislance in the dog to infection with this strain, adult doegs
being refractory 1o parasitism exceps ander ahrormal eonditions, 511:;11 for o=
aimple, as delicient dict {Foster and Cort, 1032; Foster and ]::"'I.LI:.LS\"'I.!I!._, .'-‘J,f._.}.
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ceding this date, she had been given a total of 4,200 larvae in several
doses but was freed of worms from these infections by anthelminthic
treatment during pregnancy. It is apparent that at this age and under
these conditions ol infection she had become highly resistant to hook-
woriis, A single infection of 2,000 larvae was gives fve days belore the
Lirth of O puppies.  The mother developed o very light infestation show-
ing an egg ourput of 23,000 to 30,000 egps per day, which indicates a
high degree of resistance although not a complete immumity. One of
the puppies was killed and antopsied innmediately after birth and o few
hookworm larvae were recovered from the tissues with the use of the
Bacrmansn isolation apparatus, A second puppy was autopsied when
nine days old and no worms were recovered, althougrh an extended search
was made,  This does not neeessarily mean thar worns were not presenat,
since at this age the developing worins were too largpe for recovery with
the Baermann apparatus and too swall to be seen ensily with the unaided
eve.  Although a beavy infestation would not have escaped detection, it
is fair to say that the finding of a4 g-day-old larva, if only a few were
preseat by examination of the macerated orpans, would have heen largely
i chance discovery. Of the other four pups, three became positive to
Lane examination on the eleventh and twelith days. The fourth puppy
continued to be negative when exanuned by the Lane method on sue-
cessive days and was sacrificed on the sixteenth day, At autopsy, {our
warms were recovered (1 female, 3 males) and the absence of eggs in
the stoals may possibly be accounted for by the fact that the only {emale
wornt of the infestation was in copula. A fourth puppy of this Btter was
autopsied at 1 days of age and three worms were recovered (2 Tomales,
1omale). It was considered unnecessary to sacrifice the remaining two
memnbers of the litter since the presence of woriis was already known
from the Lane examinations.

The third case was one in which a mature female dog, which had
never before been miected, was bred and then given a single infection of
1,560 larvae thirty-two days before the birth of eight puppies. The
interest in this case centered upon whether or not an inlection given so
early in pregnancy would result in a prenatally acquired infestation of
the puppies.  One of the puppies was autopsied when six days old and
one cach of ascaris and hookworm larvae were recovered {ron its tissucs.
The other seven were examined individually by the Lane method on
successive days. Iive of these became positive on the eleventh day and
another one on the twelith day. The infestations in these six puppies
were undoubtedly light as indicated hoth by the Lane examinations and
by the fact that the puppies were enjoying good health. These puppies
were not autopsied as it was felt that the additional information to be
obtatned therely would not justify the saerificing of so valuable an ex-
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perimental group. The eighth puppy was autopsied, however, on the
thirteenth day and no worms were recovered.

The fourth case is the record of an infestation among 2 single litter
of puppics which has been regarded, in many respects, as the maost cons
vincing as well as the most interesting experiment of this series. The
mather was glven por o8 a single dose of 9,000 larvae of the “cat strain”
of A, canimenr two days belore the birth of five puppies.  Althou ™ this
dog had previously harbored hookworms, she was treated to negative in
sarly pregnancy, aiter which she remained negative to Lane examina-
tion, ant no infections were given except the one listed above,  Tn addi-
tion to the fact that this strain of A cenimem is only slightly infective
to dogs it has been found also to have a much longer prepatent period
than is encountered with larvae of the straight dog strain. In this in-
stanee, the prepatent peried of the “eat strain” in the mother was nine-
teen days, as she began passing egps seventeen davs after the puppies
were horn, showing a very light infestation for a while thereaiter
Mennwhile, all five puppies had become positive to Lane examivation
when from fourteen 1o sixteen days of age. The prepatent period in
the puppies was, therefore, shorter than that in the mother ool every
puppy had shown evidence of infestation with mature worms before the
mother had begun to pass eggs. One of these puppies died when 36
days old, while the rest were killed and autopsied at variouns mtervals
hetween 41 and 73 days of are.  The worm burdens were found to he
uniform throughout the litter, varying from 19 to 27 worms per dog,
with an averagse of 24 hoolowornms each,

LISCUSEION

On the hasis of the ohservations duseribed above, it seems reasonably
clear that prenatal infestations with the dog hookworm, A. CERia,
were established in the puppies of four litters. Up to the present, the
author has studied the condition of infestation of 34 pups {including
data from previous paper, loc. £if), representing six litters, and 3z of
these puppics were Tound infected with hookworms, The circumstances
giving rise to such infestations were those of repeated or single exposure
of resistant hitches to infective larvae during pregnancy. In previons
experiments (Foster, 1032, pp, 114-115) it has heen shown that the
presence of maternal infestation during pregmancy and nursing is not &
[actor giving rise o prenatal infection, It appears, however, that ex-
posure of the mother o infective Inrvae as carly as 32 days or as late as
= days before parturition (gestation normally 63 days) may result in
intra-uterine infestation of the puppies.

Considerable significance has been attached to the fact that the pup-
pies born to resistant mothers showed a marked suseeptibility to infee-
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tion, In his stwedy of prenatal infestation with the dog Ascaris Augus-
tine (fee. ¢t} stated that of the two bitches infected during pregnancy,
oue showed no worms at autopsy, and the other only a few worms, The
puppics born to these bitches, however, harhored heavy infestations.  He
locked upon this as indicative of an age immunity in the bitch against
this purasite, the larvae showing a decided preference for fetal tissues,
The same condition of maternal resistance prevailed in the studies of
Shillinger and Cram (1923) and of Fulleborn {1g20). The latter wrote
in connection with the findings in his own case, that the intestine of the
mother dogs, in consequence of “inmuunity,” was usually not infected
{1920, p.23).  [uis significant that, in all these studies, there was o lack
of resistance, even prenatally, in puppics born to very resistant mothers.
On the assumption that the vesistance of these bitches was effected by
servme antibodies one would have anticipated o temporary protection of
the puppies, On the other band, (£ 10 be assumed that the maternal re-
sistance was eflccted primarily by age, one would have expected a con-
dition of susceptibility among the puppies.  This ohservation has heen
regarded as lending scine support to the view that the resistance encouns
tered in these host-parasite relationships may not be of a serological
nature.

The results suggest also that there may be a relationship between
exposure (o nfection with the human hooloworms during pregnancy and
infant morbidity and mortality.

ABSTRACT SUNMMARY

The administration per es of single doses of infective larvae of A.
caiining to three pregnant bitches at mtervals of 5, o, and 32 days,
respectively, before parturition resulted in prenatal hookworm infesta-
tioms in ali but one of twenty-one puppies.  Although the mothers were
very resistant to hookworms, the puppies did aat appear to be protected
on this account.  One hitter of five pups was prenatally infected with the
“rat strain” of A, centmon as a result of administering larvae to the
wother only two days beiore birth of the puppies. It is suggested that
the occurrence of prenatal infection with parasite worms may be of
economic and puablic health importance,
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