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Previous studies(1-3) have shown that fol-
lowing injection of large amounts of bacterio-
phage into pregnant animals, trace amounts
of phage could be demonstrated in foetal
blood. For example, Medearis(4) injected
10® PFU of bacteriophage ¢X 174 into preg-
nant mice and recovered 0.0001% of the
amount injected from the foetus; this re-
covered amount was not influenced by in-
jection of pregnant animals with endotoxin
or exposing them to excess CO,. It is pos-
sible that in these experiments the very small
amounts of virus found in the foetus repre-

* Aided by grants from USPHS and New York
City Health Research Council.

sent contamination from maternal blood or
fluids which occurred during the experimen-
tal intervention.

It was the purpose of this study to deter-
mine whether transplacental passage of bac-
teriophage occurs in vive by excluding the
possibility of foetal blood contamination by
maternal fluids.

Materials and methods. Animals. Preg-
nant guinea pigs in each trimester of preg-
nancy were obtained from breeders.

Phage. The preparation and purification
of ¢X has been described(5). The stock
used throughout these experiments contained
6 X 10 plaque-forming particles/ml. One
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TABLE I. Appearance of Bacteriophage ¢X 174 in Foetal Blood Following Maternal Injection
of Phage.
Amt of ¢X ¢X content/ Avg wt of ¢X content of 0.1 ml of
Litter injected Interval* 0.1 ml of foetuses Amniotic  Foetal
No. into mother (hr) mother’s blood t (g) fluid blood
— 18
1 11
1 3 X 10 48 3.9 X 10° 57 156 10
102 7
2 3 X 10% 24 6.3 X 10° 110 53 2
3 3 X 10 24 8.9 X 10¢ 97 0 2
14 7
4 3 X 10° 18 100 77 8 2
5 3 X 10° 18 2 X 10° 120 —_ 2
— 0
6 3 X 10° 4+ 18 6 X 10® 56 2 1
hyaluronidase} 11 0
23 0
7 3 X 10° 4+ 18 — 16 — 0
1 ug endotoxin§ — 0
— 0
8 0 None 0 62 31 1
0 108 0
10 0
— Not done.

* Time between intravenous injection of phage and subsequent laparotomy.
t Sample obtained at time of Caesarean section.

1 225 units Wydase (Wyeth) injected intravenously with phage.

§ 8. marcescens (Difco) injected intravenously.

ml of a 1:10 dilution of this phage prepara-
tion injected intravenously into normal
guinea pigs produced no detectable pyro-
genic response.

Injection of animals and Caesarean sec-
tion. Pregnant animals were injected intra-
venously into the hind leg and 18-48 hours
later were sacrificed by a blow on the head.
To exclude contamination of foetal blood by
amniotic fluid or maternal blood containing
¢X, a team of 3 individuals was used to
perform each experiment. One individual
performed the laparotomy, carefully with-
drew 0.5-1 ml of clear fluid from the amni-
otic sac with a syringe attached to a 27
gauge needle, opened the membranes, and
ligated the umbilical vessels. He then handed
the foetus to a second individual who thor-
oughly washed each foetus and his own
hands under a water tap. The washed foetus
was then handed to the third individual who
obtained a foetal blood sample by cardiac
puncture using a syringe previously rinsed
with heparin (1000 units/ml).

Assay for phage. The assay for phage was
performed by the pour plate technique of
Adams(6) using E. coli C as the indicator
strain,

Results. In the first series of experiments,
3 X 10°1% ¢X was injected intravenously
into 9 pregnant guinea pigs. The results of
7 representative injected animals and 1 con-
trol animal are shown in Table I. The high-
est foetal blood titers, 7-18 phage/0.1 ml,
were obtained in litter No. 1 in which 3 X
10° ¢X had been injected into the mother
48 hours before Caesarean section. Lower
titers were observed in litters 2 and 3 in
which 3 X 10° phage was also injected but
the interval was only 24 hours. Litters 4-6
in which 3 X 10° phage had been injected
into the mother 18 hours previously, showed
from 0-2 phage particles in 0.1 ml of foetal
blood. Neither hyaluronidase nor endotoxin
appeared to increase the amount of ¢X that
appeared in the foetal blood. Also shown is
a control litter from an uninjected mother,
in which phage had been injected into the
amniotic fluid 5 minutes before removal and
routine washing of the foetus. Two of 3
foetuses showed no detectable phage and the
third animal one phage particle/0.1 ml.

These results suggested that the bacterio-
phage present in the foetal circulation was
derived iz vivo from the maternal circula-
tion, but the possibility was not excluded



BACTERIOPHAGE TRANSFER ACROSS PLACENTA 393
TABLE II. Control Experiment on the Source of Bacteriophage in Foetal Blood.
¢X content Medium for  ¢X conﬁf;l;: dotf foetal
Litter ¢X/.1ml Avg wt of amniotie washing of
No. mother’s blood* foetuses (g) fluid .1 ml foetust 5 ml Jdml
9 1 X 10° 100 — Water 17 1
1 117 23
0 49 7
10 1.2 X 10¢ 65 4 ” 25 5
44 7
11 0 45 —_ ¢X 3-400 58
20 2
22 79
12 0 38 — » 313 541
500 137
13 0 28 — ” 267 337
392 500
14§ 0 60 8.8 X 10¢ Water 0 0
2.3 X 10° 0 0
1.9 X 108 0 0
— Not done.

* Phage ¢X was injected intravenously. Blood sample was obtained 48 hr later immediately

prior to Caesarean section,

t The foetus was either washed thoroughly with tap water or was swabbed with saline

containing ¢X, 10%/ml.
} Blood samples were removed separately.

$ 0.1 ml containing 3 X 10° X was injected into the amniotic cavity after laparotomy and

5 min. before sampling and removal of foetus.

that contamination with maternal blood had
occurred after hysterotomy. To further in-
vestigate this possibility, a second experi-
ment was performed. Three pregnant guinea
pigs were injected with ¢X intravenously
prior to hysterotomy; as controls, 3 litters
were delivered from non-injected animals and
the foetuses were grossly contaminated by
application of phage to their skin. All foe-
tuses were bled of 0.5 and 0.1 ml whole
blood using separate syringes, needles, and
puncture sites. Alternately, the larger or
smaller volume was withdrawn first. If the
source of the bacteriophage present in foetal
blood samples was, indeed, the foetal blood,
then the separate withdrawal of 0.5 ml and
0.1 ml of blood should show phage counts
approximately 5-fold apart. In contrast, if
the phage in foetal blood resulted from con-
tamination of the needle by phage on the
foetus’s skin, the results of this withdrawal
procedure would not be expected to follow
any particular quantitative pattern.

In phage-injected animals, all of 5 foe-
tuses showed larger amounts of ¢X in the
0.5 ml compared to the 0.1 ml sample (Table
IT). Moreover, the expected quantitative re-
lationship was demonstrated in 4 of 5 ani-
mals, keeping in consideration the experi-

mental error of the assay on the basis of a
single plate and an extremely low phage
count. In contrast, in the #n wvitro phage-
contaminated, unwashed foetuses, there was
no consistent quantitative relationship "in
amount of phage between the 2 samples. As
before, the routine wash of foetuses in which
the amniotic fluid had been heavily con-
taminated prevented phage contamination of
foetal blood. These findings led to the con-
clusion that there had been transplacental pas-
sage of bacteriophage into the foetal circula-
tion. ‘
Discussion and summary. These studies
indicate that a virus particle, bacteriophage
¢X 174, incapable of infecting mammalian
cells, can cross the placenta and gain access
to the foetal circulation. The possibility of
in vitro contamination of foetal blood sam-
ples during cardiac puncture of the foetus
can be excluded since: a) the washing pro-
cedure of the foetus was shown to be effec-
tive after deliberate contamination of the
foetus’s skin; b) after injection of phage
into pregnant guinea pigs, separate bleedings
of 0.5 ml and 0.1 ml from the foetal heart
usually showed a 5-fold difference in amount
of ¢X in the 2 samples; this difference was
not observed in deliberately contaminated
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foetuses from pregnant guinea pigs ot in-
jected with ¢X. It is unlikely that endo-
toxin contamination of phage preparations
was responsible for the transplacental pas-
sage of virus because of virtual absence of
biologically detectable endotoxin in the prepa-
rations of phage employed and the failure of
an injection of endotoxin with phage to in-
crease the amount of phage found in the foe-
tal circulation. There was no apparent dif-
ference in phage transfer between foetuses
of markedly different weights, 56-120 g.

The route of transplacental passage of
phage is as yet uncertain. The failure to
find a gradient in concentration from amni-
otic fluid to foetal blood (the latter some-
times had a higher phage concentration)
suggests that phage is not transferred by
this route. Previous studies of placental
transfer of large proteins indicate that the
splanchnopleure is the principal transfer or-
gan in guinea pigs(7).

The question arises as to whether the pla-
centa is an effective barrier in preventing in-
trauterine viral infections. The following find-
ings are relevant to this question: a) in the
guinea pig, the difference between maternal
and foetal blood virus concentrations was
approximately 105-10% and transfer usually
was not demonstrated when maternal ¢X
concentration was below 107/ml; b) the ¢X
particle is an unusually small virus (approxi-
mately 250 angstroms in diameter). It is
possible that its size or other particular
properties(8) facilitates its passage into the
foetal circulation.

TITRATION BY FLUORESCENT ANTIBODY METHODS

These findings suggest that the placental
barrier is usually an effective one in the pres-
ence of viremia of moderate intensity, pro-
vided, of course, that the placenta is free of
infection and pathology. However, if there
is a sufficiently high concentration of virus
in the maternal circulation, passage of virus
into the foetus may occur. Whether or not
infection results will depend on a variety of
factors, including the capacity of the placenta
(9) and the foetus(10) to develop an im-
mune response against the virus.
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The fluorescent antibody technique has
been used principally for localization of anti-
gen or antibody in tissues or for identifica-
tion of micro-organisms. The high sensitiv-
ity of the technique is caused by the fluores-
cent label and probably also by the ability

to detect or use non-precipitating as well as
precipitating antibody(1); the sensitivity is
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