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The passive transfer of antibodies through 
the placenta from the mother to the fetus de- 
pends upon two main factors. namely. the 
structure and function of the placenta and the 
characteristics of the antibody. In some ani- 
mal species, notably rodents. apes. and man. 
certain antibodies readily pass the placental 
barrier. In other species. such as the pig and 
ruminants, placental transmission does not 
take place. but antibodies are transferred to 
the offspring through colostrum. The role of 
the antibody molecule in the transmission 
through the placenta is illustrated by the fact 
that, for as yet poorly understood reasons. in- 
complete Rh antibodies pass the human pla- 
centa far more readily than complete anti- 
bodies of identical serologic specificity. Re- 
cently, it was shown by means of the indirect 
bacterial hemagglutination test, which is con- 
siderably more sensitive than the conventional 
bacterial agglutination method, that an tibod- 
ies against the somatic (0) antigens of entero- 
pathogenic Escherichia coli are not quantita- 
tively transferred from mother to newborn in- 
fant. In  a series of 26 cord blood specimens 
antibodies could be demonstrated in only 3. al- 
though the maternal serum of all contained 
such antibodies( 1 ) .  Similarly. Stulberg and 
associates(2) found 77% of 45 cord serum 
specimens lacking in such antibodies. Fur- 
ther, when antibodies were present in cord 
blood, th,eir titer was substantially lower than 
that of the corresponding maternal antibodies. 
The possibility was considered that incomplete 
antibodies to enterobacteriaceae may pass the 
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human placenta, provided that the mother has 
such antibodies. l!eil and Felsen (3)  demon- 
strated incomplete Shigella flexneri agglutin- 
ins in approximately half of 30 human sera by 
combining the conventional bacterial aggluti- 
nation method with the antiglobulin technic. 
’I’o determine whether the hypothesis just 
mentioned is correct, maternal and cord serum 
specimens were examined by means of a hem- 
agglutina tion-antiglobulin test for complete 
and incomplete enterobacterial antibodies. 

Material and methods.  Fifty paired mater- 
nal and cord blood specimens from healthy in- 
dividuals were obtained through the coopera- 
tion of the Obstetrical Department of the 
C’hildren’s Hospital. The serum specimens 
were stored in the deep freeze until used. Data 
on blood groups and Rh antibodies were avail- 
able. The  hemagglutination test was carried 
out as described previously(4,S). As 0 anti- 
gens supernates of the following agar-grown 
cultures were employed: E. coli, serogroups 
1 1 1 and 5 5,  Shigella flexneri ( 2 freshly isolated 
and serologically different types), S. sonnei, 
Salmonella paratyphi B (group B) , S. monte- 
video (group C, ), S. muenchen-Oregon (group 
c y 2 ) ,  and S. enteritidis (group D ) .  These 
supernates ( refrigerated centrifuge) were pre- 
pared from heated (1  hour 100°C) suspen- 
sions and were employed in a dilution of 1 : 10. 
Erythrocytes obtained from blood donors 
(blood group 0, Rh negative) were washed 
3 times, treated with the antigens in a water- 
bath at 37°C for 30 minutes, and again washed 
three times. Serial two-fold dilutions of the 
sera (0.2 ml) were mixed with the modified 
red blood cell suspensions (0.2 ml). Non- 
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TABLE I. Enterobacterial Antibodies in  50 Cord Sera. 

of positive sera 
Escherichia S hig ella Salmonella 

Method of antibody coli f lexncri sonnei - group -= 

demoiistratioii 111 55 a b  H C, C ,  D 

Bac t eri a1 agglutination 0 0 0 0 0 0 0 0 0 
Hemagglutination 18 6 14 78 6 1 2  52 20 10 
Antiglobulin agglutination 30 28 24 14 22 30 18 46 30 
Idem & hemagglutination 48 34 38 92 28 42 70 66 40 

modified red blood cells were employed as con- 
trols to eliminate erroneous results due to 
blood group anltibodies. After incubation for 
30 minutes a t  37°C in a waterbath the mix- 
tures were centrifuged at  1000 rpm for 1 
minute. The resulting hemagglutination was 
noted. After three washings antiglobulin 
(Coombs) serum (0.05 ml), procured on the 
open market, was then added to all tubes 
showing no hemagglutination. The tubes were 
centrifuged and the resulting hemagglutina- 
tion, indicative of incomplete antibodies, was 
recorded. 

Bacterial agglutination tests were carried 
out with the identical serum dilutions (0.5 
nil) used in hemagglutination tests. Heated 
suspensions (0.5 ml) of 'the same cultures were 
used. The mixtures were incubated in a water- 
bath at  50°C for 18 hours, and the resulting 
bacterial agglutination was read after centrifu- 
gation for 5 minutes at 1500 rpm (6).  As dilu- 
ent phosphate hemagglutination buffer (Dif- 
co) was used in all tests. 

Results. Fifty cord serum specimens from 
healthy infants were examined for 0 anti- 
bodies to 9 representatives of enterobacteria- 
ceae by means of the conventional agglutina- 
tion, enterobacterial hemagglutination, and 
antiglobulin hemagglutination methods. Sera 
were considered positive if antibodies were 
demonstrated in a dilution of 1:s or higher. 
The antiglobulin hemagglutination test was 
regarded as positive only if the hemagglutina- 
tion test itself was negative. The results are 
summarized in Table I. 

I t  is seen from this Table that (1) none of 
the sera contained agglutinins, ( 2 )  from 6 to 
78% yielded positive results in the hemagglu- 
tination test, and (3) an additional 14 to 46% 
were positive for incomplete antibodies in the 
antiglobulin hemagglutination test. By com- 
bining the hemagglutination and antiglobulin 

hemagglutination tests a total of 28 to 92% 
of the serum specimens yielded positive re- 
sults. It is interesting to note that the per- 
centage of positive sera differs markedly with 
different antigens, either because of actual 
differences in antibody content or because of 
differences in sensitivity of the antigens used. 
Particularly striking is the high percentage of 
sera containing antibodies to one of the S. 
flexneri strains. 

Regarding the presence of incomplete en- 
terobacterial antibodies in maternal and cord 
serum specimens the following observations 
were made. The antiglobulin serum raised 
the antibody titer of maternal sera only 2-fold 
in 17 instances and caused no increase in the 
remaining 33. In contrast, the same antiglob- 
ulin serum caused four-fold and greater in- 
creases in 22% and 8-fold and greater increases 
in 10% of 50 cord sera. In several serum 
specimens the titer was increased from 32 to 
256 times. If one accepts a four-fold or great- 
er enhancement in the antibody titer by the 
antiglobulin serum as evidence for incomplete 
enterobacterial antibodies, (then, it may be 
concluded that such antibodies are present in 
certain cord sera and cannot be demonstrated 
by the same technic in the corresponding ma- 
ternal sera. No difference was noted between 
cord sera with and without Rh antibodies. 

A comparison of the maternal and cord 
serum titers obtained with both hemaggluti- 
nation and antiglobulin hemagglutination tests 
revealed that with one single exception the 
maternal tilters were higher than those of the 
cord sera. In the majority of instances the 
ratio was between 4:l  and 16:l. 

In  order to determine the specificity of the 
antiglobulin hemagglutination method, ab- 
sorption experiments were carried out. Cord 
serum containing both S. sonnei and S. flexneri 
antibodies, demonstrable only by means of 
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antiglobulin serum, was absorbed with S. son- 
nei or S. fEexneri antigens. Then, the ab- 
sorbed and non-absorbed serum was titrated 
with both antigens in the antiglobulin hem- 
agglutination test. I t  was found that absorp- 
tion with S. sonnei or S .  Jexneri antigens had 
removed the homologous but not the hetero- 
logous antibodies. Identical results were ob- 
tzined in experiments with other cord serum 
specimens. I t  is evident. therefore, that the 
an tiglobulin heniagglu t ina tion method detects 
antibodies which become attached specifically 
to erythrocytes modified by the homologous 
enterobacterial antigen. 

Discussion. The present study revealed 
that 0 antibodies to various enterobacteria- 
ceae can be demonstrated in some human cord 
sera by means of the hemagglutination test 
and thus extends previous observations re- 
garding hemagglutinins against enteropatho- 
genic serotypes of E.  coli. Since the conven- 
tional agglutination procedure yielded nega- 
tive results. this observation confirms the 
greater sensitivity of the hemagglutination 
method. It is evident also that the sera dif- 
fered markedly in their capacity to agglutinate 
red blood cells modified with different anti- 
gens. In the present series the high per- 
centage of cord serum specimens with anti- 
bodies against one of the S. flexuteri strains is 
particularly noteworthy. I t  remains to be de- 
termined whether these data reflect exclusive- 
ly differences in antibody content or whether 
crude antigens prepared by the same method. 
as in the the present study, differ in sensitivity. 
Tn addition, the locality of the population may 
influence the antibody titers. 

Incomplete enterobacterial antibodies are 
considered here 'to be present in cord sera if 
anti-human globulin serum enhances the se- 
rum titer obtained in the hemagglutination test 
a t  least 4-fold or produces a positive result 
when the latter test is negative. According to 
these criteria 22% of SO cord sera contained 
incomplete enterobacterial antibodies against 
one or more antigens, but the corresponding 
maternal sera did not. These findings sug- 
gest the following hypothesis. -4dult sera may 
contain both complete and incomplete entero- 
bacterial antibodies, but the titer of the latter 
does not materially exceed that of the former; 

during pregnancy the incomplete antibodies 
pass the placenta1 barrier more readily than 
do the complete antibodies, Additional stud- 
ies are needed to determine whether the anti- 
globulin bacterial agglutination method of 
V-eil and Felsen(3) measures the same anti- 
bodies as the antiglobulin hemaggluthation 
test used in the present study. One must keep 
iu mind that minor modifications of a sero- 
logic method may substantially enhance its 
sensitivity: for example, centrifugation ren- 
ders the enterobacterial hemagglutination test 
considerably more sensitive. Therefore, the 
difference in titer between an agglutination 
procedure and the corresponding antiglobulin 
technic is not necessarily indicative of incom- 
plete antibodies. Further, the possibility ex- 
is t s that the en terobacterial hemagglutination 
test does not solely measure bacterial agglu- 
tinins in a more sensitive manner; it actually 
may demonstrate more than one kind of anti- 
body with identicaI serologic specificity. This 
possibility is suggested by the observation that 
no constant ratio exists between the titers de- 
termined by the two procedures. A similar 
suggestion was made by Ceppellini and De 
Gregorio and is based on comparative studies 
on S. t y p h o s ~  antibody titrations by means of 
hemagglutination, hemolysis, hemagglutina- 
tion in proteic media, and indirect Ccmmbs 
test ( 7 ) .  C'tilization of various serum fractions 
conceivably may aid in the elucidation of this 
moot question. 

Summary. Examination of 50 paired ma- 
ternal and cord sera for 0 antibodies against 
various enterobacteriaceae reveaIed the fol- 
lowing results. 1. Agglutinins could not be 
demonstrated in the cord sera. 2. The hemag- 
glutination test reveaIed the presence of anti- 
bodies in 6 to 7870 of the cord sera depending 
upon the antigen used. 3. The antiglobulin 
hemagglutination test detected incomplete an- 
tibodies in an additional 14 to 46% of the 
cord sera. 4. The antiglobulin hemaggluti- 
nation test enhanced the hemagglutinin titers 
of cord sera to a greater extent than those of 
maternal sera. 5 .  With one exception the 
maternal antibody titers were higher than 
those of the corresponding cord sera. 6. The 
specificity of the antiglobulin hemagglutina- 
tion test was demonstrated by means of ab- 
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sorption experiments. 7.  The placental trans- 
fer of enterobacterial antibodies from mother 
to fetus is discussed with particular reference 
to incomplete antibodies. 
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During routine screening of compounds for 
anti-tumor effects, 3, 3-dimethyl-1-phenyltria- 
zene was found to inhibit Sarcoma 180 in mice 
( 1) .  The agent was also shown to be terato- 
genic in chick embryos ( 2 )  and to prolong the 
survival of mice bearing Leukemias 82 and 
547 1 (3). Since this triazene was representa- 
tive of a new series of compounds not previ- 
ously known to be active against experimental 
tumors, it became of interest for possible 
clinical trial. For this reason pharmacological 
studies were undertaken in our laboratories. 

Procedure. The kinds of animals used and 
the procedures employed have recently been 
described(4,S). The triazene, a liquid: was 
dissolved in peanut oil and 0.5 ml of the solu- 
tion per 100 g of body weight was given in- 
traperitoneally to mice and rats. For oral ad- 
ministration to rodents the agent was sus- 
pended in 0.9% NaCl containing 0.5% car- 
boxymethylcellulose ( CMC) . For intraven- 
ous injections the compound was dissolved in 
propylene glycol while for intramuscular in- 
jection it was diluted with peanut oil. Dogs 
received the agent orally in gelatin capsules. 

*This  investigation was supported in part by a 
grant from Natl. Cancer Inst., U.S.P.H.S., and by 
funds from the Elsa U. Pardee Fn. 

LDS0 values were calculated according to 
Litchfield and Wilcoxon (6) after administra- 
tion of a sufficient number of doses, decreas- 
ing in series by a factor of s, to obtain both 
100 and 0% mortality during 14 days of ob- 
servation. At least 10 mice, 6 rats, 2 cats, and 
2 dogs were employed per dose. 

Results. Toxicity in rodents. Table I is a 
summary of toxicity data. The compound 
was somewhat more toxic to mice and rats 
when given intraperitoneally than when given 
orally. Within 2 hours after 5 0 0  mg/kg in- 
traperitoneally or 1000 mg/kg orally the 
righting reflexes of mice became impaired; a 
progressing depression ensued and death oc- 
curred between 3 and 20 hours. Following 
single doses of 2 50 mg/kg intraperitoneally 
or 5 0 0  mg/kg orally mice became depressed, 
dyspneic, and ataxic within 3 to 4 hours. A 
few died within the first day; most of the re- 
mainder between the second and eleventh 
days. The majority of those alive at 24 hours 
moved about in circles and their heads bobbed 
continuously from side to side. This syn- 
drome, presumably neurologic in origin, was 
further characterized by the inability of the 
mice, when placed in water, to swim in a well- 
coordinated manner. The disturbance seemed 
similar to that seen in congenitally abnormal 


