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AB S T R A C T Umbilical cord serum and adult
serum antibodies reactive with heat-stable somatic
antigens of Gram-negative bacteria (Neisseria
gonorrhoeae, Escherichia coli, and Salmonella ty-
phosa) were assayed by using an indirect fluores-
cent antibody test. Reactive IgG, IgM, and IgA
antibodies were identified by using fluorescein-
conjugated antisera specific for these immuno-
globulin classes.

IgG antibody titers in cord serum approximated
those found in the corresponding maternal sera.
IgM and IgA antibodies were present in adult
sera but were not demonstrable or were present
only in small amounts in cord sera. The presence
of IgG and IgM antibodies reactive with Gram-
negative bacteria was confirmed by the testing of
purified 7S and 19S fractions. In addition, both
IgG and IgM reactivities were inhibited by the
prior incubation of serum with purified specific
lipopolysaccharide preparations.

The ubiquity and magnitude of these natural
IgG antibodies in the sera of both adults and
neonates have apparently eluded detection in pre-
vious studies. The use of bactericidal and aggluti-
nation tests, which are apparently more sensitive
to the presence of IgM than to IgG antibodies, may
account for the failure of previous studies to
detect adult and cord IgG antibodies reactive with
somatic antigens of Gram-negative bacteria. The
presence of these IgG antibodies may be correlated
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with the resistance to infection demonstrated by
most newborns as they are challenged by the septic
extrauterine environment.

INTRODUCTION

Antibodies which are commonly found in the sera
of normal individuals and which are not related to
obvious immunization or clinical infection may be
called natural antibodies (1). A number of investi-
gators employing bactericidal and other tests has
concluded that natural antibodies reactive with
somatic antigens of Gram-negative bacteria are
principally of the IgM (19S, gamma,-macroglobu-
lin) class (1-3). This finding is of practical im-
portance because it has been shown that the human
fetus receives primarily maternal IgG (7S,
gamma2-globulin) antibodies, whereas maternal
IgM antibodies do not readily cross the placenta
(4). The human newborn is therefore deficient in
maternal antibodies of the IgM class.

Studies of natural antibodies reactive with so-
matic antigens of Gram-negative bacteria in mater-
nal and umbilical cord sera have shown that most
cord sera possess little or no bactericidal, agglu-
tinating, or hemagglutinating antibody activity,
whereas appreciable activity is demonstrable in
the corresponding maternal sera (5-10). It has
been suggested (5) that the human newborn is
deficient in natural bactericidal antibodies to
Gram-negative bacteria because these antibodies
are usually present predominantly in the IgM
class.
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However, by employing reagents specific for
human immunoglobulin classes in an indirect
fluorescent antibody (IFA) procedure, we were
able to demonstrate that a major portion of
natural human antibodies reactive with somatic
antigens of Gram-negative bacteria are of the
IgG class (11). We also found that cord sera
contained these IgG antibodies at titers compara-
ble to those present in the sera of most adults.
This finding prompted the more detailed study
described in this paper.

IgG, IgM, and IgA (beta2A-globulin) anti-
bodies reactive with heat-stable somatic antigens
of Neisseria gonorrhoeae, Escherichia coli, and
Salmonella typhosa were studied by using the IFA
method. Individual maternal-cord serum pairs,
pooled adult and cord sera, and purified fractions
of sera were studied.

METHODS

Sera. 20 maternal-cord serum pairs were obtained
through the kindness of Doctors William E. Josey and
Frank Smith. These sera were collected from apparently
normal mothers and from the umbilical cord bloods of
their infants at the time of delivery at Grady Memorial
Hospital, Atlanta, Ga. A pool of normal cord sera col-
lected from babies born in hospitals in the Los Angeles
area was kindly supplied by Dr. E. Shanbrom and Mr.
K. Lou of Hyland Laboratories, Los Angeles, Calif. 36
sera from apparently normal young children were ob-
tained through the kindness of Mr. Charles F. Peters of
the Serum Bank of the National Communicable Disease
Center at Atlanta, and from Doctors Marshall S. Horwitz
and Bayard W. Allmond, Jr., of the Center. All sera
were stored at -20'C and were not heated before use.
Sera were diluted in phosphate-buffered saline, pH 7.2,
(PBS) on the day of testing. Cohn fractions III-1 and
II of pooled normal adult sera were obtained from Hyland
Laboratories. Cohn fractions III-1 and II derived from
human placentas were supplied by Lederle Laboratories,
Pearl River, N. Y. The 7S and 19S proteins in these
fractions were purified by gel filtration (see below) be-
fore use in the IFA test.

Bacteria. The virulent colony type 1 (12) of Neis-
seria gonorrhoeae strain F62 was used. The virulence of
this organism was demonstrated by its ability to cause
acute gonorrhea in all of 10 human volunteers who were
challenged in the course oft a concurrent study.' The
N. gonorrhoeae strain was maintained by passage of se-
lected colonies on agar plates made with GC medium

1 Kellogg, D. S., Jr., I. R. Cohen, L. C. Norins, A. L.
Schroeter, and G. Reising. Neisseria gonorrhoeae II.
Colonial variation and pathogenicity during 35 months
in vitro. In preparation.

base 2 (Difco Laboratories, Detroit, Mich.), plus a de-
fined supplement.' Cultures were incubated in candle jars
at 370C.

Enteropathogenic strains of Escherichia coli 086: B7:
N.M. and 0127: B8: H21 (13) and Salmonella typhosa
0901 were kindly typed and supplied by Dr. W. H. Ewing
of the National Communicable Disease Center. These
organisms were grown at 370C on the surface of plates
made with Trypticase soy agar (BBL).

Cells were prepared for testing in the following man-
ner. Colonies were harvested into PBS from the surfaces
of agar plates after 15-16 hr of incubation. The bacterial
suspensions were adjusted to a standard optical density
reading on a Coleman Nephocolorimeter (Coleman Instru-
ments Inc., Maywood, Ill.) that represented a con-
centration of approximately 2-4 X 109 bacterial units/
ml. The suspensions were heated for 2 hr at 121'C in an
autoclave. After heating, the bacteria were sedimented by
centrifugation, the supernatant fluid was removed, and
the bacteria were resuspended in a volume of fresh PBS
equal to that of the bacterial suspension before heating.
These suspensions were maintained uncontaminated at
40C. The N. gonorrhoeae cells were diluted 1:10 and the
E. coli and S. typhosa cells 1: 5 in PBS just before use.
Stock preparations were discarded after periods of 4-5
days. Subsequent fresh preparations were made from
subcultures of the original standard cultures which were
preserved at - 50'C in glycerol broth.

Fluorescent anti-immunoglobin reagents. Fluorescein-
conjugated goat antisera specific for human IgG, IgM,
and IgA were kindly supplied by Dr. E. Shanbrom and
Mr. K. Lou of Hyland Laboratories. These antisera were
stored at - 20'C, in small quantities, which were thawed
and diluted 1: 40 in PBS just before each test.

The specificity of each of these reagents was confirmed
in a number of ways. By immunoelectrophoretic analysis
in agar gel it was shown that when tested, undiluted,
each of the antisera formed only a single precipitin band
against normal human serum. Each precipitin band had
the conventional location and characteristics expected for
antisera specific for IgG, IgM, and IgA. In other gel
diffusion studies, each of the fluorescent antisera showed
results comparable with those obtained with reference
antisera, kindly supplied by Doctors J. Vaughan, J. Fahey,
and by Doctors F. Wollheim, and Dr. R. Williams, Jr.

It was also found that the routine 1: 40 working dilu-
tion of the fluorescent reagents reacted appropriately
when used to demonstrate antibody activities within
highly purified serum immunoglobulin fractions. For ex-
ample, the most cathodal fraction of gammaglobulin was
isolated from normal human serum by the use of continu-
ous-flow paper electrophoresis techniques and this catho-
dal fraction was then further purified by gel filtration on
Sephadex G-200 (Pharmacia Fine Chemicals, Inc., Pis-
cataway, N. J.), wherein it yielded a single "7S" peak.

2Trade names are used for identification only and do
not represent an endorsement by the Public Health Serv-
ice or the U. S. Department of Health, Education, and
Welfare.
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When this purified fraction was overlayed on bacteria in
the fluorescent antibody assay, positive results were ob-
tained only with the anti-IgG fluorescent antiserum and
not with either the anti-IgM or anti-IgA reagents.

Conversely, a highly purified macroglobulin fraction
was obtained by isolating the proteins of beta globulin
mobility by continuous-flow paper electrophoresis, and
then subjecting these to gel filtration on G-200. The re-
sults showed a large "19S" peak and a small "7S" peak.
The aliquots which comprised the first portion of the 19S
peak were pooled and concentrated, and then subjected
to the fluorescent antibody assay. Wefound that the reac-
tive globulins in this fraction could be "stained" with the
anti-IgM fluorescent reagent, but not with the anti-IgG
or anti-IgA reagents.

Further, in routine use, the fluorescent antibody rea-
gents revealed antibody activity of a given class only in
those serum fractions in which the appropriate immuno-
globulins were demonstrable by radial diffusion precipitin
techniques.

Fluorescent antibody assay of immunoglobulins. One
drop (approximately 0.04 ml) of a heat-treated bacterial
suspension (see above) was air-dried at 370C on a cir-
cumscribed area of a glass slide. One drop of the test
serum or of the fraction was placed over the bacteria and
incubated 30 min at 370C in a sealed moist chamber.
The slide was washed for three 5-min periods in fresh
PBS and dried by gently blotting with bibulous paper.
The immunoglobulin identity of antibodies binding to the
treated bacteria was then determined. One drop of the
appropriate fluorescent antiglobulin reagent was placed
over the bacterium-antibody complexes on the slide and
the slide was incubated, washed, and dried as before. A
drop of mounting fluid (1 part glycerol to 9 parts carbo-
nate buffer, pH 9) was placed over the area and a cover
slip was added. Negative control slides that consisted of
bacteria incubated first with PBS and then with the
fluorescent reagents were included in each test.

Slides were coded by number and examined immedi-
ately after preparation. An AO microscope with a dark-
field condenser and an Osram HB200 Wmercury light
source was used with Corning 5113 and Schott GG-9
filters. All examinations were performed by the same
observer with a 54 X oil immersion lens.

Fluorescence that scored 2 + or greater (on a scale
of 1 + to 4 +) was considered to be a positive reaction
indicating the presence of antibodies of the specific im-
munoglobulin class. Fluorescence that scored 1 + was
considered as a trace reaction.

Fractionation of Sera. Sera and Cohn fractions II and
III-1 were further fractionated by gel filtration on Sepha-
dex G-200 with a modification of the procedure of Flodin
and Killander (14). The gel filtration was carried out in
columns (Pharmacia Fine Chemicals, Inc.) 2.5 X 100 cm,
and the eluting buffer was 0.1 M Tris-1.0 M sodium chlo-
ride, pH 8.0. We are indebted to Alfredo J. Julian for
performing these and other serum protein fractionations.

Quantitation of Immunoglobulins. The concentrations
of IgG, IgM, and IgA immunoglobulins in sera and frac-
tions were assayed on Immunoplates (Hyland Labora-

tories). We utilized a radial diffusion precipitin proce-
dure similar to that published by Fahey and McKelvey
(15).

RESULTS

IgG, IgM, and IgA antibodies in maternal and
cord serum pairs. A comparison of maternal and
cord serum IgG, IgM, and IgA antibodies reactive
with heat-stable antigens of N. gonorrhoeae
F62-T1 and E. coli 086 :B7 is shown in Tables I
and II. The titer of the IgG antibodies in each cord
serum was approximately equal to the IgG titer of
the corresponding maternal serum. The difference
in titer in any pair was no greater than one tube
dilution (to the log2). The geometric mean and
median values of the cord and material serum IgG
titers were also approximately equal.

IgM antibody titers, however, appeared to be
lower in cord sera than in maternal sera. Most
cord sera demonstrated at best a trace (1 +)

TABLE I
Maternal and Cord IgG, IgM, and IgA Antibodies Reactive

with Heat-Stable Antigens of N. gonarrhoeae
(T1-F62)*

Reciprocal of IFA titer

IgG IgM IgA

Serum pairs Mother Cord Mother Cord Mother Cord

1 64 64 32 Tr.$ 2 N§
2 32 32 16 Tr. 2 N
3 128 128 16 2 2 Tr.
4 64 32 16 Tr. 2 N
5 32 32 16 Tr. 4 Tr.
6 64 64 16 Tr. 2 N
7 32 32 32 Tr. 4 N
8 32 16 8 Tr. Tr. N
9 128 64 32 Tr. 4 N

10 128 128 32 Tr. 4 Tr.
11 32 32 8 Tr. 2 N
12 32 16 16 Tr. 2 N
13 32 64 16 Tr. 2 N
14 32 64 16 N 2 N
15 32 32 8 N 2 N
16 32 32 16 N Tr. N
17 16 8 8 N Tr. N
18 128 64 8 Tr. Tr. N
19 16 32 16 2 2 N
20 64 64 16 Tr. 2 N

Geometric Mean 45 45 15

Median 32 32 16 Tr. 2 N

Range 16-128 8-128 8-32 N-2 Tr.-4 N-Tr.

* Bacteria were heated 121'C for 2 hr for use as antigens in the IFA
procedure (see Methods).
t Tr., trace (1+) reaction obtained with undiluted serum or serum
diluted 1:2.
I N. undiluted serum failed to produce a fluorescent reaction of at least
1+.
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TABLE I I
Maternal and Cord IgG, IgM, and IgA Antibodies Reactive

with Heat-Stable Antigens of E. coli (086:B7)*

Reciprocal of IFA titer

IgG IgM IgA

Serum pairs Mother Cord Mother Cord Mother Cord

1 16 16 8 Tr. Tr. N
2 32 32 8 Tr. 2 Tr.
3 32 32 16 2 Tr. Tr.
4 32 16 8 Tr. 2 N
5 32 16 32 Tr. 2 Tr.
6 16 16 8 N Tr. N
7 32 64 32 N 4 N
8 16 32 8 Tr. 2 N
9 64 64 32 Tr. 4 N

10 128 64 16 Tr. Tr. N
11 16 32 16 Tr. Tr. N
12 16 16 16 N Tr. N
13 64 32 32 Tr. Tr. Tr.
14 64 64 32 Tr. 2 Tr.
15 32 16 8 Tr. N N
16 16 16 8 N Tr. N
17 16 16 16 Tr. 2 N
18 32 32 16 N N N
19 16 32 16 2 2 N
20 16 32 8 Tr. 2 Tr.

Geometric Mean 28 28 14

Median 32 32 16 Tr. Tr.-2 N

Range 16-128 16-64 8-32 N-2 N-4 N-Tr.

* See footnotes to Table I.

fluorescent reaction, whereas the reciprocal of the
titers demonstrable in the maternal sera ranged
from 8 to 32. Two cord sera (Nos. 3 and 19)
showed 2+ IgM antibody activity at a titer of 1:2.

IgA antibodies were not detectable or were
present only in trace amounts in the cord sera.
The majority of maternal sera showed low titer
reactions for IgA antibody with both N. gonor-
rhoeae and E. coli 086 :B7.

Most of the mothers came from an area of
Atlanta in which gonorrhea is not an uncommon
disease. Although it is likely that some of the
mothers were asymptomatic carriers of N. gonor-
rhoeae, the antibody titers found in the maternal
sera were very similar to those found in sera from
other normal individuals whose medical history
tended to exclude the possibility of venereal dis-
ease (16).

Antibodies in pooled cord serum. In order to
extend our observations beyond the limited num-
ber of individual sera, IgG, IgM, and IgA anti-
bodies were assayed in a cord serum pool. This
pool was comprised of a large number of normal

cord sera collected in Los Angeles. The results
are shown in Table III. The serum titer of IgG
antibody activity (1 :40 with both N. gonorrhoeae
and E. coli 086:B7) was comparable to the geo-
metric mean titer of the 20 individual cord sera.
The undiluted serum gave a trace reaction for IgM
antibody, and IgA antibody was not detectable.

Antibody activity in whole sera and in 19S and
7S serum fractions. In order to confirm the class
identity of the antibodies demonstrable in whole
cord and maternal sera, pooled maternal and cord
sera were fractionated into 19S- and 7S compo-
nents (14) by gel filtration on Sephadex G-200.

The purified 19S and 7S fractions of the mater-
nal and cord sera demonstrated antibody activities
against the heat-stable somatic antigens of S.
typhosa, E. coli, and N. gonorrhoeae which were
consistent with the titers found in whole sera.

Fig. 1 illustrates the 19S, 7S, and 3.5S peaks
obtained in the fractionation of the maternal and
cord serum pools and their relative titers of IgG
and IgM antibodies reactive with N. gonorrhoeae.
The titer of IgM antibody in the maternal 19S
fraction reactive with N. gonorrhoeae was ap-
proximately 10 times higher than that measured
in the cord 19S fraction. On the other hand, the
IgG antibody activities of the maternal and cord
sera were found to be approximately equal.

In concurrent studies of these same 19S and
7S peaks, it was found that the IgG and IgM
immunoglobulins were largely separated by the
gel-filtration procedure. IgM immunoglobulin
eluted with the 19S fraction and very little was
detectable in the 7S fraction of either the maternal
or the cord sera. The concentration of IgM im-
munoglobulin was eight times greater in the ma-

TABLE II I
IgG, IgM, and IgA Antibodies in Pooled Cord Serum (Los

Angeles) Reactive with Heat-Stable Antigens of N. gonor-
rhoeae and E. coli (086:B7)*

Reciprocal of
IFA titer

IgG IgM IgA

Pooled cord serum N. gonorrhoeae 40 Tr. N

E. coli 086:B7 40 Tr. N

* See footnotes to Table I.
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FIGURE 1 IgM and IgG natural antibodies reactive with N. gonorrhoeae in the Sephadex
G-200 fractions of pooled maternal and cord serum. Note that the IgG antibody titer is ap-

proximately equal in the maternal (A) and cord (B) 7S fractions. The 19S fraction of the
cord serum (B) appears to contain significantly less IgM antibody than is present in the ma-

ternal 19S fraction.

ternal than in the cord 19S fraction. The bulk of
the IgG immunoglobulin was found within the 7S
fractions of both serum pools and the maternal and
cord IgG concentrations were approximately equal.

Results similar to the N. gonorrhoeae situation
were obtained when the IFA method was used to
study antibodies reactive with E. coli and S.
typhosa in purified 7S and 19S fractions.

Table IV shows the titers of IgM and IgG anti-
bodies from the following sources: (a) whole
pooled maternal and cord sera, (b) purified 19S
and 7S fractions isolated from cord and maternal
sera, (c) the 7S fraction isolated from Cohn frac-
tion II, and (d) the 19S fraction isolated from
Cohn fraction III-1 of pooled normal human
serum. It was found that substantial IgG antibody
activity was present in purified 7S fractions of
maternal and cord sera and in the 7S fraction of
Cohn fraction II, as well as in whole sera. IgM
antibody activity was found in the purified 19S
fractions of maternal serum and Cohn fraction
III-1, but was deficient in cord serum and its 19S
fraction.

The finding of antibody activities in the 7S
fractions, which were detected by the anti-IgG
reagent but not by the anti-IgM reagent, con-

firmed the presence of IgG antibody in cord and
in adult sera, and, in addition, helped to establish
the specificity of the anti-immunoglobulin reagents
in our assay. The testing of isolated fractions also
served to minimize any unknown effects of pos-

sible competition for antigenic sites and differences
in avidity between IgG and IgM antibodies (17).

Specificity of IFA reactivity. The specificity of
the IFA staining of S. typhosa 0901 and E. coli
0126 :B8 was confirmed by cross-absorption stud-
ies with specific bacterial lipopolysaccharide prepa-

rations (Difco Laboratories, Westphal method)
(Table V). The addition to purified 7S and 19S
serum fractions of S. typhosa 0901 lipopolysaccha-
ride blocked both IgG and IgM reactivity to heat-
stable S. typhosa antigens. IgG and IgM reactivity
to E. coli 0127 :B8, however, was not significantly
altered by this treatment. The addition of E. coli
0127 :B8 lipopolysaccharide, on the other hand,
blocked reactivity to E. coli 0127 :B8 antigens
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TABLE IV
IgG and IgM Antibodies Reactive with E. coli and S. typhosa in Whole Sera and in 7S and 19S Fractions

Reciprocal of IFA titer with heat-stable
antigens*

IFA immuno-
globulin S. typhosa E. coli E. coli

Serum Fractiont reagent (0901) (0127) (086)

Pooled maternal§ Whole IgG 16 32 64
IgM 16 32 32

7S IgG 25 25 50
19S IgM 40 40 40

Pooled cord§ Whole IgG 32 16 32
IgM <2 <2 <2

7S IgG 40 40 40
19S IgM <5 <5 <5

Cohn II1
(Hyland) 7S IgG 50 50 50
(Lederle) 7S IgG 200 100 200

Cohn III-111
(Hyland) 19S IgM 100 50 50
(Lederle) 19S 1gM 100 100 50

* See Methods.
7S and 19S protein peaks of whole sera and of Cohn fractions II and III-1 were purified and isolated by gel filtration on

Sephadex G-200 (see text). Titers of fractions were adjusted for equal volumes.
§ Aliquots of 10 maternal and 10 corresponding cord sera were pooled and tested in the IFA procedure.
11 Cohn fractions II and III-1 of pooled normal sera were obtained from Hyland and from Lederle Laboratories and dis-
solved in 0.1 M Tris buffer plus 1 MNaCl before gel filtration.

without appearing to significantly affect antibody
reactivity to S. typhosa.

Antibody Activities in the Sera of Young
Children.' IgG, IgM, and IgA antibodies were
assayed in the sera of 36 children ranging in age

TABLE V
Inhibition of IgG and IgM IFA Reactivity

by Specific Lipopolysaccharides*

IFA reactivity with
heat-stable antigens

IFA Added
Preparation reagent lipopolysaccharide S. typhosa E. coli

7S fraction None 1-2 + 2-3+
of Cohn II IgG S. typhosa - 2+

E. coli 1 + -t
19S fraction None 2+ 1-2 +

of Cohn III-1 IgM S. Iyphosa - 2+
E. coli 1-2 + -

* The isolated 7S peak from Cohn fraction II (Lederle) and the isolated
19S peak from Cohn fraction III-1 (Lederle) were diluted 1:40 in
buffered saline, and 0.2 ml of each was incubated for 30 min at 37'C
with 0.5 mg of lipopolysaccharide preparations (Difco Laboratories,
Westphal metho) from S. typhosa 0901 and E. coli 0127 :B8. The ab-
sorbed fractions were then tested in the IFA procedure with heated
(121'C) S. Iyphosa and E. coli antigens.

from 1 month to 2 yr. Fig. 2 shows IgG antibodies
reactive with heat-stable antigens of N. gonor-
rhoeae and E. coli 086 :B7. Fig. 3 shows the IgM
titers of the same sera reactive with heat-stable
antignes of these bacteria. IgA activity was not
detectable in the sera of most of the children
younger than 4 months and the titers of older
children did not rise above 1:2.

IgM antibody activity appeared to increase with
increasing age (Fig. 3). This correlated with the
progressive increase in serum IgM immunoglobu-
lin concentration observed during the development
of the young child (4). IgG antibody titers, on the
other hand, suggested a pattern of development
different from that of IgM. IgG antibody titers in
both cord sera and in the sera of children older
than 4-6 months were found to be similar to adult
IgG antibody titers. Children between the ages of
1 and 4 months appeared to have much lower IgG
titers (Fig. 2). This pattern of IgG antibody
activity seemed to parallel the changes seen in the
concentration of serum IgG immunoglobulin dur-
ing the first years of life (4).
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FIGURE 2 IgG antibody titers in the sera of young children reactive with N. gonorrhoeae
T1-F62 and E. coli 086: B7: N.M.

DISCUSSION

It is known that maternal IgM antibodies do not
cross the placenta in quantity (4), and that cord
sera are relatively deficient in bactericidal, agglu-
tinating, and hemagglutinating antibodies reactive

with somatic antigens of Gram-negative bacteria
(5-10).

Although IgG levels are approximately equal in
cord and maternal serum, it has recently been
pointed out (18-20) that purified IgG antibody
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is many times less efficient than purified IgM anti-
body in producing reactions in bactericidal, agglu-
tination, complement-fixation, and certain other
tests. We have recently found (11, 17) that,
whereas IFA, bactericidal, and agglutination pro-
cedures were all able to detect natural 19S anti-
bodies, the IFA procedure was much more sensi-
tive than bactericidal or agglutination tests in
detecting natural 7S antibodies. Thus, substantial
antibody activity may be overlooked by bacteri-
cidal and agglutination tests.

These findings challenge the generalization that
natural antibodies to somatic antigens of Gram-
negative bacteria are principally in the IgM class
of antibodies (3). They also draw attention to
possible limitations in the use of agglutination tests
to study the sequence of antibody production to
somatic antigens in humans (21, 22) and rabbits
(23). The use of agglutination tests to study the
immune response of infants to somatic antigens
(7, 24) might also be reappraised, since maternal
IgG antibody, undetected by the agglutination
tests, may have been present in the infants' sera
before immunization and may have inhibited or
modified the active synthesis of antibody by the
infants (25, 26).

It has also been suggested that intensive anti-
genic stimulation is necessary to elicit IgG anti-
bodies to the somatic antigens of Salmonella (27).
The applicability of this concept, however, should
be limited to bacterial or agglutination test sys-
tems, in the light of our demonstration by IFA of
appreciable human IgG antibody reactive with
S. typhosa 0901 in normal adult and cord sera. In
short, it appears that tests which are inherently
more sensitive to a particular class of antibodies
may present a deceptive picture of the character
and development of antibodies in the immune re-
sponse.

We found no evidence that contradicted the
specificity of the fluorescent reagents for IgG,
IgM, and IgA at the dilution at which they were
used in our IFA system. However, the finding of
antibodies in purified 7S serum fractions is in
itself suggestive of IgG antibody activity. Our
conclusions, therefore, do not depend wholly upon
the specificity of the antisera for IgG and IgM.
It was not practical to determine the relative com-
bining efficiencies of our fluorescent antisera, but
in positive control slides each appeared fully able

to recognize antibodies of the appropriate immuno-
globulin class.

Neter (28), employing an antiglobulin hemag-
glutination test, has demonstrated in cord serum
"incomplete" antibodies reactive with Gram-nega-
tive bacteria. In his antiglobulin test the maternal
sera seemed to be reactive at much higher titers
than the corresponding cord sera, and it is uncer-
tain which immunoglobulin classes participated in
the reaction which he described.

Gitlin, Rosen, and Michael have suggested (5)
that the relative deficiency of IgM bactericidal
antibody in newborn serum may be responsible, at
least in part, for the "unusual" susceptibility of
neonates to infection with Gram-negative bacteria.
However, although virtually all newborns lack
IgM bactericidins to an equal degree, it is apparent
that only a very small number succumb to infection
with Gram-negative bacteria. The vast majority
of neonates accommodate to Gram-negative bac-
terial contamination without suffering clinical dis-
ease, despite a lack of serum bactericidal activity.

There is some evidence that the transplacental
transfer of maternal IgG antibody to the fetus may
help protect the newborn against infection by
Gram-negative bacteria. It was found (29) that
mothers who are carriers of enteropathogenic E.
coli seem to endow their offspring with some pro-
tection against diarrhea due to these organisms.
Although natural IgG antibody may be poorly
reactive in in vitro bactericidal reactions, it may
nevertheless perform important in vivo functions.

A small amount of reactive IgM antibody was
found to be present in most cord sera. Because it
has recently been demonstrated that the normal
fetus can synthesize IgM and IgG (30, 31), fetal
synthesis may have contributed to at least part of
the IgM and IgG cord serum antibodies we
observed.

Several facts suggest that the heat-stable anti-
gens reactive in the IFA procedure are comparable
to the somatic antigens reactive in other test sys-
tems. It has been shown that purified lipopoly-
saccharide preparations of somatic antigens specifi-
cally inhibit the bactericidal action of serum on
Gram-negative bacteria (32), and these prepara-
tions also inhibited the IFA staining of heat-
treated E. coli and S. typhosa. The finding that
both IgG and IgM antibodies were specifically
blocked by lipopolysaccharides further suggests
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that antibodies of both classes are able to react
with lipopolysaccharide antigens. In addition, E.
coli 086:B7:N.M. and S., typhosa 0901 are both
nonmotile strains. These bacteria and N. gonor-
rhoeae, therefore, lack the H antigens to which
natural human IgG agglutinins have been previ-
ously described (7). The heat treatment employed
in our study was designed to insure that unde-
tected H antigens and heat-labile capsular antigens
would be destroyed. These bacteria thus appear
similar to those used in "O" agglutination pro-
cedures (33).
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