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The presence and levels of IgA, IgM and IgG in maternal, cord 
and infant sera have been examined by immunodiffusion, paper electro
phoresis and immunoelectrophoresis. (i) There was no significant difference 
in the concentration o f IgG between maternal, cord and infant sera, (ii) The 
occurrence and concentration of IgM and IgA in cord and infant blood are 
independent of their maternal levels, (iii) While IgM concentration is similar 
in venous cord blood and in infant serum, IgM concentration is much lower 
in arterial cord blood. IgA occurs more rarely than IgM in cord and infant 
sera and there is no significant difference in IgA concentration between 
venous and arterial cord blood. In accordance with the data of others, the 
present results suggest that while IgG in the foetus is purely of maternal 
origin, IgM is formed mostly by the foetus itself. The small amount of IgA 
in the newborn is probably of maternal origin, though its production by 
the newborn starts earlier than that of IgG.

There are three possible ways for 
maternal immune globulins (IgG, IgA, 
IgM) to be transferred into the foetus, 
viz.

(i) transplacentally, during preg
nancy;

(ii) by ingestion of homologous 
breast milk or colostrum; and

(iii) by intestinal absorption of 
amniotic flu id  swallowed by  the 
foetus.

In  the hum an foetus the tran sp la 
cental way is considered to  be p rac ti
cally the only route of transfer [22]. 
While IgG has proved hable to  tra n s
fer across the  placenta [9, 30, 31, 45], 
IgA, being of a  similar molecular size, 
and IgM, having a molecular weight 
of approxim ately one million, are 
transferred only in traces [6, 7, 15, 21,

22, 25, 35, 39, 40, 46, 48]. In  fact, the 
the first immunoelectrophoretic assays 
failed to  reveal their presence — espe
cially th a t  of IgA — either in infant 
or in cord blood. More recently, how
ever, several da ta  have suggested the 
presence of one or both of these two 
immune globulins in the  newborn’s 
serum [6, 7, 15, 16, 19, 23, 25, 26, 34, 
39, 44, 48] and in some cases the  a- 
mounts detected even surpassed those 
expected on the basis of selectivity 
of the placental transfer for m aternal 
IgA and IgM. This fact raised the 
idea of a  possible in trau terine form a
tion of be ta2 globulins by the  foetal 
organism itself [6, 11, 17, 20, 26, 39, 
41,43].

Since immune globulins have gener
ally been considered to have antibody
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character, and since the  presence or 
absence of some antibodies m ay be 
of practical importance in  th e  infant, 
a tten tio n  has increasingly been focus
sed on the foeto-maternal relations of 
the  three main immune globulins. The 
present study has been undertaken 
to  examine this problem.

Materials a n d  M eth o ds

Ä comparative analysis of the serum 
proteins of maternal, infant and cord 
blood was performed. Samples were ob
tained from 21 pregnant women, a few 
hours before delivery. Mixed cord blood 
was collected after transection of the 
umbilical cord, and blood was drawn from 
infants at 24 hours of age. In 30 subsequent 
cases cord blood was obtained separately 
from the umbilical artery and vein.

Total serum proteins were determined 
by the micro-Kjeldahl method. Paper 
electrophoretic and immunoelectrophoretic 
analyses of the proteins — the latter accord
ing to B ackhausz, V e r e s  and V e t ő  [3] — 
were performed as described in a previous 
paper [6]. By means of a calibration curve 
[6] the sizes of the bands o f precipitates 
were expressed in centimetres, thus pro
viding semiquantitative values that could 
be compared. Immunodiffusion was per
formed by the simple comparative method 
of O u d in  [37], as described by K ávai and 
B á t o r y  [24]. Accordingly, the surface of 
a glass-plate of 5 X 5 cm was divided into 
two halves. On the upper part maternal 
(I), cord (II) and infant (III) sera were 
mounted as separate antigens. The anti
gens were diluted with equal amounts of 
a 2% solution of agar dissolved in a pH 
8.2 buffer, the same as used for immuno- 
eleetrophoresis. On the lower part of the 
glass plate was mounted the antiserum in 
a dilution of 1 : 4, previously having been 
mixed with aliquot amounts of agar. The 
plates were incubated for 3 to 5 days in 
a  wet chamber at room temperature,

thereafter they were washed and stained 
as for immunoelectrophoresis.

The antibodies (prepared by Human, 
Budapest) were: antihuman horse serum, 
antihuman IgG immune serum, antihu- 
man IgA immune serum, antihuman IgM 
immune serum.

This assay allowed to compare dif
ferent antigen complexes mounted against 
a common antiserum. I f  the different 
antigens are of similar composition, the 
bands of precipitates interfuse. I f  the 
two antigens are of similar concentration, 
the precipitation line is straight; in the 
case of a difference in concentration the 
line bends toward the spot with the lower 
concentration, and if one of the compo
nents is absent, the band of precipitate 
will even enter the spot representing the 
deficient component.

R esults

Fig. 1 dem onstrates IgG levels 
obtained by paper electrophoresis; 
their m ean level am ounted in m ater
nal sera (I) to  980 mg per 100 ml, and 
in in fan t sera (III) to  1040 mg per 
100 ml. Somewhat higher values were

1200

I. II. III.
F i g . 1. Gamma globulin levels in maternal 
(I), infant (III) and cord (II) sera as 

obtained by paper electrophoresis
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revealed in mixed cord blood (II), but 
the difference was no t significant 
statistically.

The presence of IgA and IgM could 
be established by paper electrophore
sis in all of the m aternal sera and in 
about half of the cord blood samples. 
In  infant sera these globulins — espe-

obtam ed in cord and infant sera. These 
differences were, however, no t sig
nificant statistically.

IgA and  IgM in m aternal sera were 
above control levels, while in infant 
and cord sera they remained under 
the control values. Especially m arked 
was th is reduction in the case of

F ig . 2. Semiquantitative immune globulin values in maternal (I), mixed cord (II) 
and infant (III) sera, as compared to standard adult values. Abscissa: length of 
bands of precipitate in cm, as obtained from the calibration curve constructed 
for immunoelectrophoretic evaluation. The values are linearly related to the con

centration. (See: references 6 and 7)

cially IgM occurred more frequent
ly, bu t the absence of one or both of 
the beta., globulins could be observed 
also in these cases (Electrophoresis 
figs, a, b, c, d, e).

IgA and IgM levels in either cord 
or infant sera were m ostly negligible 
when compared to  m aternal values. 
In  some newborns, however, a level 
m arkedly exceeding the mean value 
was revealed. Q uantitative relation
ships are represented by the semiquan
tita tive  values of Fig. 2. As for IgG, 
while its m aternal level remained 
below th a t of the m ixed adult sera, 
the latter was surpassed by the values

IgA, interfering even with its reliable 
determination.

In  view of the increased levels of 
IgM in the infant sera as compared 
to  m ixed cord blood, IgA and  IgM 
concentrations in arterial and  venous 
cord blood were examined separately. 
I t  was found th a t IgM occurred more 
frequently  in venous cord blood and 
its concentration was also superior to 
th a t  found in the umbilical artery  
(Fig. 3). Considering the low levels, no 
significant differences in IgA  con
centration  could be established be
tween arterial and venous cord 
blood.
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The results obtained by immuno- 
electrophoresis were checked by im
m unodiffusion assay. Both methods 
revealed a  similar incidence of IgA 
and  IgM  in the infant sera, while in 
cord blood IgM was detected less 
frequen tly  when tested by immuno
diffusion. Nevertheless, the presence 
of b e ta 2 globulins in both cord and 
in fan t sera could be established also

lins has been a major source o f dis
agreem ent. As regards the ra tio  of IgG 
level in  m aternal and cord sera, while 
some authors advocated a  definite 
prevalance of cord blood [1, 4, 10, 12, 
13, 14, 23, 27, 28, 29, 33, 36, 38], 
o thers denied any significant differ
ence [2, 21a, 34, 35, 49]. These discre
pancies gave rise to the  question, 
w hether IgG is provided for the  foetus
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F ig. 3. IgA and IgM concentration in umbilical vein (KV) and artery (KA) as 
compared to adult and maternal (A) values. Points mark single values

by th is  m ethod. The absence of one 
or b o th  of these globulins was more 
frequen t in cord blood. (See Figs, a, b, 
c, d, e, f).

D iscussion

A lthough comparative analyses of 
m aterna l and infantile serum globu
lins have repeatedly been performed, 
th e  d a ta  reported are ra ther incon
sistent. The problem of immune globu-

exclusively by the m other, or i t  has 
some o ther source as well.

Increased levels found in cord blood 
pointed to  the existence of an extra- 
m aternal source of IgG. A ctive protein 
synthesis in the placenta or in the 
foetus itself has been suggested. The 
form er possibility has been stressed 
m ainly by Zapp who dem onstrated 
the  composition of the  new born’s 
serum  protein system to  be more 
closely related to th a t of th e  washed 
p lacenta than  to the m aternal serum
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protein structure [50,51]. In the opin
ion of others the placenta is capable 
of resynthesizing broken drown IgG, 
providing thus the foetus with add i
tional amounts. E werbeck and 
L evens [13] favour the possibility of 
IgG synthesis in the foetus itself, con
sidering th a t alterations in the m ate r
nal serum protein system leave the 
foetal serum proteins uninfluenced.

Against these suggestion speaks not 
only the late appearance of IgG  syn
thesizing plasma cells in the foetus [35, 
42, 47], b u t also the course o f IgG 
production in children born to m others 
w ith agammaglobulinaemia [18, 49]. 
Experim ents performed with labelled 
IgG are also suggestive of the m ater
nal origin of infantile IgG.

The fact th a t  the IgG level is often 
higher in cord blood than  in the m other 
is in itself y e t insufficient evidence 
of the extram aternal source hypothe
sis. The difference may result from 
the  fact th a t  in the m ajority of reports 
the  am ount of IgG has been expressed 
in term s of relative percentage, a l
though IgG has a larger share o f to ta l 
serum proteins in the newborn a t 
delivery than  in adults. This possi
bility has been pointed out by  von 
Muralt and Gugler [35] who were 
unable to  dem onstrate any significant 
difference in the  absolute IgG value 
between the m other and her newborn.

Our results are consistent w ith the 
d a ta  of those who reported sim ilar 
am ounts of IgM in mother and new
born. The differences observed m ay 
have been due to  haemoconcentration 
resulting from an insufficient fluid 
uptake by the newborn. This fact m ay

explain also the larger scatter in the 
values for infants as compared to  
those for the mothers. The sim ilarity 
of the IgG levels in the m other and 
the newborn has been dem onstrated 
also by immunochemical m ethods [49].

The possibility th a t the placenta 
would synthesize gamma globulins, 
seems to be invalidated by the  results 
of D anois et al. [8], who showed by 
means of 14C-glycine th a t the  placenta 
was capable of forming alpha and beta  
b u t no gamma globulin.

Despite earlier contradictions, the 
purely m aternal origin of IgG now 
seems to be well established, the  new
born being capable of IgG production 
only after the second week of life. 
However, as far as beta., globulins are 
concerned, opinions still differ. Be
fore the presence of these proteins 
during the  first postnatal weeks had 
been shown, it  was assumed th a t  the 
placenta was impermeable for them  
and, consequently, their appearance 
in the in fan t’s serum coincided with 
the beginning of formation in the 
newborn. Since improved techniques 
have made it possible to  detect traces 
of b e ta2 globulin, the hypothesis of a 
transplacental transfer of m aternal 
IgA and IgM has emerged. Especially 
strong is the evidence in the case of 
IgM, the early appearance oi which 
has almost unvariably been dem on
strated. The sometimes unusually 
high concentration of IgM, and  a 
further rise in this concentration in 
the  early postnatal period lent, how
ever, further support to the self-produc- 
tion hypothesis [6, 7, 11, 17, 20, 26, 
39, 41, 43]. IgM levels found in foe-
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tuses and infants with intrauterine 
infection are also favouring this 
assumption [11, 17, 43]. In  support 
of it is also the higher incidence of IgM 
in infant serum than  in cord blood, 
when examined by immunodiffusion, 
and the IgM level in arterial cord 
blood being lower than  in infant and 
in venous cord blood.

These results, as well as th a t of 
others [26], underline the possibility 
of an active participation of the foetus 
in the formation of its own immuno
logical state.

Immunodiffusion figures ----- - IgA
----V IgM

a) Monovalent antihuman IgG immune 
serum tested against IgG of maternal 
(I), cord (II) and infant (III) sera 
gives a single straight band of preci
pitate, indicating the similar IgG con
tent of the antigens.

b) When monovalent antihuman IgG +  
IgM immune serum is used as antibody 
the band of IgG is located similarly 
as before. The band of precipitate of 
IgM is bending from both the mater
nal (I) and infant (III) sera angularly 
towards cord serum, indicating the 
absence in cord serum, but the presence 
in maternal and infant sera, of IgM.

c) When the three sera are tested by 
immunodiffusion against monovalent 
antihuman IgG +  IgA immune sera, 
the band of precipitate of IgA shows 
a wavery course, which is widest be
low the container of maternal serum
(I) , much smaller at infant serum (III) 
and almost negative at cord-serum
(II) -

d ) Bands of precipitates formed against 
polyvalent antihuman immune serum 
reveal that IgA, though at different 
concentrations, is present in all three 
sera. IgM is absent from cord serum 
(middle).

e)  IgA and IgM are present both in ma
ternal and infant sera, but are lacking 
in cord serum.

f )  Although at different concentrations, 
IgA is present observed in all three 
sera; IgM occurs solely in the maternal 
sample.

IgA in mixed cord blood an d  in 
infant serum  is less common th an  IgM, 
and the  concentration of IgA is also 
lower th an  th a t of IgM. Furtherm ore, 
no significant difference could be 
revealed between venous and arte ria l 
cord blood samples, as far as IgA  is 
concerned. All this is suggestive of 
the purely  m aternal origin of foetal
IgA.

A lthough F ürth et al. [17] were 
unable to  find signs of foetal IgA  for
m ation, our previous observations of 
the early postnatal increase in  IgA 
levels indicate th a t the self-production 
of even th is globulin may precede th a t 
of IgG in the infant.

IgA and IgM levels in infant and  in 
cord blood are independent from those 
in the  m other. High levels in m aternal 
blood m ay be associated w ith low 
values or a  complete deficiency o f the 
two b e ta , globulins in the infant, and 
vice versa.

As a  conclusion it can be s ta ted  th a t
1) there  is no significant difference 

in the  IgG  level of maternal, cord and 
infant sera. Our results confirmed the 
d a ta  assuming no gamma globulin 
synthesis in the placenta, thus suppos
ing their purely maternal origin.

2) IgA and IgM were always pres
en t in m aternal blood, and despite 
the haemodilution, their concentra
tion exceeded normal adult values.

3) The absence of one or bo th  of 
the b e ta , globulins could be establish
ed in more than  half of the cases, 
when tested  by immunoelectrophore- 
sis. The lack of IgM was even more 
frequent, when examined by  im 
munodiffusion.
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Immunoelectrophoretic analyses
IgA --------
Ig M ------ >■

a) Immunoelectrophoresis of maternal serum.
b )  Immunoelectrophoresis of eord-blood, revealing a lack 

of IgA and IgM precipitation bands.
c)  Immunoelectrophoresis of cord blood, revealing at the 

higher dilutions the band of IgA in a negative position.
d) Immunoelectrophoresis of infant serum, showing bands of 

precipitates of both IgA and IgM.
e) Immunoelectrophoresis of infant serum revealing the 

band of IgA at higher dilutions.
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4) The incidence and level of IgA 
and IgM in the  one-day-old newborn 
significantly surpassed the values 
found in mixed cord blood. The differ
ence was more striking in the case 
of IgM.

5) IgM occurs more frequently and 
in a larger am ount in  venous, than  in 
arterial cord blood. As regards IgA, 
a similar difference could no t be 
detected.

The observation th a t  the foetus may 
synthesize IgM, and th a t the produc
tion of IgA s ta rts  earlier than th a t  of

IgG, m ust no t lead to the conclusion 
th a t the  newborn is sufficiently p ro
tected  against infections. IgM  and 
IgG levels in the infant are rising 
slowly to  a tta in  adult values, while 
the breakdow n of maternal im m une 
globulins is completed more rapidly. 
Nevertheless, the possibility o f the 
early appearance of 19S m acroglobu
lin, representing the first step in all 
kinds of antigen-antibody reaction, is 
suggestive of the fact th a t the  foetus 
takes an  active part in the form ation 
of its  own immunological state .
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