
Transfer of antibodies across the placenta and
in breast milk from mothers on intravenous
immunoglobulin

Common variable immunodeficiency (CVID) is
the second most common primary immunodefi-
ciency disease, affecting males and females
equally with an incidence of 1:10,000 to
1:50,000 (1), and is characterized by reduced
serum levels in the immunoglobulin classes,
impaired antibody response, with variable T cell
numbers and function (2). CVID includes a
heterogeneous group of immunologic disorders,
and its genetic heterogeneity has become clear in
the last years, with the identification of four
genetic defects underlying: inducible co-stimula-
tor (ICOS), B cell activating factor receptor
(BAFF-R), transmembrane activator and cal-

cium-modulator and cyclophilin ligand interac-
tor (TACI) and CD19 deficiencies, which
together account for approximately 10% of the
patients (3, 4). It is well know that the transpla-
cental transfer of IgG antibodies from the
mother to the fetus is important for the protec-
tion of the infant in the first months of life.
Placental transfer of IgG antibodies reactive to
polysaccharide antigens from Haemophilus influ-
enzae type b (Hib) and Streptococcus pneumoniae
(5, 6), to lipopolysaccharide (LPS) from E. coli
O16, O6, O111, and O157 (7–9) and to protein
antigens (10) was already demonstrated in term
and preterm neonates.
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We studied the levels of immunoglobulins in colostrum, milk and sera
from two common variable immunodeficiency (CVID) mothers (M1
and M2), and in sera from their newborn infants. During pregnancy
they continued intravenous immunoglobulin therapy (IVIG). Antibody
levels from maternal and cord blood collected at delivery and colostrum
and milk, collected on the 3rd and 7th post-partum days, respectively,
were analyzed. Although cord/maternal blood ratios of total immuno-
globulins and subclasses, as well as specific antibodies differed between
M1 and M2, both showed good placental transfer of anti-protein and
anti-polysaccharide antibodies, despite lower cord/maternal blood
ratios in M2. Anti-Streptococcus pneumoniae antibody avidity indexes
were similar between paired maternal and cord serum. Both mothers�
colostrum and milk samples showed only traces of IgA, and IgM and
IgG levels in colostrum were within normal range in M1, whereas M2
presented elevated IgG and low IgM levels, when compared with
healthy mothers. The study of colostrum and milk activity showed that
they strongly inhibited enteropathogenic Escherichia coli adhesion
in vitro. CVID patients must be informed about the relevance of regular
IVIG administration during pregnancy, not only for their own health
but also for their immune immature offspring. Breast-feeding should be
encouraged as colostra from these CVID patients strongly inhibited
E. coli adhesion to human epithelial cells thus providing immunological
protection plus nutritional and psychological benefits for the infant.
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Although CVID is not an extremely rare
disorder, many patients reach childbearing age
in reasonably good health and become pregnant.
There are only a few reports on total immuno-
globulin placental transfer, whereas no descrip-
tions about specific antibody placental transfer
or immunological factors in colostrum and milk
of affected patients have been found (2, 11–14).
Here we describe two parturient patients with
CVID, whose blood and cord blood from their
respective newborns were collected at delivery,
from whom colostrum was collected on the 3rd
post-partum day and milk on the 7th post-
partum day, all of which were analyzed for
passive transfer of immunoglobulin classes and
subclasses, specific anti-protein and anti-polysac-
charide antigens IgG antibodies, in vitro inhibi-
tory activity of colostrum and milk on the
adhesion of enteropathogenic E. coli (EPEC) to
human epithelial cells, a pathogen responsible for
acute infant diarrheal disease which is highly
disseminated in the Brazilian population.

Case report

Mother 1 (M1). A 22-yr-old patient with CVID
gave birth to a normal healthy (weight 3330 g
and height 49 cm), male at 38 wk gestation, by
caesarean section. Throughout the pregnancy she
received 400–500 mg/kg of IVIG every 4 wk and
did not present with any significant infectious
problems, her IgG levels, monitored monthly,
varied from 421.0 to 684.0 mg/dl. Diagnosis of
CVID was established when she was 18-yr-old,
4 yr before the pregnancy. On diagnosis lab
exams showed IgG = 30.0 mg/dl (normal 739.0–
1390.0 mg/dl), IgM = 14.0 mg/dl (normal 81.0–
167.0 mg/dl), IgA was undetectable (normal
84.0–354.0 mg/dl), a negative antibody response,
T lymphocytes CD4+ and CD8+ were 752.0 and
849.0 cells/mm3, respectively, CD19+ cells =
105.0 cells/mm3 and CD16+56+ = 35.0 cells/
mm3. She improved clinically with IVIG
treatment.

Mother 2 (M2). A 21-yr-old patient with CVID
gave birth to a full term, normal healthy male
(weight 2800 g and height 48 cm). Throughout
her pregnancy she received 600–700 mg/kg of
IVIG every 4 wk. As this patient presented with
bronchiectasis she has been treated with IVIG in
doses of 600–700 mg/dl. During the pregnancy
she did not present any significant infectious
problems, and her IgG levels, monitoredmonthly,
varied from 661.0 to 1308.0 mg/dl. Diagnosis of
CVID was established 6 yr before the pregnancy
when she was 15-yr-old with the following lab

results: IgG = 469.0 mg/dl (normal 739.0–
1390.0 mg/dl), IgM = 8.0 mg/dl (normal 181.0–
167.0 mg/dl), IgA < 6.0 mg/dl (normal
84.0–354.0 mg/dl), T lymphocytes CD4+ and
CD8+ were 663.0 and 531.0 cells/mm3, respec-
tively, CD3+ cells = 1314.0 cells/mm3, CD19+

cells = 78.0 cells/mm3 and CD16+56+ = 270.0
cells/mm3.

Methods

Maternal and cord blood were collected during
delivery. Colostrum and milk samples were
obtained on the 3rd and 7th post-partum days.
Appropriate informed consent and institutional
ethics committee approval were obtained, and all
guidelines for human experimentation were fol-
lowed throughout this study.

Immunoglobulins and subclasses levels

Total IgG, IgA and IgM, and IgG subclasses
concentrations (mg/dl) in sera were measured by
nephelometry. The presence of IgG, IgA and IgM
in colostrum and milk samples was evaluated by
enzyme-linked immunosorbent assay (ELISA), as
previously described by Nagao et al. (15).

Anti-tetanus toxoid levels

Anti-toxoid levels were determined by ELISA
(16), using purified tetanus toxoid at 5.0 mg/l as
antigen. An anti-tetanus immunoglobulin (Teta-
nogamma, Aventis Behring, Germany), which
presents 250.0 IU/ml of anti-tetanus IgG anti-
bodies, was used as a reference standard. The
results were expressed in IU/ml.

Anti-Hib levels

The ELISA for Hib was performed using the
technique modified by Takano (17) to detect
anti-polyribosyl-polymers (PRP) (PolyosideHae-
mophilus influenzae type b, kindly donated by
Pasteur Mérieux Laboratory, Lyon, France) IgG
antibodies� concentrations, in the maternal and
cord sera and anti-PRP IgA and IgG antibodies’
concentrations in colostrum and milk. The Hib
pool (prepared and donated by Pasteur Mérieux,
Lyon, France), containing 77.0 mg/l of anti-PRP
IgG antibodies was used as standard curve. The
results were expressed in mg/l.

Anti-Streptococcus pneumoniae IgG levels

Anti-pneumococcal IgG to serotypes (Ps) 1, 3, 5,
6B, 9V, and 14 were determined by modified

Palmeira et al.

2



ELISA protocol, described by Sorensen et al.
(18) and the results expressed in mg/l.

Anti-Streptococcus pneumoniae IgG antibodies� avidity indexes

Avidities of anti-S. pneumoniae serotypes 1, 3, 5,
6B, 9V, and 14 IgG antibodies in maternal and
cord sera were determined by elution with
different molarities (m) of potassium thiocyanate
(0.0–3.0 m) according to technique described by
Jones et al. (19). The results were expressed as
the molarity of potassium thiocyanate necessary
to elute 50% of the bound antigen-antibody
complexes.

Inhibition of the EPEC adhesion by colostrum and milk

EPEC O111:H) adhesion assay to HEp-2 cells
was performed as described by Silva & Giampa-
glia (20). The inhibition of EPEC adhesion was
tested when colostrum and milk samples were
added to the mixture of bacterial suspension and
tissue culture, and compared with the adherence
positive control, performed without colostrum or
milk. A human colostrum pool, prepared with 50
colostrum samples collected from healthy moth-
ers, was used as positive control of the inhibitory
activity. At least 300 cells were observed in each
preparation under a light microscope. The
amount of adhesion was determined by calculat-
ing the percentage of cells with six or more
adhering bacteria on the cell surface. The inhibi-
tory effects of colostrum and milk were calcu-
lated as the difference between the percentage of
bacterial adhesion in the control well without
colostrum and milk and that in the well contain-
ing the colostrum or the milk samples · 100%.
After the first incubation for 30 min, antigen–

antibody interactions were analyzed using
monoclonal antibodies conjugated to fluores-
cein-isothiocyanate (FITC). Briefly, the mixtures
containing EPEC and colostrum samples from
M1 or M2 were incubated with anti-human IgG,
IgM or IgA antibody conjugated to FITC
(Sigma, St. Louis, MO, USA), diluted 1:200 in
phosphate-buffered saline (PBS) pH 7.4 for 1 h
at 37�C. The suspensions were washed two times
for 10 min with PBS pH 7.4 and then pipetted
onto microscope slides and examined at · 1,000
final magnification under fluorescent microscopy.

Immunoblotting

Immunoblotting assays were performed as pre-
viously described (21). Protein antigens from
EPEC strain O111:H) were separated by SDS–
PAGE in 10% polyacrylamide gels. Molecular

weight standards (Pharmacia, Uppsala, Sweden)
were run in each gel. After transferring to
nitrocellulose membranes for 40 min at 14 V in
a semidry Trans-Blot S.D., apparatus (Bio-Rad,
Hercules, CA, USA), strips were incubated
overnight with appropriate dilutions of serum
or colostrum samples. A human colostrum pool
and a human serum pool were used as controls of
the assay. Subsequently, strips were incubated
with a 1:1000 dilution of peroxidase conjugated
anti-human IgG, IgM or IgA, for 2 h (Sigma).
Reactions were developed using the substrate in
3,3¢-diaminobenzidine (Sigma).

Results
Total immunoglobulins and subclasses levels in serum

The analysis of immunoglobulin levels in serum
demonstrated low IgG concentrations in M1,
and normal IgG levels in M2, but both neonates
had IgG levels from placental transfer similar to
the healthy population. Both mothers presented
low IgM and IgA levels in serum, as expected
with this immunodeficiency. IgG subclasses were
low for M1 but within normal range for M2, the
placental transfer of these subclasses was effec-
tively performed for both neonates, which can be
observed from the cord/maternal serum ratios.
Although M1 presented lower immunoglobulin
and subclasses levels than M2, her cord/maternal
ratios to IgG3 and IgG4 were higher than for M2
(Tables 1 and 2).

Table 1. Serum immunoglobulin levels, specific antibody concentrations and
avidity indexes in the maternal and cord serum and cord/maternal serum ratios
for IgG antibodies from mother 1 (M1)

Maternal
serum

Cord
serum

Cord / maternal
serum ratio

IgG (mg/dl) 473.0 912.0 1.9
IgM (mg/dl) < 6.0 12.0 –*
IgA (mg/dl) < 3.0 < 3.0 –
IgG1 (mg/dl) 362.0 752.0 2.1
IgG2 (mg/dl) 249.0 192.0 0.8
IgG3 (mg/dl) 10.0 20.0 2.0
IgG4 (mg/dl) 6.0 21.0 3.5
IgG anti-tetanus toxoid (UI/ml) 1.6 3.1 1.9
IgG anti-Hib PRP (mg/l) 3.8 3.7 1.0
IgG anti-PS1 (mg/l)/avidity (M) 2.3/> 3.0 2.6/> 3.0 1.1
IgG anti-PS3 (mg/l)/avidity (M) 2.4/> 3.0 2.8/> 3.0 1.2
IgG anti-PS5 (mg/l)/avidity (M) 7.3/2.7 8.0/2.7 1.1
IgG anti-PS6 (mg/l)/avidity (M) 6.9/2.7 6.6/> 3.0 1.0
IgG anti-PS9 (mg/l)/avidity (M) 4.4/2.9 4.7/> 3.0 1.1
IgG anti-PS14 (mg/l)/avidity (M) 12.8/2.5 15.0/2.8 1.2

*IgM and IgA maternal/cord blood ratios were not performed.
PRP, polyribosyl–ribitolphosphate polymers; (M), avidity index in molarity;
anti-PS, anti-Streptococcus pneumoniae polysaccharide.
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Antibody concentrations and avidity indexes

Both mothers presented normal anti-tetanus
toxoid, anti-Hib and anti-S. pneumoniae IgG
levels and transferred these antibodies efficiently
to their newborns. As expected, cord/maternal
ratios for anti-tetanus toxoid IgG were higher
than one for both patients, and these ratios to
anti-polysaccharide IgG were approximated to
one for both. The avidity indexes of anti-
S. pneumoniae IgG antibodies were equivalent
when mother and her respective newborn were
compared (Tables 1 and 2).

Total immunoglobulin levels and anti-Hib IgA and IgG
antibodies in colostrum and milk

Total IgG, IgM and IgA levels in colostrum and
milk samples are represented in (Table 3). Both
mothers presented only traces of IgA in both

colostrum and milk samples. Concerning IgM, a
normal level was found only in colostrum from
M1. Low levels of IgG were found in colostrum
and milk from M1, whereas M2 presented high
levels of this immunoglobulin in colostrum and
milk. Anti-Hib IgA antibody concentrations
were very low in colostrum and milk from both
mothers and anti-Hib IgG was found in colos-
trum from M1 (Table 3).

Inhibition of EPEC adhesion by colostrum and milk

The colostrum and milk samples exhibited the
same inhibitory activity on the EPEC adhesion
to HEp-2 cells (99.3 and 99.2% for M1, and 98.9
and 98.1% of inhibitory activity for M2, respec-
tively) compared with the control assay per-
formed without colostrum or milk that showed
100% of EPEC adhesion to HEp-2 cells. The
human colostrum pool, prepared with 50 colos-
trum samples from healthy mothers used as
positive control, demonstrated inhibitory activity
equivalent to these two CVID mothers� colos-
trum and milk (99.2% of inhibitory activity)
(Fig. 1). The antigen–antibody interactions using
monoclonal antibodies conjugated to FITC dem-
onstrated that colostrum from M1 only pre-
sented IgM antibodies bound to EPEC,
visualized by immunofluorescent staining with
anti-IgM FITC-conjugated antibody. However,
in the colostrum from M2, it was observed only
IgG antibodies bound to these bacteria, visual-
ized when anti-IgG FITC-conjugated antibody
was used (Fig. 2).

Immunoblotting assays

Immunoblotting assays demonstrated a strong
recognition of EPEC antigens by serum IgG
from M1 and M2 and identical recognition
profiles were obtained when their respective
newborns� serum were tested. Colostrum IgM
from M1 and colostrum IgG from M2 showed

Table 2. Serum immunoglobulin levels, specific antibody concentrations and
avidity indexes in the maternal and cord serum and cord/maternal serum ratios
for IgG antibodies from mother 2 (M2)

Maternal
serum

Cord
serum

Cord/maternal
serum ratio

IgG (mg/dl) 988.0 1,404.0 1.4
IgM (mg/dl) 20.0 29.0 –*
IgA (mg/dl) 3.2 <3.0 –
IgG1 (mg/dl) 612.0 1,068.0 1.7
IgG2 (mg/dl) 308.0 262.0 0.8
IgG3 (mg/dl) 60.0 28.0 0.5
IgG4 (mg/dl) 22.0 18.0 0.8
IgG anti-tetanus toxoid (UI/ml) 1.4 1.8 1.3
IgG anti-Hib PRP (mg/l) 2.7 1.2 0.5
IgG anti-PS1 (mg/l)/avidity (M) 3.5/1.6 2.6/1.4 0.7
IgG anti-PS3 (mg/l)/avidity (M) 2.4/1.5 1.9/1.5 0.8
IgG anti-PS5 (mg/l)/avidity (M) 3.3/1.5 2.4/1.4 0.7
IgG anti-PS6 (mg/l)/avidity (M) 4.9/1.2 3.3/1.1 0.7
IgG anti-PS9 (mg/l)/avidity (M) 2.3/1.2 1.9/1.0 0.8
IgG anti-PS14 (mg/l)/avidity (M) 9.7/1.2 7.5/1.1 0.8

*IgM and IgA maternal/cord blood ratios were not performed.
PRP, polyribosyl–ribitolphosphate polymers; (M), avidity index in molarity;
anti-PS, anti-Streptococcus pneumoniae polysaccharide.

Table 3. Total immunoglobulin levels and anti-Hib IgA and IgG antibody� concentrations in colostrum and milk from the two CVID mothers

M1 M2 Control – healthy population+

Colostrum Milk Colostrum Milk Colostrum

IgG (mg/dl) 1.95 1.37 112.10 9.10 0.9 – 53.0
IgM (mg/dl) 50.00 0.11 0.51 0.43 11.0 – 3,184.0
IgA (mg/dl) 2.60 0.09 0.15 0.07 92.0 – 5,500.0
IgA anti-Hib PRP (mg/l) 0.05 0.03 < 0.005 < 0.005 –*
IgG anti-Hib PRP (mg/l) 0.28 < 0.015 < 0.015 < 0.015 –

+Range of immunoglobulin concentrations (mg/dl) in colostrum from healthy mothers of our population (42).
*Not available.
PRP, polyribosyl-ribitolphosphate polymers.
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the recognition of few and weak antigenic bands
of EPEC, but no bacterial antigenic recognition
was observed by IgA when colostrum samples
from M1 and M2 were tested. No bacterial
recognition was visualized when milk samples
were tested (Fig. 3).

Discussion

The study of CVID mothers having IVIG ther-
apy and their newborns demonstrates that exog-
enous IgG crosses the placenta in similar patterns
as endogenous immunoglobulins showing: (a)
cord blood IgG levels higher than maternal levels
in term babies; (b) a preferential transfer of IgG1,
IgG3 and IgG4 by comparison with IgG2, and
(c) anti-protein IgG antibody levels equivalent to
or higher than maternal ones in cord serum and a
good anti-polysaccharide IgG antibodies trans-

fer, with neonatal levels usually not exceeding the
maternal ones, even in term babies (5, 22–25).
In the present report, cord/maternal serum

ratios of total IgG and subclasses, except for
IgG2, from M1 were higher than those usually
observed in immunocompetent mothers and
even in the few other CVID mothers not
having treatment or IVIG or subcutaneous
immunoglobulin replacement therapy already
described (11, 14, 22, 23). Maternal serum IgG
was approximately twice as high in M2 com-
pared with M1 which could partially explain
this ratio difference between these mothers.
Another point is that the cord/maternal serum
ratio can vary between different mothers,
because in our own series, we have seen some
healthy newborn/mother pairs with IgG ratios
as high as 2.00(9).

Fig. 1. Micrograph showing the adhesion of EPEC
O111:H) to HEp-2 cells. (a) control adhesion without
colostrum; (b) adhesion inhibition in the presence of
colostrum.

Fig. 2. Antigen-antibody interactions of colostrum IgM
fromM1 (a) and colostrum IgG fromM2 (b) incubated with
viable EPEC for 30 min. These activities were visualized
with anti-human IgM or IgG antibodies conjugated to
FITC. The suspensions were analyzed at 1000· magnifica-
tion under a fluorescent microscope light.

Immunity transfer to the newborn from CVID mothers
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The high IgG levels observed in the cord serum
from the newborn of M2, are probably not due
to fetal synthesis, because the fetus synthesizes
little IgG, so that the concentrations in cord
serum are considered as reflecting solely mater-
nally derived antibody (26). The high IgG4 level,
which is a late acquired function in life, certainly
reinforces this idea. Regarding specific antibody
concentrations, antibodies to protein antigens
(anti-tetanus toxoid) are mainly IgG1, while part
of anti-polysaccharide antigen�s antibodies may
be IgG2, which could explain the differences in
cord/maternal serum ratios seen between anti-
protein and anti-polysaccharide IgG antibodies
in these mothers (5, 27). On the whole, the ratios
of antibody transfer in these mother/newborn
pairs, particularly in M1, clearly indicate that
IgG placental transfer must be due to an active
transport phenomenon, made against the gradi-
ent of concentration.
IgG is detected in the fetus by 17 wk of

gestation, after which IgG in fetal circulation
rises steadily, reaching half of the term concen-
trations at about 30 wk. The fetal levels increases
rapidly after 35 wk, and at term, cord blood IgG
levels are usually equivalent to or exceed those of
the mothers (22, 25). Different to other IgG
subclasses, IgG2 levels are typically lower in cord
blood, even in term neonates, which appears to
reflect a relatively low affinity of the receptors
involved in the IgG trophoblastic uptake for
IgG2 (25, 26, 28).
Avidity, as well as antibody specificity, is

determined by Fab� fragment of IgG while
placental transfer seems to be Fc-related, so it

is unexpected, that antibody avidity could be
different between mother/newborn pairs. How-
ever, higher avidity indexes to tetanus toxoid and
pneumococcal antibodies were found in cord
blood compared with mothers� serum (27). Our
results showed similar anti-S. pneumoniae avidity
indexes between patients and neonates.
One interesting point, well explored in murine

models but not in humans yet, is that placental-
derived IgG exert long-life immunoregulatory
functions, including the one of imprinting the
fetal immune network (29). Thus, by crossing the
placenta, exogenous IgG, in addition to giving
anti-infectious protection to the infant, could
have other active immunoregulatory long-term
effects, as does IgG from healthy mothers. This
mechanism of transplacental antibodies could
also be involved in the recognition of allergens
and priming of small populations of allergen-
specific T cells in the newborn during intra-
uterine life, which could represent a normal
stimulatory signal (30).
The present work revealed that the in vitro

protective colostrum and milk ability was some-
what surprising, as, although the materials pre-
sented only IgA antibody traces, they were able
to strongly inhibit in vitro EPEC adhesion to
HEp-2 cells.
Several factors in human milk, including

antibodies and non-specific soluble factors, may
be important in conferring the protective role of
breast-feeding (31, 32). Among the nonspecific
soluble factors, human milk has oligosaccharides
and complex carbohydrate structures like glyco-
conjugates. These soluble components act by
competitively inhibiting the ability of pathogens
to bind to receptors in the gut, thus increasing
the resistance of breast-fed infants (33). Human
milk contains secretory IgA (SIgA) antibodies
reactive to a variety of pathogens, to which the
mother has been exposed during her lifetime,
which will protect the offspring against the
prevalent pathogens in the environment (34).
Several studies have already demonstrated that
SIgA antibodies of colostrum obtained from
Brazilian women strongly inhibited the in vitro
adhesion of enteropathogenic and Shiga toxin-
producing E. coli to human epithelial cells (21,
35).
Among those mothers studied by our group,

we found one with selective IgA deficiency.
Surprisingly her colostrum inhibited both EPEC
adherence and enteroinvasive E. coli (EIEC)
invasion to HEp-2 cells at an equivalent level to
normal controls (unpublished data). Measuring
immunoglobulin levels in her colostrum, we
found IgM concentrations much higher

Fig. 3. Immunoblotting of anti-EPEC O111:H) IgG, IgA
and IgM antibodies in the paired maternal and cord serum
samples, and in colostrum and milk from mothers 1 and 2
(M1 and M2). Bacterial proteins were separated by 10%
polyacrylamide SDS–PAGE. Reaction developed with anti-
human IgG, IgA or IgM peroxidase conjugate diluted
1:1000. (a) maternal serum IgG; (b) cord serum IgG; (c)
colostrum IgA; (d) colostrum IgG;. (e) colostrum IgM; (f),
milk IgA; (g) milk IgG; (h) milk IgM. A human colostrum
pool (i) and a human serum pool (j) were used as controls.
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compared with normal mothers, which recog-
nized the same EPEC and EIEC bands as do IgA
antibodies from healthy mothers� colostrum
samples. We have previously described elevated
colostral IgM levels in another IgA-deficient
puerperae, which may represent a compensatory
phenomenon for IgA deficiency (36).
These observations do not seem to occur in

this study because only M1 presented normal
IgM level in colostrum, when compared with
healthy mothers. The immunofluorescent stain-
ing performed with anti-IgG, anti-IgM and
anti-IgA conjugated to FITC showed that only
IgM antibodies of colostrum from M1 recog-
nized EPEC, visualized under fluorescent
microscopy light, while in the assay performed
with colostrum from M2, it was detected high
levels of IgG antibodies bound to EPEC,
indicating that there is a possible role for IgM
and IgG in the inhibitory ability of these
colostrum samples.
The recent identification of FcRn expression in

numerous epithelial cell types in humans during
adult life (37), together with the recognition that
FcRn mediates the bidirectional transport of IgG
in vitro and in vivo across epithelial barriers, has
directed attention to other potential extensions of
FcRn function in immunity (38, 39). The study
of Yoshida et al. (40) showed that the presence of
FcRn in the intestinal epithelium is the primary
means by which IgG reaches the lumen, as
demonstrated by the absence of luminal IgG in
the context of FcRn deficiency. Albeit the study
of this mechanism has not been performed yet in
the mammary gland, this could be a possible
explanation for the transport of exogenous IgG
into human milk.
It was recently reported a study with an

individual with CVID with persistent neuroviru-
lent poliovirus infection of vaccine-origin, who
was submitted to in vitro and in vivo therapeutic
studies using oral immunoglobulin, breast milk
(as a source of SIgA), ribavirin and the anti-
piconarviral agent, pleconaril. No treatment was
successful at clearing the virus, although in one
trial, breast milk significantly reduced excretion
levels temporarily in vivo and showed a 2–3 log10
pfu/g feces reduction in viral titer using a 1 in 10
dilution of breast milk in vitro. These reductions
were greater than those obtained with intrave-
nous immunoglobulin (41).
Thus, CVID patients must be informed about

the relevance of regular IVIG administration
during pregnancy, not only for their own health
but also for their immune immature offspring.
They should also be encouraged to breast-feed
their babies, thus providing anti-infectious prop-

erties as well as the nutritional and psychological
benefits.
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