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The healthy action of probiotics is not only due to their nutritional properties and their influence on the gastrointestinal environment, but also to

their action on the immune system. The aim of the present study was to determine if 6 weeks of probiotic intake would be able to modulate the

immune system in women who had recently delivered and were breast-feeding. The design consisted of a randomised, controlled and double-blind

nutritional intervention study with parallel groups with a sample size of 104 women. The main variable is the T helper type 1/T helper type 2

(Th1/Th2) profile determined by measuring interferon-g (Th1) and IL-4 (Th2) values in peripheral blood by flow cytometry. The modifications

of cytokines were evaluated in maternal milk by cytometric bead array in a flow cytometer and ELISA at three stages of breast-feeding: colostrum,

early milk (10 d) and mature milk (45 d). Additionally, the anthropometry and infectious and allergic episodes in the newborn were followed up

throughout the first 6 months of life. After the consumption of milk fermented with Lactobacillus casei during the puerperium, we observed a non-

significant increase in T and B lymphocytes and a significant increase in natural killer cells. A decrease in the pro-inflammatory cytokine TNF-a in

maternal milk and fewer gastrointestinal disturbances were also observed in the breast-fed child of the mothers who consumed L. casei. The intake

of milk fermented with L. casei during the lactation period modestly contributes to the modulation of the mother’s immunological response after

delivery and decreases the incidence of gastrointestinal episodes in the breast-fed child.

Probiotics: Postpartum period: Clinical trials: Lactobacillus casei DN114001: Human milk: Cytokines: Immune response

It is generally acknowledged that pregnancy is associated
with a modification of the T helper type 1/T helper type 2
(Th1/Th2) balance toward a Th2 profile(1). According to this
interpretation, Th1 prevalence would be associated with an
increase in spontaneous abortions(2). The data on which this
interpretation is based come from three types of studies:
studies carried out in peripheral blood, studies carried out in
placental or endometrial tissue and experimental studies in
gestational mice(3 – 7).

Few data exist about the modifications of the immune
response during the puerperium. In general, it has been
observed that the Th1/Th2 balance(3,8) improves during the
lactation period. Moreover, a decrease in the B lymphocytes
(positive CD19) has been observed during this period,
having a specific connection with prolactin levels(9,10).

The dependence on adequate nutritional status is an impor-
tant aspect of the immune response during the puerperium(11).

Probiotics are considered functional foods because they exert
different actions on organs and systems. In addition, their
components have nutritional activity. The lactic acid bacteria
are the most commonly used micro-organisms in probiotic
products. The bacterial strains most used as probiotics are
Lactobacillus and Bifidobacterium. There is ample literature
on the healthy action of lactic acid bacteria and their fermen-
tation products(12 – 16). These effects are not only due to their
nutritional properties and their influence on the gastrointes-
tinal environment, but also to their action on the immune
system(17). The biological effects of Lactobacillus casei on
the intestinal membrane and flora are diverse(18). However,
its effect on the systemic immune response has scarcely
been evaluated. Depending on the methodology, the adminis-
tration of this bacterium or its biological products may not
be implied in the modification of the systemic immune
response(19), or could alternatively stimulate the Th1.
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Thus, the intrapleural administration of these bacteria
induces the production of several cytokines such as interferon
(IFN)-a, TNF-a and IL-1, diminishing the growth of tumours
in an experimental model in mice(20). In another experimental
study, the interaction of L. casei with mouse splenocyte cells
in vivo and in vitro stimulated the Th1 response (production of
IL-12 and IFN-g)(21). Moreover, it has been reported that the
oral administration of L. casei stimulates the Th1 response,
thus protecting the host against the influenza virus(22) or
Trichinella spiralis nematode(23). Finally, in a smaller study,
the oral administration of this bacterium increased the activity
of the natural killer (NK) cells(24).

The present study was designed to determine if probiotic
intake (milk fermented with L. casei DN114001) over a
6-week interval from postnatal day 3 to day 45 would be
able to modulate the immune system in women who had
recently delivered and were breast-feeding. In addition, the
role of probiotic intake on cytokines in maternal milk and
on newborn health variables was also ascertained.

Subjects and methods

Subjects

The present prospective study was based on 104 pregnant
women aged 18–40 years. Sample size was estimated consi-
dering an immunological response of 90 % in the intervention
group and of 70 % in the control group. With 5 % level of sig-
nificance and 80 % of power, fifty-two individuals were
needed in each group considering a non-participation rate of
10 %. Women were included if they had good general health
status and a low obstetric risk, with a normal delivery at the
Hospital Universitario Materno Infantil de Canarias resulting

in the birth of a healthy baby. Subjects with pre-existing clini-
cal conditions such as diabetes, hypertension, autoimmune
diseases, asthma, allergy, renal diseases, hepatic diseases,
antecedents of viral, bacterial or protozoan infection, as well
as those with multiple pregnancy, high-risk pregnancy, anae-
mias with Hb below 10·5 %, and those who smoked more
than ten cigarettes per d were excluded from the study.
Women completed a socio-demographic and lifestyle ques-
tionnaire. Additional, anthropometric measurements and
infectious and allergic episodes in the newborn were evaluated
during the first 6 months of life. The study protocol is sum-
marised in Fig. 1. All subjects were well informed about the
study and agreed to participate. The Ethics Committee of
the Hospital Universitario Materno Infantil de Canarias
revised and approved the study protocol. Informed consent
of all participants was obtained.

The participants were randomised after delivery to receive
milk fermented with L. casei or placebo. The culture used
was L. casei DN-114001. The international culture collection
number was Americal Type Culture Collection (ATCC) 334.
Group assignment was carried out according to the entrance
order in the study through a randomised list divided into
four strata: primiparous of age 18–24 years, primiparous of
age 25–40 years, multiparous of age 18–24 years or multipa-
rous of age 25–40 years. Randomisation was performed using
an allocation sequence that was computer generated by an
independent firm, Biomedical Systems Group S. A. (Barce-
lona, Spain). The main investigator enrolled all the patients.
The randomisation procedure was conducted by an external
collaborator of the investigation team. All the participants
were identified with an alphanumeric code. The investigators
did not have access to the allocation sequence until the data-
base was closed. Sealed envelopes for each participant were

Fig. 1. Study design.
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kept in case of emergency situations, but the blinding was not
broken during the study follow-up. Control and intervention
products presented similar sensory properties to maintain
double-blind status. Therefore, the placebo is the same product
used for the intervention group but subjected to a b radiation
process. The dose of the radiation was 4·5 kGy. Hence, the
L. casei was inactivated and not viable in the placebo, but
the inactivated cells were retained. The administration of the
study products (milk fermented with L. casei or placebo) con-
sisted of consumption three times per d during 6 weeks.
Initiation of the fermented milk intake occurred on the day
following the first extraction of blood and breast milk samples
(colostrum). A diary was given to all mothers to write down
the fermented milk intake per d during the study period.

The final sample of this prospective study was based on 104
pregnant women. Forty-five received placebo and fifty-nine
received fermented milk with L. casei DN114001. The
follow-up rate was 89·4 %. The main causes for non-partici-
pation during follow-up are shown in Fig. 2. Non-attendance
to a visit was the only cause of a lack of infant participation.

Analyses of peripheral blood samples

Three peripheral blood samples were obtained: at 3, 10 and
45 d postpartum.
Analyses of interferon-g- and IL-4-producing T cells. The

assessment of immunological parameters was carried out in
the Immunology Laboratory of the Hospital Universitario
Dr Negrı́n de Gran Canaria. Using conjugated monoclonal
antibodies and a flow cytometer, we studied the changes in
the immune profile of postpartum women. Peripheral blood
for whole-blood activation assays was collected into sodium

heparin Vacutainerw tubes (Becton Dickinson, Meylan-
Cedex, France). Whole-blood cultures were stimulated in
Roswell Park Memorial Institute (RPMI)-1640 medium (Bio-
chrom, Berlin, Germany) with phorbol myristate acetate
(10 ng/ml; Sigma Chemical Co., St Louis, MO, USA) and
ionomycin (1mg/ml; Sigma Chemical Co.) in the presence
of brefeldin-A (10mg/ml; Sigma Chemical Co.) for 4 h at
378C in a 5 % CO2 atmosphere. The following murine
conjugated monoclonal antibodies to human lymphocyte
cell-surface antigens were used: CD3-PerCP, CD8-fluorescein
isothiocyanate (FITC), CD45-allophycocyanin (APC), and
isotypic-matched irrelevant antibodies (all from BD Bio-
sciences, San Jose, CA, USA). Whole-blood cultures were
mixed and incubated for 15 min at room temperature in the
dark with the indicated monoclonal antibodies. For fixation
and permeabilisation, the Fix & Perm reagent (FIX &
PERMw Cell Permeabilization Kit; Caltag, Burlingame, CA,
USA) was used according to the manufacturer’s protocols.
For intracellular labelling of cytokines, Anti-human IFN-
g-phycoerythrin (PE), Anti-human IL-4-PE and PE-labelled
isotypic-matched irrelevant antibodies (BD Biosciences, San
Jose, CA, USA) were used. Cell fluorescence was analysed
in a FACSCaliburw flow cytometer (BD Biosciences). Lym-
phocytes were gated by forward and side scatter and pan-
leucocyte (CD45; BD Biosciences) marker expression, and
at least 20 000 events were analysed. The collected data
were analysed using CellQuest Macintosh software (Apple
Computer, Inc., Cupertino, CA, USA) and presented as
percentages.

Determining the percentage of IFN-g- and IL-4-producing
T cells was carried out by gating on CD3þCD8þ and
CD3þCD82 lymphocytes. The Th1/Th2 cell ratio was

Fig. 2. Trial profile.
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analysed by calculating the percentage of INF-gþ-producing
CD82 T cells and the percentage of IL-4þ-producing CD82

T cells. The cytotoxic T cell type 1/cytotoxic T cell type 2
(Tc1/Tc2) ratio was assessed by analysing the percentage of
INF-gþ-producing CD8þ T cells and the percentage of
IL-4þ-producing CD8þ T cells. Since the CD4 molecule is
down-regulated by phorbol myristate acetate plus ionomycin
activation, CD82CD3þ T cells were gated for the analysis
of CD4 T cells. The absolute counts of INF-gþ-producing
cells and of IL-4þ-producing cells in whole blood were calcu-
lated as the products of the absolute CD82 or CD8þ T cell
count and the percentages of each cytokine-secreting cell
population.

Analyses of lymphocyte subsets. The Haematology Labo-
ratory of the Hospital Universitario Dr Negrı́n de Gran
Canaria analysed haematological parameters in peripheral
blood samples collected with EDTA. Routine blood haemato-
logy (number of erythrocytes, Hb concentration, packed cell
volume, mean corpuscular volume, mean corpuscular Hb,
mean corpuscular Hb concentration, erythrocyte distribution
width, number of leucocytes, lymphocytes, monocytes, neu-
trophils, eosinophils and basophils) was assessed using an
automated haematology analyser (Cell-Dyn 4000w; Abbott
Diagnostics, Santa Clara, CA, USA).

The following lymphocyte subsets were measured: mature T
cell (CD3þ); helper T cell (CD3þCD4þ); cytotoxic/supressor T
cell (CD3þCD8þ); B cells (CD19þ); NK cells (CD3–CD56þ);
NK T-like cells (CD3þCD56þ). EDTA whole blood cells
were incubated with the monoclonal antibodies combination:
CD3FITC/CD8PE/CD45PerCP/CD4APC, and CD3FITC/
CD56PE/CD45PerCP/CD19APC (all from BD Biosciences,
San Jose, CA, USA). After 10 min incubation at room tempera-
ture in the dark, erythrocyte lyses was performed. Samples were
then washed with PBS (Sigma, St Louis, MO, USA) and
acquired on a cytometer (FACSortw; BD Biosciences). Analysis
was carried out on the Paint-a-gate software (BD Biosciences).
Lymphocytes were gated by forward and side scatter and pan-
leucocyte (CD45; BD Biosciences) marker expression.

The absolute counts of lymphocyte subpopulations in the
whole blood were calculated as the products of the absolute
lymphocyte counts and the percentages of each lymphocyte
subpopulation.

Analyses of complement components and immunoglobulins.
The serum peripheral blood samples were analysed in the Bio-
chemistry Laboratory of the Hospital Universitario Insular de
Gran Canaria. The following parameters were assessed in
serum from clotted samples: complement components C3
and C4, IgA, IgE, IgM, IgG and the subclass IgG1, IgG2,
IgG3 and IgG4, all determined by nephelometry (Behring
nephelometer analyser; Dade-Behring, Marburg, Germany).

Analyses of breast milk samples

Collection and processing. Three samples of maternal milk
were determined: colostrum (within 72 h after delivery;
n 104), early milk (10 d postpartum; n 99) and mature milk
(45 d postpartum; n 91). Colostrum samples were obtained at
the Hospital Universitario Materno Infantil de Gran Canaria
by manual extraction, and the early and mature milk were
obtained at the mother’s home with an electric breast-pump.
All samples were collected in sterile plastic tubes and stored

at 2208C until analysis. After thawing, the fatty layer and
the cellular elements of the breast milk were removed by
two centrifugations. Some of the resulting translucent whey
was immediately used for measurement of transforming
growth factor (TGF)-b, and the rest was stored in samples
in plastic tubes at 2208C.
IgA and cytokine assays. The concentrations of TGF-b1

and TGF-b2 in the breast milk aqueous phase were analysed
using commercial ELISA kits (R&D Systems Inc., Minnea-
polis, MN, USA) according to the manufacturer’s protocols.
Before assay for TGF-b1 the sample had to be treated
with 1 M-HCl to adjust to pH 3; the acidified sample was incu-
bated for 15 min at room temperature and neutralised with
1 M-NaOH and immediately tested. The treatment was per-
formed to activate latent TGF-b1 to the immunoreactive
form(25). IL-1b, IL-6, IL-8, IL-10, IL-12 and TNF-a contents
in the breast milk aqueous phase were quantified by means of
BDe Cytometric Bead Array (CBA) by flow cytometry, using
a Human Inflammation CBA kit (Becton Dickinson Bios-
ciences, San Diego, CA, USA). The minimum detectable con-
centrations of each cytokine were 1·90 pg/ml (IL-12), 7·2 pg/
ml (IL-1b), 2·5 pg/ml (IL-6), 3·3 pg/ml (IL-10) and 3·7 pg/ml
(TNF-a). The concentration of IgA was determined by
nephelometry (Behring nephelometer analyser; Dade-Behring,
Marburg, Germany).

Infant follow-up

The first evaluation was carried out 72 h after delivery. We eva-
luated the anthropometric characteristics of the newborn
(weight, stature, head circumference, neonatal period, neonatal
screening, Apgar scores). Additionally, anthropometric mea-
surements and respiratory episodes (cold, otitis, pharyngitis,
laryngitis, bronchitis, pneumonia), gastrointestinal symptoms
(oral candidiasis, regurgitation, diarrhoea, colic, constipation),
dermatitis and allergic episodes in the newborn were collected
at 2 and 6 months. These evaluations were carried out at the
Hospital Universitario Materno Infantil de Canarias. Moreover,
mothers received a diary to write down the type of feeding,
the medication used and the infant’s health problems during
the study.

Statistical analysis

At baseline, qualitative variable distribution was tested
through the x2 test. Student’s t test was used to assess differ-
ences in quantitative variables. The analysis of the data was
carried out on the intention-to-treat population. Because of
the lack of normality in most of the variables, the association
between different women’s characteristics and the immune
profile was assessed though non-parametric Mann–Whitney
U tests. Data were expressed as the median plus the inter-
quartile range, absolute variation (AV2: visit 2 2 visit 1;
AV3: visit 3 2 visit 1; AV4: visit 3 2 visit 2) and percentage
variation (PV2: 100 £ (visit 2 2 visit 1)/visit 1; PV3:
100 £ (visit 3 2 visit 1)/visit 1). A value corresponding to
half the cut-off value was assigned to those milk samples
that had a concentration below the cut-off. Milk cytokine con-
centrations were expressed in pg/ml and IgA concentrations
were expressed in mg/l. A significance level of P,0·05
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was applied for all the tests. Data were analysed with SPSS
(version 12.0; SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics of the mother and birth are presented
in Table 1. Baseline biological parameters were similar for
both the placebo and L. casei groups (Table 2).

Table 3 shows the effects of milk supplementation with
L. casei on several biological parameters. No significant
differences were observed between the L. casei and control
groups in the absolute change of Th1/Th2 and Tc1/Tc2 pro-
files over the 6-week period. The L. casei group showed a
higher number of CD3þ T cells (AV: 316 cells/ml and
140 cells/ml for L. casei and control groups, respectively)
and CD8þ T cells (AV: 98 cells/ml and 44 cells/ml for
L. casei and control groups, respectively) at 45 d postpartum,
although this tendency was not statistically significant.
B cells (CD19þ) showed a non-significant increase between
10 and 45 d postpartum with an AV of 17·5 cells/ml in the
L. casei group and 6·5 cells/ml in the control group. The treat-
ment effects on NK cells (CD3–CD56þ) were statistically sig-
nificant when the AV of NK cells were measured at 10 and
45 d postpartum (AV: 18·5 cells/ml and 213 cells/ml for
L. casei and control groups, respectively; P¼0·026) (Fig. 3).
There was no significant treatment effect on the total leuco-
cyte changes over the 6-week study. The treatment effect on
erythrocyte count changes over the 6-week study was statisti-
cally significant for both groups (AV: 18·5 £ 106/ml and
10·6 £ 106/ml for L. casei and control groups, respectively;

P¼0·041). However, treatment was not associated to a signifi-
cant change in other haematological parameters over the
6-week study (data not shown). No significant differences
between the treatment and the control groups were found for
changes in plasma immunoglobulin concentration over the 6
weeks, except for IgG4 concentration at 10 d postpartum,
where a significant effect of the treatment on the AV of
IgG4 was observed (36 and 63 mg/l for L. casei and control
groups, respectively; P¼0·041). There was no significant
treatment effect on the changes of complement components
C3 and C4 over the 6-week period.

For the entire study period, in general, no significant differ-
ences were found for changes in TGF-b1, TGF-b2, IL-1b,
IL-6, IL-8, IL-12 and IgA in the breast milk aqueous phase.
We observed a significant difference at 45 d postpartum
for IL-10 (percentage variation 2 5·8 and 1·1 % for L. casei
and control groups, respectively; P¼0·014) and TNF-a
(percentage variation 2 31·7 and 21·6 % for L. casei and
control groups, respectively; P¼0·002). However, it should
be noted that TNF-a concentrations were detected only in
64 % of colostrum samples, in 40 % of early milk samples
and in 30 % of mature milk. The percentage of positive
samples for IL-10 concentrations was 58 % in colostrum,
20 % in early milk and 18 % in mature milk. Figure 4 shows
the percentage variation of TGF-b1, TGF-b2, TNF-a and
IL-10 in breast milk in L. casei and placebo groups.

In reference to the growth of the newborns during the study
period, we note that there were no significant differences
between groups in relation to weight (data not shown).
Information about the rest of the parameters collected during
the infant 6-month follow-up period is summarised in Table 4.
We observed that L. casei consumption was associated with a
lower incidence of gastrointestinal episodes and a lower rate
of medication in infants during the period from 2 to 6 months.

Discussion

The present study found that the consumption of milk fermen-
ted with L. casei during the puerperium showed a trend of
modulating the immune response. After the consumption of
milk fermented with L. casei during the puerperium we
observed a significant increase of NK cells and a non-signifi-
cant increase of T and B lymphocytes. No significant diffe-
rences were observed between the L. casei and control
groups in the absolute change of Th1/Th2 and Tc1/Tc2 pro-
files over the 6-week period. These data are contradictory to
other reports where probiotic consumption was observed to
produce a rise in IFN-g(26), thus increasing the Th1/Th2 pro-
file. Nevertheless, in these studies the concentration of
IFN-g was directly quantified. We measured the percentage
of INF-gþ-producing CD82 and CD8þ T cells. However,
since a non-significant increase of CD3þ and CD8þ T cells
in the intervention group was observed, an alteration of the
relative values of CD8þ and CD82 T cells could occur. In
order to minimise this effect, the absolute values of INF-g-
producing CD82 and CD8þ T cells were calculated, but no
differences in the Th1/Th2 and Tc1/Tc2 profiles were
observed either. In addition, a non-significant increase of the
CD3þCD56þ subpopulation was also observed in the L. casei
group. For the analysis of INF-g- and IL-4-producing T cells
we gated on CD3þCD82 and CD3þCD8þ T cells. Therefore,

Table 1. Mother and birth baseline characteristics in Lactobacillus casei
(LC) or placebo groups

(Mean values and standard deviations or proportions)

LC (n 59)
Placebo
(n 45)

Mean SD Mean SD P

Age (years) 29·4 4·5 30·2 4·2 0·343*
BMI before pregnancy (kg/m2) 23·0 3·3 23·3 3·5 0·640*
Gestation (weeks) 40·2 1·1 39·7 1·5 0·077*
Newborn weight (kg) 3·3 0·4 3·2 0·4 0·333*
Newborn height (cm) 50·3 1·9 50·5 2·2 0·946*
Educational level (%) 0·325†

Primary 16·9 27·3
Secondary 49·2 36·4
University 33·9 36·4

Number of children (%) 0·933†
Primiparous 76·3 75·6
Multiparous 23·7 24·4

Physical activity (%) 0·801†
Sedentary 28·8 31·8
Moderate 47·5 40·9
Active 23·7 27·3

Smoking during pregnancy (%) 8·5 17·8 0·245†
Miscarriage risk (%) 25·9 24·4 0·870†
Normal delivery (%) 78·0 82·2 0·592†
Fetal discomfort (%) 1·7 2·3 0·833†
Apgar score (5 min) (%) 0·693†

8 5·2 2·2
9 31·0 35·6
10 63·8 62·2

*P value obtained using the t test.
†P value obtained using the x2 test.
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NK and NK T-like (CD3þCD56þ) cells were not excluded in
the analysis. Since these cells are high producers of IFN-g(27),
a bias in the Th1/Th2 and Tc1/Tc2 profiles could occur,
although this effect was probably limited due to the low num-
bers of these cells in peripheral blood(27).

Another explanation for this divergence could be that our
population was a group of women who had just given birth.
During pregnancy the maternal immune system is modified
to avoid rejection of the fetus, although the precise mechanisms
of the maternal immune system are not fully understood(28). To
protect the newborn, the mother’s immunity undergoes com-
plex changes during pregnancy and the puerperium. Thus, it
is possible that the effects of fermented milk with L. casei in
these mothers were lower and different from those observed
in other circumstances. The survival of the fetus seems to
depend significantly on the modulation of the immune response
to avoid the occurrence of rejection(29). To explain this
phenomenon, it has been proposed in pregnant mice(7,30) that
immune modulation during successful pregnancy is Th2-
related, with the predominance of humoral Th2-type immunity
and a decline of cell-mediated Th1-type immunity. Previous
studies have proven that Th2 responses are prevalent in
the peripheral blood of pregnant women. Thus, Kruse et al. (3)

studied the mRNA expression in lymphocytes from peripheral
blood of pregnant women throughout the pregnancy and in the
puerperium and compared these findings with those observed
in non-pregnant women. These authors observed that the
IL-4/IFN-g relationship was significantly higher in the first

and second trimester of pregnancy than during the puerperium
or in non-pregnant women. Using another methodology (flow
cytometry), Reinhard et al. (4) observed an increase of IL-4þ-
secreting CD4þ T cells and a decrease of IFN-gþ-secreting
CD4þ T cells in pregnant women as compared with non-preg-
nant women. Other researchers evaluated the differences in
cytokine production among women with normal pregnancies
and women with repeated abortions. Likewise, Hill et al. (5)

observed that peripheral blood mononuclear cells from
women with repeated abortions, activated with trophoblastic
extracts, produced mainly IFN-g, while those from women
with normal pregnancies produced mostly IL-10. These data
have been corroborated by another group(6) who observed
that phytohaemagglutinin-activated peripheral blood mono-
nuclear from women with normal pregnancies produced Th2
cytokines, while the Th1 cytokine production was increased
in women with repeated abortions. The postpartum period
has been thought of as a time for immunological recovery
from the profound immunological changes of pregnancy.
This could induce a complex immunological response attenuat-
ing the effects of L. casei on the systemic immune response
during the puerperium.

According to other studies(26), the study of the lymphocyte
subpopulations showed a significant increase of the number of
NK cells in the L. casei group. NK cells are involved in the
specific and non-specific mechanisms of defence, and both
NK and NK T cells are high producers of IFN-g. NK
cells are part of the first line of the individual defence

Table 2. Baseline biological parameters in Lactobacillus casei (LC) and placebo groups

(Median values and 25th to 75th percentiles (p25–p75))

LC (n 59) Placebo (n 45)

Parameters Median p25–p75 Median p25–p75 P*

Th1/Th2 profile† 4·4 3·6–5·5 3·8 3·0–5·4 0·147
Tc1/Tc2 profile‡ 22·7 10·7–37·8 21·0 13·4–53·5 0·490
Lymphocyte subsets (cells/ml)

CD3 1559 1237–1856 1495 1241–1841 0·385
CD19 164 102–218 174 112–248 0·414
CD32CD56þ 132 82–195 122 95–161 0·632
CD3þCD4þ 899 715–1145 878 704–1110 0·567
CD3þCD8þ 488 373–593 481 391–599 0·646
CD3þCD56þ 74 40–112 47 25–98 0·255

Leucocytes (cells/ml)
Neutrophil 6520 4940–8440 6615 5210–8023 0·798
Lymphocytes 2220 1810–2560 2180 1900–2573 0·240
Monocytes 579 450–673 564 484–6634 0·783
Eosinophils 175 94–252 243 155–327 0·016
Basophils 30 18–56 37 25–58 0·429

Immunoglobulins (mg/l)
IgG 7750 6460–9570 8200 6920–10 200 0·412
IgG1 4780 3820–5690 4730 3590–5860 0·976
IgG2 2150 1690–2680 2330 1940–2900 0·386
IgG3 280 150–440 300 210–390 0·773
IgG4 220 120–380 290 180–530 0·101
IgA 1640 1220–2060 1810 1310–2530 0·095
IgM 1220 850–1550 1100 710–1570 0·399
IgE (IU/ml) 26 12–73 54 19–165 0·017

Complement components (mg/l)
Complement C3 1340 1170–1620 1380 1190–1590 0·170
Complement C4 230 190–320 250 170–330 0·813

Th1, T helper type 1; Th2, T helper type 2; Tc1, cytotoxic T cell type 1; Tc2, cytotoxic T cell type 2.
*P values were obtained using the Mann–Whitney U test.
† The Th1/Th2 profile was calculated as CD82IFN-gþ (cells/ml)/CD82IL4þ (cells/ml).
‡ The Tc1/Tc2 profile was calculated as CD8þIFN-gþ (cells/ml)/CD8þIL-4þ (cells/ml).
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Table 3. Effects of milk supplementation with Lactobacillus casei (LC) on biological parameters during the overall study period

(Median values and 25th to 75th percentiles (p25–p75))

Absolute variation (visit 2 2 visit 1)* Absolute variation (visit 3 2 visit 1)†

LC (n 58) Placebo (n 42) LC (n 58) Placebo (n 41)

Parameters Median p25–p75 Median p25–p75 P ‡ Median p25–p75 Median p25–p75 P‡

Th1/Th2 profile§ 0·7 0·03–1·5 0·7 20·3–1·4 0·978k 0·7 20·2–1·9 0·9 0·04–2·8 0·624
Tc1/Tc2 profile{ 3·9 0·4–20·3 1·4 23·1–19·2 0·123 3·6 25·9–18·4 5·9 24·4–34·0 0·630
Lymphocyte subsets (cells/ml)

CD3 178·0 2146–319 156·0 2124·0–465·0 0·502k 316·0 244·0–500·0 140·0 22·0–520·0 0·613k
CD19 25·0 238·0–53·0 22·5 232·5–64·8 0·700 11·5 220·3–38·8 12·5 248·8–62·5 0·845
CD3þCD4þ 60·5 298·2–251·5 47·0 265·3–296·3 0·727 146·0 249·0–297·0 140·0 242·0–291·0 0·853k
CD3þCD8þ 60·5 227·0–127·5 63·5 242·3–157·3 0·650 98·0 14·0–189·0 44·0 248·0–168·0 0·129k

Leucocytes (cells/ml)
Neutrophils 22550 24170–21080 22540 23722–21020 0·757 22780 24730–21495 23225 24835–21767 0·551
Lymphocytes 230·0 2110·0–470·0 250·0 27·5–622·5 0·296 295·0 25·0–612·0 280·0 5·0–610·0 0·715k
Monocytes 2117·0 2304·0–238·0 2126·0 2234–234·5 0·788 274·5 2165·8–41·0 281·0 2178·5–1·0 0·800
Eosinophils** 15·1 221·6–114·6 10·0 224·29–37·0 0·221 22·9 232·1–64·2 225·7 246·5–45·2 0·084
Basophils 1·0 217·0–25·0 23·5 222·8–24·0 0·589 0·0 217·3–16·3 2·5 228·5–16·0 0·831

Complement components (mg/l)
Complement C3 2110 2290–60 260 2325–82 0·389k 2310 2483–276 2240 2450–275 0·764k
Complement C4 20 242–77 19 249–75 0·781k 224 271–19 223 280–31 0·724k

Immunoglobulins (mg/l)
IgG 1680 1100–2500 2140 1080–2900 0·430 2810 2070–4010 2680 1810–3590 0·869k
IgG1 1220 510–1790 1230 650–2020 0·547 1150 2233–2135 1520 470–2240 0·236
IgG2 620 320–850 750 300–1350 0·147 760 110–1430 920 350–1690 0·287k
IgG3 47 20–120 64 25–118 0·589 86 216–160 38 215–130 0·331k
IgG4 36 21–74 63 13–132 0·041 18 217–131 78 10–221 0·056
IgA 370 180–640 380 250–680 0·653k 234 245–570 230 272–555 0·545k
IgM 250 100–380 310 110–520 0·239 138 225–403 162 210–387 0·806k
IgE** 2 35 2 252–105 22 2175–97 0·478 2112 2369–90 2185 2395–8 0·338

Th1, T helper type 1; Th2, T helper type 2; Tc1, cytotoxic T cell type 1; Tc2, cytotoxic T cell type 2.
* Absolute variation between the values at 10 d and 3 d postpartum.
† Absolute variation between the values at 45 d and 3 d postpartum.
‡P values were obtained using Mann–Whitney U tests.
§ The Th1/Th2 profile was calculated as CD82IFN-gþ (cells/ml)/CD82IL-4þ (cells/ml).
kP value was obtained using the t test.
{The Tc1/Tc2 profile was calculated as CD8þIFN-gþ (cells/ml)/CD8þIL-4þ (cells/ml).
** Due to the basal difference between groups, the percentage variation was calculated.

A
.

O
rtiz-A

n
d

rellu
cch

i
et

a
l.

8
4

0

British Journal of Nutrition
https://doi.org/10.1017/S0007114508959183 Published online by Cambridge University Press

https://doi.org/10.1017/S0007114508959183


barrier, together with macrophages and polymorphonuclear
cells. In agreement with previous reports(26,31), we observed
a higher AV in the number of CD3þ, CD19þ and CD8þ

T cells in the L. casei group, although these changes did not
reach statistical significance.

No significant differences between the treatment and the
control groups were found in plasma immunoglobulin concen-
tration over the 6 weeks. These finding are in contrast with
previous reports(32,33). Regarding IgG and IgE, the present
results showed that the AV of IgG2, IgG4 and IgE concen-
trations (only significant for IgG4) decreased between visits
1 and 3 in the L. casei group. A possible explanation of
these findings could be a lower Th2 activity in the intervention
group, as has been previously suggested in other studies with
probiotics(31,33).

In the overall period, no significant differences were found
in the TGF-b1, TGF-b2, IL-1b, IL-6, IL-8, IL-12 and IgA
changes in the breast milk aqueous phase. TGF-b is mainly
produced by T helper type 3 cells(34). The suppressive and
regulator actions of these cells in the development of allergy
and immunological tolerance in the gastrointestinal tract
have been emphasised. As such, probiotics have demonstrated
the ability to revert the increment of the intestinal permeability
and to increase the specific IgA intestinal response, promoting
its mechanisms of barrier defence. Thus, several groups have
evaluated probiotic effects on children with atopic eczema and
food allergy, in which these mechanisms are altered(35 – 37).
Some probiotics have been shown to contribute to the proces-
sing of food antigens and to reduce their allergenicity in vitro
and in vivo studies. Another study observed that administering

Fig. 3. Effects of milk supplementation with Lactobacillus casei (LC) on natural killer (NK) cells (CD3–CD56þ) (a) and NK T-like cells (CD3þCD56þ) (b) during the

overall study period. AV2, absolute variation between the values at 10 d and 3 d postpartum; AV3, absolute variation between the values at 45 d and 3 d postpar-

tum; AV4, absolute variation between the values at 45 d and 10 d postpartum. Values (horizontal bars) are medians and the boxes represent the 25th to 75th per-

centiles. The values outside vertical bars are considered outliers. P values were obtained using the Mann–Whitney U test.
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probiotics to pregnant and lactating mothers increased the
immunoprotective potential of breast milk by increasing the
TGF-b concentrations in mother’s milk(38). This finding was
not seen in the present study.

Borruel et al. (39) studied the probiotic effects on TNF-a lib-
eration by intestinal mucus, as TNF-a carries out a key func-
tion on the pathogenicity of intestinal inflammation in Crohn’s
disease. They found that TNF-a liberation by irritated mucus
in Crohn’s disease decreased significantly after the culture
with L. casei or L. bulgaricus. These results are in line with

the present study where a significant decrease of the percen-
tage variation in TNF-a concentration in breast milk between
visits 1 and 3 in the L. casei group was observed. However,
these results should be taken with caution since the concen-
trations of IL-10 and TNF-a in milk samples were near the
detection limit of the technique. The TNF-a concentrations
in colostrum are in positive agreement with the results
obtained by Takahata et al. (40). However, the percentage of
positive samples was higher (77 %) than those detected in
the present study (64 %). Nevertheless, the work presented

Fig. 4. Percentage variation of cytokines in breast milk in Lactobacillus casei (LC) and placebo groups. Percentage variation was calculated due to the basal differ-

ence in TNF-a and IL-10 concentrations between groups. PV2, percentage variation between the values at 10 d and 3 d postpartum; PV3, percentage variation

between the values at 45 d and 3 d postpartum; TGF-b, transforming growth factor-b. Values (horizontal bars) are medians and the boxes represent the 25th to

75th percentiles. The values outside vertical bars are considered outliers. In (c) and (d) outlier values for the placebo group are shown (*). P values were obtained

using the Mann–Whitney U test.
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by Hawkes et al. (41) showed higher ranges of detection, but
the percentage of positive samples was lower. Hawkes
et al. (41) could determine 37 % of positive samples in colos-
trum, 25 % in early milk and 22 % in mature milk. In our
data, 64 % of positive samples in colostrum and 40 % in
early and 30 % in mature milk were detected. The analysis
of cytokines in the present study was carried out by means
of the cytometric bead array technique. To our knowledge,
this is the first time this technique has been used to analyse
breast milk. It was quite complicated to work with the colos-
trum samples, since it is a very dense substance with a high
percentage of fat that was necessary to eliminate. The use of
the novel technique could explain the different percentages
of positive samples detected.

From a clinical perspective, others have suggested a bene-
ficial effect of probiotics on the paediatric popu-
lation(33,38,42 – 45). We observed that L. casei consumption
was associated with a lower incidence of gastrointestinal epi-
sodes and a lower medication rate in infants from 2 to 6
months. Other studies have suggested that probiotic use in
children produces benefits in the remission of symptoms of
diarrhoea, food allergies, and dermatitis(33,38,42). In addition,
our findings could stimulate future research in which the
main hypothesis of study would be to prove the benefits for
children of the consumption of fermented milk with L. casei
during pregnancy and lactation.

We acknowledge that the relative absence of functional ana-
lyses of T, NK and B cells may be a limitation of the present
study. The main variable, the Th1/Th2 profile, was assessed by
means of a functional study such as the study of IFN-g- and
IL-4-producing T cells after polyclonal activation. However,
no functional analyses of B and NK cells were carried out,
although data from several studies would minimise these limi-
tations: the immunoglobulin changes may be an indirect
measurement of B cell function, and a positive correlation
between NK cell numbers and NK activity in immunocompe-
tent individuals exists(46,47).

Another possible limitation of the present study is the
number of women lost to follow-up. However, the motivation
of pregnant and lactating women was very high as was the
participation rate. Moreover, the number of women lost to
follow-up was not significant. There were six drop-outs in
the control group of which two were due to lack of adherence
to treatment. The number of drop-outs was five in the inter-
vention group (three attributed to lack of adherence).

To our knowledge this is the first randomised, double-blind
clinical trial presenting results about the effects of L. casei
during the puerperium on immunomodulation of healthy lac-
tating mothers. In conclusion, the present results are the first
step to assess the role of L. casei on this special population
and on their children. These findings make it possible to ident-
ify those immunological markers that are more appropriate to
assess the role of probiotics on the immune response during
lactation. Future research involving larger populations and
longer follow-up periods could definitively confirm or reject
our findings.
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