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Streptococcus agalactiae (group B streptococcus, GBS) is the
major pathogen of neonatal sepsis. In some newborns, GBS
sepsis may have a severe course, including septic shock with a
high mortality rate, whereas other newborns are colonized with
GBS on their surfaces without any clinical signs of bacterial
infection. The reason for this discrepancy is far from clear. We
sought, in this study, to compare cytokine expression in cord
blood mononuclear cells after stimulation with GBS strains
isolated from newborns with sepsis, and strains isolated from
newborns without any symptoms of invasive infection. Cord
blood mononuclear cells were incubated with either heat-killed
bacteria of different strains or lipopolysaccharide, respectively.
After 6 and 24 h, cells were harvested and cytokine mRNA-
expression was analyzed by reverse-transcriptase PCR. Like-
wise, supernatants were tested for IL-6 and tumor necrosis
factor-a concentrations by enzyme immunoassay. When com-
paring IL-6 and tumor necrosis factor-a secretion, there were
significantly higher IL-6 levels after stimulation with sepsis than
with colonizing isolates. Likewise, mRNA expression of IL-6,
IL-1b, and IL-12p40 was significantly higher after stimulation

with sepsis isolates. This was also true when normalizing to
cytokine expression after stimulation with lipopolysaccharide.
These findings indicate that the different clinical pictures in
response to GBS, either septic infection or colonization, might
reflect strain-specific properties. If the respective characteristics
can be defined, it might become possible to distinguish by
molecular methods potentially “dangerous” from “harmless”
strains. Moreover, our findings underline the essential role of
these cytokines in the pathogenesis of neonatal GBS sepsis.
(Pediatr Res 49: 691–697, 2001)

Abbreviations
CBMNC, cord blood mononuclear cells
CRP, C-reactive protein
GBS, group B streptococci
IFN-g, interferon-g
LPS, lipopolysaccharide
MNC, mononuclear cells
TNF-a, tumor necrosis factor-a

Bacterial sepsis remains one of the leading causes of neo-
natal morbidity and mortality worldwide (1–3). Susceptibility
to bacterial infections is thought to be due to an immature
neonatal immune system with a decreased power of antimicro-
bial defense mechanisms. Reduced secretion of cytokines like
TNF-a, IFN-g, IL-1b, IL-6, IL-8, and IL-12 has been de-
scribed in neonatal cells when compared with adult cells
(4–11). In contrast, it has been shown in vivo by several
groups, including our own, that in neonatal sepsis, plasma
levels and mRNA expression of cytokines are highly elevated
(12, 13).

Bacterial sepsis occurs in the neonatal period more fre-
quently than in any other period in life. Streptococcus agalac-
tiae (GBS), in particular, is the most important single patho-
gen, accounting for as much as one third to one half of all cases
of neonatal early-onset sepsis (2, 3). The mechanisms leading
to this predominance of GBS, which was established in the
1960s, are far from clear. A large variety of pathogenic bacteria
colonize the maternal genital tract but only rarely cause septic
infection of the neonate. There might be virulence factors of
GBS that promote colonization of the neonate during labor
with subsequent invasive disease. For example, the C protein
b-antigen of GBS, with its unique property of binding to the Fc
portion of human IgA, has been thought to be involved in the
pathogenesis of GBS sepsis (14, 15). Other virulence factors
include the expression of polysaccharide antigens, especially
that of serotype III (16), the hemolysins (17), and laminin (18).
However, these factors can be found among both invasive and
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colonizing strains, suggesting that there are additional factors
involved in pathogenicity (15). It has been shown for several
other pathogens that there are strain-specific properties that
distinguish colonizing from disease-causing strains. Of Strep-
tococcus pyogenes it has been stated that invasion of eukary-
otic cells is different between invasive and sore throat–causing
isolates (19).

In this study, we sought to compare the expression of
different proinflammatory cytokines in cord blood cells in
response to stimulation by different ex vivo isolates of GBS.
We compared isolates from patients with sepsis and isolates
from healthy colonized neonates. For the majority of GBS
isolates from patients with sepsis, data on cytokine plasma
levels from cord blood samples were available. We aimed to
investigate in a cell culture model whether the in vivo finding
of a high cytokine expression induced by “sepsis strains” is
reproducible in vitro, and whether cytokine expression is more
pronounced upon stimulation with “sepsis” than with “colo-
nizing strains.” CBMNC from healthy newborns were used as
a model to study the cytokine expression induced by heat-
killed clinical strains of GBS. We investigated TNF-a and
IL-1b as representative cytokines of the first-line immune
response, IL-6 and IL-8 as second-line following the expres-
sion of TNF-a and IL-1b, and IL-12 as a key mediator for
priming T-helper clones upon antigenic stimulation for devel-
opment into the subtype of T-helper 1 cells, which are essential
for T-cellular antimicrobial defense mechanisms.

MATERIALS AND METHODS

Blood samples. Blood samples from the umbilical cords of
11 healthy, full-term neonates after scheduled cesarean section
(n 5 5) or vaginal delivery (n 5 6) were obtained by puncture
of the cord immediately after delivery. Newborns were free of
bacterial infection during a follow-up of 1 wk. The samples
were collected in heparinized syringes and processed within
2 h of collection. Parental informed consent was obtained for
every patient before entry in the study. The study was approved
by the local ethics committee.

Isolation of CBMNC. Before preparation by Ficoll-
Hypaque gradients, cord blood was diluted 1:1 by Hanks’
balanced salt solution (HBSS). Mononuclear cells were sepa-
rated from whole blood by sedimentation on Ficoll-Hypaque
gradients (density 5 1.077 g/mL) (GIBCO BRL, Eggenstein,
Germany) for 30 min. The cells were washed twice with
endotoxin-free HBSS and resuspended for culture in RPMI
1640 (GIBCO BRL) culture medium supplemented with 10%
heat-inactivated FCS (GIBCO BRL). Mononuclear cells were
purified by this method to homogeneity of .90%. Cell viabil-
ity, as measured by trypan blue exclusion, was .99%. The
cells were plated at a density of 1 3 106 cells/mL in culture
medium at a final volume of 1 mL in 24-well plates (Falcon,
Becton-Dickinson, Lincoln Park, NJ, U.S.A.). The number of
stimulation experiments that was performed with each cord
blood sample was dependent on the volume of cord blood
obtained. As a rule, four to eight stimulation experiments per
cord blood sample could be performed.

Bacterial isolates. The strains used for stimulation experi-
ments were isolated from neonates with sepsis (group 1), who
have been characterized in previous studies (12, 13). Strains
were collected immediately after birth either from the blood or
cerebrospinal fluid (n 5 6) or from the urine or meconium (n
5 8) of newborns who developed signs and symptoms of
severe bacterial sepsis. As a control, GBS isolates were used
from the superficial swabs of healthy newborns (n 5 8) taken
within 24 h after birth who remained free of clinical or
laboratory signs of infection (group 0). As a rule, bacteria
cultured from clinical specimens were subcultured on a blood
agar plate to identify single colonies. From these colonies,
cultures were directly—without further cultural steps—grown
in brain heart infusion broth (BHI) for 6 to 8 h and collected
during the logarithmic bacterial growth phase. Bacteria were
washed several times in endotoxin-free HBSS and then stocked
in 30% glycerol at 270°C. For stimulation experiments, bac-
terial stocks were thawed once, washed several times with
HBSS, and then diluted up to the appropriate concentration.
Colony forming units were determined for each experiment by
serial dilution and plating on Mueller-Hinton agar. GBS strains
from group 1 belonged to the serotypes Ia, Ib, II, or III, and
strains from group 0 belonged to the serotypes Ia, Ia/c, or III or
were nontypeable (Table 1).

Stimulation experiments. In total, 41 stimulation experi-
ments were performed for GBS strains of the septic group, and
24 experiments for colonizing strains. Stimulation experiments
were performed in triplicate for each strain with CBMNC from
different donors. For one strain of the septic group, stimulation
experiments with only two different CBMNC samples could be
performed due to technical problems. Cells were stimulated
with heat-killed bacteria at 107/mL and, as a control, with LPS
(from Escherichia coli O111:B4) (Sigma Chemical Co., St.
Louis, MO, U.S.A.) at 2 mg/mL. After 6 and 24 h of incubation
at 37°C at 5% CO2 atmosphere, cells were harvested and lysed
in a buffer containing guanidinium thiocyanate, sodium citrate,
sarkosyl, and mercaptoethanol for RNA analysis. The super-
natant was stored at 230°C until use in the enzyme-linked
immunoassay (EIA).

RNA isolation and reverse transcription. Total RNA was
prepared using the phenol-chloroform extraction method re-
ported by Chromczynski and Sacchi (20) and described in
detail previously (12). For reverse-transcriptase reaction, an
aliquot of 50 ng RNA in a volume of 8.5 mL was incubated
with 2 mL oligo-dT (10 to 18mer, 25 ng/mL) at 65°C for 10
min. After cooling on ice, the mixture was incubated with 4 mL
5 3 reverse-transcriptase buffer (250 mM Tris-HCl, pH 8.3,
375 mM KCl, 15 mM MgCl2), 2 mL DTT (0.1 M), 2 mL
deoxyribonucleoside triphosphate (dNTP) (10 mM), 0.5 mL
RNase inhibitor (Boehringer, Mannheim, Germany), and 1 mL
Moloney murine leukemia virus reverse transcriptase (Super-
script®, GIBCO BRL) in a final volume of 20 mL for 60 min
at 37°C, then heated to 95°C for 10 min and cooled on ice.
Resulting cDNA was stored at 230°C until further use.

PCR-assisted mRNA amplification. Five microliters of
cDNA was amplified in the presence of 10 pM final concen-
tration of the respective primer pairs (Table 2) (21), 200 mM
dNTP, 1 U of Taq polymerase (Pharmacia, Freiburg, Germa-
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ny), and 5 mL 10 3 PCR buffer (500 mM KCl, 15 mM MgCl2,
100 mM Tris-HCl pH 9.0) in a final volume of 50 mL. The
reaction mixture was overlaid with the same volume of light
mineral oil, and PCR was performed in a DNA thermal cycler
(OmniGene, Hybaid, Teddington, England) for 30 cycles in all
experiments: 60 s denaturation at 94°C, 60 s annealing at 56°C,
and 60 s extension at 72°C (21). PCR-assisted mRNA ampli-
fication was repeated at least twice for each sample. Cellular
samples were considered to be evaluable if mRNA of b-actin
was detectable. The reaction product was visualized by sub-
jecting to electrophoresis 20 mL of the reaction mix at 80 V in
2% agarose in 0.5 3 TBE (Tris-borate-EDTA) buffer. Speci-
ficity of the amplified bands was validated by their predicted
size. Because the primers used in this study surround splice
sites in the cellular targets, PCR products of the cDNA were
different in size from the respective genomic DNA PCR prod-
uct. In addition, control PCR reaction with total RNA was
carried out to exclude genomic contamination. The expected
sizes of the cDNA PCR products were 237 bp for b-actin, 263
bp for IL-1b, 427 bp for TNF-a, 260 bp for IL-6, and 247 bp
for IL-8. For IL-12, which is a heterodimeric cytokine com-
posed of the covalently linked subunits, p35 and p40, we
examined the mRNA expression of the p40 subunit, which has
been shown to be accumulated in cord blood mononuclear cells

following bacterial stimulation (9). The expected size of the
IL-12p40 PCR product was 296 bp.

For semiquantitative evaluation of cytokine expression,
mRNA expression was ranked from 0 to 4 and normalized
visually to the expression of b-actin, as described previously
(13). In brief, PCR was performed on target cDNA serially
diluted 4-fold. Samples were determined to contain similar
amounts of amplifiable cDNA when the dilution at which
equally dense bands were visualized during electrophoresis
was the same for both samples tested. In addition, cytokine
mRNA expression after stimulation with GBS was compared
for each cytokine with that of LPS. Evaluation was performed
without knowledge of the evaluating person to which group the
stimulating GBS strain belonged. Cytokine mRNA levels are
given as means and SEM.

IL-6 and TNF-a EIA. Frozen aliquots of cell culture su-
pernatants were thawed on ice at the time of analysis. Cytokine
concentrations were measured by a double-sandwich EIA tech-
nique using a commercial kit specific for IL-6 and TNF-a
(Milenia, DPC Biermann, Bad Nauheim, Germany). The de-
tection limits of both assays are defined as the lowest concen-
tration of the calibrator provided by the test kits. As indicated
by the manufacturer, these are 15.6 pg/mL for both IL-6 and
TNF-a. Duplicate measurements were performed for each

Table 1. Characteristics of GBS strains used for stimulation experiments

Strain Source of isolation Serotype Hemolysis C protein b antigen

Sepsis Blood III 1 2
Sepsis Blood III 1 2
Sepsis Blood III 1 2
Sepsis Blood II 1 2
Sepsis Blood Ib 1 1
Sepsis Cerebrospinal fluid Ib 1 1
Sepsis Urine Ib 1 1
Sepsis Meconium III 1 2
Sepsis Meconium Ib 1 1
Sepsis Meconium Ib 1 1
Sepsis Meconium II 1 1
Sepsis Meconium II 1 2
Sepsis Meconium Ia 1 2
Sepsis Meconium Ia 1 2
Colonization Cutaneous swab III 1 2
Colonization Cutaneous swab III 1 2
Colonization Cutaneous swab Ia/c 1 2
Colonization Cutaneous swab Ia 1 2
Colonization Cutaneous swab Ia 1 2
Colonization Cutaneous swab Nontypeable 1 2
Colonization Cutaneous swab Nontypeable 1 2
Colonization Cutaneous swab Nontypeable 1 2

Table 2. Primer sequences for the quantitation of cytokine mRNA transcripts

mRNA

Sense primer Antisense primer

59 39 59 39 Amplicon length (bp)

IL-1b GGA TAT GGA GCA ACA AGT GG ATG TAC CAG TTG GGG AAC TG 263
IL-6 TCA ATG AGG AGA CTT GCC TG GAT GAG TTG TCA TGT CCT GC 260
IL-8 TTG GCA GCC TTC CTG ATT AAC TTC TCC ACA ACC CTC TG 247
IL-12p40 ATT GAG GTC ATG GTG GAT GC AAT GCT GGC ATT TTT GCG GC 296
TNF-a ACA AGC CTG TAG CCC ATG TT AAA GTA GAC CTG CCC AGA CT 427
b-actin GGG TCA GAA GGA TTC CTA TG GGT CTC AAA CAT GAT CTG GG 237

According to (21).
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sample. Samples were diluted before analysis if necessary.
Dilution buffer was provided by the manufacturer. Cytokine
values are expressed as medians, quartiles, and ranges.

Statistical analysis. The differences between the mean val-
ues of cytokine mRNA levels were analyzed by the unpaired t
test. The differences between the median values of cytokine
concentrations were analyzed by the Wilcoxon-Mann-Whitney
test. Analyses were performed using the SPSS software pack-
age (version 8.0, SPSS, Chicago, IL, U.S.A.). Differences were
considered significant at p , 0.05.

RESULTS

Patient characteristics. One half of the sepsis isolates were
cultured from either the blood or cerebrospinal fluid. The other
half of the strains were recovered from the urine or meconium
of newborns suffering from severe sepsis syndrome, but whose
blood cultures, for some reason, had remained sterile. The
majority of newborns with sepsis (12/14) had been character-
ized with respect to cytokine plasma levels in previous studies
(12, 13). In brief, plasma levels of newborns with GBS sepsis
were highly elevated, with a median of 6029 pg/mL for IL-6

(100 pg/mL), 6630 pg/mL for IL-8 (300 pg/mL), 11,690 pg/mL
for granulocyte-colony stimulating factor (500 pg/mL), and 67
mg/L for CRP (6 mg/L). The cut-off values for the detection of
neonatal sepsis as used previously are given in brackets (12).

Cytokine mRNA expression. In each cellular sample,
mRNA of b-actin was detected, confirming that all stimulation
experiments were evaluable for analysis. For each experiment,
TNF-a, IL-1b, IL-6, IL-8, and IL-12p40 mRNA expression
after stimulation with GBS strains was compared with that
after stimulation with LPS. To rule out blood sample–specific
differences, the cytokine mRNA expression after stimulation
with sepsis or colonizing GBS strains was normalized to the
cytokine expression in the same experiment after stimulation
with LPS. When comparing IL-6, IL-1b, and IL-12p40 expres-
sion after 24 h between sepsis and colonizing strains of GBS,
a significant difference was observed, whereas no statistically
significant difference was observed for the expression of
TNF-a and IL-8 (Fig. 1, A–E). Generally, it was observed that
cytokine mRNA expression was higher after 6 h than after
24 h. Within the septic group, there was no difference in
cytokine expression after stimulation with strains isolated from

Figure 1. Comparison of cytokine gene expression after stimulation of CBMNC with colonizing (black columns) or sepsis (open columns) strains of GBS for
6 h (left side) and 24 h (right side), respectively: (A) IL-1b, (B) IL-6, (C) IL-8, (D) IL-12p40, and (E) TNF-a. For semiquantitative evaluation of cytokine
expression, mRNA expression was ranked from 0 to 4 and normalized visually to the expression of b-actin, as described previously (13). The mean rank and
SEM are indicated. Differences were considered significant at p , 0.05.
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the blood (or cerebrospinal fluid) and those isolated from the
urine or meconium (data not shown). Likewise, there was no
difference in cytokine expression after stimulating CBMNC
collected after cesarean section or spontaneous delivery, nei-
ther within the group of sepsis strains nor within the group of
colonizing strains (data not shown).

IL-6 and TNF-a EIA. When comparing IL-6 concentrations
in supernatants of CBMNC cultures after stimulation for 24 h,
there was a significantly higher expression of IL-6 after stim-
ulation with sepsis than with colonizing strains (9126 versus
4632 pg/mL, p , 0.05). TNF-a concentrations, likewise, were
higher after stimulation with sepsis than with colonizing strains
(5124 versus 3951 pg/mL). This difference, however, did not
reach statistical significance (Table 2). Furthermore, when
calculating the ratio of IL-6 expression after stimulation with
sepsis strains and after that with LPS, and comparing it to the
ratio of IL-6 expression after stimulation with colonizing
strains and after that with LPS, a significant difference was
observed after incubating for 24 h (12.8 versus 1.4, p , 0.05).
The ratio in comparison to LPS illustrates the strong capacity
of sepsis strains to stimulate cord blood cells for cytokine
secretion.

When comparing sepsis and colonizing strains of serotype
III, which was the most common serotype used in our exper-
iments, we observed a higher cytokine secretion in stimulation
experiments with sepsis (n 5 12) than with colonizing strains
(n 5 6). This difference, however, did not reach statistical
significance (p 5 0.34), probably due to the limited number of
experiments. The median concentration of IL-6 at 24 h of
stimulation was 12,300 pg/mL (quartiles 2318–15,994) versus
2389 pg/mL (quartiles 1725–7814).

DISCUSSION

In this study, we demonstrated that GBS strains isolated
from neonates with sepsis had a significantly higher inductive
capacity to stimulate cytokine expression in CBMNC than
strains from healthy newborns who were colonized with GBS
without any clinical or laboratory evidence of infection. We
assumed in this model that in vitro cytokine expression in cord
blood cells might be a reliable surrogate marker for bacterial
virulence in the setting of neonatal sepsis. In recent years,
several groups, including our own, have demonstrated that
neonatal sepsis is accompanied in vivo by highly elevated
cytokine plasma levels (12). It has been shown that cytokine
production is endogenous to the neonate by demonstrating
mRNA expression in cord blood cells ex vivo (13). In the
present study, CBMNC were used to determine the capacity of
different GBS isolates to induce cytokine production. Given the
fact that sepsis is associated with high cytokine production in
vivo, cytokine production in vitro might offer a model to study
virulence of different bacterial strains.

We consciously chose in this study to use ex vivo clinical
isolates and not reference strains or isogenic mutants. Our
intention was to test whether sepsis strains irrespective of their
serotypes or other well-defined determinants induce a higher
cytokine response than colonizing strains in vitro as they do in
vivo. There are known virulence factors of GBS, such as the

capsular polysaccharide of serotype III, a major subgroup of
invasive isolates belongs to serotype III, but there are nonin-
vasive strains of the same serotype. The same is true for other
virulence factors, such as the expression of the C protein
b-antigen. Although the number of strains of serotype III tested
in our study was rather small, and therefore conclusions have
to be drawn with caution, we found a more pronounced—but
not statistically significant—inductive capacity of sepsis than
of colonizing strains of this serotype. This observation would
support the data reported by Williams et al. (11), who demon-
strated that production of TNF-a after stimulation with encap-
sulated and unencapsulated isogenic mutant of type III GBS
was similar. Moreover, these findings suggest that there must
be additional characteristics of GBS that have a major impact
on the induction of the inflammatory response. Further re-
search is needed to define these strain-specific properties that—
according to their association to cytokine expression and,
therefore, disease—are to be considered as true factors corre-
lated with pathogenicity.

We included in our study strains from septic patients that did
not grow in the blood but in the meconium or in the urine. In
these cases, we assumed that the strains were identical to the
septicemic strains. This, in fact, is only an assumption. It seems
rather probable, however, that GBS first colonize the gastro-
intestinal tract and thereafter invade the host. Therefore, it is
reasonable to believe that the bacteria isolated from the a priori
sterile meconium or urine will be the ones responsible for
septicemia. It cannot be excluded, however, that only certain
clones of a bacterial species that colonizes the gastrointestinal
tract are invading their host. In addition, one might consider
that whatever differences are observed may not reflect true
strain differences but rather may be due to the expression of
virulence factors in vivo; during invasive infection, bacteria
may switch on virulence genes that are not expressed during
the colonization stage. We used in this study the same labora-
tory conditions for isolating and growing colonizing and sepsis
strains, and we consciously avoided multiple cultural steps.
Therefore, we suppose that strain-specific characteristics were
indeed analyzed in our experimental setting. One might con-
sider in further studies, however, analyzing, for example,
meconium isolates of GBS from newborns who subsequently
develop sepsis and comparing these isolates with those ob-
tained from the blood of the same patients during sepsis.

The role of Gram-positive bacteria in causing release of
cytokines such as TNF-a, IL-1b, or IL-6 by human neonatal
cells has not been thoroughly explored. Gram-positive cell wall
components like lipoteichoic acid (22) and DNA of Gram-
positive bacteria displaying a relative abundance of unmethyl-
ated CpG motifs have been shown recently to contribute to
activation of the monocyte/macrophage system (23). b2 inte-
grins like the complement receptors 3 and 4 as well as human
Toll-like receptors have been reported to be involved in the
cytokine response to GBS and Listeria monocytogenes. Al-
though they might have a crucial function in the pathogenesis
of sepsis caused by Gram-positive bacteria (24, 25), their role
in neonatal GBS sepsis, however, remains elusive. Whereas
Williams et al. (11) described an increased release of TNF-a
from neonatal cells after stimulation with GBS compared with
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that from adults, others reported a reduced capacity of blood
cells from neonates to express IL-6 in response to GBS (26). In
this study, we examined a number of cytokines that are thought
to be essentially involved in the activation of the immune
system by Gram-positive pathogens and to be key mediators in
the pathogenesis of sepsis syndrome (27). We showed that
IL-1b and IL-6 were significantly elevated after stimulation
with sepsis strains, reflecting the high induction of gene ex-
pression of first- and second-line proinflammatory cytokines.
This confirms strongly the essential role of these mediators in
the pathogenesis of GBS sepsis. Moreover, we found a higher
gene expression of the p40 subunit of IL-12 after stimulation
with sepsis strains. This is in support of data of Scott et al. ,
who described high-level IL-12 production in CBMNC, but in
contrast to Lee et al. (5), who observed a decreased IL-12
expression from activated cord versus adult peripheral blood
mononuclear cells. Scott et al. (9) stimulated with a Gram-
positive bacterial pathogen (Staphylococcus aureus), and we
also stimulated with Gram-positive bacteria (GBS). It has been
shown recently that Gram-positive bacteria seem to induce
preferentially IL-12 production (28).

Whereas the expression of IL-1b, IL-12p40, and IL-6 was
increased after 24 h of stimulation, the expression of IL-8 and
TNF-a was not significantly enhanced. The reason for this
discrepancy is not very clear. One might speculate that there is
an a priori reduced capacity of neonatal cells to produce
TNF-a and IL-8. Therefore, a difference between invasive and
colonizing isolates might not be detectable. It has been shown
that in cord blood cells the expression of certain cytokines such
as IL-6 is higher when compared with adult blood cells,
whereas that of other cytokines such as IL-2, IFN-g, or TNF-a
is decreased (29, 30). Although the findings of high levels of
mRNA expression and plasma levels of both TNF-a and IL-8
in vivo do not support the hypothesis (12, 13), we suppose that
this phenomenon might have had some influence on our re-
sults. Furthermore, due to the physiologic variation between
cytokine expression in individual cord blood samples, the
number of experiments in this study might have been too small
to detect statistically significant differences. Interestingly, for
TNF-a, in contrast to the other cytokines, a greater differ-

ence—although not statistically significant—was observed af-
ter 6 than after 24 h (Table 3), which might be explained by the
immediate expression of TNF-a upon stimulation of virulent
bacteria.

In summary, one can speculate that, if the evidence provided
by our results is supported by additional experimental data, the
identification of the factors associated with immunostimulation
could change clinical practice. It might become possible to
screen GBS isolates from maternal swabs for their pathogenic
properties. At present, prevention strategies of GBS sepsis
include large-scale peripartal antibiotic administration to those
mothers who are identified as at an increased risk, e.g. having
a history of a previous infant with GBS disease or GBS
bacteriuria during pregnancy (31–33). However, if strain-
specific characteristics can be identified, it will be cost-
effective in the long run—both in a microbiological and an
economic sense—to screen vaginal swabs for virulence factors
of GBS and to treat only the subgroup of those mothers who
are colonized with pathogenic strains.
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