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Abstract
Introduction Clinical observations in patients with specific
antibody deficiency treated for periods of time with IgG
infusion have suggested that IgG may have a positive immu-
noregulatory effect on the production of specific antibodies
against pneumococcal polysaccharides. We developed an
in vitro model to test the effect of an IgIV preparation on the
antibody production in response to a pneumococcal polysac-
charide serotype and on the antibody and cytokine production
in response to both a protein antigen and a pneumococcal
polysaccharide antigen.
Methods We studied 37 consecutive patients referred to our
clinics for evaluation of their recurrent respiratory infections.
Subjects were divided into two groups: 22 patients without
SAD and 15 patients with SAD. PBMCswere left unstimulated
or were stimulated with tetanus toxoid or pneumococcal poly-
saccharide serotype 19, in the presence of human albumin or
IgIV. IgG anti-Pn-19 antibody, IL-4 and IFN-γ concentrations
in culture supernatants were determined by ELISA.
Results An increase in IgG anti-Pn-19 antibodies, associated
with an increase in IFN-γ and a decrease in IL-4 production
was observed in cultures stimulated with pneumococcal poly-
saccharide in the presence of IgIV when patients were ana-
lyzed together. The enhancing effect of IgIV was more signif-
icant for both IgG anti-Pn19 antibodies and IFN-γ in patients
without SAD. In contrast, IgIV caused a significant decrease

in IL-4 secretion in patients with SAD, which was associated
with an increase in IgG anti-Pn19 antibodies in 3 of 7 of these
patients.
Conclusions These results suggest that IgIV has some immu-
nomodulatory effect on the in vitro production of IgG anti-
Pn19 antibodies and cytokine production in cell cultures stim-
ulated with Pn-19 antigen and that this modulation may be
associated with a Th1/Th2 regulatory mechanism. Further
studies at a cellular and molecular level are in progress to
examine if the differences in the in vitro modulatory response
to IgIV in these two groups of patients may point to a func-
tional defect in patients with SAD.
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Introduction

Therapeutic intravenous immunoglobulin (IgIV) consists of
normal polyclonal IgG obtained from the plasma of several
thousand healthy donors. It has been used over the past
25 years as a substitutive treatment for primary and secondary
immunodeficiences, including severe cases of specific anti-
body deficiency (SAD) with normal serum immunoglobulin
levels [1]. We have observed that in SAD patients treated with
IgIV for 12 months to 2 years, re-evaluation of their immune
response 6 months after discontinuing IgG replacement often
revealed that specific anti-pneumococcal antibody production
in vivo was improved, both spontaneously and after revacci-
nation with the 23-valent pneumococcal polysaccharide vac-
cine. This was observed in young patients in whom it could be
due to the effect of an ongoing maturation of the immune
system, but also in older patients in whom a delayed matura-
tion was less likely (R.U.S., unpublished observation). Based

L. E. Leiva :H. Monjure :R. U. Sorensen
Department of Pediatrics, Allergy/Immunology Division,
Louisiana State University Health Sciences Center,
Jeffrey Modell Diagnostic Center for Primary Immunodeficiencies
and Children’s Hospital, New Orleans, LA, USA

L. E. Leiva (*) :H. Monjure :R. U. Sorensen
Children’s Hospital of New Orleans,
200 Henry Clay Avenue, New Orleans, LA 70118, USA
e-mail: lleiva@lsuhsc.edu

J Clin Immunol (2015) 35:206–212
DOI 10.1007/s10875-014-0120-6



on these observations we decided to study the modulatory
effect of IgIVon the in vitro production of antibodies and Th1/
Th2 cytokines in patients with SAD and in patients with
recurrent infections without SAD (No SAD).

IgIV has also been shown to have an immunomodulatory
effect in autoimmune and inflammatory diseases [2–4]. In
some situations, the presence of specific antibodies to an
antigen has been shown to inhibit the production of antibod-
ies. This is the case in the inhibition of antibody responses to
Rh blood group antigens by anti-Rh hyperimmune
gammaglobulin (Rhogam) and in the suppression of antibody
responses to live viral vaccines (MMR) when maternal anti-
bodies are still present in children at the time of immunization
[5, 6]. However, several observations suggest that the pres-
ence of specific IgG antibodies may also have a positive
immunoregulatory effect on the production of antibodies [7,
8]. Passive maternal antibodies do not alter responses to
protein vaccines (DPT) that do not include live, attenuated
viruses [6]. Transplacentally transmitted maternal antibodies
against specific pneumococcal polysaccharides have not
shown an inhibitory effect on antibody production against
the same serotype in 6 and 12 months-old infants [9]. In
contrast, specific anti-hepatitis B antibodies have been shown
to promote the response to hepatitis B antigens in patients
unresponsive to hepatitis B vaccine [7, 8, 10]. The immuno-
modulatory effect of IgIV in patients is likely to be a result of a
variety of complex mechanisms that act in synergy.

Here we report the results of an investigation to determine if
IgIV added to cell cultures from patients with recurrent infec-
tions has a modulatory effect on the immune response to protein
or polysaccharide antigens in vitro. We were particularly inter-
ested in determining if there could be a differential effect on
patients that had a normal specific antibody response to pneu-
mococcal polysaccharides in vivo and those diagnosed to have
SAD, based on poor responses to pneumococcal immunization.

Material and Methods

Patient Population

We studied 37 consecutive pediatric patients, two years of age
or older of both genders, referred to our Children’s Hospital
Allergy/ Immunology clinics for recurrent infections. Subjects
were recruited regardless of race or ethnic background. Pa-
tients were evaluated in the clinic according to a standard
protocol, which includes a detailed history of immunizations,
infections and antibiotic use, laboratory evaluation, including
immunoglobulin and IgG subclass determinations and the
measurement of IgG antibodies specific to 14 pneumococcal
polysaccharide serotypes by the WHO-recommended en-
zyme-linked immunosorbent assay (ELISA) [11]. As part of
their evaluation, patients in this study received one dose of a

23-valent pneumococcal vaccine (Pneumovax 23; Merck,
Whitehouse Station, New Jersey). Anti-pneumococcal poly-
saccharide antibodies were measured before and 4 to 6 weeks
after immunization. Patients were enrolled into the study at the
time of the post-immunization samples, before knowing the
outcome of their responses to immunization. Thus, in patients
diagnosed with SAD who required IgIV replacement therapy,
all studies were performed on blood samples taken prior to the
start of treatment.

For analysis, subjects were divided into two groups, 15
patients with diagnosis of SAD and 22 patients without SAD
(No SAD). Patients with SAD were defined as having normal
IgG, IgM, IgA and IgG subclass levels but poor IgG antibody
responses to pneumococcal vaccines. Patients with immuno-
globulin deficiencies, acute infections or debilitating condi-
tions were excluded from the study. One 10 cc peripheral
blood sample, collected in a sodium heparin tubewas obtained
4–6 weeks after pneumococcal immunization, at the time of
laboratory re-evaluation of the patient’s immune status. Con-
sent from the subject’s legally authorized representative was
obtained by the attending physician. Assent was obtained
from children 7 years old or older.

Adequate IgG Antibody Response

For the purposes of establishing the diagnosis of SAD, an
adequate IgG antibody response to an individual serotype was
arbitrarily defined as a post-immunization antibody concen-
tration of 1.3 μg/ml or greater. A normal response was defined
according to the percentage of serotypes in the vaccine to
which the patient responded. Normal children 2 to 5 years of
age with a normal response were expected to have an adequate
response to more than 50 % of the serotypes tested. Patients
6 years or older were normally expected to respond to more
than 70 % of the serotypes tested [1].

Cell Preparation

Peripheral blood mononuclear cells (PBMC) were isolated
from blood samples by Ficoll-Hypaque (Histopaque-1077,
Sigma, St. Louis, MO) gradient centrifugation. The plasma
fractions of the PBMC isolation procedures were collected
and stored at −20 °C for future testing. PBMCs were washed
in RPMI-1640 (Sigma), counted and resuspended in RPMI-
1640 containing L-glutamine and 25 mM Hepes buffer and
supplemented with 10,000 U/ml penicillin/10,000 μg/ml
streptomycin (Sigma) and 10 % heat-inactivated fecal calf
serum (FCS; Invitrogen, Carlsbad, CA).

PBMC Cultures for in vitro Antibody Production

The in vitro assay for antigen induced antibody secretion was
performed according to a modified protocol developed by
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Chang & Sack (2001). This assay was originally developed to
measure vaccine induced antibody production without any
in vitro antigen stimulation [12]. We modified the assay by
stimulating the PBMCwith an optimal concentration of Pneu-
mococcal polysaccharide serotype 19 F (Pn19F) antigen to
evaluate the effect of IgIV on antigen-stimulated antibody
production. Pn19F was selected because this serotype has
been reported to be the best choice for in vitro stimulation
[13].

PBMC were cultured at a concentration of 4×106 cells/ml
in 12×75 mm culture tubes at 37 °C in 5 % CO2 in complete
RPMI-1640 containing10% heat-inactivated FCS (Invitrogen)
without (unstimulated) or with 20 μg/ml Pn19F (American
Type Cell Culture Collection, Manassas, VA) in the presence
of 5 mg/ml IVIG (Gamunex; Talecris Biotherapeutics, Re-
search Triangle Park, NC) or of an equal amount of human
albumin (HA; 25% Solution, ZLBBehring AG, Switzerland).
Unstimulated cells cultured in the presence of IgIV or HA
were used as controls. After one day, cell cultures were
washed twice with RPMI, re-suspended in complete RPMI
medium without added IgIV or HA and were cultured for 5
additional days. At the end of the incubation period, the
culture supernatants were removed and stored at −20 ° C. In
vitro-produced IgG anti Pn19F antibodies were measured in
culture supernatants by ELISA.

Measurement of in vitro Anti-Pneumococcal Polysaccharide
Antibody Concentration by ELISA

IgG anti-Pn19 concentration was measured in culture super-
natants using a modified ELISA protocol calibrated against
the FDA 89-SF reference sample as previously described
[11]. Microtiter 96-well plates (Nunc Maxisorp) were coated
with 100 μl of 10 μg/ml pneumococcal serotype 19 F
polysaccharide (Pn19; ATCC, Rockville, MD) in 0.01 M
phosphate-buffered saline (PBS) at 37 °C for 5 hours. A
standard serum sample with known concentration of IgG
anti-Pn19F antibodies, was diluted 1:10 in PBS-Tween 20
containing 1.0 % bovine serum albumin (BSA) and pre-
absorbed for 30 min at room temperature with S. pneumoniae
C-polysaccharide (CPS; 500 μg/ml; Statens Seruminstitut,
Denmark). This standard was serially diluted and run with
each sample batch to obtain a calibration curve with mea-
surement ranges of 1.3–10.0 ng/ml for IgG anti-Pn19F
antibodies. The specificity and sensitivity of this method
was tested in preliminary experiments, with serum samples
with known anti-Pn19F IgG antibodies (previously mea-
sured using the WHO ELISA assay). The samples were
serially diluted to reach concentrations within this measure-
ment range for antibodies present in culture supernatants.
The specificity for anti- Pn19F polysaccharide was not lost
using this procedure. A control sample with known anti-IgG
anti-Pn19 antibodies was also included in each run. Culture

supernatants were added straight or diluted 1:2 to their
respective wells in duplicate and the plates were incubated
for 2 h at room temperature. The wells were then washed 3
times with PBS-0.05 % Tween 20 and a titrated amount of
horse radish peroxidase labeled mouse anti-human IgGFc
antibodies (Hybridoma Reagent Laboratories, Baltimore,
MD) was added and the plates were incubated in the dark
for 2 h at room temperature. Following another washing
step, the enzyme bound was detected by the addition of
tetramethyl-benzidine-dihydrochloride (TMB; Sigma Chem-
ical Co., St. Louis, MO) in citrate phosphate buffer. The IgG
anti-Pn19F antibody concentration (in nanograms per milli-
liter) was calculated by measuring the absorbance (optical
density at 450 nm) against the standard curve. IgG anti-
Pn19F antibody levels in this standard was previously de-
termined using the FDA 89-SF reference sample (CBER,
U.S. Food and Drug Administration, Rockville, MD). Com-
plete medium incubated without cells for the same time
period and tested for anti-Pn19F antibody levels was used
as negative control. No antibody concentrations were
detected.

PBMC Cultures for in vitro Cytokine Production

PBMCs were cultured at a concentration of 5×105 cells/ml in
12×75 mm culture tubes at 37 °C in 5 % CO2 in RPMI-1640
containing10% heat-inactivated FCS (Invitrogen) with
20 μg/ml Pn19F or with tetanus toxoid (TT) adsorbed USP
(1:500; Sanofi Pasteur, Swiftwater, PA) in the presence of
5 mg/ml IgIV or of an equal amount of HA. Unstimulated
cells cultured in the presence of IgIV or HA were used as
controls for specificity of response. Cultures were incubated
for 48 h and supernatants were removed, transferred into
cryovials and stored at −20 ° C. In vitro-produced interferon
gamma (IFN-γ) and interleukin 4 (IL-4) were measured in
culture supernatants using commercial ELISA kits (BD Bio-
sciences, San Diego, CA and Invitrogen, Carlsbad, CA). The
minimum detectable concentrations were 1.0 pg/ml for IFN-γ
and 2.0 pg/ml for IL-4. Complete medium incubated without
cells for the same time period and tested for concentrations of
IFN-γ and IL-4 was used as negative control. No cytokine
concentrations were detected.

Statistical Analysis

Statistical analysis was performed using the GraphPad Prism
software. Differences between cultures and patient groups
were analyzed for statistical significance using the Wilcoxon
matched pairs test (one-tailed) and the threshold of signifi-
cance was set at a p value of <0.05.

Approval for the study was obtained from the Louisiana
State University Health Science Center and from the Chil-
dren’s Hospital Institutional Review Board Offices.
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Results

Effect of IgIVon the in Vitro IgG Anti-Pn19FAntibody
Production

Analysis of the IgG anti-Pn19F antibody concentrations
revealed that there were no significant differences between
unstimulated and antigen-stimulated cultures from any of
the patient groups (Fig. 1). However, an enhancing effect
on IgG anti-Pn19F antibody concentrations was observed in
cultures with IgIV in comparison to control cultures with
HA, when results from all patients where compared (Fig. 1a,
p<0.05). Interestingly, when patients were divided into
those without SAD and those with SAD, the enhancing
effect was statistically significant (p<0.05) for patients with-
out SAD but not for patients with SAD (Fig. 1b and c).
However, when each patient was analyzed individually, we
found the enhancing effect of IgIV in Pn19F antigen- stim-
ulated cultures from 8 of 15 (53.3 %) patients with SAD
(Not shown).

Effect of IgIVon the in vitro Production of INF-γ and IL-4

Antibody production is regulated in part by cytokine produc-
tion. We selected IFN-γ and IL-4 production to test if IgIV
had any effect on the Th1/Th2 immune regulation in PBMC
cultures stimulated for 48 h with TT or Pn19F antigens. Of
interest is the observation that both, IFN-γ and IL-4 concen-
trations in cultures from patients with SAD are significantly
lower than the concentrations in cultures from patients without
SAD (Figs. 2 and 3).

Unstimulated cultures in the presence of HA or IgIV
alone, and cultures stimulated with either TT or Pn19F
antigens in the presence of HA were used as controls to
analyze the effect of IgIV in cultures. Significant increase in
IFN-γ production over concentrations in unstimulated cul-
tures in the presence of either IgIV or HA alone was seen in
all of the antigen- stimulated cultures when all patients were
analyzed together (Fig. 2a, p<0.05). The addition of IgIV to
antigen-stimulated cultures induced a significant increase
(p<0.05) in IFN-γ production in Pn19F but not in TT
antigen-stimulated cultures (Fig. 2a and b). The enhancing
effect of IgIV was significant in Pn19F antigen-stimulated
cultures from patients with No SAD (Fig. 2b, p<0.05) but
not in SAD patients (Fig. 2c). However, individual analysis
demonstrated that 4 of 10 patients with SAD showing
enhanced in vitro anti-Pn19 antibody production also
showed increased IFN-γ concentrations in the same cultures
with IgIV (results not shown).

The effect of IgIV on in vitro IL-4 production in cultures
from all patients is shown in Fig. 3a. Baseline concentra-
tions of IL-4 were similar in supernatants from unstimulated
cultures in the presence of either IgIV or HA. IL-4

production was significantly higher in TT antigen-
stimulated cultures in comparison to cultures stimulated with
Pn19F antigen in cultures from all patients (Fig. 3a,
p<0.05). An inhibitory effect of IgIV on IL-4 production
was significant in cultures stimulated with Pn19F in patients
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Fig. 1 Effect of IgIV on the production of IgG anti-Pn19 antibodies by
PBMC from patients with recurrent upper respiratory infections (a),
patients without SAD (No SAD) (b) and patients with SAD (c). Cell
cultures were left unstimulated (Uns) or were stimulated with
pneumococcal polysaccharide serotype 19 F (Pn-19), in the presence of
human albumin (HA) or IgIV for 24 h, as described in Materials and
Methods. Results are mean ng/ml ± SEM of IgG anti-Pn19
concentrations. p<0.05 values between cultures with IgIV vs HA are
considered significant
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with SAD but not in patients without SAD (Fig. 3b and c,
p<0.05). Individual analysis of results from SAD patients
showed that 3 of 7 patients with increased in vitro anti-Pn19
antibody had decreased IL-4 concentrations in cultures with
IgIV (results now shown).

Discussion

There has been a concern that the use of IgIVand therefore of
passive IgG antibodies might interfere with the development
of the patient’s own immune response [14, 15]. Our results
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Fig. 2 Effect of IgIVon the production of IFN-γ by PBMC from patients
with recurrent upper respiratory infections (a), patients without SAD (No
SAD) (b) and patients with SAD (c). Cell cultures were left unstimulated
(Uns) or were stimulated with tetanus toxoid (TT) or pneumococcal
polysaccharide serotype 19 (Pn-19), in the presence of human albumin
(HA) or IgIV for 48 h, as described inMaterials andMethods. Results are
mean pg/ml±SEM of IFN-γ concentrations. p<0.05 values between
cultures with IgIV vs HA are considered significant
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Fig. 3 Effect of IgIVon the production of IL-4 by PBMC from patients
with recurrent upper respiratory infections (a), patients without SAD (No
SAD) (b) and patients with SAD (c). Cell cultures were left unstimulated
(Uns) or were stimulated with tetanus toxoid (TT) or pneumococcal
polysaccharide serotype 19 (Pn-19), in the presence of human albumin
(HA) or IgIV for 48 h, as described inMaterials andMethods. Results are
mean pg/ml±SEM of IL-4 concentrations. p<0.05 values between
cultures with IgIV vs HA are considered significant
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show that IgIV does not inhibit an antibody response in vitro.
On the contrary, we demonstrate that IgIV had an enhancing
effect on the spontaneous production of IgG antibodies in cell
cultures from patients with recurrent respiratory infections.

We ruled out that this observation was due to adherence
and later shedding of anti Pn19F antibodies in the IgIVadded
to cell cultures. The increase in specific IgG antibodies was
not observed in unstimulated cultures. However, there was
background production of antibodies in all cell cultures re-
gardless of the addition of IgIV. This background IgG anti-
body concentration may have been due to spontaneous in vitro
antibody production by the patient’s cells in culture. The
presence of these antibodies was dependent on the presence
of cells in cultures, as no antibodies were detected in the
negative controls. A recent study demonstrated a brief appear-
ance of a subset of B cells in the peripheral blood of healthy
individuals after receiving a booster dose of a heptavalent
pneumococcal –CRM197 conjugate vaccine, that spontaneous-
ly secreted IgG [16]. A similar B cell subpopulation, stimu-
lated by immunization with one dose of the Pneumovax 23
vaccine, may have been responsible for the spontaneous IgG
antibody production in vitro. This possibility would have to be
further investigated in our patients. Our experimental results
measuring anti-polysaccharide antibodies do not allow to
differentiate if IgIV has an effect specific for the polysaccha-
ride response or if it is a non-specific effect increasing anti-
body production in general. These two possibilities would
need to be resolved in further experimental studies.

We also demonstrate here that antigen-stimulated PBMC
from both patients with SAD and patients without SAD have
the ability to produce IFN-γ and IL-4 in vitro. Both IFN-γ and
IL-4 were found to be lower in patients with SAD in compar-
ison to patients without SAD, which might be one of the
immune regulatory mechanisms affected in SAD.

The enhancement of in vitro antibody production reached
significance in patients without SAD, but not in patients with
SAD, although a similar trend could be observed in this
group. The group size (15 SAD vs 22 No SAD patients)
might be the reason for not reaching significance. However,
when the results were analyzed individually we observed
that this enhancing effect was also seen in cultures from 8
of 15 patients with SAD. This observation corresponds to the
clinical observation that some patients do and others do not
improve anti-pneumococcal antibody production in vivo af-
ter IgIV treatment. Those that do not improve their antibody
production in vivo frequently need to be put back on IgG
replacement treatment if their infections also continue.
Whether or not IgIV has a similar mechanism of action
in vivo and in vitro cannot be evaluated based on these
results. However, the effect of IgIV in vitro was observed
at a concentration of 5 mg/ml, which corresponds to the
serum level achieved therapeutically with intravenous infu-
sion of 0.5 g/kg body weight [17].

The possible mechanisms of action of IgIV reflect the
importance of natural antibodies, generated independently of
exposure to foreign antigens and present in normal serum, in
the maintenance of immune homeostasis in healthy people,
which may have implications in the immune response to
vaccines [4, 18, 19]. Natural antibodies are believed to be
essential for the immunoregulatory effects of immune globu-
lin. These “natural” antibodies are mainly autoantibodies,
capable or interacting with idiotypes of other antibodies in
the IgIV preparation to form dimmers with complementary
idiotypes. The formation of idiotype-idiotype dimeres may
account for some of the modulatory mechanisms and clinical
effects of IgIV [2, 20].

The mechanisms for the enhancing effect of IgIV on anti-
body production in our study may have been the result from a
direct effect of IgIV on B cells or through a more complex
modulatory mechanism involving other cells [21]. A direct
interaction between IgIVand a series of proteins expressed in
human cells was recently demonstrated using immunoprecip-
itation and LC-MS analysis [22]. This interaction was found
to be involved in antigen processing and presentation in
human B cells [23]. It has also been shown that a direct IgIV
modulation of human B cells could be linked to increased
intracellular transduction pathways induced by the phosphor-
ylation of extracellular signal-regulated kinases in human B
cells [24]. These and other possibilities still need to be inves-
tigated as possible regulatory mechanisms.

The mode of action of IgIV is complex, involving modu-
lation of expression and function of Fc receptors, interference
with activation of complement and the cytokine network,
modulation of idiotype network, and activation, differentia-
tion and effector functions of T and B cells and of antigen
presenting cells [3, 19]. From our study and many other
studies, it is clear that IgIV has immunemodulatory properties
that are still being investigated. Our observation of spontane-
ous cytokine production in unstimulated cultures in our study
has also been reported earlier [25]. The up-regulation of
IFN-γ and down regulation of IL-4 by the presence of IgIV
in antigen-stimulated cultures suggests that a Th1/Th2 regu-
latory mechanism could be involved in the production of
antibodies against polysaccharides. Our finding of an effect
both on IFN-γ and IL-4 production in a subgroup of patients
with SAD further supports the modulatory role of IgIV in vitro
and its association with the clinical observation seen in some
of these patients after IgIV treatment.

In conclusion, our results show that IgIV modulates, to
some extent, the in vitro production of IgG anti-Pn19 antibod-
ies and that the observation of cytokine production changes
in vitro suggests that this modulation is associated with a Th1/
Th2 regulatory mechanism. Our observations of antibody and
cytokine production in patients with SAD suggest that this is a
heterogeneous group of patients caused by different regulato-
ry mechanisms that could also explain important differences
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in the long-term response to IgG replacement therapy. Further
studies at a cellular and molecular level are in progress to
examine if these differences may point to a functional defect
in patients with SAD.
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