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Introduction

Summary

Several T cell abnormalities have been described in common variable immu-
nodeficiency (CVID), a B cell disorder of mainly unknown origin. A subset of
CVID patients suffers from frequent reactivations of herpes viruses. We
studied T cell function in CVID [and in a subset of paediatric patients with
specific antibody deficiency (SAD)] by measuring T cell proliferation and
cytokine production in response to herpes virus-antigens in paediatric CVID
patients (n=9) and paediatric SAD patients (n=5), in adult CVID patients
(n=14) and in healthy controls. Paediatric CVID patients, but not SAD
patients, displayed moderately increased CD8" T cell proliferation in response
to cytomegalovirus, human herpes virus type 6B (HHV6-B) and herpes
simplex virus compared to controls. CD8" T cell responses in adult CVID
patients tended to be increased in response to cytomegalovirus and herpes
simplex virus. In response to stimulation with herpes virus antigens, the
proinflammatory cytokines interleukin (IL)-1p, IL-6, tumour necrosis factor
(TNF)-0. and interferon inducible protein (IP)-10 were produced. Overall, no
major differences were detected in cytokine production upon stimulation
between patients and controls, although higher IL-10 and IL-12 production
was detected in paediatric patients. In conclusion, cellular immunity against
herpes virus antigens appears undisturbed in CVID patients, although defects
in subpopulations of CVID patients cannot be excluded.
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function

patients can proliferate and secrete normal amounts of
immunoglobulins if stimulated appropriately in vitro

Common variable immunodeficiency (CVID) is a heteroge-
neous group of primary immunodeficiencies characterized
by low serum immunoglobulin concentrations, decreased
production of specific antibodies upon vaccinations,
increased susceptibility to infections, autoimmunity and
malignancies [1,2]. Four monogenic defects associated with
CVID have been identified in the genes encoding inducible T
cell co-stimulator (ICOS), transmembrane activator and
CAML interactor (TACI), B cell (Iymphocyte) activating
factor receptor (BAFF-R) and CD19 [3,4]. Recently, deficien-
cies in the genes encoding CD20 and CD81 have been
reported [5,6]. Deficiencies in these molecules disrupt B cell
differentiation and B cell function at different stages.
However, no genetic defect has been found in the majority of
patients.

Although the phenotypic defect in CVID is a failure of B
cell function, it has been shown that B cells in some CVID
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[7-11]. Therefore, T cell abnormalities resulting in
decreased or absent contact-mediated B cell activation may
be of importance for the failure of B cells to differentiate
into immunoglobulin-secreting plasma cells. Approxi-
mately half the CVID patients show laboratory abnormali-
ties in the T cell compartment [12,13]. These abnormalities
lymphocyte [14-17],
impaired cytokine production to mitogens and recall-
antigens [10,18-21], changes in CD4/CDS8 ratios [22,23]
and reduced expression of CD40L on activated T cells
[7,24]. Several studies describe defects in the T cell receptor
(TCR). In patients with T cell dysfunction, tumour necrosis
factor (TNF)-receptor 2 co-stimulation was impaired [25].
Also, defective recruitment and activation of protein ZAP70

include decreased proliferation

[26] and a defect in Vav-expression [27] have been identi-
fied. All these factors are important for intact signall-
ing after binding to the TCR. Recently, low numbers of
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regulatory T cells have been found to be associated with
chronic inflammation in CVID [28,29].

Most CVID patients are susceptible to recurrent bacterial
infections due to diminished specific antibody production.
However, in patients with concurrent disturbances in T lym-
phocytes, an increased number of viral infections could also
be detected [8]. In particular, viral infections and reactiva-
tions with herpes viruses have been described, including
Epstein—Barr virus (EBV) and cytomegalovirus (CMV)
infections [30,31]. One study described the EBV- and CMV-
specific T cell responses in CVID patients and showed
that about half the patients have increased numbers of
CMV- (and to a lesser extent EBV-) specific CD8" T cells.
An association was found between a high percentage of
CD8'CD57*CD27" T cells containing perforin, a low CD4/
CD8 ratio and CMV infection [32]. Also, strong correlations
have been found in healthy subjects between raised numbers
of CD8™'CD57* lymphocytes and asymptomatic CMV
infection [33]. These results may support the hypothesis that
CMV plays an important role in the origination of T cell
abnormalities associated with CVID, at least in a subset of
patients. Human herpes virus type 8 may play a role in the
existence of lymphoproliferative disorders in CVID patients
[34], and abnormal courses of infections with herpes
simplex virus (HSV) have also been described [35,36].
Besides the limited data on T cell responses to EBV and
CMYV, little is known about T cell-mediated immunity to
viral antigens in CVID patients.

We hypothesized that specific T cell abnormalities play an
important role in the frequently observed herpes virus infec-
tions and reactivations in CVID, and that these T cell abnor-
malities may also play a role in the aetiology of the disease.
Therefore, we studied T cell function in CVID patients and
in age-matched controls by measuring T cell proliferation
and cytokine production in response to a wide array of
herpes viruses. The immune response to human adenovirus
(HAdV), a widespread respiratory non-herpes virus in the
common population, was determined as a control. Because
the higher infection pressure in children may influence the in
vitro immune response, we measured T cell responses in
both adult and paediatric CVID patients and in paediatric
patients with specific antibody deficiency (SAD). As the
underlying defect of CVID is unknown, this study could
improve our knowledge of the pathophysiology of the
disease.

Materials and methods

Study population

Nine children with CVID and five children with SAD (see
below) and 14 adults with CVID, all being treated in the
University Medical Centre of Utrecht, the Netherlands, were
included in this study after the patients or legal representa-
tives had provided written informed consent. Diagnosis of

Herpes-specific T cell immunity in CVID

CVID was made according to standard international criteria,
including impaired specific antibody production upon vac-
cination with conjugate or polysaccharide vaccines [1,2].
Recurrent infections, mainly in the respiratory and gas-
trointestinal system, were the hallmark of disease in all CVID
patients; SAD patients suffered mainly from recurrent
airway infections. Furthermore, patients were selected for
the presence of clues for impaired immunity against herpes
viruses, including recurrent HSV reactivations, or a clinical
diagnosis of recurrent viral (airway) infections. All CVID
and SAD patients had defective specific antibody produc-
tion (defective production of specific antibodies upon
vaccination). All SAD patients also suffered from decreased
values of at least one of the following immunoglobulin (Ig)G
subclasses: IgG1, IgG2 or IgG3. Clinically, these patients suf-
fered from recurrent airway infections in the same severity as
did patients with a diagnosis of CVID. Patients receiving
immunosuppressive therapy were not included in the study.
All patients (adults and children) received intravenous or
subcutaneous immunoglobulin replacement therapy. To
minimize the risk of potential immunomodulatory effects by
exogenously administered immunoglobulins, study samples
were drawn just before immunoglobulin administration.

As controls we included 14 children, matched for age,
undergoing an elective orthopaedic, plastic surgical or oph-
thalmological operation. Blood was also taken from 14
healthy adult volunteers. Controls did not suffer from any
known immunological disorder. Both patients and controls
did not suffer from infections in the 3-month period pre-
ceding the study. This study was approved by the Medical
Ethics Committee of the University Medical Centre of
Utrecht.

Viral diagnostics

Because all patients received immunoglobulin replacement
therapy and had defective antibody production, previous
exposure to EBV, CMV and HSV was screened in saliva
with a quantitative real-time—polymerase chain reaction
(RT-PCR) assay, as described previously [37]. In the con-
trols, prior exposure against the above-described viruses,
except for human herpes virus type 6B (HHV6-B) and
adenovirus (HAdV), was determined serologically using
standard procedures. Previous infection with HHV6-B and
HAdV was assumed positive, as previous studies have
shown that nearly all children have acquired HHV6-B by 2
years of age, and that the incidence of previous HAdV
infection surpasses 80 and 95% by the ages of 5 and 18
years, respectively [38—40].

Antigen-specific T cell proliferation

Peripheral blood mononuclear cells (PBMC) were isolated
by Ficoll-Paque density gradient centrifugation (Amersham
Pharmacia, Uppsala, Sweden). PBMC were pelleted and
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washed with phosphate-buffered saline (PBS) at a final con-
centration of maximal 20 x 10° PBMC/ml. Cells were
labelled with 5,6-carboxyfluorescein diacetate succinimidyl
ester (CFSE) (Molecular Probes, Invitrogen, Breda, the Neth-
erlands) according to the manufacturer’s protocol. Subse-
quently, 1-2x10° PBMC were cultured in RPMI-1640
(GiBco, Life Technologies, Breda, the Netherlands) supple-
mented with 1% penicillin/streptomycin and 10% human
pooled serum stimulated with medium alone (negative
control), different viral antigens (as described below) or with
2-5 ug/ml concanavalin A (ConA; Calbiochem, La Jolla, CA,
USA) as a positive control. The following viral antigens were
used: HSV type 1 antigen (5 ul/ml; Microbix Biosystems
Inc., Toronto, Canada), HHV-6B lysate (1 ul/ml; Advanced
Biotechnologies Incorporated, Columbia, MD, USA), over-
lapping peptide pools consisting of 15-mer peptides with 11
amino acid overlap of the entire pp65 or IE1 protein of CMV
(Pepmix, 138 and 120 peptides, respectively; 1 ug/ml of each
peptide) or the immunogenic C-terminal region of EBNA1
or the entire BZLF1 protein derived from EBV (57 and 59
peptides, respectively; 1mg/ml of each peptide) (JPT
Peptide Technologies GmbH, Berlin, Germany). As a control,
complete HAAV serotype 5 with a multiplicity of infection of
10 [American Type Culture Collection (ATCC) no: VR1516],
inactivated by methylene blue plus visible light, as described
earlier [41],and a pool of 5 15-mer HAdV-peptides (2 pg/ml
each), derived from HAdV5 as described earlier [42], was
used. Cells were cultured for 5 days at 37°C, 5% CO.,.

After 5 days PBMC were stained with CD3 peridinin chlo-
rophyll (PerCP), CD8 allophycocyanin (APC) [Becton Dick-
inson (BD), San José, CA, USA] and CD4 Alexa Fluor 750
(eBioscience, San Diego, CA, USA). Cells were washed and
200 000 cells were acquired by the LSRII flow cytometer
(BD). Data were analysed by BD FACSDiva software. Stimu-
lation indices (SI) were calculated by dividing the percentage
proliferation after stimulation with antigen by the percent-
age of proliferating cells after stimulation with medium.

Cytokine production

PBMCs from CVID patients and controls were cultured
with medium alone, the viral antigens of interest or ConA,
as described above. After 72 h cell supernatants were col-
lected and stored at —80°C until further analysis. Cytokine
production was measured with multiplex immunoassay
(MIA). MIA combines the principle of a sandwich immu-
noassay with luminex fluorescent-bead-based technology
(Lab-MAP) [43]. MIA is a validated method for the mea-
surement of cytokines and chemokines in culture superna-
tants of human PBMCs. Comparing MIA with the regular
ELISA technique values appear comparable in sensitivity,
accuracy and reproducibility and is less time-consuming
[44,45]. The concentrations of the following nine soluble
mediators, all involved in inflammation or clearance of
infection, were measured: interleukin (IL)-1B, IL-4, IL-6,

IL-10, IL-12, IL-17, tumour necrosis factor (TNF)-o, inter-
feron (IFN)-y and interferon inducible protein [(IP-
10) = CXCL-10].

Statistics

The Mann—Whitney U-test was used to describe the differ-
ences in the lymphocyte proliferative responses between
adults with CVID, children with CVID and their controls.
Differences in cytokine production between different groups
were determined by the Mann—Whitney U-test (two-tailed).
P-values < 0-05 were considered significant. Data analysis of
detected soluble mediators was performed with Bio-Plex
Manager 3.0 (Bio-Rad Laboratories, Hercules CA, USA)
using a five parametric-curve fitting. Statistics were com-
puted by spss version 15.0 for Windows (SPSS, Inc., Chicago,
IL, USA).

Results

Study population

Nine children with CVID [seven male, two female; mean age
10-1 years (*+3-8)], five patients with SAD [two male, three
female; mean age 11-6 years (*3-5)] and 14 adults with CVID
[six male, eight female; mean age 42-7 years (*£14-5)] were
included. As controls, we included 14 children [nine male, five
female, matched for age [mean age 10-9 years (*£3-6)] and 14
healthy adult volunteers [eight male, six female; mean age
42-3 (+6-8) years]. The mean age of onset of symptoms in
paediatric patients was 1-5 years (*0-8), both in CVID
patients and in patients with SAD. In patients with an age of
onset < 4 years, the diagnostic criterion of defective antibody
production was reconfirmed after the age of 4 years. In adults
the mean age of onset of symptoms was 16-6 years (*£17).
Recently, Chapel et al. [46] developed a classification to
define distinct clinical phenotypes based on the presence of
specific complications in CVID patients. Five clinical pheno-
types were described: no complications, autoimmunity, poly-
clonal lymphocytic infiltration, enteropathy and lymphoid
malignancy. Almost half of our patients (46%) did not suffer
from any illness-related complication. Twenty-one per cent of
the patients had an autoimmune disease. Polyclonal lympho-
cytic infiltration was seen in 39% of the patients, and enter-
opathy in 7%. Patient characteristics are described in Table 1.

Presence of herpes viruses in the study population

In paediatric patients, previous exposure to the herpes
viruses of interest (except for HHV-6B) was determined by
RT-PCR. Overall, a positive PCR for EBV could be detected
in five of the 14 patients (two CVID patients and three
patients with SAD), and one SAD patient had a positive PCR
for HSV. None of the patients had a positive PCR for CMV.
In adult CVID patients, we detected a positive PCR for EBV
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Table 1. Patient characteristics.

Herpes-specific T cell immunity in CVID

Age onset IgA + IgG-positive
Patient Age of symptoms  IgA level IgGlevel IgMlevel switched memory  CD4/CD8 Chapel Autoimmune
no. Sex  (years) (years) (g/h) (g/l) (g/l) (% of total B cells) T cell ratio  classification® disease
1 F 16-3 2:0 0-07 34 25 Unknown 1-4 1, 2 AIHA, ITP
2 M 6-0 0-8 0-2 41 0-5 13 1-4 1 JIA
3 M 8-0 2-5 0-43 4-81 1 4 1-4 5
4 M 111 1-0 0-6 4 09 52 16 2
5 M 13-5 30 0-15 47 1-2 9 29 1 Crohn
6 M 67 2:0 0-48 43 0-32 14 1-6 5
7 M 53 0-5 0-21 5-1 0-24 3 17 2
8 F 11-5 1-0 0-4 53 0-8 0-3 1-7 5
9 M 12-7 1-0 0-3 59 0-2 1-3 0-7 5
10 F 139 2:0 0-8 10-6 1-4 0-7 1-3 2
11* F 16:3 2:0 09 8:6 0-7 1-7 1-8 5
12f M 10-6 0-5 0-2 9-8 0-6 1-3 12 1 AIT
13* M 10-4 20 1-72 79 0-24 3 1-6 5
14* F 7:1 1-0 <0-07 9-7 0-8 56 19 2
15 M 26-8 20-0 0-08 3:21 0-2 17 1-8 5
16 M 42-3 31-0 0-38 4-6 0-31 12 37 5
17 F 359 16:0 <01 2-8 0-4 3 63 2
18 F 34-7 12:0 <01 13 n.d. 8 32 5
19 F 58:2 3-0 0-85 52 0-96 1-7 47 5
20 F 45-7 2:0 0-04 0-52 <0-07 2-8 22 1, 2, 4 AA
21 F 351 40 1-05 4.7 0-96 36 09 2
22 M 266 2-0 ND 82 0-25 5 15 2
23 M 60-2 54-0 0-1 13 0-1 Unknown 2-1 5 RA/DM 11
24 F 39-8 4-0 <0-01 45 0-5 3 1-9 4
25 F 55-1 27-0 0-6 5-1 0-8 19 42 5
26 M 42-8 12:0 <01 <01 2-4 Unknown 0-5 5
27 M 22-0 0-7 0-85 4-8 0-6 6 1-1 2
28 F 726 45-0 0-03 2-8 <01 Unknown 0-5 1, 2

Chapel classification: 1: autoimmune disease, 2: polyclonal lymphocytic infiltration, 3: lymphoid malignancy, 4: unexplained enteropathy, 5: no

disease-related complications. *Paediatric patients with specific antibody deficiency (SAD). AIHA, autoimmune haemolytic anaemia; AIT, autoimmune

thyroiditis; DMII, diabetes mellitus, type II; ITP, ideopathic trombocytopenia; JIA, juvenile ideopathic arthritis; RA, rheumatoid arthritis; Ig, immu-

noglobulin; F, female; M, male.

in three patients, and none of the patients had a positive PCR
for CMV or HSV. Although RT-PCR for the detection of
herpes viruses has a high sensitivity [37,47], in clinical prac-
tice the frequency of reactivation with herpes viruses is low
and reliable determination of prior exposition is not
possible. Therefore, a negative PCR does not exclude that
patients had contact with the herpes viruses of interest.

In paediatric controls, similar virology status could be
detected as in paediatric CVID patients, determined by
serology: seven of the 14 controls had a positive serology for
EBV, only one control had a positive CMV serology and two
of the 14 controls showed a positive serology for HSV. In
adult controls, a positive serology could be found against
EBV in 13 controls, against CMV in six controls and HSV in
five controls.

Virus-specific T cell proliferation

To investigate the ability of CVID patients to mount an
adequate T cell response to different herpes viral antigens, we

© 2010 British Society for Immunology, Clinical and Experimental Immunology, 161: 108-117

measured the proliferative capacity of both CD4" and CD8*
T cells in paediatric and adult CVID patients and age-
matched controls using CFSE dilution assays. In Fig. 1a rep-
resentative FACS plots are shown of CFSE dilution of CD8"
T cells in response to medium alone, pp65- and IEl-
overlapping peptide pools derived from CMV, HSV-type 1
antigen and ConA of a paediatric CVID patient and a control
child. Stimulation indices were calculated to compare the
proliferative capacities of CD8* T cells of CVID patients and
controls. CD8* T cell proliferation in response to pp65, IE1
and HHV6-B in paediatric CVID patients (n=9) was
increased significantly compared to age-matched controls
(P < 0-05; Fig. 1b). Although not significant (P = 0-058) the
CD8* response to HSV was also increased in paediatric
CVID patients compared to controls. CD4" T cell prolifera-
tion was not different between paediatric CVID patients and
controls. No clear differences could be detected in prolifera-
tive capacities in response to the herpes viruses and HAdV
between the paediatric SAD patients and paediatric controls
(Fig. 1c). Together these data suggest that paediatric CVID
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Herpes-specific T cell immunity in CVID

Fig. 1. Virus-specific CD4" and CD8" T cell proliferation. (a) Representative fluorescence activated cell sorter (FACS) plots of antigen-specific T cell

proliferation of a control (upper panel) and a common variable immunodeficiency (CVID) patient (lower panel). Cells were gated in lymphocyte
morphology based on forward- and side-scatter and the expression of CD3. Percentages of proliferating CD8" T cells are shown in the upper left
corners, whereas percentages of proliferating CD4* T cells are presented in the lower left corners. Shown are responses to medium alone, the

cytomegalovirus (CMV) matrix protein pp65, the CMV immediate early antigen (IE)1, HSV type I antigen and concanavalin A. Bars indicate the

median (with interquartile range) of the stimulation index (SI) of paediatric CVID patients compared to age-matched controls (b), of pediatric
SAD patients compared to age-matched controls (c) and of adult CVID patients compared to adult controls (d). Black: CVID; white: controls.
P-values < 0-05 are considered significant (Mann—Whitney U-test) and indicated with an asterisk.

<

patients have increased CD8" T cell responses to CMYV,
HHV6B and HSV.

In adults, we found only subtle differences between CVID
patients and controls. CD4* and CD8" T cell proliferation
was decreased in response to BZLF1, an immediate early
protein derived from EBV (P < 0-05; Fig. 1d). Furthermore,
in adult CVID patients, more variation in the stimulation
indices and a tendency towards higher values was observed
in the CD8" T cell proliferation in response to pp65 and HSV
compared to other viral antigens.

Cytokine production in response to viral antigens

After 3 days of stimulation with viral antigen, cytokine pro-
duction was measured in supernatants of a total of eight
adult CVID patients, five paediatric CVID patients, three
paediatric SAD patients and eight controls (four adults and
four children) by MIA. In Table 2 the median [standard error
of the mean (s.e.m.)] cytokine production in response to the
different viral antigens minus the response to medium is
shown.

In all groups, the proinflammatory cytokines IL-1f, IL-6,
TNF-o. and IP-10 were produced predominantly. The pro-
duction of IFN-y was low in all groups, which could be due
to timing of the sampling. A large variation was observed in
cytokine production in individual subjects within all groups.
In general, only minor differences in cytokine production
could be detected between CVID patients, paediatric SAD
patients and controls. In paediatric CVID patients, signifi-
cantly more IL-12 production could be found in response to
EBNALI as well in response to HSV compared to adult CVID
patients and healthy controls. Finally, an overall trend
towards higher production of IL-10 could be seen in paedi-
atric patients with CVID and SAD, compared with both
adult CVID patients and with age-matched controls (Fig. 2).

Association between viral exposure, proliferation and
cytokine production

Comparing the cytokine production of healthy controls with
a positive serostatus and patients with a detectable DNA viral
load or a proliferative T cell response to viral antigen, no
changes in cytokine profiles were observed (data not shown).
In addition, no relation could be found between a positive
proliferative T cell response and cytokine production.

Remarkably, one individual paediatric patient with SAD
had recurrent cutaneous HSV reactivations (patient no. 10;
Table 1) without having reactivations of other herpes
viruses. This patient had almost undetectable proliferation
and cytokine production towards HSV and low but detect-
able responses to the other herpes viral antigens.

Discussion

This study was undertaken to investigate further the T cell
function in CVID patients, focusing upon T cell function
against herpes viridae. Previous studies have focused upon T
cell proliferation to mitogens and recall antigens, including
EBV- and CMV-derived epitopes [12,14-17,32]. We studied
T cell proliferation and cytokine responsiveness to a number
of herpes viruses in adults and children with CVID and
paediatric patients with SAD, suffering from recurrent viral
infections or recurrent herpes virus reactivations, and com-
pared these values with age-matched controls. In antigen-
specific CD4" and CD8" T cell proliferation, no major
differences could be detected between paediatric and adult
CVID patients and controls. We observed that paediatric
CVID patients had higher proliferative CD8" T cell responses
to the CMV-derived antigens pp65 and IEL, to HSV and to
HHV6-B, when compared to age-matched controls. T cell
responses to EBV were not increased compared to controls.
No significant differences were found in antigen-specific T
cell responses between paediatric SAD patients and controls.
Although these findings were observed in small patient
groups, they may reflect differences in humoral and cellular
immunity between CVID and SAD patients.

Significant differences in T cell proliferation were not
observed between adult CVID patients and controls;
however, we noticed large variations in T cell responses to
pp65 and HSV in adult CVID patients compared to controls.
This finding may suggest that subgroups of patients have
disturbed immunity against EBV (pp65) and HSV. These
results are in line with data observed by Reiszadeh et al. [32],
who reported increased CMV-specific T cell responses
in CVID patients. CMV- and HSV-specific CD8" T cell
responses may be increased in response to relatively dimin-
ished viral control because of aberrant antibody production.
Variation in CD8" T cell responses may be related to time
since exposure to the viral antigens; however, as there seems
no reason for CVID patients to contract primo infection with
herpes viruses earlier than other patients, we do not consider
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Fig. 2. Cytokine production in response to the different viral antigens. Interleukin (IL)-10 production in response to different viral antigens in

common variable immunodeficiency (CVID) patients and children with specific antibody deficiency (SAD) (depicted by triangles) and control

groups (median with range). P-values < 0-05 are considered significant (Mann—Whitney U-test).

this a likely explanation for wide variations in T cell
responses in some CVID patients.

In all study groups, production of the proinflammatory
cytokines IL-1, IL-6, TNF-o and IP-10 could be detected,
compatible with a normal immune response upon contact
with viral pathogens. Between CVID patients and controls,
only small differences in cytokine production could be
observed. However, children with CVID and SAD had a
higher overall production of proinflammatory cytokines
compared to adult CVID patients, with the highest increase
in cytokine production being observed for IL-12. Remark-
ably, the production of the anti-inflammatory cytokine
IL-10 was also increased in paediatric patients, both com-
pared with adult patients and with age-matched controls.
Earlier studies in adult CVID patients reported deficient pro-
duction of IL-12 by dendritic cells [48] and impaired IL-10
production by T lymphocytes [21]. Giovannetti et al. [23]
showed increased IFN-y production and decreased IL-10
production in a subset of CVID patients. Deficient IL-12
production could lead to attenuated T cell activation and
defective immunization [9], and although IL-10 production
is important for B cell function, high levels of IL-10 can also
result in a less efficient anti-viral immune response [49].
Because cytokine production in this study was measured in
PBMC:s, future work could focus upon measuring intracel-
lular cytokine production to delineate cytokine profiles by
the different cell populations and to further detect differ-
ences between patients and controls.

Although subtle differences were observed in T cell pro-
liferation in response to several of the herpes viruses, such as

increased T cell proliferation in response to CMV and HSV
in CVID patients, no clear general patterns in T cell
responses could be seen that would indicate a general T cell
defect towards herpes viruses in CVID patients. Recurrent
herpes virus infections and reactivations in a subset of CVID
patients may be due to aberrant antibody production or a
disturbed interaction between T and B cells, rather than to T
cell defects alone. Furthermore, disturbed T cell-mediated
immunity against herpes viruses in individual patients
cannot be excluded.

This study was limited by the fact that it is not possible to
determine reliably previous contact with herpes viruses in
patients with antibody deficiency syndromes, despite the use
of RT-PCR. Nevertheless, our data showed that proliferation
in response particularly to CMV and HSV was increased
slightly in CVID patients with recurrent viral infections,
whereas the response to HAdV and HHV6-B was compa-
rable between patients and controls, compatible with a
normal immune response to those viruses. It is possible that
differences between subgroups will be more prominent by
increasing the study population or by including only patients
with recurrent herpes virus infections. Future research
should also focus on patients with defective proliferative
responses and deviant cytokine production.

In conclusion, the overall findings of T cell proliferation
and cytokine production upon stimulation with herpes
viruses and HAAV in CVID patients and SAD patients were
comparable to values found in healthy controls. In paediatric
CVID, but not in SAD, we found moderately increased pro-
liferation upon stimulation with CMV, HSV and HHV6-B
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antigens. Because the underlying defects in CVID patients
may be extremely heterogeneous and it was not possible to
determine reliably previous exposure to the studied viruses,
these findings do not exclude the possibility of T cell abnor-
malities in subsets of CVID patients. The present study,
however, suggests that CVID patients have normal T cell

responses to viral antigens.
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