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AbsTrAcT
Introduction Influenza-specific cell-mediated immune (CMI) responses can 
protect for influenza, but may be decreased in common variable immuno-
deficiency (CVID) patients since defects in CMI responses have been de-
monstrated in CVID patients.

Methods CMI responses were evaluated in 15 CVID patients and 15 mat-
ched healthy controls (HC) by determining frequencies of interferon (IFN)
γ-producing PBMC, and frequencies of IFNγ-, interleukin (IL)-2- and tumor 
necrosis factor (TNF)α-producing CD4+ and CD8+ T-cells before and after 
influenza vaccination using IFNγ enzyme-linked immunospot (IFNγ-ELISpot) 
and flow cytometry. Humoral responses were determined using hemagglu-
tination inhibition assay.

results  In CVID patients the number of spotforming PBMC in the IFNγ-
ELISpot did not increase following influenza vaccination, in contrast to HC. 
In flow cytometry, the frequencies of IFNγ-producing T-cells decreased in 
CVID patients after influenza vaccination, while in HC the frequencies of 
IFNγ-production increased.

conclusion CMI responses following influenza vaccination are hampered 
in CVID patients compared to HC. Additional protective strategies against 
influenza other than vaccination are warranted.
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InTroducTIon
Common variable immunodeficiency (CVID) is the primary immunodeficiency 
most frequently encountered in clinical practice. CVID is primarily characterised 
by a defective humoral immune response. Recurrent sinopulmonary, and less fre-
quently, gastrointestinal infections are the most common clinical manifestations, 
but CVID patients are also at increased risk for the development of auto-immune 
diseases, granulomatous disease and hematological and solid malignancies [1]. 

Because of the immunocompromised state of CVID patients, influenza vaccina-
tion is recommended [2]. However, compared to healthy individuals vaccination 
with polysaccharide and protein vaccines is less efficacious [3, 4].  We demonstra-
ted hampered humoral responses following influenza vaccination in patients with 
CVID, resulting in lower seroprotection rates, defined as an anti-influenza titer as 
determined by haemagglutinin inhibition assay (HIA) ≥40) in these patients com-
pared to healthy controls (HC) [5] 

Not only humoral [6], but also cell-mediated immune (CMI) responses following 
influenza vaccination have been shown to correlate with protection for clinical in-
fluenza infection [7]. Although CVID is classified as a humoral immunodeficiency, 
decreased cellular immune function has been demonstrated in a considerable 
proportion of CVID patients, consisting of numerical and/or functional defects 
involving T-cells, natural killer (NK)-cells, dendritic cells (DC), macrophages and 
monocytes [8-10]. Data regarding the CMI response following influenza vaccinati-
on in patients with CVID are lacking. However, in view of their hampered humoral 
responses, cellular responses should be considered as well when discussing the 
usefulness of influenza vaccination in these patients.

In this study we investigated the influenza-specific CMI response in patients with 
CVID before, and 7 and 21-28 days after vaccination with trivalent subunit influen-
za vaccine in comparison with that in healthy controls. CMI response on vaccinati-
on was determined using interferon (IFN)γ enzyme-linked immunospot (ELISpot) 
and flow cytometry with intracellular cytokine staining (ICS) for IFNγ, interleukin 
(IL)-2 and tumor necrosis factor (TNF)α. Finally, a relationship between CMI re-
sponses and humoral immune responses was studied. 

MATerIAls And MeThods

Patients and healthy controls

Patients were included at the University Medical Center Groningen (UMCG) and 
the University Medical Center St. Radboud Nijmegen, both in The Netherlands, 
and had to fulfil the European Society for Immunodeficiencies classification crite-
ria for CVID (http://www.esid.org). HC were recruited from the UMCG personnel. 
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Patients and HC were excluded in case of: (i) no informed consent, (ii) age under 
18, (iii) current infection that needed treatment with antibiotics, (iv) malignancy, 
(v) pregnancy, (vi) known allergy to or former severe reaction following vaccina-
tion with trivalent influenza subunit vaccine.

Vaccine

Trivalent influenza subunit vaccine for the season 2006-2007 (Influvac®; Solvay 
Pharmaceuticals, Weesp, The Netherlands) was used, containing isolated hemag-
glutinin and neuramidase proteins derived from egg-cultured virus. The vac-
cine contained the following strains: A/Wisconsin/67/2005 (A/H3N2)-like strain 
(A/Hiroshima/52/2005 IVR-142 reass.); A/New Caledonia/20/99 (A/H1N1)-like strain 
(A/New Caledonia/20/99 IVR-116 reass.); and B/Malaysia/2506/2004-like strain 
(B/Malaysia/2506/2004).

Procedures

Patients and HC received the influenza vaccine intramuscularly between October 
2006 and January 2007, which was before the onset of the seasonal influenza 
outbreak in The Netherlands. Immediately before, and 7 and 21 or 28 days after 
vaccination blood samples were taken. The latter variation depended on the inter-
val between the intravenous immunoglobulins (IVIg) administration that patients 
received, to prevent interference of the administration of IVIg with the results of 
the humoral and cellular immune responses. Twenty-one days was chosen when 
the interval between consecutive IVIg administrations was 2 weeks, and 28 days 
when the interval between consecutive IVIg administrations was 3 or 4 weeks or 
when patients did not receive IVIg, and in HC. Moreover, patients treated with IVIg 
were vaccinated 7 days before the administration of IVIg to distinguish possible 
side effects of vaccination from those of IVIg administration, and also to dimi-
nish the influence of IVIg on the outcome of the cellular immune responses on 
day 7. Measurements of complete blood count, lymphocyte subsets (CD4+ T-cells, 
CD8+ T-cells, CD16/56+ NK-cells and CD19+ B-cells) were performed according to 
standard procedures. Information on previous influenza vaccination was obtained 
from all participants.

The study was approved by the ethics committees of both participating centers.

cell-mediated immunity assays

Processing of PBMC and the procedures for the IFNγ-ELISpot assay and flow cy-
tometry were as described earlier [11]. Therefore, these procedures will only be 
described in short.
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Isolation, storage and thawing of PBMC

PBMC were isolated from BD Vacutainer® CPT™ Cell Preparation Tubes containing 
0.1 M sodium citrate anticoagulant and blood separation media composed of a 
thixotropic polyester gel and a FICOLL™ HYPAQUE™ solution (BD, Franklin Lakes, 
NJ, USA), according to the instructions of the producer. PBMC were stored in li-
quid nitrogen until use in RPMI 1640 (Cambrex BioScience, Verviers, Belgium) sup-
plemented with 10% human pool serum, 50 µg/ml of gentamicin (Gibco, Paisley, 
UK) and 10% dimethylsulfoxide. Prevaccination and postvaccination samples from 
a patient with CVID and a matched control subject were simultaneously thawed 
and batch-processed.

Influenza antigens used in assays of cell-mediated responses

PBMC were stimulated with β-propiolactone inactivated whole virus (WIV) of 
A/New Caledonia/20/99 (IVR-116 reass.; A/H1N1) and A/Hiroshima/52/2005 (IVR-
142 reass.; A/H3N2).

IFNγ-ELISpot assay

Immobilon-P membrane plates (Millipore,Billerica,MA,USA) were coated with an-
ti-human IFNγ (Mabtech, Nacka Strand, Sweden). 2 x 105 PBMC were added per 
well and incubated for 8 hours in culture medium (CM), RPMI 1640 (Cambrex Bi-
oScience, Verviers, Belgium) supplemented with 10% fetal calf serum, 50 µg/ml 
of gentamicin (Gibco, Paisley, UK) with WIV A/H1N1 (1 µg/ml) and WIV A/H3N2 
(1 µg/ml). Concanavalin A stimulation served as a positive control, a negative con-
trol consisted of PBMC in CM alone. Stimulation tests were performed in dupli-
cate. Biotinylated anti-human IFNγ, streptavidin-alkaline phosphatase and BCIP/
NBT-plus substrate (all Mabtech) were used in order to visualise IFNγ-producing 
PBMC. Spots were counted using an automated reader (automated ELISpot video-
analysis system, Sanquin, Amsterdam, The Netherlands).

Flow cytometry

For stimulations, 1.0–1.5 x 106 PBMC were cultured in CM for 18 hours. Staphylo-
coccal enterotoxin B (SEB; Sigma-Aldrich, St. Louis, MO) at 5 µg/ml was used as a 
positive control. WIV A/H1N1 and WIV A/H3N2 were used at final concentrations of 
1 µg of total viral protein/ml. Negative controls were not stimulated (CM only). Pa-
cific Blue and Pacific Orange dyes (Invitrogen, Carlsbad, CA), in a different com-
bination for each stimulus, were used to enable fluorescent T-cell bar coding. The 
following monoclonal antibodies were used: allophycocyanin (APC)-Cy7-conjuga-
ted anti-CD3, peridinin chlorophyll A protein–conjugated anti-CD8 (Becton Dickin-
son Pharmingen, San Diego, CA, USA), phycoerythrin–Cy7 (PE-Cy7)–conjugated 
anti-CD69 (Biolegend, San Diego,CA, USA), PE–conjugated anti-IFNγ, APC-conju-
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gated anti-TNFα, and Fluorescein isothiocyanate-conjugated anti–IL-2 (eBiosci-
ence, Hatfield, UK) Analysis was performed on a LSR II flow cytometer (Becton 
Dickinson).

The WinList software package (Verity Software House, Topsham, ME) was used. 
Percentages of antigen-specific cells were expressed as the percentage of CD69+ 
cytokine-producing CD4+ or CD8+ T-cells within the total CD4+ or CD8+ T-cell po-
pulation. Samples were excluded if the proportion of viable cells after thawing 
was <85%, and if the proportion of IFNγ- or TNFα-producing CD4+ or CD8+ T-cells 
was <2.00% upon stimulation with SEB (positive control). For IL-2 no cut-off could 
be determined since the proportion of cytokine-producing CD4+ and CD8+ T-cells 
upon stimulation with SEB was generally low.

Antibody response to influenza

For the detection of influenza antibodies the HIA was used. HIA were perfor-
med with guinea pig erythrocytes and using cell grown influenza viruses as an-
tigens, following standard procedures [12] with slight modifications as described 
elsewhere [13]. Sera were tested for antibodies against A/New Caledonia/20/99 
(A/H1N1) and A/Wisconsin/67/2005 (A/H3N2).

statistical analysis

Since none of the variables were normally distributed, data are presented as me-
dian (range).  Data were analysed using PASW Statistics 18 (SPSS Inc., Chicago, IL, 
USA). To determine differences in baseline characteristics between the matched 
CVID patients and HC, the levels of spotforming cells with IFNγ-ELISpot and the 
frequencies of cytokine-producing cells with flow cytometry, the Mann-Whitney 
U test was used. Friedman’s two-way analysis of variance by ranks was used to 
analyse the presence of differences in CMI responses at the three time points. All 
cytokine frequencies reported are after background subtraction of the frequen-
cy of the identically gated population of cells from the same sample stimulated 
without antigen. For correlations, Spearman’s rank correlation coefficients were 
used. A two sided p-value <0.05 was considered statistically significant. A power 
calculation could not be performed since no data were available with regard to 
what difference in CMI responses could be expected and would be clinically rele-
vant.

resulTs

Patient characteristics

Fifteen eligible CVID patients were included and successfully matched for sex, age 
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and history for influenza vaccination to 15 HC. Baseline characteristics are descri-
bed in table 1. Thirteen out of 15 (87%) patients and 10 out of 15 (67%) HC received 
influenza vaccination the year before. Baseline counts for CD3+ T-cells, CD8+ T-
cells, CD16/56+ NK-cells and CD19+ B-cells were comparable for both groups. CD4+ 
T-cell numbers were lower in patients compared to CD4+ T-cell numbers in the 
HC, although not statistically significant (p =0.072). Seven and 21-28 days after 
vaccination this difference persisted (p =0.007 for both time points). Also, CD4+/
CD8+ ratio was lower in patients compared with HC at baseline (p =0.014), after 
7 days (p =0.049) and after 21-28 days (p =0.015) following influenza vaccination. 

Table 1. Baseline characteristics of patients with common variable immunodeficiency and healthy 
controls

Patients Healthy controls p-value

(n=15) (n=15)

Age, (years), median (range) 55 (30-74) 52 (36-65) NS

Sex, (male), no. (%) 8 (53) 9 (60) NS

IVIg, no. (%) 12 (80) N/A N/A

Vaccination ‘05/’06, no. (%) 13 (87) 10 (67) NS

Lymphocytes, (x 10^9/l), median (range) 1.69 (0.81-8.31) 1.80 (0.80-2.90) NS

CD3+-cells, (x 10^9/l), median (range) 1.23 (0.58-6.51) 1.39 (0.55-2.53) NS

CD4+-cells, (x 10^9/l), median (range) 0.51 (0.30-3.81) 0.93 (0.39-1.34) NS

CD8+-cells, (x 10^9/l), median (range) 0.58 (0.14-2.57) 0.34 (0.15-1.04) NS

CD16/56+-cells, (x 10^9/l), median (range) 0.14 (0.03-0.29) 0.20 (0.05-0.38) NS

CD19+-cells, (x 10^9/l), median (range) 0.18 (0.02-1.51) 0.20 (0.08-0.37) NS

CD4+/CD8+ ratio, median (range) 1.48, (0.33-6.00) 2.00 (1.29-4.95) 0.014

NS, not significant; N/A, not applicable

higher frequencies of IFnγ-producing cd4+ and cd8+ T-cells in patients 
with cVId 

In the IFNγ-ELISpot assay no differences in the proportion of spotforming cells 
before vaccination were found between patients and HC for both influenza A 
strains tested (figure 1).

Flow cytometry revealed higher frequencies of IFNγ-producing CD4+ T-cells 
upon stimulation with SEB in patients compared to HC on all three time points 
tested, being significant before vaccination (p =0.014, data not shown). Further-
more, before vaccination proportions of IFNγ-producing CD8+ T-cells upon sti-
mulation with SEB were higher in patients compared to HC (p =0.005, data not 
shown). Also, when stimulated with A/H1N1 and A/H3N2, the proportions of 
IFNγ-producing CD4+ T-cells were higher in patients than in HC (for both strains 
p =0.019) (figure 2, A). Prevaccination frequencies of TNFα- and IL-2- producing 
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CD4+ and CD8+ T-cells did not differ except for a lower frequency of TNFα-
producing CD8+ T-cells upon stimulation with SEB (p =0.022, data not shown) and 
a higher frequency of IL-2-producing CD8+ T-cells upon stimulation with A/H1N1 
(p =0.015, data not shown) in patients compared to HC.

lower cell-mediated responses to A/h1n1 and A/h3n2 following influenza 
vaccination in patients with cVId

In patients with CVID the IFNγ-ELISpot assay revealed no differences in the pro-
portion of spotforming cells between time points 0, 7 and 21-28 days upon stimu-
lation with A/H1N1  (p =0.202) or A/H3N2 (p =0.905), whereas for HC significant 
changes in spotforming cells between the three time points were present upon 
stimulation with A/H1N1 (p =0.020) and A/H3N2 (p <0.001), representing a CMI res-
ponse in HC following influenza vaccination (figure 1).

When using flow cytometry, in CVID patients a decrease was found in the fre-
quencies of IFNγ-producing CD4+ T-cells upon stimulation with SEB when com-
paring time points 0, 7 and 21-28 days (p =0.035, data not shown). Upon stimu-
lation with A/H1N1 and A/H3N2 this was also shown, although the decrease was 
not statistically significant for the latter (p =0.026 and p =0.060, respectively) (fi-
gure 2, A). On the contrary and as expected, in HC the frequencies of A/H1N1- and 
A/H3N2-specific IFNγ+CD4+ T-cells increased after influenza vaccination (p =0.028 
and p =0.016, respectively) (figure 2, A).

Regarding CD8+ T-cells, in CVID patients the frequencies of A/H1N1- and A/H3N2- 
specific IFNγ+CD8+ T-cells did not differ between the three time points (p =0.909 

Figure 1. Influenza-specific IFNγ-production by PBMC before, and 7 and 21-28 days following influ-
enza vaccination in healthy controls and patients with CVID, as determined by IFNγ-ELISpot assay. 
Bars represent medians, whiskers represent interquartile range. 
P-value as calculated using Friedman’s Two-Way analysis of variance by ranks.
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and p =0.846, respectively). In HC, for the frequency of IFNγ-producing CD8+ 
T-cells a rise following vaccination was found upon stimulation with A/H1N1 
(p =0.044), but not upon stimulation with A/H3N2 (p =0.264) (figure 2, B).

The frequencies of TNFα-producing CD4+ and CD8+ T-cells were low and did not 
differ between time points 0, 7 and 21-28 days both in CVID and HC (figure 2, C 
and D).

With regard to the different assays for the detection of CMI responses, a cor-
relation was demonstrated between the fold-increase in spotforming cells in the 
IFNγ-ELISpot assay and the fold-increase in the frequencies of IFNγ-producing 
CD4+ T-cells upon stimulation with A/H1N1 at 21-28 days after influenza vaccina-

Figure 2. Frequencies of IFNγ-producing CD4+ and CD8+ T-cells (A and B) and TNFα-producing CD4+ 
and CD8+ T-cells (C and D) before, and 7 and 21-28 days following influenza vaccination in healthy con-
trols and patients with CVID, as determined by flow cytometry. Bars represent medians, whiskers 
represent interquartile range. P-values as calculated using Friedman’s two-way analysis of variance 
by ranks. Differences between HC and P were calculated using Mann-Whitney U test. 
* p =0.019 when compared to healthy controls at baseline, # p =0.050 when compared to healthy 
controls at time point 21-28, § p =0.018 when compared to healthy controls at time point 21-28.
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tion for HC (r =0.829, p =0.042) and for patients at 7 days (r =0.750, p =0.052) and 
at 21-28 days (r =0.667, p =0.071). For A/H3N2 only in patients a correlation was 
found between the fold-increase in spotforming cells in the IFNγ-ELISpot assay 
and the fold-increase in the frequencies of IFNγ-producing CD4+ T-cells at 7 days 
following influenza vaccination (r =0.714; p =0.071).

lower anti-influenza antibody titers as determined by hIA in patients with 
cVId

The humoral response following influenza vaccination in 18 patients with CVID 
from the original cohort of 26 patients with a humoral primary immunodeficiency 
has been described elsewhere [5]. Summarizing, prevaccination geometric mean 
titers (GMTs) in patients with CVID and HC were comparable. However, for none 
of the influenza strains GMTs rose significantly after vaccination in patients with 
CVID. Patients with CVID had, for both A/H1N1 and A/H3N2, lower fold-increase in 
GMT (both p <0.001), postvaccination GMT (both p <0.001), seroconversion rates 
(p =0.004 and p =0.031), seroprotection rates (p =0.014 and p =0.002) and propor-
tion of patients with protective postvaccination anti-influenza hemagglutination 
inhibition-titer of ≥40 (p =0.019 and p <0.001), compared to HC.

Inverse correlation between baseline cMI responses to A/h1n1 and A/h3n2 
and fold-increase in influenza-specific cMI responses following influenza 
vaccination

As earlier described by others [14], we found an inverse correlation between 
influenza-specific CMI responses at baseline and the fold-increase in influenza-
specific CMI responses following influenza vaccination. For patients as well as 
for HC the fold-increase in spotforming cells in the IFNγ-ELISpot assay was in-
versely correlated with the prevaccination proportion of spotforming cells upon 
stimulation with A/H1N1 at 7 days (for CVID r =-0.5152; p =0.130: for HC r =-0.4615; 
p =0.110) and 21-28 days (for CVID r =-0.8364; p =0.022: for HC r =-0.7636; p =0.009), 
and upon stimulation with A/H3N2 at 7 (for CVID r =-0.4667; p =0.180: for HC 
r =-0.8077; p <0.001) and 21-28 days (for CVID r =-0.8364 (p =0.022); for HC r =-0.6545 
(p =0.034) following influenza vaccination. Although these correlations were not 
always statistically significant, these results all point in the same direction.

no correlation between influenza-specific cell-mediated and humoral im-
mune response

Next, in order to assess a possible relationship between the influenza-specific 
CMI responses and influenza-specific antibody responses following influenza vac-
cination, we computed correlations between the fold-increase in anti-influenza 
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GMT and the fold-increase in spotforming cells in the IFNγ-ELISpot assay as well 
as the fold-increase in IFNγ-producing CD4+ and CD8+ T-cells by flow cytometry 
upon stimulation with A/H1N1 and A/H3N2 at 7 and 21-28 days following influenza 
vaccination. No correlations were found (data not shown).

dIscussIon
To our knowledge, this study is the first to investigate the CMI response follo-
wing influenza vaccination in patients with CVID using two different assays: IFNγ-
ELISpot assay and flow cytometry with ICS. Earlier we showed that humoral re-
sponses following influenza vaccination are severely hampered in patients with 
CVID [5].

Following influenza vaccination the patterns of the influenza-specific CMI respon-
ses were different in patients with CVID and HC. In HC the proportion of IFNγ-
producing cells increased, as determined by ELISpot assay as well as by flow cy-
tometry analysis. This held in particular true for CD4+ T-cells, as expected, since 
subunit material is presented by antigen presenting cells to CD4+ T-cells in the 
context of MHC-class II molecules. Only a small part is presented to CD8+ T-cells, 
in the context of MHC-class I molecules by cross-presentation. This might explain 
the increase in the frequency of IFNγ-producing CD8+ T-cells in HC following in-
fluenza vaccination. In contrast, in CVID patients IFNγ-producing cells did not in-
crease in frequency following influenza vaccination in the ELISpot assay and even 
a decrease in the proportion of A/H1N1 and A/H3N2-specific IFNγ-producing CD4+ 
T-cells could be demonstrated using flow cytometry. These findings suggest that 
influenza-specific CMI responses are impaired in patients with CVID and fits with 
studies demonstrating a decreased CMI response after vaccination with recall 
and neo-antigens in these patients [15, 16].

Several causes may underlie the difference in influenza-specific CMI response 
in CVID and HC. First, defects in antigen-presenting cells have been described 
in CVID: DC are decreased in number [17-19], have reduced expression of surface 
molecules associated with maturity [20], express markedly reduced levels of the 
costimulatory molecules that are critical for T-cell stimulation [21], have defective 
TLR9 activation [22] and are impaired in differentiation (in part due to the defici-
ency of circulating natural IgG antibodies) [23]. Monocytes of patients with CVID 
produce less IL-6 and TNFα in response to vaccination with 23-valent polysaccha-
ride pneumococcal vaccine [24].

Second, T-cell abnormalities may explain the absence of an increase in CMI res-
ponse following influenza vaccination in CVID: reduced numbers of (naïve) CD4+ 
T-cells and CD8+ T-cells, decrease in regulatory T-cells, reduced thymic output, 
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increased T-cell activation, altered cytokine production (among which elevated 
levels of IFNγ-producing CD4+ and CD8+ T-cells, as we also found at baseline using 
FASC/ICS), disruption of CD4+ and CD8+ T-cell receptor repertoires, increased 
CD4+ and CD8+ T-cell turnover and increased levels of spontaneous apoptosis 
have all been found [8, 25-29]. Finally, 80% of the included CVID patients were 
treated with IVIg, which can inhibit T-cell proliferation and cytokine-production, 
although the exact mechanism remains to be elucidated [30]. IVIg-treatment in 
patients with CVID does not seem to play a role in their restriction of T-cell re-
pertoires [8].

Our findings of a decrease in CD4+ T-cell count following vaccination and a reduc-
tion in the proportion of IFNγ-producing CD4+ and CD8+ T-cells upon stimulation 
with SEB, A/H1N1 and A/H3N2 might be caused by activation-induced apoptosis of 
CD4+ and CD8+ T-cells, triggered by influenza vaccination or upon their reactiva-
tion ex vivo by influenza virus. Influenza virus, but also its major surface protein 
hemagglutinin, the major constituent of the trivalent subunit influenza vaccine 
used in this study, can induce activation-induced apoptosis [31, 32]. Also increased 
pre-activation of T-cells in vivo , as has been demonstrated in CVID patients, make 
these cells more prone to apoptosis upon their ex vivo culture, thus reducing fre-
quencies of influenza-specific T-cells. Furthermore, brefeldin A, used in the flow 
cytometry assay to inhibit secretion of cytokines and allowing their intracellular 
detection by monoclonal antibodies, has been shown to provoke apoptosis in hu-
man tumor cells. A similar effect may have been induced in the (apoptosis-prone) 
T-cells, possibly leading to their accelerated apoptosis. This could also explain 
decreases in IFNγ-production in the flow cytometry assay, but not in the ELISpot 
assay. Moreover, this may not only be due to the use of brefeldin A but also due 
to the more extensive handling of the PBMC samples in the flow cytometry assay, 
as compared to the ELISpot assay. 

We could demonstrate correlations between the fold-increase in spotforming 
PBMC by ELISpot and the fold-increase in the frequencies of INFγ-producing CD4+ 
T-cells by flow cytometry following influenza vaccination, but not for the individu-
al parameters of CMI responses at the same time points. This latter finding most 
likely depends on the fact that both tests address different aspects of cell-me-
diated immunity and therefore also differ in sensitivity [33]. Also an inverse cor-
relation between CMI response at baseline and the fold-increase as determined 
by IFNγ-ELISpot was found. This has previously been demonstrated by others and 
is suggested to result from the interactions of memory CD4+ T-cells, CD56dim 
NK-cells and DC, where low memory CD4+ T-cells lead to better DC-function [14].

Although CD4+ T-cell help to B-cells is necessary for adequate antibody responses, 
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B-cells of CVID patients have been shown to have low B-cell activation in res-
ponse to stimuli from T-cells [34]. This might be an explanation for the absence 
of a relationship between humoral immune responses and CMI responses in the 
CVID patients in the current study. However, this can not explain the absence of 
a correlation in HC. 

A limitation of this study is the low number of patients and HC included. This pre-
vented us from analysing the influence of the clinical classification of the CVID 
patients, of IVIG-treatment and of previous vaccination on the CMI response.

Although influenza vaccination does not lead to the development of protective 
levels of anti-influenza antibodies [5] and no increase in CMI response using IFNγ- 
ELISpot and flow cytometry in CVID patients in this study, other parameters of 
cell-mediated immunity that we did not address (e.g. granzyme B-production by 
CD8+ T-cells) might lead to protection from influenza in these patients. Of note, 
correlates of protection from influenza with regard to CMI responses are lac-
king. Therefore, influenza vaccination should be offered to patients with CVID, 
but additional measures for CVID patients to prevent influenza infection are also 
warranted, such as vaccination for influenza of household contacts and of health 
care workers of CVID patients [2, 35, 36]. Although prophylactic antiviral treatment 
with adamantanes and neuraminidase inhibitors reduces the chances of contrac-
ting influenza [37], these should preferentially be reserved for treatment or post-
exposure prophylaxis only since virtually all A/H3N2 are resistant to adamantanes, 
while resistance to the neuraminidase inhibitor oseltamivir is highly prevalent in 
A/H1N1. Passive immunization of CVID patients with serum from donors with high 
levels of anti-influenza antibodies shortly before the start of and during the influ-
enza season might be another option to protect these patients, but this needs to 
be further explored.

conclusIon
In patients with CVID humoral immune responses as well as CMI responses fol-
lowing influenza vaccination are hampered. Additional measures to influenza vac-
cination are warranted to prevent patients with CVID from contracting (compli-
cated) influenza.
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