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AbsTrAcT
Introduction Yearly influenza vaccination is recommended for patients 
with humoral primary immunodeficiency (hPID). However, humoral respon-
ses following vaccination can be expected to be reduced in these patients. 

Methods The efficacy of influenza vaccination in patients with hPID was as-
sessed in 26 patients with hPID and 26 matched healthy controls (HC) using 
hemagglutination inhibition assay.

results  Following vaccination, geometric mean titers (GMTs) significantly 
increased for all influenza strains in the HC group, but only for A/H1N1 in 
the patient group. Fold-increase in anti-influenza titer and seroprotection 
rates were lower for patients than for HC for A/H3N2 and A/H1N1, leading to 
postvaccination titer ≥40 in only 29% and 83% vs. 77% and 100%, respectively. 
Previous vaccination in patients and treatment with IVIg did not result in a 
higher rate of postvaccination titer ≥40.

conclusion Patients with hPID show hardly any humoral response following 
influenza vaccination.



27

C
ha

pt
er

 2

InTroducTIon
Influenza occurs in seasonal outbreaks of varying extent nearly every winter, and 
is associated with increased morbidity and mortality. Particularly young children, 
elderly, patients with chronic illnesses (e.g. cardiac, pulmonary or renal disease, 
diabetes mellitus) and immunodeficient patients are at increased risk for deve-
loping complicated influenza [1].  Influenza-related death is mainly due to cardiac 
events or influenza pneumonia, with or without secondary bacterial infection 
[2]. Patients with humoral primary immunodeficiencies (hPID; i.e. IgA deficiency 
(IgAD), common variable immunodeficiency (CVID), X-linked agammaglobuline-
mia (XLA), autosomal recessive agammaglobulinemia, IgG-subclass deficiency 
(IgGSD), and specific antibody response deficiency), frequently experience recur-
rent bacterial infections of the upper and lower respiratory tract. Although these 
patients  seem to be at risk for complicated influenza, the prevalence, morbidity 
and mortality of influenza in patients with hPID are unknown. 

Because of the immunocompromised state and the risk of potentially life threa-
tening secondary bacterial respiratory tract infections, influenza vaccination is 
recommended to patients with hPID [3]. On the other hand, humoral responses to 
vaccination can be expected to be reduced in these patients; absence of humoral 
responses to vaccination is even part of the diagnostic criteria for several hPID 
(http://www.esid.org). Nevertheless, peripheral blood mononuclear cells from a 
subset of CVID patients have been shown to be capable of producing antibodies 
in response to influenza antigen in vitro, this in contrast to mononuclear cells 
from X-linked agammaglobulinemia patients [4]. In vivo, antibody responses to 
polysaccharide and polypeptide vaccines have been demonstrated in respectively 
18% and 23% of CVID patients [5]. Data on in vivo responses following influenza vac-
cination in patients with hPID are lacking.

To determine if influenza vaccination results in protective antibody titers against 
influenza in patients with hPID, we investigated the humoral immune response 
following vaccination with trivalent subunit influenza vaccine.

MeThods

Patients and healthy controls

All patients had to fulfil the European Society for Immunodeficiencies (ESID) clas-
sification criteria for an hPID (http://www.esid.org). Patients and healthy controls 
(HC) were excluded in case of: (i) no informed consent, (ii) age under 18, (iii) cur-
rent infection that needed to be treated with antibiotics, (iv) malignancy, (v) preg-
nancy, (vi) known allergy to or former severe reaction following vaccination with 
trivalent influenza subunit vaccine.
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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 following 
strains were included in the vaccine: A/Wisconsin/67/2005 (H3N2)-like strain 
(A/Hiroshima/52/2005 IVR-142 reass.); A/New Caledonia/20/99 (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 Octo-
ber 2006 and January 2007, which was before the onset of the seasonal influ-
enza outbreak in The Netherlands [6]. Immediately before and 21 or 28 days ± 3 
days after vaccination blood samples were taken. The latter variation depended 
on the interval between the intravenous immunoglobulins (IVIg) administration 
that patients received; 21 days was chosen when the interval between consecu-
tive IVIg (Nanogam®, Sanquin, Amsterdam, The Netherlands or Kiovig®, Baxter 
B.V., Utrecht, The Netherlands) administration 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. Patients treated with IVIg were vaccina-
ted 7 days before the administration of IVIg to distinguish possible side effects 
of vaccination from those of IVIg administration, and to diminish the influence 
of immunoglobulin substitution during the distribution phase on the outcome of 
the anti-influenza antibody titers. Measurements of complete blood count, lymp-
hocyte subsets (CD19+ B-cells, CD4+ T-cells, CD8+ T-cells, and CD16/56+ NK-cells) 
and immunoglobulins (IgG, IgA, IgM) were performed according to standard pro-
cedures. Information on previous influenza vaccination was obtained from all par-
ticipants, and adverse effects occurring in the first 7 days postvaccination were 
recorded. Adverse effects were classified into local (itching, pain, erythema, and 
induration at the site of vaccination), systemic (fever, tiredness, sweating, myal-
gia, chills, headache, arthralgia, diarrhoea, flu-like symptoms), and the need to use 
antipyretic drugs. 

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

hemagglutination Inhibition Assay and eLIsA

For the detection of influenza antibodies the hemagglutination inhibition assay 
(HIA) was used. HIAs were performed with guinea pig erythrocytes and using 
cell grown influenza viruses as antigens, following standard procedures [7] with 
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slight modifications as described elsewhere [8]. Sera were tested for antibodies 
against all three vaccine strains. The following parameters for efficacy of vac-
cination were evaluated: geometric mean titer (GMT); seroconversion, defined 
as a ≥4-fold titer rise to a postvaccination titer of ≥40; seroprotection, defined as 
a rise in titer to ≥40 [9]. Hemagglutination inhibition (HI)-titers ≥40 are generally 
considered to be protective, while a median titer of 28 is estimated to protect 50% 
of healthy adult vaccinees [10].

To estimate the contribution of anti-influenza antibodies in the IVIg preparations 
to the levels of anti-influenza antibodies in the patient treated with IVIg, in sam-
ples of three batches of IVIg (Nanogam®, Sanquin, Amsterdam, The Netherlands) 
the levels of anti-influenza antibodies to A/H3N2, A/H1N1 and the B-strain were 
determined using HIA (procedure described above) and in-house ELISA. For the 
latter, in short, microtiter plates were coated with 1 μg/ml subunit of A/H3N2 
or A/H1N1 and subsequently incubated with IVIg samples. Detection of influenza-
specific antibodies was done with mouse-anti-human IgG-HRP and mouse-anti-
human IgM-HRP (Southern Biotech, Birmingham, USA) respectively, followed by 
color reaction with 3’3’5’5’tetramythylbenzidin (TMB) and H2 O2. Absorbance was 
read at 450-575 nm in an Emax microplate reader and concentration of antibodies 
was calculated by SOFTmax PRO software (Molecular Devices, Sunnyvale, USA) 
according to IgG- or IgM-standard curves included on each ELISA plate.  The HIA 
and ELISA were performed on a 1:10 dilution of the IVIg preparations (in PBS) re-
sulting in a concentration of 10 g/l, which was comparable with the mean of the 
total IgG-concentration in patients at the moment of vaccination (11 g/l).

statistical analysis

Data were analysed using SPSS 16.0 for Windows (SPSS Inc.). Wilcoxon signed 
rank test, Mann-Whitney U test, Chi square test, Fisher’s exact test, and Spear-
man’s rank correlation coefficient were used where appropriate. To obtain a po-
wer of 90% with an significance level α of 0.05, and considering a drop-out rate 
of 10%, 26 patients and HC needed to be included, when the expected proportion 
reaching a postvaccination HI-titer ≥40 was 30% for hPID patients, and 75% for HC.

resuLTs

Patient characteristics

Twenty-six patients from the university medical centers in Groningen (UMCG, 
n=21) and Nijmegen, The Netherlands (UMC St.Radboud, n=5), and 42 HC, recrui-
ted from UMCG-health care workers and their family members, gave informed 
consent. Twenty-six HC were successfully matched on group level to the partici-
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pating patients, based on sex, age and history for influenza vaccination. Baseline 
characteristics are described in table 1. Sixty-two percent of patients and HC re-
ceived influenza vaccination the year before. CVID was the most frequent cause 
of the hPID (69%). Compared to HC, patients had lower levels of IgA (p <0.001) and 
IgM (p <0.001), but not of total IgG (p =0.216), most likely since the vast majority 
of patients (81%) received IVIg. Baseline counts for CD19+ B-cells, CD8+ T-cells and 
CD16/56+ NK-cells were comparable for both groups. However, CD4+ T-cell num-
bers were lower in the patient group compared to CD4+ T-cell numbers in the HC. 
For two patients no postvaccination blood samples were available, one diagnosed 
with XLA and the other with CVID, and both treated with IVIg. 

Table 1. Baseline charactaristics of patients and healthy controls

 Patients 
(n=26)

Healthy controls 
(n=26)

p-value

Sex (male), no. (%) 17 (65) 13 (50) NS

Age (years), mean (SD) 50 (13) 50 (11) NS

Diagnosis no. (%) / IVIg-use no. (%)

CVID 18 (69) / 16 (89)* N/A N/A

IgAD 3 (12) / 0 (0)* N/A N/A

IgGSD 2 (8) / 2 (100)* N/A N/A

SABRD 1 (4) / 1 (100)* N/A N/A

XLA 2 (8) / 2 (100)* N/A N/A

IVIg, no. (%) 21 (81) N/A N/A

Vaccination 2005/2006, no. (%) 16 (62) 16 (62) NS

IgG (g/l), median (range) 10.1 (4.1-17.4) 11.0 (6.8-16.7) NS

IgA (g/l), median (range) 0.19 (0.09-1.60) 1.90 (0-4.20) <0.001

IgM (g/l), median (range) 0.35 (0-1.60) 0.90 (0.40-2.80) <0.001

CD19+ B-cells (x 10^9/l), median (range) 0.18 (0.02-1.51) 0.21 (0.02-0.43) NS

CD4+ T-cells (x 10^9/l), median (range) 0.63 (0.16-3.81) 0.85 (0.33-1.63) 0.042

CD8+ T-cells (x 10^9/l), median (range) 0.48 (0.14-2.57) 0.43 (0.15-0.96) NS

CD16/56+ NK-cells (x 10^9/l), median (range) 0.19 (0.03-0.37) 0.20 (0.02-0.38) NS

CVID, common variable immunodeficiency; IgAD, IgA-deficiency; IgGSD, IgG-subclass deficiency; 
SABRD, specific antibody response deficiency; XLA, X-linked agammaglobulinemia; IVIg, intra-
venous immunoglobulins; NS, not significant; N/A, not applicable. 
* Percentage of patients with this specific diagnosis treated with IVIg.

efficacy of influenza vaccination

Geometric mean titers

Prior to vaccination no differences in GMT between patients and HC were found 
for A/H3N2 (p =0.268), A/H1N1 (p =0.072) and B (p =0.848) (table 2). Following vac-
cination, GMT in the patient group only increased for A/H1N1 (p =0.011), while in 
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the HC group GMT increased for all three influenza strains (A/H3N2, p <0.001; 
A/H1N1, p <0.001; B; p =0.002) (table 2). The fold-increase in GMT was lower in 
the patient group compared to the HC group for A/H3N2 (p <0.001) and A/H1N1 
(p <0.001) (figure 1), as was the postvaccination GMT in the patient group in com-
parison with the HC group for A/H3N2 (p <0.001) and A/H1N1 (p <0.001) (table 2).

In the subgroup of patients with CVID (n=18), the same pattern was found: prevac-
cination GMT were comparable with the HC group, but for none of the three in-
fluenza-strains GMT rose significantly after vaccination (table 2). In patients with 
CVID, compared to HC, the fold-increase for A/H3N2 and A/H1N1 (both p <0.001) 
(figure 1) and postvaccination GMT for A/H3N2 and A/H1N1 (both p <0.001) were 
lower (table 2).

Table 2. Geometric mean titer (GMT) for all patients, the subgroup of common variable immu-
nodeficiency (CVID) patients and patients treated with intravenous immunoglobulins (IVIg), and 
healthy controls.

Patients Healthy controls

prevac-
cination

postvac-
cination

p-value prevac-
cination

postvac-
cination

p-value

All patients n=26 n=24 n=26 n=26

A/H3N2, mean (SD) 18 (1.8) 22 (2.1) * 0.349 22 (2.1) 50 (1.9) <0.001

A/H1N1, mean (SD) 35 (1.7) 50 (1.8) * 0.011 73 (3.2) 236 (2.6) <0.001

B, mean (SD) 16 (1.8) 21 (1.9) 0.152 18 (1.4) 24 (1.8) 0.002

CVID patients n=18 n=17

A/H3N2, mean (SD) 17 (1.8) 17 (1.7) * 0.201

A/H1N1, mean (SD) 36 (1.5) 41 (1.6) * 0.066

B, mean (SD) 16 (1.7) 17 (1.8) 0.785

Patients on IVIg n=21 n=19

A/H3N2, mean (SD) 18 (1.8) 21 (2.1) * 0.812

A/H1N1, mean (SD) 36 (1.7) 44 (1.8) * 0.041

B, mean (SD) 15 (1.8) 19 (1.9) 0.404

* p <0.001 when compared to healthy controls

  
Seroconversion

The number of patients and HC developing seroconversion was low for all 
strains. This is most likely due to the high number of patients and HC who re-
ceived an influenza vaccination before the previous season (table 1). No dif-
ferences were found between seroconversion rates in patients and HC for  
A/H3N2 and B (data not shown). However, for A/H1N1 seroconversion occurred 
less often in the patient group than in the HC group (8% vs. 39%; p =0.013). 
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Similarly, compared to the HC group, the subgroup with CVID developed  
seroconversion less often for A/H1N1 (39% vs. 0%; p =0.004) and for  
A/H3N2 (27% vs. 0%; p =0.031).

Seroprotection

A HI-titer rise from <40 to ≥40, the latter being considered to be protective for in-
fluenza [10], occurred less frequently in the patient group in comparison with the 
HC group for both A/H3N2 (13% vs. 42%; p =0.019) and A/H1N1 8% vs. 31%; p =0.048) 
(figure 2). The percentages of patients with an HI-titer ≥40 after vaccination, ir-
respective of their prevaccination titer, were 29%, 83% and 21% for the A/H3N2-, 
A/H1N1- and B-strain, respectively, whereas for HC these were 77%, 100% and 27%. 
These differences between patients and HC were statistically significant for A/
H3N2 (p =0.001) and A/H1N1 (p =0.046) (figure 2).

Compared to seroprotection rates in HC, seroprotection rates in the subgroup of 
patients with CVID were also lower for A/H3N2 (0% vs. 42%; p =0.002) and A/H1N1 
(0% vs. 31%; p =0.014), and the percentages of CVID patients with postvaccination 
anti-influenza titer ≥40 were significantly lower compared to those in HC for both 
A/H3N2 (12% vs. 77%; p <0.001) and A/H1N1 strains (77% vs. 100%; p =0.019) (figure 2). 

Impact of previous vaccination 

In order to investigate the impact of previous influenza vaccination on the humo-
ral response, antibody responses in subgroups that received influenza vaccina-
tion before the previous influenza season were compared with subgroups that 
did not receive influenza vaccination one year earlier. In accordance with previous 
findings of us and others, HC not previously vaccinated had at baseline a lower 
GMT for A/H1N1 (mean (SD) 36 (2.6) vs. 113 (3.0); p =0.010), and a trend to a larger 
fold-increase in GMT following vaccination (median (range) 6.75 (0-64) vs. 2 (0-16); 
p =0.053). In patients, however, previous vaccination did not influence baseline 
GMT or fold-increase in GMT for A/H1N1 following influenza vaccination. No dif-
ferences in humoral response against the A/H3N2- and B-strain were found when 
comparing previously vaccinated to not previously vaccinated persons within 
both patient group and HC group (data not shown). 

Impact of treatment with IVIg 

Next, we assessed the influence of IVIg-treatment on the levels of anti-influenza 
specific antibodies. Prevaccination titers for all influenza-strains were compa-
rable between patients receiving IVIg and patients not receiving IVIg (data not 
shown). In patients receiving IVIg-therapy (n=21) only the HI-titer for A/H1N1 in-
creased significantly following vaccination: from 36 (1.7) to 44 (1.8) (mean (SD);



33

C
ha

pt
er

 2

Figure 1. Fold-increase in anti-influenza hemagglutination inhibition titer following influenza vaccina-
tion for A/H3N2 (A), A/H1N1 (B) and B (C)  in all hPID patients (All, n=24), common variable immunode-
ficiency patients (CVID, n=17) and patients treated with intravenous immunoglobulins (IVIg, n=19), and 
healthy controls (HC, n=26). 
* p ≤0,001 when compared to HC   

p =0.041). In patients not receiving IVIg, no significant increase was found follo-
wing vaccination: 35 (1.9) to 80 (1.6) (mean (SD); p =0.102). It should be noted, howe-
ver, that the number of patients without IVIg-therapy was low (n=5). In contrast, 
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patients receiving IVIg-therapy performed worse  compared to those who did 
not receive IVIg-therapy for the following parameters: postvaccination HI-titer 
for A/H1N1 was lower 44 (1.8) vs. 80 (1.6) (mean (SD); p =0.039); the fold-increase in 
titer was lower, although not statistically significant (1x (1-2x) vs. 4x (1-5.7x) (me-
dian (range); p =0.056), the seroconversion rate was lower (0% vs. 40%; p =0.036); 
and the seroprotection rate was lower (0% vs. 40%; p =0.036). The percentage of 
patients with and without IVIg suppletion treatment having a postvaccination HI-
titer ≥40 for all three strains did not differ. No other differences were found when 
comparing patients treated with and without IVIg (data not shown).

Also responses between the subgroup of patients on IVIg and HC were compared. 
No differences in GMT at the time of vaccination between patients on IVIg and 
HC were found for the three influenza-strains (table 2). Fold-increase in titer and 
postvaccination titer for A/H3N2 (both p <0.001) and A/H1N1 (both p <0.001) were 
lower in patients on IVIg compared to HC, as was seroconversion rate for A/H1N1 
(0% vs. 39%; p =0.002). Most importantly, a postvaccination titer of ≥40 was less 
frequently found for both A-strains in patients on IVIg than in HC (A/H3N2: 21% vs. 
77%, p <0.001; A/H1N1: 79% vs. 100%; p =0.014) (figure 2).

correlations between b-cells and vaccination responses

By determining correlations, we tried to find a direct relation between prevac-
cination B-cell count in the peripheral blood and the various outcome parame-
ters for vaccination response. No correlations could be demonstrated (data not 
shown).

Anti-influenza antibody levels in IVIg

In the samples of all three batches of IVIg, representing the IgG of several 
thousands of healthy blooddonors, anti-influenza titers were 1:5 for A/H3N2, 1:10 
for A/H1N1 and 1:5 for the B-strain as determined by HIA. Moreover, when using 
ELISA, a median concentration of IgG anti-influenza antibodies for A/H3N2 was 
85.1 mg/l  (range 81.6-94.4 mg/l) and for A/H1N1 101.5 mg/l (range 87.5-101.8 mg/l). 
As expected, no IgM anti-influenza antibodies were found in IVIg using ELISA.

safety of vaccination: side effects

Occurrence of side effects did not differ between patients and HC. In both the 
patient and HC group, pain at the site of injection was the most frequently noticed 
side effect (36% and 38%) followed by induration at the site of injection (20% and 
15%), muscles aches (20% and 8%) and headache (20% and 8%).



35

C
ha

pt
er

 2

Figure 2. Percentage of patients and healthy controls with a titer ≥40 before vaccination (black bars) 
and postvaccination (white bars) for A/H3N2 (A), A/H1N1 (B) and B (C) in all hPID patients (All, n=24), 
common variable immunodeficiency patients (CVID, n=17) and patients treated with intravenous im-
munoglobulins (IVIg, n=19), and healthy controls (HC, n=26). 
* p <0,05 for seroprotection (HI-titer rise from <40 before vaccination to ≥40 after vaccination), 
compared to HC 
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dIscussIon
The current study is, to our knowledge, the first study evaluating humoral re-
sponses following influenza vaccination in patients with hPID. We show that in 
these patients the humoral response to all three influenza-strains in the vaccine 
is severely hampered for almost all of the outcome measures. This holds true in 
particular for influenza A/H3N2 and A/H1N1, the widest circulating and most vi-
rulent of the influenza-strains. Most alarming is that patients often did not reach 
protective anti-influenza HI-titers; 71% and 17% of the studied patients did not have 
a titer ≥40 of for influenza A/H3N2 and A/H1N1 after vaccination, respectively. For 
the subgroup of patients with CVID (n=18) the numbers are even worse: 88% and 
23%. In comparison, HC responded adequately with 23% and 0% not reaching pro-
tective postvaccination titers for A/H3N2 and A/H1N1, respectively.  

Previous vaccination in healthy individuals generally results in higher prevacci-
nation titers. Following subsequent influenza vaccination postvaccination titers 
might be higher, similar or even somewhat lower, compared to postvaccination 
titers in previously unvaccinated HC [11, 12]. Our results show that in previously 
vaccinated patients with hPID neither a significant higher prevaccination titer, 
nor higher postvaccination titer, compared to not previously vaccinated patients, 
are present. Therefore, most likely yearly influenza vaccination in patients with 
hPID does not result in higher levels of protective anti-influenza titers. This might 
be expected, since in patients with hPID the decreased number and/or function 
of memory B-cells is caused by an intrinsic defect instead of a reversible cause 
underlying the hampered response. While patients with X-linked agammaglobu-
linemia have absent or severely reduced numbers of circulating B-cells, a consi-
derable number of CVID patients have normal numbers of B-cells , but reduced 
counts of class-switched memory B-cells [13].  

Many patients with hPID (81% in the current study) receive treatment with IVIg to 
reduce frequency and severity of respiratory infections [14]. IVIg is reserved for 
those patients with recurrent infections, for whom protection against influenza 
might be considered to be of great importance. When comparing patients treated 
with IVIg to patients without IVIg-therapy, patients with IVIg-therapy showed a 
reduced response to influenza vaccination. This probably reflects the more se-
vere immunodeficiency in these patients. Moreover, pre- and postvaccination ti-
ters were not protective in a large part of the patients treated with IVIg, despite 
treatment with IVIg every 2 to 4 weeks. Although anti-influenza antibodies have 
been detected in IVIg preparations [15, 16], as would be expected since 10-20% of 
the general population contracts influenza every year, our finding demonstrates 
that passive immunization with IVIg is not protective for influenza. 
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We found large differences between HI-titers for the different influenza-strains. 
The relatively high titers for A/H1N1 might be caused by the fact that the A/H1N1-
component in the vaccine did not change since 2001, while the A/H3N2 and B-
strains were new in the influenza vaccine for the season 2006-2007 [17]. There-
fore, more anti-influenza A/H1N1 antibodies might be present in the general 
population, as is reflected by the high level of anti-influenza A/H1N1 antibodies in 
the prevaccination samples of the HC, and therefore probably also in IVIg. Testing 
of the levels of anti-influenza antibodies in the IVIg preparations using HIA did in-
deed show higher titers of anti-A/H1N1 antibodies compared to anti-A/H3N2 anti-
bodies. When using ELISA, the higher concentrations of anti-A/H1N1 compared to 
anti-A/H3N2 antibodies could be confirmed. However, it should be noted that the 
HI assay has not been validated for testing influenza-specific antibodies in IVIg 
preparations. Responses to the influenza B-strain were low in both patients and 
HC, but this is a common phenomenon when HIA is used to measure anti-influenza 
antibodies directed against influenza B-strains [18]. 

As active immunization with influenza subunit vaccine and “passive immuniza-
tion” with IVIg does not result in protective levels of anti-influenza antibodies in 
patients with hPID, other strategies against influenza are warranted. Reducing 
exposure to influenza by vaccination for influenza of household contacts and of 
health care workers of patients at high risk for severe complications from in-
fluenza is recommended by ACIP [19], as there is evidence that this strategy can 
reduce transmission of influenza [20, 21]. Therefore household contacts of pa-
tients with hPID should be vaccinated for influenza if no contra-indications exist. 
Passive immunization with serum from donors with high levels of anti-influenza 
antibodies shortly before the start of and during the influenza season might be 
another option to protect these patients, but this needs to be further explored. 
Finally, prophylactic antiviral treatment with adamantanes and neuraminidase 
inhibitors reduces the chances of contracting influenza [22], but should be used 
cautiously, since virtually all A/H3N2 are resistant to adamantanes, while resis-
tance to the neuraminidase inhibitor oseltamivir is highly prevalent in A/H1N1. To 
prevent further resistance,  the use of these medications should preferentially 
be reserved for treatment or post-exposure prophylaxis only and not for prop-
hylaxis in patients with hPID [23]. Finally, the cellular immune responses following 
influenza vaccination should be evaluated in patients with a hPID, since cellular 
immunity has been shown to play a role in the prevention of clinically manifest 
influenza in elderly [24].

In conclusion, patients with hPID show severely impaired humoral response fol-
lowing vaccination with inactivated trivalent subunit influenza vaccine. Moreover, 
passive immunization with IVIg is insufficient for the prevention of influenza. 
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