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INTRODUCTION
Sinusitis is a frequent symptom in profound disorders of anti-
body mediated immunity such as common variable immune 
immune deficiency (CVID) (1-3) and hyper IgM syndrome (4,5). 
This suggests that antibodies are important in the resolution 
of sinusitis. Thereby, it is not surprising that patients who ini-
tially present with chronic rhinosinusitis (CRS), that is defined 
by inflammation of the mucosal lining of the sinuses lasting 
more than 12 weeks (6), include patients who have impairments 
in their antibody-mediated immunity (7).

Strategies for the evaluation of immune function in patients 
with CRS comprise assessments of allergy, measurements of 
serum IgA, IgM, and IgG subclasses, determination of specific 
antibody responses to vaccines, and HIV testing (8). As inhalant 
allergy is a frequent contributing factor, the initial immune 
evaluation of CRS patients includes allergy testing. 

Determinations of serum immunoglogulin values are useful, 
as some CRS patients have abnormal levels. Isolated or com-
bined IgG3, IgG2, or IgA deficiencies have been observed both 

in adult and pediatric patients with CRS (9-15). Even when serum 
immunoglobulin levels are within normal limits, antibody 
mediated-immunity maybe somewhat impaired. An example 
of this is that, despite serum IgA levels are within normal lim-
its, the average serum IgA levels may still be lower in sinusitis 
patients than in healthy age and sex matched individuals (16). 
As some patients have impaired immunity despite normal 
immunoglobulin levels, vaccine responses have been measured 
to assess immune function. Impaired responses to pneumococ-
cal or Haemophilus influenzae polysaccharide vaccines have 
been observed both in children and adults with CRS (17-20). 

We present here a series of patients, who have normal levels of 
serum immunoglobulins, but who have continuing symptoms 
of sinusitis despite sinus surgery and numerous courses of anti-
biotics. To assess antibody-mediated immunity, we evaluated 
their responses to tetanus and diphtheria vaccination and com-
pared that to the responses in healthy individuals.

MATERIALS AND METHODS
Study participants
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The study patients were selected from 198 adult patients who 
were admitted between 1995 and 1997 to Jorvi Hospital, 
Espoo, Finland because of recurrent or chronic rhinosinusitis, 
and who were evaluated and operated on by one of the authors 
(O.T.). Inclusion criteria for patients with chronic rhinosinusi-
tis included continuous symptoms of sinus inflammation mani-
festing as continuously stuffed nose with nasal discharge for 
more than two years with periodic exacerbations of purulent 
sinusitis. Inclusion criteria for patients with recurrent rhinosi-
nusitis were more than four episodes of acute sinusitis during 
the last 12 months or more than two episodes of acute sinusitis 
a year during the last five years. Between the acute sinusitis 
episodes the patients were relatively free of sinonasal symp-
toms. Diagnosis of acute sinusitis was defined when effusion 
was detected in maxillary sinuses by maxillary sinus punctures 
or sinus roentgenograms. Patients that had received peroral 
corticosteroid therapy within the last 12 months were excluded 
from the study.

Of the 25 patients included in the study, 13 patients presented 
with chronic and 12 patients presented with recurrent rhinosi-
nusitis. The mean age of the patients was 46 years (range 19 
to 64 years). Eighteen were female and 7 were male. All the 
patients underwent endoscopic sinus surgery. The mean preop-
erative duration of symptoms related to recurrent or chronic 
sinusitis was 7 years (range 1 to 22 years). Nine of the patients 
had asthma. Four patients had specific serum IgE antibodies 
to pollen or animal dust antigens. Nasal polyposis was present 
in 15 patients. All the patients had normal levels of serum IgA, 
IgM, IgG, as well as normal levels of IgG subclasses.
Thirteen study patients experienced one sinus operation and 
the rest of them from 2 to 5 operations. Two of the study 
patients were operated on endoscopically by a modified 
Lothrop procedure to drain the frontal sinuses. The study 
patients represented a subpopulation having the most severe 
spectrum of sinusitis symptoms of the patients admitted to 
Jorvi hospital.

Healthy individuals with no prior history of recurrent of 
chronic sinusitis were recruited among hospital personnel. 
Healthy individuals were selected to match the sex and age 
distribution of the patients. Altogether, 30 control individuals 
were recruited. Twenty-six were females and 4 were males. The 
mean age was 43 years (range 25-61 years). 
The Ethical Review Committee of the Helsinki University 
Central Hospital had approved the study. All the study sub-
jects gave written informed consent to participate in the study. 
The study was conducted in accordance with the regulatory 
requirements, Good Clinical Practice, and the ethical princi-
ples of the Declaration of Helsinki.

Vaccination and serum samples
All the study participants were vaccinated with tetanus and 
diphtheria toxin vaccine. The vaccine, Tetanus-d-rokote®, 
was manufactured at the National Public Health Institute, 
Helsinki. It contained 2 Lf diphtheria and 5 Lf tetanus toxoid 

absorbed to aluminum phosphate in 0.5 ml (21). It was admin-
istered by an intramuscular injection once into the upper 
deltoid. Vaccination of the patients was performed when the 
patients did not have any acute exacerbations of their sinus 
disease. Peripheral blood for serum samples was taken imme-
diately before vaccination and 2 weeks after. Serum samples 
were stored frozen until analysis.

Determination of serum antibody concentrations
Diphtheria and tetanus antitoxins were measured by a double 
antigen EIA (DAE) as described previously (21). The antibody 
concentrations were reported as international units per mL 
(IU/mL). Tetanus and diphtheria antitoxin concentrations 
between 0.01 - 0.1 IU/mL are conventionally considered as low 
positive, whereas antitoxin concentrations ≥ 0.1 IU/mL are 
considered positive (22). Concentrations ≥ 1 IU/mL indicate a 
good long-term protection.

Statistical analysis
Statistical analyses of antibody concentrations were performed 
after logarithmic transformation of the data. Linear regression 
was used to compare antibody responses. Fisher exact test was 
used to calculate the statistical significance of two-way tables. 
Logistic regression was used to analyze possible parameters 
associated with a defective antibody response. The analyses 
were performed using the PASW Statistics 18.0 software (SPSS 
Inc., Chicago, IL, USA).

RESULTS
At the start of the trial most study participants had tetanus 
and diphtheria toxoid antibodies. This reflected previous vac-
cinations against tetanus and diphtheria. However, some had 
very low tetanus (2 patients) or diphtheria (1 patient and 4 
controls) antitoxin concentrations (< 0.01 IU/mL) before the 
vaccination. This might indicate that these individuals may not 
have previously been vaccinated or have received incomplete 
primary vaccinations. As the primary and secondary antibody 
responses are likely very different, we excluded these individu-
als from the analysis.

Vaccination induced strong antibody responses 2 weeks after 
vaccination. Among the patients, diphtheria toxoid induced on 
the average a 5.74-fold rise (95% CI 3.54 to 9.29) and tetanus 
toxoid induced on the average a 3.48-fold rise (95% CI 2.19 
to 5.51) in antibody concentrations. However, these responses 
were higher among the healthy controls, a 12.9-fold rise (95% 
CI 8.13 to 20.4) and a 6.93-fold rise (95% CI 4.38 to 11.0), 
respectively. When antibody responses were compared between 
patients and controls, we found lower responses in patients as 
compared to healthy controls. Diphtheria toxoid induced 
on the average 4.08-fold lower responses and tetanus toxoid 
induced on the average 2.20-fold lower responses in patients 
with rhinosinusitis than in healthy controls (Table 1). Before 
the vaccination, we could not observe any significant differ-
ences in antibody concentrations between the healthy controls 
and the patients (Table 1).
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Confounding factors, particularly the antibody level before the 
vaccination may have caused a bias. To test this, we did linear 
regression where the pre-vaccination antibody level, gender, 
and age, as well as the study subject group (patient vs. con-
trol), were entered as independent variables and the post-vac-
cination antibody level was entered as the dependent variable. 
The analysis revealed that after correcting for the above con-
founding factors the patients had on average 2.72-fold lower 
(95% CI 1.51 to 4.89, p = 0.001) and 2.33-fold lower (95% CI 
1.64 to 3.31, p < 0.001) antitoxoid responses to diphtheria and 
tetanus, respectively. This implied that the patients had low 
responses irrespective of age, gender, or the pre-vaccination 
antibody level.

To approximate a normal antibody response to diphtheria 
and tetanus vaccination, we plotted the post-vaccination 
antibody concentrations in a graph (Figure 1). The antibody 
responses in patients were variable in that some patients had 
responses comparable to that of the healthy controls but 
some had clearly lower responses than the healthy controls. 
Such low responders did not develop high enough antibody 
concentrations that would reach the 95% normal distribution 
range of healthy controls. Eleven (46%) out of 24 patients (p 
< 0.001) and 7 (30%) out of 23 patients (p = 0.02) were such 
low responders to diphtheria and tetanus toxoids, respectively 
(Figure 1). Out of 25 patients, 14 (56%) were low responders 
to either diphtheria or tetanus (p < 0.001) and 4 (16%) patients 
had low responses to both diphtheria and tetanus.

We then evaluated whether an abnormal antibody response 
would correlate with any clinical symptoms or findings. 
Although the number of patients who presented with recur-
rent as opposed to chronic rhinosinusitis was somewhat higher 
among the low responders, the difference was not statistically 
significant (Table 2). We could not observe any significant 
association between vaccine responses and polyposis, asthma, 
or the presence of serum IgE antibodies to pollen or animal 
dust antigens (Table 2). There were no statistically significant 
differences in serum immunoglobulin concentrations between 
defective vs. normal responders (data not shown).

DISCUSSION
Comparison of the responses after vaccination revealed that 
antibody responses to tetanus or diphtheria toxoids were low 
in approximately half of our rhinosinusitis patients. This may 
indicate a generalized impairment of antibody responses in a 
significant proportion of rhinosinusitis patients that may pre-
dispose them for the disease. Alternatively, it is possible that 
a chronic inflammation in the nasal sinuses may secondarily 
impair systemic antibody responses. This could further impair 
the ability to recover from sinusitis.

We excluded patients who had been using oral steroids within 
the last 12 months. Despite this, many of our patients were 
users of inhaled steroids. This could have impaired vaccine 
responses. However, our patients were free of acute symptoms 

at the time of the vaccination and the use for inhaled steroids 
may have not been very excessive at that time. This suggests 
that the use of inhaled steroids are likely to not have intro-
duced a strong bias to our results.
It should be emphasized that the antibody responses measured 
represented secondary responses, as tetanus and diphtheria 
vaccination has been included in the Finnish vaccination pro-
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Figure 1. Antibody responses 2 weeks after diphtheria and tetanus 

toxoid vaccination. A. Diphtheria toxoid antibody concentrations in 

healthy control individuals and in CRS patients. B. Tetanus toxoid 

antibody concentrations in healthy control individuals and in CRS 

patients. Each antibody value is indicated by a circle. The 95% normal 

distribution of antibody concentrations and the geometric mean anti-

body concentration in healthy control individuals is indicated by a box 

and a line, respectively.					   
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gram of children already for 50 years. In addition, our study 
individuals had already tetanus and diphtheria antibodies at 
the start of the trial and those who had extremely low levels 
of antibodies were excluded from the analysis. Thus, patients 
with rhinosinusitis may have impairments in secondary anti-
body responses.

Before vaccination, we could not observe any statistically 
significant differences between the patients and controls in 
tetanus and diphtheria antibody concentrations. The average 
pre-vaccination antibody concentrations were very similar in 
patients and controls. After including the pre-vaccination anti-
body level in the linear regression analyses, the patients had 
still on the average lower antibody responses than the controls. 
This supports the conclusion that a subset of our patients had 
an impaired antibody response to vaccination.

We made an attempt to analyze the phenotype of patients who 
had impairments in antibody responses. Our analysis showed 
that the patient may have an impaired antibody response 
regardless of the presence of polyposis and irrespective if 
the patient had chronic or recurrent symptoms of sinusitis. 
Patients with recurrent sinusitis tended to have more frequent-
ly defective vaccine responses, but our study was too small to 
address if this was real.

The study patients represented patients who had especially 
severe symptoms of chronic or recurrent sinusitis despite 
endoscopic surgery. As the severity and type of symptoms are 
rather variable among rhinosinusitis patients, it is possible 
that the true prevalence of impaired antibody mediated immu-

nity in patients who initially present with chronic or recurrent 
rhinosinusitis is much lower than observed in our study and 
are patients who may represent the most extreme spectrum of 
disease severity. Nevertheless, our study shows than when the 
clinician faces a patient with persisting or recurrent symptoms 
of sinusitis, the patient may suffer from an impairment of 
antibody-mediated immunity.

Impaired responses to vaccination to polysaccharide antigens 
have previously been observed in CRS suggesting that a subset 
of patients has impairments of antibody-mediated immunity (17-

20). Some of these patients may benefit from intravenous immu-
noglobulin therapy (19). Our results imply that, in addition to 
polysaccharide vaccines, vaccine responses to protein antigens 
can be used in the evaluation of antibody-mediated immunity 
of rhinosinisitis patients. 

Antibody responses to protein as compared to polysaccharide 
antigens are distinct as they are different in the mechanisms 
how antigen presenting cells present the antigen to B lym-
phocytes as well as different in their potency to elicit secondary 
responses (23). Thereby, concurrent evaluation of both protein 
and polysaccharide vaccine responses may give more informa-
tion of immune abnormalities among patients with recurrent 
or chronic infections.
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