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ABSTRACT
Objectives. Nasal colonisation with 
Staphylococcus aureus (S. aureus) has 
been implicated in Wegener’s granulo-
matosis (WG) disease activity. In this 
study, the frequency of nasal colonisa-
tion with S. aureus in WG was compared 
to healthy and disease control groups 
for the first time. Moreover, endonasal 
activity was correlated to colonisation.
Patients and methods. Nasal carriage 
of S. aureus of a well-defined group of 89 
patients with WG was compared to 40 
patients with chronic rhinosinusitis with 
nasal polyps (CRS), 35 patients with 
rheumatoid arthritis (RA), 50 hospital 
staff members and 25 subjects without 
regular hospital contact and correlation 
analysis of nasal carriage and endona-
sal activity of WG was performed.
Results. WG patients showed signifi-
cantly higher rates (72%) of nasal colo-
nisation with S. aureus compared to CRS 
patients (28%) and healthy subjects 
without regular hospital contact (25%, 
95%-CI), but not to RA patients (46%) 
and hospital staff members (58%). 
WG patients with nasal carriage of 
S. aureus had significantly higher en-
doscopically proven endonasal activ-
ity (p=0.01), significantly more often 
first manifestation of WG in the upper 
respiratory tract (p=0.02) and higher 
relapse-rates (p=0.052) than WG pa-
tients without such carriage.
Conclusion. Endonasal activity in WG 
is associated with higher nasal S. au-
reus colonisation rates and subsequent 
higher relapse rates. The higher fre-
quency of S. aureus colonisation could 
be a consequence of a recently shown 
mucosal barrier defect in WG and fa-
cilitate chronic inflammation and gran-
uloma formation in the upper respira-
tory tract.

Introduction
One of the most striking features of 
Wegener’s granulomatosis (WG), a po-
tentially organ and/or life-threatening, 
chronic inflammatory and autoimmune 
disease of as yet unknown etiology, is 
its inherent propensity for granuloma-
tous inflammation of the upper and/or 
lower respiratory tract (1). ENT- and/
or lower airway symptoms affect vir-
tually all WG-patients followed over 
years in large cohorts (2, 3). Further, 
“grumbling disease” within the respi-
ratory tract related to persistent disease 
activity is seen in many WG-patients, 
who are defined as being otherwise in 
clinical remission (1).
A potential role for respiratory Staphylo-
coccus (S.) aureus infection in triggering 
WG-disease activity was suggested by 2 
seminal studies in the mid-1990s (4,5). 
It was shown that chronic S. aureus na-
sal carriage in patients with persistently 
or intermittently positive C-ANCA is 
associated with WG-relapses (4). A later 
study found that the risk of relapse is 
highest for tsst-1 superantigen-positive 
S. aureus nasal carriage (6). Treatment 
with trimethoprim/sulfamethoxazole 
(T/S) reduces both the annual number of 
respiratory infections and the incidence 
of relapses in WG-patients in remission 
(5). In contrast, colonisation of the na-
sal mucosa with S. aureus has no patho-
logical consequence for the healthy host. 
However, in immune-compromised pa-
tients such as patients on haemodialysis 
recurrent infections are caused by S. au-
reus nasal carriage and can be prevented 
by eradication (7).
Abnormal microbial mucosa-invasive-
ness and composition triggering inflam-
mation and/or autoimmunity has been 
shown to be an important pathogenic 
mechanism in chronic inflammatory 
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diseases associated with barrier dys-
function such as Crohn’s disease and 
autoimmune rheumatic diseases (8, 9). 
Intriguingly, severely impaired respira-
tory ciliar function suggestive of bar-
rier dysfunction has been demonstrated 
in WG recently. A defective mucosal 
barrier could facilitate mucosal S. au-
reus persistence and/or -invasiveness 
subsequently triggering chronic in-
flammation (10). 
Furthermore genetic sequences of anti-
sense regions complementary to PR-3 
are found in S. aureus and this comple-
mentary PR-3 may lead to PR-3 ANCA 
formation via anti-idiotypic antibodies 
in WG (11).
However, previous studies did not cor-
relate S. aureus nasal carriage with dis-
tinct inflammatory changes of the nasal 
mucosa. Disease controls in order to 
cross-check for various influences in-
cluding immunosuppressive treatment 
were missing (4-6). Therefore, we ana-
lyzed chronic S. aureus nasal carriage in 
a cohort of 89 WG-patients and checked 
endoscopically for endonasal disease ac-
tivity. Results were compared to patients 
with chronic rhinosinusitis with nasal 
polyps (CRS) or rheumatoid arthritis 
(RA) and to healthy controls (hospital-
staff members versus healthy subjects 
without regular hospital contact).

Patients and methods
Patient population.
Eighty-nine consecutive patients with 
WG (age 20–76, mean age 54 years) 
seeking otorhinolaryngologic care 
over a period of 2 years were included 
and followed in this study. Disease 
controls included 35 patients with RA 
(age 32–85, mean age 68 years) and 
40 with CRS (age 20–83, mean age 
49 years). Healthy controls were 50 
hospital staff members and 25 healthy 
subjects without regular hospital con-
tact. The study was performed in ac-
cordance with the Helsinki declara-
tion of 1975/83.

Disease definitions
All WG-patients fulfilled the CHC- and 
ACR-criteria (12, 13). WG was biopsy-
proven in 71 of the 89 (80%) patients. 
Patients were subject to standardised 
interdisciplinary evaluation as described 

earlier (3). Organ involvement was de-
scribed using the ELK classification 
(14). Disease activity was assessed in 
accordance with recently published 
EULAR recommendations (15). Endo-
nasal WG-activity was examined endo-
scopically and assessed according to the 
guidelines proposed by Paulsen & Rud-
ert (16). RA was diagnosed according to 
the revised ACR criteria for RA, CRS 
according to the criteria of the American 
Academy of Otolaryngology-Head and 
Neck Surgery, the American Academy 
of otolaryngic Allergy, the American 
Rhinologic Society and the Sinus and 
Allergy Health Partnership (17, 18).

Clinical manifestations 
and treatment of patients
Forty-one WG-patients were exam-
ined a second time (t2) with a mean of 
11 month (minimum 1, maximum 24 
month) after the first examination (t1). 
Patients with WG were categorised to 
have localised (t1: n=8, 9%; t2: n=3, 
7.5%) or generalised (t1: n=81, 91%; 
t2: n=37, 92.5%) disease and 61 (n=87, 
69%) had first manifestation at the up-
per respiratory tract. The vast major-
ity of 50 (86%) out of 58 patients had 
involvement of the upper respiratory 
tract (E, ELK classification (14)) with-

out (n=26, 52%) or with (n=24, 48%) 
other organ involvement (Fig. 1). Re-
lapse (n=9, 10%), time between first 
diagnosis (average 27 month, mini-
mum 0 month, maximum 214 month) 
as well as first manifestation (average 
59 month, minimum 1, maximum 228 
month) and study entry and paranasal 
sinus involvement (visualised by MRI, 
t1: 35 of 64 patients, 39%, t2: 18 of 
24 patients, 75%) were documented. 
MRI findings were classified as para-
nasal sinus mucosal swelling, inflam-
mation, granuloma formation and fluid 
level as well as recurrent, increasing 
or unchanged findings comparing t1 
to t2. Signs of systemic inflammation 
were: mean erythrocyte sedimenta-
tion rate (ESR) after the first hour at 
t1: 35 mm (SD 33) and at t2: 28 mm 
(SD 29) as well as mean cytoplasmic 
antineutrophil cytoplasmatic antibody 
(c-ANCA) directed against proteinase 
3 at t1: 1/119 (SD 268) and at t2: 1/77 
(SD 110).
Systemic medication was heterogeneous 
with patients receiving leflunomide, cy-
clophosphamide, mycophenolate mofetil, 
methotrexate, azathioprine, glucocorti-
coid, adalimumab, infliximab, etanercept, 
T/S and cyclosporine in different dosages 
and combinations or no medication.
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Fig. 1. Distribution of organ involvement by ELK classification for 58 WG patients at t1 (E: ENT,      
L: Lung, K: Kidney; Ey: Eye; A: Arthritis, S: Skin, C: CNS, H: Heart, P: Peripheral nervous system, 
M: Muscle, B: Constitutional symptoms)
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Microbiological analysis
Nasal carriage of S. aureus was investi-
gated by swab cultures of both anterior 
nares. The swabs were inoculated on 5% 
sheep-blood agar, Chapman agar and 
Tarozzi bouillon for 48 h at 37°C. Isolates 
were identified as S. aureus by typical ap-
pearance of the colonies, hemolysis, by 
their ability to coagulate citrate plasma 
and to cleave DNA and mannitol.

Statistics
Results were analysed using SPSS statis-
tical software for Windows, Release 15.0 
(SPSS Inc., Chicago, USA). Normal 
distribution assumption was checked 
by Kolmogorov-Smirnov-Test. Associa-
tions were evaluated by χ2-Test (Fisher’s 
exact test), 95% binominal confidence 
interval and Mann-Whitney-Test where 
appropriate and significance was stated 
in an exploratory meaning for p<0.05.

Results
Nasal carriage of S. aureus in WG 
is significant higher compared to the 
healthy population outside the 
hospital and CRS
Of the 89 WG patients, 64 (72%, 95%-
CI (binomial confidence interval):  
61%–81%) were carrying nasal S. au-
reus. This is a significant higher rate 
compared to the healthy population out-
side the hospital (n=7, 28%, 95%-CI: 
12%–49%), CRS (10, 25%, 95%-CI: 
13%–41%) and also a considerable, but 
not significant higher rate of nasal car-
riage of S. aureus compared to hospital 
staff members (n=29, 58%, 95%-CI : 
43%–72%) and RA (16, 46%, 95%-CI: 
29%–63%, Fig. 2).

Endonasal activity in WG
At t1, the patients had endoscopically 
proved no (n=43, 48%), minor (n=20, 
23%), moderate (n=23, 26%) and high 
(n=3, 3%) endonasal activity, and at t2, the 
patients had no (n=14, 16%), minor (n=8, 
9%), moderate (n=16, 18%) and high 
(n=1, 1%) endonasal activity respectively.

Higher relapse rates, endonasal activity
and involvement of the ENT tract in 
WG-patients carrying nasal S. aureus
WG patients with nasal carriage of S. 
aureus showed significant higher endo-
scopically proven endonasal activity at 

t1 (p=0.01, Fig. 3) and t2 (p=0.01) and 
significantly more often first manifes-
tation of WG in the upper respiratory 
tract (p=0.02) than those WG patients 
without nasal carriage of S. aureus. 
Nasal carriage of S. aureus was sig-
nificantly higher in patients with up-
per respiratory tract involvement in 
the ELK-classification at t1 and t2 (t1: 
p<0.01, t2: p=0.033) and WG patients 
had higher relapse rates when carrying 
nasal S. aureus on t1 (p=0.052; odds ra-
tio 6.68 (0.36,122.75)) than nasal car-
riage S. aureus-negative patients.

MRI findings correlate with 
endonasal activity
Sinus involvement detected by MRI 
correlated significantly with endo-

scopically approved endonasal activity 
(p=0.03) but not with nasal carriage of 
S. aureus. Notably 7 out of 19 patients 
with minor and 8 out of 36 patients 
with moderate to high endoscopically 
approved endonasal activity showed in-
conspicuous MRI.

Nasal carriage of S. aureus does not 
correlate with serological activity, 
ANCA-titre, and treatment with 
trimethoprim/sulfamethoxazole (T/S) 
in WG
No statistic correlation was found be-
tween nasal carriage of S. aureus and 
signs of systemic inflammation (c-
ANCA and ESR), age, generalised or 
localised disease, time between first 
manifestation and study entry, time 
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Fig. 2. Incidence of nasal colonisation by S. aureus (ncSa) in patients with Wegener’s granulomato-
sis (WG, n=89), healthy subjects without regular hospital contact (C2, n=25), patients with chronic 
rhinosinusitis with nasal polyps (CRS, n=40), hospital staff members (C1, n=50) and patients with 
rheumatoid arthritis (RA, n=35).
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Fig. 3. Incidence of endonasal activity in WG patients with (n=64) and without (n=25) nasal coloniza-
tion by S. aureus (ncSa) at t1.
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between first diagnosis and study entry 
and T/S treatment. Likewise, no corre-
lation between T/S treatment and endo-
nasal activity could be found. Immuno-
suppressive therapy was too diverse to 
group patients to be useful for statisti-
cal analyses.

Discussion
Case reports and reports on small series 
suggest a role of chronic nasal carriage 
and infection with S. aureus (especial-
ly strains containing the superantigen 
toxic-shock-syndrome-toxin-1) as risk 
factors for relapses in WG (4, 6, 19-
24). These results could be confirmed 
in the present study. Another hint for 
a potential pathophysiologic role of S. 
aureus in WG is the finding of specific 
adaptive immune system reactions to S. 
aureus in WG patients (25, 26). How-
ever, a comparison of nasal colonisa-
tion with S. aureus in WG and healthy 
and disease control groups has been 
missing so far. Moreover, previous 
studies did not correlate S. aureus na-
sal carriage with distinct inflammatory 
changes of the nasal mucosa.
In the present study the documented 
frequencies of nasal S. aureus colonisa-
tion in the investigated control groups 
was comparable to that reported in the 
literature (27-30). In RA, 35% of the pa-
tients without and 60% with anti-TNF-
alpha agent plus methotrexate medica-
tion but only 23% with anti-TNF-alpha 
agent alone showed nasal carriage of 
S. aureus (31). Other studies could not 
support higher frequencies of nasal S. 
aureus carrier rates for patients under 
immunosuppressive therapy (32). On 
one hand, immunosuppressive therapy 
might be a risk factor for nasal carriage 
of S. aureus. On the other hand, inten-
sified medical therapy reflects autoim-
mune disease severity, which could be 
an independent factor predisposing to 
higher frequencies of S. aureus nasal 
carriage. The latter seems to be more 
likely. Immunosuppressive treatment 
in WG and RA in this cohort was com-
parable, but medication was too diverse 
to group for statistical analysis.
In this study, we showed that the fre-
quency of nasal carriage of S. aureus 
is significantly higher in WG compared 
to CRS. In CRS, a chronic inflamma-

tional disease with nasal mucosa hy-
perplasia, the barrier dysfunction is 
obvious by endoscopy (polyps) and 
a specific immune reaction directed 
against S. aureus was demonstrated in 
these polyps. Intracellular occurrence 
of S. aureus with the consequence of 
recurrent infections with unique, pa-
tient-specific bacterial clonotypes is 
present in CRS and a specific role of 
S.aureus in the course of CRS is dis-
cussed even though the mechanisms 
are still unclear (33, 34). 
Nasal carriage of S. aureus does not 
necessarily lead to inflammation and/
or invasiveness. In fact colonisation of 
the nasal mucosa with different types 
of microorganisms (so called com-
mensals) is one prerequisite for pro-
tection of this surface against invading 
pathogens (35). Several patients in the 
different groups showed endoscopi-
cally inconspicuous nasal mucosa but 
positive nasal swab cultures and nasal 
carriage of S. aureus did not provoke 
serological signs of inflammation. The 
significant higher frequency of nasal 
carriage of S. aureus in WG compared 
to healthy controls without regular hos-
pital contact might be a result of no-
socomial colonization in WG, but the 
obvious higher frequency compared to 
RA and hospital staff and the procedure 
of taking the swabs in the first days of 
admission to the hospital makes such 
bias unlikely. Taken together the high-
est carrier rates in all investigated 
groups in this study seem to be relat-
ed to WG itself rather than therapy or 
study protocol effects. 
Stegemann et al. described an equal 
distribution of destructive nasal lesions 
(perforation of the nasal septum and sad-
dle nose deformity) in WG patients with 
or without nasal carriage of S. aureus 
(4). Such structure defects often consti-
tute damage rather than activity. In this 
study, precise endoscopic examination 
for endonasal activity of WG was per-
formed and a significantly higher activ-
ity was found in WG patients with nasal 
carriage of S. aureus. Endonasal activ-
ity in WG could be detected by MRI, 
but the frequent false negative results 
make this investigation redundant espe-
cially when considering the simplicity 
of endoscopy of the nasal cavity.

In WG, the higher frequency of S. au-
reus nasal carriage might be a conse-
quence of impaired mucosal function 
because of disease activity. This as-
sumption is supported by the statisti-
cally significant higher ENT tract in-
volvement in this group. Lately we de-
scribed a severely impaired ciliar beat 
frequency of the nasal mucosa in WG 
compared to RA and healthy controls, 
which predisposes to a physical barrier 
dysfunction (10).
Even though antibiotic treatment with 
trimethoprim/sulfamethoxazole (T/S) is 
not the first choice for treatment of S. 
aureus infections, T/S is frequently used 
in WG therapy (36-38), especially to re-
duce the incidence of relapses in WG in 
remission (5). This supportive effect is 
dependent on the disease stage. Patients 
with localised WG benefit, whereas pa-
tients with generalised WG do not (39, 
40). Accordingly, nasal carriage of S. 
aureus is independent of T/S therapy. 
Notable endonasal activity is alike inde-
pendent of T/S therapy. The mechanism 
of the positive effect of T/S treatment 
in WG subgroups still remains unclear 
and the used dosages are far below any 
concentrations appropriate for systemic 
immunmodulatory effects of folic acid 
(5, 19). It can be speculated that T/S 
treatment might provoke a shift of nasal 
microbial colonisation with positive ef-
fects to WG independent of the carriage 
of S. aureus.

Conclusion
In WG a significantly higher nasal col-
onisation rate with S. aureus was de-
tected as compared to control groups. 
Higher endoscopically detected en-
donasal activity was associated with 
higher rates of nasal colonisation with 
S. aureus. A higher rate of colonisation 
correlated with higher relapse rates and 
endonasal activity, both independent of 
T/S treatment. The higher frequency of 
S. aureus colonisation could be a con-
sequence of a recently shown mucosal 
barrier defect in WG.

References
  1. BACON PA: The spectrum of Wegener’s 

granulomatosis and disease relapse. N Engl 
J Med 2005; 352: 330-2.

  2. HOFFMAN GS, KERR GS, LEAVITT RY et al.: 
Wegener granulomatosis: an analysis of 158 



S-55

Staphylococcus aureus and endonasal activity in WG / M. Laudien et al.

patients. Ann Intern Med 1992; 116: 488-98.
  3. REINHOLD-KELLER E, BEUGE N, LATZA U, 

DE GROOT K, RUDERT H, NOLLE B, HEL-
LER M, GROSS WL: An interdisciplinary ap-
proach to the care of patients with Wegener’s 
granulomatosis: long-term outcome in 155 
patients. Arthritis Rheum 2000: 43: 1021-32.

  4. STEGEMAN CA, TERVAERT JW, SLUITER WJ, 
MANSON W, DE JONG PE, KALLENBERG CG: 
Association of chronic nasal carriage of Sta-
phylococcus aureus and higher relapse rates 
in Wegener granulomatosis. Ann Intern Med 
1994; 120: 12-7.

  5. STEGEMAN CA, TERVAERT JW, DE JONG PE, 
KALLENBERG CG: Trimethoprim-sulfam-
ethoxazole (co-trimoxazole) for the preven-
tion of relapses of Wegener’s granulomato-
sis. Dutch Co-Trimoxazole Wegener Study 
Group. N Engl J Med 1996; 335: 16-20.

  6. POPA E, STEGEMAN CA, ABDULAHAD WH   
et al.: Staphylococcal toxic-shock-syndrome-
toxin-1 as a risk factor for disease relapse in 
Wegener’s granulomatosis. Rheumatology 
(Oxford) 2007; 46: 1029-33.

  7. WERTHEIM HF, MELLES DC, VOS MC et al.: 
The role of nasal carriage in Staphylococcus 
aureus infections. Lancet Infect Dis 2005; 5: 
751-62.

  8. SWIDSINSKI A, LADHOFF A, PERNTHALER A 
et al.: Mucosal flora in inflammatory bowel 
disease. Gastroenterology 2002; 122: 44-54.

  9. AVCIN T, CANOVA M, GUILPAIN P et al.:       
Infections, connective tissue diseases and 
vasculitis. Clin Exp Rheumatol 2008; 26: 
S18-S26.

10. ULLRICH S, GUSTKE H, LAMPRECHT P et al.: 
Severely impaired respiratory ciliar function 
in Wegener’s Granulomatosis. Ann Rheum 
Dis 2009; 68: 1067-71.

11. PENDERGRAFT WF 3RD, PRESTON GA, SHAH 
RR et al.: Autoimmunity is triggered by cPR-
3(105-201), a protein complementary to 
human autoantigen proteinase-3. Nat Med 
2004; 10: 72-9.

12. JENNETTE JC, FALK RJ, ANDRASSY K et al.: 
Nomenclature of systemic vasculitides. Pro-
posal of an international consensus confer-
ence. Arthritis Rheum 1994; 37: 187-92.

13. LEAVITT RY, FAUCI AS, BLOCH DA et al.: 
The American College of Rheumatology 
1990 criteria for the classification of Wegen-
er’s granulomatosis. Arthritis Rheum 1990; 
33: 1101-7.

14. DEREMEE RA, MCDONALD TJ, HARRISON 
E JR, COLES DT: Wegener’s granulomatosis. 
Anatomic correlates, a proposed classifica-
tion. Mayo Clin Proc 1976; 51: 777-81.

15. HELLMICH B, FLOSSMANN O, GROSS WL et 
al.: EULAR recommendations for conduct-
ing clinical studies and/or clinical trials in 

systemic vasculitis: focus on anti-neutrophil 
cytoplasm antibody-associated vasculitis. 
Ann Rheum Dis 2007; 66, 605-17.

16. PAULSEN JI, RUDERT H: [Manifestations 
of primary vasculitis in the ENT region].            
Z Rheumatol 2001; 60: 219-25.

17. ARNETT FC, EDWORTHY SM, BLOCH DA et 
al.: The American Rheumatism Association 
1987 revised criteria for the classification of 
rheumatoid arthritis. Arthritis Rheum 1988; 
31: 315-24.

18. BENNINGER MS, FERGUSON BJ, HADLEY JA 
et al.: Adult chronic rhinosinusitis: defini-
tions, diagnosis, epidemiology, and patho-
physiology. Otolaryngol. Head Neck Surg 
2003; 129: S1-32.

19. DE REMEE RA: The treatment of Wegener’s 
granulomatosis with trimethoprim/sulfam-
ethoxazole: illusion or vision? Arthritis 
Rheum 1988; 31: 1068-74.

20. KALLENBERG CG, STEGEMAN CA, TER-
VAERT JW: Staphylococcus aureus, trimeth-
oprim-sulfamethoxazole, and Wegener’s 
granulomatosis. Sarcoidosis Vasc Diffuse 
Lung Dis 1996; 13: 253-55.

21. POPA ER, TERVAERT JW: The relation be-
tween Staphylococcus aureus and Wegener’s 
granulomatosis: current knowledge and fu-
ture directions. Intern Med 2003; 42: 771-80.

22. VAN PUTTEN JW, VAN HAREN EH, LAMMERS 
JW: Association between Wegener’s granu-
lomatosis and Staphylococcus aureus infec-
tion? Eur Respir J 1996; 9: 1955-7.

23. FAUCI AS, HAYNES BF, KATZ P, WOLFF SM: 
Wegener’s granulomatosis: prospective 
clinical and therapeutic experience with 85 
patients for 21 years. Ann Intern Med 1983; 
98: 76-85.

24. PINCHING AJ, REES AJ, PUSSELL BA, LOCK-
WOOD CM, MITCHISON RS, PETERS DK: Re-
lapses in Wegener’s granulomatosis: the role 
of infection. Br Med J 1980; 281: 836-8.

25. MAYET WJ, MARKER-HERMANN E, SCH-
LAAK J, MEYER ZUM BUSCHENFELDE KH: 
Irregular cytokine pattern of CD4+ T lym-
phocytes in response to Staphylococcus au-
reus in patients with Wegener’s granuloma-
tosis. Scand J Immunol 1999; 49: 585-94.

26. POPA ER, STEGEMAN C, KALLENBERG CG, 
TERVAERT JW: Staphylococcus aureus and 
Wegener’s granulomatosis. Arthritis Res 
2002; 4: 77-79.

27. BISCHOFF WE, WALLIS ML, TUCKER KB, RE-
BOUSSIN BA, SHERERTZ RJ: Staphylococcus 
aureus nasal carriage in a student communi-
ty: prevalence, clonal relationships, and risk 
factors. Infect Control Hosp Epidemiol 2004; 
25: 485-91.

28. DAMM M, QUANTE G, JURK T, SAUER JA: 
Nasal colonization with Staphylococcus 

aureus is not associated with the severity 
of symptoms or the extent of the disease in 
chronic rhinosinusitis. Otolaryngol Head 
Neck Surg 2004; 131: 200-6.

29. LOWY FD: Staphylococcus aureus infections. 
N Engl J Med 1998; 339: 520-32.

30. NULENS E, GOULD I, MACKENZIE F, DE-
PLANO A, COOKSON B, ALP E, BOUZA E, 
VOSS A: Staphylococcus aureus carriage 
among participants at the 13th European Con-
gress of Clinical Microbiology and Infectious 
Diseases. Eur J Clin Microbiol Infect Dis 
2005; 24: 145-8.

31. BASSETTI S, WASMER S, HASLER P et al.: 
Staphylococcus aureus in patients with 
rheumatoid arthritis under conventional and 
anti-tumor necrosis factor-alpha treatment.               
J Rheumatol 2005; 32: 2125-9.

32. LUCET JC, CHEVRET S, DURAND-ZALESKI 
I, CHASTANG C, REGNIER B: Prevalence and 
risk factors for carriage of methicillin-resist-
ant Staphylococcus aureus at admission to 
the intensive care unit: results of a multicent-
er study. Arch Intern Med 2003; 163: 181-8.

33. CLEMENT S, VAUDAUX P, FRANCOIS P et al.: 
Evidence of an intracellular reservoir in the 
nasal mucosa of patients with recurrent Sta-
phylococcus aureus rhinosinusitis. J Infect 
Dis 2005; 192: 1023-8.

34. GEVAERT P, HOLTAPPELS G, JOHANSSON 
SG, CUVELIER C, CAUWENBERGE P, BACH-
ERT C: Organization of secondary lymphoid 
tissue and local IgE formation to Staphylo-
coccus aureus enterotoxins in nasal polyp 
tissue. Allergy 2005; 60: 71-9.

35. BERNSTEIN JM: Mucosal immunology of the 
upper respiratory tract. Respiration 1992; 59 
(Suppl. 3): 3-13.

36. ISRAEL HL: Sulfamethoxazole-trimethoprim 
therapy for Wegener’s granulomatosis. Arch 
Intern Med 1988; 148, 2293-5.

37. RASMUSSEN N, PETERSEN J, REMVIG L, AN-
DERSEN V: Treatment of Wegener’s granu-
lomatosis with trimethoprim-sulfamethoxa-
zole. APMIS 1990; Suppl 19: 61-62.

38. RUSTERHOLZ D, SCHLEGEL C: [Infectious 
aspects of Wegener’s granulomatosis]. Sch-
weiz Med Wochenschr 2000; (Suppl. 125): 
41S-43S.

39. DE GROOT K, REINHOLD-KELLER E, TATSIS 
E et al.:  Therapy for the maintenance of re-
mission in sixty-five patients with general-
ized Wegener’s granulomatosis. Methotrex-
ate versus trimethoprim/sulfamethoxazole. 
Arthritis Rheum 1996; 39: 2052-61.

40. REINHOLD-KELLER E, DE GROOT K, RUD-
ERT H, NOLLE B, HELLER M, GROSS WL: 
Response to trimethoprim/sulfamethoxazole 
in Wegener’s granulomatosis depends on the 
phase of disease. QJM 1996; 89: 15-23.


