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Abstract
Background. The pathogenesis of nasal polyposis remains unknown, although polyps seem to be a manifestation 
of chronic inflammation of the nasal/paranasal sinus mucosa in both allergic and nonallergic subjects. Eosinophil 
infiltration and accumulation is a hallmark of nasal polyposis. Recent epidemiologic and experimental studies have 
reported that long-term low-dose macrolide administration is effective in the treatment of chronic rhinosinusitis 
and nasal polyposis. 
Objectives. The aim of this study was to examine the clinical effects of macrolide treatment in comparison with the 
effects of intranasal corticosteroid treatment of nonallergic and allergic patients with nasal polyposis. The relation-
ship between the level of eosinophil infiltration of the nasal polyp tissue and the quality of the clinical outcome 
after macrolide therapy were also assessed.
Material and Methods. Forty (n = 40) patients with nasal polyposis, 22 nonallergic and 18 allergic, were adminis-
tered clarithromycin (CAM) 500 mg/day in a single oral dose for eight weeks. Thirty (n = 30) nasal polyp patients, 
17 nonallergic and 13 with comorbid allergic rhinitis, were treated by steroid momethasone-furoate intranasal 
spray (200 µg daily), also for eight weeks. The control group consisted of twenty (n = 20) patients with nasal polyps, 
10 nonallergic and 10 allergic, who didn’t use any medication during the same period. Each of the 90 patients was 
scored before and after eight weeks according to endoscopic findings. The subjects were categorized in two groups 
– the improvement group and the no improvement group – after macrolide/corticosteroid treatment. Following 
macrolide treatment, functional endoscopic sinus surgery (FESS) was performed on all patients in whom we found 
nasal polyps of different sizes. The eosinophils were counted in hematoxylin-and-eosin-stained sections of nasal 
polyp samples, in the epithelium and in the lamina propria separately. 
Results. In the control group, the average nasal polyp size increased from 4.70 ± 0.81 to 5.40 ± 1.24 in the nonallergic 
group, and from 4.70 ± 0.79 to 5.30 ± 1.10 in the allergic group. Macrolide therapy decreased the size of polyps in 
45.45% of the nonatopic patients and in 50% of the atopic patients. In the improvement group, comparing the endo-
scopic findings before and after CAM therapy, there was a large and statistically significant difference in the nasal 
polyp size. In the nonallergic patients, the size of the polyps decreased from 4.80 ± 1.01 to 2.60 ± 0.67 (p < 0.01). In 
the allergic subjects, the average endoscopic score improved from 4.10 ± 0.82 to 2.20 ± 0.54 (p < 0.01). In the nona-
topic and atopic patients’ polyps, comparing epithelial eosinophil infiltration, a higher mean number of eosinophils 
was found in the no improvement group than in the improvement group (p < 0.05). Corticosteroid therapy decerased 
nasal polyp size in all patients. In the nonallergic patients, the size decreased from 4.88 ± 1.22 to 2.70 ± 0.58 (p < 0.01), 
whereas in the allergic patients, the nasal polyps shrank from 5.23 ± 0.77 to 3.23 ± 0.62 (p < 0.05). 
Conclusions. CAM is more effective in reducing the size of smaller polyps than bigger ones. Allergies have no 
influence on the clinical efficacy of either corticosteroid or macrolide treatment. In both allergic and nonallergic 
patients, more intense eosinophil infiltration of the epithelium is related to a worse clinical response to macrolides. 

Adv Clin Exp Med 2011, 20, 3, 325–334 
ISSN 1230-025X

ORIgINAl PAPERS
© Copyright by Wroclaw Medical University

* This study was supported by grants from the Military Medical Academy Research Fund. It was carried out as 
a part of a project of the Institute of Medical Research, Military Medical Academy, Belgrade, Serbia (VMA/11-14/B-6). 



A. Perić, D. Vojvodić, B. Vukomanović-Đurđević326

Although surgery has been the preferred 
treatment for chronic rhinosinusitis and nasal 
polyposis for a long time, a change in the treat-
ment strategy in recent years has lead to greater 
use of medications, especially topical corticos-
teroids and antibiotics [1]. Recently, various in-
vestigators have shown considerable interest in 
the immunomodulatory and anti-inflammatory 
action of the macrolide antibiotics erythromycin 
(EM), clarithromycin (CAM) and roxithromycin 
(RXM) for long-term low-dose treatment of these 
diseases. 

Histologically, nasal polyps are covered with 
a respiratory epithelium and filled with an edema-
tous lamina propria containing the numerous in-
flammatory cells, among which eosinophils are 

dominant. Eosinophil infiltration and accumula-
tion is highly characteristic of nasal polyp tissue [2].  
Since activated eosinophils can release a variety of 
cytotoxic proteins and growth factors, eosinophil 
infiltration of local tissue is suspected of contrib-
uting significantly to the pathogenesis of nasal 
polyposis and to the persistence of the eosinophil 
inflammatory process [2]. 

The present study was designed to compare 
the clinical effects of long-term low-dose macro-
lide treatment and intranasal corticosteroid treat-
ment of nonallergic and allergic patients with na-
sal polyposis. The relationship between the level of 
eosinophil infiltration of the nasal polyp tissue and 
the quality of the clinical outcome after macrolide 
therapy were also assessed.

Intranasal steroid treatment is more effective in shrinking nasal polyps than macrolide treatment (Adv Clin Exp 
Med 2011, 20, 3, 325–334). 
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Streszczenie
Wprowadzenie. Patogeneza polipów nosa pozostaje nieznana, choć wydają się objawem przewlekłego zapalenia 
nosa lub zatok przynosowych błony śluzowej u pacjentów z alergią i bez niej. Naciek eozynofilów i ich akumulacja 
jest cechą polipów nosa. Ostatnie badania epidemiologiczne i doświadczalne pokazują, że długoterminowe poda-
wanie makrolidów w małej dawce jest skuteczne w leczeniu przewlekłego zapalenia zatok przynosowych i polipów 
nosa.
Cel pracy. Ocena wyników klinicznych leczenia makrolidami w porównaniu z wynikami leczenia kortykosteroida-
mi donosowo polipów nosa u pacjentów z alergią i bez niej. Oceniono także zależność między stopniem nacieku 
eozynofilów tkanki polipów nosa a wynikami klinicznymi po leczeniu makrolidami.
Materiał i metody. Czterdziestu pacjentom (n = 40) z polipami nosa, 22 bez alergii i 18 z alergią podawano klarytro-
mycynę (CAM) 500 mg/dobę w jednej dawce przez 8 tygodni. Trzydziestu (n = 30) chorych na polipy nosa, 17 bez 
alergii i 13 z alergią i współistniejącym alergicznym nieżytem nosa było leczonych steroidem furanianem mometa-
zonu w aerozolu do nosa (200 mg na dobę) także przez 8 tygodni. grupa kontrolna składała się z 20 (n = 20) chorych 
z polipami nosa, 10 z alergią i 10 bez niej, którzy nie stosowali żadnych leków w tym czasie. Każdego z 90 pacjentów 
oceniono endoskopowo przed i po 8 tygodniach. Badanych podzielono na dwie grupy – grupa z poprawą i bez 
poprawy – po leczeniu makrolidami/kortykosteroidami. Po leczeniu makrolidami wykonano zabieg czynnościowy 
z użyciem endoskopów sztywnych (FESS – Functional Endoscopic Sinus Surgery) u wszystkich chorych, u których 
stwierdzono polipy nosa o różnej wielkości. Eozynofile policzono w skrawkach próbek polipów nosa barwionych 
hematoksyliną–eozyną, w nabłonku i oddzielnie blaszce właściwej.
Wyniki. W grupie kontrolnej średni rozmiar polipa nosa zwiększył się z 4,70 ± 0,81 do 5,40 ± 1,24 w grupie bez aler-
gii i z 4,70 ± 0,79 do 5,30 ± 1,10 w grupie z alergią. leczenie makrolidami zmniejszyło wielkość polipów u 45,45% 
pacjentów bez atopii oraz u 50% pacjentów z atopią. W grupie z poprawą, porównując wyniki badania endosko-
powego przed i po terapii CAM, była duża i statystycznie istotna różnica wielkości polipów nosa. U pacjentów bez 
alergii wielkość polipów zmniejszyła się z 4,80 ± 1,01 do 2,60 ± 0,67 (p < 0,01). U pacjentów z alergią średnia ocena 
endoskopowa poprawiła się z 4,10 ± 0,82 do 2,20 ± 0,54 (p < 0,01). U pacjentów z atopią i bez atopii, porównując 
naciek eozynofilów nabłonka w polipach, stwierdzono większą średnią liczbę eozynofilów w grupie bez poprawy 
niż w grupie z poprawą (p < 0,05). leczenie kortykosteroidami zmniejszyło rozmiar polipów nosa u wszystkich 
pacjentów. U pacjentów bez alergii wielkość zmniejszyła się z 4,88 ± 1,22 do 2,70 ± 0,58 (p < 0,01), a u pacjentów 
z alergią polipy nosa zmniejszyły się z 5,23 ± 0,77 do 3,23 ± 0,62 (p < 0,05).
Wnioski. CAM jest bardziej skuteczna w zmniejszaniu polipów mniejszych niż większych. Alergie nie mają wpły-
wu na skuteczność kliniczną leczenia kortykosteroidami lub makrolidami. U pacjentów z alergią i bez niej bardziej 
intensywny naciek eozynofilów nabłonka jest związany ze słabszą odpowiedzią kliniczną na makrolidy. Donosowe 
leczenie steroidami jest bardziej skuteczne w zmniejszaniu polipów nosa niż leczenie makrolidami (Adv Clin Exp 
Med 2011, 20, 3, 325–334).

Słowa kluczowe: polipy nosa, alergia, eozynofile, nabłonek, klarytromycyna.
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Material and Methods
The Patients
Ninety (n = 90) patients with nasal polyposis, 

49 nonallergic and 41 allergic, were included in this 
prospective, non-placebo-controlled study, which 
was conducted in accordance with the Declaration 
of Helsinki principles. Written informed consent 
was obtained from all subjects. The study was ap-
proved by the Ethics Committee of the Military 
Medical Academy, Belgrade, Serbia. 

The diagnosis of nasal polyposis was based on 
documented medical history and on the results of 
clinical examination, nasal endoscopy (rigid op-
tic 0˚ and 30˚ endoscope, Storz, Tuttlingen, ger-
many) and computed tomography (CT) of the 
paranasal sinuses according to the current Euro-
pean guidelines [3], which define nasal polyposis 
(considered a subgroup of chronic rhinosinusitis) 
as: “inflammation of the nose and the paranasal 
sinuses characterized by two or more symptoms, 
one of which should be either nasal blockage/
obstruction/congestion or nasal discharge (ante-
rior, posterior nasal drip) ± facial pain/pressure; 
± reduction or loss of smell; and either endoscopic 
signs of polyps, and/or mucopurulent discharge, 
primarily from middle meatus, and/or edema/mu-
cosal obstruction, primarily in middle meatus, and/
or CT changes showing mucosal changes within the 
ostiomeatal complex and/or sinuses” for more than 
12 weeks [3].

Patients with lower airway obstruction symp-
toms, bronchial asthma, aspirin sensitivity, antro-
choanal and sphenochoanal polyps, cystic fibrosis 
or primary ciliary dyskinesia were excluded from 
the study. None of the subjects included in this in-
vestigation had acute respiratory tract infections 
and none had been treated with oral or topical 
corticosteroids, antibiotics or antihistamines for at 
least three weeks before enrollment in the study. 

Allergy Determination
Skin prick tests were performed on all the pa-

tients for sensitivity to 18 commonly inhaled al-
lergens: Alternaria alternata, Artemisia vulgaris, 
Aspergillus fumigatus, Candida albicans, cat dan-
der, Cladosporium herbarum, cockroach, Cupres-
sus arizonica, Dermatophagoides farinae, Der-
matophagoides pteronyssinus, dog dander, grasses 
(group), Olea europaea, Parietaria judaica, Peni-
cillium notatum, Plantago lanceolata, Platanus 
acerifolia and Salsola kali. A test result was consid-
ered positive when at least one of the induration 
diameters was 3 mm larger than that in the nega-

tive control. Total serum IgE level was measured 
using an ElISA kit (Elitech Diagnostics, France). 
Subjects were considered allergic if they had a se-
rum IgE level > 160 IU/ml. 

The Treatment 
Forty (n = 40) patients with nasal polyps, 22 

nonallergic and 18 allergic, received 500 mg/day 
(single oral dose) of the 14-membered ring mac-
rolide antibiotic clarithromycin (CAM) for 8 weeks. 
There was no concomitant medication used dur-
ing the macrolide therapy. The exclusion criteria 
for long-term low-dose macrolide treatment were: 
pregnancy, macrolide hypersensitivity, age under 
18 years, liver dysfunction or gastrointestinal dys-
function. Thirty (n = 30) patients, 17 nonallergic 
and 13 allergic, received corticosteroid mometha-
sone-furoate intranasal spray (200 µg daily, as two 
50 µg sprays in each nostril every morning), also for 
eight weeks. The exclusion criteria for this treat-
ment were: pregnancy, age under 18 years, gastroin-
testinal dysfunction, diabetes mellitus or other en-
docrine dysfunctions. The control group consisted 
of twenty (n = 20) patients with nasal polyps, 10 
nonallergic and 10 allergic, who used no medica-
tion during the same eight-week period. 

Endoscopic Score
All the patients were examined, treated (by 

topical steroid, CAM and surgically), and followed 
up by the same rhinologist for the entire duration 
of the study. Nasal endoscopy was performed in 
a sitting position with a rigid endoscope (0˚ and 
30˚, Storz, Tuttlingen, germany). Neither topical 
anesthesia nor decongestant were used. Before 
the CAM/corticosteroid administration and with-
in seven days after it, and before and after eight 
weeks in the control group, endoscopic physical 
findings were scored using lildholdt et al.’s scale 
for classifying nasal polyps into four stages accord-
ing to objective anatomical landmarks: “0 = no  
polyposis, 1 = mild polyposis (small polyps not 
reaching the upper edge of the inferior turbinate), 
2 = moderate polyposis (medium sized polyps 
reaching between the upper and lower edges of 
the inferior turbinate), 3 = severe polyposis (large 
polyps reaching below the lower edge of the infe-
rior turbinate)” [4] (Figs. 1 a–d). The maximum 
endoscopic score is 6, bilaterally. Treatment re-
sults were divided into the following two catego-
ries: improvement and no improvement. Improve-
ment was defined as shrinkage of the nasal polyps 
by a of minimum two grades bilatearally after the 
treatment. 
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Surgical Treatment
After macrolide treatment, functional endo-

scopic sinus surgery (FESS) was performed on all 
patients in whom nasal polyps of different sizes 
were found. The surgery was carried out under 
general anesthesia by the same rhinologist, within 
four weeks after the end of the CAM therapy and 
without any pre-operative medical procedure. De-
pending on the case, the patients underwent bilat-
eral endoscopic transnasal polypectomy, anterior 
and posterior ethmoidectomy, or bilateral middle 
meatal antrostomy. Polyps were removed from the 
sinuses and sent for histological examination.

Tissue Preparation and 
Quantification of Eosinophils

The preferred polyp samples for this study 
were from the middle meatus and ethmoid cell ar-
eas that were not directly exposed to respiratory 
air. For the histological examination (hematoxy-
lin + eosin stain), the polyp specimens were fixed 
in 10% formaldehyde, embedded in paraffin, cut 
with a microtome into 5-μm sections and stained 
with hematoxylin and eosin. The histological ex-
amination was performed using a digital optical 
microscope (Nikon Coolscope), assisted by a com-
puterized picture analysis system using ImageJ 

Fig. 1. Endoscopic view of the left nasal cavity. The size of nasal polyps is classified into 4 stages according to objec-
tive anatomical landmarks: a) 0 – no polyposis, b) 1 – mild polyposis (small polyps not reaching the upper edge of the 
inferior turbinate), c) 2 – moderate polyposis (medium sized polyps reaching between the upper and lower edges of 
the inferior turbinate), d) 3 – severe polyposis (large polyps reaching below the lower edge of the inferior turbinate) [4]

Ryc. 1. Endoskopowy obraz lewej jamy nosowej. Rozmiar polipów nosa dzieli się na 4 etapy według obiektywnych 
anatomicznych punktów orientacyjnych: a) 0 – brak polipów, b) 1 – łagodna polipowatość (małe polipy nie osiągają 
górnej krawędzi dolnej małżowiny); c) 2 – umiarkowana polipowatość (średnie polipy sięgają między górną a dolną 
krawędź dolnej małżowiny), d) 3 – silna polipowatość (duże polipy sięgają poniżej dolnej krawędzi dolnej małżowiny) [4] 
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software (Java-based image processing program) 
[5]. Eosinophils were counted at × 400 magnifica-
tion. The visual field was oriented along the en-
tire length of the epithelium basement membrane. 
To ascertain the mean number of eosinophils in 
the respiratory epithelium and lamina propria per 
high power field (HPF), 10 randomly chosen HPFs 
of a single section were examined. The eosinophils 
in each section were counted separately in the epi-
thelium and in the lamina propria, and the average 
number of eosinophils for the epithelium and for 
the lamina propria per HPF was calculated.

Statistical Analysis
Data were expressed as means ± standard 

deviation (± SD). Paired comparisons within 
a group were performed using the nonparametric 
Wilcoxon signed rank test. Comparisons between 
the groups were analyzed using the nonparametric 
Mann-Whitney U test and chi-square test. A p val-
ue less than 0.05 was considered to be statistically 
significant. For statistical analysis, SPSS software 
was used.

Results
In this study, 6 female and 16 male nonatopic 

patients with nasal polyps (mean age 44.36 ± 14.15 
years, aged from 25 to 72 years) and 8 female and 
10 male atopic patients (mean age 46.22 ± 12.37, 
aged from 19 to 65 years) received CAM for eight 
weeks. After macrolide treatment, nasal polyps 
of different sizes were found in all 40 patients. 
However, in nonallergic patients, a significant dif-
ference in the endoscopic score before and after 
treatment was noted (5.09 ± 1.02 vs. 4.12 ± 1.78) 
(p < 0.05). The average size of the allergic patients’ 
polyps was significantly smaller after therapy (5.05 
± 1.01 vs. 4.00 ± 1.00) (p < 0.05). The size of nasal 
polyps decreased in 45.45% of the patients without 
allergy (10 out of 22 cases) and in 50% of the aller-
gic patients (9 of 18 cases), but the difference was 
not statistically significant (chi-square test). In the 
improvement group, comparing the endoscopic 
findings before and after CAM therapy, there was 
a higher statistically significant difference in the 
nasal polyp size. In nonallergic patients, the size 
of the polyps decreased from 4.80 ± 1.01 to 2.60 
± 0.67 (p < 0.01) (Fig. 2). In allergic subjects, the 
average endoscopic score improved from 4.10 ± 
0.82 to 2.20 ± 0.54 (p < 0.01) (Fig. 3). In one non-
allergic patient, polyp size decreased from score 6 
to score 2, in three patients, polyp size decreased 
from score 6 to score 4, in six patients, polyp size 

decreased from score 4 to score 2. In the allergic 
patients, in one case polyp size decreased from 
score 5 to score 2, in two patients, polyp size de-
creased from score 6 to score 4, in six patients, pol-
yp size decreased from score 4 to score 2 (Table 1).  
Macrolides were observed to be more effective in 
reducing the size of smaller polyps than bigger 
ones.

The second study group included 5 female and 
10 male nonallergic nasal polyp patients (mean 
age 45.64 ± 15.11 years, aged from 20 to 67 years) 
and 7 female and 8 male allergic patients (mean 
age 44.86 ± 13.24 years, aged from 24 to 71 years) 
who used momethasone-furoate intranasal spray 
for eight weeks. Corticosteroid therapy decreased 
the nasal polyp size in all patients (Table 2). In the 
group of nonallergic patients, the size decreased 
from 4.88 ± 1.22 to 2.70 ± 0.58 (p < 0.01), where-
as in allergic ones, the nasal polyps shrank from 
5.23 ± 0.77 to 3.23 ± 0.62 (p < 0.05) (Fig. 4). In 
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Fig. 2. In nonallergic patients, in the improvement 
group, the average size of the polyps was significantly 
decreased after macrolide treatment (p < 0.01)

Ryc. 2. U pacjentów bez alergii w grupie z poprawą 
średni rozmiar polipów znacznie zmniejszył się po  
leczeniu makrolidami (p < 0,01)

Fig. 3. In allergic patients, in the improvement 
group, the average endoscopic score was significantly 
improved after macrolide treatment (p < 0.01)

Ryc. 3. U pacjentów z alergią w grupie z poprawą 
średnia ocena endoskopowa znacznie poprawiła się po 
leczeniu makrolidami (p < 0,01)
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the control group, which included 3 female and 7 
male nonallergic patients (mean age 47.33 ± 15.21 
years, aged from 21 to 65 years) and 4 female and 
6 male allergic patients (mean age 46.69 ± 14.83 
years, aged from 20 to 67 years), average nasal pol-
yp size increased from 4.70 ± 0.81 to 5.40 ± 1.24 
in the nonallergic group, and from 4.70 ± 0.79 to 
5.30 ± 1.10 in the allergic group, but without any 
statistically significant difference. 

The pathohistological examination revealed 
a significantly higher mean number of eosinophils 
per HPF in the atopic patients’ polyps surgically 
removed after macrolide treatment than in non-
atopic (54.8 ± 44.6 vs. 16.4 ± 15.8, p < 0.01). In 
the allergic patients’ polyps, the subepithelial loose 
connective tissue and epithelial layer were infil-

Table 1. Results of macrolide treatment in nonallergic and 
allergic patients in terms of endoscopic score

Tabela 1. Wyniki leczenia makrolidami u chorych  
z alergią i bez niej – ocena endoskopowa

Nonallergic patients Allergic patients

Case before after case before after

1 6 2 1 6 4

2 6 6 2 4 2

3 4 2 3 4 2

4 6 4 4 6 6

5 6 6 5 6 6

6 4 2 6 4 2

7 4 4 7 5 4

8 6 5 8 5 2

9 6 4 9 4 2

10 6 6 10 6 6

11 4 2 11 6 4

12 6 6 12 4 2

13 4 4 13 4 2

14 6 6 14 6 6

15 6 6 15 6 6

16 4 2 16 6 6

17 4 2 17 4 4

18 4 4 18 5 6

19 4 2

20 6 6

21 6 4

22 4 4

Table 2. Results of intranasal corticosteroid treatment 
in nonallergic and allergic patients in terms of the endo-
scopic score

Tabela 2. Wyniki leczenia kortykosteroidami donosowo  
u chorych z alergią i bez niej – ocena endoskopowa

Nonallergic patients Allergic patients

Case before after case before after

1 6 4 1 6 4

2 6 4 2 6 4

3 4 2 3 4 2

4 6 2 4 6 4

5 6 4 5 4 2

6 4 2 6 4 2

7 4 2 7 6 4

8 5 2 8 6 4

9 6 4 9 4 2

10 4 2 10 6 4

11 4 2 11 4 2

12 6 4 12 6 4

13 4 2 13 6 4

14 6 4

15 4 2

16 4 2

17 4 2

trated by numerous eosinophils. In the nonallergic 
patients’ polyps, the eosinophil infiltration of the 
epithelium and lamina propria was less intense. 
However, comparing epithelial eosinophil infil-
tration in the nonatopic patients’ polyps, a higher 
mean number of eosinophils was found in the 
no improvement group than in the improvement 
group (8.5 ± 10.8 vs. 3.6 ± 5.7, p < 0.05). In the 
lamina propria of the nonatopic patients’ polyps, 
there was also a higer number of eosinophils in the 
no improvement group than in the improvement 
group (21.4 ± 13.7 vs. 12.8 ± 10.2, p < 0.05) (Table 3,  
Figure 5 a, b). In the atopic patients’ polyps, the 
main number of eosinophils in the epithelial lay-
ers was higher in the no improvement group (9.1 ±  
± 7.4 vs. 5.8 ± 7.3, p < 0.05), which was similar 
to the status in the lamina propria (71.4 ± 66.8 vs.  
42.6 ± 37.2, p < 0.05) (Table 3). 
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Discussion
The results of the study showed that topi-

cal corticosteroid administration decerased nasal 
polyp size in all patients. As other studies have 
demonstrated [6], long-term topical and oral cor-
ticosteroid therapy are the treatment of choice 
for nasal polyposis. The mechanism of cortico-
steroids’ action may be a multifactorial effect on 
various aspects of the inflammatory reaction, initi-
ated by their binding to a specific cytoplasmic glu-
cocorticoid receptor [6]. On a cellular level, there 
is a reduction in the number of antigen-presenting 
cells, in the number and activation of T cells, in 
the number of mast cells, and in the number and 
activation of eosinophils [6]. Corticosteroids have 
a strong impact on T-cell kinetics, reducing not 
only the total number of lymphocytes, but also 
their activation and cytokine production [7]. Pro-
longed treatment corticosteroid reduces the influx 
and total number of eosinophils in nasal polyp tis-
sue by supressing the production of the RANTES 
(regulated on activation, normal T cell expressed 
and secreted) chemokine, which is released by 
fibroblasts and is involved in eosinophil recruit-
ment [6]. However, due to the possible side effects 
related to oral steroid use, there is a need for the 
investigation of new drugs suitable for treating na-
sal polyps. 

Macrolide antibiotics belong to the family 
of 14- or 15-membered lactone ring antibiotics, 
originally found in a Philippine soil sample [8]. 
long-term low-dose administration of EM, CAM, 
and RXM has recently been reported to be very 
effective for patients with chronic upper respira-
tory tract infections. Ichimura et al. [9] found that 

RXM administered at 150 mg/day for at least eight 
weeks shrank the nasal polyp size in 52% of twenty 
investigated patients. Yamada et al. [10] showed 
that CAM administered at 400 mg/day for 8–12 
weeks resulted in marked shrinkage of polyps in 
40% of twenty patients. 

Ichimura et al. [9] reported that the efficacy 
of macrolide therapy is not related to allergic 
symptoms. Haruna et al. [11] conducted an in-
vestigation that included 68 patients with chronic 
rhinosinusitis and nasal polyps, and found no cor-
relation between the presence of nasal allergies 
and the efficacy of macrolide therapy. The results 
of the current study also showed that there was no 
relationship between the presence of atopy and the 
clinical efficacy of macrolide treatment. 

endoscopic score before and after intranasal corticosteroid therapy
in nonallergic and allergic patients with nasal polyposis
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Fig. 4. The average size of the polyps was significantly 
decreased after intranasal corticosteroid treatment, in 
both the nonallergic (p < 0.01) (white) and allergic  
(p < 0.05) (grey) patients

Ryc. 4. Średnia wielkość polipów znacznie zmniejszyła 
się po donosowym leczeniu kortykosteroidami 
zarówno u pacjentów bez alergii (p < 0,01) (białe), jak 
i z alergią (p < 0,05) (szare)

Fig. 5. a) In the polyps from the improvement group 
of nonallergic patients, the eosinophil infiltration 
of the epithelium (arrow heads) and lamina propria 
was scarce. b) in the polyps from the no improvement 
group of nonallergic patients, the lamina propria and 
epithelium (arrow heads) were infiltrated by numerous 
eosinophils (H+E staining, ×400) (E – epithelium,  
lP – lamina propria)

Ryc. 5. a) W polipach z grupy z poprawą pacjentów 
bez alergii naciek eozynofilów nabłonka (groty strza-
łek) i blaszki właściwej był znikomy, b) w polipach 
z grupy bez poprawy pacjentów bez alergii blaszka 
właściwa i nabłonek (groty strzałek) były nacieczone 
licznymi eozynofilami (barwienie H + E, ×400)  
(E – nabłonek, lP – blaszka właściwa)

a

b
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Table 3. Eosinophil counts in the epithelium and lamina propria in nonallergic and allergic patients’ polyps after macrolide 
treatment

Tabela 3. liczba eozynofilów w nabłonku i blaszce właściwej w polipach pacjentów z alergią i bez niej po leczeniu makrolidami

Nonallergic patients’ polyps Allergic patients’ polyps

layer
(Warstwa)

improvement no  
improvement

p improvement no 
improvement

p

Epithelium
(Śródbłonek)

3.6 ± 5.7 8.5 ± 10.8 p < 0.05 5.8 ± 7.3 9.1 ± 7.4 p < 0.05

Subepithelium
(Warstwa  
podnabłonkowa)

12.8 ± 10.2 21.4 ± 13.7 p < 0.05 42.6 ± 37.2 71.4 ± 66.8 p < 0.05

The number of eosinophils per high power fields (HPFs) is presented as means ± standard deviation (SD). 

The mechanisms of polyp shrinkage during 
macrolide treatment are not precisely known. Non-
aka et al. demonstrated that (in vivo) RXM treat-
ment “directly suppressed nasal polyp fibroblast 
(NPF) proliferation, and that this effect of RXM 
on fibroblast growth was persistent, indicating that 
RXM may prevent the progression of nasal polyps 
by inhibiting the development of fibrosis” [12]. As 
other researchers have described, enhanced fibro-
blast proliferation is one of the most important 
mechanisms of nasal polyp growth [13, 14]. Sup-
pression of NPF proliferation as well as induction 
of apoptosis could be promising factors for new 
medications intended for use in nasal polyp treat-
ment [14].

The results of an investigation conducted by 
Perić et al. [15] showed that the interleukin 8 (Il-8)  
and tumor necrosis factor-α (TNF-α) concentra-
tions in the nasal fluid of nonallergic patients, as 
well as the Il-8, Il-6 and Il-1β levels in the na-
sal secretions of allergic patients with nasal poly-
posis, were significantly reduced after treatment 
with CAM. The decreased Il-8 and TNF-α levels 
in nasal secretions were associated with a reduc-
tion in polyp size in nonallergic patients, whereas 
in allergic ones, only the reduction of Il-8 levels 
correlates with polyp shrinkage. These results 
demonstrated that macrolide treatment of nasal 
polyposis has different immunomodulatory ef-
fects in allergic and nonallergic patients. It seems 
that macrolides have a strong inhibitory influence 
on the proliferative activity of nasal polyp fibro-
blasts, and on Il-8, Il-6, Il-1β and TNF-α pro-
duction in nasal polyp fibroblasts, epithelial cells 
and monocytes. On the other hand, all the cytok-
ines mentioned above play a role in the process of 
eosinophil infiltration of nasal polyps. Il-8, which 
is a potent chemoattractant and activating factor 
for neutrophil and eosinophil, is, as Nonaka et al. 
noted, “known to be released by monocytes, mac-
rophages and airway epithelial cells. Recent data 

have shown that airway fibroblasts are also im-
portant sources of this chemokine” [16]. As Ohori  
et al. stated: “Eosinophil infiltration is regulated 
by numerous chemokines and adhesion molecules 
such as eotaxin, RANTES and vascular cell adhe-
sion molecule (VCAM-1). To infiltrate sites of 
inflammation, eosinophils leave the bloodstream 
and pass through the endothelium in four steps, 
namely rolling, adhesion, transendothelial migra-
tion, and chemotaxis. Adhesion molecules, such as 
VCAM-1 play an important role during adhesion 
to endothelial cells” [17]. Experiments performed 
by Ohori et al. [17] demonstrated that TNF-α 
stimulation induces VCAM-1 protein production 
and mRNA expression in human NPFs. Epithelial 
cells, macrophages, mast cells and, especially, eo-
sinophils produce TNF-α. As noted in an earlier 
report, these findings suggest that TNF-α increas-
es VCAM-1 production in NPFs and activates the 
transmigration of eosinophils which induce further 
production of TNF-α and accelerate the accumu-
lation of eosinophils in nasal polyps [17]. Results 
published by Saji et al. [18] suggest that Il-1β plays 
an important role in nasal polyp eosinophilic in-
filtration, inducing the production of RANTES in 
NPFs. Immunohistochemical staining and in situ 
hybridization have shown that the main sources of 
Il-6 are macrophages, T cells, mast cells, and, espe-
cially, eosinophils and fibroblasts, because of their 
autocrine activity [19]. The results of the current 
study suggest that nasal polyps of poor responders 
to long-term low-dose macrolide treatment have 
more intense eosinophil infiltration, especially in 
the epithelial layers. This is in accordance with re-
sults presented by Haruna et al. [11]. 

However, the authors of the current study sug-
gest that macrolide antibiotics cannot suppress na-
sal fibroblasts proliferation and cytokine produc-
tion in all forms of nasal polyps. Pawliczak et al. [20]  
reported an apparent similarity between the eo-
sinophil infiltrates present in polyps from atopic 
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and nonatopic patients. However, when Cheng et 
al. examined H+E-stained sections of nasal polyps 
they found that “eosinophil counts were signifi-
cantly higher in atopic patients’ polyps compared 
with nonatopic ones” [21], which concurs with the 
results of the present study. On the other hand, in 
response to therapy with CAM, nonatopic and 
atopic patients’ polyps had similar outcomes. The 
number of nonallergic and allergic patients in the 
no improvement group was also similar. 

Eosinophils, which have some cytotoxic media-
tors, such as eosinophilic peroxydase, are thought to 
cause severe damage of the nasal polyp epithelium 
[22]. The findings presented by Saitoh et al. [22] 
showed a significant correlation in eosinophilic infil-
tration between the epithelium and lamina propria. 
Therefore, it is likely that eosinophils migrating into 
the epithelium continue to secrete cytotoxic media-
tors and finally directly aggravate epithelial damage 
[22]. Furthermore, the correlation between eosino-
philic infiltration in the epithelium and epithelial 
damage was higher than that between eosinophilic 
infiltration of the lamina propria and epithelial dam-
age, which suggests that epithelial eosinophils may 
contribute much more to an aggressive model of 
nasal polyposis [22]. The results of the current study 
showed an inverse relationship between the response 
to macrolide treatment and eosinophil counts in the 

nasal polyp epithelium, suggesting that the aggressive 
form of the disease is relatively resistant to treatment 
by CAM. Further studies are required to investigate 
the precise role of eosinophil infiltration in the failure 
of macrolide therapy. 

This study examined the clinical efficacy of 
long-term low-dose macrolide treatment of na-
sal polyposis in atopic and nonatopic patients, in 
comparison to intranasal corticosteroid trerapy. 
The results point to the higher efficacy of steroid 
treatment than treatment by macrolides. CAM is 
more effective in reducing the size of smaller pol-
yps than bigger ones. Allergies have no influence 
on the clinical efficacy of macrolide and cortico-
steroid treatment. However, in both allergic and 
nonallergic patients, an aggressive infiltration of 
eosinophils into the epithelium correlates with 
a worse clinical response to macrolide antibiotics. 
The authors suggest that intensive eosinophil infil-
tration in nasal polyp epithelium could possibly be 
a predictor for poor clinical efficacy of macrolide 
therapy. The current study had some limitations, 
it would have been better to compare the histo-
pathological findings before and after macrolide 
treatment, to allow assessment of the histological 
effects of treatment by CAM. However, it wasn’t 
possible to perform such an investigation due to 
ethical and methodological restrictions. 
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