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Abstract

Background: Idiopathic lymphoplasmacytic rhinitis (LPR) is a common inflammatory disorder of the nasal cavity in
dogs due to unknown etiology. It is characterised by non-specific clinical signs, including nasal discharge, epistaxis
and breathing problems. Diagnosis is usually based on the histopathologic identification of infiltrating plasmocytes
and lymphocytes in the nasal mucosa and the exclusion of other underlying diseases. Treatment strategies include
glucocorticoids, non-steroidal anti-inflammatory drugs, antibiotics and antifungal medications. The aim of this study
was to evaluate the efficacy of various therapeutic protocols for managing canine lymphoplasmacytic rhinitis based
on the results of clinical, endoscopic and histological examinations, and to determine the relapse rate for LPR in
dogs.
Twenty dogs of different breeds and both sexes, aged 1 to 14 years, were divided into four groups, each consisting
of five dogs, including three experimental groups diagnosed with LPR and a control group.
The dogs from the first experimental group were administered prednisone orally at 1 mg/kg/day in the first
4 weeks and 0,5 mg/kg/day in the following 2 weeks. The second group of dogs was administered meloxicam
orally at 0,1 mg/kg/day in the first 3 weeks, followed by prednisone at 1 mg/kg/day in the following 2 weeks and
0,5 mg/kg/day in the last week of the treatment. The dogs from the third experimental group were administered
meloxicam orally at 0,1 mg/kg/day for 6 weeks. The control group of dogs was administered empty gelatin
capsules (placebo) orally for 6 weeks. Clinical signs, endoscopic and histopathologic lesions were scored before and
after treatment. Groups were compared using Chi- squared statistics in a 2 × 2 table for pre- versus post-treatment
scores.

Results: Clinical signs persisted in the group treated with meloxicam and were mostly resolved in prednisone-
treated dogs. However, endoscopic and histological changes were still observed in these two groups after
treatment. The severity of all diagnostic features was reduced in the group treated with meloxicam for 3 weeks
followed by prednisone for 3 weeks. The significant differences (p < 0.05) were noted between experimental and
control groups. The dogs showed a statistically significant reduction in characteristics of the LPR before and after
treatment, as measured by clinical signs (Group 1vs.4 p = 0.00, group 2 vs 4 p = 0.00, group 3 vs 4 p = 0,01), by
endoscopy (1 vs 4 p = 0,01, 2 vs 4 p = 0,00, 3 vs 4 p = 0,03), and by histopathology (groups 1 vs 4 p = 0,00, 2 vs 4 p
= 0,00, 3 vs 4 p = 0,03). The significant differences were noted between experimental groups, as measured by
endoscopy (group 2vs 3 p = 0,04), and by relapse rate (groups 1 and 2 p = 0,03, groups 2 and 3 p = 0,01).
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Conclusions: The three treatment protocols administered to dogs improved clinical, endoscopic and histological
status. However, oral administration of meloxicam for 3 weeks, followed by prednisone for 3 weeks, appeared to be
the most successful treatment. These patients remained asymptomatic for 6 months.

Keywords: Nasal, Inflammatory, LPR, Dog, Therapy, Rhinoscopy, Glucocorticoids, Anti-inflammatories, Meloxicam,
Prednisone,

Background
Previous studies have shown that idiopathic lymphoplas-
macytic rhinitis (LPR) is the second most common
chronic disease of the nasal cavity in dogs, after nasal
neoplasia [1–4]. Rhinitis caused by foreign bodies or sec-
ondary to odontogenic disorder is less frequently diag-
nosed in dogs [1, 4].
The clinical features of LPR include nasal discharge, epi-

staxis, reverse sneezing, stridor and breathing problems,
such as inspiratory dyspnea [1, 2, 4–6]. These signs are
not considered pathognomonic, as they may be related to
various diseases of the upper respiratory tract [3–5, 7, 8].
Most dogs with LPR present unilateral or bilateral nasal
discharge during the clinical examination. However, previ-
ous studies suggest that LPR is most often a bilateral dis-
ease [7]. The type of nasal discharge could be serous,
mucoid, mucopurulent or haemorrhagic at presentation
[4, 5]. While certain studies show that the disease rarely
provides characteristic radiographic evidence, other stud-
ies prove that LPR is associated with marked radiographic
lesions, such as nasal turbinate destruction [1, 4, 8]. Ad-
vanced diagnostic modality such as computed tomography
(CT) is considered superior to radiography for the diagno-
sis of LPR [2, 9]. Computed tomography defines the ex-
tend and severity of abnormalities of the nasal cavity [9].
Turbinate destruction, fluid accumulation, soft tissue opa-
cification, gas pocketing, and frontal sinus involvement
are common CT findings in course of this condition [2, 7].
However, magnetic resonance imaging (MRI) as another
previously described modality is providing superior soft-
tissue detail compared with CT, and could aid in the dif-
ferentiation of sino-nasal aspergillosis (SNA) and LPR in
dogs [2, 10]. Hyperaemic nasal mucosa and accumulation
of mucous discharge are observed during rhinoscopy [3,
4]. Non-pathogenic bacterial and fungal cultures are found
in most cases of idiopathic LPR and represent normal
nasal flora or secondary infection rather than presence of
pathogenic bacteria and primary infection [2, 4, 8]. In
pathology reports, LPR is characterised by the presence of
lymphocytes and plasmocytes infiltrating the nasal mu-
cosa [2–4]. Finally, the definitive diagnosis of idiopathic
LPR is made by the exclusion of other causes of nasal dis-
ease [2, 10].
The aetiology of LPR still remains unknown. Previous

studies revealed that innate immunity and hypersensitivity

could be implicated in the pathogenesis of LPR [1–3, 8,
11, 12]. Odontogenic infections could also be involved in
LPR [13]. According to some studies LPR is a complex
disorder that could arise in consequence of bacterial and
fungal infections [2]. It has also been hypothesised that
LPR represents undiagnosed neoplastic disease or
sino-nasal aspergillosis (SNA) [2]. Although higher levels
of fungal DNA have been demonstrated in nasal tissue
from dogs with LPR compared to dogs with neoplasia
[14], cytokine and chemokine expression in SNA and LPR
is different, constituting two distinct entities [2, 15].
Idiopathic lymphoplasmacytic rhinitis proves to be not

only diagnostic but also a therapeutic challenge for clini-
cians. There are no specific protocols for treating the
disease, and clinical trials are lacking. Partial to almost
complete responses to glucocorticoids have been re-
ported [2, 4, 10]. Anti-inflammatory drugs and antibi-
otics have shown various therapeutic effects [2, 4].
Treatment strategies also include antifungal medications
and inhalant steroids [2, 6]. One study compared the ef-
ficacy of anti-inflammatory dose of prednisone with a
cyclosporine and desensitisation therapy [4]. Other stud-
ies show that an immunosuppressive dose of prednisone
or other immunosuppressive drugs could also be effect-
ive [2, 9]. However, the effectiveness of meloxicam
monotherapy and meloxicam in sequence with prednis-
one has not been investigated. Furthermore, to the au-
thor’s knowledge there is no information available
concerning the relapse rates for LPR after such
therapies.
The aim of this study was to evaluate the efficacy of

three different therapeutic protocols for managing ca-
nine lymphoplasmacytic rhinitis based on the results of
clinical, endoscopic and histological examinations, and
to determine the relapse rate for LPR in dogs.

Methods
The study was performed on 20 dogs which were admit-
ted to the Veterinary Clinic of the Faculty of Veterinary
Medicine at the University of Warmia and Mazury in
Olsztyn and diagnosed with LPR from October 2016 to
October 2017. All procedures were approved by the
Local Ethics Committee for Animal Experimentation in
Olsztyn (No. 47/2009/DTN). All clients gave written
informed consent. Investigators were unaware of the
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treatment assignment. This was a randomized, con-
trolled and prospective study with stratified sampling.
The dogs were enrolled for the experiment based on a

signalment, history and the results of a clinical examin-
ation, a radiographic examination of the nasal cavity,
bacteriological and mycological analyses of nasal swabs,
a rhinoscopic evaluation and a histological analysis of
nasal biopsy specimens. Furthermore, none of the dogs
could show evidence of other chronic disease (kidney,
liver, GI tract) based on results obtained from initial
diagnostic testing nor could have received corticoste-
roids or NSAIDs. Nasal discharge and other clinical
signs, such as stridor, were evaluated during a clinical
examination. Radiography of the nasal cavities included
dorsoventral intraoral view and rostrocaudal view of
frontal sinus. Specimens for bacteriologic examination
were processed by using standard culture technique.
Samples for mycologic studies were submitted both on
the agar-gel double immunodifussion and enzyme-linked
immunosorbent assay (ELISA). According to previous
studies confirmation of fungal disease required at least
three positive ancillary diagnostic tests (radiographic,
endoscopic, mycologic, histopathologic) [10]. The rhi-
noscopy was performed in all dogs with a double endo-
scopic technique: a retrograde approach and anterograde
approach. The nasopharynx was examined using the
flexible endoscope (Olympus URF-P5, Olympus, Japan)
inserted orally (retrograde approach) with a diameter of
3 mm and a length of 70 cm. Both nostrils (the rostral
part until the ethmoidal volutes of the nasal cavity- the
anterograde approach) were examined with the use of a
rigid endoscope (Karl Storz, Germany) with a diameter
of 2.7 mm with a 300 angle and a length of 19 cm. Dur-
ing rhinoscopy, nasal mucosa was subjected to an endo-
scopic evaluation, and 3 or 4 biopsy specimens were
collected for histological analyses before and after treat-
ment. A 2,5 mm endoscopic forceps was used for biopsy.
In addition, in all dogs nasal flush was performed during
rhinoscopy to allow appropriate visualisation and to ex-
clude potential foreign body [5]. Biopsy specimens were
fixed in 10% buffered formalin, embedded in paraffin,
sectioned and stained with hematoxylin and eosin. All
the slides were reviewed blindly by the same pathologist.
Finally, lymphoplasmacytic rhinitis was diagnosed based
on the presence of infiltrating plasmocytes and lympho-
cytes in mucosal specimens in the histological analysis
and the exclusion of other underlying diseases [2, 10].
The dogs were divided into four treatment groups of 5

dogs each. The first group was administered prednisone
(Encorton, Polfa Pabianice S. A., Poland) orally at 1 mg/
kg/day in the first 4 weeks and 0.5 mg/kg/day in the fol-
lowing 2 weeks. The second group was administered
meloxicam (Gromeloksin, Biowet Drwalew, Poland) or-
ally, a non-steroidal anti-inflammatory drug, at 0,1 mg/

kg/day in the first 3 weeks, followed by prednisone
(Encorton, Polfa Pabianice S. A., Poland) at 1 mg/kg/day
in the following 2 weeks and 0.5 mg/kg/day in the last
week of the study. The third group was administered
meloxicam (Gromeloksin, Biowet Drwalew) orally at
0,1 mg/kg/day for 6 weeks. The fourth group was ad-
ministered placebo (empty gelatin capsule) orally once
daily for 6 weeks. In order to reduce incidence of poten-
tial adverse events related to both meloxicam and pred-
nisone or prednisone/ meloxicam alone, these three
groups of dogs mentioned, were also administered pan-
toprazole (Controloc, Takeda Pharma) orally at 2 mg/kg/
day in the first 3 weeks and 1 mg/kg/day in the following
2 weeks, and 0,5 mg/kg/day in the last week of the
study. Dosages and duration of using prednisone and
meloxicam were selected on the basis of published rec-
ommendations [16–21]. Administration of pantoprazole
(2 mg/kg/day) was also selected on the basis of pub-
lished recommendations [20–22]. The dosage of panto-
prazole was tapered to the lowest effective dose before
discontinuation on the basis of information extrapolated
from human studies and then generated in dogs [23–
25]. The owners were instructed to notify the attending
veterinarian if their dog was vomiting, lethargic, poly-
uric, polydipsic or having diarrhea or melena.The exam-
ined population consisted of 13 males and 7 females,
and it was represented by the following breeds:
mixed-breed dogs (8/20), German Shepherds (4/20),
Dachshunds (3/20), Yorkshire Terriers (3/20), Labrador
Retrievers (2/20). The age of dogs in groups ranged from
1,5 to 14 years (mean 5,9 years). The groups were similar
in relation to age, breed, sex and time of the year.
Efficacy of the treatments was assessed by a clinical,

endoscopic and histopathological pre- and post-
treatment scores each calculated by the results of a
physical examination, rhinoscopy and histopathology, as
appropriate. The clinical scoring system evaluated the
following items: composition of discharge, frequency
and intensity of discharge, and frequency and intensity
of associated clinical signs (nasal stridor, sneezing etc.).
Composition of discharge was classified as serous/
sero-mucous, mucous/ sero-purulent, purulent/ muco-
purulent/ haemorrhagic (scale 0 [absent] to 3 [purulent/
muco-purulent/haemorrhagic], see Table 1, composition
of discharge). The frequency and intensity of discharge
were assessed as rare (< 2 times/week), frequent (> 2
times/week but intermittently) and continuous (without
interruption), and mild, moderate and severe, respect-
ively [5]. This was also converted into numerical score
0–3 (see Table 1, frequency and intensity of discharge).
Third item of the clinical score was frequency and inten-
sity of other clinical signs classified as mild, moderate
and severe according to criteria given above (see Table 1,
frequency and intensity of other clinical signs). The
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overall score ranged from 0 to 9, with clinical signs of
LPR interpreted as clinically insignificant/absent (score
0–2, dog assigned as -), mild (score 3–5, dog assigned as
+), moderate (score 6–8, dog assigned ++), or severe (9
points, dog assigned as +++). This system was mostly
created based on previous described characteristics of
canine nasal discharge by Plickert et al. [5]. Analogous
to the clinical scoring system, endoscopic scoring system
was created and calculated (see Table 2, specific criteria
for assessment of endoscopic findings). This endoscopic
scoring system evaluates the following items: mucous
accumulation, lesions of hyperaemia, and turbinate
oedema. These were selected according to previous de-
scribed cumulative rhinoscopic score by Johnson et al.
[26]. Histopathology was assessed based on histologic
nasal inflammation scoring system in dogs with inflam-
matory nasal disease proposed by Furtado et al. [27] (see
Table 3, specific criteria for assessment of histopatho-
logical changes). In this system, the proportion of each
inflammatory cell type (lymphocytes, neutrophils,
plasma cells and eosinophils), severity of inflammation,
ephitelial and goblet cell hyperplasia, oedema presence
were each graded as mild, moderate, or severe [27]. The
dogs’ condition was monitored for up to 6 months after
therapy to determine the relapse rate for canine LPR.
Follow-up information was obtained by re-examination

and by telephone contact with the attending clinician or
dogs owners. Therefore, the relapse rate classification
was established based on clinical, rhinoscopy and histo-
pathology scores 6 months after cessation of treatment.
The overall score for relapse rate ranged from 0 to 9,
with clinical, or endoscopic or histopathology score of
LPR interpreted as clinically insignificant/absent (score
of 0 points, dog assigned as -), mild (score 1–3 points,
dog assigned as +), moderate (score of 4–6 points, dog
assigned ++), or severe (7–9 points, dog assigned as ++
+). The relapse rate mean for each treatment group was
assessed based on cumulative clinical, endoscopic and
histological scores after 6 months in comparison to
scores before treatment. Results reported as percent, re-
ferred to mean change of numbers of + (i.e + as 1, ++ as
2, +++ as 3) scored as specific criteria +, ++, +++ (see
Table 5, relapse rate classification).
Statistical analysis was carried out with Statistica 6.0.

(Stat Soft Inc., Tulsa, OK, USA). Treatment groups were
evaluated for the differences at baseline with Wilcoxon’s
nonparametric tests. Categoric variables were compared
using Chi- squared statistics with the data arranged in a
2 × 2 table for pre- versus post-treatment scores. For all
tests, p values p < 0.05 were considered significant.

Results
A clinical examination revealed persistent, bilateral mu-
cous and serous discharge or serous and purulent dis-
charge in all dogs, with bloody discharge in 3 cases.

Table 1 Specific criteria for assessment of clinical efficacy
parameters and scoring system

Clinical examination
parameter

Description Score Final overall score of
clinical signs

Composition
of discharge

Absent 0 0–2 (−) absent
3–5 (+) mild
6–9 (++) moderate
9 (+++) severe

Serous/
sero-mucous

1

Mucous/
sero- purulent

2

Purulent/
muco-purulent/
haemorrhagic

3

Frequency and i
ntensity
of discharge

Absent 0

Rare < 2 times/
week, mild

1

Frequent >
2 times/week,
moderate

2

Continuous,
severe

3

Other clinical
signs (nasal stridor,
reverse
sneezing etc)

Absent 0

Rare < 2 times/
week, mild

1

Frequent >
2 times/week,
moderate

2

Continuous,
severe

3

Table 2 Specific criteria for assessment of endoscopic efficacy
parameters and scoring system

Parameter Description Score Final overall score
of endoscopic
changes

Mucous
accumulation

Absent 0 0–2 (−) absent
3–5 (+) mild
6–9 (++) moderate
9 (+++) severe

Serous/ sero-mucous,
small amount- mild

1

Mucous/ sero- purulent,
small amount- moderate

2

Purulent/ muco-purulent/
haemorrhagic, large
amount- severe

3

Severity of
hyperaemia

Absent/ normal mucosa 0

Mild (present in less than
20% of nasal cavity)

1

Moderate (20–40% of nasal
cavity)

2

Severe (> 40% of nasal
cavity)

3

Turbinate
oedema

Absent/normal mucosa 0

Oedematous mucosa 1

Marked oedema 2

Polypoid mucosa 3
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Pathological changes were not observed in a radiological
examination, such as mass, turbinate destruction, frontal
sinus involvement. However, slight to no opacification
was observed. Therefore, nasal radiographs were consid-
ered unremarkable in all cases.
During rhinoscopy performed before treatment, small

amounts of mucous and serous discharge from both
nostrils were observed in 12 dogs (1A, 1B, 1C; 2A, 2B,
2C; 3A, 3B, 3C, 4A, 4B, 4C), and serous and purulent
discharge– in 8 dogs (1D, 1E; 2D, 2E; 3D, 3E, 4D, 4E). In
addition, the presence of blood was recorded in nasal
discharge from 3 dogs (one from each group- 1A; 2A;
3A). In the rostral part of the nasal cavity, mucosal
hyperaemia was recorded in the ventral concha and in
basal (plica basalis), alar (plica alaris) and straight (plica
recta) folds in all dogs. The nasal conchae were mark-
edly oedematous in 2 dogs from each group (1A, 1B; 2A,
2B; 3A, 3B, 4A, 4B). Inflammatory polyps confirmed by
histopathology were detected in ventral nasal meatuses
of 3 German Shepherds (1A, 2A, 3A– one from each
group). However, these lesions were not observed in a
German Shepherd from the third group (3B).
Bacteriological and mycological assays did not reveal

the presence of pathological bacteria or fungi in any of
the evaluated dogs.
A histological examination of biopsy specimens re-

vealed lymphocytic and neutrophilic mucosal exocytosis
before therapy. The epithelium was hyperplastic and in-
filtrated by lymphocytes and plasma cells. Lamina pro-
pria showed vascular proliferation and fibroplasias.
In the first group of dogs, the applied treatment elimi-

nated nasal discharge in 4 dogs after 7 to 10 days dur-
ation of the therapy, but mild serous discharge persisted
in the German Shepherd (1A) (see Table 4, Group 1,
clinical signs after treatment). In the second group,

clinical items scored were resolved during first week in
all five dogs (see Table 4, Group 2, clinical signs after
treatment). In the third group, moderate signs of LPR,
such as serous nasal discharge were observed in one dog
(3A) which had been diagnosed with severe clinical
signs, such as haemorrhagic nasal discharge before ther-
apy. The remaining dogs showed mild clinical signs
scored (3B, 3C) or no signs of LPR (3D, 3E) (see Table 4,
Group 3, clinical signs after treatment). In the fourth
group of dogs, the severity of nasal discharge increased
after 6 weeks of placebo administration (see Table 4,
Group 4, clinical signs after treatment).
In the first group, an endoscopic evaluation after treat-

ment revealed moderate accumulation of serous dis-
charge (1A) or no discharge with reduced hyperaemia of
mucosal folds (1B, 1E). In another two cases (1A, 1B),
the applied treatment alleviated turbinate oedema. In
the German Shepherd (1A), polyps in the ventral nasal
meatus were eliminated in the proximal segment, but
were still visible in distal segments (see Table 4, Group
1, endoscopic changes after treatment). In the second
group, nasal discharge and mucosal hyperaemia were
not observed in any of the dogs. Turbinate oedema was
eliminated in another 2 dogs (2A, 2B) (see Table 4,
Group 2, endoscopic changes after treatment). The treat-
ment resolved inflammatory polyps in the German Shep-
herd (2A) (see Figs. 1, 2). In the third group, nasal
discharge and mucosal hyperaemia were moderate in
one dog (3A) and less pronounced in 3 other cases (3B,
3C, 3E) after therapy. Turbinate oedema was eliminated
in one dog (3B), but persisted in another dog (3A). In
the German Shepherd (3A), polyps were observed only
in the distal segment of the nasal meatus (see Table 4,
Group 3, endoscopic changes after treatment). In the
fourth group, nasal discharge and turbinate oedema

Table 3 Specific criteria for assessment of histopathology and scoring system

Parameter Description Score Final overall score of histopathology

Neutrophils Not present 0 (0–12)

Lymphocytes 100–200 cells per 3 fields- mild 1

Plasma cells 201–300 cells per 3 fields- moderate 2

Eosinophils > 300 cells per 3fields- severe 3

Total inflammation score (0–12) Mild (0–3) 1 0–2 (−) absent
3–5 (+) mild
6–9 (++) moderate
9 (+++) severe

Moderate (4–6) 2

Severe > 7 3

Epithelial and goblet cell hyperplasia Mild (focal thickened epithelium) 1

Moderate (multifocal thickened epithelium) 2

Severe (diffuse thickened epithelium) 3

Mucosal oedema Mild (present in less than 20% of 3 random fields) 1

Moderate (20–40% of 3 random fields) 2

Severe (> 40% of 3 random fields) 3
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were severe in all five dogs. (4A, 4B, 4C, 4D, 4E) (see
Table 4, Group 4, endoscopic changes after treatment).
After treatment, a histological analysis revealed mild

(1A, 1B, 1E) or no features of LPR in the first group (see
Table 4, Group 1, histopathological changes). In the sec-
ond group, mild histological changes were observed in 2
dogs (2A, 2B). These changes were considered as an im-
provement from severe (2A) and moderate (2B) in
comparison to pre-treatment histopathology (Table 1,
Group 2, histopathological changes). In the third
group, the severity of histological changes was not re-
duced in one dog (3B), and mild changes in another
two cases (3A, 3D) or no changes were noted in the
remaining dogs (see Table 4, Group 3, histopatho-
logical changes). In the fourth group, severe histo-
logical changes were observed in all five dogs. (4A,
4B, 4C, 4D, 4E) (see Table 4, Group 4, histopatho-
logical changes). The results of clinical, endoscopic
and histological examinations conducted before and
after treatment are summarised in Table 1.

The relapse rates were estimated at 75% in dogs treated
with NSAID and 50% in dogs administered a glucocortic-
oid. The dogs subjected to combination therapy remained
asymptomatic 6 months after treatment. Therefore, re-
lapse rate scored at 0% (see Table 5, Relapse rate classifica-
tion). Results reported as percent, referred to the mean
change of numbers of + (i.e + as 1, ++ as 2, +++ as 3, +/−
as 0,5) scored as specific criteria +, ++, +++. In relapse
rate classification, one dog (1D) was assigned as +/−. Ac-
cording to clinical score system presented, this dog was
assigned as – after clinical examination. However, the
owner reported that reverse sneezing occured incidentally.
Therefore, in this particular case the clinical signs was
assigned as +/−, as uncertain.
The dogs from the control group after the duration of

this study were given treatment which was the most ef-
fective. Therefore, they were not included in relapse rate
classification.
Treatment groups were evaluated for the differences at

baseline with Wilcoxon’s nonparametric tests (see

Table 4 The results of clinical, endoscopic and histopathological examinations conducted before and after treatment

Before treatment After treatment

Group Dog Clinical signs Endoscopic changes Histopathological changes Clinical signs Endoscopic changes Histopathological changes

1 A +++ +++ ++ + ++ +

B ++ ++ + – + +

C + + + – – –

D + + + – – –

E ++ ++ ++ – + +

2 A +++ +++ +++ – – +

B ++ + ++ – – +

C ++ ++ ++ – – –

D + + ++ – – –

E ++ + ++ – – –

3 A +++ +++ +++ ++ ++ +

B ++ ++ ++ + + ++

C ++ ++ ++ + + –

D + + ++ – – +

E + ++ + – + –

4 A ++ ++ ++ +++ ++ ++

B ++ + + ++ ++ ++

C ++ ++ ++ +++ ++ +++

D + + + ++ + ++

E + + ++ ++ ++ ++

- no changes (score of 3–5 points)
+ mild signs/changes (score of 3–5 points)
++ moderate signs/changes (score of 6–8 points)
+++ severe signs/changes (score of 9 points)
Group 1 - prednisone (Encorton)
Group 2- meloxicam (Gromeloksin), followed by prednisone (Encorton)
Group 3- meloxicam (Gromeloksin)
Group 4- placebo (empty gelatin capsules)
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Table 6, Wilcoxon’s analysis). The significant differences
(p < 0.05) were found between experimental (1, 2, 3) and
the control (4) groups. The dogs showed a statistically
significant reduction in characteristics of LPR before and
after treatment, as measured by clinical signs (see

Table 7, Differences between pre- and post-treatment
scores for clinical signs, Groups 1–4, 2–4, 3–4), by en-
doscopy (see Table 8, Differences between pre- and
post-treatment scores for endoscopic changes, Groups
1–4, 2–4, 3–4), and by histopathology (see Table 9, Dif-
ferences between pre- and post-treatment scores for
histopathological changes, Groups 1–4, 2–4, 3–4). The
significant differences were noted between experimental
groups, as measured by endoscopy (see Table 8, Differ-
ences between pre- and post-treatment scores for endo-
scopic changes, Groups 2–3), and by relapse rate (see
Table 10, differences between pre- and post-treatment
scores for relapse rate, Groups 1–2, 2–3). The remaining
results of comparisons between experimental groups
were insignificant (see Table 7, Table 8, Table 9,
Table 10).

Discussion
The published data indicate that LPR is one of the main
causes of persistent nasal disease in dogs [1, 2]. The aeti-
ology and pathogenesis of LPR are unknown, as well as
how to treat this condition. Previous studies have shown
that allergies and immune disorders could be involved in
the disease [1–3, 8, 11, 12]. It has been suggested that
LPR was associated with the presence of foreign objects,
undiagnosed tumors or fungal infections in the nasal
cavity [2]. However, the involvement of bacterial and
fungal infections in the pathogenesis of LPR is only
hypothetical. Mercier reported that LPR is not associated
with pathogenic bacteria or fungi [6], whereas Windsor
showed that LPR is a complex disorder that could arise
in consequence of bacterial and fungal infections [2]. In
addition, Peeters et al. demonstrated that cytokine and
chemokine expression profiles in SNA and LPR differ,
implying two different disease entities [15]. Odontogenic
infections could also be implicated in LPR [13].
In our study, the most effective treatment led to

complete resolution in some dogs, whereas mild histo-
logical changes persisted in other patients (2A, 2B),
which suggests that LPR has a complex etiology [2].
Moreover, the severity of signs and changes after 6 weeks
of placebo administration suggests, that LPR has pro-
gressive character (Table 1, Group 4, After treatment).
Inflammation of nasal mucosa are most frequently di-

agnosed in middle-aged dogs (mean 9 years) ranged
from 2.3–17 years [4] or 1.5–14 years of age (mean
8.5 years) [2, 7]. The results of our study are not consist-
ent with the findings mentioned above. In our study, the
dogs age ranked from 1 to 14 years (mean 5,9 years).
The majority of the evaluated patients were male (13/
20). However, there are no reports to indicate that the
incidence of LPR is higher in either gender. Some stud-
ies showed that Yorkshire Terriers, Dachshunds and
German Shepherds could be more predisposed to the

Fig. 1 Inflammation observed in the first rhinoscopic evaluation of a
7-year-old German Shepherd (2A, Group 2, Table 4, Before treatment,
Endoscopic changes) subjected to combination therapy; assigned as
+++ as severe endoscopic changes in total endoscopic scoring
system (Table 2)

Fig. 2 Absence of changes in the same German Shepherd (2A,
Group 2, Table 4, After treatment, Endoscopic changes) after
combination therapy assigned as –, as no endoscopic changes in
total endoscopic system
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disease [3, 4]. German Shepherds were also one of the
most prevalent breed in our study (4/20). In this experi-
ment, bilateral nasal discharge was noted in all dogs.
Windsor et al. revealed that bilateral nasal discharge is
indicative of LPR because tumors and foreign bodies in
the nasal cavity are generally associated with unilateral
discharge, at least in the initial stage of disease [7].
The radiographic findings were considered unremark-

able. This results are consistent with previous studies

suggested that slight to moderate increase in radio-
graphic opacity, or no opacification, or absence of radio-
graphic lesions could occur in dogs with LPR [1, 3, 4, 8].
Radiographic signs of LPR demonstrate a spectrum of
appearances ranging from minor in-creases in soft tissue
opacity to lytic bone lesions [3]. However, destructive

Table 5 Relapse rate classification. Comparison of the results of clinical, endoscopic and histopathological examinations conducted
before treatment and after 6 months

Before treatment 6 months after treatment Relapse
rate%Group Dog Clinical

signs
Endoscopic
changes

Histopathological
changes

Clinical
signs

Endoscopic
changes

Histopathological
changes

1 A +++ +++ ++ + + ++ (12,5/
25)
50B ++ ++ + + + +

C + + + – + +

D + + + +/− – –

E ++ ++ ++ + + +

Total 25 12,5

2 A +++ +++ +++ – – – (0/29)
0

B ++ + + – – –

C ++ ++ ++ – – –

D + + ++ – – –

E ++ + ++ – – –

Total 29 0

3 A +++ +++ +++ ++ ++ +++ (22/29)
75

B ++ ++ ++ + + ++

C ++ ++ ++ + + ++

D + + ++ + + +

E + ++ + + + ++

Total 29 22

- no changes (score of 0 points)
+/− unremarkable
+ mild signs/changes (score of 1–3 points)
++ moderate signs/changes (score of 4–6 points)
+++ severe signs/changes (score of 7–9 points)
Group 1 - prednisone (Encorton)
Group 2- meloxicam (Gromeloksin), followed by prednisone (Encorton)
Group 3- meloxicam (Gromeloksin)
Group 4- placebo (empty gelatin capsules)

Table 6 Wilcoxon’s analysis within groups

Group P value

1 0,04

2 0,04

3 0,04

4 0,04

Group 1 - prednisone (Encorton)
Group 2- meloxicam (Gromeloksin), followed by prednisone (Encorton)
Group 3- meloxicam (Gromeloksin)
Group 4- placebo (empty gelatin capsules)

Table 7 Differences between pre- and post-treatment scores
for clinical signs

Groups P value

1–2 0,19

1–3 0,23

2–3 0,08

1–4 0,00

2–4 0,00

3–4 0,01

Group 1 - prednisone (Encorton)
Group 2- meloxicam (Gromeloksin), followed by prednisone (Encorton)
Group 3- meloxicam (Gromeloksin)
Group 4- placebo (empty gelatin capsules)
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pattern is suggestive of fungal infection or neoplasia [1–
3]. Previous studies described that in most cases radio-
graphic signs of LPR included increase in opacity, tur-
binate destruction, or normal frontal sinus [1–3]. In
present study, unremarkable radiographic findings may
suggesting the early diagnosis of LPR or similar stage of
the disease in most dogs.
In this study samples for mycologic studies were sub-

mitted both on the agar-gel double immunodifussion
and enzyme-linked immunosorbent assay (ELISA). How-
ever, because of its sensitivity, serology is not considered
a good screening test for SNA in dogs suffering from
chronic nasal discharge [28]. According to previous
studies confirmation of fungal disease required at least
three positive ancillary diagnostic tests (radiographic,
endoscopic, mycologic, histopathologic) [10].
In this study, it is documented that the therapy com-

bination with a non-steroidal anti-inflammatory drug
and a glucocorticoid (group 2) was most effective in re-
solving the clinical signs of LPR. It is important to note
that glucocorticoids should not be given concurrently
with NSAIDs or with caution, due to the increased risk
of gastrointestinal ulceration [17]. Particular care should
be taken when considering sequential NSAID and gluco-
corticoid therapy [17]. Gastroprotective drugs may be
indicated prophylactically [17, 21]. The dogs with

combined treatment showed no gastrointestinal signs
before and after the therapy. No clinically significant ad-
verse events occured in association with meloxicam and
prednisone administration. A specific protocol of panto-
prazole with tapering dosage was introduced to prevent
the rebound acid hypersecretion and hypergastrinemia
in dogs [25]. This phenomenom has been evidenced in
humans [29, 30]. However, the clinical significance in
veterinary patients is still unknown [30].
There are limited studies on the use of PPIs in dogs.

However, in one study, omeprazole decreased the degree of
gastritis associated with aspirin therapy, whereas cimetidine
(H2 antagonist) did not [24]. In a study evaluating the effi-
cacy of PPIs in reducing the incidence of gastric lesions in
dogs receiving corticosteroids, a trend toward improvement
in mucosal lesions was noted [24]. There is also a gastric
cytoprotective agent with both acid-inhibitory and
mucosal-protective properties, such as misoprostol. The
primary indication for misoprostol is prevention of
NSAID-induced ulcers [22, 24]. However, misoprostol is
not particulary effective in healing existing NSAID-induced
ulcers in comparison with PPIs [21, 22, 24]. Furthermore, it
is not clearly effective in protecting dogs receiving NSAIDs
as has been reported in human medicine [22]. Two separ-
ate studies have shown that misoprostol administration had
no effect on the incidence of gastric haemorrhage [24].
Moreover, misoprostol has a short half-life and must be
given two to three times daily [22]. Therefore, its greater
cost, need for frequent administration, and higher rate of
adverse effects (i.e. diarrhea, abortifacient effect) suggest
that PPIs may be preferable [21, 22].
It is also worth considering that meloxicam as a select-

ive inhibitor of COX-2, is a drug whose therapeutic ef-
fects are as strong as conventional NSAIDs, such as
piroxicam suggested in treatment of LPR in previous
studies [2], but which leads to fewer side effects [31, 32].
Meloxicam is well tolerated by dogs [33]. It has been as
effective as other NSAIDs and was shown to have better
safety profile [33]. Therefore, it may be preferable in
long-term use rather than piroxicam [32]. Moreover,
some studies suggested that meloxicam may have im-
munosuppressive effects and ability to inhibit lympho-
cyte proliferation [34]. Therefore, this could have
applications in anti-inflammatory therapy [34–36]. In

Table 8 Differences between pre- and post-treatment scores
for endoscopic changes

Groups P value

1–2 0,08

1–3 0,37

2–3 0,04

1–4 0,01

2–4 0,00

3–4 0,03

Group 1 - prednisone (Encorton)
Group 2- meloxicam (Gromeloksin), followed by prednisone (Encorton)
Group 3- meloxicam (Gromeloksin)
Group 4- placebo (empty gelatin capsules)

Table 9 Differences between pre- and post-treatment scores
for histopathological changes

Groups P value

1–2 0,58

1–3 0,18

2–3 0,15

1–4 0,00

2–4 0,00

3–4 0,03

Group 1 - prednisone (Encorton)
Group 2- meloxicam (Gromeloksin), followed by prednisone (Encorton)
Group 3- meloxicam (Gromeloksin)
Group 4- placebo (empty gelatin capsules)

Table 10 Differences between pre- and post-treatment scores
for relapse

Groups P value

1–2 0,03

1–3 0,12

2–3 0,01

Group 1 - prednisone (Encorton)
Group 2- meloxicam (Gromeloksin), followed by prednisone (Encorton)
Group 3- meloxicam (Gromeloksin)
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present study, we hypothesised that the group treated
with meloxicam followed by prednisone may present
better clinical effects than with prednisone or meloxicam
alone. In our daily practice, we have observed good, but
unsatisfactory outcomes in some meloxicam-treated
dogs during the 3-week treatment period. Therefore, we
introduced prednisone, and interestingly, the response
was complete after another 2- or 3-week treatment
period. Switching this these classes of drugs occurs in
different chronic diseases, such as i.e. osteoarthritis, in-
flammatory bowel disease (IBD). Medical treatment for
induction of clinical remission of IBD is largely empirical
and consists of use of anti-inflammatory drugs, with cor-
ticosteroids providing the most consistent benefit [37].
For instance, clinical trials in human IBD consistently
demonstrate response to 5-aminosalicylates and cortico-
steroids as mainstays of treatment [37]. Further studies
are needed to clarify all the effects and abilities of
NSAIDs and SAIDs in therapy of LPR.
In present study nasal discharge persisted in the group

treated with NSAID alone. According to information
from the client during the 6 weeks of initial therapy
nasal discharge was quickly resolved in dogs adminis-
tered a glucocorticoid, but endoscopic and histological
changes were still observed in this group after treatment.
In the group treated with placebo, the severity of clinical
signs, endoscopic and histological changes significantly
increased. Relapse rates are a robust indicator of re-
sponse to the treatment in persistent diseases. In the
present study, relapse rates were estimated at 75% in
dogs treated with NSAID and 50% in dogs administered
a glucocorticoid. The dogs subjected to combination
therapy remained asymptomatic 6 months after
treatment.
Lobetti compared the efficacy of a starting dose of

prednisone at 1 mg/kg, administered per os once daily
for 7–10 days, followed by 0.5 mg/kg, with a cyclospor-
ine dose of 5 mg/kg, administered per os once daily for
minimum 4 weeks, and desensitisation therapy. The lat-
ter treatment was most effective, and it eliminated the
symptoms of disease in all dogs [4]. Lobetti and Windsor
concluded that glucocorticoids lead to relapse [4, 7],
whereas Burgener reported that glucocorticoids effect-
ively resolved the signs of LPR in 4 out of 5 dogs, i.e. in
80% of the dogs [12]. The therapy combination with
NSAIDs and SAIDs has never been studied in dogs with
LPR, and it proved to be the most effective treatment in
our study. Antibiotics are not effective, but they can in-
duce a temporary improvement in the patient’s condi-
tion by eliminating signs of secondary bacterial
infection, such as serous and purulent nasal discharge
[2, 7, 13]. A recent study by Lappin recommends admin-
istration of doxycycline for both nasal and respiratory
co-infections (Mycoplasma spp, B. bronchiseptica etc)

[38]. In addition, the effectiveness of drugs of this class
for the treatment of LPR may be attributed partially to
its anti-inflammatory or immunomodulating effects [4].
In this study, the effectiveness of steroids, administered

both alone and in combination with other drugs, could
support the hypothesis that LPR has immune or allergic
etiology. The glucocorticoid was administered in an
anti-inflammatory rather than an immunosuppressive
dose, and a similar treatment protocol was described by
Lobetti [4]. However, a study by Van Pelt shows that an
immunosuppressive dose of prednisone at 2 mg/kg was ef-
fective in 90% of the evaluated animals [11]. Additionally,
it should be noted that higher glucocorticosteroid doses
can promote bacterial and fungal superinfections [39].
Idiopathic LPR could be a primary disease, although

often accompanies neoplastic and fungal rhinitis [1, 40].
Therefore, it is worth considering that if the dogs’ condi-
tion worsens despite therapy re-evaluation is indicated
[1, 40]. Moreover inadequate biopsy size or sampling
outside the region of neoplastic disease may preclude an
accurate and definitive diagnosis [41].
Additionally, three dogs in present study were diag-

nosed with polyps in rhinoscopy examination. These
findings were confirmed by histopathology as an inflam-
matory with the presence of lymphocytes and plasmo-
cytes. We suspect that these particular three cases,
should be precisely diagnosed as polypoid LPR. The
resolution of these lesions, and its endoscopic presenta-
tion as a polypoid oedema of nasal folds, that is seen in
human chronic rhinosinusitis (CRS) [42], may support
this statement. In the literature, polyps or polypoid LPR
are considered as very rare in dogs [43, 44].
The present study has some potential limitations.

Serologic testing is not considered as a good screening
test in diagnosis of SNA, as we already mentioned [28].
However, according to previous studies confirmation of
fungal disease required at least three positive ancillary
diagnostic tests (radiographic, endoscopic, mycologic,
histopathologic) [10]. Advanced imaging modalities such
as CT or MRI were not performed in this study, thus
the differential diagnosis of LPR may be incomplete.
However, the current costs of these in Poland still limit
their routine use. Moreover, MRI scans or CT findings
should always be interpreted in the light of rhinoscopy
and histopathology [41]. Histopathology should correlate
with clinical suspicion based on nasal CT or repeated bi-
opsies should be performed [41].
In addition, the inspection of the nasal cavities in dogs

smaller than 10 kg by the anterograde approach with a
rigid endoscope (diameter 2,7 mm) was often incomplete
due to the impossibility of performing some movements
mandatory for the visualisation of the meatus. Although,
the use of the two endoscopic approaches decreased the
range of unexaminable areas [2, 45]. It is important to
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note that other imaging techniques such as CT and MRI
are more sensitive than rhinoscopy [45]. However, the
rhinoscopy examination allows tissue sampling [45].
On the other hand, endoscopy is a subjective examin-
ation and highly depends on the experience of
endoscopist [46].
In present study, clinical, endoscopic and histopatho-

logic scoring systems were created to evaluate the effi-
cacy of treatments. The authors are aware of the
limitations of such evaluation, which is subjective, but
findings were analysed by a clinicist, endoscopist and
histopathologist experienced in nasal diseases assess-
ment. Furthermore, the proposed scoring systems were
performed according to these previously described in
similar studies. Moreover, scoring systems may suggest a
method to clinically, endoscopically, or histologically
classify rhinitis [10].
Other limitations of this study include small number

of cases. Further studies on a larger population are re-
quired to validate our findings. Although these findings
are very promising, other studies are needed to prove
this specific combination therapy as an empirically vali-
dated treatment for LPR in dogs.
Furthermore, additional studies are warranted to

evaluate the effects of therapies after longer period of
time than 6 months, because it is possible that signs of
LPR could recur or adverse events presents.

Conclusions
In conclusion, investigation of the efficacy of three dif-
ferent therapeutic protocols for LPR was performed. The
treatment, which involved initially a non-steroidal
anti-inflammatory drug, followed by a glucocorticoid ap-
peared to be the most effective in resolving the features
of LPR. These patients remained asymptomatic for
6 months.
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