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Abstract

Background: Nicoletella semolina was identified in the airways of horses and its low

prevalence could be because of its difficult differentiation from other Pasteurellaceae.

Objectives: To develop a molecular method for the identification of N. semolina and

to evaluate its prevalence in the mouth and the airways of healthy and severe asth-

matic horses.

Animals: Six healthy and 6 severely asthmatic horses in phase I, 10 severely asth-

matic horses in phase II, and 10 healthy horses in phase III.

Methods: Cohort (phases I and II) and cross-sectional (phase III) studies. Quantitative

polymerase chain reaction primers targeting the sodA gene were optimized.

N. semolina was quantified in oral and nasal washes and in bronchoalveolar lavage

fluid (BALF; phase I, sampled twice), in nasal washes and BALF (phase II, sampled

twice), and in nasal washes (phase III).

Results: N. semolina was found in the nose of 5, 10, and 9 horses in phases I, II, and

III, respectively (first sampling for phases I and II). Six BALF from 5 different horses

were positive for N. semolina in phase II. In phase I, there was no significant differ-

ence in the nasal loads of healthy horses (median (range): 2.04 � 104 copies/mL

(0-2.44 � 105)) and asthmatic horses in exacerbation (3.75 � 102 (0-4.84 � 106);

Wilcoxon's rank sum test, P = .57).

Conclusions and Clinical Importance: N. semolina is commonly found in the airways

of horses. The potential pathogenicity of N. semolina remains to be elucidated, but

the molecular technique we developed will facilitate future studies.
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1 | INTRODUCTION

Asthma is a common disease affecting approximately 15% of horses in

its severe form,1 while milder forms of the disease are likely more preva-

lent.2-4 Although asthma is primarily considered a non-infectious disease,

bacteria could act as contributing factors by inducing an inappropriate

innate response, resulting in excessive inflammation of the airways.5

Lower airway dysbiosis in horses with severe and moderate asthma sug-

gests that bacteria are related to inflammation.6,7 However, whether

dysbiosis perpetuates pulmonary inflammation or occurs secondarily to

chronic allergic inflammation is unknown.8 There is a correlation

between bacteria isolated from the trachea of horses and airway inflam-

mation9,10 or the risk of respiratory disease.11 It remains uncertain if

nonspecific bacterial molecular patterns, such as lipopolysaccharides,12

or specific virulence factors of pathogenic or opportunistic bacteria are a

cause, but the presence of certain bacteria in the lower airways has been

associated with asthma in horses. These bacteria include Streptococcus

equi subsp. zooepidemicus,6,9,10,13,14 S. pneumoniae, 9,10,14 and bacteria

from the Pasteurellaceae family, including Pasteurella spp. and

Actinobacillus spp.9,10,14,15

Recently, a new Pasteurellaceae, Nicoletella semolina, was isolated

from horses with and without respiratory diseases.16,17 It is associated

with tracheal inflammation18 and is found in large amounts in horses

with respiratory diseases.17 This suggests that N. semolina could be, as

are other Pasteurellaceae, an opportunistic pathogen,19 and could

occasionally act as a contributing factor to exacerbations of asthma in

horses. Elucidating N. semolina's role using standard culture is compli-

cated by its fastidious growth and difficult differentiation from other

Pasteurellaceae.16 The development of a molecular method will

improve our ability to detect its presence and will help determine its

role in the airways of horses. The objectives of the study were (a) to

develop a molecular method for the identification of N. semolina and

(b) to evaluate its prevalence in the mouth and the airways of healthy

and severe asthmatic horses kept in different environments. The

hypothesis was that N. semolina is more commonly detected in horses

with asthma, especially during exacerbation.

2 | METHODS

2.1 | Study design

The study was conducted in 3 phases, the first two with research

horses and the third one in a private barn. Samples from the Equine

Respiratory Tissue Biobank (http://www.ertb.ca/media/html/en_

biobank.html) were used in phase I. Briefly, oral and nasal washes and

bronchoalveolar lavage fluid (BALF) from 6 controls and 6 severe asth-

matic horses, stored at �80�C from a previous project, were ana-

lyzed.7 Samples had been collected when horses were on grass

pasture (low antigen exposure) and after being housed indoors and

fed poor quality hay (high antigen exposure) for 3 weeks. In phase II,

BALF and nasal washes were collected from 10 severe asthmatic

horses (different from phase I) when experiencing exacerbation upon

being fed poor quality hay (high antigen exposure), and after 6 weeks

of being fed either hay soaked for 45 minutes (n = 5) or alfalfa pellets

(n = 5) in order to achieve clinical remission (low antigen exposure).

Other than having only asthma-affected horses, phase II differs

from phase I by having horses in remission kept indoors, instead of

on pasture. In phase III, nasal washes were collected from 10 cli-

ent-owned, clinically healthy horses living in the barn of the initial

case from which N. semolina was isolated (unrelated to the

research facility). All experimental procedures were performed in

accordance with the Canadian Council for Animal Care guidelines

and were approved by the animal care committee of the Université

de Montréal (15Rech1760, 19Rech1995, and 20Rech2082).

2.2 | Sample collection and DNA extraction

In phase I, oral, nasal, and BALF samples were obtained as previously

described.7 Briefly, oral and nasal cavities were rinsed using 50 mL of

sterile 0.9% saline collected by gravity in a sterile tube, and BALF was

collected by passing a 2.5 m videoendoscope through a protective

sheath, and by instilling and aspirating 2 boluses of 250 mL of sterile

0.9% saline. In phase II, BALF samples and nasal washes were col-

lected as in phase I, with the exception that a 1.6 m videoendoscope

without a protective sheath was used for BALF collection (Olympus,

GIF-H180, Olympus Canada Inc., Richmond Hill, ON, Canada). In

phase III, nasal washes were collected without sedation, using a plastic

bag around the nose to avoid spills. All samples were kept on ice until

freezing at - 80�C within 3 hours of collection.

In phase I, 2 to 5 mL (based on availability) of oral and nasal

washes and of BALF samples were used for DNA extraction. Oral

washes were filtered (sterile 4-ply gauze) to eliminate large feed parti-

cles. In phase II, 5 mL of nasal wash and 20 mL of BALF were used to

increase chances of detection in BALF. In phase III, 5 mL of nasal wash

were used for extraction. DNA was initially pelleted by centrifuging

samples at 18 400g over 30 minutes, at 4�C. DNA extraction was per-

formed using DNeasy Blood and Tissue kit (Qiagen, Toronto, ON,

Canada) following the manufacturer's protocol, with minor modifica-

tions to optimize extraction of low biomass samples.

2.3 | Initial N. semolina strain

The initial N. semolina strain was obtained from a 2-month-old Standard-

bred colt presented to the Equine Hospital of the Université de Montréal

with pneumonia. Culture of the tracheal aspirate and tentative matrix-

assisted laser desorption/ionization time-of-flight mass spectrometry

(MALDI-TOF MS) identification of the bacteria present showed a few col-

onies of Rhodococcus equi and heavy growth (>10 000 CFU/mL) of an

unidentified Pasteurellaceae strain. DNA was extracted as described ear-

lier. Complete 16S ribosomal RNA gene (V1-V9, 1 465 base pairs) was

sequenced by Génome Québec (GénomeQuébec Inc., Montreal, QC,

Canada). Primers 27F: 50-AGAGTTTGATCCTGGCTCAG-30 and 1492R:

50-GGTTACCTTGTTACGACTT-30 were used for amplification and
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sequencing. Sequencing results were run in Nucleotide BLAST (standard

databases) and confirmed the identification of the unknown Pas-

teurellaceae strain as N. semolina, with 99.85% homology with the 16S

ribosomal RNA-type strain (CCUG4363916), with a 2-base-pair

difference.

N. semolina-confirmed strain's spectra were added to the MALDI-

TOF database of the bacteriology diagnostic laboratory of the Com-

plexe de diagnostic et d'épidémiosurveillance vétérinaires du Québec

(CDEVQ) of the Université de Montréal. Briefly, MALDI-TOF technol-

ogy was used on a Microflex LT/SH mass spectrometer (Bruker

Daltonics, Milton, ON, Canada). Generated spectra were compared

with those of the RUO Biotyper database (Bruker Daltonics, Milton,

ON, Canada) and with a homemade database from the bacteriology

diagnostic laboratory, then including the N. semolina spectra of the ini-

tially sequenced strain.

2.4 | Quantitative PCR

Primers were designed using Geneious Prime software v.2019.2.1

(Biomatters Ltd., San Diego, California), based on available NCBI

nucleotide sequences. The primer set amplifies N. semolina, targeting

a 130 base-pair amplicon in the sodA gene (based on DSM16380).

Forward primer sodAF 50-CAGCGATTGGTCGATTTGGCTCT-30 and

reverse primer sodAR 50-GGATAACCAGACACACCTGCAA-30 were

further optimized. PCR product was sequenced to confirm gene iden-

tification. Primers were tested with 8 other bacteria from the Pas-

teurellaceae family, 3 other Gram-negative bacteria, and 1 Gram-

positive bacteria often found in equine airways (S. equi subsp.

zooepidemicus). There was no DNA amplification, confirming the high

specificity of these primers for N. semolina. Five other isolates of

N. semolina identified in the following months using the annotated

MALDI-TOF were tested with the primers and led to DNA amplifica-

tion in all cases, confirming that our primers could detect more than

1 isolate of N. semolina. A standard curve was made using serial dilu-

tions. An efficiency of 89.63% and R2 of 0.99 or more were consid-

ered adequate.20

Quantitative PCR (qPCR) was carried out using Rotor-Gene 3000

(Corbett Research, Mortlake, Australia) with QuantiTect SYBR Green

PCR Kit (Qiagen, Toronto, ON, Canada), following the manufacturer's

recommendations. Briefly, 2.0 μL of extracted DNA, 0.5 μM of for-

ward and reverse primers (Invitrogen, Thermo Fisher Scientific, Illi-

nois), 10 μL of QuantiTect SYBR Green, and 4 μL of sterile molecular

grade water (Wisent, Saint-Bruno, QC, Canada) were used for a total

of 20 μL per reaction. Every run had an initial hold period of

15 minutes at 95�C, followed by 40 cycles of 15 seconds at 94�C,

30 seconds at 59�C, and 30 seconds at 72�C, ending with a melt from

72�C to 95�C. In each qPCR run, all samples were run in duplicates,

with inclusion of a water mock and 3 samples of known concentration

from the standard curve. When only 1 duplicate was positive, it was

run again, and a sample was considered positive if at least 2 runs were

positive, and mean value was used for analysis. The standard curve

was imported within each run and quantification was reported in gene

copies per mL of sample. Melt curves were analyzed to remove non-

specific amplifications.

2.5 | Statistical analysis

Statistical analysis and figures were carried out using SAS v9.4 (Cary,

North Carolina) and GraphPad Prism software v8.3.0 (San Diego, Cali-

fornia). N. semolina loads among horses were not normally distributed.

In phase I and BALF samples of phase II, Wilcoxon's signed-rank tests

were used to compare loads as a function of antigen exposure in each

group, and Wilcoxon's rank-sum tests were used to compare loads as

a function of groups for each antigen exposure. When groups did not

differ statistically, horses were pooled and a Wilcoxon's signed-rank

test was used to compare loads between environments (phase I) or

between asthma status (phase II, lung only). For nasal samples of

phase II and BALF recovery volumes, a linear mixed model on log-

transformed data was used, with horse identification as the random

factor and group and diet as fixed factors. The number of positive

horses between level of antigen exposure (pasture and hay in phase I,

hay and pellets/soaked hay in phase II) was compared with McNemar's

test. Spearman's correlations were used to test the association between

BALF neutrophil percentages, lung resistance at 5 Hz over resistance at

10 Hz (R5 to R10 ratio), and N. semolina loads in phase I, between loads

and BALF recovery volume and lung function (resistance, elastance, and

transpulmonary pressure [ΔPL]) in phase II, and between nasal loads and

age for all 3 phases. For the correlations with age, only loads of horses

housed indoors and eating hay were used for phases I and II. P values of

less than .05 were considered statistically significant.

3 | RESULTS

3.1 | Horses, lung function, and BALF cytology

Lung functions and bronchoalveolar lavage cytology from phase I

were previously reported.7 Horses with asthma developed airway

obstruction and severe bronchoalveolar lavage neutrophilia with hay

feeding and indoor environment, while controls did not. In phase II,

horses were all in exacerbation at baseline, and were in remission or

close to remission after 6 weeks of low-antigen exposure (Westerfeld

et al., Effects of soaked hay on lung function and inflammation in

horses with severe asthma, Veterinary Comparative Respiratory Soci-

ety, December 2020). Horses from phase III were deemed healthy

based on physical examination and history.

3.2 | Phase I: control and asthmatic horses

PCR quantification revealed the presence of N. semolina in 10 oral and

13 nasal samples from 8 different horses (Figure 1A,B). All BALF sam-

ples were negative for N. semolina (Figure 1C). Oral and nasal loads

were not significantly different between control and asthmatic horses
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in either environment (oral: P ≥ .46; nasal: P ≥ .57) or between envi-

ronments in either group (oral: P ≥ .25; nasal: P = .13). Pooling horses

from the 2 groups, there was significantly more N. semolina in the

nose of horses kept indoors on hay rather than on pasture (P = .008),

but not in their mouth (P = .30). When horses were on pasture, 3 oral

and 5 nasal washes were positive for N. semolina, while 7 oral and

8 nasal washes were positive when horses were indoors (25 to 66%

positive samples overall), with no significant difference between envi-

ronments in either group (P ≥ .13). All horses positive in the mouth

were also positive in the nose and all but 1 horse had higher loads

(per mL recovered) in their nose than in their mouth. There was no

significant correlation between BALF neutrophils percentage or lung

function (R5 to R10 ratio) and N. semolina load in the mouth (P ≥ .26)

nor in the nose (P ≥ .16), on pasture and with hay exposure. There

was no correlation between age and nasal loads of horses on

hay (P = .51).

3.3 | Phase II: asthmatic horses

Nicoletella semolina was detected in all but 1 nasal samples from phase

II (9/10 in remission and 10/10 in exacerbation, 95% to 100% positive

samples) and in 6 BALF samples (5/10 in remission and 1/10 in exac-

erbation; Figure 2). The linear mixed model showed no significant

effect of asthma status (remission/exacerbation; P = .42), type of diet

(P = .33), or interaction between these factors (P = .92) on nasal

loads. Pulmonary loads were not different between antigen exposures

in either diet group (P ≥ .42), nor between diets in either antigen

exposure (P ≥ .25). When horses from both diet groups were pooled,

pulmonary loads were not significantly higher in horses in remission

(P = .06). Similarly, the percentage of N. semolina-positive horses in

the lungs was not significantly different between remission (5/10,

50%) and exacerbation (1/10, 10%; P = .13). There was no significant

correlation between nasal and pulmonary loads (P ≥ .21), and between

pulmonary loads and lung function when horses were in exacerbation

(P = .86) and in remission (P ≥ .31). In addition, BALF recovery volume

did not correlate with lung function (P > .06) and was not different

between diet groups or antigen exposure (P ≥ .90). There was no cor-

relation between age and nasal loads of horses in exacerba-

tion (P = .47).

3.4 | Phase III: healthy horses from a different barn

Ten horses, ranging from 6 months to 12 years of age, were sampled

in the Fall of 2020, 1 year after the foal with pneumonia had returned

home. A total of approximately 20 horses and foals lived on the facil-

ity. Not all horses had direct contact with one another, but they

shared paddocks, the arena, and the wash stall. N. semolina was identi-

fied in the nose of all but 1 horse (9/10 horses). The 4 yearlings who

had lived in the same paddock for many months showed the highest

F IGURE 1 Nicoletella semolina loads in phase I. N. semolina oral
(A), nasal (B), and pulmonary (C) loads in gene copies per mL
extracted from healthy (n = 6) and asthmatic horses (n = 6)
housed on pasture (open circles) and indoors and fed hay (solid
circles). There was significantly more N. semolina in the nose of
horses on hay (Wilcoxon's signed-rank test on pooled data;
P = .008). No significant difference between groups or
environments in the mouth and lungs (P ≥ .25)
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loads of N. semolina in their nasal cavities, along with a 6-month-old

foal. A significant negative correlation was observed between nasal

loads and age (r = � .68, P = .04; Figure 3). The foal with pneumonia,

who had also been tested at 4 months of age and was now a healthy

yearling, remained positive. Its dam, who had also been positive previ-

ously, was the only horse in which the bacteria was not detected.

4 | DISCUSSION

This report describes a culture-independent method for the detection

of N. semolina in the airways of horses. There are few reports of cases

in North America21 and a 2012 study included two strains originating

from Canada.22 N. semolina could be an emerging bacterium, but

further research would be needed to support this and for now, we

hypothesize that N. semolina's fastidious growth and identification

prevented accurate identification in the past. Overall, in our study

sample of horses in close contact with one another, N. semolina was

found in 25% to 58% of oral samples, 41% to 100% of nasal samples,

and in up to 30% of BALF samples. N. semolina was also added to the

MALDI-TOF database of the CDEVQ of the Université de Montréal.

4.1 | Higher prevalence than previously reported

Using culture, N. semolina is found in the nose of up to 6% (12/207)

of healthy horses,17 and in the trachea of between 1.8% (19/1054)

and 5% (49/921) of horses with respiratory diseases.17,18 For compar-

ison, 41% (5/12) and 100% (10/10) of the 22 different horses sampled

in phases I and II, respectively, were positive for N. semolina in their

nose on their first sampling, with 18 horses having at least 1 positive

sample (mouth, nose, or lungs) on at least 1 occasion. N. semolina was

F IGURE 2 Nicoletella semolina loads in phase II. N semolina nasal
(A) and pulmonary (B) loads in gene copies per mL extracted from
asthmatic horses fed either pellets (n = 5) or soaked hay (n = 5)
during remission (open circles) and exacerbation of asthma (solid
circles). No significant effect of feed or asthma status on log-
transformed nasal loads (linear mixed model; P ≥ .33) and no
significant difference between diet or asthma status in the lungs

(Wilcoxon's signed-rank tests on pooled data; P > .06)

F IGURE 3 Nicoletella semolina in phase III. Layout showing the
horses in the private barn where 10 healthy horses were sampled in
the nose (A). Each circle represents a horse; younger horses are
represented by smaller circles and darker shades represent horses
with higher loads of N. semolina. There is a significant negative
correlation between nasal loads and age (Spearman's correlation;
r = � .68, P = .04; B)
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also identified in 9 of the 10 horses sampled at an unrelated barn. The

use of a molecular method increases the chances of detecting the

presence of bacteria compared to culture23 and could explain, in part,

the high prevalence obtained in these 3 samples of horses. Approxi-

mately 68% of tracheal aspirates of horses yield growth in standard

aerobic culture, whereas all samples are positive for 16S rRNA gene

quantification.24 Similar results are obtained when analyzing nasopha-

ryngeal and sputum samples from humans with bronchial asthma25 or

with pneumonia.26 The increased sensitivity of molecular methods

compared to culture is further enhanced by the fact that Pas-

teurellaceae show limited survival outside their hosts.27 In addition to

its fastidious growth,16 N. semolina identification using traditional phe-

notypical and biochemical characterization is not always possible

given the close similarities between Pasteurellaceae.16,27,28 It is there-

fore possible that studies relying on culture for the detection of

N. semolina underestimate its prevalence in horses. However, in the

current study, samples were not analyzed using standard bacterial cul-

ture for a direct comparison between techniques and the high preva-

lence could be at least in part the result of sampling horses living in the

same environment rather than sampling a large number of unrelated

horses from different barns, as in previous studies.17,18 In phase III,

horses also shared the same environment and all but 1 harbored the

bacteria in their nose. In humans, the skin, and to a lesser extent,

the oral and gut, microbiota are more similar in individuals living within

the same household than between households.29 This remains true for

the skin of genetically unrelated roommates30 and the fecal microbiota

of spouses31 and of monozygotic twins.32 It is therefore possible that

horses housed together harbor a similar microbiota. The apparent

higher prevalence in phase II, where almost all horses harbored

N. semolina in their nose, could result from decreased ventilation in the

barn as the experiment was carried out during wintertime, which could

increase concentration of airborne particles.33-35 Thus, our results raise

the possibility that cohabitation plays a role in N. semolina's carrier

status.

4.2 | Effect of housing

In phase I, there were significantly more N. semolina in the nose of

horses housed inside, and in phase II, when all horses had been

indoors for more than a month, 19 out of 20 nasal samples were

positive. We hypothesized that indoors housing could induce

mucosal inflammation that could favor the growth of N. semolina.

Whether nasal mucosa inflammation is present in horses housed

indoors remains speculative, but horses with and without asthma

develop airway inflammation when housed indoors, at least tran-

siently.12,36-38 Alternatively, hay or pellets could act as a source of

bacteria and create a microenvironment inside the barn increasing

exposition to airborne particles. If that was the case, we could

have seen higher loads in asthmatic horses fed soaked hay, as

overall bacterial content tend to increase with soaking,39-41 but

levels were similar whether horses were fed dry hay, soaked hay,

or pellets. This points back toward an effect of being housed

indoors per se, where horses are more exposed to suspended aero-

sols and particles, including bacteria that tend to remain

suspended in the air for long periods of time.39,42

4.3 | Nicoletella semolina in BALF

Initial conclusion from phase I was that there was no N. semolina in

the horses' lungs. DNA extraction from a larger BALF volume (20 mL

compared to 5 mL) in phase II resulted in the detection of N. semolina

in 6 BAL from 5 different horses. Because we did not use a protective

sheath in phase II, it is however difficult to determine if N. semolina is

a true inhabitant of the lungs or if it was carried over from the upper

airways. Lower airway sampling can bring contamination from the

upper airways43,44 and a protective sheath can be used to minimize

such contamination.43 However, there was no correlation between

nasal and BALF loads and studies in humans show that carry over

from the upper airways with unprotected bronchoscopes plays a mini-

mal role in the communities observed in BALF samples.8,45,46

Five out of 10 horses in remission in phase II were positive for

N. semolina in their lungs as opposed to only 1 when in exacerbation

(not statistically significant). Higher BALF recovery volume from

decreased fluid trapping with reduced airway obstruction47,48 was

explored as a potential explanation, but BALF recovery volume was

not different between remission and exacerbation and it was not cor-

related to lung function. It would have been interesting to quantify

N. semolina pulmonary loads in the healthy horses from phase III using

the 20 mL volume from phase II and the protective sheath from phase

I in order to help understand its significance when detected in horses'

lungs. Unfortunately, horses from phase III were client-owned horses

and only minimally invasive procedures could be performed.

4.4 | Potential role of N. semolina in the airways

Whether N. semolina is an emerging pathogen, an opportunistic organism

or simply is part of the normal microbiota of horses remains unclear, but

it does not seem to act as a primary pathogen. It is suggested that infec-

tion by N. semolina should be considered in the presence of respiratory

signs16 or tracheal inflammation.18 However, its isolation alongside S. equi

subsp. zooepidemicus and other bacteria17,18 suggests that it might not

have been the only driver of inflammation in those cases. Results from

phases I and III, as well as a previous report,17 show that N. semolina can

be found in the nose and the mouth of healthy horses and support the

hypothesis that this bacteria is a normal inhabitant of respiratory mucosal

surfaces of horses, with the capacity of overgrowing when conditions are

propitious.17,21 Nevertheless, the negative correlation between nasal

loads and age in phase III raises the question whether the development

of immunity with age contributes to lower loads as horses get older, as

observed with other opportunistic bacteria.10,11 This finding is further

supported by the fact that clinical disease in N. semolina-positive horses is
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mainly reported in younger horses.18,21 Correlation with age was not

observed in phases I and II, where only mature horses were sampled.

The contribution of bacteria in the development and perpetuation

of inflammation in asthma is currently unknown.4,8 Albeit no clear

diagnosis was established in most cases, horses positive for

N. semolina by culture mainly present with cough and nasal dis-

charge.16,18 Pasteurellaceae are associated with airway inflamma-

tion,9,10,14,15 and it is possible that some of these Pasteurella/

Actinobacillus-identified bacteria are in fact N. semolina. Here, we were

unable to show an association between N. semolina and severe

asthma in horses, but we developed a tool to look at a possible associ-

ation with mild to moderate asthma on a larger scale.

4.5 | Limitations

The main limitation resides in the small number of convenience sam-

ples used for both initial phases of the project. This, along with the

absence of preliminary data on the detection of N. semolina by qPCR,

limited the use of sample size calculation. A larger number of horses

would probably have been necessary to detect differences in the per-

centage of N. semolina-positive horses between environments or

asthma status, should such differences exist. Sampling of feed, pas-

ture, water buckets, ambient air inside the barn, and around a horse's

breathing zone could have brought more information in the presence

of N. semolina in the environment, even if expected to be minimal.27

Finally, direct comparison between culture and qPCR on the same

samples would have helped comparing our results with previous

literature.

In conclusion, N. semolina is highly prevalent in our colony of

research horses with and without asthma, and in an unrelated study

sample of healthy horses living in a different barn. In both cases how-

ever, high prevalence could be due in part to the proximity of these

horses living together. We could not show an association between

N. semolina and severe asthma, but it is found in higher loads in the

nose of horses kept indoors. The potential pathogenicity of

N. semolina remains to be elucidated, but the molecular techniques we

developed (qPCR and in-house MALDI-TOF database annotation) will

greatly facilitate future studies in a randomly selected sample of

horses.
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