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and Bronchoalveolar Lavage
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Referral Hospital Over 2009—-2015
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and Anna Mykkénen’

" Department of Equine and Small Animal Medicine, Faculty of Veterinary Medicine, University of Helsinki, Helsinki, Finland,
2Veterinary Biosciences, Faculty of Veterinary Medicine, University of Helsinki, Helsinki, Finland

Most equine lower respiratory diseases present as increased airway neutrophilia, which
can be detected in tracheal wash (TW) or bronchoalveolar lavage fluid (BALF) cytology
samples. The aim was to compare the TW and BALF results in a population of client-
owned horses with and without clinical respiratory disease signs. A secondary aim was
to determine the sensitivity (Se) and specificity (Sp) of TW and BALF neutrophilia in
detecting respiratory disease. The cutoff values for neutrophils were also evaluated.
Retrospective data from 154 horses of various breeds that had been subject to both TW
and bronchoalveolar lavage (BAL) sampling at rest during 2009—-2015 were used. The
horses were divided into three groups based on the presenting signs, physical examina-
tion, and endoscopy mucus score. Neutrophil counts of >20% in TW and >5% in BAL
were considered abnormal. Cytology results between groups, correlations between TW
and BALF cell types, and tracheal mucus score were analyzed. Two graph receiving
operating characteristic (ROC) curves of the neutrophil percentage values of TW and
BALF were created to determine the optimal cutoff values and to calculate the diag-
nostic Se and Sp for diagnosing airway inflammation in horses with and without clinical
respiratory signs. The Se and Sp of TW and BALF neutrophil percentages were further
estimated using a two-test one-population Bayesian latent class model. The two tests
showed substantial agreement, and only 17.5% of the horses were classified differently
(healthy vs. diseased). The neutrophil percentage was found to correlate between TW
and BALF. The Se and Sp of TW were generally higher than for BAL when estimated
with area under the curve or Bayesian model. Cutoff values of 17.7% for TW and 7% for
BALF were indicated by the ROCs. We conclude that TW is a more sensitive and specific
method in our patient population. We suggest that the current neutrophil cutoff values of
20% for TW and 5% for BALF would still be appropriate to use in clinical diagnosis of air-
way inflammation. However, further studies with other cell types and in other populations
are warranted to determine the best sampling method for individual horses.

Keywords: equine, bronchoalveolar lavage, tracheal wash, lung, respiratory

Abbreviations: AUC, area under the curve; BAL, bronchoalveolar lavage; BALE, bronchoalveolar lavage fluid; EIPH, exercise
induced pulmonary hemorrhage; ROC, receiving operating characteristic; TW, tracheal wash.
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Comparison of TW and BAL Cytology in Horses

INTRODUCTION

Cytological analysis of tracheal wash (TW) and bronchoalveolar
lavage fluid (BALF) is a common diagnostic procedure in equine
practice when assessing the lower respiratory tract health of the
horse (1, 2). The choice of the sampling method is related to the
suspected disease process. TW is considered to give a better
representation of the whole lung than bronchoalveolar lavage
(BAL) and, therefore, often preferred in cases where an infec-
tious disease is suspected because secretions from the affected
lung areas will collect in the trachea (3). The advantages of TW
in clinical practice are its lower costs and the potential avoid-
ance of doping withdrawal times that arise from sedation and
local anesthesia that are often administered during the BAL
procedure to restrain the horse and suppress coughing (3).
On the other hand, BAL is recommended in suspected diffuse
non-bacterial lung disease, and it is considered to be a more
sensitive technique for detecting lower airway inflammation
(2, 4). Furthermore, BALF cytology may correlate better with
lung histopathology results (4). In cases of uncertain etiology,
performing both diagnostic tests simultaneously has been sug-
gested in order to achieve accurate diagnosis (3, 5).

Chronic lower airway inflammation in horses presents as
two phenotypes: milder inflammatory airway disease (IAD) and
more severe recurrent airway obstruction (RAO). Both IAD and
RAO are considered to comprise the equine asthma syndrome
(4, 6, 7). Equine asthma presents as neutrophilic inflamma-
tion of the lungs, although in mild asthma, eosinophilic and
metachromatic disease phenotypes have also been recognized
(4). Asthmatic horses have a chronic cough, nasal discharge, and
exercise intolerance (4). The horses with severe asthma present
with increased respiratory effort (4).

In addition to chronic respiratory signs, clinical diagnosis of
equine asthma is often based on increased amount of tracheo-
bronchial mucus and inflammatory cells in the respiratory tract
samples (2, 4). Most importantly, the elevated proportion of
neutrophils in either TW or BAL fluid (BALF) is considered to
indicate airway inflammation, and cutoff values for neutrophil
percentage have been set at 20% for TW and 5% for BAL (3, 4).
A 1% cutoff value for eosinophils in TW or BALF cytology and
the cutoft of 2% for metachromatic cells in BALF cytology have
also been considered (3, 4). Recently, new cutoff values of either
>10% neutrophils, >5% mast cells, or >5% eosinophils for BALF
cytology have been proposed for the diagnosis of airway inflam-
mation in order to allow more variability caused by the variation
in sampling techniques, which still need to be standardized in
horses (4, 8-11). Moreover, a consensus for a true gold standard
for diagnosing equine airway inflammation is nevertheless still
missing, and the suggested cutoft values are largely based on
observational studies and expert opinion. To our knowledge, the
sensitivity (Se) and specificity (Sp) of TW and BALF cytology
have not been assessed in the diagnosis of respiratory disease.

In most previously published studies, TW and BALF cytol-
ogy results have shown poor correlation (5, 12-14). In contrast,
Winder et al. (15, 16) reported correlations between the neutrophil
percentages in TW and BALF samples. However, to our knowl-
edge, there are no recent studies published that compared TW

and BALF cytology among horses of varying ages and disciplines
that have naturally occurring respiratory disease. Therefore, the
first aim of this study was to compare the two airway sampling
methods in a population of client-owned horses with signs related
to respiratory disease and in horses with no clinical respiratory
signs. Due to the lack of previous studies regarding the Se and Sp
of TW and BALF cytology, a secondary aim was to evaluate the
cutoff values for neutrophils in TW and BALF in order to justify
their use in clinical practice.

MATERIALS AND METHODS

Animals

All horses (n = 154) that had been subject to both TW and BAL
sampling at rest during 2009—2015 in Helsinki University Equine
Teaching Hospital were included in this retrospective study.
The horses were client-owned and brought to the hospital for
investigation of the presenting problem. When possible, the
owners were requested to bring an asymptomatic companion
horse for research purposes. Prior to respiratory endoscopy and
sampling, all horses underwent physical examination and hema-
tology analysis. The horses were divided into three groups based
on the clinical signs and endoscopy findings. Group 1 included
clinically healthy control horses without signs potentially related
to respiratory disease (n = 33) that were sampled by TW and BAL
methods for research purposes with the owners’ informed written
consent. Thirteen of these horses were from the same properties
than the symptomatic horses. Group 2 included horses that had at
least one of the following signs: cough, nasal discharge, epistaxis,
fever or poor performance, and did not belong to either Group 1
or Group 3 (n="79). Group 3 included horses that had both cough
and nasal discharge at the time of the examination and/or highest
mucus score (3/3) during endoscopy that confirmed respiratory
disease (n = 42). Only one horse had mucus score 3/3 without
clinical signs reported by the owner. Retrospective patient data
were used to identify and categorize the symptomatic horses, and
the data were deidentified prior to use. The study was carried out
in accordance with the recommendations of the Finnish Animal
Experiment Board (asymptomatic horses) and Viikki Ethics
Committee (symptomatic horses). The protocol was approved by
the Finnish Animal Experiment Board.

TW Collection

Horses were restrained in stocks and sedated using intravenous
detomidine (0.005—0.01 mg/kg, Domosedan®, Oriola, Espoo,
Finland) and butorphanol (0.005—0.02 mg/kg, Butodol®, MSD
Animal Health, Boxmeer, Netherlands). A twitch was used to
restrain the horse when needed. Horses were sampled without
prior exercise (at least 12 h). A 220 cm long, 11 mm diameter
video endoscope (Pentax, Tokyo, Japan) was passed via the ventral
nasal meatus to the pharynx and then advanced into the trachea
via the rima glottidis. The amount and nature of the tracheal
mucus deposits were observed and graded semiquantitatively as
0 (none), 1 (mild), 2 (moderate), and 3 (marked). The endoscope
was advanced to the mid-cervical trachea, and 10—20 mL of ster-
ile 0.9% saline at room temperature was injected through either a
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single lumen polypropylene catheter or a double lumen catheter
(Mila International, Erlanger, KY, USA) that was advanced to
the trachea through the biopsy channel of the endoscope. After
saline injection, the endoscope was advanced until the curvature
of the distal trachea and the deposit of the mucus and saline
were observed at the site of the thoracic inlet. As much fluid as
possible was aspirated via the catheter. Samples were submitted
for the laboratory analysis and were processed within 15 min of
collection.

Bronchoalveolar Lavage

Immediately following the transendoscopic TW procedure, BAL
was performed. The endoscope was advanced further to the tra-
cheal bifurcation, and 40—60 mL of 1% lidocaine or mepivacaine
was injected onto the carina and the right mainstem bronchi to
decrease coughing. The endoscope was advanced further to the
right caudodorsal lobe until significant resistance was noted,
and the endoscope was wedged into a small bronchus. Then,
240-360 mL of sterile 0.9% isotonic saline at room temperature
was injected through the biopsy channel in one single volume
followed by immediate aspiration. Syringes with the retrieved
BALF samples were immediately placed on ice and submitted
to laboratory analysis within 30 min of their collection. Samples
were considered adequate when they contained a foamy sur-
factant layer. No samples had to be discarded due to inadequate
quality.

Cytological Analysis of TW and BALF

Samples

Slides of the TW samples were prepared for differential cell
counts by centrifugation of undiluted samples and subsequent
smear of the cell pellet. Pooling the fluid from the syringes and
cytocentrifugation (Thermo Scientific Cytospin 4 centrifuge;
Thermo Fisher Scientific, Waltham, MA, USA) of undiluted
samples was used for the BALE. All slides were stained with the
May-Griinwald-Giemsa stain. A single experienced blinded
person performed the differential counts of inflammatory cells
by counting 300 cells from both TW and BALF slides. The
analysis results for each cell type were expressed as a percentage
of total cells.

Statistical Analyses

Statistical analyses were performed using the statistical software
SPSS 22.0 (IBM SPSS Statistical Package version 22, New York,
NY, USA). A Kolmogorov-Smirnov test and Q-Q plots were
used to assess the normality of the data. For most variables, the
data were not normally distributed; therefore, non-parametric
tests were used. Differences between the three groups for age and
TW and BALF cytology were analyzed using a Kruskal-Wallis
one-way analysis of variance, and for pairwise comparisons
Dunn’s procedure (17) with a Bonferroni adjustment was used.
Correlations between the tracheal mucus score and the different
cell types for TW and BALF were examined by calculating the
Spearman’s correlation coefficient with a Bonferroni adjustment
for multiple comparisons. Differences were considered significant
at P < 0.05.

Evaluation of TW and BAL Test Results
for Neutrophils

The testing was performed using the currently accepted cutoff
values for neutrophil percentage where >20% in TW and >5%
in BALF were considered abnormal (3, 4). The Fisher’s exact
test was used for comparison of the TW and BAL test results
(i.e., diseased or non-diseased as based on the cutoffs) for all
horses. A kappa value was calculated using EpiTools' and fol-
lowed the guideline values for interpretation: <0 poor, 0.01-0.2
slight, 0.21-0.4 fair, 0.41-0.6 moderate, 0.61-0.8 substantial, and
0.81-1 almost perfect to perfect agreement (18). The kappa value
was then used to compare the agreement between the two sam-
pling procedures in the population that were beyond chance. Two
graph receiving operating characteristic (ROC) curves were cre-
ated and the area under the curve (AUC) calculated with EpiTools
(see text footnote 1) for neutrophil percentage values in Group
1 (asymptomatic) and Group 3 (most severe signs) to find the
optimal cutoff values (Youden’s ] value) for TW and BALF within
this population of horses and the corresponding diagnostic Se
and Sp values to distinguish non-diseased from the diseased. For
the interpretation of the AUC, the following guideline values were
used (19): 0.5 non-informative, 0.5 < AUC < 0.7 less accurate,
0.7 < AUC < 0.9 moderately accurate, 0.9 < AUC < 1 highly
accurate, and AUC = 1 perfect test. The Fisher’s exact test was
rerun with the optimal cutoft values obtained from the ROCs for
only Group 2 (the most heterogeneous group) for comparison of
the TW and BAL test results (diseased or non-diseased based on
the cutoff values).

Due to the lack of a true gold standard for evaluating equine
airway inflammation, Se and Sp of TW and BALF neutrophil
percentages were further estimated by a two-dependent test one-
population Bayesian latent class model (20). The model allowed
for a conditional dependence between TW and BAL results, since
both TW and BAL samples were obtained from the airways of
same animals, and they were considered related. The model was
run in OpenBUGS© 3.2.3 rev 1012* using code described in
Branscum et al. (21) and available elsewhere.’ The model requires
informative prior data for atleast one test to ensure adequate iden-
tification. Expert opinions of the first and last authors were used
for estimating the prior values for prevalences in the two popula-
tions (Group 1 and Group 3) and for Se and Sp of the TW test. The
used mode estimates for prevalence (p) of true respiratory disease
among the studied populations of horses were for the diseased
population (Group 3) p1 95% (95% sure > 90%) and for the non-
diseased population (Group 1) p2 10% (95% sure < 30%). The
used estimates for Se and Sp to differentiate diseased from non-
diseased for the TW test were Sel mode 95% (95% sure > 90%)
and Spl mode 70% (95% sure > 60%) for diseased population
and Se2 mode 85% (95% sure > 70%) and Sp2 mode 90% (95%
sure > 80%) for non-diseased population. The corresponding
a and b values for beta-distributions were calculated using epi.

'http://epitools.ausvet.com.au (accessed December 11, 2017).
*http://www.openbugs.net/w/FrontPage (accessed December 11, 2017).
*http://cadms.ucdavis.edu/diagnostictests/2dept1p.html (accessed December 11,
2017).
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betabuster*in R© 3.3.0° (R 2016) and were as follows: pla =99.70,
plb = 6.19; p2a = 2.08, p2b = 10.73; Sela = 99.70, Selb = 6.19;
Spla = 47.53, Splb = 20.94; Se2a = 23.90, Se2b = 5.04; and
Sp2a = 42.57, Sp2b = 5.62. Non-informative [beta (1,1)] priors,
which allowed all values between 0 and 1 to have equal probability,
were used for test 2 (BAL). After discarding the first 5,000 samples
as burn-in, the next 150,000 iterations for inferences about Se, Sp,
and prevalence were used. The model convergence was assessed
by visual inspection of trace plots and running three chains from
dispersed initial values.

RESULTS

The median age of all horses (n = 154) was 10 years (range
1-26 years). Breeds included the Finnhorse (n = 48), other
Coldblood (n = 10), Warmblood (n =41), Standardbred (n = 35),
and pony (n = 20). Of these horses, 121 had one or several acute or
chronic signs potentially related to respiratory disease including
cough (n = 69), nasal discharge (n = 43), fever (n = 2), epistaxis
related to exercise (n = 8), or poor performance (n = 66). Based
on the history, clinical examination, airway endoscopy, and
sample cytology, most horses of Group 3 were diagnosed with
equine asthma [severe asthma (RAO; n = 25) and mild asthma
(IAD; n = 7)], exercise induced pulmonary hemorrhage (EIPH;
n = 1), other diagnosis related to respiratory tract (n = 8), and
undetermined diagnosis (n = 1). The seventy-nine horses in
Group 2 had varying diagnoses including mild asthma (n = 40),
severe asthma (n = 13), EIPH (n = 2), other diagnosis related to
respiratory tract (n = 8), other diagnosis not related to respiratory
tract (n = 6), and undetermined diagnosis (n = 10).

The distributions of TW and BALF neutrophil percentage in
Group 1 and Group 3 are presented in Figure 1. The neutrophil
percentages in the TW and BALF samples of all three groups are
presented in Figure 2. Of the other cell types, only macrophage

*http://rdrr.io/cran/epiR/man/epi.betabuster.html (accessed December 11, 2017).
*http://www.r-project.org/ (accessed December 11, 2017).

percentages differed among groups for both TW and BALF
samples, although in some horses the eosinophils and mast cells
were above the reference values of 1% and 2%, respectively (Table 1).
Most horses in this study had neutrophilic lung inflammation, thus
the study concentrated on TW and BALF neutrophils. Detailed
data on the horses and TW and BALF cytology results regarding
other cell types than neutrophils are presented in Table 1.

Categorized TW and BALF neutrophil cytology results of all
horses (n = 154) that were based on the neutrophil cutoff values
of 20% for TW and 5% for BALF were significantly associated
with each other (Fisher’s exact P < 0.001), but 17.5% of the horses
were classified differently by the two compared tests (Table 2).
The agreement of these two tests for neutrophil cytology assessed
by the kappa value was 0.652 (95% CI 0.537-0.768), which
indicated substantial agreement (18). The quantity of mucus
in the trachea correlated with both TW (P < 0.001, Spearman
p =0.634) and BALF (P < 0.001, p = 0.415) neutrophil percent-
ages. Additionally, neutrophil (P < 0.001, p = 0.667), eosinophil
(P =0.002, p = 0.327), and macrophage (P < 0.001, p = 0.371)
percentages correlated between TW and BALE

We used Group 1 and Group 3 data to compare TW and BAL
neutrophil percentage results and found that the AUC of the
ROCs was 0.884 (95% CI 0.810-0.958) for TW, which indicated
a moderately accurate test. In comparison, the AUC of the ROCs
of 0.685 (95% CI 0.565-0.805) for BAL indicated a less accurate
test. The TW neutrophil percentage histogram was bimodal
(Figure 1) but some obviously diseased horses, as assessed by
history, physical examination, and endoscopy mucus score, had
low TW neutrophil percentages. Both Se and Sp values were
optimized at cutoff of 17.7% (Youden’s ] value) where they both
were approximately 80% in the two-graph ROC curve for TW
neutrophil percentage (Figure 3A). It can be seen from the graph
that the target Se of 90% can be reached with a neutrophil cutoff
of approximately 40%, and the Sp value would decline to approxi-
mately 70%. On the other hand, the BALF neutrophil percentage
histogram (Figure 1B) revealed that most of the control and the
diseased horses had low values, and only a few of the diseased
horses had a high percentage of neutrophils. The two-graph ROC

204
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184 Group 1 (Controls)
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8
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FIGURE 1 | The tracheal wash [TW; (A)] and bronchoalveolar lavage fluid [BALF; (B)] neutrophil percentage histograms among Group 1 and Group 3 horses. Group
1 included clinically healthy control horses without signs potentially related to respiratory disease (n = 33), and Group 3 included horses that had both cough and
nasal discharge and/or highest mucus score (3/3) confirming respiratory disease (n = 42).
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FIGURE 2 | The tracheal wash [TW; (A)] and bronchoalveolar lavage fluid [BALF; (B)] neutrophil percentage among three groups of horses. Group 1 included
clinically healthy control horses without signs potentially related to respiratory disease (n = 33). Group 2 included horses that had at least one of the following signs:
cough, nasal discharge, epistaxis, fever or poor performance, and did not belong to Group 1 or Group 3 (n = 79). Group 3 included horses that had both cough and
nasal discharge and/or highest mucus score (3/3) confirming respiratory disease (n = 42). The significant differences between groups (Dunn’s non-parametric
comparison) are presented. Each box represents the interquartile range (25th to 75th percentiles), the central horizontal line is the median value, and the whiskers
represent the range. Outliers are marked by black points.

TABLE 1 | The signalement, endoscopy mucus score (0—3), blood leukocyte
count, plasma fibrinogen concentration, and tracheal wash (TW) and
bronchoalveolar lavage fluid (BALF) cytology in three groups of horses.

TABLE 2 | Cross tabulation table showing the number (%) of horses within each
diagnostic class of tracheal wash (TW) and bronchoalveolar lavage fluid (BALF)
cytology results of all horses (n = 154).

Group 1 Group 2 Group 3
(n =33) (n=79) (n =42)
Age (years); median (range) 8 (3—19) 10 (1-21) 12 (2-26)
Sex (n)
Mare 15 29 16
- Gelding 9 45 21
- Stallion 9 5 5
Endoscopy mucus score; median 0(0-2) 1(0-2) 2 (0-3)
(range)
TW eosinophil%; median [IQR] 0.0[0.0] 0.0[0.4] 0.0[0.0]
TW basophil%; median [IQR] 0.0[0.0] 0.0[0.0] 0.0[0.0]
TW lymphocyte%; median [IQR] 2.0[3.3] 3.6 [3.6] 2.0[6.7]
TW macrophage%; median [IQR] 37.4[49.3] 34.2[62.27 15.4[48.3]7
BALF eosinophil%; median [IQR] 0.0[0.4] 0.0[0.4] 0.0[0.4]
BALF mast cell%; median [IQR] 3.0 [2.6] 2.4[2.3] 1.41.9]
BALF lymphocyte%; median [IQR] 51.4[17.0] 449[18.6] 52.7[24.9]
BALF macrophage%; median [IQR] 41.4[19.9P 43.7[19.5]° 31.1[18.3]°¢
Fibrinogen (g/L; ref. < 4 g/L) 3.4 [0.6] 3.5[1.0] 3.6 [1.3]
Total blood leukocyte count (x10%L) 7.61.7] 7.221] 8.5 [3.3]

Group 1: clinically healthy control horses without signs potentially related to respiratory
disease. Group 2: horses with at least one of the following signs: cough, nasal
discharge, epistaxis, fever or poor performance, and did not belong to either Group

1 or Group 3. Group 3: horses with both cough and nasal discharge and/or highest
mucus score (3/3) confirming respiratory disease. All horses (n = 154) that had been
subject to both TW and BAL sampling at rest during 2009—-2015 in Helsinki University
Equine Teaching Hospital were included. The significant differences between groups
are presented with the letters a, b, and ¢ and corresponding P-values as a footnote.

P =0.021.
bP = 0.002.
°P < 0.001.

curve for BALF neutrophil percentages (Figure 3B) for both
Se and Sp revealed that they were optimized at a cutoff of 7%
(Youden’s J) with an Sp of approximately 90% but an Se of only

TW > 20% TW < 20% Total
BALF > 5% 57 (37.0%) 4 (2.6%) 61
BALF < 5% 23 (14.9%) 70 (45.5%) 93
Total 80 74 154 (100%)

Diagnostic cutoff values (neutrophil percentage of the total quantity of inflammatory
cells) are set at 20% for TW and 5% for BALF.

50%. It can be seen from the graph that a target Se of 90% can
be reached with cutoff of around 1%, whereas the Sp declined
to approximately 0%. At the cutoft of 5%, the Sp is around 80%,
whereas Se is only approximately 50%.

The median Se and Sp obtained by the Bayesian models
for Group 3 (diseased) were 86.3% (95% probability interval
78.9-92.4) and 72.5% (95% PI. 61.5-81.8), respectively, for
TW neutrophil percentages. The corresponding values for the
BALF neutrophil percentages were 92.4% (95% PI: 80.1-99.5)
and 58.4% (95% PI: 4.6-97.5), respectively. The median Se and
Sp for Group 1 (non-diseased) were 83.0% (95% PI: 66.5-93.7)
and 89.2% (95% PI: 80.3-95.4), respectively, for TW neutrophil
percentages. The corresponding values for BALF neutrophil
percentages were 51.5% (95% PI: 4.7-96.6) and 81.1% (95% PI:
64.7-94.6). The model with non-informative priors gave 90.5%
prevalence in the diseased population (95% PI: 83.1-95.9) and
12.1% in the non-diseased population (95% PI: 2.7-27.7).

With the neutrophil cutoff values obtained from two-graph
ROC curves (17.7% for TW and 7% for BALF), crosstabulation
analysis of TW and BALF cytology results for Group 2 (n = 79)
horses was performed, and the results are presented in Table 3.
The TW and BALF test results for this group were significantly
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FIGURE 3 | Two-graph receiver operating characteristic (ROC) curves with sensitivity and specificity plotted against the neutrophil percentage of tracheal wash [TW;
(A)] and bronchoalveolar lavage fluid [BALF; (B)] for horses in Group 1 and Group 3. See Figure 1 for group definitions.
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TABLE 3 | Cross tabulation table showing the number (%) of horses within each
diagnostic class of tracheal wash (TW) and bronchoalveolar lavage fluid (BALF)
cytology results of Group 2 horses (n = 79).

TW > 17.7% TW <17.7% Total
BALF > 7% 28 (35.4%) 1(1.3%) 29
BALF < 7% 14 (17.7%) 36 (45.6%) 50
Total 42 37 79 (100%)

Diagnostic cutoff values (neutrophil percentage of the total quantity of inflammatory
cells) are set to 17.7% for TW and 7% for BALF as estimated by two graph ROC
curves.

associated with each other (Fisher’s exact P < 0.001), but 19% of
the horses were classified differently by the two tests (Table 2).

DISCUSSION

We compared the cytology of TW and BALF tests in horses with
or without signs related to respiratory disease in this study. Only
17.5% of horses in our population had differing diagnostic inter-
pretation of airway inflammation between the TW and BAL based
on the neutrophil percentages and using the conventional cutoff
values (3, 4). When only the horses with clinically less distinct
clinical respiratory signs (Group 2) were assessed with the cutoff
values of the ROC curves, agreement was approximately similar
between the two tests. Previously, Malikides et al. (5) reported a
higher disagreement of 37% in diagnostic interpretation between
TW and BALF neutrophil percentages for airway inflammation
diagnosis in young Australian racehorses in training presenting
with poor performance. Furthermore, the agreement between
the two tests in our study population that was assessed by kappa
value was considered good (22) or at least substantial or moderate
(18, 23) in contrast to previously published study data (24). The
TW test was reported to be more sensitive in detecting airway
neutrophilia by Malikides et al. (5), which agrees with our finding
in the present study. However, some caution is required in making
this comparison. The sampling in the studies by Malikides et al. (5)
and by Allen et al. (24) was performed after high-speed treadmill
exercise in contrast to our horses which had been sampled at

rest: this might have affected the results since exercise is known
to increase the neutrophil percentage in TW (25). Furthermore,
these studies investigated only racehorses (5) or older National
Hunt horses (24) in contrast to our study population of mixed
breeds, and environmental conditions were different than in our
study. This might have had an effect on the results.

We also investigated the currently used cutoff values of neu-
trophils for TW and BALF to justify their use in clinical practice
for diagnosing airway inflammation. A sensitive method with
unanimous cutoff value is needed in daily clinical equine prac-
tice to classify accurately the horse as being either diseased or
healthy, since the diagnosis of respiratory disease in horses is
often challenging due to non-specific clinical signs, such as poor
performance. The current cutoft values for different cell types in
BALF have recently been challenged. It has been suggested that
they would be too restrictive, and new cutoff values of either
>10% neutrophils, >5% mast cells, or >5% eosinophils for
BALF have been proposed for diagnosis of airway inflammation
(4, 8-11). Our data revealed that a cutoff of 10% for neutrophils
would have resulted in an Sp of 95%, but with an Se of only
45%, thus indicating a high proportion of false-negative results.
Regarding TW, the reference values for equine tracheal secre-
tions have not been fully defined since there is large variability
in the cellular content of TW samples in healthy horses (26-28).
In particular, the cutoff for neutrophils still remains unclear, and
there seems to be an overlap between normal horses and horses
with respiratory disease (26-28). A limit of 20% of neutrophils
has been conventionally used (3, 29), but there is some variation
in cutoft values between different laboratories. The results of
this study suggest that the current cutoff values for neutrophils,
20% for TW and 5% for BALF, would be still appropriate for
use in clinical practice for the diagnosis of airway inflammation
in order to achieve acceptable Se. However, the importance of
TW or BALF cytology results for the final diagnosis should still
always be determined in combination with the horse’s history,
clinical examination and airway endoscopy findings, to improve
the diagnostic accuracy (4).

Contrary to many previously published studies (5, 12-14),
we found a good correlation between the neutrophil percentage
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of TW and BALE. A weak but statistically significant correlation
was found between eosinophils and macrophages between the
two methods. Based on these results and due to neutrophils, and
subsequently macrophages, being the only cell types with signifi-
cant difference between groups in TW and BALF, we therefore
concentrated on the neutrophilic airway inflammation type in
this study. In future studies, other cell types could also be assessed
similarly. We found no correlation between the two methods for
mast cells, nor differences between groups in this study. Mast
cells are mainly distributed in the small distal airways and alveoli,
and thus are a rare finding in the trachea (13). The diagnostic
significance of a particular percentage of mast cells in BALF is
not fully defined. A large range of 0.7-12.3% (median 9%) of mast
cells in BALF has been previously reported among horses with
no clinical evidence of respiratory tract disease (30). Further-
more, the quantity of mucus in the trachea correlated positively
to BALF and even more strongly to TW neutrophil percentage,
as found previously by some (9) but not all studies (8, 11, 31).
Earlier studies have indicated that healthy horses have either no
visible mucus or only a few isolated spots in their trachea (8, 31).
Our results suggest that visible mucus in the trachea is likely to
indicate neutrophilic airway inflammation.

Although BAL has been a standard diagnostic procedure
in horses since the 1980s, there are no standardized guidelines
for all steps of the sampling or cytological interpretation, and
the method used is also known to have a considerable effect
on the results (4). The possible sources of variation include the
instilled volume of fluid, the number of aliquots used, dwell-
ing time of fluid, lung area lavaged, aspiration of the aliquot of
instilled fluid (manual or pump), handling and conservation of
the samples and finally, cytological analysis of the BALF and
reporting the results. According to the expert consensus regard-
ing IAD, TW cytology is not considered an appropriate alterna-
tive to BALF cytology for the diagnosis or airway inflammation
because BAL is considered to be a more sensitive and specific
method to detect lower airway inflammation (4) contrary to our
results. If BAL remains the recommended method of sampling,
then standardization of the procedure must be implemented.
However, the TW and BALF cytology of the large number of
clinical cases in our study suggest that TW cytology is still at
least comparable or even superior, easy, and an affordable tool
in daily clinical equine practice, at least in cases of neutrophilic
lung inflammation. Moreover, the Se and Sp of TW seem to be
generally superior to those of BAL as analyzed by both conven-
tional statistics and Bayesian modeling.

Some limitations of the study need to be pointed out.
The horses were client-owned true clinical cases and thus
lived in varying stable conditions, were managed differently,
and transported to the hospital over varying distances. The
environmental factors including organic dust are known to
have an influence on the severity of clinical signs and airway
neutrophilia (4), which might have had an effect on the results.
Unfortunately, we were not able to collect this information.
Moreover, the possible gender or breed differences were not
considered in this study. These data were collected over sev-
eral years, thus we were not able to have the same clinician

performing the sampling of horses at all times. However, the
TW and BALF collecting procedures are in routine use in our
hospital setting, and therefore we assume minor variability in
the sampling technique that was used over this time period.
Moreover, a single experienced technician examined all the
cytology slides. Counting 400 cells/slide is currently recom-
mended (32); however, our samples were analyzed in a clinical
diagnostic laboratory and only 300 cells/slide were counted,
which might have had an effect on the results. Furthermore,
the results might have been affected by a systematic error due
to a single technician performing the counts. Unfortunately,
automated cell counters for equine TW or BALF samples are
not available. The BAL was performed in only one lung (right
side) on all horses. Recently, Depecker et al. (11) suggested that
BAL performed only on one lung might not be representative
of the contralateral lung on the same horse. Therefore, it would
be important to sample both lungs to aid the diagnosis of
lower airway inflammation, especially in those cases for which
the first lung’s cytology is normal. The scoring of the mucus
accumulation in the trachea in this study was performed sub-
jectively from 0 to 3 by the clinicians performing the sampling.
This has been in routine use in our hospital although a more
detailed scoring from 0 to 5 is recommended (33).

We conclude that TW and BALF neutrophil percentages
correlated well in our patient material with naturally occurring
respiratory disease of varying severity and in healthy horses
indicating that either method is sufficient to detect airway neutro-
philia with TW being more sensitive and specific. We also suggest
that the currently used neutrophil cutoff values of 20% for TW
and 5% for BALF would still be appropriate to use in clinical work
for the diagnosis of airway inflammation. Our understanding of
normal respiratory tract cytology is still evolving from clinical
experience and research, and the most useful sampling method
will be dependent on the type and the severity of the suspected
disease process in the individual horse.

DATA AVAILABILITY STATEMENT

The data sets for this manuscript are not publicly available
because they contain clinical patient data and the animals might
be identifiable. Requests to access the data sets should be directed
to Heini Rossi (heini.rossi@helsinki.fi).

ETHICS STATEMENT

The study was carried out in accordance with the recommenda-
tions of the Finnish Animal Experiment Board (asymptomatic
horses) and Viikki Ethics Committee (symptomatic horses).
The protocol was approved by the Finnish Animal Experiment
Board.

AUTHOR CONTRIBUTIONS

HR contributed to collection of the samples and data, data analy-
sis, and preparation of the manuscript. A-MV contributed to

Frontiers in Veterinary Science | www.frontiersin.org

March 2018 | Volume 5 | Article 61


https://www.frontiersin.org/Veterinary_Science
https://www.frontiersin.org
https://www.frontiersin.org/Veterinary_Science/archive

Rossi et al.

Comparison of TW and BAL Cytology in Horses

statistical analysis of the data and preparation of the manuscript.
MR contributed to study design, data analysis, and preparation
of the manuscript. ER contributed to data collection. MMR con-
tributed to preparation of the manuscript. and AM contributed
to study design, collection of the samples and data, data analysis,
and preparation of the manuscript.

ACKNOWLEDGMENTS

The authors thank Satu Sankari, Merja Ranta, Merita Maitt,
and the staff of the Equine Teaching Hospital, University
of Helsinki for their technical assistance. Part of the data
in this study was presented as a poster “Comparison of

REFERENCES

1. Mair TS, Stokes CR, Bourne FJ. Cellular content of secretions obtained by
lavage from different levels of the equine respiratory tract. Equine Vet J (1987)
19:458-62. doi:10.1111/j.2042-3306.1987.tb02644.x

2. Hoffman AM. Bronchoalveolar lavage: sampling technique and guidelines
for cytologic preparation and interpretation. Vet Clin North Am Equine Pract
(2008) 24:423-35. doi:10.1016/j.cveq.2008.04.003

3. Couétil L, Hawkins J. Diagnostic tests and therapeutic procedures. In: Couétil L,
Hawkins J, editors. Respiratory Diseases of the Horse. London: Manson
Publishing Ltd (2013). p. 55-8.

4. Couétil LL, Cardwell JM, Gerber V, Lavoie JP, Léguillette R, Richard EA.
Inflammatory airway disease of horses — revised consensus statement. ] Vet
Intern Med (2016) 30:503-15. doi:10.1111/jvim.13824

5. Malikides N, Hughes KJ, Hodgson DR, Hodgson JL. Comparison of tracheal
aspirates and bronchoalveolar lavage in racehorses 2. Evaluation of the
diagnostic significance of neutrophil percentage. Aust Vet J (2003) 81:685-7.
doi:10.1111/j.1751-0813.2003.tb12540.x

6. Leclere M, Lavoie-Lamoureux A, Lavoie J. Heaves, an asthma-like disease of
horses. Respirology (2011) 16:1027-46. doi:10.1111/j.1440-1843.2011.02033.x

7. Bullone M, Lavoie JP. Asthma “of horses and men” - how can equine
heaves help us better understand human asthma immunopathology and its
functional consequences? Mol Immunol (2015) 66:97-105. doi:10.1016/j.
molimm.2014.12.005

8. Richard EA, Fortier GD, Lekeux PM, Erck EV. Laboratory findings in
respiratory fluids of the poorly-performing horse. Vet J (2010) 185:115-22.
doi:10.1016/j.tvj1.2009.05.003

9. Koblinger K, Nicol J, McDonald K, Wasko A, Logie N, Weiss M, et al.
Endoscopic assessment of airway inflammation in horses. J Vet Intern Med
(2011) 25:1118-26. doi:10.1111/j.1939-1676.2011.00788.x

10. Wasko AJ, Barkema HW, Nicol ], Fernandez N, Logie N, Leguillette R.
Evaluation of a risk-screening questionnaire to detect equine lung
inflammation: results of a large field study. Equine Vet ] (2011) 43:145-52.
doi:10.1111/.2042-3306.2010.00150.x

11. Depecker M, Richard EA, Pitel P, Fortier G, Leleu C, Couroucé-Malblanc A.
Bronchoalveolar lavage fluid in Standardbred racehorses: influence of unilat-
eral/bilateral profiles and cut-off values on lower airway disease diagnosis.
Vet ] (2014) 199:150-6. doi:10.1016/j.tvjl.2013.10.013

12. Derksen FJ, Brown CM, Sonea I, Darien BJ, Robinson NE. Comparison of
transtracheal aspirate and bronchoalveolar lavage cytology in 50 horses
with chronic lung disease. Equine Vet ] (1989) 21:23-6. doi:10.1111/
j.2042-3306.1989.tb02084.x

13. Hughes KJ, Malikides N, Hodgson DR, Hodgson JL. Comparison of tracheal
aspirates and bronchoalveolar lavage in race-horses 1. Evaluation of cytolog-
ical stains and the percentage of mast cells and eosinophils. Aust Vet ] (2003)
81:681-4. doi:10.1111/j.1751-0813.2003.tb12538.x

14. Fraipont A, Van Erck E, Ramery E, Richard E, Denoix JM, Lekeux P, et al.
Subclinical diseases underlying poor performance in endurance horses: diagnos-
tic methods and predictive tests. Vet Rec (2011) 169:154. doi:10.1136/vr.d4142

bronchoalveolar lavage and tracheal aspirate results in 64
non-Thoroughbred horses presenting with respiratory signs or
exercise intolerance” in International Conference on Equine
Exercise Physiology 2014 (Chester, UK) and in Veterinary
Comparative Research Society symposium 2014 (Kennett
Square, PA, USA).

FUNDING

This study was partly funded by the Finnish Veterinary Foundation
and the Doctoral Programme in Clinical Veterinary Medicine,
University of Helsinki. The authors declare no potential conflicts
of interest.

15. Winder NC, Grunig G, Hermann M, von Fellenberg R. Comparison of
bronchoalveolar lavage and respiratory secretion cytology in horses with
histologically diagnosed pulmonary disease. Schweiz Arch Tierheilkd (1991)
133:123-30.

16. Winder NC, Hermann M, Griinig G, Hulliger C, Von Fellenberg R.
Comparison of bronchoalveolar lavage and respiratory secretion cytology
in horses with clinically diagnosed chronic pulmonary disease. Schweiz Arch
Tierheilkd (1990) 132:505-10.

17. Dunn OJ. Multiple comparisons using rank sums. Technometrics (1964)
6:241-52. doi:10.1080/00401706.1964.10490181

18. Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics (1977) 33:159-74. doi:10.2307/2529310

19. Greiner M, Pfeiffer D, Smith RD. Principles and practical application of the
receiver-operating characteristic analysis for diagnostic tests. Prev Vet Med
(2000) 45:23-41. doi:10.1016/S0167-5877(00)00115-X

20. Kostoulas P, Nielsen SS, Branscum AJ, Johnson WO, Dendukuri N, Dhand NK,
et al. STARD-BLCM: standards for the reporting of diagnostic accuracy
studies that use Bayesian latent class models. Prev Vet Med (2017) 138:37-47.
doi:10.1016/j.prevetmed.2017.01.006

21. Branscum AJ, Gardner IA, Johnson WO. Estimation of diagnostic-test
sensitivity and specificity through Bayesian modeling. Prev Vet Med (2005)
68:145-63. doi:10.1016/j.prevetmed.2004.12.005

22. Altman DG. Practical Statistics for Medical Research. London: Chapman and
Hall/CRC (1991). 624 p.

23. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb)
(2012) 22:276-82. d0i:10.11613/BM.2012.031

24. Allen KJ, Tremaine WH, Franklin SH. Prevalence of inflammatory airway
disease in national hunt horses referred for investigation of poor athletic per-
formance. Equine Vet ] Suppl (2006) 36:529-34. doi:10.1111/j.2042-3306.2006.
tb05599.x

25. Malikides N, Hughes KJ, Hodgson JL. Comparison of tracheal aspirates
before and after high-speed treadmill exercise in racehorses. Aust Vet ] (2007)
85:414-9. doi:10.1111/j.1751-0813.2007.00167.x

26. Sweeney CR, Humber KA, Roby KA. Cytologic findings of tracheobron-
chial aspirates from 66 thoroughbred racehorses. Am ] Vet Res (1992)
53:1172-5.

27. Christley RM, Hodgson DR, Rose R], Hodgson JL, Wood JLN, Reid
SWIJ. Coughing in thoroughbred racehorses: risk factors and tracheal
endoscopic and cytological findings. Vet Rec (2001) 148:99-104. doi:10.1136/
vr.148.4.99

28. Robinson NE, Karmaus W, Holcombe SJ, Carr EA, Derksen FJ. Airway
inflammation in Michigan pleasure horses: prevalence and risk factors. Equine
Vet ] (2006) 38:293-9. doi:10.2746/042516406777749281

29. Robinson NE. International workshop on equine chronic airway disease
Michigan state university 16-18 June 2000. Equine Vet J (2001) 33:5-19.
doi:10.2746/042516401776767412

30. McGorum BC, Dixon PM. The analysis and interpretation of equine bron-
choalveolar lavage fluid (BALF) cytology. Equine Vet Educ (1994) 6:203-9.
doi:10.1111/j.2042-3292.1994.tb01136.x

Frontiers in Veterinary Science | www.frontiersin.org

March 2018 | Volume 5 | Article 61


https://www.frontiersin.org/Veterinary_Science
https://www.frontiersin.org
https://www.frontiersin.org/Veterinary_Science/archive
https://doi.org/10.1111/j.2042-3306.1987.tb02644.x
https://doi.org/10.1016/j.cveq.2008.04.003
https://doi.org/10.1111/jvim.13824
https://doi.org/10.1111/j.1751-0813.2003.tb12540.x
https://doi.org/10.1111/j.1440-1843.2011.02033.x
https://doi.org/10.1016/j.molimm.2014.12.005
https://doi.org/10.1016/j.molimm.2014.12.005
https://doi.org/10.1016/j.tvjl.2009.05.003
https://doi.org/10.1111/j.1939-1676.2011.00788.x
https://doi.org/10.1111/j.2042-3306.2010.00150.x
https://doi.org/10.1016/j.tvjl.2013.10.013
https://doi.org/10.1111/j.2042-3306.1989.tb02084.x
https://doi.org/10.1111/j.2042-3306.1989.tb02084.x
https://doi.org/10.1111/j.1751-0813.2003.tb12538.x
https://doi.org/10.1136/vr.d4142
https://doi.org/10.1080/00401706.1964.10490181
https://doi.org/10.2307/2529310
https://doi.org/10.1016/S0167-5877(00)00115-X
https://doi.org/10.1016/j.prevetmed.2017.01.006
https://doi.org/10.1016/j.prevetmed.2004.12.005
https://doi.org/10.11613/BM.2012.031
https://doi.org/10.1111/j.2042-3306.2006.tb05599.x
https://doi.org/10.1111/j.2042-3306.2006.tb05599.x
https://doi.org/10.1111/j.1751-0813.2007.00167.x
https://doi.org/10.1136/vr.148.4.99
https://doi.org/10.1136/vr.148.4.99
https://doi.org/10.2746/042516406777749281
https://doi.org/10.2746/042516401776767412
https://doi.org/10.1111/j.2042-3292.1994.tb01136.x

Rossi et al.

Comparison of TW and BAL Cytology in Horses

31. Gerber V, Robinson NE, Luethi S, Marti E, Wampfler B, Straub R.
Airway inflammation and mucus in two age groups of asymptomatic
well-performing sport horses. Equine Vet ] (2003) 35:491-5. doi:10.2746/
042516403775600424

32. Fernandez NJ, Hecker KG, Gilroy CV, Warren AL, Leguillette R. Reliability of
400-cell and 5-field leukocyte differential counts for equine bronchoalveolar
lavage fluid. Vet Clin Pathol (2013) 42:92-8. doi:10.1111/vcp.12013

33. GerberV, Straub R, Marti E, Hauptman J, Herholz C, King M, et al. Endoscopic
scoring of mucus quantity and quality: observer and horse variance and
relationship to inflammation, mucus viscoelasticity and volume. Equine Vet
J (2004) 36:576-82. doi:10.2746/0425164044864525

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2018 Rossi, Virtala, Raekallio, Rahkonen, Rajamdki and Mykkdinen.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner are credited and that
the original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Veterinary Science | www.frontiersin.org

March 2018 | Volume 5 | Article 61


https://www.frontiersin.org/Veterinary_Science
https://www.frontiersin.org
https://www.frontiersin.org/Veterinary_Science/archive
https://doi.org/10.2746/
042516403775600424
https://doi.org/10.2746/
042516403775600424
https://doi.org/10.1111/vcp.12013
https://doi.org/10.2746/0425164044864525
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Comparison of Tracheal Wash and Bronchoalveolar Lavage Cytology in 154 Horses With and Without Respiratory Signs in a Referral Hospital Over 2009−2015
	Introduction
	Materials and Methods
	Animals
	TW Collection
	Bronchoalveolar Lavage
	Cytological Analysis of TW and BALF Samples
	Statistical Analyses
	Evaluation of TW and BAL Test Results 
for Neutrophils

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	References


