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Chronic obstructive pulmonary diseases have long been re-
cognized as afflictions of stabled horses (1, 2, 6). There are,
however, very few investigations demonstrating the clin-
ical and pathological cause and effect of a suspected etiolo-
gic agent(s). Several literature reviews recognized the multi-
factorial etiology of chronic obstructive lung diseases
(4,5, 6,12, 17), but again, the pathogenesis remains hypo-
thetical. There is clinical evidence that an allergic compo-
nent is involved (4, 13, 20), but there is no firm evidence
such as cytology, proper histopathological examination or
long-term follow up of a specific group of animals to sup-
port the diagnosis of an asthmoid-type reaction.

The purpose of this study was, therefore, to define and
categorize the chronic lung disorders of horses using respi-
ratory function techniques, fiberoptic bronchoscopy, qua-
litative and quantitative cytological evaluation of samples
obtained by bronchoalveolar lavage, and finally a semi-
quantitative detailed histological examination of the respi-
ratory system.

Materials and Methods

Experimental animals consisted of 24 mature light horses:
eleven were in the control group and thirteen in the dis-
eased animal group. Horses were mainly gelding and fe-
male standardbreds and thoroughbreds, weighing between
375-580 kg and aged between three and ten years old. Prior
to pulmonary function testing (PFT) and bronchoalveolar
lavage (BAL), the clinical respiratory status of the horses
was established; first, by a detailed resting respiratory ex-
amination and, secondly, by an exercise test where horses
were lunged for fifteen to twenty minutes. Signs of spon-
taneous cough, flaring of the nostrils and intolerance to
this mild work were noted. Immediately after the exercise
test, the respiratory rate was recorded and the trachea and
chest were re-auscultated for the presence of any abnormal
sounds. During the period of post-exercise recovery, the
respiratory rate was monitored and the total time for a
complete return to the normal rate was recorded in each in-
stance. In addition, bronchoscopy was performed under
mild sedation with xylazine (.75 mg/kg intravenously) to
detect any abnormalities in the nasopharynx and any
presence of purulent exudate at the level of the trachea and
bronchi. Percussion was performed and interpreted as hav-
ing normal, decreased or increased resonance.

Pulmonary Function Tests:

Pulmonary function testing was performed in conscious,
unsedated horses. Lung function studies were carried out
twice, 1. e., before bronchoalveolar lavage and again four to
five days after bronchoalveolar lavage. The materials and
methods of pulmonary function tests used were identical to
those of Willoughby and McDonell (1979). In summary, the
pulmonary function parameters tested were:
1) Lung volume: FRC
2) Ventilation: V, {, V¢
3) Pulmonary mechanics: Wy, Min.Wy, Cp,,, Vi, Vi*,
Raw
4) Gas distribution: [N, %]..4
5) Pulmonary gas exchange:
- resting arterial blood gas (pH, CO, and O,)
- arterial blood gas while the horse breathed 100 % O,
- alveolar-arterial O, tension difference (A-aDO,)

Bronchoscopy and Lung Lavage

Horses were kept standing in stocks and sedated with xyla-
zine (1 mg/kg) and morphine (.75 mg/kg to a total maxi-
mum dose of 300 mg). Bronchoscopies were performed
with a flexible fiberoptic bronchoscope (Olympus CF type
LB 2) which was cold sterilized prior to each use. Follow-
ing bronchoscopic examination of the naso-pharynx, la-
rynx, trachea and mainstem bronchi, the tip of the bron-
choscope was positioned in a segmented bronchus of the
caudal lobe of the right lung where lung lavage was per-
formed. The lavage consisted of infusing 500 ml of .9 % ste-
rile saline into the lung, and then the fluid was immediately
aspirated with a negative pressure of 40— SO mm Hg suppli-
ed by a surgical pump.

Quantitative Cytology

Following bronchoalveolar lavage, the volume of fluid re-
covered was determined and the total cell count deter-
mined using a Coulter counter model ZBI. The cells were
then sedimented by centrifugation (1500 X g, 5 min). Cel-
lular spreads were stained with Wright’s staining methods
and a differential count was made on 500 cells from each
horse.

Lung Tissues for Histological Examinations

At post-mortem several lung sections were selected for his-
tological examinations. Four representative samples from
each horse lung (left and right) were taken from: 1) the
margins of the apical, 2) ventral, 3) dorsal, and 4) diaphrag-
matic lobes. Three sections were obtained from the tra-
chea: 1) upper trachea (first 2 rings), 2) middle, and 3) lower
(the carina).

Large and small airway sections were obtained starting
from the primary bronchus down to small terminal bron-
chi of the diaphragmatic lobe. Lung tissue blocks were pre-
pared and stained with routine hematoxylin and eosin.
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Table 2: Mean ventilation values from normal and abnormal horses (Pre-Bal)

Groups
1 2 3 4
n 11 4 7 2
B. W. (kg) 4444 +152+ 426.5 +354 4436 +24.8 542.0 +46
[N,%]end 0.95+ 0.10 2.88+ 0.60* 3.94+ 0.85* 3.65+ 2.65*
FRC (L/100 kg) 485+ 0.22 6.76+ 0.72 6.69+ 1.29 3.75+ 0.80
V; (L) 459+ 0.23 4.03+ 0.46 438+ 0.59 531+ 0.20
f (breaths/min) 11.56+ 1.54 136 + 1.34 13.7 + 3.05 121 + 450
V, (L/min) 50.4 + 5.00 53.28+ 5.46 589 =125 65.0 +26.3
telty 1.20+ 0.12 116+ 0.08 1.24+ 0.16 137+ 0.11
* Mean =+ standard error of the mean
* Significantly different from group 1 (P < .05)
Table 3: Mean pulmonary mechanical values in normal and abnqrmal horses (Pre-BAL)
1 total® 2.06+0.16* 2.67+0.42 1809+ 31.2 4.83+0.70
lower 1.82+0.14 0.46+0.14 27.7+ .68 2.91+0.27
2 total 2.12+0.43 3.82+1.21 289.8+1154 5.44+0.97
lower 1.97+£0.47 1.16+0.22 594+ 86 2.40+0.36
3 total 1.8 +£0.37 3.06 +0.65 206.7+ 68.2 6.96+2.65
lower 1.7 £0.32 1.07+0.38 93.1+ 441 5.21+2.49
4 total 1.0 +0.16 7.73+1.26* 598.2+420.5% 146 +7.14*
lower 0.91+0.25 5.83+1.12* 477.6+332.6* 125 +6.99*
* Mean =+ standard error of mean
* Significantly different from group 1 (P < .05)
S Total transpulmonary pressure, i.e. external nares to pleural pressure.
Lower transpulmonary pressure, i.e., trachea to pleural pressure.
Table 4: Mean blood gas values (mmHg) from normal and abnormal horses breathing room air (Pre-Bal)
Groups
1 2 3 4
n 11 4 7 2
pH, 7.38+0.01* 7.36+0.006 7.38+0.008 7.39+0.005
P,CO, 430 + 1.2 41.8 +3.5 424 +117 415 +05
P.O, 894 + 1.6 85 . +17 83.6 +4.6 61.0 +8.0*
PAO, 96.95+ 1.39 96.1 =34 93.1 =15 93.36+0.18
A-aDO0O, 750+ 1.26 11.18+2.95 15.85+2.6 32.36+7.82*

* Mean = standard error of the mean
* Significant difference between group 1 and 5 (P < .05)

Table 5: Mean recovery of fluid and cells from broncho-alveolar la-

vage on normal horses and horses with respiratory diseases

Total Cell Cell Viability Lavage fluid
Recovery % Recovery from
X 108 500 ml
Group n %
1A 8 3.7 +£0.45* 90.7+0.7 559+7.4
1B 3 2.02+0.25 89.5+0.5 66.0+4.9
2 4 3.26 +£0.85 86.5+1.2 50.5+3.5
3 7 7:05 &1.75 89.0+3.1 52.5+3.2
4 2 5.1, +3.37 92.5+25 24.4+24

* Mean = standard error of the mean.

This was not surprising as little morphological changes
were observed in the small airways except some degree of
peribronchiolar eosinophilic infiltration.

Although further work is needed in establishing the role of
immune effector cells in the BAL fluid of COPD horses,
the increased proportion of lymphocytes and neutrophils
in our diseased horses seems to indicate a stage or a peculiar
pattern of the small airway diseases. In many lung diseases
large proportions of lymphocytes and neutrophils in the
BAL are representative of hypersensitivity pneumonitis
where histologically alveolar structures are massively infil-
trated with either lymphocytes or neutrophils (10, 11, 16).
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Table 6: Mean cell differential (%) in lung lavage fluid of normal and diseased horses

Macro- Lympho- Neutro- Mast Eosino- Epithelial
Group phages cytes phils cells phils cells
1A 48.5% 35.3 6.2 5.2 2.5 2.3
+ 25 + 2.3 + 24 +0.82 + 0.96 +1.37
1B 34.1 29.0 6.1 5.0 20.2 4.5
+ 027 + 1.09 + 2.8 +1.24 + 48 +9:6
3 35.8 e 9.2 3.0 7.6 14
+ 50 e s + 34 +1:27 + 517 +0.37
5 26.7* e 28.0" 33 18 3.7
+ 59 *11:2 +0.82 + 0.96 + .5
i 14.0* =0 46.8" 7.4 18 7.0
+ 7.3 B +13.2 +2.5 + 1.8 +1.7

* Mean + S.E.M.

* Significant difference between groups 1A and 3 and 1A and 4 (P < .05)

In contrast, our diseased horses had little changes in the al- GROUP 3 GROUP & GROUP 5

veolar interstitium. Nodular lymphoid hyperplasia or

lymphoid cuffing in the small airway adventitia was more

characteristic of the lymphocytic group, while marked in-

flammatory cell infiltration of the entire airway walls was ] [ ]

more specific to severely affected horses in groups 3 and 4. - 7 ~

In this study, post-mortem examination of each experimen- e / /

tal horse was without doubt the most valuable source of re- % /

ference. Without this information, it would have been al- o / /

most impossible to classify or categorize groups of horses /

and to make useful assessment of their PFT, BAL and lung ” / / 5
g i

£
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AIRWAY DIAMETER (cm)

e Fig. 2: Frequency distribution of mean percent goblet cells from air-

°\° 20 i way less than 0.25 cm in diameter (hatching and shaded area indicate

~ the small airway sites affected by mucus producing cell proliferation).
wn

=l biopsy results. In gross pathologic examination, horses suf-

i 15- fering from chronic airway disease had few abnormalities.
On the basis of subjective observations, severely affected

= horse lungs tended to remain more inflated when the tho-

L_*j rax was opened, i. e. they maintained a higher residual vo-

a 10 lume.

8 Histologically, quantitative analysis of the morphologic ab-
normalities of the airways and lung parenchyma provided
valuable information in the progression and staging of the

51 lesions encountered in the lung of horses with chronic air-
way diseases. Morphologic data showed that the first
changes that occurred as the disease in small airways in-
creased (group 2), were the appearance of hyperplasia of
the airway epithelium, with mild chronic inflammatory in-

22 1l 0l leniondDs wBortislBisnzbiely 105,405 filtrate, lymphoid hyperplasia and slight goblet cell hyper-

plasia in bronchioles but not in terminal bronchioles. As
the pathological process progressed (groups 3 and 4), pre-
vious lesions were amplified and there was an increase in
connective tissue and goblet cell metaplasia and excess mu-

AIRWAY DIAMETER (cm)

Fig. 1: Frequency distribution of mean percent goblet cells at various
diameters of airway from normal horses (hatching indicates main site of
mucus producing cell hyperplasia).
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cus exudate production became an important feature in se-
verely diseased horses (group 4). Although there is little
study in the veterinary literature showing the transition
between healthy and chronic small airway diseases, our pa-
thological findings, as well as that of others (3, 15, 21), give
enough evidence to suggest that the COPD horse had
morphological lesions mainly concentrated in the bron-
chioles (Figs. 1-2). There was also little pathologic resem-
blance to the chronic bronchitis and emphysema of man.

In retrospect, the present study has given accurate and reli-
able information on methods used to identify functional
and structural abnormalities as well as cellular components
involved within the equine lung in health and disease. It
was also demonstrated that a good correlation was obtain-
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