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Abstract 

The clinical study was carried out in the ten horses age between 4-8 years 
having history of chronic respiratory symptoms during the winter season 
presented for the second opinion. The aim of this study was to diagnose 
lower respiratory tract diseases with the help of bronchoalveolar lavage and 
to study the pathological alteration present in the mentioned study. The 
bronchoalveolar lavage fluid was collected using BALF catheter and it was 
processed for cytological and bacteriological alterations. The results included 
total nucleated cell count (0.67±0.07%), alveolar macrophages 

(31.3±3.84%), lymphocytes (47.6±5.89%), neutrophils (8.1±1.66%), mast 

cell (1.6±0.52%) and eosinophils (1.6±0.22%). The bacteria like E. coli were 
also isolated. Thus, bronchoalveolar lavage cytology technique serves as 
important tool for diagnosing lower airway diseases. 
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Introduction 

Young athletic horses are most commonly affected with Inflammatory Airway Disease (IAD) due to pressure 

exerted on lungs during moderate to heavy exercise and presented with history of cough, increased respiratory 

secretions and exercise intolerance. Recurrent Airway Obstruction (RAO) is an allergic disorder in adult or mature 

horses characterized by cough, mucopurulent secretion, abnormal breath sound, increased respiratory efforts and 

exercise intolerance according to Couetil (2014). Adult horses are susceptible for development of pneumonia 

when a bacterium is aspirated from environment, via nose and oropharynx then reach the lower airway and 

impairs the pulmonary defense mechanism (Carvallo et al., 2017). Coughing was prominent signs of lower 

respiratory tract. However, horses that coughed were very likely to have lower airway disease for more than one 

month and housed on straw bedding (Burrell et al., 1996). 

The most common diagnostic modalities used to evaluate equine respiratory tract diseases includes endoscopy 

(Jean et al., 2011), radiography (Couetil et al., 2016 and Estell et al., 2016), ultrasonography (Hussein et al., 2018 

and Siwinska et al., 2019), bronchoalveolar lavage for cytological evaluation (Hermange et al, 2019 and Siwinska 

et al., 2019), bacterial culture (Buckley et al., 2007 and Estell et al., 2016) and histopathological evaluation of 

respiratory mucosa and pulmonary parenchyma. 

Bronchoalveolar Lavage (BAL) is a technique for collection of respiratory secretions that lines the peripheral 

airways or alveoli and it is considered to be very safe and sufficiently sensitive tool to detect chronic obstructive 

pulmonary diseases. (McGorum et al., 1993); exercise induced pulmonary hemorrhages (Roy and Lavoie, 2003); 

inflammatory airway disease (Couetil et al., 2007; Mazan, 2018 and Hansen et al., 2019); inflammation at the 

cytologic level (Hoffman, 2008); recurrent airway obstruction (Kutasi et al., 2011) and equine asthma (Hermange 

et al., 2019). 

Materials and Methods 

Ten horses, suspected with lower respiratory diseases which were not diagnosed via thoracic radiography or 

ultrasonography were subjected for routine cytological examination of lower respiratory secretions via 

bronchoalveolar lavage fluid cytology technique with the help of Bronchoalveolar Lavage (BAL) catheter having 

diameter 10 mm x length 240 cm (Figure 1).Each horse was restrained and sedated with Inj. Xylazine @ 0.5 

mg/kg and Inj. Butorphanol @ 0.02 mg/kg intravenously (Hare and Viel, 1989 and Davis and Sheats, 2019) for 

easy passage of catheter. 

 
Figure 1: Broncho-alveolar lavage catheter of horses (a) and placement of BAL catheter into carina during 

collection of BALF. 

The outer surface of catheter was smeared with 2% lignocaine jelly and 0.5% lignocaine solution was sprayed on 

the carina to prevent bronchoalveolar irritation. The catheter was passed smoothly through nasal meatus into lower 

airways and instillation of about 250-300 ml of lukewarm normal saline was performed. With the help of outlet 

cock, about 50-100 ml fluid was aspirated in sterile syringe to evaluate its transparency, color and presence of 

foamy layer and recorded. 

The BAL catheter was sterilized with 2% glutardehyde solution and flushed with distilled water between two 

examinations to avoid cross contamination. Total nucleated cell count was performed to estimate the number of 
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cells with the help of Neubauer’s hemocytometer by using standard cytological criteria as described by Davis and 

Sheats, (2019) which was used to evaluate the chronicity of various lung diseases in horses (Table No.1). BAL 

sample was processed for cytological examination within 24 hours (Hermange et al., 2019) and cytocentrifugation 

was performed in centrifuge machine for 10 minutes at 75-RPM. The pellet was smeared on glass slide and was 

stained with Wright & Giemsa stain for 20 minutes and differential cell count (epithelial cell, lymphocytes, 

macrophages, polymorphonuclear cells (PMN), eosinophils, neutrophils and mast cell) under the 100 X 

microscope was carried out to assess the inflammatory status of lungs. 

Table 1: Cytological criteria (differential cell count) used for grading of various lung diseases (RAO/IAD) in 

horses (Davis and Sheats, 2019) 

Normal Count Mild/ Moderate Neutrophilic Mild/Moderate Mastocytic Mild/Moderate Mixed Severe 

≤6% Neutrophils 7-19% Neutrophils ≥3% Mast Cells 7-19% Neutrophils ≥20% Neutrophils 

≤2% Mast Cells ≤2% Mast Cells ≤6% Neutrophils ≥3% Mast Cells Or 

≤1% Eosinophils    ↑Respiratory Rate/ Effort at Rest 

In addition, bronchoalveolar lavage samples collected from horses for cytological evaluation were subjected for 

microbiological investigation. 

Result and Discussion 

Ten horses aged between 4-8 years underwent for bronchoalveolar lavage cytological (BALF) sampling during the 

winter season to evaluate cytologic lesions associated with chronic lung diseases (RAO or IAD). In present study, 

BAL catheter was found to be easier tool for collection of BAL sample in horses (Sweeney and Beech, 1991 and 

Couroucé-Malblanc et al., 2010) for diagnosis of chronic lung disease. 

In present study, about 50-100 ml volume of BAL samples were collected blindly from level of carina with BAL 

catheter. The recovery of BAL samples may vary i.e., 30 ml (Koterba, 1991); 100 ml (Sweeney and Beech, 1991) 

and 44.0±10.6 ml (Hansen et al., 2019) according to technique used for BAL sampling. Grossly, all BALF 

samples were appeared to be colorless, clear transparent with white foamy layer on the surface i.e., surfactant and 

drawn (Figure 2). Similar observation made by Couetil (2014) and Mair and Rush (2013) and stated that, presence 

of surfactant in BAL sample indicates good sample retrieval. In present study, the mean average recorded values 

from the BALF samples included total nucleated cell count (0.67±0.07 x106/L) (Figure 3), alveolar macrophages 

(31.3±3.84%) (Figure 4), lymphocytes (47.6±5.89%) (Figure 5), neutrophils (8.1±1.66%) (Figure 6), mast cell 

(1.6±0.52%) (Figure 7) and eosinophils (1.6±0.22%) showed reduced cell count might be due decrease in cell 

count in BALF sample after 24 hrs at 40℃. Pickles et al. (2002) reported that, significant decrease in cell viability 

occurs by 24 hrs at 40℃ in BALF sample. 

 
Figure 2: BALF sample showing frothy layer on top 

with few specks. Aliquots collected in EDTA vials 

for cytological examination and plain vials for 

microbiological examination. 

 
Figure 3: Total Nucleated Cell Count of BALF 

obtained from horse 
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Figure 4:  Cytology of BAL from horse showing 

alveolar macrophages(arrow)(Giemsa stain, X100) 

 
Figure 5:  Cytology of BAL from horse showing   

lymphocytes(arrow). (Giemsa stain, X100) 

 
Figure 6: Cytology of BAL from horse showing 

neutrophils(arrow)(Giemsa stain, X100). 

 
Figure 7: Cytology of BAL from horse showing 

mast cell (arrow) (Giemsastain, X100) 

There are many researchers concluded that, >5% eosinophilia was considered for allergic lung disease (Hare and 

Viel, 1998) and > 10% neutrophils, >2% mast cells, >1% eosinophils indicate inflammatory airway disease 

(Richard, 2010). In another study, increase in amount of non-degenerative neutrophils which comprises of 20% 

and 40% of all cells indicates inflammatory airway disease and chronic obstructive pulmonary disease, 

respectively (Siwinska et al., 2019). 

In one horse, BALF sample showed very dense fibrillar mucus indicative of chronic neutrophilic inflammatory 

airway disease (Figure 8) whereas in another sample of BALF showed colonization of bacteria indicative of mixed 

bacterial infection associated with chronic lung disease (Figure 9). The present findings were corroborated with 

Hoffman, (2008) who stated that, presence of dense fibrillar mucus indicates chronic inflammatory airway 

disease.  

 
Figure 8: Cytology of BAL from horse showing very 

densefibrillar mucus indicative of chronic neutrophillic 

inflammatory airway disease.(arrows). (Giemsa stain, 

X100) 

 
Figure 9: Cytology of BAL from horse showing 

presence of bacterial colony arrow)(Giemsa stain, 

X100) 

In another study, counting minimum 200 cells which further were expressed as percentage of total leukocyte count 

(Fraipont et al, 2011) helped for pinpointing airway disease. Out of 10 BALF samples, 4 horses showed E.coli 
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(66.66%) (Figure 10) and each one horse showed Enterobacter spp. (16.67%) and gram negative bacilli organisms 

(16.67%), respectively. In present study, regardless exact mechanism predisposing to bacterial colonization of 

lower respiratory tract, large influx of inflammatory cells causes chronic inflammation of lung and parenchymal 

consolidation indicative of inflammatory airway disease. The 6 BALF antibiotic sensitivity results (Figure 11) 

showed highest sensitivity for Enrofloxacin (100%) followed by ciprofloxacin (75%), Amikacin (75%) and 

Gentamicin (50%) while resistance was reported to amoxicillin clavulanic acid (100%), Cefotaxime (100%), 

Amoxicillin-Sulbactam (100%) and Ceftriaxone tazobactam (100%) followed by Azithromycin (75%), Penicillin 

(75%) and Doxycycline (75%). The present findings of antibiotic sensitivity of nasal and BAL collected from 

horses with lower respiratory lung diseases was in accordance with Muktha et al. (2015) who reported, 66.66% E. 

coli isolates in horses and found that, ciprofloxacin and gentamicin has a highest sensitivity. 

 
Figure 10: E.coli pigmented growth on EMB agar  

Figure 11: Antibiotic sensitivity test by agar disc 

diffusion method showing resistant and sensitive 

zones. 
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Table 2: Total nucleated cell count and differential cell count of BALF collected from horses (n=10) suffering with chronic lung diseases (IAD /&RAO) 

S. 

No. 

Brand No./Name 

of Horse 

Total 

Nucleated Cell 

Count 

(X106/L) 

Differential Cell Count 

Alveolar 

macrophages 

(%) 

Lymphocyt

es (%) 

Neutrophi

ls  (%) 

Eosinophils 

(%) 

Mast 

cells (%) 

Epithelial 

cells 
Bacteria 

Other incidental 

findings 

1 Tag No.12 Very few cells - - - 2 0 Present Present 
Very Dense Fibrillar 

Mucus 

2 New Punjab 0.7 34 61 2 1 2 Present - 
Very Dense Fibrillar 

Mucus 

3 Tag No.107 0.45 36 54 4 2 4 Present Present Cellulose Fibers 

4 Tag No.110 62 32 60 6 1 1 Present Present Cellulose Fibers 

5 Tag No.24 0.95 30 61 7 2 0 Present Present 
Very Dense Fibrillar 

Mucus 

6 Kesar 0.82 24 61 14 1 0 Present Present Cellulose Fibers 

7 Tag No.1 0.55 41 37 16 2 4 Present Present Ciliocytophthoria 

8 Tag No.2 0.96 38 46 11 3 2 Present Present Cellulose Fibers 

9 Tag No.3 0.54 37 50 12 1 0 Present - Cellulose Fibers 

10 Tag No.4 0.42 41 46 9 1 3       

Mean average± SE 0.67±0.07 31.3±3.84 47.6±5.89 8.1±1.66 1.6±0.22 1.6±0.52 Present -  Cellulose Fibers 
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Conclusion 

Bronchoalveolar samples were collected in 10 horses with history of chronic respiratory signs to evaluate 

cytologic lesions in lung diseases. Grossly, about 50-100 ml volume of sample were retrieved and appeared to be 

colorless, transparent with foamy surfactant indicating good sample retrieval. Cytological findings include total 

nucleated cell count (0.67±0.07%), alveolar macrophages (31.3±3.84%), lymphocytes (47.6±5.89%), neutrophils 

(8.1±1.66%), mast cell (1.6±0.52%) and eosinophils (1.6±0.22%). One horse showed very dense fibrillar mucus 

and bacterial colonization suggestive of chronic neutrophilic inflammatory airway disease. 
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