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ABSTRACT 

Although numerous recent studies have explored the cytology of equine asthma, its cytological profile in Arabian 

horses is still insufficiently described. This study compared the differential cell counts in tracheal lavage (TW) and 

bronchial lavage fluid (BALF) samples between healthy and asthmatic Arabian horses in Saudi Arabia. Seventeen 

horses (5 healthy, 12 asthmatic), with an average age of 7 ± 5.5 years, and an average weight of 325 ± 120 kg, 

enrolled in this study to collect and analyze tracheal wash (TW) or bronchoalveolar lavage fluid (BALF) samples. 

The affected horses were taken from the respiratory cases admitted to the veterinary teaching hospital of Faisal 

University, while the healthy horses were taken from the horse research center in Faisal University (Saudi Arabia). 

Differential counts were performed on TW and BALF samples using microscopic examination after staining the 

samples with Diff Quick stain for evaluation of macrophages, lymphocytes, neutrophils, mast cells, eosinophils, and 

epithelial cells. A significant increase in neutrophils was observed in the affected group in both TW and BALF, 

compared to the control group.  In contrast, a marked decrease in the percentage of lymphocytes was observed in 

asthmatic BALF, while macrophage proportions decreased in affected and control groups. TW eosinophils were 

elevated in asthmatic horses compared to healthy horses, though BALF eosinophil counts did not differ between 

healthy and asthmatic horses.  The percentage of epithelial cells was decreased in TW but modestly increased in the 

BALF of asthmatic horses.  No change in the number of mast cells was observed in any of the groups, as it was low. 

These findings confirmed that equine asthma in Arabian horses enrolled in this study is characterized by pronounced 

neutrophilic inflammation with concomitant lymphocytic and macrophagic depletion, particularly in the BALF 

samples.  
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INTRODUCTION  

 

Equine asthma is a common disorder in horses, particularly in dusty and allergen-rich environments (Couetil et al., 2020; 

Diez de Castro and Fernandez-Molina, 2024). Equine asthma is a chronic, non-contagious inflammatory condition 

affecting the lower respiratory tract, impacting horses globally (Hermange et al., 2019; Lendl and Barton, 2024). Equine 

asthma causes a decline in respiratory function, leading to decreased athletic performance, high treatment costs, and the 

progression of many cases to a chronic form requiring ongoing veterinary care (Rossi et al., 2018; Sundman et al., 2020; 

Lendl et al., 2025).  

Since its initial description as equine asthma (Lowell, 1964), it was later referred to as inflammatory airway disease, 

chronic obstructive pulmonary disease, and recurrent obstructive airway disease (Ainsworth et al., 2003; Gehlen et al., 

2008; Couetil et al., 2020). The clinical manifestations of Equine asthma vary, ranging from mild respiratory allergies 

and inflammation to moderate inflammation and typical respiratory symptoms, culminating in severe symptoms 

accompanied by significant respiratory distress and hypoxia, as well as increased inflammation due to infiltration of 

inflammatory cells into the airways, mucus accumulation, and acute airway constriction resulting from contraction of the 

surrounding smooth muscles (Bosshard and Gerber, 2014; Lendl and Barton, 2024; Drespling et al., 2025).  

Despite the clinical significance of this disease and its impact on performance, data detailing the cellular 

characteristics of equine asthma in Arabian horse breeds in Saudi Arabia, including those exposed to various respiratory 

allergens such as sand and date palm pollen, remain relatively scarce (Shawaf, 2019). Early diagnosis of respiratory 

infections is crucial for determining appropriate treatment to prevent disease progression and reduce the chances of 

recovery (Kozłowska et al., 2022). Accurate diagnosis of equine asthma relies on several methods, including clinical 

assessment, endoscopic examination of airway secretions, and cytological analysis of airway samples obtained via 

tracheal wash (TW) or bronchoalveolar lavage fluid (BALF, Wysocka and Kluciński, 2015; Morini et al., 2023; 
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Drespling et al., 2025). Tracheal wash and BALF samples are valuable mirrors of different areas of the airway and can 

be used in combination with other methods, such as radiography or ultrasound, for the diagnosis of lower respiratory 

diseases (Wysocka and Kluciński, 2015; Rossi et al., 2018). Cytological examination of the lower airways is considered 

the gold standard for differentiating inflammatory subtypes and counting cells such as neutrophils, eosinophils, and mast 

cells, which reflect the severity of inflammation (Pickles et al., 2002a; Rossi et al., 2018). Tracheal wash sampling and 

analysis, as a less invasive and cost-effective procedure, complement this important approach to understanding the nature 

and extent of inflammatory changes in the airways of affected horses (Pickles et al., 2002b; Cullimore et al., 2018; 

Jocelyn et al., 2018). Dély et al. (2024) found that cytological examination of TW and BALF samples helps differentiate 

between healthy and asthmatic horses and the severity of the condition based on characteristic changes in the number and 

type of inflammatory cells. Horses with mild to moderate asthma showed an increase in neutrophils and mast cells in 

their BALF compared to healthy horses (Sage et al., 2024; Meiseberg et al., 2025), while in horses with severe asthma, a 

marked increase in neutrophils, often exceeding the established threshold values (≥ 20–25% neutrophils, characteristics 

of BALF cytological analysis), and exceeding 55% in BALF samples from affected horses was observed (Janssen et al., 

2022; Lee et al., 2022).  

Given the varying climatic conditions and diverse respiratory allergens in animals in Saudi Arabia (Shawaf, 2019; 

Shawaf et al., 2021), it is crucial to identify and compare the basic cytological characteristics of healthy and asthmatic 

horses. Therefore, the present study aimed to compare the analysis of TW and BALF cytology in healthy and asthmatic 

horses. 

 

MATERIALS AND METHODS 

 

Ethical approval 

All experimental procedures used in this study, including TW and BALF sample collection, were approved by the 

Ethics Committee at King Faisal University, Saudi Arabia (Permission number KFU-REC / 2025-121). 

 

Animals 

A total of 17 Arabian horses (5 healthy controls and 12 affected with asthma) were included in the cytological 

analysis of TW and bronchoalveolar lavage fluid (BALF) between September 2025 and January 2026. Horses involved 

in this study were (7 stallions and 10 mares) of average aging (7 ± 5.5) and average weight (Kg, 325±120). Horses were 

fed a diet of hay and barley, while their training consisted of daily walking and cantering. The control group was selected 

randomly from animals maintained at the Horse Research Center, King Faisal University, Eastern Province, Saudi 

Arabia. Healthy horses selected based on physical examination (no fever or signs of abnormal respiratory signs like 

cough, nasal discharge, dyspnea, or abnormal lung sounds as well as normal white blood cell counts and biochemistry 

panel; Couetil et al., 2020). Horses with chronic respiratory symptoms were purposively selected from those brought to 

the Veterinary Teaching Hospital, College of Veterinary Medicine, King Faisal University. The horses were selected 

based on case history, clinical respiratory symptoms characteristic of the chronic form of the disease, such as coughing 

for more than three weeks, nasal discharges, abnormal breathing sounds, and the appearance of a heavy line on the 

abdomen (Gehlen et al., 2008). Horses with other diseases were excluded, and only those with chronic respiratory signs 

were included.  

 

Sample collection  

Samples were collected from horses without prior exercise in the standing position following mild sedation with 

Xylazine 2% (Rompun; Bayer Health Care, Germany) intravenously at a dose of 1 mg/kg body weight (Wiederkehr et 

al., 2021). The TW was taken during endoscopy, while BALF was collected immediately after endoscopy (Rossi et al., 

2018). A twitch was used to restrain the horses when needed. A flexible endoscope (EVIS Olympus, OLYMPUS 

AUSTRIA GmbH., Vienna) with a 10 mm diameter and 140 cm long was used in endoscopy and for TW collection. The 

endoscope was passed via the nostril and advanced through to the mid-cervical trachea. 15 mL of sterile saline at room 

temperature was instilled through a plastic catheter (EQUIVET; 2.3 mm × 350 cm, Italy) to dilute mucous fluids and 

make them easier to withdraw. About 10 ml of tracheal fluid was immediately suckled back from the curvature of the 

distal trachea into a syringe. Samples were submitted for laboratory analysis (Veterinary teaching hospital lab, King 

Faisal University, Saudi Arabia) and were processed within 30 min of collection. Bronchoalveolar lavage fluid (BALF) 

collection was performed immediately following TW sampling. To prevent coughing while collecting BALF, 40 mL of 

1% lidocaine (Lidocaine hydrochloride; Hikma, Canada) was infused as local anesthesia into the lower airway walls 

using a BALF catheter (EQUIVET B.A.L. catheter 240 cm, KRUUSE, Denmark, Rossi et al., 2018). The 

bronchoalveolar lavage fluid (BALF) tube was gently but securely wedged, as detected by resistance to further 
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advancement. The cuff was then gently inflated using a 10 ml syringe with 5-10 ml of air. This cuff assures a complete 

wedge to prevent the backflow of infused fluid. Prewarmed (37 
o
C) sterile physiologic saline solution, 0.9% NaCl (300-

350 ml) was administered in one single volume in the distal airways and alveoli, followed by immediate aspiration. 

Syringes with the retrieved about 60% of infused fluid, which were immediately placed on ice and submitted to 

laboratory analysis within 30 min after collection (Shawaf, 2019). 

 

Cytological analysis  

To prepare the samples for differential cell counting, the TW and BALF samples were centrifuged at 1500 rpm for 

15 minutes, and the supernatant was discarded. Smears of the cell precipitate were prepared on glass slides, air-dried, and 

stained with Diff Quick (Hemal Stain Co. Inc., Danbury, USA). Using an oil immersion lens at 1000x magnification and 

a standardized counting protocol (De Brauwer et al., 2002), the percentages of phagocytes, lymphocytes, neutrophils, 

mast cells, eosinophils, and epithelial cells were counted after 400 cells were counted using a microscope (Olympus 

BH2; Olympus Optical, Tokyo, Japan).  

 

Statistical analysis 

Differences between means were analyzed using one-way analysis of variance (ANOVA) with Bonferroni's post-

hoc test for multiple comparisons using GraphPad Prism 7 statistical software. The D'Agostino-Pearson cross-test for 

normality was also used to assess normality. Differential cell counts were expressed as mean percentages ± standard 

deviation (SD) alongside the observed range. Differences between groups were considered statistically significant if the 

P-value was less than 0.05. 

 

RESULTS 

 

Marked differences in cellular profiles were observed both between healthy and asthmatic horses and between sampling 

techniques (TW versus BALF), concerning neutrophil, epithelial cell, macrophage, and lymphocyte distributions.  The 

high percentage of neutrophils in horses with asthma compared to healthy horses in TW and BALF samples is 

considered one of the most important findings of this study. In TW samples, neutrophils constituted (57.29 ± 13.93%) of 

the total cell count in asthmatic horses, whereas healthy horses exhibited considerably lower values (22.11 ± 6.88%) with 

a significant difference (p < 0.05, Table 1 and Figure 3).  

Similarly, in BALF, neutrophil percentages were increased in asthmatic horses (37.29 ± 13.32%) compared to their 

healthy horses (4.55 ± 2.06%) with a significant difference (p < 0.05, Table 1and Figure 4).  In contrast, a decrease in 

macrophage percentages was observed in asthmatic horses in both TW and BALF samples compared to healthy horses. 

In TW, mean macrophage values decreased from 45.44 ± 13.24% in healthy horses to 15.29±7.44% in asthmatic horses 

(p < 0.05; Table 1 and Figure 3). This decline was consistent with BALF samples, where macrophage percentages 

decreased from 40.67 ± 6.01% in healthy animals to 29.57 ± 14.97% in affected horses, where the P value was recorded 

as p < 0.05 (Table 1 and Figure 4). A significant decrease in the percentage of lymphocytes was also observed in affected 

horses, particularly in BALF samples, compared to healthy horses. Healthy horses showed a lymphocyte percentage in 

BALF of 41.33 ± 6.42%, while the asthmatic horses exhibited BALF lymphocyte percentages of only 14.86 ± 6.09% (p 

< 0.05). In TW samples, lymphocyte percentages were also decreased in affected horses (6 ± 3.59%) compared to 

controls (9.44 ± 3.78%; p < 0.05), although this difference was less obvious than in BALF. In TW samples, epithelial 

cells were reduced in affected horses (10.93 ± 6.79%) compared to controls (18.44 ± 7.45%; p < 0.05).  

Conversely, in BALF, epithelial cell percentages were increased in affected horses (10 ± 5.23%) compared to 

healthy horses (6.88 ± 3.22%). Eosinophil percentages were increased in TW samples from affected horses (10.21 ± 

5.24%) compared to healthy controls (3.89 ± 2.42%, p < 0.05). However, BALF eosinophil percentage was nearly 

identical between healthy and affected groups (healthy horses: 6 ± 3.09%; asthmatic horses: 6.5 ± 3.57%, 0-12%) with 

no significant difference. Mast cell percentages recorded low values across both groups in TW and BALF samples (< 

1.1% mean), with no significant differences.  

Comparing the cell composition of TW and BALF in healthy horses revealed high proportions of macrophages, 

neutrophils, and epithelial cells in the tracheal lavage samples, while high proportions of lymphocytes and eosinophils 

were recorded in the alveolar lavage samples (Table 1; Figures 1 and 2). Similarly, affected horses showed higher values 

for neutrophils, eosinophils, and epithelial cells in TW, while elevated levels of phagocytes and lymphocytes were 

observed in BALF samples.  

A notable finding was the absence of a difference in the percentage of epithelial cells among TW and BALF samples 

in affected horses, whereas a significant increase in epithelial cells was observed in TW samples compared to BALF 

samples in healthy horses (Figures 1 and 2). 
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Table 1. The differential cell counts (Mean ± SD) of tracheal wash and bronchoalveolar lavage fluid in healthy and 

asthmatic horses in Saudi Arabia 

Cells 

Tracheal wash (TW) Bronchoalveolar Lavage Fluid (BALF) 

Healthy  

Mean ± SD 

Affected  

Mean ± SD 
P value 

Healthy  

Mean ± SD 

Affected  

Mean ± SD 
P value 

Macrophages (%) 45.44 ± 13.24 15.29 ± 7.44** 0.006 40.67 ± 6.01 29.57 ± 14.97* 0.04 

Lymphocytes (%) 9.44 ±3.78 6 ±3.59* 0.04 41.33 ± 6.42 14.86 ±6.09** 0.009 

Neutrophils (%) 22.11± 6.88 57.29 ± 13.93** 0.008 4.55 ± 2.06 37.29 ± 13.32*** 0.0009 

Mast cells (%) 0.66 ± 1 0.42 ± 0.85 0.071 066 ± 0.71 1.07 ± 1.14 0.065 

Eosinophils (%) 3.89 ± 2.42 10.21 ± 5.24* 0.045 6 ± 3.09 6.5 ± 3.57 0.076 

Epithelial cells (%) 18.44 ± 7.45 10.93 ± 6.79* 0.03 6.88 ± 3.22 10 ± 5.23* 0.45 

SD: Standard deviation; NS, Not significant. *p < .05; **p < .01; ***p < .001. 

 

 

 
 

Figure 2. The differential cell counts (%) of tracheal wash (TW) 

and bronchoalveolar lavage fluid (BALF) from asthmatic horses. 
Mac: Macrophages, Lym: Lymphocytes, Neu: Neutrophils, Mast: Mast 

cells, Eos: Eosinophils, Epith: Epithelial cells, NS: not significant. *p < 

.05; **p < .01. 
 

 

Figure 1. The differential cell counts (%) of tracheal wash (TW) 

and bronchoalveolar lavage fluid (BALF) from healthy horses. 
Mac: Macrophages, Lym: Lymphocytes, Neu: Neutrophils, Mast: Mast 

cells, Eos: Eosinophils, Epith: Epithelial cells, NS: not significant. *p < 

.05; **p < .01; ***p < .001. 

 

 
 

Figure 4. The differential cell counts (%) of bronchoalveolar 

lavage fluid (BALF) from healthy and asthmatic horses. Mac: 

Macrophages, Lym: Lymphocytes, Neu: Neutrophils, Mast: Mast cells, 

Eos: Eosinophils, Epith: Epithelial cells, NS: not significant. *p < .05; 

**p < .01; ***p < .001.  

Figure 3. The differential cell counts (%) of tracheal wash (TW) 

from healthy and asthmatic horses. Mac: Macrophages, Lym: 

Lymphocytes, Neu: Neutrophils, Mast: Mast cells, Eos: Eosinophils, 

Epith: Epithelial cells, NS: not significant. *p < .05; **p < .01.  
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DISCUSSION 

 

The results in this study showed similar values for differential cell counts in tracheal wash (TW) and bronchoalveolar 

lavage (BALF) of Arabian horses, with differences in some cells, which may be due to different allergens and diseases in 

dry and desert environments (Shawaf et al., 2021). Similar values for neutrophils were shown, which are very important 

in differentiating between healthy and affected horses that need treatment (Sage et al., 2020). However, the most 

significant finding in the present study was a marked increase in the number of neutrophils in both TW and BALF in 

asthmatic horses, exceeding the percentages established for healthy horses and equine asthma cases in previous studies 

(Rossi et al., 2018; Couetil et al., 2020).  

A significant increase in neutrophil infiltration was observed in the tracheal space (57.29%) compared to the 

alveolar space (37.29%). These findings were previously documented by Rossi et al. (2018), who noted that the 

neutrophil count in tracheal fluid often exceeds that in TW from both healthy and asthmatic horses. A higher percentage 

of neutrophils could be attributed to the extrusive migration of neutrophils from distant sites of inflammation towards the 

trachea (Lendl et al., 2025) or to longer duration of neutrophil placement in the tracheal lumen (Uberti and Morán, 

2018). The increased number of neutrophils in TW compared to BALF could also be explained by the persistent 

contamination resulting from the trachea's proximity to the pharynx, which serves as a food passageway (Shawaf et al., 

2021).  

It is important to note that findings in the current study that the mean neutrophil percentage in the BALF of 

asthmatic cohort (37.29%) significantly exceeded the diagnostic threshold of 10% for mild to moderate asthma and 

approached the 25% threshold typically cited for severe asthma (Janssen et al., 2022; Lee et al., 2022), suggesting that 

the affected horses included in this study predominantly represented moderate to severe cases. The concurrent decrease 

in the lymphocyte percentage in the BALF from 41.33% in healthy horses to 14.86% asthmatic horses indicates a 

marked increase in neutrophils, which affected the percentage of lymphocytes (Davis et al., 2019). This finding is 

consistent with that of Sage et al. (2024), who recently demonstrated, using single-cell transcription analysis, that severe 

equine asthma is characterized not only by a marked increase in neutrophils but also by a T-cell immune response that 

subsequently leads to a quantitative decrease in total lymphocyte recovery (Kang et al., 2022; Morini et al., 2023). 

Meiseberg et al. (2025) reported previously that the reason for the sharp decline in lymphocyte count in severe asthma 

may be due to lymphocyte death within the inflammatory microenvironment. In the present study, the percentage of 

macrophages decreased significantly in both TW and BALF of asthmatic horses, with the greatest decrease occurring in 

the TW. This decrease is likely attributable to the relative dilution effect of neutrophil infiltration, which was markedly 

elevated, consistent with the documented impaired phagocytic function of airway phagocytic cells in asthmatic horses 

(Hansen et al., 2020b; Wilson et al., 2020). The wide variation in macrophage percentages observed in the BALF of 

asthmatic horses may be attributed to differences in the type and stage of airway inflammation, leading to heterogeneity 

in the inflammatory phenotype (Lendl and Barton, 2024). The pattern of epithelial cell percentage changes in both TW 

and BALF in this study warrants particular attention. The reduced number of epithelial cells in TW of asthmatic horses 

may reflect ongoing debridement and regeneration of the epithelium due to chronic inflammation, a process previously 

described in acute equine asthma (Bosshard and Gerber, 2014). Alternatively, the reduction of epithelial cells in TW in 

affected horses may represent a relative attenuation of the high proportion of inflammatory cells, as noted in previous 

studies (Kang et al., 2022). Conversely, the slightly increased number of epithelial cells in BALF in asthmatic horses 

(from 6.88% to 10.00%) is surprising, but consistent with the findings reported previously (Drespling et al. 2025).  

They hypothesized that the use of a plastic catheter for sampling, together with its potentially traumatic effect on the 

airway mucosa, could contribute to epithelial damage. This effect may be exacerbated by bronchial hyperresponsiveness 

and airway constriction during bronchoalveolar lavage catheter insertion in inflamed lungs. Consequently, increased 

epithelial disruption may occur, leading to the shedding and aspiration of epithelial cells into the cytological sample 

(Pickles et al., 2002a; Wysocka and Kluciński, 2015).  

A marked increase in eosinophils was observed in the TW of asthmatic horses, while eosinophil counts in BALF 

remained similar between the two groups. This difference between TW and BALF samples from affected horses 

suggested that eosinophilic inflammation may be primarily concentrated in the large conducting airways rather than in 

the alveolar interstitial tissue (Couetil et al., 2020). The result of eosinophil counts in the current study supports the 

concept of individual phenotypic variability in equine asthma and the multi-factorial nature of equine asthma, as a subset 

of affected horses exhibit mixed granulomatous inflammation (Wysocka and Klucinski, 2015; Couetil et al., 2020). The 

lower values of eosinophils in BALF in affected horses in the present study differ from some European studies that have 

indicated eosinophil-predominant patterns of equine asthma (Hermange et al., 2019; Rasmussen et al., 2024), which may 

reflect differences related to geographical location, weather conditions, and asthma-associated allergens (Couetil et al., 

2020).  
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The arid, sandy desert environment of Saudi Arabia, with its prevalence of date palm pollen and desert dust rather 

than mold spores and other pollen types common in temperate climates, may stimulate neutrophilic rather than 

eosinophilic airway responses (Shawaf, 2019). Mast cell proportions in the present study remained uniformly low in both 

TW and BALF from healthy and diseased animals. The absence of significant differences in mast cell counts between 

healthy and asthmatic horses may be attributed to the predominantly neutrophilic nature of inflammation in the affected 

animals. This type of inflammatory response is not typically associated with marked mast cell proliferation on the airway 

surfaces, as previously reported (Hansen et al., 2020a). Furthermore, the Diff-Quik staining method used may not be 

sufficient for staining mast cells (Pickles et al., 2002b).  

 

CONCLUSION  

 

The proportion of cellular changes in TW and BALF samples in asthmatic Arabian horses is similar to those studied in 

other breeds. TW and BALF analysis in this study also indicate some cytological differences from previous studies, 

which may be attributed to allergens and diseases in arid and desert environments. Further research is needed to study a 

larger sample size than this study and to investigate the impact of weather and seasons on the cellular composition of the 

airways in Arabian horses. 
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