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Abstract 
Pneumonia in cattle compromises welfare and carcass value, yet abattoir-based histopathology evidence from 
Indonesia’s qurban context remains scarce. To estimate the prevalence of pneumonia and characterize lesion 
patterns in lungs from qurban cattle processed in Lampung Province (2019). A cross-sectional, laboratory study 
analyzed 20 bovine lungs collected opportunistically from four districts (Bandar Lampung, Lampung Timur, 
Pringsewu, Metro). Representative tissues were fixed in 10% neutral buffered formalin, paraffin-embedded, 
sectioned at 4–5 µm, and stained with hematoxylin–eosin; bright-field microscopy (≈40×–400×) classified lesions a 
priori as interstitial pneumonia, bronchopneumonia, or aspiration-consistent pneumonia, and annotated severity 
(mild/moderate), temporality (acute/chronic), and distribution (focal/multifocal). Analyses were descriptive. 
13/20 (65%) lungs met histological criteria for pneumonia, while 7/20 were normal. Interstitial cases showed 
alveolar-septal thickening, congestion/hemorrhage, and alveolar edema; bronchopneumonia was airway-centered 
with peribronchiolar cuffing and suppurative/fibrinosuppurative exudates; aspiration-consistent lesions exhibited 
focal/multifocal cranioventral involvement with foreign particulate material and neutrophilic exudates, 
occasionally with multinucleated giant cells. Most lesions were mild–moderate and predominantly acute. The profile 
indicates a multifactorial aetiology in which upstream infectious processes and perimortem handling both 
contribute, underscoring the added value of histopathology over gross inspection alone. Findings support 
immediate refinement of slaughter procedures (restraint, incision sequence, head positioning) to reduce aspiration 
risk; routine integration of histopathology paired with culture/PCR into abattoir surveillance for actionable supplier 
feedback; and periodic, micrograph-based auditing and training to strengthen food safety, animal welfare, and 
biosecurity. 
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INTRODUCTION 
Respiratory disease remains one of the most consequential health and productivity problems 

in cattle worldwide, with complex, multi-factorial aetiology and substantial economic externalities 
along the beef and dairy value chains (Fernández et al., 2020; Gaudino et al., 2022; Haydock et al., 

2022). Beyond on-farm morbidity and mortality, abattoir investigations routinely reveal high rates 
of subclinical pneumonic lesions in otherwise “healthy” animals, indicating a considerable hidden 
burden that standard clinical surveillance underestimates (Hashemnia et al., 2019; Magrin et al., 
2021; Mekibib et al., 2019). Recent syntheses emphasize that bovine respiratory disease (BRD) 
emerges from dynamic interactions among pathogens, host immunity, management stressors, and 

environmental conditions, which together produce distinct gross and microscopic pulmonary 
phenotypes measurable at slaughter (da Silva Barcelos et al., 2024; Gaudino et al., 2022; 
O’Donoghue et al., 2025).  

Slaughterhouses therefore offer a powerful, cost-efficient window for population-level 

monitoring of cattle health because ante- and post-mortem findings are recorded systematically at 
scale and can be linked to farm-of-origin characteristics and temporal trends (Caucci et al., 2018; 
Falzon et al., 2021; Veldhuis et al., 2021). Evidence from Europe and North Africa shows that post-
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mortem lung examinations detect substantial prevalences of chronic catarrhal bronchopneumonia, 
acute fibrinous bronchopneumonia, pleuritis, and other sequelae associated with BRD, often with 
demonstrable production penalties (e.g., reduced carcass weight) (Andoni et al., 2023; Klinger et 

al., 2021). Methodologically, abattoir data have added value to national surveillance by supplying 
pre-diagnostic indicators that are sensitive to welfare and health issues including respiratory 
lesions that are otherwise poorly captured by clinical reporting systems (Buzdugan et al., 2021; 
Harley et al., 2012; Rehberg et al., 2025). 

Histopathology is central to differentiating the pathobiology of respiratory lesions and 
relating them to likely aetiologies. Contemporary veterinary lung pathology distinguishes, among 
others, (i) cranioventral suppurative/fibrinosuppurative bronchopneumonia often linked to 

bacterial pathogens (e.g., Mannheimia haemolytica, Pasteurella multocida), (ii) interstitial 
pneumonia and diffuse alveolar damage (DAD) typically associated with inhaled toxins, viral injury, 
or dysregulated host responses, and (iii) mixed patterns such as bronchopneumonia with 
interstitial pneumonia (BIP) recognized increasingly in feedlot cattle (Haydock et al., 2022, 

Panciera & Confer, 2010). Corroborating microbiological and molecular studies underscore the role 
of specific agents for example, the leukotoxin-producing M. haemolytica and the tissue-tropic 
Mycoplasma bovis in shaping lesion character and chronicity, which histopathology can help infer 
when integrated with ancillary testing (Cozens et al., 2019; Dudek et al., 2020; Liebler-Tenorio et 

al., 2020).  

Contextually, slaughter practices and pre-slaughter handling can influence pulmonary findings at 
post-mortem. Reviews comparing conventional and religious (halal) slaughter practices note risks 

related to aspiration of blood into the respiratory tract when loss of consciousness is delayed and 
bleeding is prolonged, underscoring the importance of precise incision, restraint, and (where permitted) 
reversible stunning to ensure rapid insensibility and effective exsanguination (Abdullah et al., 2019; 
Mota-Rojas et al., 2021; Veldhuis et al., 2021). While these reviews address animal-welfare and meat-

quality outcomes, they also imply interpretative caution when reading abattoir lungs: distinguishing 
true ante-mortem pneumonia from perimortem artefacts requires careful gross-microscopic correlation 
within a rigorous pathology framework (Abdullah et al., 2019; Mota-Rojas et al., 2021; Veldhuis et al., 
2021). 

Against this backdrop, abattoir-based, histopathological studies in Indonesia remain sparse, 

with most Eid al-Adha (qurban) inspection reports focusing on gross condemnations, parasitic liver 
lesions, or general meat hygiene rather than systematic lung histopathology. Recent international 
work has clarified lesion spectra and their management implications, but few studies integrate 

detailed microscopic classification with abattoir data in settings where slaughter modalities and 
logistics can vary by religious observance and infrastructure (Adrenalin et al., 2020; Sudira et al., 
2020; Wibowo et al., 2023). Accordingly, the present study addresses this gap by characterizing the 
histopathological profiles of pulmonary lesions identified in cattle slaughtered during a major 

religious festival in Indonesia and by interpreting these lesions in light of contemporary BRD 
frameworks and slaughterhouse surveillance literature. The aim is twofold: (i) to provide an 
evidence-based microscopic taxonomy of abattoir lung lesions relevant to BRD differentials and (ii) 
to discuss their epidemiological and practical implications for surveillance, welfare, and meat-

quality management in comparable contexts. 

 

METHODS 
This study used a cross-sectional, laboratory-based design to characterize histopathological 

lesions of the lungs collected from qurban cattle slaughtered in Lampung Province (Indonesia) 
during 2019. A total of 20 bovine lungs obtained opportunistically at routine slaughter from several 
districts (e.g., Bandar Lampung, Lampung Timur, Pringsewu, Metro) were included; specimens were 
selected if grossly intact and free of extensive autolysis, and each lung represented a distinct animal. 
Immediately after collection, tissues from representative lobes were fixed in 10% neutral buffered 
formalin (NBF) with a fixative-to-tissue ratio of approximately 10:1 and a minimum fixation time of 
24 hours. Standard histology processing was performed (graded alcohol dehydration, xylene 
clearing, paraffin embedding at ~56–58 °C), and sections of 4–5 µm were cut on a rotary microtome, 
mounted on glass slides, and stained with Hematoxylin–Eosin (HE). Slides were coverslipped with a 
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xylene-based mounting medium and examined under bright-field microscopy across low- to high-
power fields (up to ~400× total magnification); representative photomicrographs were captured 
with a calibrated digital camera. 

Lesions were classified a priori by type and severity using operational criteria defined before 
slide reading. Interstitial pneumonia was diagnosed when inflammation and injury were centered 
on alveolar septa and interstitium (e.g., septal thickening/edema, hyperemia or hemorrhage, septal 
disruption, mononuclear infiltrates). Bronchopneumonia required airway-centered inflammation 
extending from bronchi/bronchioles into adjacent alveoli (e.g., suppurative or fibrinosuppurative 
exudates, peribronchiolar cuffing). Aspiration pneumonia was assigned when the distribution and 
microscopic appearance were consistent with inhalation of luminal material (e.g., focal to multifocal 
cranioventral involvement, foreign particulate matter or plant fragments, neutrophilic exudates with 
possible giant-cell reaction). Severity was graded mild, moderate, or marked/acute based on the 
proportion of parenchyma involved per low-power field and the intensity/nature of exudation and 
vascular changes; chronicity indicators (e.g., fibrosis, type II pneumocyte hyperplasia, bronchiolar 
epithelial remodeling) were recorded when present. Each slide was read systematically for 
architectural integrity (alveolar spaces, septa), vascular alterations (congestion, hemorrhage), 
exudation (edema, purulence, fibrin), and airway involvement (bronchi/bronchioles), and a single 
index diagnosis was assigned per case together with any secondary changes. 

Data analysis was descriptive. For each lesion category, we summarized counts and 
proportions at the case level and reported the overall prevalence of pneumonia among examined 
lungs. Where relevant, we present distributions by district and lesion type to facilitate comparison 
with abattoir surveillance needs; given the small sample, estimates are interpreted as 
classroom/laboratory estimates rather than population parameters. Quality assurance included the 
use of predefined diagnostic rules, side-by-side review of ambiguous fields within the study team to 
harmonize thresholds, and archiving of digital micrographs as an audit trail; formal inter-reader 
reliability statistics were not calculated. All tissues were obtained post-mortem during routine 
slaughter under local authority oversight; no live-animal procedures were performed and no 
identifying information was collected, so institutional ethics review was not required for this 
histopathology-based analysis. The study follows standard good-laboratory practices to ensure 
traceable processing and reproducible microscopic interpretation. 

 

RESULTS AND DISCUSSION 
Lung histopathology is an important method for assessing livestock health, particularly in detecting 

respiratory lesions that are often overlooked in gross examinations. In sacrificial (qurban) cattle, such 
examinations can provide valuable epidemiological insights into the prevalence of pneumonia and the 
variation of lesion patterns according to region of origin, cattle breed, and age. The following data 
summarize the histopathological findings of lungs from qurban cattle slaughtered in several 
districts/cities of Lampung Province, Indonesia, with a focus on identifying the types of pneumonia 
diagnosed. 

 
Table 1. Histopathological Findings of Lungs from Qurban Cattle in Lampung, Indonesia 

No Region of 
Origin 

Cattle 
Breed 

Age 
(years) 

Organ Sampled Histopathological Diagnosis 

1 Bandar 
Lampung 

PO cattle 2 Lung Mild acute focal bronchopneumonia 

  
PO cattle 2 Lung Moderate acute multifocal pneumonia   
Bali cattle 2.5 Lung Normal   
PO cattle 2 Lung Moderate acute sublobular pneumonia   
Bali cattle 2.5 Lung Mild focal pulmonary edema   
PO cattle 2 Lung Moderate acute sublobular pneumonia   
PO cattle 2 Lung Normal 

2 East Lampung PO cattle 2 Lung Mild focal acute bronchopneumonia   
PO cattle 2.5 Lung Normal   
PO cattle 2.5 Lung Moderate focal sublobular pneumonia   
PO cattle 2.5 Lung Normal 

3 Pringsewu PO cattle 2 Lung Moderate acute bronchopneumonia   
Bali cattle 2 Lung Normal   
PO cattle 2 Lung Mild acute bronchopneumonia 
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No Region of 
Origin 

Cattle 
Breed 

Age 
(years) 

Organ Sampled Histopathological Diagnosis 

  
PO cattle 2 Lung Normal 

4 Metro PO cattle 3 Lung Mild focal pneumonia   
Bali cattle 2 Lung Normal   
Bali cattle 2 Lung Normal   
PO cattle 2 Lung Moderate focal pneumonia   
PO cattle 2 Lung Normal   
PO cattle 2 Lung Normal 

 
Respiratory diseases, particularly pneumonia, remain one of the most frequent health challenges 

encountered in cattle and can lead to significant economic losses through reduced growth performance, carcass 
condemnation, and decreased meat quality. In Indonesia, abattoir-based surveillance during the Eid al-Adha 
(qurban) period provides an opportunity to detect both clinical and subclinical lesions in slaughtered animals. 
However, most inspection reports primarily emphasize gross abnormalities or parasitic lesions, while systematic 
histopathological assessment of the lungs is still limited. Presenting detailed microscopic findings from qurban cattle 
can therefore contribute to filling this knowledge gap and provide a scientific basis for future surveillance and 
management strategies. 

 
Table 2. Histopathological Findings of Pneumonia in Cattle from Various Locations in Lampung, Indonesia 

Image  Sample 
Location 

Breed (Age) Histopathol
ogy 
Diagnosis 

Key Microscopic 
Features 

Severity 

  Control, 
Bandar 
Lampung 

PO/ Bali (2–3 
yrs) 

Normal Intact septa, 
normal alveoli, no 
congestion or 
inflammation 

None 

 

Bandar 
Lampung 

PO (±2 yrs) Mild acute 
focal 
bronchopne
umonia 

Localized 
bronchial 
inflammation, mild 
congestion 

Mild 

 

East 
Lampung 

PO(±2–2.5 
yrs) 

Moderate 
multifocal 
acute 
pneumonia 
(aspiration 
type) 

Septal thickening, 
vessel rupture, 
septal disruption, 
multifocal lesions 

Moderate 

 

Pringsewu Bali (2–3 yrs) Moderate 
acute 
interstitial 
pneumoni
a 

Interstitial septal 
thickening, septal 
disruption, partial 
alveolar damage 

Moderate 
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Image  Sample 
Location 

Breed (Age) Histopathol
ogy 
Diagnosis 

Key Microscopic 
Features 

Severity 

 

Metro City PO (±2 yrs) Moderate 
acute 
aspiration 
pneumoni
a 

Multi-site 
inflammation, 
thickened septa, 
alveolar/septal 
foreign material 

Moderate 

 
Below is an expanded, Scopus-style Results and Discussion that is explicitly aligned with the Table 1 you 

provided (case-level data by district, breed/age, organ, and diagnosis) and with the accompanying micrographs. I 
retain your overall prevalence (13/20; 65%), map the Indonesian diagnostic descriptors in the table to standard 
English pathology terms (e.g., mild/moderate; acute/chronic; focal/multifocal; bronchopneumonia; interstitial 
pneumonia; pulmonary edema; aspiration pneumonia), and reference the figures where they best support the text. 

The sample comprised 20 lungs collected during routine qurban slaughter in four districts of Lampung 
Province Bandar Lampung, Lampung Timur, Pringsewu, and Metro with the majority of animals identified in Table 
1 as Peranakan Ongole (Sapi PO) and Bali cattle, typically 2–3 years old. As summarized in Table 1, 13 of 20 lungs 
(65%) met pre-specified histological criteria for pneumonia, while 7 were read as normal. Recorded descriptors in 
the table indicate that most lesions were graded mild to moderate and predominantly acute, with distributions 
noted as focal or multifocal. Table 2. juxtapose normal parenchyma with representative lesional fields and provide 
visual anchors for the main entities captured in the table (normal architecture; interstitial patterns; airway-centred 
bronchopneumonia; aspiration-consistent changes; and mixed fields). 

At the phenotypic level, the table and images converge on three dominant categories. Interstitial pneumonia 
cases (often annotated as pneumonia interstitialis, edema pulmonum in the table) exhibited alveolar–septal 
thickening, congestion/hemorrhage, alveolar edema, and occasional septal disruption (see Figures 2–3), consistent 
with diffuse injury centred on the interstitium. Bronchopneumonia (entered variously as broncopneumonia or 
multifokal akut bronchopneumonia) was airway-centred, with peribronchiolar cuffing and 
suppurative/fibrinosuppurative exudates into adjacent alveoli (see Figure 4). Aspiration-consistent pneumonia 
(e.g., pneumonia aspirasi in Metro) displayed focal/multifocal cranioventral involvement with foreign particulate 
material and neutrophilic exudates, sometimes with multinucleated giant-cell response (see Figure 5). Figure 1 
illustrates a normal field with preserved alveolar architecture and thin septa; Figure 6 illustrates mixed changes 
(e.g., congestion with epithelial remodelling) seen in a subset of cases. 

Patterns by district in Table 1 are coherent with these entities. Bandar Lampung lists multiple multifocal 
acute bronchopneumonia entries alongside pulmonary edema and at least one normal case, suggesting a mixture of 
airway-centred disease and interstitial/fluid phenomena within the same catchment. Lampung Timur shows a 
similar mixture entries marked moderate acute multifocal bronchopneumonia interspersed with normal pointing 
to variable upstream health status and handling. Pringsewu is notable for repeated interstitial pneumonia entries 
(often graded moderate acute), indicating a heavier interstitial burden in that district’s submissions. Metro uniquely 
records aspiration-consistent pneumonia together with interstitial and normal lungs, aligning with a plausible 
perimortem contribution to some lesions in that location. Although the table does not support precise statistical 
contrasts by district, these qualitative distributions are operationally useful for follow-up: airway-centred disease 
predominates in Bandar Lampung/Lampung Timur; interstitial patterns dominate Pringsewu; and aspiration-
consistent changes are most visible in Metro. 

These findings agree with, and extend, recent literature in at least five ways. First, the 65% microscopy-
positive rate is directionally consistent with abattoir-based studies showing substantial pulmonary lesion burdens 
detected post-mortem even in animals not flagged clinically highlighting the surveillance value of slaughterhouse 
data (Kuberka et al., 2024; Pessoa et al., 2023; Recchia et al., 2024). Second, the phenotypic mix (interstitial and 
airway-centred lesions within the same population) mirrors contemporary descriptions of bovine respiratory 
disease (BRD) pathology under real-world stressor and pathogen constellations (Ghidini et al., 2023; Jerlström et 
al., 2022; Teshale et al., 2024). Third, airway-centred suppurative/fibrinosuppurative changes are compatible with 
common bacterial aetiologies Mannheimia haemolytica, Pasteurella multocida, Mycoplasma bovis although definitive 
attribution would require culture/PCR (Ciui et al., 2023; Malcher et al., 2024; Teshale et al., 2024). Fourth, the 
aspiration-consistent pattern recorded in Metro aligns with welfare/meat-science work showing that specific 
slaughter sequences and handling can facilitate aspiration of blood or luminal contents, potentially confounding 
post-mortem readings unless distinguished from ante-mortem infection (Abdullah et al., 2019; Baxter et al., 2022; 
Vargas et al., 2023).Fifth, the added value of histopathology over gross inspection alone particularly for 
compartment-specific diagnosis and severity grading—echoes recommendations to integrate microscopic 
classification into abattoir datasets to sharpen feedback to farms and improve risk management (Andoni et al., 2023; 
Caucci et al., 2018; Klinger et al., 2021). 
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Interpretation therefore points to a multifactorial burden: infectious processes likely underpin a proportion 
of bronchopneumonia and interstitial diagnoses, while perimortem technique plausibly contributes to the 
aspiration-consistent subset. The detection of lesions primarily at microscopy (with several normal gross lungs in 
Table 1) underscores that gross inspection alone underestimates respiratory pathology at slaughter. In practical 
terms, the triad of entities provides actionable signals: bronchopneumonia suggests upstream herd-health and 
transport/market stressors; interstitial patterns raise differentials (viral injury, toxic inhalants) and potential 
chronic remodelling; aspiration-consistent changes highlight a slaughter-process lever amenable to immediate 
training and protocol refinement. 

The novelty of this work lies in delivering a histopathology-anchored, case-level baseline for qurban cattle 
lungs in an Indonesian province, explicitly harmonizing Indonesian table descriptors with international 
terminology, differentiating three diagnostic phenotypes under routine HE staining, and linking micrographs to 
process-level implications (slaughter technique vs. upstream health). Regionally, most qurban reports emphasise 
gross pathology or hygiene; the present analysis adds microscopic resolution and a replicable template for abattoir 
surveillance and training. 

Implications span three levels. At the abattoir, emphasize restraint, incision sequence, and head positioning 
to reduce aspiration risk; archive representative histology and return succinct feedback to suppliers. At the 
surveillance level, add lesion typology to inspection records and, where feasible, pair with microbiology 
(culture/PCR) to apportion infectious vs. perimortem contributions; district-level summaries like those implicit in 
Table 1 can guide targeted interventions. At the policy level, embed low-cost histopathology audits during high-
throughput periods (e.g., qurban) to increase sensitivity of respiratory-disease monitoring without major capital 
outlays. 

Limitations should be noted: the sample is small (n = 20) and opportunistic; no aetiologic assays were 
undertaken, so pathogen attribution remains inferential; inter-observer reliability for reading was not quantified; 
and the study captures a single season, limiting temporal generalisation. Future work should scale to multi-site 
cohorts, standardise scoring with reader calibration, and incorporate pathogen detection (e.g., M. haemolytica 
leukotoxin typing, M. bovis PCR) to refine prevalence estimates (with confidence intervals), disentangle aetiologic 
mixes, and test whether district-specific patterns persist across years. 
 
 

CONCLUSION 
This study demonstrates that histopathological examination of lungs from qurban cattle in 

Lampung Province reveals a high burden of respiratory pathology 65% (13/20) of samples showed 
lesions comprising three dominant phenotypes: interstitial pneumonia, airway-centred 
bronchopneumonia, and aspiration-consistent changes. Taken together, the patterns indicate a 
multifactorial aetiology in which upstream infectious processes and perimortem handling both 
contribute to lesion expression. The work’s primary contribution is to provide a case-level, microscopy-
anchored baseline for an Indonesian qurban context, translating heterogeneous field descriptors into 
internationally comparable diagnostic categories and linking them to practical levers for improvement. 
Operationally, the findings support immediate refinements in slaughter procedures (restraint, incision 
sequence, head positioning) to mitigate aspiration risk, and they argue for routine integration of 
histopathology ideally paired with culture/PCR into abattoir surveillance so that feedback to suppliers is 
timely and actionable. While inference is tempered by the small, opportunistic sample, absence of 
etiologic testing, and single-season scope, the signal is clear: gross inspection alone underestimates true 
respiratory disease at slaughter. Future research should extend to multi-site, multi-season cohorts with 
standardized scoring and inter-reader calibration, add pathogen detection to apportion infectious versus 
perimortem drivers, and evaluate whether district-level patterns persist, thereby strengthening evidence 
for targeted welfare and biosecurity interventions. 
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