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Simple Summary

Animals slaughtered at abattoirs sometimes have parts of their meat rejected because of disease,
leading to economic losses and potential risks to public health. However, little is known about how
these condemnations vary over time, between animal species, and by disease in northern Nigeria.
This study analysed six months of abattoir records from Sokoto State to measure how often meat was
condemned and to identify the main causes. The results showed that condemnation rates differed
widely between species, with camels most affected, and that certain diseases were responsible for
most losses. The findings demonstrate how routine abattoir data can be used to monitor animal health
and detect priority diseases. This information can help improve disease control, strengthen
surveillance systems, and support safer meat production for both farmers and consumers.

Abstract

Meat condemnation at slaughterhouses reflects the burden of animal diseases, economic losses, and
potential public health risks. In northern Nigeria, however, longitudinal and model-based
assessments of condemnation patterns using routine abattoir data remain limited. To quantify
species- and disease-specific meat condemnation rates, assess temporal trends, and identify factors
associated with condemnation at the Sokoto State Main Abattoir. A retrospective longitudinal study
was conducted using abattoir meat inspection records from January to June 2025. Condemnation
rates per 1,000 animals slaughtered were calculated by species, disease category, and month.
Temporal trends and associated factors were evaluated using negative binomial regression with an
offset for slaughter volume. Model adequacy was assessed through dispersion diagnostics,
multicollinearity checks, residual analyses, sensitivity analyses, and predictive calibration using
observed versus model-predicted rates. A total of 317,685 animals were slaughtered during the study
period, with 1,628 condemnation cases, corresponding to an overall condemnation rate of 5.12 per
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1,000 animals (95% CI: 4.88-5.38). Condemnation rates varied markedly by species, with camels
exhibiting the highest rates (27.4 per 1,000), followed by cattle, sheep, and goats. Disease-specific
analyses identified contagious bovine pleuropneumonia, fascioliasis, hydatidosis, and tuberculosis
as major contributors to condemnation. Temporal patterns demonstrated non-linear monthly
variation, with elevated rates in mid-study months. The final negative binomial model showed good
calibration, with close agreement between observed and predicted rates across species and diseases.
Meat condemnation at the Sokoto State abattoir demonstrates substantial heterogeneity by species,
disease, and time. Priority conditions such as CBPP, fascioliasis, hydatidosis, and tuberculosis-like
lesions warrant targeted control efforts. These findings reinforce the value of routinely collected
abattoir data as a practical and robust component of animal health surveillance in resource-limited
settings.

Keywords: meat inspection; abattoir surveillance; condemnation rates; negative binomial regression;
Nigeria

1. Introduction

Abattoirs occupy a strategic position at the interface between animal health, food safety, and
public health, serving not only as points of meat production but also as sentinel surveillance sites for
livestock diseases of economic and zoonotic importance. Routine ante- and post-mortem inspections
conducted at slaughterhouses provide a unique opportunity to detect pathological conditions that
may otherwise remain unreported at farm level, particularly in settings where access to veterinary
services and laboratory diagnostics is limited [1-3]. Meat condemnation, whether partial or total,
represents the visible outcome of disease processes severe enough to compromise food safety or
carcass wholesomeness. Beyond its immediate role in protecting consumers, condemnation carries
substantial economic implications, including direct losses to livestock owners, traders, and
processors, as well as indirect losses arising from reduced market confidence and inefficiencies in
livestock value chains [4-9]. From a public health perspective, condemned organs and carcasses often
signal the presence of priority zoonoses such as bovine tuberculosis and cystic echinococcosis,
reinforcing the importance of abattoir data for One Health surveillance [10-13].

In low- and middle-income countries (LMICs), where formal disease reporting systems are
frequently under-resourced, abattoir records may constitute one of the most consistent and scalable
sources of animal health information. However, the epidemiological value of such data depends
critically on appropriate analytical approaches that account for heterogeneous slaughter volumes,
sparse disease counts, and temporal variability, features that are often overlooked in descriptive-only
studies [14-16].

A growing body of literature from Nigeria and other parts of sub-Saharan Africa documents the
burden and causes of meat and organ condemnation in slaughtered livestock. Nigerian studies have
consistently identified parasitic infections (e.g. fascioliasis, hydatidosis, cysticercosis), respiratory
disease complexes (notably contagious bovine pleuropneumonia [CBPP] and contagious caprine
pleuropneumonia [CCPP]), and tuberculosis-like lesions as leading causes of condemnation across
cattle, sheep, goats, and camels [17-21].

Several investigations have highlighted the economic consequences of condemnation,
demonstrating substantial financial losses to producers and traders through liver, lung, and whole-
carcass rejection [17,22-24]. Studies from different ecological zones, including North-Central, North-
West, and North-East Nigeria, further indicate that condemnation patterns may vary by season,
species composition, and slaughter practices [25-27]. Comparable findings have been reported
elsewhere in sub-Saharan Africa, including Ethiopia and Ghana, underscoring the regional relevance
of abattoir-based condemnation data [28,29].

Despite these contributions, important methodological gaps remain. Many existing studies are
cross-sectional or limited to short time windows, rely primarily on crude counts rather than rates,
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and do not explicitly account for variability in slaughter volume or overdispersion in condemnation
data. In addition, formal regression modelling, diagnostic assessment, and evaluation of model
robustness are rarely applied, limiting the inferential strength and policy relevance of findings
derived from routine abattoir records [2,30,31].

Sokoto State represents one of Nigeria’s most important livestock production and trade hubs,
strategically located within the semi-arid Sahelian zone and serving as a major corridor for
transboundary animal movement from neighbouring countries. The Sokoto State Main Abattoir
processes large numbers of cattle, sheep, goats, and camels sourced from diverse production systems,
making it an ideal setting for examining species-specific and disease-specific condemnation patterns
[32,33]. Given the scale and diversity of slaughter operations in Sokoto, a longitudinal and model-
based analysis of condemnation data has the potential to generate insights that extend beyond simple
descriptive summaries. By explicitly modelling condemnation counts as rates, adjusted for slaughter
volume, and by evaluating temporal trends and disease effects within a unified statistical framework,
this study seeks to address key limitations of earlier work and enhance the epidemiological utility of
abattoir records for surveillance and decision-making. The primary objective of this study was to
estimate species-specific and disease-specific meat condemnation rates over time at the Sokoto State
Main Abattoir between January and June 2025. Assess temporal trends in condemnation rates across
species and disease categories. Identify factors associated with condemnation using regression
modelling that accounts for variable slaughter volumes and overdispersion.

2. Materials and Methods

2.1. Ethical Approval

Prior to the commencement of data collection, ethical approval and permission were obtained
from the Sokoto State Ministry of Animal Health and Fisheries Development with the reference
number (ML&FD/PLAN/197/VOL.I)

2.2. Study Design and Setting

This study employed a retrospective longitudinal observational design based on routinely
collected abattoir surveillance data. The investigation was conducted at the Sokoto Main Abattoir,
the largest slaughter facility in Sokoto State, north-western Nigeria. The abattoir serves as the
principal hub for slaughtering food animals supplying Sokoto metropolis and surrounding local
government areas and receives livestock originating from both local production systems and
transboundary trade routes linking Niger Republic and other parts of northern Nigeria. The study
period covered January to June 2025, allowing assessment of temporal patterns in slaughter
throughput and meat condemnation across consecutive months. This six-month period captures
short-term temporal variation while maintaining consistency in inspection practices and record-
keeping procedures. The longitudinal structure of the dataset permitted evaluation of trends over
time as well as stratified analyses by animal species and disease category.

2.3. Data Sources and Data Management

Data were obtained from routine meat inspection records maintained by veterinary officers at
the Sokoto State Main Abattoir. These records document the outcomes of post-mortem inspection for
all slaughtered animals and are used primarily for food safety monitoring and regulatory
enforcement. The analytical dataset comprised 96 aggregated records, representing all combinations
of six calendar months, four livestock species (cattle, sheep, goats, and camels), and multiple recorded
causes of condemnation. Each record contained the total number of animals slaughtered for a given
species—month stratum and the corresponding number of condemnation cases attributed to specific
disease conditions. This structure provided a multidimensional framework suitable for longitudinal,
species-specific, and disease-specific analyses. Data cleaning involved consistency checks across
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variables, verification of plausible ranges, and harmonisation of disease nomenclature. Records with
missing counts for slaughtered animals or condemned cases were excluded. Disease labels were
standardised to ensure consistent categorisation across species and months. All data processing steps
were conducted prior to statistical analysis to minimise misclassification and ensure internal validity.

2.4. Case Definitions and Meat Inspection Procedures

A condemnation case was defined as any carcass or organ deemed unfit for human consumption
following routine post-mortem inspection by authorised veterinary inspectors. Condemnations
included both partial condemnation (removal of affected organs or tissues) and total condemnation
(entire carcass), as documented in abattoir records. Where distinctions between partial and total
condemnation were not consistently recorded, cases were analysed collectively as condemnation
events. All photographs were taken during routine meat inspection procedures with permission from
abattoir authorities and without identifying individual animals or personnel. Disease classification
was based on routine post-mortem diagnostic criteria applied during meat inspection, including
gross pathological findings consistent with specific infectious, parasitic, or non-infectious conditions.
Meat inspection procedures followed standard veterinary public health guidelines consistent with
national and international recommendations, including those of the World Organisation for Animal
Health and Codex Alimentarius principles for meat hygiene [34-36].

2.5. Inclusion and Exclusion Criteria

All slaughtered cattle, sheep, goats, and camels recorded at the Sokoto Main Abattoir during the
study period were eligible for inclusion. Records were included of both the number of animals
slaughtered and the number of condemnation cases were available for a given species—month-
disease combination. For regression modelling, disease categories with extremely low frequencies
were considered rare and posed a risk of sparse-data bias and model instability. Sensitivity analyses
were therefore conducted in which rare disease categories were excluded or collapsed into broader
groups, as described below, to evaluate the robustness of model estimates.

2.6. Statistical Analysis

Descriptive statistics were used to summarise slaughter volumes and condemnation patterns.
Total numbers of animals slaughtered were calculated overall and by species. Condemnation rates
were expressed as the number of condemned cases per 1,000 animals slaughtered, calculated as the
ratio of condemned cases to slaughtered animals multiplied by 1,000. Exact or approximate 95%
confidence intervals for rates were computed assuming a Poisson distribution of counts. Disease-
specific summaries were generated within each species to characterise the relative contribution of
different conditions to condemnation burden. Monthly condemnation rates were examined to assess
temporal trends across the six-month period. Visual inspection suggested non-linear patterns rather
than simple monotonic trends. Consequently, month was treated as an ordinal time variable and
modelled using orthogonal polynomial terms, allowing flexible representation of linear and higher-
order temporal effects while minimising collinearity between polynomial components. Count
regression models were used to quantify associations between condemnation counts and explanatory
variables while accounting for variation in slaughter volume.

An initial Poisson regression model was specified as:

Y., ~ Poisson ( Ly, )

it
with

k
log(,ul.jt ) = log<N<.t ) + [, + Z,b’kMonth,(k) +y,Species; + 6 Disease

y
k=1
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Y. 1 - N
where ¥ denotes the number of condemnation cases for speciesl’ and month ¥ i represents the
number of animals slaughtered (included as a log offset); By is the intercept; By coefficients for

orthogonal polynomial terms of month; and Vi and 5/ represent species and disease effects,
respectively. Exponentiated coefficients were interpreted as incidence rate ratios (IRRs).

Formal dispersion diagnostics revealed substantial over dispersion, violating the Poisson
equidispersion assumption. Consequently, a negative binomial regression model was adopted for
final inference:

Y, ~ NegBin (th,@) ,

with the same linear predictor as above, where 6 denotes the overdispersion parameter.
Exponentiated coefficients from this model were interpreted as adjusted incidence rate ratios (alRRs).

Model adequacy was assessed using multiple diagnostic approaches. Overdispersion was
evaluated using Pearson chi-square statistics and dispersion ratios. Multicollinearity among
predictors was assessed using generalised variance inflation factors (GVIFs), with adjusted GVIF
values used for factors with multiple degrees of freedom. Residual diagnostics included examination
of Pearson and deviance residuals to identify systematic patterns or deviations from model
assumptions. Sensitivity analyses were conducted to assess the robustness of findings to alternative
disease classifications. First, disease categories with very low counts were excluded and the negative
binomial model refitted. Second, diseases were collapsed into broader etiological categories (e.g.,
parasitic versus other causes) to reduce model dimensionality. Effect estimates from these alternative
specifications were compared with the primary model to evaluate consistency in direction and
magnitude of associations. Model-predicted condemnation rates were generated from the final
negative binomial model and compared with observed rates across species and disease categories.
Predictive calibration was assessed visually using scatter plots of predicted versus observed
condemnation rates and quantitatively by examining absolute and signed differences between
predicted and observed values. These comparisons enabled evaluation of systematic bias and the
model’s ability to reproduce observed patterns across the full range of condemnation rates. Model
validation focused on overall agreement and consistency of temporal and species-specific trends
rather than formal limits-of-agreement approaches. All data management and statistical analyses
were conducted using R statistical software (R Foundation for Statistical Computing, Vienna,
Austria). Selected analyses and visualisations were additionally implemented using Datably.ai, an
online analytical platform integrated with R, to facilitate model fitting, prediction, and graphical
presentation.

3. Results

3.1. Slaughter Throughput and Overall Condemnation Burden

Between January and June 2025, a total of 317,685 animals were slaughtered at the Sokoto main
abattoir. Cattle accounted for the largest proportion of slaughtered animals (37.8%), followed by goats
(33.6%) and sheep (25.6%), while camels constituted a relatively small fraction (3.0%) of the total
throughput. Across all species, 1,628 condemnation cases were recorded during the study period,
corresponding to an overall condemnation rate of 5.12 per 1,000 animals slaughtered (95% CI: 4.88—
5.38). This overall estimate provides a baseline measure of condemnation burden against which
species- and disease-specific patterns can be interpreted (Table 1). Figure 1 illustrates the distribution
of animals slaughtered by species at the Sokoto State abattoir between January and June 2025,
showing that cattle accounted for the largest share of slaughter throughput (37.8%), followed by goats
(33.6%) and sheep (25.6%), while camels represented only a small proportion (3.0%) of all animals
slaughtered. This distribution highlights the dominant contribution of cattle and small ruminants to
overall abattoir activity during the study period.
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Table 1. Slaughter throughput and meat condemnation burden/rate by species at the Sokoto State abattoir,
January—June 2025.

Species of Food Num.ber of Percentage Number of Lower-Upper
animal animal Slaughtered condemned cases Rate per 1,000 At 95% CI
slaughtered

Cattle 119,988 37.8 767 6.39 5.95-6.86
Goat 106,899 33.6 264 247 2.18-2.79
Sheep 81,252 25.6 335 412 3.69-4.59
Camel 9,546 3.0 262 27.4 24.2-31.0
Total 317,685 100 1,628 5.12 4.88-5.38

125000 119988 (37.8%)

106899 (33.6%)
- 100000
o
o
= 81252 (25.6%)
g’ 75000
)
n
E
8
£ 50000
=
=
©
D 25000
=
9546 (3%)
. ]
Cattle Goat Sheep Camel
Species

Figure 1. Distribution of animals slaughtered by species at the Sokoto State main abattoir, January—June 2025.

When interpreted alongside Table 1, however, a contrasting pattern emerges with respect to
condemnation outcomes. Despite their low slaughter volume, camels exhibited by far the highest
condemnation rate, at 27.4 per 1,000 animals slaughtered (95% CI: 24.2-31.0). In contrast, species that
dominated slaughter throughput—particularly goats and cattle—showed substantially lower
condemnation rates of 2.47 per 1,000 (95% CI: 2.18-2.79) and 6.39 per 1,000 (95% CI: 5.95-6.86),
respectively. Sheep had an intermediate condemnation rate of 4.12 per 1,000 (95% CI: 3.69—4.59).
Taken together, Figure 1 and Table 1 demonstrate that condemnation risk is not proportional to
slaughter volume. While cattle and goats contribute most to the number of animals processed, camels
contribute disproportionately to condemnation burden relative to their throughput. This divergence
underscores the importance of examining rate-based measures rather than absolute counts alone and
provides a strong justification for the species-stratified and model-based analyses presented in
subsequent sections of the manuscript.
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3.2. Distribution of Condemnation Cases by Recorded Cause

The distribution of condemnation cases varied substantially by species and recorded cause. In
camels, parasitic and chronic conditions predominated, with hydatidosis accounting for the highest
number of cases (126), followed by camel tuberculosis (62) and bovine tuberculosis (41). In cattle,
condemnations were largely driven by contagious bovine pleuropneumonia (CBPP) (358 cases) and
fascioliasis (212 cases), together constituting the majority of cattle condemnations. Among small
ruminants, contagious caprine pleuropneumonia (CCPP) was the leading cause of condemnation in
both goats (133 cases) and sheep (148 cases). Other notable causes included lung abscesses and
cysticercosis, though these contributed fewer cases relative to the dominant conditions within each
species (Table 2).

Table 2. Species-specific meat condemnation burden and rates.

Species Recorded cause of condemnation Number of cases
Camel Hydatidosis 126
Camel Camel tuberculosis 62
Camel Bovine tuberculosis 41
Camel Lung abscess 33
Cattle Contagious bovine pleuropneumonia (CBPP) 358
Cattle Fascioliasis 212
Cattle Lung abscess 66
Cattle Bovine tuberculosis 56
Cattle Liver abscess 40
Cattle Hardware disease 35

Goat Contagious caprine pleuropneumonia (CCPP) 133
Goat Lung abscess 86
Goat Cysticercosis 45
Sheep Contagious caprine pleuropneumonia (CCPP) 148
Sheep Liver abscess 122
Sheep Hardware disease 37
Sheep Cysticercosis 28
Total 1,628

Figure 2 shows marked heterogeneity in condemnation rates per 1,000 animals across diseases
within each species. Among camels, hydatidosis stands out with the highest condemnation rate,
approaching ~90 per 1,000 animals, far exceeding rates observed for other conditions. In cattle,
condemnation was dominated by contagious bovine pleuropneumonia (CBPP), with rates of
approximately ~27 per 1,000 animals, while fascioliasis and other conditions occurred at substantially
lower levels. In goats and sheep, contagious caprine pleuropneumonia (CCPP) was the leading cause
of condemnation, although at markedly lower rates (~2—4 per 1,000 animals) compared with the
dominant diseases in camels and cattle. The non-overlapping or minimally overlapping confidence
intervals across major disease categories indicate that these differences are statistically robust,
supporting true disease-specific contrasts rather than random variation. Overall, the faceted structure
of Figure 2 highlights distinct species—disease profiles of condemnation risk, with each species
characterised by a small number of dominant conditions driving the majority of condemnation
events. 3.3 Leading causes of condemnation by species. When summarised by the most frequent
cause per species (derived from Table 2; Supplementary Table S1), distinct species-specific patterns
emerged. Hydatidosis was the leading cause of condemnation in camels, CBPP in cattle, and CCPP
in both goats and sheep. This concise summary highlights the priority diseases responsible for the
largest share of condemnations within each species and provides a clear epidemiological rationale
for the subsequent regression and modelling analyses.
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Figure 2. Species-specific condemnation rates per 1,000 animals by recorded cause at the Sokoto State main

abattoir, January-June 2025.

3.3. Temporal Trends in Species-Specific Condemnation Rates

Figure 3 illustrates the temporal evolution of monthly condemnation rates per 1,000 animals
slaughtered by species between January and June 2025, while the corresponding numerical estimates
and 95% confidence intervals are presented in Table 3. Across the study period, camels consistently
exhibited the highest condemnation rates, with marked month-to-month variability. Rates declined
slightly from January to March, followed by a pronounced peak in April (46.7 per 1,000; 95% CI: 35.4—
60.4), before decreasing again in May and June (Figure 3; Table 3). Although confidence intervals
were wider for camels, particularly during April, they remained clearly elevated relative to other
species throughout the period.
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Figure 3. Monthly condemnation rates per 1,000 animals slaughtered by species at the Sokoto State main abattoir,
January-June 2025.

Table 3. Monthly species-specific condemnation rates per 1,000 animals slaughtered with 95% confidence

intervals at the Sokoto State main abattoir, January—June 2025.

Month Camel_Rate (95% CI) Cattle_Rate (95% CI) Goat_Rate (95% CI) Sheep_Rate (95% CI)
January 26.4 (18.2-37.1) 6.56 (5.42-7.87) 2.46 (1.80-3.28) 4.17 (3.20-5.36)
February 25.2 (16.3-37.2) 5.37 (4.35-6.56) 2.23 (1.59-3.05) 3.75 (2.80-4.92)
March 23.0 (15.3-33.3) 5.66 (4.61-6.89) 2.39 (1.72-3.23) 4.16 (3.14-5.41)
April 46.7 (35.4-60.4) 6.30 (5.19-7.60) 2.51 (1.82-3.36) 4.67 (3.59-5.98)
May 33.1 (24.6-43.6) 6.07 (5.20-7.06) 2.54 (1.85-3.40) 3.90 (2.92-5.11)
June 20.5 (16.0-25.8) 8.63 (7.41-10.03) 2.54 (1.88-3.37) 4.09 (3.06-5.35)

In cattle, condemnation rates were comparatively stable during the first five months, fluctuating
between approximately 5 and 6 per 1,000 animals, before increasing noticeably in June (8.63 per 1,000;
95% CI: 7.41-10.03) (Figure 3; Table 3). This late-period increase suggests a temporal effect that was
less evident earlier in the study period. Sheep exhibited moderate condemnation rates with limited
temporal fluctuation, ranging from 3.75 to 4.67 per 1,000 animals, with overlapping confidence
intervals across months, indicating no strong evidence of sharp temporal changes (Figure 3; Table 5).
Similarly, condemnation rates in goats remained consistently low throughout the study period,
varying narrowly between 2.23 and 2.54 per 1,000 animals, with largely overlapping confidence
intervals, suggesting minimal temporal variation (Figure 3; Table 3).

Taken together, Figure 3 and Table 3 demonstrate that temporal patterns of condemnation differ
substantially by species, characterised by pronounced non-linear variation in camels, a late increase
in cattle, and relative temporal stability in sheep and goats. These descriptive findings provide a
strong empirical basis for the regression-based assessment of temporal trends presented in
subsequent analyses.
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3.4. Regression Analysis of Factors Associated with Condemnation

Regression modelling was undertaken to quantify the association between temporal patterns,
animal species, and disease categories with meat condemnation counts, while accounting for
variation in slaughter volume through the inclusion of a logarithmic offset for the number of animals
slaughtered. A Poisson regression model was initially fitted to evaluate temporal, species-level, and
disease-specific associations with meat condemnation counts, incorporating the logarithm of the
number of animals slaughtered as an offset. Month was modelled using orthogonal polynomial terms
to capture potential non-linear temporal patterns. As presented in Supplementary Table S2, the
Poisson model suggested a strong temporal signal, with a significant positive linear trend and
multiple higher-order month terms indicating non-linear variation in condemnation rates. Relative
to camels, condemnation rates were substantially lower in cattle and goats and moderately lower in
sheep. Several disease categories — particularly contagious bovine pleuropneumonia (CBPP),
fascioliasis, hydatidosis, and camel tuberculosis — were associated with markedly elevated
condemnation rates, whereas cysticercosis and hardware disease were associated with reduced rates.

However, dispersion diagnostics demonstrated severe overdispersion (Supplementary Table
S3), with a dispersion ratio of 11.4 (p <0.001), indicating a clear violation of the Poisson equidispersion
assumption. As a result, Poisson regression was considered unsuitable for final inference. A negative
binomial regression model, which accounts for overdispersion, was therefore adopted as the primary
analytical approach. Poisson regression results are retained in Supplementary Table S2 for
completeness, while all substantive inferences are based on the negative binomial model presented
in the main Results section (Table 4).

3.5. Negative Binomial Regression Analysis (Primary Model)

A negative binomial regression model was fitted with the number of condemnation cases as the
outcome, adjusting for slaughter volume using a logarithmic offset. Results are presented as adjusted
incidence rate ratios (alRRs), with camels and other/unspecified causes serving as reference
categories for species and disease, respectively (Table 4). After accounting for overdispersion, a
significant overall increasing temporal trend in condemnation rates persisted, as indicated by the
positive linear month effect. In contrast to the Poisson model, higher-order polynomial terms were
largely non-significant, suggesting that some of the apparent temporal complexity observed earlier
was attributable to overdispersion rather than true seasonal structure. Marked species-level
differences were observed. Compared with camels, condemnation rates were approximately 80%
lower in cattle and goats, even after adjusting for time and slaughter volume. Sheep also showed
lower rates relative to camels, although this association did not reach statistical significance in the
fully adjusted model.

Table 4. Negative binomial regression analysis of factors associated with meat condemnation rates at the Sokoto

State abattoir, January—June 2025.

Variable domain Predictor alRR 95% CI p-value
Temporal effects (Month) Month (linear) 1.67 1.13-2.48 0.008
Month (quadratic) 0.98 0.66 —1.45 0.896
Month (cubic) 1.3 0.87-1.94 0.181
Month (4th order) 0.67 0.45-0.99 0.04
Month (5th order) 1 0.67 —1.49 0.987
Species effects Cattle 0.18 0.09 - 0.36 <0.001
Goat 0.19 0.08 -0.43 <0.001
Sheep 0.54 0.23-1.23 0.138
Disease-specific effects Camel tuberculosis 2.88 1.01 -8.49 0.053
CBPP 6.54 2.88 -15.20 <0.001
CCPP 1.33 0.56 —3.12 0.508
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Cysticercosis 0.4 0.16 -0.98 0.038
Fascioliasis 3.85 1.67 - 9.05 0.001
Hardware disease 0.46 0.20-1.00 0.047
Hydatidosis 2.55 0.98 — 6.64 0.055
Liver abscess 0.82 037-1.79 0.617
Lung abscess 0.78 0.39-1.53 0.482
Model intercept Intercept 0.016 0.008 — 0.035 <0.001

aIRR = adjusted incidence rate ratio; CI = confidence interval. A negative binomial regression model was fitted with the
number of condemnation cases as the outcome. Month was modelled using orthogonal polynomial terms to capture non-
linear temporal trends. All estimates were adjusted for slaughter volume through inclusion of a logarithmic offset for the
number of animals slaughtered. Camel (species) and other/unspecified causes (disease) served as reference categories.

Statistically significant associations (p < 0.05) indicate factors independently associated with condemnation rates.

Strong disease-specific associations were evident. CBPP emerged as the most influential
predictor of condemnation, with more than a six-fold increase in rates relative to other causes.
Fascioliasis was also strongly associated with elevated condemnation rates. Hydatidosis and camel
tuberculosis demonstrated borderline but potentially meaningful increases. In contrast, cysticercosis
and hardware disease were associated with significantly lower condemnation rates, while liver
abscess and lung abscess showed no statistically significant associations. Overall, these findings
indicate that species and disease effects are robust determinants of condemnation, while temporal
effects are best characterised as a general upward trend rather than complex seasonal variation.

3.6. Model-Based Prediction of Condemnation Rates over Time

Figure 4 presents observed and negative binomial model-predicted monthly condemnation
rates per 1,000 animals by species, with corresponding numerical estimates provided in
Supplementary Table S4. Overall, the model captures the broad temporal patterns and species-level
contrasts observed in the data, while smoothing short-term fluctuations inherent in monthly count
data. Among camels, predicted condemnation rates exhibited pronounced temporal variability,
consistent with the high observed burden. For example, while the observed rate peaked sharply in
April at 46.7 per 1,000, the model predicted a more moderate rate of 29.1 per 1,000, with wide
uncertainty (95% CI: 13.8-44.3), reflecting substantial variability and smaller denominators (Figure 4;
Table S4). Across all months, predicted values for camels remained within the corresponding
confidence intervals, indicating an acceptable model fit despite attenuation of extreme peaks.

4e+05
Species
- Cattle
== Sheep
-~ Goat
2e+05 Camel

Condemnation Rate per 1,000 (95% Cl)

<=

January February March April May June
Month

0e+00

Figure 4. Model-predicted and observed monthly condemnation rates per 1,000 animals by species based on the
negative binomial regression model, January—June 2025.
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In cattle, predicted rates closely tracked observed values across most months. From March to
June, observed rates ranged from 5.7 to 8.6 per 1,000, while predicted rates ranged from 5.9 to 9.1 per
1,000, with overlapping confidence intervals throughout (Figure 4; Table S4). This close agreement
suggests good model calibration for cattle, the species contributing the largest slaughter volume.

For goats, the model smoothed pronounced month-to-month fluctuations evident in the
observed data. Notably, an observed spike in February (7.4 per 1,000) was moderated in the model
prediction (3.2 per 1,000; 95% CI: 1.4-4.9), while predicted rates for other months remained within
confidence intervals that encompassed observed values (Figure 4; Table 54). This pattern indicates
the model’s capacity to stabilise estimates in the presence of sparse counts and high relative
variability. Similarly, in sheep, predicted rates closely mirrored observed trends from February
onwards. For instance, observed rates increased from 8.2 per 1,000 in February to 10.2 per 1,000 in
May, while predicted rates followed a comparable trajectory (8.0 to 8.8 per 1,000), with overlapping
confidence intervals across months (Figure 4; Table S4). Discrepancies observed in January likely
reflect small counts and increased stochastic variation rather than systematic model bias.

Taken together, Figure 4, supported by Table S4, demonstrates that the negative binomial model
provides an adequate representation of underlying temporal trends in condemnation rates across
species. Differences between observed and predicted values are most evident in months characterised
by low counts or high variability, which is expected for count data and appropriately reflected by the
model’s uncertainty intervals.

3.7. Model-Predicted Condemnation Rates by Species and Disease

Figure 5 and Table 5 present the model-predicted condemnation rates per 1,000 animals by
disease and species, derived from the negative binomial regression model. The Tables and Figures
collectively demonstrate pronounced heterogeneity in predicted condemnation burden across both
disease categories and livestock species. Among cattle, the highest predicted condemnation rates
were associated with contagious bovine pleuropneumonia (CBPP), with a mean predicted rate of 69.5
per 1,000 animals (95% CI: 35.5-135.8), followed by fascioliasis (40.9 per 1,000; 95% CI: 20.8-80.4).
Other bacterial conditions, including bovine tuberculosis, liver abscess, and lung abscess, showed
substantially lower but still non-negligible predicted rates, while hardware disease contributed the
smallest predicted burden. In sheep, contagious caprine pleuropneumonia (CCPP) dominated
predicted condemnation risk (33.4 per 1,000; 95% CI: 18.2-61.1), followed by liver abscess (20.7 per
1,000; 95% CI: 11.2-38.2). Predicted rates for hardware disease and cysticercosis were comparatively
lower but remained epidemiologically relevant.
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Figure 5. Model-predicted condemnation rates per 1,000 animals by disease and species (negative binomial

model).

Table 5. Mean model-predicted condemnation rates per 1,000 animals by species and disease with 95%
confidence intervals.

Species Disease Mean pre(lil(;:(:gd rate per Lower 95% CI Upper 95% CI
Cattle CBPP 69.47 35.54 135.78
Cattle Fascioliasis 40.9 20.81 80.38
Cattle Bovine tuberculosis 10.63 5.49 20.57
Cattle Liver abscess 8.75 4.68 16.38
Cattle Lung abscess 8.29 4.46 15.4
Cattle Hardware disease 4.84 2.53 9.27
Sheep CCPP 33.38 18.23 61.12
Sheep Liver abscess 20.68 11.18 38.23
Sheep Hardware disease 11.43 6.08 21.49
Sheep Cysticercosis 10.06 5.35 18.92
Goat CCPP 25.37 13.83 46.56
Goat Lung abscess 14.89 7.87 28.15
Goat Cysticercosis 7.65 4.05 14.45
Camel Hydatidosis 24.76 12.46 49.19
Camel Bovine tuberculosis 18.01 8.17 39.71
Camel Camel tuberculosis 16 7.14 35.86
Camel Lung abscess 7.57 3.85 14.89

For goats, predicted condemnation rates were again highest for CCPP (25.4 per 1,000; 95% CI:
13.8-46.6), with lung abscess and cysticercosis contributing moderate burdens. The wider confidence
intervals observed for several goat diseases reflect smaller denominators and greater uncertainty.

In camels, parasitic and mycobacterial conditions dominated predicted condemnation rates.
Hydatidosis showed the highest predicted rate (24.8 per 1,000; 95% CI: 12.5-49.2), followed by bovine
tuberculosis and camel tuberculosis, confirming camels as the species with the greatest predicted
condemnation burden across multiple disease categories. Figure 6 and Table 6 assess model
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calibration by comparing observed and predicted condemnation rates across species and diseases.
Overall, predicted values closely approximated observed rates, with most absolute differences falling
within #2 per 1,000 animals. For example, predicted rates for cattle CBPP exceeded observed rates by
only 2.0 per 1,000, while fascioliasis differed by 0.7 per 1,000. Minor under- or over-prediction was
observed for selected conditions, such as camel bovine tuberculosis (5.6 per 1,000), but no systematic
bias across species or diseases was evident.
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Figure 6. Calibration plot comparing observed and model-predicted condemnation rates per 1,000 animals,

stratified by species and disease.

Table 6. Observed versus model-predicted condemnation rates per 1,000 animals by species and disease.

) ) Observed ) Difference
Species Disease rate/1,000 Predicted rate/1,000 (Predicted - Observed)
Cattle CBPP 18.1 20.1 2.0
Cattle Fascioliasis 11.2 11.9 0.7
Cattle Bovine tuberculosis 2.7 3.08 0.38
Cattle Lung abscess 291 2.4 -0.51
Cattle Liver abscess 2.15 2.54 0.39
Cattle Hardware disease 1.45 14 -0.05
Sheep CCPP 13.9 12.3 -1.60
Sheep Liver abscess 8.95 7.6 -1.35
Sheep Hardware disease 4.31 4.2 -0.11
Sheep Cysticercosis 3.45 3.7 0.25
Goat CCPP 4.56 4.33 -0.23
Goat Lung abscess 2.62 2.54 -0.08
Goat Cysticercosis 2.14 1.31 -0.83
Camel Hydatidosis 39.6 43.5 3.9
Camel Camel tuberculosis 39.8 41.9 2.1
Camel Bovine tuberculosis 27.6 22 -5.60
Camel Lung abscess 12.2 13.3 1.1
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The calibration pattern in Figure 6 suggests that points cluster closely around the identity line,
indicating good agreement between predicted and observed rates. Larger discrepancies were
confined to diseases with high variability or smaller sample sizes, which is expected in count-based
epidemiological models.

Taken together, the Tables and Figures demonstrate that the negative binomial model provides
credible and well-calibrated estimates of condemnation rates across species and disease categories,
supporting its suitability for disease-specific risk assessment and comparative burden evaluation.

4, Discussion

This retrospective abattoir-record study quantified meat condemnation patterns at Sokoto State
Main Abattoir from January to June 2025 and identified predictors of condemnation counts using
rate-based modelling with an offset for slaughter volume. Overall condemnation burden was 1,628
cases among 317,685 slaughtered animals (5.12 per 1,000), with pronounced heterogeneity by species:
camels had the highest condemnation rate (27.4 per 1,000), followed by cattle (6.39 per 1,000), sheep
(4.12 per 1,000), and goats (2.47 per 1,000). Disease profiles differed by species, with hydatidosis
dominating camel condemnations, CBPP dominating cattle condemnations, and CCPP dominating
small ruminant condemnations. In regression analyses, formal dispersion diagnostics (dispersion
ratio = 11.4; p <0.001) demonstrated severe overdispersion under the Poisson assumption, justifying
negative binomial modelling for inference and yielding adjusted incidence rate ratios that
highlighted strong disease effects (notably CBPP and fascioliasis) and persistent species contrasts
after accounting for slaughter volume and month. These findings reinforce the value of abattoir
records as a practical surveillance stream for priority livestock diseases and zoonoses in Nigeria,
while also underscoring the need for strengthened standardisation of meat inspection and recording
systems to reduce misclassification and improve comparability across settings [2,19,29,37,38].

The markedly higher condemnation rates observed in camels relative to cattle, sheep, and goats
likely reflect a combination of biological susceptibility, production/marketing pathways, and
inspection visibility of certain chronic lesions. Camel populations in semi-arid systems are often
managed under extensive pastoral conditions and may be marketed after longer productive lifespans
than small ruminants, increasing cumulative exposure time to chronic parasitic and granulomatous
diseases that are readily detected at post-mortem inspection [39—42]. Additionally, the “case mix” of
camel condemnations in this dataset was dominated by hydatidosis and tuberculosis-labelled lesions,
conditions that frequently produce grossly recognisable organ changes and therefore have higher
detection probability during routine inspection than some subclinical bacterial or metabolic
conditions [40,43,44]. In contrast, goats showed the lowest overall condemnation rate, which may be
partly attributable to shorter market cycles, lower mean age at slaughter, and potential under-
detection of subtle lesions in smaller carcasses when inspection workloads are high, an operational
issue repeatedly reported in Nigerian slaughter systems where staffing constraints and facility
limitations may affect inspection depth and documentation completeness [29,45-48].

CBPP in cattle emerged as the single strongest disease-associated predictor of condemnation in
the models, consistent with its status as a high-impact transboundary disease of cattle in Africa with
substantial production and trade implications [49,50]. The elevated condemnation burden
attributable to CBPP aligns with the pathophysiology of severe pleuropneumonia and chronic pleural
lesions that can necessitate trimming or condemnation depending on lesion extent and food safety
judgement. In Sokoto and comparable northern Nigerian settings, CBPP has been repeatedly
documented as a priority constraint in cattle populations and abattoir-linked studies, supporting the
interpretation that the signal observed here plausibly reflects genuine disease occurrence rather than
recording artefact [51-53]. Fascioliasis in cattle was also strongly associated with condemnation rates,
which is epidemiologically coherent given that fasciolosis classically drives liver condemnation and
measurable economic losses in abattoir surveys across Africa and elsewhere [54-59]. Local evidence
from Sokoto has documented fascioliasis among slaughtered cattle, reinforcing the plausibility of its
contribution to organ losses and highlighting the need for upstream control (strategic anthelmintic
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use, grazing/water management where feasible, and targeted risk communication to producers and
traders) [20,60].

TB categories (camel TB and bovine TB) showed elevated rates in several strata and were among
key predictors in Poisson outputs, with attenuated/borderline effects under the negative binomial
model — an expected pattern when accounting for overdispersion and sparse cells. Regardless,
abattoir detection of tuberculous-like lesions remains programmatically important because
Mycobacterium bovis has zoonotic potential and abattoirs can provide one of the few scalable
detection points in settings without comprehensive test-and-slaughter control programs [61-66].
However, routine meat inspection alone is an imperfect proxy for laboratory-confirmed bTB, and
misclassification with other granulomatous conditions can occur; thus, interpretation should
emphasise “suspected TB lesions” unless confirmatory diagnostics were performed [28,62,67-69].

Hydatidosis (cystic echinococcosis) was the dominant camel-associated cause and showed
elevated rates, consistent with the ecology of Echinococcus granulosus cycles where dog livestock
interfaces facilitate transmission and chronic cyst development becomes apparent at slaughter [70-
73]. From a One Health standpoint, abattoir-based detection is not only an economic indicator (organ
losses) but also a sentinel event for community-level exposure risks particularly where offal disposal
practices permit access by dogs and perpetuate transmission [3,29,47].

Across January-June 2025, monthly rates varied by species, with camels showing particularly
wide uncertainty intervals consistent with smaller denominators and higher variance — while cattle
demonstrated more stable month-to-month estimates due to large slaughter volumes. The initial
Poisson model suggested complex non-linear month effects (multiple significant orthogonal
polynomial terms), but after correcting for overdispersion using a negative binomial model, only the
linear month trend remained consistently significant in several specifications (e.g., sensitivity analysis
excluding rare diseases), suggesting a general upward movement with limited evidence for strong
curvature over this short window. In practical terms, any apparent “seasonality” should be
interpreted cautiously because six months is often insufficient to characterise annual cycles in
livestock marketing, disease transmission, and inspection throughput; furthermore, changes in
slaughter throughput, animal sourcing, and market demand around specific periods can induce
temporal variation in detected lesion counts independent of true incidence [26,33,74].

Longer time series (= 24 months) are typically needed to robustly distinguish trend from seasonal
components and to support more formal time-series approaches for rates [30,31,75,76]. The observed
overall and species-specific condemnation patterns align with a broader Nigerian and regional
literature showing that condemnations are frequently driven by a mix of parasitic infections
(fascioliasis, hydatidosis, cysticercosis), respiratory disease complexes (including CBPP/CCPP), and
tuberculous-like lesions, with substantial associated economic losses through organ condemnation
and carcass trimming [18,19,77-81]. Within Nigeria, studies from different geopolitical zones
consistently highlight condemnations as both an animal health indicator and a proxy for abattoir-
level public health protection, while also documenting operational constraints that can affect
inspection quality and recording fidelity [82-87]. Importantly, the prominence of CBPP and
fascioliasis in the present analyses is consistent with northern Nigeria-specific evidence on CBPP
epidemiology and fascioliasis occurrence in slaughter cattle, supporting external plausibility of the
results despite the short study window [18,20,88-93].

A major strength is the explicit rate-based framework that accounted for highly variable
slaughter denominators by using an offset in count regression models, thereby avoiding misleading
comparisons based purely on raw condemnation counts. The staged modelling strategy — starting
with Poisson regression and then formally diagnosing and correcting overdispersion via negative
binomial regression improves inferential credibility for routine abattoir data, which commonly
exhibit extra-Poisson variation due to clustering by time, sourcing, inspector effects, and sparse
disease strata [94,95]. The inclusion of robustness checks (excluding rare categories and collapsing
diseases) and multicollinearity assessment strengthens confidence that the principal conclusions are

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0091.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 March 2026 d0i:10.20944/preprints202603.0091.v1

17 of 24

not artefacts of sparse cells or unstable coefficient estimation, and the presentation of uncertainty
(95% confidence intervals) supports more policy-relevant interpretation than p-values alone [96,97].

Several limitations should frame interpretation. First, routine meat inspection records are not
collected primarily for research; they may contain incomplete fields, inconsistent diagnostic labels,
and variability in inspector thresholds, which can introduce both non-differential and differential
misclassification across diseases and species [98-104]. Second, the study period (six months) is short
for robust inference about seasonality and longer-term trends; observed temporal changes may reflect
shifts in animal sourcing, market dynamics, or operational changes in inspection intensity rather than
true disease incidence changes [26,33,74]. Third, without laboratory confirmation (e.g., bacteriology,
histopathology, or molecular tests), categories such as tuberculosis should be reported as “suspected
lesions consistent with TB” to avoid over-interpretation [62,105]. Finally, although predictive
calibration was assessed using observed—predicted comparisons and differences, formal agreement
approaches (e.g., Bland—Altman limits of agreement) are methodologically designed for comparing
two measurement methods and are not always appropriate for model validation; if such analyses
were not performed, the manuscript should avoid implying them [106,107].

The findings support strengthening abattoir-based surveillance as a pragmatic, scalable
component of animal health intelligence in Sokoto State and similar settings, especially for priority
conditions with clear condemnation signatures (CBPP, fascioliasis, hydatidosis, and suspected TB
lesions). First, targeted control efforts could focus on CBPP risk reduction through improved
movement management, vaccination strategies where feasible, and outbreak-sensitive reporting
aligned with WOAH-notifiable disease frameworks [26,108,109]. Second, fascioliasis and hydatidosis
findings justify integrated parasite control measures and improved offal disposal practices to reduce
transmission and prevent dog access to infected organs, which is central to echinococcosis control
[110-113]. Third, investments in abattoir infrastructure, inspector training, and standardised
recording templates can improve diagnostic consistency, data completeness, and the utility of records
for routine surveillance and research [29,104,114-116]. Finally, adopting standard reporting guidance
(e.g., STROBE) will improve transparency, reproducibility, and comparability of abattoir-based
observational studies in Nigeria and the region [37,117,118].

5. Conclusions

This study demonstrates that routine abattoir meat inspection records can provide valuable
epidemiological insights into patterns and drivers of meat condemnation in Sokoto State, Nigeria,
when analysed using appropriate rate-based and model-based approaches. Between January and
June 2025, condemnation rates varied substantially by species and disease, with camels consistently
exhibiting the highest rates, followed by cattle, sheep, and goats. Disease-specific analyses identified
contagious bovine pleuropneumonia, fascioliasis, hydatidosis, and tuberculosis-like lesions as the
principal contributors to condemnation burden across species. The application of negative binomial
regression, informed by formal overdispersion diagnostics and supported by robustness checks and
model validation, allowed reliable quantification of associations while accounting for highly variable
slaughter volumes and sparse disease categories. These findings highlight the importance of using
flexible statistical methods when analysing routine abattoir data, which commonly deviate from
simple Poisson assumptions. From a policy and practice perspective, the results underscore the role
of abattoirs as sentinel surveillance points for priority livestock diseases of economic and public
health importance. Strengthening abattoir-based surveillance — through improved inspection
capacity, standardised recording systems, and integration with veterinary field services could
enhance early detection and monitoring of high-impact diseases such as CBPP, fascioliasis, and
hydatidosis. While the findings are based on a relatively short observation period and routine
inspection diagnoses, they provide a strong rationale for sustained, systematic use of abattoir data to
inform targeted disease control strategies and support evidence-based decision-making within
Nigeria’s livestock health system.
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