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A B S T R A C T

Salmonella contamination of beef carcasses remains a major public health concern, particularly in 
low- and middle-income countries where abattoir hygiene and traceability systems are often 
inadequate. This study aimed to generate context-specific data on Salmonella contamination 
along the cattle slaughter chain at the Yaoundé abattoir using real-time PCR, and to evaluate the 
influence of zootechnical factors of slaughtered cattle within a One Health framework. A total of 
705 swab samples were collected from live cattle (n = 145), carcasses (n = 310), butchers’ hands 
(n = 145), and meat contact surfaces (n = 105). Salmonella detection was performed using 
TaqMan probe-based real-time PCR. Overall, 14.9% (95% CI: 12.4%–17.6%) of samples were 
positive for Salmonella, with prevalence rates of 5.20% (95% CI: 2.4%–10.6%) in live cattle, 
17.73% (95% CI: 13.89%–22.38%) in carcasses, 1.9% (95% CI: 0.52% – 6.68%) in contact sur
faces, and 5.52% (95% CI: 2.8% – 10.5%) in butchers’ hand swabs. Salmonella occurrence differed 
significantly among sample categories (p < 0.05). However, multivariate logistic regression 
revealed that none of the assessed zootechnical factors (sex, age, breed, transport, origin, 
cleanliness, body condition, and production system) were independently associated with 
contamination (p > 0.05). These findings suggest that Salmonella contamination in slaughtered 
cattle is driven by systemic hygiene and biosecurity shortcomings rather than individual animal- 
related factors. Overall, the moderate prevalence observed reflects gaps in slaughter hygiene and 
biosecurity. Strengthening sanitation practices, enforcing Hazard Analysis and Critical Control 
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Point (HACCP) measures, and adopting molecular surveillance tools such as real-time PCR are 
essential to reduce contamination risks and protect public health.

Introduction

Salmonella remains a significant foodborne pathogen worldwide, responsible for major outbreaks and sporadic cases of gastro
enteritis and posing a persistent challenge to food safety and public health [1–3].

In Cameroon, recurrent Salmonella outbreaks linked to contaminated beef and other animal products underscore the ongoing risk of 
foodborne transmission [4,5]. Beef production plays a central role in the national meat supply; however, slaughterhouses often operate 
under limited hygiene control and weak surveillance systems. These conditions favor carcass contamination and increase the likeli
hood of pathogen dissemination along the food chain [6,7].

Cattle are recognized as important reservoirs of Salmonella, with contamination occurring at multiple points along the production 
chain, particularly during transport and slaughter [8–10]. In low- and middle-income countries (LMICs), including Cameroon, limited 
infrastructure, poor handling practices, and inadequate monitoring systems hinder the identification and control of contamination 
pathways within abattoirs [11]. Zootechnical factors such as animal origin, transport mode, sex, age, breed, and body condition score 
have also been reported to influence contamination risk; however, their relative contribution under local production systems remains 
poorly characterized [12–16].

Detection of Salmonella in slaughterhouse settings has traditionally relied on culture-based methods, which, although specific, are 
laborious and time-consuming, often requiring up to five days for confirmation [17,18]. Such delays may compromise food-safety 
decisions and allow contaminated carcasses to enter the food chain. Moreover, culture methods may fail to recover injured or 
stressed cells, potentially leading to an underestimation of contamination levels [19–21].

To overcome these limitations, molecular methods such as real-time PCR have been developed for rapid and sensitive Salmonella 
detection. Targeting the invA gene, a conserved single-copy marker specific to Salmonella spp., real-time PCR provides high sensitivity, 
specificity, and shorter turnaround times, and reduced contamination risks associated with post-amplification handling [19,22,23].

This study therefore was aimed to generate context-specific data on Salmonella contamination along the cattle slaughter chain at 
the Yaoundé abattoir using real-time PCR, and to evaluate the influence of zootechnical factors of slaughtered cattle within a One 
Health framework. The findings are intended to improve slaughterhouse hygiene practices and strengthen Salmonella surveillance 
across Cameroon’s beef production chain.

Methodology

Sample collection and preparation

A total of 705 wet swabs were collected between December 2014 and November 2015 at the Yaoundé abattoir. These include 145 
swabs from live cattle (hide and fecal swabs), 310 from beef carcasses, 145 from butchers’ hands, and 105 from meat contact surfaces.

Each swab was soaked in 1000 μL of phosphate-buffered saline (PBS) and incubated at room temperature for 28 min to facilitate 
bacterial elution. The suspension was then vortexed for 30 s, duration consistent within the standard bacterial recovery time reported 
in similar studies [24]. After vortexing, 200 μL of the supernatant was used for DNA extraction.

Genomic DNA was purified using the QIAGEN (Hilden, Germany) genomic buffer set in combination with Genomic-tip 100/G 
columns, following the manufacturer’s instructions. Briefly, 20 µL of proteinase K was added to the bacterial suspension, followed by 
200 µL of buffer AL. The mixture was vortexed thoroughly and incubated at 56 ◦C for 10 min. Subsequently, 200 µL of ethanol (96–100 
%) was added, and the mixture was vortexed again.

The lysate was transferred to a DNA spin column placed in a 2 mL collection tube and centrifuged at 6000 × g for 1 min. The column 
was then washed with 500 µL of buffer AW1 and centrifuged at 6000 × g for 1 min, followed by a second wash with 500 µL of buffer 
AW2 and centrifugation at 20,000 × g for 3 min. The spin column was then transferred to a new 1.5 mL Eppendorf tube, and DNA was 
eluted with 200 µL of buffer AE. After a brief incubation at room temperature, the eluate was centrifuged at 6000 × g for 1 min. 
Extracted DNA was stored at − 20 ◦C until further analysis.

This extraction protocol yielded high-molecular-weight, RNA-free genomic DNA suitable for precise quantification by measuring 
absorbance at 260 nm.

Real-time PCR amplification

Real-time PCR targeting the invA gene was performed using a Bio-Rad CFX96 Real-Time PCR Detection System (Bio-Rad Labo
ratories, USA) operated with CFX Manager Software version 2.3 based on fluorescence emission.

The Thermal cycling conditions were as follows: an initial denaturation at 95 ◦C for 5 min, followed by 45 cycles of denaturation at 
94 ◦C for 20 secondes and combined annealing/extension at 64 ◦C for 1 min. Data were collected during each elongation step. Each 
qPCR run included sterile distilled water as a no-template control (NTC) and a Salmonella typhimurium DNA as a positive control to 
confirm assay specificity and amplification efficiency.

The reaction mixture (20 μL final volume) consisted of:
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Distilled water 5.9 μL
Master mix 2x 10 μL
invA-F + 10 μM 0.8 μL
invA-R + 10 μM 0.8 μL
invA Probe +10 μM 0.5 μL
DNA template 2 μL
The primer and probe sequences targeting the invA gene were as follows
invA-F : 5’ -GCGTTCTGAACCTTTGGTAATAA-3′
invA-R: 5′-CGTTCGGGCAATTCGTTA-3′
invA-TM (probe) 5′-FAM-TGGCGGTGGGTTTTGTTGTCTTCT-TAMRA-3′
Amplification curves were generated by plotting the normalized reporter signal (ΔRn) against the number of PCR cycles. The cycle 

threshold (Ct) was defined as the cycle number at which fluorescence exceeded the predetermined threshold. Samples with Ct values < 
35 were considered positive, based on assay validation criteria.

Ethical considerations

Approval for this study, including the research design, data collection procedures, and consent forms, was obtained from the Ethics 
Review and Consultancy Committee of the Cameroon Bioethics Initiative (Ref CBI/406/ERCC/CAMBIN).

Statitical methods

Data were entered and analyzed using STATGRAPHICS PLUS version 5.0 and R software (Comprehensive R Archive Network R 4.3. 
x). Descriptive statistics were used to summarize categorical variables. The prevalence of Salmonella spp. and corresponding 95 % 
confidence intervals (CI) were calculated using the Wilson score method.

Associations between Salmonella contamination and categorical zootechnical factors (sex, age, breed, transport mode, origin, 
cleanliness, body condition score, and production system) were evaluated using the Chi-square test, or the Fisher’s exact test when 
expected cell frequencies were less than five. Statistical significance was set at p < 0.05.

To identify independent predictors of Salmonella contamination, a multivariate logistic regression model was fitted, including all 
zootechnical factors as explanatory variables. Adjusted odds ratios (AOR) and 95 % CIs were calculated, and results were visualized 
using a Forest Plot generated in R.

Results

Real-time PCR-based detection of salmonella spp

Of the 705 swab samples collected at the Yaounde abattoir, 105 tested positive for Salmonella spp., corresponding to an overall 
prevalence of 14.9 % (95 % CI: 12.4 %–17.6 %) as determined by real-time PCR targeting the invA gene.

Fig. 1. Salmonella-PCR-based detection by sample category.
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Salmonella prevalence by sample categoryCQ1

As shown in Fig. 1, Salmonella prevalence differed significantly among sample categories (p < 0.05). Beef carcasses exhibited the 
highest contamination rate (17.73 %; 95 % CI: 13.89 %–22.38 %), followed by butchers’ hands (5.52 %; 95 % CI: 2.8 %–10.5 %), live 
cattle (5.10 %; 95 % CI: 2.4 %–10.6 %), and carcass contact surfaces (1.9 %; 95 % CI: 0.52 % – 6.68 %).

CCS= carcass contact surfaces

Salmonella prevalence by carcass sampling site

As presented in Fig. 2, Salmonella prevalence did not differ significantly among the carcass sampling sites (p > 0.05). The highest 
detection rate was recorded in post-eviscerated carcasses (7.38 %; 95 % CI: 5.67–9.54 %), followed by post-skinned carcasses (5.67 %; 
95 % CI: 4.19–7.63 %) and carcasses stored in the hall (4.82 %; 95 % CI: 3.47–6.66 %).

PSC= Post-skinned carcass. PEC= Post-evisceration carcass, HSC= Hall stored carcass

Zootechnical characteristics of salmonella-positive cattle

The zootechnical characteristics of 145 slaughtered cattle; including sex, age, breed, geographical origin, mode of transport, 
cleanliness status, and body condition score (BCS), production system and their influence on Salmonella contamination are summarized 
in Table 1.

Sex
Among the 145 slaughtered cattle, female animals accounted for 110 individuals, of which 33 tested positive for Salmonella, 

yielding a prevalence of 30.0 % (95 % CI: 22.5 – 38.9 %). In contrast, male cattle (n = 35) showed a lower prevalence of 17.1 % (95 % 
CI: 7.8–33.0 %), with 6 positive cases. Despite the apparent difference, sex was not significantly associated with Salmonella detection (p 
> 0.05).

Age
Although variation in prevalence was observed across age groups, age-related differences were not statistically significant (p >

0.05). The highest prevalence occurred among cattle aged 6–7 years (44.0 %; 95 % CI: 26.67–62.93 %), followed by those aged 4–5 
years (25.0 %; 95 % CI: 13.25–42.11 %), 7–8 years (23.53 %; 95 % CI: 9.56–47.26 %), 3–4 years (22.73 %; 95 % CI: 12.84–36.99 %), 
and 5–6 years (22.22 %; 95 % CI: 10.61–40.76 %).

Breed
Table 1 illustrates the distribution of Salmonella-positive cases among cattle breeds. The highest prevalence was observed in Red 

Fulani cattle (40.0 %; 95 % CI: 25.7–56.7 %), followed by Mbororo cattle (33.3 %; 95 % CI: 12.1–64.6 %). Although White Fulani cattle 
constituted the largest proportion of the slaughter population (38.6 %; 95 % CI: 30.9–46.9 %), only 26.5 % (95 % CI: 16.4–39.8 %) 
tested positive for Salmonella. Gudali and crossbred cattle had prevalence rates of 25.0 % (95 % CI: 10.2–49.5 %) and 16.7 % (95 % CI: 
7.3–33.6 %), respectively. Breed was not significantly associated with Salmonella detection (p > 0.05).

Transport mode
Salmonella prevalence varied according to the mode of transport. Cattle transported by truck exhibited the highest contamination 

rate (30.2 %; 95 % CI: 22.3–39.7 %), followed by those transported by train (22.2 %; 95 % CI: 6.3–54.7 %) and cattle with unknown 
transport origins (20.0 %; 95 % CI: 8.8–39.3 %). No Salmonella was detected in cattle transported on foot. Statistical analysis indicated 

Fig. 2. PCR-based detection of Salmonella in beef carcass per sampling site.
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that transport mode was not significantly associated with Salmonella prevalence in this population (p > 0.05).

Place of origin
Higher contamination rates were observed among cattle originating from the East (32.3 %) and Adamawa (33.3 %) regions, 

whereas animals of unknown origin showed a moderate prevalence (16.3 %). Despite these apparent differences, statistical analysis 
revealed no significant association between Salmonella contamination and the cattle’s place of origin (p > 0.05).

Cleanliness scores
Cleanliness status was not significantly associated with Salmonella contamination (p > 0.05). Cattle classified as clean and dry 

exhibited the highest prevalence (28.1 %; 95 % CI: 21.1–36.1 %), whereas no Salmonella was detected in cattle categorized as slightly 
dirty (0.0 %; 95 % CI: 0.0–49.0 %) or dirty (0.0 %; 95 % CI: 0.0–65.8 %).

Body condition scores
Although variation in Salmonella prevalence was observed across different BCS categories, these differences were not statistically 

significant (p > 0.05). Cattle with a medium BCS exhibited the highest prevalence (79.76 %; 95 % CI: 70.94 %–87.26 %), followed by 
those with a fat BCS (11.91 %; 95 % CI: 6.69 %–20.68 %). The lowest prevalence was recorded among lean cattle (8.33 %; 95 % CI: 4.09 
%–16.22 %).

Production system
Information on the production system was unavailable for the most slaughtered cattle (93.1 %; 95 % CI: 87.5–96.4 %). Only a small 

fraction (3.45 %; 95 % CI: 1.5–7.7 %) were identified as reared under a sedentary system. Salmonella was detected exclusively among 
cattle of unknown production background, with a prevalence of 28.9 % (95 % CI: 21.7–37.3 %).

Multivariate analysis of zootechnical factors associated with salmonella contamination
Multivariate logistic regression analysis was conducted to evaluate the independent effects of zootechnical factors on Salmonella 

contamination among 145 slaughtered cattle (Fig. 3). The model included sex, age, breed, mode of transport, geographical origin, 
cleanliness status, body condition score, and production system as explanatory variables. After adjustment, none of these factors 
showed a statistically significant association with Salmonella positivity (p > 0.05).

Table 1 
Summary of Salmonella prevalence by zootechnical factors among slaughtered cattle at the Yaoundé abattoir (n = 145).

Zootechnical factor Category n Positive (x) Prevalence ( %) 95 % CI P value

Sex Female 
Male

110 
35

33 
6

30.0 
17.1

22.1–39.2 
8.1–32.2

0.15

Age (years) 3–4 
4–5 
5–6 
6–7 
7–8

44 
32 
27 
25 
17

10 
8 
6 
11 
4

22.7 
25.0 
22.2 
44.0 
23.5

12.8–37.0 
13.1–42.1 
10.6–40.8 
26.7–62.9 
9.5–47.7

0.51

Breed Red Fulani 
White Fulani 
Gudali 
Mbororo 
Cross-bred

35 
49 
16 
9 
30

14 
13 
4 
3 
5

40.0 
26.5 
25.0 
33.3 
16.7

25.7–56.7 
16.4–39.8 
10.2–49.5 
12.1–64.6 
7.3–33.6

0.66

Transport mode Train 
Truck 
Unknown 
Foot

9 
106 
25 
0

2 
32 
5 
0

22.2 
30.2 
20.0 
0.0

6.3–54.7 
22.3–39.7 
8.8–39.3 
-

0.84

Origin Chad 
West 
CAR 
East 
Adamawa 
Unknown

1 
1 
5 
65 
30 
43

0 
0 
0 
21 
10

0.0 
0.0 
0.0 
32.3 
33.3 
16.3

0.0–79.3 
0.0–79.3 
0.0–43.4 
22.3–44.0 
19.7–50.2 
8.2–30.0

0.28

Production system Transhumance 
Sedentary 
Unknown

5 
5 
135

0 
0 
39

0.0 
0.0 
28.9

0.0–43.4 
0.0–43.4 
21.7–37.3

0.74

Body condition score Medium 
Fat 
Lean

11 
82 
52

3 
26 
10

27.3 
31.7 
19.2

9.7–56.6 
22.5–42.5 
10.7–32.1

0.41

Cleanliness Clean/Dry 
Slightly dirty 
Dirty

139 
4 
2

39 
0 
0

28.1 
0.0 
0.0

21.1–36.1 
0.0–49.0 
0.0–65.8

0.72

Key: CAR= Central Africa Republic.
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Discussion

General salmonella prevalence and methodological considerations

The overall Salmonella prevalence of 14.9 % observed in this study was markedly higher than the 2.3 % previously reported in 
Cameroon using culture-based methods [25]. Similar discrepancies between PCR-based detection and conventional culture methods 
have been reported in abattoirs and beef value chains both within Africa and elsewhere [19,26–28]. These differences are likely 
attributable to the limited sensitivity of culture methods, which often fail to recover stressed or sublethally injured cells, and are 
affected by loss of viability during storage, or are subject to microbial competition on selective media. In contrast, polymerase chain 
reaction (PCR) assays detect DNA from both viable and non-viable cells and, when coupled with efficient DNA extraction, can identify 
Salmonella at low bacterial loads [20,21,27]. Consequently, real-time PCR represents a more sensitive and rapid diagnostic tool for 
Salmonella surveillance, including samples that may test negative by culture [27,29].

Distribution of salmonella along the slaughter and processing chain

The carcass contamination rate of 17.73 % observed in this study is consistent with reports from other African abattoirs, where 
Salmonella prevalence varies widely due to differences in hygiene practices, carcass handling procedures, and facility management [10,
30–33]. This finding suggests that sanitary measures at the Yaoundé slaughterhouse are suboptimally implemented.

Detection of Salmonella in live cattle (5.2 %) confirms that asymptomatic carriers can introduce the pathogen into the abattoir 
environment. This prevalence is comparable to reports from Nigerian abattoirs [30] but differs from observations elsewhere [10,14,16,
34,35], likely reflecting variations in study design, seasonality, animal management, and sampling strategies.

Salmonella detection on butchers’ hand swabs (5.25 %) was slightly lower than that reported in Ethiopian abattoirs [36,37] but 

Fig. 3. Multivariate logistic regression analysis of zootechnical factors associated with Salmonella contamination in cattle at the Yaoundé Abattoir.
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higher than values found in Nigeria [30]. This finding highlights the critical role of meat handlers in carcass cross-contamination and 
underscores the need for continuous hygiene training, effective supervision, and consistent use of personal protective equipment.

The significant variation in Salmonella prevalence among sample categories (p < 0.05) indicates differential contamination risks 
along the slaughter and processing chain. Beef carcasses exhibited the highest contamination rate (17.73 %; 95 % CI: 13.89–22.38 %) 
reinforcing their role as the primary vehicle for pathogen transmission to consumers.

Elevated contamination in post-evisceration carcasses (7.38 %) likely reflects intestinal leakage during evisceration [10], while 
comparable prevalence in the final processing area (4.82 %) suggests ongoing cross-contamination from handlers, tools, and surfaces 
[38,39]. These findings align with other African abattoirs, where carcass contamination reflects suboptimal hygiene, inadequate 
post-slaughter interventions, and cross-contamination from equipment or personnel [10,30,33,36].

The absence of significant differences among sampling sites (p > 0.05) suggests that contamination occurs throughout the slaughter 
process, highlighting the need for strict hygiene control, continuous microbiological monitoring and effective implementation of 
Hazard Analysis and Critical Control Point (HACCP) principles [10,36].

Influence of zootechnical factors

This study evaluated the influence of key zootechnical factors, including sex, age, breed, transport mode, geographical origin, 
cleanliness, body condition score (BCS), and production system on Salmonella contamination. Although they are recognized as 
important determinants of microbial contamination during slaughter and meat processing, none of these variables showed significant 
associations with Salmonella detection (p > 0.05).

A higher proportion of Salmonella-positive females (30.0 %) reflected their predominance in the slaughter population (75.9 %), 
consistent with the national trends in Cameroon [40]. Female-biased slaughter, which is common in sub-Saharan Africa, has impli
cations for herd productivity [41,42]. Few studies directly link higher Salmonella contamination to male cattle [10]. This evidence 
suggests that variations in stress responses, castration status, and management practices may modulate pathogen persistence and 
dissemination in livestock systems, particularly among male cattle [43,44]. These findings indicate that sex alone is not a significant 
risk factor (p > 0.05), but may interact with physiological and handling factors to influence contamination patterns.

Age-related trends were consistent with previous reports showing increased infection risk in older animals [29,45,46]. Cattle aged 
6–7 years exhibited the highest prevalence (44.0 %), likely due to cumulative exposure to contaminated environments, repeated 
handling, transport stress, and age-related immune decline. Younger cattle (3–4 years) displayed moderate prevalence (22.7 %), 
possibly reflecting incomplete immune maturation. However, overlapping confidence intervals indicate that age alone does not 
significantly determine Salmonella contamination, underscoring the importance of multivariate approaches.

Breed-related variations were not significant, although Red Fulani cattle exhibited the highest prevalence (40.0 %), potentially 
reflecting breed-specific variation in stress tolerance or immune response [47]. Although limited sample size restricts generalization, 
these findings provide baseline data for future breed-specific risk assessments in Cameroonian abattoirs and suggest that control 
measures should be applied universally rather than targeting specific breeds.

Cattle transported by trucks showed the highest prevalence (30.2 %), likely due to stressors such as overcrowding, fasting, 
dehydration, and inadequate ventilation, which can impair immune function and increase pathogen shedding [48,49]. Although 
transport mode was not statistically significant in our analysis, minimizing transport-related stressors is crucial for improving animal 
welfare and health outcomes, irrespective of transport classification [49,50].

Cattle originating from Adamawa, the principal cattle-producing region supplying Yaounde, exhibited the highest contamination 
rate (33.3 %). The region’s high livestock density and frequent animal movements may facilitate Salmonella persistence and 
dissemination, as observed in other sub-Saharan African studies [51–53]. Although no Salmonella was detected in cattle from 
neighboring countries (Chad and the Central African Republic), cattle from these countries may contribute to cross-border pathogen 
introduction, particularly where informal trade and shared grazing routes lack veterinary oversight [54,55]. These findings reinforce 
the need for traceability, biosecurity, and regional collaboration in livestock health management.

Visual cleanliness at slaughter was not predictive of Salmonella contamination, as all positive animals were classified as clean and 
dry. This finding corroborates reports of poor agreement between visual cleanliness scores and microbial contamination [56,57], and 
suggests that abattoir hygiene and handling practices exert a greater influence than pre-slaughter hide condition [10,36]. Conse
quently, visual inspection alone is insufficient for predicting Salmonella contamination during slaughter operations.

Although not statistically significant, lean cattle exhibited relatively higher Salmonella prevalence, consistent with evidence linking 
poor nutritional status and compromised immunity to increased infection susceptibility [58,59]. Conversely, fat cattle appeared less 
affected, reflecting better body reserves and immune competence. These findings highlight the complex interactions between nutri
tional status, immunity, and hygiene in influencing contamination risk [7,43].

Information on production systems was limited, restricting interpretation. Nevertheless, production systems influence exposure 
risk through differences in grazing behavior, stocking density, and veterinary management [60,61]. The lack of traceable production 
data underscores systemic gaps in animal identification and record-keeping, which impede evidence-based risk management.

Multivariate analysis of zootechnical factors associated with salmonella contamination

The multivariate logistic regression analysis showed that none of the examined zootechnical factors (including sex, age, breed, 
transport mode, origin, cleanliness, body condition score, or production system) were independently associated with Salmonella 
contamination (p > 0.05). This finding reinforces that Salmonella contamination in slaughtered cattle is multifactorial, shaped by the 
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combined influence of biological, environmental, and management-related factors rather than any single determinant. Similar patterns 
have been reported in other African contexts, where farm practices, abattoir hygiene, and carcass handling collectively explains 
contamination dynamics [10,29,36,62]. Nevertheless, these results should be interpreted with caution due to the limited sample size 
and incomplete production data, which may have constrained statistical power.

Conclusion

This study provides the first integrated assessment of Salmonella contamination and associated zootechnical risk factors among 
slaughtered cattle at the Yaoundé abattoir using real-time PCR. The overall prevalence of 14.9 % indicates a moderate but epide
miologically significant level of contamination, reflecting persistent deficiencies in slaughter hygiene and biosecurity practices. The 
higher sensitivity of real-time PCR compared with conventional culture methods underscores its suitability for routine surveillance in 
abattoir settings.

The higher prevalence observed in carcasses (17.7 %) and the detection of Salmonella on butchers’ hands (5.52 %) highlight not 
only substantial exposure risks within the slaughter environment but point to cross-contamination during processing.

Although no zootechnical factor showed a statistically significant association with Salmonella contamination, the relatively higher 
detection rates among older, female, and truck-transported cattle suggest that cumulative exposure and handling-related stress may 
contribute to infection risk. Furthermore, the elevated Salmonella prevalence in cattle from the Adamawa region underscores the role 
of regional livestock movement and cross-border trade in pathogen dissemination.

Overall, Salmonella contamination at the Yaoundé abattoir derives from multifactorial interactions involving animal handling 
practices, environmental contamination, and deficiencies in hygiene and process control, rather than from single animal-level 
determinants.

To effectively mitigate the aforementioned risks, it is recommended that: 

1. Strict hygiene and sanitation protocols be enforced at all slaughter stages, particularly during evisceration and carcass handling.
2. HACCP-based monitoring and staff hygiene training be implemented to strengthen food safety management and minimize cross- 

contamination.
3. Routine molecular surveillance and traceability systems be established to enable early detection, track contamination sources, and 

enhance regional biosecurity coordination.
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