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ABSTRACT

Background and Aim: Non-typhoidal Salmonella (NTS) is a leading cause of foodborne illness, with poultry products serving
as major transmission routes. In sub-Saharan Africa, surveillance of antimicrobial resistance (AMR) and virulence determi-
nants remains limited. This study investigated the prevalence, AMR, and virulence gene profiles of NTS isolated from poultry
products retailed in Arusha, Tanzania.

Materials and Methods: A cross-sectional study was conducted between August and October 2023. A total of 240 samples
(layer eggs and broiler meat) were collected from two wards in Arusha City using systematic random sampling. NTS isolates
were confirmed by polymerase chain reaction (PCR) and tested for susceptibility to 11 antimicrobial agents using the Kirby—
Bauer method. Virulence (invA and stn) and resistance genes (tetA, tetB, bla__,, bla_,,.and b/aSHV) were screened by PCR.
Statistical associations were analyzed using odds ratios (OR) and 95% confidence intervals (Cl).

Results: The overall prevalence of NTS was 23.3% (56/240). Layer eggs showed significantly higher contamination (20%)
compared with broiler meat (3.3%) (OR = 10.0, 95% Cl: 4.4-22.6, p < 0.001). Salmonella Typhimurium was the predomi-
nant serotype. All isolates carried invA and stn genes. Alarmingly, 100% of isolates were resistant to imipenem (IMl), while
resistance to ampicillin (58.9%) and tetracycline (41.1%) was also common. Multidrug resistance patterns were frequent,
although resistance genes were detected at a low prevalence (tetA, 5.3%; blaTEM, 3.5%).

Conclusion: The findings demonstrate a high prevalence of virulent and IMI-resistant S. Typhimurium in retail poultry prod-
ucts in Arusha, particularly in eggs. These results highlight critical gaps in food safety regulation and antimicrobial steward-
ship within the Tanzanian One Health framework. Further genomic studies are warranted to elucidate underlying resistance
mechanisms and inform effective surveillance strategies.

Keywords: antimicrobial resistance, non-typhoidal Salmonella, One Health, poultry, Tanzania, virulence genes.

INTRODUCTION

Globally, non-typhoidal Salmonella (NTS) is responsible for an estimated 153 million illnesses and over
50,000 deaths annually [1]. It ranks as the second most commonly isolated zoonotic pathogen, accounting for
more than 90% of foodborne infections worldwide [2]. NTS is a major cause of gastroenteritis, with poultry
products recognized as an important transmission source. Although often self-limiting, salmonellosis exerts a
disproportionate impact in sub-Saharan Africa (SSA), which contributes more than 79% of global cases due to
its large, vulnerable population [3]. In Tanzania, the estimated incidence was 5.0—19.9 cases/100,000 people in
2017 [4]. Outbreaks of diarrheal disease linked to poultry consumption are frequently associated with Salmonella
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Enteritidis and Salmonella Typhimurium [5], and infection typically occurs following ingestion of undercooked
or raw poultry products [6]. In Tanzania, salmonellosis is ranked ninth among priority zoonoses under the One
Health framework [7], yet reported cases likely represent only a fraction of the true burden [8].

Despite the recognized burden of NTS in SSA, limited studies in Tanzania have combined phenotypic resis-
tance profiling with the molecular detection of virulence and resistance genes in poultry products. Most avail-
able reports focus either on prevalence or antimicrobial susceptibility alone, without exploring the coexistence
of resistance mechanisms and pathogenic determinants. Furthermore, in northern Tanzania, and particularly in
Arusha, a global tourism hub with high poultry product consumption, data on the integrated resistance—viru-
lence profile of NTS are scarce [9]. The absence of such information hampers the design of effective food safety
interventions, antimicrobial stewardship strategies, and One Health-based surveillance programs [10, 11].

This study was therefore designed to investigate the prevalence, AMR patterns, and virulence gene profiles
of NTS isolated from poultry products retailed in Arusha City, Tanzania. By integrating phenotypic antimicrobial
susceptibility testing with molecular detection of key virulence (invA and stn) and resistance genes (tetA, tetB,
bla_,, bla_,.,and bla_, ), the study aimed to provide novel insights into the public health risks associated with
poultry consumption [12-14]. The findings are expected to inform targeted interventions within the Tanzanian
One Health framework and contribute to strengthening local food safety policies.

MATERIALS AND METHODS

Ethical approval

This research was approved by the Institutional Review Board of Ifakara Health Institute (IHI/IRB/No:
39-2023). No live animals were involved in the study during sample collection or laboratory analysis. Permission
to collect samples under the supervision of public health authorities was granted by the Arusha City local gov-
ernment (Permit No. FA.18/232/002/T/344).

Study period and location

A cross-sectional study was conducted from August to October 2023 in Arusha City, northern Tanzania.
Arusha is a key administrative and economic center, recognized as a global tourism hub, situated between lati-
tudes 2°S and 6°S and longitudes 35°E and 38°E. Rapid urbanization and high poultry consumption in this region
highlight the public health relevance of the study (Figure 1) [15].
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Figure 1: Map of the study area within Tanzania. The left panel highlights the location of Arusha City Council in northern
Tanzania (in pink). The right panel provides a detailed view of Arusha City Council, indicating the specific wards
involved in the study: Levolosi Ward (green) and Mijini Kati Ward (yellow) [Source: The map was generated using ArcGIS
10.4].
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Sample collection and sampling strategy

Purposive sampling was employed, in consultation with Public health officials to identify retail outlets with
the highest turnover of poultry products. Two wards, Mjini Kati (3°22'26"S, 36°41'18"E) and Levolosi (3°22'6.6"'S,
36°40'57.72"E), were selected. Outlets included food stores, groceries, vendors, supermarkets, and open
markets.

Systematic sampling was employed by selecting every second store, starting from random points, to mini-
mize bias.

Sample size estimation
The required sample size was calculated using the formula [16]:

Lo 2P (- p)
dZ

Where:

e n=Sample size

e 7 =1.64 (standard normal deviation at 90% confidence level)
e p = Expected prevalence of zoonotic Salmonella at 11.4% [17]
e d = Desired precision (0.05).

The minimum required sample size was 109 per category. To account for spoilage (10%), 120 samples each
of broiler meat and eggs were collected, totaling 240 samples.

Isolation and identification of Salmonella

Samples (egg yolk and broiler meat) were pre-enriched in Selenite-F Broth and incubated at 37°C for
24 h. Enriched cultures were streaked onto Xylose-Lysine-Desoxycholate agar, incubated at 37°C for 18-24 h,
and examined for colonies with typical morphology (pink colonies with black centers). Colonies were further
subjected to Gram staining and microscopic observation at 1,000x magnification to confirm rod-shaped Gram-
negative bacteria consistent with Salmonella [18].

Molecular confirmation by polymerase chain reaction (PCR)

DNA was extracted using the boiling lysis method. Each isolate was suspended in 200 uL of broth, centri-
fuged at 14,000 x g, resuspended in sterile water, and then subjected to heating at 100°C for 10 min, followed by
rapid cooling and a second centrifugation step. The resulting supernatant served as PCR template.

PCR reactions (25 uL) contained: 12.5 uL OneTaq Quick-Load 2x Master Mix (New England Biolabs, Inc. MA,
USA, Catalog No.: M04865/M0486L), 1 uL forward and reverse primers, 4 uL DNA template, and 6.5 UL nucle-
ase-free water (New England Biolabs, USA) (Table 1) [19, 20].

Amplification was performed using a Bio-Rad C1000 Touch Thermal Cycler (Bio-Rad, CA, USA):

e |Initial denaturation: 94°C for 30 s

e 34 cycles of: 94°C for 30 s (denaturation), 50°C for 30 s (S. Enteritidis) or 57°C (S. Typhimurium) for annealing,
and 68°C for 1 min (extension)

e Final extension: 68°C for 5 min.

Products were resolved on 2% agarose gel electrophoresis, stained with ethidium bromide, and visualized
under a ChemiDoc MP system (Bio-Rad). Positive controls (S. Enteritidis American Type Culture Collection [ATCC]
13076; S. Typhimurium ATCC 14028) and a negative control were included in the study.

Table 1: Primers used to confirm NTS infection.

S. Target Strain name Primer Primer sequence (5'—3’) Primer Band Reference
No. gene set length size (bp)
sefA Salmonella Enteritidis S1/54 F: GCCGTACACGAGCTTATAGA 20 250 [19]
R: ACCTACAGGGGCACAATAAC
2. flic Salmonella Typhimurium Flil5/ F: CGGTGTTGCCCAGGTTGGTAAT 22 559 [20]

TypO4 R: ACTCTTGCTGGCGGTGCGACTT

F = Forward, R = Reverse, bp = Base pair, NTS = Non-typhoidal Salmonella, sefA = Salmonella Enteritidis fimbrial A gene, fliC = Flagellin C gene, encodes
phase 1 H antigen
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Antimicrobial susceptibility testing

Antimicrobial susceptibility was tested using the Kirby—Bauer disc diffusion method, following Clinical and
Laboratory Standards Institute (CLSI) (2018) guidelines [21]. Standardized inocula (1.5 x 10”8 colony-forming
unit/mL; McFarland standard) were spread onto Mueller—Hinton agar (HiMedia, India). Antibiotic discs (Acon
Laboratories Ltd. San Diego, California, USA) included: ampicillin (AMP) (25 ug), cefaclor (CF) (30 ug), imipenem
(IMI) (10 ug), gentamycin (GEN) (10 ug), ciprofloxacin (CIP) (5 ug), sulfamethoxazole-trimethoprim (SXT) (25 ug),
streptomycin (S) 10 ug, chloramphenicol (C) (30 ug), doxycycline (DXT) (30 ug), norfloxacin (NOR) (10 ug), and TE
(30 ug). Plates were incubated at 37°C for 18-25 h, and inhibition zones were interpreted using CLSI breakpoints.
S. Typhimurium ATCC 14028 served as quality control.

Detection of virulence and resistance genes
DNA from confirmed S. Typhimurium isolates was subjected to PCR for virulence (invA and stn) and resis-
tance genes (tetA, tetB, bla,,,, bla . and bla, ) (Tables 2 and 3) [22, 23].
e Virulence gene PCR: Initial denaturation at 95°C for 1 min; 34 cycles of 95°C for 20 s, 60.5°C for 1 min (anneal-
ing), and 68°C for 1 min (extension); final extension at 68°C for 5 min.
e Resistance gene PCR: 40 cycles of 94°C for 30 s, annealing at gene-specific temperatures (54°C tetA, 52°C

tetB, 57°C blaTEWCTXM, and 60°C bla,,, ), extension at 68°C for 1 min, and final extension at 68°C for 5 min.

Amplified products were visualized on agarose gel under the same electrophoresis conditions as Section
2.5 [24].

Statistical analysis

Data were entered in Microsoft Excel and analyzed using Stata v15 (StataCorp, USA). Descriptive statis-
tics (frequencies, percentages, tables, and graphs) summarized prevalence and resistance profiles. Associations
between sample type, ward, and contamination were assessed using odds ratios (ORs) with 95% confidence
intervals (Cls). The Chi-square test was used to determine significance, with p-value set at < 0.05.

RESULTS

Frequency of NTS detection

The overall prevalence of NTS in poultry products was 23.3% (56/240). Layer eggs showed the highest
contamination (20%) compared with broiler meat (3.3%). No S. Enteritidis was detected in any of the samples
(Table 4). S. Typhimurium was the predominant serovar, detected across all sampling points, with prevalence
ranging from 0.4% (1/10) to 4.2% (10/50).

Table 2: Primer pairs for detecting virulence genes.

S. No. Target gene Primers (5'—3’) Annealing temperature Band size (bp) Reference
1. stn F: TTGTGTCGCTATCACTGG CAACC 60.5°C 617 [22]

R: ATT CGT AAC CCG CTC TCG TCC
2. invA F: TAT CGC CAC GTT CGG CAA 60.5°C 275 [22]

R: TCG CAC CGT CAAAGG AACC

F = Forward, R = Reverse, bp = Base pair, stn = Salmonella enterotoxin gene, invA = Invasion protein A gene

Table 3: Primer pairs for detecting AMR genes.

Drug type Gene name Primer (5'—3’) Annealing temp Base pairs Reference
Tetracycline tetA F: GCTACATCCTGCTTGCCTTC 54°C 210 [22]
R: CATAGATCGCCGTGAAGAGG
tetB F: TTGGTTAGGGGCAAGTTTTG 52°C 659 [22]
R: GTAATGGGCCAATAACACCG
ESBL bla,,,, F: TTGGGTGCACGAGTGGGTTA 57°C 465 (23]
R: TAATTGTTGCCGGGAAGCTA
blaSHV F: AGGATTGACTGCCTTTTTG 60°C 392 [23]
R: ATTTGCTGATTTCGCTCG3
bla F: ACCGCCGATAATTCGCAGAT 57°C 588 [23]

CTXM

R: GATATCGTTGGTGGTGCCATAA

AMR = Antimicrobial resistance, ESBL = Extended-spectrum beta-lactamase, F = Forward, R = Reverse, tetA = Tetracycline resistance genes type A,

tetB = Tetracycline resistance gene type B, bla__ = B-lactamase TEM-type gene, bla_, = B-lactamase SHV-type gene, bla = B-lactamase -type gene

TEM SHV CTXM CTX-M
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The highest contamination levels were observed at Sokokuu (10/50; 4.2%), Majengo (9/22; 3.8%), and
Wachaga (8/13; 3.3%). Eggs accounted for most isolates (48/56), while broiler meat contributed only 8 isolates
(Figure 2). Error bars (+12.9 standard deviation) indicated considerable variability in prevalence estimates.

Geographically, Mjini Kati ward recorded a prevalence of 15% (36/240), which was significantly higher than
Levolosi ward at 8.3% (20/240). Statistical analysis showed that eggs were 10 times more likely to be contam-
inated with Salmonella than meat (OR = 10.0; 95% Cl: 4.399-22.602; p < 0.001). Similarly, samples from Mjini
Kati were 2.5 times more likely to be contaminated compared with those from Levolosi (OR = 2.474; 95% Cl:
1.257-4.867; p = 0.009) (Table 5).

Antibiotic susceptibility profile of S. Typhimurium isolates

Resistance levels varied across antimicrobial agents (Figure 3). All isolates (100%) were resistant to IMI.
Moderate resistance was observed against AMP (58.9%) and TE (41.1%), while resistance to CF was detected in
21.4% of isolates. Lower resistance rates were recorded for GEN and SXT, whereas no resistance was observed
against CIP, NOR, S, C, or DXT.

Resistance patterns are summarized in Table 6. Of the 56 isolates, 23 (41.1%) were monoresistant to IMI.
Combined resistance to IMI-CF was observed in 9 isolates (16.1%), while the TEFAMP—IMI-CF pattern was found

Table 4: Frequency of NTS detected from raw chicken products in the Arusha City Council.

Wards Sampling points Sample size No. of positive samples (%) Total number of isolates
Salmonella Typhimurium Salmonella Enteritidis
Levolosi Katimakutano 14 2(0.8) 0 20 (16.7)
Kilombelo 33 5(2.0) 0
Marombosa 24 1(0.4) 0
Salei 10 1(0.4) 0
Shoppers 28 9(3.8) 0
Soka 11 2(0.8) 0
Mijini kati Majengo 22 9(3.8) 0 36 (30)
Ndovu 19 10 (4.2) 0
Swahili 16 2(0.8) 0
Sokokuu 50 7(2.9) 0
Wachaga 13 8(3.3) 0
Total 240 56 (23.3) 0 56 (23.3)

NTS = Non-typhoidal Salmonella

Table 5: Predictor of NTS contamination.

Predictor variable Frequency (n) OR 95% ClI p-value
Sample type 240 10.0 4.4-22.6 <0.001
Ward 240 2.5 1.3-4.9 0.009

NTS = Non-typhoidal Salmonella, OR = Odds ratio, Cl = Confidence interval

B Positive isolates 120 m Tetracycline (TE)
45 31 m Sulfamethoxazole (SXT)
100
% 40 . = Gentamicin (GEN)
E 35 £ 80 m Ciprofloxacin (CIP)
) 17 8 95% Cl
- 30+ T 60 T ° = Ampicillin (AMP)
g 25+ 2 l = Imipenem (IMI)
s 20 - 5 3 § 40 1 Cefaclor (CF)
:g 15 ® 20+ ———— m Streptomycin (S)
g 104 & o Chloramphenicol (C)
z 54 Doxycycline (DXT)
0- 20 ;
Te " ial Norfloxacin (NOR)
Layer Eggs Broiler|meats Layer Eggs  Broilerimeats ested antimicrobial drug
Mnjini kati Levolosi Figure 3: Antibiotic drugs used in antimicrobial sensitivity
Sample types in their respective wards against Salmonella Typhimurium were imipenem, cefaclor,

tetracycline, sulfamethoxazole-trimethoprim, ampicillin,
gentamycin, streptomycin, ciprofloxacin, doxycycline,
norfloxacin, and chloramphenicol.

Figure 2: Contamination of the Salmonella Typhimurium
was detected in the egg sample (48 isolates) and in the
meat samples (8 isolates).
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in 8 isolates (14.3%). Three isolates (5.4%) showed multidrug resistance to TE, GEN, AMP, IMI, and CF. Less com-
mon resistance profiles included TE-SXT—IMI-CF and TE-SXT-GEN-IMI—CF (one isolate each).

Antibiotic resistance and virulence genes of Salmonella isolates

Molecular analysis revealed that all 56 isolates carried the virulence genes invA and stn (Figure 4), with
100% prevalence in both egg and meat samples. In contrast, most resistance genes screened (tetA, tetB, bla_,,,
bla.,, and bla_, ) were absent. Only three isolates carried tetA and three carried bla_, . The tetA gene was
detected mainly in egg isolates, while bla_, was found in both eggs and broiler meat (Figure 5).

DISCUSSION

Public Health concern of NTS in SSA

The prevalence of NTS infections associated with poultry products is a major public health concern in
SSA [25]. This study confirmed contamination in both raw layer eggs and broiler meat in Arusha, Tanzania, high-
lighting the zoonotic potential of these bacteria. The findings align with earlier reports of high prevalence in
developing countries, particularly in urban centers such as Arusha, where weak infrastructure and inadequate
social services hinder the implementation of food safety measures [26]. Rapid population growth and urbaniza-
tion contribute to inequalities in food handling systems [27], thereby increasing risks of contamination in the
poultry supply chain [28].

Contamination patterns in eggs and meat

The high contamination rate (23.3%) of S. Typhimurium underscores the role of external contamination
pathways, given its ability to survive in diverse hosts and environments. Unlike S. Enteritidis, which can contam-
inate eggs internally [29], S. Typhimurium contamination is linked primarily to handling and processing prac-
tices. These findings are consistent with regional studies where S. Enteritidis is typically associated with animal

Table 6: Drug combinations resistant to Salmonella Typhimurium.

S. No. Resistance profile No. of resistant isolates (%) Status

1. AMP-IMI-CF 1(1.8) Multi-resistant
2. GEN-IMI-CF 1(1.8) Multi-resistant
3. IMI 23 (41.1) Mono-resistant
4. IMI-CF 9(16.1) Multi-resistant
5. TE-AMP-IMI-CF 8(14.3) Multi-resistant
6. TE-GEN-AMP-IMI-CF 3(5.4) Multi-resistant
7. TE-IMI 3(5.4) Multi-resistant
8. TE-IMI-CF 6 (10.7) Multi-resistant
9. TE-SXT-GEN-IMI-CF 1(1.8) Multi-resistant
10. TE-SXT-IMI-CF 1(1.8) Multi-resistant
11. Total 56

IMI = Imipenem, CF = Cefaclor, TE = Tetracycline, SXT = Sulfamethoxazole-trimethoprim, AMP = Ampicillin, GEN = Gentamycin

100bp ladder
wve -ve. 35 i3cht37ENEaoiER0 S AL A AL 45

Y G e W R S e e

Figure 4: Electrophoresis gel image showing bands corresponding to the invA and stn virulence genes, amplified using
multiplex polymerase chain reaction, with expected band sizes of 275 bp and 617 bp, respectively. Well 1 contains the
positive control, and well 2 contains the negative control. The remaining wells showed positive amplification for both invA
and stn.
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Figure 5: Raw electrophoresis gel image showing tetA and bla_,, resistance genes using single-plex amplification. The tetA
gene was detected in wells 2, 3, and 4, with positive and negative controls in wells 2 and 6, respectively. The bla_, , gene
was observed in samples from wells 13 and 14, and the positive and negative controls were located in wells 11 and 12,
respectively.

products, whereas S. Typhimurium is more frequently linked to human infections but both serovars cross those
lines a lot, and the picture varies by food chain practices and surveillances within SSA [30, 31].

The significantly higher contamination in raw eggs (20%) compared with broiler meat (3.3%) suggests that
eggs represent a more critical reservoir for zoonotic Salmonella [32]. Statistical analysis confirmed a strong asso-
ciation between egg contamination and salmonellosis risk (p < 0.0001; 95% Cl: 4.298-21.823). Importantly, eggs
are often consumed raw or undercooked in products such as mayonnaise, which increases the risk of foodborne
outbreaks [33], unlike meat, which generally undergoes thorough cooking [34]. Informal markets, where eggs
are sold without standardized handling procedures, likely amplify this risk.

Geographical disparities in contamination

Contamination levels varied between Mjini Kati ward (15%) and Levolosi ward (8.3%). Although the associa-
tion with geographical location was weaker (p = 0.048), the variation may reflect differences in local market prac-
tices, hygiene standards, and regulatory oversight. Poor temperature control and unhygienic handling during
poultry processing likely contribute to elevated contamination rates in certain locations [35]. This emphasizes
the need for targeted public health interventions, particularly in high-risk urban wards [36].

Antibiotic resistance trends

The antibiotic susceptibility profile revealed distinct resistance patterns. While many isolates remained sus-
ceptible to several commonly used antibiotics, the detection of multidrug-resistant S. Typhimurium is alarming.
All isolates (100%) exhibited resistance to IMI, with 41.1% showing monoresistance and 58.9% demonstrating
multidrug resistance. This suggests that IMI has effectively lost its therapeutic value against Salmonella in the
study area. These findings are consistent with earlier studies documenting IMI-resistant bacterial populations in
northern Tanzania’s poultry sector [37].

The widespread resistance to IMI represents a serious public health threat, raising concerns about inter-
species transmission and dissemination across the food chain. Cross-border livestock movement, coupled with
the absence of traceability systems, increases the risk of spreading carbapenem-resistant strains to broader
regions [38]. Continuous surveillance and stricter antimicrobial stewardship are urgently required to address
these challenges [39].

Multidrug resistance profiles

The isolates exhibited varied resistance combinations, including resistance to CF, TE, GEN, SXT, and AMP.
Multi-resistance patterns such as TEEAMP-IMI-CF (14.3%) and TE-GEN-AMP—IMI—CF (5.4%) complicate treat-
ment options for salmonellosis. Horizontal gene transfer may play a key role in the dissemination of these resis-
tance traits. Despite this, susceptibility to drugs such as S, CIP, DXT, NOR, and C provides alternative therapeutic
options that must be preserved through prudent use [40].
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Virulence and resistance genes

The detection of virulence genes (invA and stn) in 100% of isolates indicates high pathogenic potential.
These genes enhance the ability of Salmonella to invade host intestinal cells and produce enterotoxins, thereby
increasing the risk of severe clinical salmonellosis [41], especially in vulnerable populations such as children,
pregnant women, the elderly, and immunocompromised individuals. The universal presence of these genes
underscores the likelihood of diarrheal outbreaks if food safety measures are not improved [42].

Resistance gene screening revealed a low prevalence of tetA (5.3%) and bla,,, (3.5%). tetA was detected
primarily in egg isolates and correlated with phenotypic tetracycline (TE) resistance, while bla_  was associated
with AMP and cefaclor resistance. Interestingly, phenotypic resistance was observed even in isolates lacking
these genes, suggesting alternative mechanisms such as efflux pumps or other adaptive strategies. The low prev-
alence of resistance genes contrasts with findings from other East African studies [43], which reported higher
rates of tetA, indicating possible geographic variation in gene dissemination [44].

Limitations

This study provides valuable insights into the prevalence, resistance, and virulence profiles of NTS in
Arusha poultry products; however, certain limitations must be acknowledged. The absence of S. Enteritidis
may be attributed to molecular limitations, such as primer mismatches with local strains. The cross-sec-
tional design, limited to two wards, restricts the ability to capture temporal and broader spatial variations.
Furthermore, while high phenotypic resistance to IMI was observed, the absence of molecular confirmation
for carbapenemase genes limits interpretation of underlying mechanisms. Future investigations employing
whole-genome sequencing and minimum inhibitory concentration (MIC) assays are recommended for more
robust analysis.

CONCLUSION

This study revealed a high prevalence (23.3%) of NTS in poultry products retailed in Arusha City, with
S. Typhimurium as the predominant serovar. Contamination was markedly higher in layer eggs (20%) compared
with broiler meat (3.3%), indicating that eggs serve as a critical reservoir for zoonotic transmission. All isolates
carried the virulence genes invA and stn, confirming their high pathogenic potential. Alarmingly, 100% of iso-
lates demonstrated resistance to IMI, while multidrug resistance patterns involving AMP, TE, and CF further
underscored the treatment challenges. Although resistance genes such as tetA and bla ., were detected at a low
prevalence, the presence of phenotypic resistance in their absence suggests that alternative mechanisms are at
play.

These findings emphasize the urgent need for strengthened food safety policies, particularly in informal
poultry markets where eggs are handled with minimal hygienic control. The demonstrated IMI resistance high-
lights a potential loss of a critical therapeutic option, necessitating prudent antimicrobial stewardship across
both veterinary and human health sectors. Public education on safe handling and thorough cooking of poultry
products is vital to reduce transmission risks.

This study is among the first in northern Tanzania to integrate phenotypic resistance profiling with molecu-
lar detection of virulence and resistance genes in poultry products, providing a comprehensive risk assessment
under the One Health framework.

Future research should employ whole-genome sequencing and MIC assays to elucidate resistance mech-
anisms and track gene dissemination. Expanded surveillance across Tanzania and integration of poultry supply
chain traceability systems are needed to enhance early detection and response to resistant Salmonella.

The coexistence of high virulence potential and alarming AMR in S. Typhimurium from poultry products
represents a significant public health threat in Arusha. Targeted surveillance, improved hygiene practices, and
stronger antimicrobial stewardship anchored in the One Health framework are essential to safeguard food safety
and preserve the efficacy of critical antibiotics.
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