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22  Abstract

23 Background

24  Hospital-acquired infections (HAIs) remain a global public-health concern, particularly in
25  low- and middle-income countries where infection-prevention resources are limited. Surgical-
26  site infections (SSIs) and urinary-tract infections (UTIs) are among the most frequent HAIs
27  and contribute to increased morbidity and healthcare costs. Genomic surveillance provides
28 insights into the diversity, antimicrobial resistance (AMR), and virulence potential of
29  causative bacteria.

30 Methods

31 Four bacterial isolates collected from Tanzanian healthcare facilities were analysed:
32 Pseudomonas aeruginosa SSO01 and SS89 (from SSIs), Alcaligenes faecalis UP17 (from a
33  UTI), and Lysinibacillus sphaericus SS48 (from an SSI). Genomic DNA was extracted and
34  sequenced on the Illumina platform. Reads were quality-filtered and assembled de novo using
35 SPAdes. Genomes were annotated with Prokka. AMR genes were identified using
36  AMRFinderPlus, CARD-RGI, and ResFinder. Virulence determinants were detected using
37 VFDB. P. aeruginosa isolates were typed by multilocus sequence typing (MLST).
38  Phylogenetic analysis based on single-nucleotide polymorphisms (SNPs) was performed using
39  Snippy and IQ-TREE, and trees were visualised with iTOL.

40 Results

41  Genome sizes ranged between approximately 6.0 and 6.7 Mb with GC contents consistent
42 with species references. MLST revealed two distinct P. aeruginosa sequence types: SSO1 was
43 closest to ST2317 (incomplete ppsA locus) and SS89 matched ST4714, indicating non-clonal
44 origins. AMR screening detected B-lactamase, aminoglycoside-modifying enzyme, and efflux-
45  pump genes in P. aeruginosa, multidrug-efflux genes in 4. faecalis, and intrinsic resistance

46  determinants in L. sphaericus. Virulence-factor profiling identified type Ill-secretion,
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quorum-sensing, and biofilm-formation genes in P. aeruginosa; adhesion and stress-tolerance
genes in A. faecalis; and sporulation and surface-adhesion genes in L. sphaericus.
Phylogenetic analysis positioned the Tanzanian isolates as unique local lineages distinct from
global references.

Conclusions

This study demonstrates the genomic diversity and complex AMR mechanisms of clinically
important bacteria in Tanzania. The coexistence of resistance and virulence determinants
underscores the need for routine genomic surveillance and strengthened antimicrobial-

stewardship programs.

Keywords
Multidrug resistance; antimicrobial resistance; Pseudomonas aeruginosa; Alcaligenes

faecalis; Lysinibacillus sphaericus; surgical site infections; Tanzania.
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60 Introduction

61  Hospital-acquired infections (HAIs) continue to pose a major public health challenge
62  worldwide, particularly in low- and middle-income countries where diagnostic capacity and
63 infection prevention measures are often limited (1,2). Among HAIs, surgical site infections
64  (SSIs) and urinary tract infections (UTIs) are especially common and are associated with
65  substantial morbidity, prolonged hospital stays, and increased healthcare costs (3,4). A variety
66  of bacterial pathogens contribute to these infections, but Pseudomonas aeruginosa,
67  Alcaligenes faecalis, and Lysinibacillus sphaericus have emerged as clinically relevant
68  organisms with diverse implications for antimicrobial resistance (AMR), pathogenicity, and
69 infection control (5,6).

70

71  Pseudomonas aeruginosa is a well-characterized opportunistic pathogen responsible for a
72 wide range of HAlIs, including SSIs, bloodstream infections, and ventilator-associated
73  pneumonia. It is particularly challenging to manage due to its intrinsic resistance to many
74  antibiotics, its ability to form biofilms, and its capacity to acquire additional resistance
75  determinants through chromosomal mutations and horizontal gene transfer (7,8). The World
76  Health Organization has classified multidrug-resistant P. aeruginosa as a “critical priority
77  pathogen,” emphasizing the urgency of surveillance and the development of new therapeutic
78  strategies (Moradali et al., 2017; WHO, 2024).

79  Although less frequently reported, Alcaligenes faecalis is increasingly recognized as an
80  opportunistic pathogen in UTIs, especially among vulnerable populations such as pregnant
81 women. This species exhibits intrinsic resistance to multiple antibiotics and is often
82  misidentified in clinical laboratories, raising concerns about under-diagnosis and
83  inappropriate therapy (11). Infections caused by A. faecalis have been linked to adverse
84 outcomes in pregnancy, underscoring the importance of improved detection and

85  characterization in maternal health surveillance (12). Meanwhile, Lysinibacillus sphaericus,
4
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86  traditionally known as an environmental bacterium with bio-control applications against
87  mosquito larvae, has more recently been implicated in opportunistic human infections
88 including wounds and SSIs (13,14). The emergence of L. sphaericus in clinical settings
89  highlights the porous boundary between environmental microbes and nosocomial pathogens,
90 particularly in resource-limited healthcare systems where environmental contamination may
91 play a significant role in infection transmission.
92  On the other hand the genomic characterization provides a powerful means of investigating
93  such pathogens, enabling insights into evolutionary relationships, AMR mechanisms, and
94  virulence determinants. Comparative genomics extends beyond species identification to assess
95  strain-level diversity, horizontal gene transfer, and the presence of shared or unique genes that
96  shape clinical outcomes (15,16). Integrating genomic data from multiple isolates across
97 infection types such as SSIs and UTIs creates opportunities to identify both species-specific
98 traits and overlapping features of clinical importance, thereby informing infection prevention
99 and control (IPC) strategies (17). In this study, we intended to sequence clinical isolates using
100  de novo genome assemblies, functional annotation, and phylogenetic analyses. Our findings
101  are anticipated to provide new insights on their clinical relevance, potential resistance
102  mechanisms, and implications for antimicrobial stewardship and hospital infection control in

103  resource-limited settings.

104 Methods

105  Study isolates and sample collection

106  Four de-identified clinical isolates were obtained from routine diagnostics in Tanzanian
107  healthcare facilities: SSO1 and SS89 from surgical-site infections, UP17 from a urinary tract
108 infection in a pregnant woman, and SS48 from a surgical-site infection. No patient-identifying
109 information was collected; all procedures adhered to institutional and national ethical
110  approvals.

111  DNA extraction and sequencing


https://doi.org/10.1101/2025.10.16.25338208
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.10.16.25338208; this version posted October 18, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

112 Genomic DNA was extracted from overnight cultures using a commercial extraction kit
113 (Qiagen, Germany), following the manufacturers protocol. DNA concentration and purity
114  were measured with a NanoDrop spectrophotometer and Qubit fluorometer, while integrity
115  was assessed using agarose gel electrophoresis (Green and Sambrook. 2012). Sequencing
116  libraries were prepared using Illumina’s paired-end protocol and sequenced on the Illumina
117  platform to generate 150 bp paired-end reads. Raw sequencing data were obtained in FASTQ
118  format for downstream analysis.

119  Quality control and preprocessing

120  The quality of raw reads was evaluated using FastQC, and summary reports were compiled
121 using MultiQC. Adapter sequences and low-quality bases were trimmed with Trimmomatic,
122 and only reads with an average Phred quality score above 30 were retained for further analysis
123 (Bolger et al. 2014; Bankevich et al., 2012).

124  Genome assembly and quality assessment

125  High-quality reads were assembled de novo using the SPAdes assembler, which is optimized
126  for bacterial genomes. Assembly statistics, including N50, total genome length, GC content,
127  and contig number, were generated using QUAST. Assemblies that appeared fragmented or of
128  abnormal size were further examined to rule out contamination (19,21).

129  Taxonomic species confirmation and typing

130  Species identity was confirmed via fastANI (average nucleotide identity) against reference
131  genomes (>95% ANI threshold interpreted as species-level match) and by BLASTn
132 comparison of 16S rRNA genes extracted with Barrnap. For P. aeruginosa, MLST typing
133 used the seven-locus scheme (acsA, aroE, guaA, mutL, nuoD, ppsA, trpE) (4,14). Alleles
134  were assigned by comparison to PubMLST; sequence type (ST) required complete 7-locus
135  calls. When a locus was missing (e.g., SSO1 ppsA), the closest ST was identified and flagged
136  as provisional.

137  as described by(22,23).
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Genome annotation and gene prediction
Genome annotation was conducted using Prokka, which predicts coding sequences, ribosomal
RNAs, transfer RNAs, and functional proteins. The predicted proteins were compared against

curated databases to assign functions and identify resistance and virulence determinants (23).
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143  Antimicrobial resistance and virulence factor analysis

144  Antimicrobial resistance genes were identified using three complementary approaches.
145  Assemblies were first screened with AMRFinderPlus (NCBI), which detects acquired
146  resistance genes, chromosomal mutations, and stress response genes. The Comprehensive
147  Antibiotic Resistance Database (CARD) was then queried using the Resistance Gene
148  Identifier (RGI) tool to capture resistance determinants across multiple antibiotic classes
149  (23,24). Finally, the ResFinder database (Center for Genomic Epidemiology) was used to
150  validate clinically relevant acquired resistance genes. To reduce false positives, only hits with
151  >90% identity and >80% coverage were retained. In cases of overlapping results, the highest-
152  confidence match was selected. Virulence genes were identified by screening against the
153  Virulence Factors Database (VFDB) (24,25).

154  Comparative genomics and phylogenetic analysis

155  To place the Tanzanian isolates in a global context, representative genomes of P. aeruginosa,
156  A. faecalis, and L. sphaericus were retrieved from NCBI RefSeq and PubMLST, covering
157  diverse geographic regions and clinically important strains. Core and accessory genome
158  content was analyzed using Roary to identify shared and unique genes (26). Single nucleotide
159  polymorphisms (SNPs) were identified with the Snippy pipeline, and maximum likelihood
160  phylogenetic trees were built in IQ-TREE with 1,000 bootstrap replicates (27). Comparative
161  placement was assessed using both ANI and SNP-based clustering. Visualizations were
162  generated in the Interactive Tree of Life (iTOL) platform, and heatmaps summarizing AMR
163  and virulence gene distributions were produced for side-by-side comparison (28).

164  Data visualization and interpretation

165  Phylogenetic trees were annotated in iTOL to highlight the clustering of Tanzanian isolates
166  relative to global references. Heatmaps were used to compare the presence and absence of

167  resistance and virulence determinants across isolates. All findings were interpreted in light of
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168  clinical origin (SSI vs UTI) and potential implications for antimicrobial stewardship and
169 infection prevention strategies.

170  Data management and ethics

171  All raw sequencing data were retained in FASTQ format and converted to FASTA files for
172  analyses requiring that format. Metadata for each isolate was anonymized, and no personal
173  identifiers were included. Ethical approval was obtained from the Nationa Institute for
174  Medical Research (NIMR) and SFUCHAS IRB appropriate institutional review boards in
175  Tanzania, and the study was conducted in line with international ethical guidelines for

176  biomedical research.

177 Results

178  Overview of Study Isolates

179  This study compared four bacterial isolates obtained from clinical samples collected in
180 Kilombero, Tanzania. Two isolates (SSO1 and SS89) were identified as Pseudomonas
181  aeruginosa and were recovered from surgical site infections (SSIs). One isolate, UP17, was
182  identified as Alcaligenes faecalis and originated from a urine sample collected from a
183  pregnant woman with a urinary tract infection (UTI). The fourth isolate, SS48, was identified
184  as Lysinibacillus sphaericus and was also obtained from an SSI. All isolates underwent
185  whole-genome sequencing using Illumina paired-end reads, followed by de novo assembly,
186  genome annotation, and antimicrobial resistance (AMR) gene analysis. The comparative
187  genomic approach provided insight into genetic determinants of antimicrobial resistance and
188  evolutionary relationships among clinically relevant bacterial species in Tanzanian healthcare
189  settings.

190  Antimicrobial susceptibility testing

191  Disc diffusion antimicrobial susceptibility testing revealed that all isolates exhibited resistance
192  to multiple antibiotics commonly used for treating hospital-acquired infections. Each isolate

193  was resistant to Ciprofloxacin, Ceftriaxone, Meropenem, Amoxicillin—Clavulanic acid, and
9
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Sulfamethoxazole—Trimethoprim, indicating a multidrug-resistant (MDR) phenotype, the

results are summarized on Table 1.

Table 1: Antibiotic susceptibility patterns observed across all isolates

Isolate  Organism

Source

Tested Antibiotics Phenotypic Result

SS01 P. aeruginosa

Surgical site infection

CIP, CRO, MEM, AMC, SXT Resistant

SS89 P. aeruginosa

Surgical site infection

CIP, CRO, MEM, AMC, SXT Resistant

UP17 A faecalis

Urine (pregnant woman)

CIP, CRO, MEM, AMC, SXT Resistant

SS48 L. sphaericus

Surgical site infection

CIP, CRO, MEM, AMC, SXT Resistant

Antimicrobial Resistance Gene Profiles

Genomic analysis identified a wide array of antimicrobial resistance determinants. Screening

with AMRFinderPlus, CARD, and ResFinder revealed genes conferring resistance to -

lactams, aminoglycosides, fluoroquinolones, and sulfonamides. In P. aeruginosa, notable

genes included blaOXA variants and efflux pump systems. 4. faecalis carried genes associated

with intrinsic p-lactam resistance, while L.

sphaericus harbored unique resistance

determinants that aligned with its emerging role as an opportunistic pathogen. The genomic

findings closely matched the multidrug-resistant phenotypes observed in the disc diffusion

assays.

Table 2: Predicted AMR genes per isolate, with database confirmation

Isolate ID Organism Key AMR Genes Identified Resistance Classes

SSo01 P. aeruginosa blaOXA, mexAB-oprM, gyrA, B-lactams, fluoroquinolones,
gnrVCl, sull sulfonamides

SS89 P. aeruginosa blaVIM, ampC, mexXY, B-lactams, aminoglycosides,
gnrVCl, sul2 fluoroquinolones, sulfonamides

UP17 A. faecalis blaOXA-114, aac(6')-1b, tetA, B-lactams, aminoglycosides,
sull, gnrB, mphE tetracyclines, macrolides

SS48 L. sphaericus blaTEM, ermC, tetM, sull, B-lactams, macrolides,

aac(6')-1b, gnrS

tetracyclines, fluoroquinolones

10
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Virulence factors

Screening against the VFDB identified virulence-associated genes relevant to pathogenicity.

P. aeruginosa isolates carried genes encoding type III secretion system effectors, biofilm-

associated proteins, and quorum sensing regulators. A. faecalis showed virulence traits linked

to adherence and stress tolerance, while L. sphaericus carried sporulation-related and surface

adhesion genes, consistent with its dual role as an environmental organism and opportunistic

pathogen. The results of virulence factor distribution are shown in Table 3 and figure 1.

Table 3: Major virulence factors identified per isolate

Isolate ID Organism Key Virulence Factors Functional Category / Role

SSo01 P. aeruginosa  exoS, exoT, exoY, toxA, Type III secretion system effectors; exotoxins;
lasB, algD, rhll, rhiR, elastase; alginate biosynthesis; quorum sensing;
lasR, pilA, fliC motility and adherence

SS89 P. aeruginosa  exoU, exoT, toxA, lasR, Cytotoxins; elastase; rhamnolipid production;
lasB, rhIAB, pelA, pgsA—E, biofilm formation; quorum sensing and
oprF membrane permeability

UP17 A. faecalis fimA, ompA, htrA, groEL, Adhesion (fimbriae, outer-membrane proteins);
sodB, katA stress tolerance (heat-shock and oxidative

stress proteins); host persistence
SS48 L. sphaericus  spo0A, cotE, clfA, IytC, ef-  Sporulation and spore-coat proteins; surface

tu

adhesins; autolysins; environmental survival

and opportunistic colonization

Genome sequencing and assembly

High-throughput Illumina sequencing generated high-quality reads for all isolates. Following

trimming and quality control, each isolate was successfully assembled de novo. Genome sizes

were approximately 6.3 Mb (P. aeruginosa isolates) to 4.2 Mb (4. faecalis) and 4.8 Mb (L.

sphaericus), with GC content values consistent with species references. The N50 values

11
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222 indicated good assembly continuity, and the number of contigs was within the expected range
223  for draft bacterial genomes.

224  Table 4: Summary of genome assembly statistics for the four isolates

Isolate ID Species Genome size (Mb) GC content (%) N50 (bp) No. of contigs
SS01 P. aeruginosa ~6.3 ~66.0 110,000 210
SS89 P. aeruginosa ~6.2 ~65.9 120,500 195
UP17 A. faecalis ~4.2 ~57.2 85,400 250
SS48 L. sphaericus ~4.8 ~38.6 95,600 180

225

226  Species confirmation and typing

227  To ensure accurate taxonomic classification, multiple approaches were applied. Average
228  Nucleotide Identity (ANI) comparisons showed that all four isolates exceeded the 95%
229  threshold typically used to define species boundaries. The P. aeruginosa isolates (SSO1 and
230  SS89) shared ANI values of >97% with reference P. aeruginosa genomes, confirming their
231  identity. Similarly, the UP17 isolate aligned with Alcaligenes faecalis reference genomes at
232 >96% ANI, while SS48 demonstrated >98% similarity with Lysinibacillus sphaericus,
233 supporting its classification as this species.

234  Complementary analysis of 16S rRNA gene sequences further validated these assignments.
235 BLASTn searches of the extracted 16S rRNA regions against the NCBI nucleotide database
236  revealed >99% identity with the expected species in each case, in line with current bacterial
237  taxonomy standards. For the P. aeruginosa isolates, multilocus sequence typing (MLST)
238  provided finer strain-level resolution. SSO1 and SS89 were assigned to distinct sequence types
239  (STs), indicating that despite both being isolated from surgical site infections, they were not
240  clonally related. SS89 was assigned to ST4717 whereas on SS01 no allele hit was detected for
241 the ppsA locus during MLST analysis. This suggests independent infection sources or diverse
242  circulating lineages of P. aeruginosa within the hospital setting. MLST also enables

243  comparison with international strain collections, which will be useful for tracking the

12
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epidemiology of these isolates. Together, the ANI, 16S rRNA BLAST, and MLST results

provided strong confirmation of species identity and highlighted strain-level diversity among

the Tanzanian P. aeruginosa isolates.

Table S: Species confirmation and typing results for the four clinical isolates

Isolate ID Species ANI vs reference Closest 16S rRNA match MLST type (if
identified genome (%) (% identity) available)

SSo1 P. aeruginosa >97% 99.8% with P. aeruginosa Unknown
(NCBI)

SS89 P. aeruginosa >97% 99.7% with P. aeruginosa ST4714
(NCBI)

UP17 A. faecalis >96% 99.9% with A. faecalis Not applicable
(NCBI)

SS48 L. sphaericus >98% 99.6% with L. sphaericus Not applicable

(NCBI)

Comparative genomics and phylogenetic placement

Core genome analysis revealed both shared and unique gene sets across the four isolates and

their reference genomes. SNP-based phylogenetic trees positioned SSO1 and SS89 within

distinct P. aeruginosa lineages, suggesting independent infection sources. UP17 clustered

with A. faecalis strains from clinical and environmental backgrounds, highlighting its

potential as an emerging uropathogen. SS48 grouped within the L. sphaericus clade but

remained phylogenetically distinct from most environmental reference strains, suggesting

genomic divergence linked to its adaptation to hospital-associated infections. Visualization in

iTOL highlighted the evolutionary separation of isolates, while heatmaps showed overlaps in

resistance determinants (particularly B-lactamases and efflux systems) across species.

13
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260 Discussion

261  This study explored the genomic and antimicrobial resistance profiles of four clinically
262  significant bacterial isolates obtained from Tanzanian hospitals. The isolates included two
263 Pseudomonas aeruginosa (SSO1 and SS89) from surgical site infections (SSIs), Alcaligenes
264  faecalis (UP17) from a urinary tract infection (UTI) in a pregnant woman, and Lysinibacillus
265  sphaericus (SS48) from an SSI. The combined genomic and phenotypic data revealed diverse
266  Dbacterial species that have independently developed multidrug resistance (MDR), reflecting
267  the growing challenge of antimicrobial resistance (AMR) in hospital settings within low- and
268  middle-income countries.

269  All four isolates exhibited resistance to commonly used antibiotics, including ciprofloxacin,
270  ceftriaxone, meropenem, amoxicillin—clavulanate, and sulfamethoxazole—trimethoprim. These
271  findings align with the global increase in MDR pathogens, particularly in resource-limited
272 settings where antimicrobial misuse and poor infection control measures drive selective
273  pressure (29,30). The World Health Organization (WHO, 2024) classifies carbapenem-
274  resistant P. aeruginosa as a 'critical priority pathogen,' underscoring the need for enhanced
275  surveillance and stewardship strategies. The observed resistance to broad-spectrum antibiotics
276  such as carbapenems and fluoroquinolones mirrors previous Tanzanian reports documenting
277  high rates of AMR in P. aeruginosa isolated from SSIs and intensive care unit environments
278  (30,32,33). Similar patterns have been reported in Kenya and Uganda, where widespread
279  carbapenemase-producing P. aeruginosa and Acinetobacter species have been isolated from
280  hospitalized patients (34). This regional similarity highlights the transboundary spread of
281 AMR genes, often facilitated by horizontal gene transfer and antibiotic selection pressure
282  across healthcare systems.

283  MLST analysis revealed genetic diversity among the P. aeruginosa isolates, with SSO1 and
284  SS89 belonging to distinct sequence types ST2317 and ST4714, respectively. Although both

285  were recovered from SSIs, they were genetically unrelated, suggesting multiple sources of
14
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286 infection or colonization within the hospital environment. These findings are consistent with
287  reports that P. aeruginosa exhibits extensive genetic diversity and adaptability across hospital
288  and environmental niches (35). Interestingly, SS01 lacked a detectable ppsA allele, indicating
289  a possible gap in sequence coverage or allelic divergence not captured in current databases.
290  This limitation emphasizes the need for complementary methods such as core-genome MLST
291  (cgMLST) or single nucleotide polymorphism (SNP)-based phylogenetic analysis for finer
292  resolution.

293  The A. faecalis isolate (UP17) demonstrated an MDR profile consistent with global trends of
294  increasing resistance among opportunistic pathogens. While A. faecalis is commonly
295  associated with opportunistic infections, recent studies have shown that it can cause
296  significant morbidity in immunocompromised patients and pregnant women (Huang et al.,
297  2020). Its resistance to B-lactams, aminoglycosides, and tetracyclines complicates treatment
298  and underscores the importance of accurate identification in clinical microbiology laboratories
299  (11,36-38).

300 On the other hand, L. sphaericus (SS48) represents an emerging clinical pathogen
301 traditionally known for its environmental and entomopathogenic roles. However, recent
302  clinical reports, including cases of endocarditis and peritonitis, have implicated this bacterium
303 in opportunistic infections. The presence of multiple AMR genes in SS48 suggests possible
304  acquisition of resistance determinants from environmental reservoirs through horizontal gene
305 transfer. This finding underscores the 'One Health' perspective, where environmental microbes
306  may evolve into opportunistic pathogens under selective hospital pressures (13,14,39).

307 The convergence of AMR determinants across diverse species from different infection types
308  (SSIs and UTIs) suggests shared ecological and clinical drivers. Poor antibiotic stewardship,
309  suboptimal sterilization, and cross-contamination in hospital environments likely facilitate the
310  persistence and spread of MDR organisms (30,40—42). Strengthening infection prevention and

311  control (IPC) programs and routine genomic surveillance could help detect emerging resistant
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312  clones early. Moreover, locally generated genomic data can inform empiric treatment
313  guidelines tailored to Tanzanian hospitals rather than relying on external data that may not

314  reflect local resistance patterns.

315 This study’s main limitation is the small number of isolates analyzed, which limits
316  generalizability. Additionally, short-read sequencing may not fully capture mobile genetic
317 elements such as plasmids or integrons. Future research should incorporate long-read
318 sequencing technologies, longitudinal environmental sampling, and patient linkage data to
319  Dbetter understand AMR transmission dynamics. Expanding the genomic library of Tanzanian
320 isolates will also enhance regional representation in global AMR databases, facilitating cross-
321  country comparisons and outbreak tracing. Nevertheless, the findings of this study provide
322  valuable insights into the genomic diversity and AMR mechanisms of P. aeruginosa, A.

323 faecalis, and L. sphaericus isolated from Tanzanian hospitals..

324 Conclusion

325 This study highlights the growing threat of multidrug-resistant bacterial infections in
326  Tanzanian hospitals and the importance of integrating genomic surveillance into clinical
327  practice. The genetic diversity observed among P. aeruginosa isolates suggests that infections
328 may arise from different sources rather than a single outbreak strain, while the detection of
329  resistant 4. faecalis and L. sphaericus indicates that both clinical and environmental bacteria
330 contribute to the problem. These findings call for urgent action to strengthen infection
331  prevention, antibiotic stewardship, and genomic monitoring programs in Tanzanian healthcare
332 settings. A coordinated “One Health” approach linking hospitals, laboratories, and
333  environmental surveillance will be essential to slow the spread of antimicrobial resistance and

334  protect the effectiveness of existing treatments.
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Figure 1: Heatmap of antimicrobial resistance and virulence determinants identified in bacterial
isolates from hospital infections in Tanzania.
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Figure 1 presents heatmap which illustrate the distribution of major antimicrobial resistance (AMR) and
virulence-associated genes across four clinical isolates: Pseudomonas aeruginosa (8801 and S5889),
Alcaligenes faecalis (UP17), and Lysinibacillus sphaericus (S848). Each cell indicates the presence (red)
or absence (blue) of gene categories predicted from whole-genome sequences using AMRFinderPlus, the
Comprchensive Antibiotic Resistance Database (CARD) via the Resistance Gene Identifier (RGI) tool,
and the Virulence Factor Database (VFDB).
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