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Abstract 21 

Campylobacter species are leading causes of gastroenteritis globally, but their diversity and 22 

transmission dynamics at wildlife–livestock–human interfaces are poorly understood. We 23 

investigated Campylobacter diversity across sympatric mountain gorillas, livestock, and 24 

humans in Uganda. We analysed 553 faecal samples from humans (n=197), mountain gorillas 25 

(n=200), cattle (n=83), and goats (n=73). Human samples were collected from healthcare 26 

patients and community volunteers. We used metagenomic shotgun sequencing to reconstruct 27 

Campylobacter metagenome-assembled genomes (MAGs). We assembled 44 MAGs 28 

representing seven Campylobacter species, including three novel species from gorilla gut 29 

microbiomes. The others belonged to provisionally designated species C. sp017646085 30 

(cattle) and C. sp900539255 (humans) and known C. vicugnae (goats) and Candidatus C. 31 

infans (humans). C. sp900539255 was significantly enriched in healthcare-based human 32 

samples (p=0·001), whereas C. infans was common and showed no abundance differences 33 

between healthcare and community-based human samples, suggesting limited clinical 34 

significance. 35 

 36 

  37 
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Introduction 38 

Campylobacter species are among the leading causes of bacterial gastroenteritis and 39 

diarrhoea worldwide, with C. jejuni and C. coli being the most prevalent aetiological agents 40 

in human infections.1,2 Several other Campylobacter species, including C. fetus,3 C. lari,4 C. 41 

hyointestinalis,5 C. concisus,6 C. showae,7 C. upsaliensis,8 C. lanienae,9 and C. vicugnae,10 42 

have been implicated in human disease. The frequent occurrence of sporadic human 43 

infections is mainly linked to contaminated food, water, and the widespread presence of 44 

Campylobacter as a zoonotic pathogen in both livestock and wildlife populations.2 45 

 46 

Diarrhoea continues to pose a significant public health challenge, contributing substantially 47 

to childhood morbidity and mortality, particularly in countries with limited resources.11 48 

Diarrhoeal disease mortality rates vary significantly across regions, with striking disparities 49 

between high-income areas and some countries in Africa.11 In high-income regions, fewer 50 

than one child under five per 100 000 dies from diarrhoea, whereas in sub-Saharan Africa, 51 

the rate surpasses 130 deaths per 100 000.11 In Uganda, diarrhoea is one of the top five causes 52 

of under-five mortality, responsible for over 140 000 deaths annually, accounting for 7.1% of 53 

all under-five deaths in the country.12 54 

 55 

In Africa, studies across several countries indicate that Campylobacter species are highly 56 

prevalent, particularly among children.1 However, the presence of Campylobacter is not 57 

always associated with diarrhoea symptoms, even when the most common pathogenic 58 

species, C. jejuni and C. coli, are detected.1,13 For instance, a study in Madagascar reported 59 

high rates of Campylobacter in children without diarrhoea symptoms.14 These findings 60 

suggest that members of the genus are endemic in some African populations and can colonise 61 

the gut without always causing symptomatic disease.15 In 2020, a novel species was 62 
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identified in infants less than one year old;15 C. jejuni and C. coli were prevalent among these 63 

infants, but the second most abundant Campylobacter was a new species, named Candidatus 64 

Campylobacter infans (C. infans).15 Subsequent detection of C. infans in children under two 65 

years of age in Peru was not associated with diarrhoea symptoms.16 However, a recent study 66 

in Ethiopia using species-specific quantitative PCR identified C. infans as the predominant 67 

colonisers of the infant gut, associated with increased odds of diarrhoea and fever.17 The 68 

reconstruction of complete or near-complete genomes using high-throughput sequencing and 69 

advanced computational approaches (e.g., MAGs) provides a complementary framework to 70 

characterise the diversity of Campylobacter species and identify novel taxa, facilitating a 71 

more comprehensive understanding of their abundance in the gut microbiome and their roles 72 

in diarrhoeal disease.18  73 

 74 

The majority of human infectious diseases in humans have animal origins. However, 75 

Campylobacter research involving non-human primates (NHPs), our closest relatives, 76 

remains limited. When investigated, C. upsaliensis, C. jejuni, and several novel 77 

Campylobacter species have been detected, some associated with disease in both captive19 78 

and wild NHPs.20 An increase in Campylobacter detection in mountain gorillas in Uganda 79 

has been suggested to be potential anthropozoonotic transmission due to rising ecotourism in 80 

the region,21 however, others speculate that the high prevalence of Campylobacter spp. in 81 

gorilla faecal samples primarily reflects a previously uncharacterised, non-pathogenic 82 

component of their intestinal flora.20 83 

 84 

As human encroachment into habitats such as tropical forests increases and urban 85 

development accelerates, our understanding of how the associated environmental and 86 

socioeconomic changes influence pathogen transmission and emergence among wildlife, 87 

livestock, and human populations remains limited. Given that zoonotic diseases are an 88 

increasingly significant concern, particularly in regions where humans, wildlife, and domestic 89 
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animals share overlapping habitats and interact closely, our study aimed to investigate 90 

interspecies transmission of Campylobacter species by analysing their presence in faecal 91 

samples from habituated and unhabituated mountain gorillas, livestock, and humans living at 92 

a wildlife-livestock-human interface in Buhoma, Uganda. We employed metagenomic 93 

sequencing to quantify microbial abundance, reconstruct MAGs, and infer evolutionary 94 

relationships, offering a high-resolution view of Campylobacter species diversity in 95 

underrepresented ecological settings. 96 

Methods 97 

Ethical and regulatory approvals 98 

This study received ethical approval from the Massey University Human Ethics Committee 99 

(Southern A Application-14-44), Massey University, Palmerston North, Aotearoa New 100 

Zealand and the Mbarara University of Science and Technology Research Ethics Committee 101 

(via Conservation Through Public Health [CTPH]), Mbarara, Uganda. 102 

 103 

Study area and sample collection 104 

Fieldwork was conducted in and around Bwindi Impenetrable National Park (BINP), 105 

Buhoma, southwestern Uganda, a region of high biodiversity and zoonotic disease emergence 106 

risk due to close human-livestock-wildlife contact. BINP is home to around 43% of the 107 

world’s remaining approximately thousand mountain gorillas (Gorilla beringei beringei). 108 

Communities surrounding the park engage in subsistence farming and livestock rearing 109 

adjacent to forest margins. 110 

 111 

Between June and August 2018, faecal samples from six host groups, habituated mountain 112 

gorillas, wild (non-habituated) gorillas, domestic cattle and goats, anonymous human patients 113 

from local health centres, and human community members near BINP were collected and 114 
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placed in RNAlater® (Sigma, MO, USA) and stored at -20°C. Samples were shipped to New 115 

Zealand and stored at the Hopkirk Research Institute, Massey University, until analysis.  116 

 117 

Literature search 118 

We searched PubMed from Jan 1, 2000, to Jan 31, 2026, without language 119 

restrictions, using combinations of terms related to Campylobacter diversity, 120 

wildlife–livestock–human interfaces, metagenomics, and clinical infection 121 

(appendix p 3). 122 

 123 

DNA extraction and amplification 124 

Approximately 150 mg of faeces was processed for nucleic acid extraction followed by DNA 125 

processing, quantification and library preparation (appendix p 3). 126 

Genome sequencing 127 

Two sequencing approaches were employed: individual and pooled samples. 128 

 129 

Individual samples: A total of 553 DNA samples were sequenced at Orion Integrated 130 

Biosciences (KS, USA) using Nextera XT libraries on an Illumina® MiSeq platform. 131 

Sequencing data were used for read mapping to MAGs to estimate individual-level 132 

abundances and for taxonomic classification and estimation of Campylobacter abundances. 133 

 134 

Pooled samples: Samples were pooled by host species/group (14–20 samples per pool) and 135 

sequenced at the Australian Genome Research Facility (AGRF, Melbourne, Australia) using 136 

the xGen™ cfDNA & FFPE DNA Library Preparation Kit (IDT, IA, USA) on an Illumina® 137 

NovaSeq platform (2 × 150 bp). The pooled datasets were used for MAG assembly, coverage 138 

estimation, taxonomic classification, phylogenetic analysis, and functional annotation. 139 

 140 
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Bioinformatics pipeline 141 

A comprehensive bioinformatics pipeline was used for metagenomic data analysis; a full list 142 

of software, versions, scripts, and parameters is provided in the appendix (p 3). Additional 143 

publicly available genomes were used for comparative analyses. 144 

Results 145 

Study location, host populations, and sampling overview  146 

We analysed 553 faecal samples collected in Bwindi Impenetrable National Park (BINP) and 147 

the adjacent Buhoma community, Uganda, from gorillas (n=200; 100 habituated and 100 148 

non-habituated), livestock (n=156; 83 cattle and 73 goats), and humans (n=197). Human 149 

samples were collected either from healthcare facilities (clinical, n=99; age 5–69 years, 150 

median 25 years; collected anonymously) or the community (n=98; age 19–70 years, median 151 

35 years; 81 male, 19 female). Seven community-based participants reported diarrhoea. 152 

 153 

Diversity and phylogenetic structure of Campylobacter in host gut microbiomes 154 

A total of 44 Campylobacter MAGs were reconstructed from metagenomic data (19 gorilla, 155 

17 human, two cattle, six goat). Six MAGs were excluded because they did not meet quality 156 

parameters, resulting in 38 MAGs retained for downstream analyses. Species-level 157 

assignment identified C. infans and C. sp900539255 in humans, C. sp017646085 in cattle, 158 

and C. vicugnae in goats. Three gorilla-derived MAGs could not be assigned to any known 159 

Campylobacter species using GTDB-Tk, indicating putative novel taxa. Following 160 

dereplication, 23 unique MAGs were retained (13 human, four gorilla, five goat, one cattle). 161 

 162 

Phylogenetic analysis incorporating study-derived and publicly available genomes revealed 163 

extensive unrecognised diversity across multiple clades (figure 1). Clade 1 comprised a 164 

previously undescribed human-associated Campylobacter (C. sp934718785) and an NHP-165 



8 

 

associated species (C. sp006864365). Clade 2 included three novel species identified in this 166 

study, two gorilla-associated (sp1 and sp2) and one human-associated (C. sp900539255), 167 

together with two additional human-associated species from public datasets. Clade 3 168 

comprised a novel gorilla-associated Campylobacter (sp3) and a human-derived species (C. 169 

sp900753405). Clade 4 consisted of C. infans genomes recovered from humans and gorillas. 170 

High average nucleotide identity (ANI) supported close genomic relatedness between C. 171 

infans strains from human and gorilla hosts; the human-derived MAG from this study shared 172 

98·3% ANI with a human-derived reference genome and 98·0% ANI with a gorilla-derived 173 

genome (figure 2). Collectively, these findings indicate host-associated diversification and 174 

shared evolutionary trajectories of Campylobacter across humans and NHPs in multiple 175 

clades. Livestock-derived MAGs clustered within a distinct clade, with the goat-derived 176 

MAG grouping with C. vicugnae and the cattle-derived MAG grouping with C. sp017646085 177 

(figure 1). 178 

 179 

 180 

 181 

 182 

 183 

 184 

 185 

 186 

 187 

 188 

 189 

 190 

 191 

 192 
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Figure 1 Phylogenetic relationships and general characteristics of study-derived and publicly available 226 

Campylobacter genomes.  227 

A phylogenetic tree was inferred from a concatenated alignment of GTDB single-copy marker genes, with 1000 228 

ultrafast bootstrap repetitions to assess branch support. Expected amino acid substitutions per site across the 229 

concatenated conserved marker alignment. The tree depicts the placement of Campylobacter MAGs from seven 230 

species assembled in this study (indicated by stars) and their relationships to publicly available Campylobacter 231 

genomes, including both described (italic) and undescribed (bold) species. Clades 2, 3, and 4 include duplicate 232 

public genomes to illustrate diversity within primate-associated Campylobacter species. The C. lanienae-like 233 

species clade, highlighted by a yellow background, contains the livestock-derived Campylobacter species 234 

identified in this study. 235 

 236 

Campylobacter species abundance and classification sensitivity of metagenomic 237 

workflows for emerging taxa 238 

To assess host-associated abundance patterns, metagenomic reads were mapped to 239 

dereplicated MAGs. Sequence coverage-based analyses revealed distinct host-group–240 

associated patterns (appendix p 6). Gorilla-derived MAGs were detected almost exclusively 241 

in gorilla samples, with livestock-associated MAGs showing overlapping coverage across 242 

cattle and goat samples. In human samples, C. infans was more abundant in pooled 243 

community-based samples, while C. sp900539255 predominated in healthcare-based 244 

samples. 245 

 246 

 247 

 248 

 249 

 250 

 251 

 252 

 253 
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 257 

 258 

 259 

 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

Figure 2 Average nucleotide identity and coverage heatmap of Campylobacter MAGs across host-269 

associated samples. 270 

C. infans genomes from human and gorilla hosts showed high ANI values, suggesting cross-species 271 

transmission or shared evolutionary history. Other primate-derived Campylobacter species showed more 272 

variable ANI values across hosts. The livestock-associated species also exhibited genomic similarity to 273 

Campylobacter taxa previously associated with human disease. High average nucleotide identity (ANI) 274 

supported close genomic relatedness between C. infans strains from human and gorilla hosts; the human-derived 275 

MAG from this study shared 98·3% ANI with a human-derived C. infans reference genome from the 276 

Netherlands (GTDB ID GCF_013416015.1) and 98·0% ANI with a gorilla-derived C. infans genome from 277 

Gabon (GTDB ID GCA_963591955.1). 278 

 279 

Given the high computational and sequencing demands of MAG-based classification, to 280 

evaluate the performance of lower-resource taxonomic workflows, we compared MAG-based 281 

results with k-mer–based classification of unassembled reads. Among human samples, k-mer 282 
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classification detected C. infans in agreement with MAG-based results and additionally 283 

assigned reads to C. jejuni, despite the absence of assembled C. jejuni MAGs (appendix pp 7-284 

9). Notably, C. sp900539255 was not detected by the k-mer approach. In livestock samples, 285 

k-mer-based assignments were partially concordant with MAG-based taxonomy. While C. 286 

vicugnae assignments in goats were consistent, cattle-derived reads were assigned to multiple 287 

species not detected by MAG-based analyses, including C. devanensis, C. porcelli, and C. 288 

lanienae (figure 3A). Phylogenetic analyses indicated that these taxa clustered within the 289 

same livestock-associated clade as C. sp017646085 (figure 1), suggesting shared genomic 290 

features rather than true species-level presence. Genomic characteristics of C. devanensis 291 

were more strongly represented in C. sp017646085 from cattle-derived samples, whereas C. 292 

vicugnae showed stronger representation in goat-derived samples (Figure 3B). In gorilla 293 

samples, all MAG-based identified taxa represented novel species, and k-mer classification 294 

failed to resolve distinct taxonomic profiles, instead assigning a proportion of reads to C. 295 

jejuni (appendix pp 7-9). 296 

 297 
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 299 

Figure 3 Comparative k-mer-based analysis of Campylobacter species prevalence and abundance in 300 

livestock gut microbiomes. 301 

A) The dominant Campylobacter community in livestock samples differed between cattle and goats. 302 

Comparison of taxonomic assignments using a k-mer-based approach revealed partial discrepancies relative to 303 

MAG-based classification. Of the four species detected by the k-mer-based approach, only C. vicugnae was 304 

recovered through MAG assembly. Conversely, the k-mer-based approach failed to detect C. sp017646085, 305 

which was identified from cattle-derived MAGs. B) Comparison of the abundance of key livestock-associated 306 

Campylobacter taxa based on k-mer-based classification. C. lanienae and C. porcelli, which were not recovered 307 

via the assembly-based strategy, showed similar distribution patterns across both host groups (p=0·61 and 308 

p=0·69, respectively). In contrast, C. vicugnae was significantly more prevalent and abundant in goats (Fisher’s 309 

exact test, p<0·001; Wilcoxon W=2295·5), consistent with findings from the MAG-based taxonomic 310 

classification. Conversely, C. devanensis—which was not identified using the MAG-based approach—was 311 

more frequently detected and abundant in cattle (Fisher’s exact test, p<0·002; Wilcoxon W=1018·5). These 312 

findings indicate that, although reference-dependent k-mer-based tools can detect broad Campylobacter species, 313 

they may lack the resolution and database coverage needed to distinguish them from the novel cattle-derived 314 
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taxon C. sp017646085, which was identified through genome assembly from samples collected approximately 315 

six years before the most recent database update used in this study. 316 

 317 

To evaluate whether reads initially assigned to C. jejuni by k-mer-based classification could 318 

instead be explained by the locally assembled C. infans and C. sp900539255 MAGs, we 319 

applied a sequential two-step mapping strategy (appendix pp 10-14). Host-filtered reads were 320 

first mapped to a combined C. infans and C. sp900539255 MAG index and only reads that 321 

failed to align to either MAG were subsequently remapped to the C. jejuni reference genome. 322 

This procedure reduced the total number of reads mapped to C. jejuni from 123,837 to 10,170 323 

(92% reduction). To confirm that this reduction reflects genuine differences in sequence 324 

identity rather than an artefact of mapping order, we performed a competitive mapping 325 

analysis in which all host-filtered reads were simultaneously aligned to a combined index 326 

containing C. infans, C. sp900539255, and C. jejuni sequences in a single mapping pass, with 327 

each read assigned to the reference achieving the highest alignment score (appendix pp 10-328 

14). Under this approach, only 7,606 reads were assigned to C. jejuni, a 94% reduction from 329 

the original 123,837, and a further 25% reduction compared to the sequential strategy. 330 

Alignment score (AS) analysis confirmed that in high-abundance samples (>500 reads 331 

assigned to C. infans and C. sp900539255 under competitive mapping), reads aligned with 332 

substantially better mean AS to the locally assembled MAGs (range −7 to −46) than to C. 333 

jejuni (range −50 to −106), with AS closer to zero indicating better alignment quality 334 

(p<0·001). 335 

 336 

To further assess potential C. jejuni presence, the 10,170 reads assigned to C. jejuni under 337 

two-step mapping strategy were assembled. The resulting contigs showed a mean sequence 338 

identity of 96% to C. jejuni, and analysis of the 23S rRNA gene (3,875 bp) demonstrated 339 

95·11% nucleotide identity to the closest reference sequence (Campylobacter jejuni), 340 

corresponding to approximately 190 nucleotide differences, with similarly low identities 341 
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(94·14–94·99%) observed across multiple other Campylobacter species. These values fall 342 

well below accepted species-level thresholds, indicating that this sequence represents a 343 

distinct Campylobacter species rather than C. jejuni. Together, these findings demonstrate 344 

that reliance on k-mer-based taxonomic tools substantially overestimates the prevalence of 345 

well-characterised species such as C. jejuni while obscuring novel diversity, particularly in 346 

underexplored settings where reference databases remain incomplete. 347 

 348 

Potential clinical relevance of Campylobacter species in human gut microbiomes 349 

To assess associations between Campylobacter species detected in human gut microbiomes 350 

and sampling setting (healthcare or community-based), reads from individual human 351 

metagenomes were mapped using two approaches: mapping to the highest-quality MAG per 352 

species and mapping to all unique MAGs for each species. Using both approaches, C. infans 353 

abundance did not differ significantly between healthcare-based (mean 0·281) and 354 

community-based samples (mean 0·417) (p=0·052; figure 4A; appendix p 15). One 355 

individual reporting severe diarrhoea exhibited among the highest abundances of both C. 356 

infans and C. sp900539255. In contrast, significantly more reads from healthcare-based 357 

samples aligned to C. sp900539255 than from community-based samples, both when 358 

mapping was performed against the highest-quality MAG (p<0·001) (figure 4B) and when 359 

reads were mapped to all unique MAGs (p<0·007) (appendix p 15). Given the observed 360 

association of C. sp900539255 with healthcare-seeking individuals, we next assessed whether 361 

commonly used species-specific diagnostic primers could detect this novel species. We 362 

examined the compatibility of cpn60 gene primers17 across publicly available Campylobacter 363 

reference genomes and human-derived Campylobacter MAGs. This analysis allowed us 364 

to determine whether novel species might be misclassified or missed by standard detection 365 

methods. All reference genomes matched their respective species-specific primer sets 366 

exclusively, and a study-derived C. infans MAG also matched its species-specific primers, 367 
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whereas C. sp900539255 MAGs did not closely match any available species-specific primer 368 

pairs. These results suggest that C. sp900539255 is likely to go undetected in standard 369 

diagnostic assays. To assess the prevalence and abundance of C. infans across different age 370 

groups, 192 human-derived samples with available age data were analysed; 73 showed 371 

detectable relative abundances of the species (figure 4 C,D). Logistic regression indicated no 372 

significant association between age and its presence (p=0·324). However, age was a 373 

significant predictor of its relative abundance (β=0·071, SE=0·016, t=4·38, p<0·001). 374 

Although outliers (shown in red) had some influence, the association remained significant 375 

after their removal (p<0·01; figure 4D). 376 

 377 

 378 

 379 
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 381 

 382 
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 385 
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 388 
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Figure 4 Abundance of Campylobacter species across human healthcare and community-based samples 416 

and association of C. infans with age. 417 

Campylobacter abundance was compared between human healthcare and community-based gut microbiomes. 418 

Normalised abundance values were calculated for each sample and log₁₀(x+1)-transformed for visualisation 419 

abundance derived from reads mapped to the highest-quality MAG. Community-based samples from individuals 420 

reporting diarrhoea are highlighted in red. An individual reporting severe diarrhoea is indicated by a triangle. A) 421 

C. infans abundance did not differ between the two human groups. B) By contrast, C. sp900539255 showed 422 
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higher abundance in samples from healthcare-seeking individuals. C) C. infans was detected across a wide age 423 

range, with the highest abundances observed in individuals aged >30 years. Although prevalence declined with 424 

age, no significant association was observed between age and presence. D) Among positive samples, age 425 

significantly predicted relative abundance, which increased with age. This association remained significant after 426 

exclusion of outliers (red dots; p<0·01). 427 

 428 

Genomic divergence of human-associated Campylobacter species 429 

Comparative functional analysis, incorporating both study-generated and publicly available 430 

genomes, identified differences in metabolic pathway representation between C. infans and 431 

C. sp900539255. Of 178 annotated pathways, 45 were shared, three were unique to C. infans, 432 

and seven were unique to C. sp900539255. Seventeen pathways differed significantly 433 

between species (appendix pp 16-17), including sulphur and nitrogen metabolism pathways 434 

enriched in C. sp900539255 (p<0·001). Differences were also observed in genes encoding 435 

glycoside hydrolase family 73 (GH73), which were detected in 16 of 18 C. sp900539255 436 

genomes but in none of the C. infans genomes (p<0·001). By contrast, pathways involved in 437 

polyphenolic compound degradation were identified in 11 of 21 C. infans genomes and were 438 

absent from C. sp900539255 (p<0·001; appendix p 18). 439 

 440 

Prevalence of antimicrobial resistance and virulence genes  441 

To characterise the prevalence of antimicrobial resistance and virulence determinants, we 442 

screened all genomes analysed in this study, including publicly available genomes, for known 443 

resistance and virulence-associated genes. The β-lactam resistance genes blaOXA-471_1 , blaOXA-444 

193_1 and blaOXA-489_1 were detected in 11 of 21 C. infans genomes (appendix p 19). 445 

Additionally, tet(W)_5, which confers tetracycline resistance, was present in a single publicly 446 

available C. infans genome. No other antimicrobial resistance genes were detected in the 447 

genomes of the other species analysed in this study. The virulence gene cheY was detected in 448 
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most C. infans and C. vicugnae genomes, whereas fliN was detected in a single C. 449 

sp900539255 genome (appendix p 20). 450 

Discussion 451 

Campylobacter species are a leading cause of human bacterial gastroenteritis worldwide.1,2 In 452 

Uganda, diarrhoeal disease remains a major contributor to under-five mortality.12 Although 453 

Campylobacter species are endemic across Africa, particularly among children, detection of 454 

C. jejuni and C. coli does not consistently correlate with symptoms, highlighting the 455 

complexity of asymptomatic carriage and disease.1,13,14,22 In this study, overall 456 

Campylobacter prevalence and abundance did not differ between healthcare-based and 457 

community-based human samples. However, MAG-based and further genomic analysis 458 

revealed that C. sp900539255 was significantly enriched in healthcare-seeking individuals, 459 

whereas C. infans was prevalent in both groups regardless of healthcare-seeking status. 460 

Although human campylobacteriosis is traditionally attributed to livestock reservoirs, 461 

particularly in rural settings in Africa,2,23  phylogenetic analyses indicated that taxa detected 462 

at this wildlife–livestock–human interface were more closely related to NHP–associated 463 

species than to livestock-derived Campylobacter. These findings suggest that human–wildlife 464 

microbial exchange may contribute to transmission dynamics of novel and emerging 465 

Campylobacter species, extending beyond conventional agricultural pathways. 466 

 467 

Interpretation of Campylobacter ecology was sensitive to the analytical approach used. 468 

Comparison of MAG-based profiling with reference-dependent k-mer classification showed 469 

that k-mer-based methods did not detect novel taxa recovered through genome assembly, 470 

instead assigning a proportion of the reads to well-characterised species represented in 471 

reference databases. Such discrepancies are expected in underrepresented settings, where 472 

classifier performance is influenced by reference database completeness and the presence of 473 
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novel taxa.24 This methodological limitation is important because MAG-based workflows 474 

require high sequencing depth and substantial computational resources, which may be 475 

inaccessible in settings such as those studied here.25 In this study, most reads initially mapped 476 

to a C. jejuni reference were better explained by mapping to locally assembled C. infans and 477 

C. sp900539255 MAGs, indicating that C. jejuni is unlikely to be present at appreciable 478 

abundance in this dataset. Misassignment of reads to C. jejuni across host species illustrates 479 

how incomplete reference databases can lead to overestimation of well-characterised taxa 480 

while obscuring local species diversity, particularly in underrepresented settings. Together, 481 

these findings highlight the value of MAG-based approaches18 for resolving species-level 482 

diversity and support the need for improved reference databases and computationally 483 

accessible genomic surveillance in underrepresented regions. 484 

 485 

Building on these methodological considerations, genome-resolved profiling of human gut 486 

metagenomes showed contrasting connections between Campylobacter taxa and healthcare-487 

seeking behaviour. The enrichment of C. sp900539255 in healthcare-based samples suggests 488 

a closer association with symptomatic infection or increased disease severity, although this 489 

could not be formally evaluated due to limited clinical metadata. One individual with severe 490 

diarrhoea showed high abundances of both C. sp900539255 and C. infans, indicating possible 491 

co-occurrence in pronounced gastrointestinal disturbance. By contrast, the clinical relevance 492 

of C. infans remains uncertain.16,26 In this study, C. infans was detected across both 493 

healthcare-based and community-based samples, with abundance increasing with age, 494 

suggesting age-related differences in colonisation dynamics rather than infection risk. These 495 

patterns also highlight limitations of reference-dependent detection, as C. sp900539255 was 496 

not detected by k-mer classification and showed poor compatibility with existing cpn60 497 

primer sets, suggesting that C. sp900539255 has been underdetected in studies relying on 498 

targeted PCR or reference-based classification. Together, these findings underscore the need 499 
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for species-level resolution to accurately assess clinical relevance and transmission dynamics 500 

of Campylobacter in underrepresented populations. 501 

 502 

Although clinical associations of C. sp900539255 with symptoms or disease in healthcare-503 

seeking individuals could not be directly assessed, comparative genomic analyses provided 504 

initial insights into functional divergence between C. sp900539255 and C. infans. While their 505 

metabolic repertoires overlapped substantially, C. sp900539255 uniquely encoded sulphur- 506 

and nitrogen-associated pathways, including thiosulphate–polysulphide reductase and nitrous 507 

oxide reduction, whereas C. infans harboured pathways involved in polyphenolic compound 508 

degradation.27 C. sp900539255 also showed enrichment of GH73 enzymes, which are 509 

involved in glycan processing and include peptidoglycan hydrolases that have been 510 

associated with host cell invasion and virulence.28,29 These differences suggest divergent 511 

ecological strategies, with C. sp900539255 displaying metabolic features more consistent 512 

with host-associated stress adaptation observed in pathogenic bacteria.30–33 Together, these 513 

features suggest ecological strategies that may favour persistence of C. sp900539255 in host-514 

associated niches of potential clinical relevance, whereas C. infans appears more consistent 515 

with broader gut adaptation. However, pathogenicity is multifactorial, and future studies 516 

integrating clinical metadata and longitudinal sampling will be required to clarify the clinical 517 

significance of these traits. 518 

 519 

Antimicrobial resistance and virulence-associated genes were detected across multiple 520 

Campylobacter species. Notably, over half of the C. infans genomes carried β-lactam 521 

resistance genes. This finding suggests a potential contribution to the gut resistome, with 522 

implications for horizontal gene transfer to pathogenic bacteria.34 The widespread presence of 523 

the chemotaxis regulator cheY in C. infans and C. vicugnae further indicates genetic 524 

determinants associated with host colonisation and motility, traits common among pathogenic 525 

Campylobacter species.35 Together, these findings indicate that the functional repertoire of 526 
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Campylobacter species extends beyond established pathogens such as C. jejuni and C. coli, 527 

challenging simple pathogen–commensal distinctions and highlighting the importance of 528 

comprehensive genomic surveillance to accurately assess the public health relevance of 529 

diverse Campylobacter taxa.   530 

 531 

Collectively, these findings highlight that the high diversity of Campylobacter at the 532 

wildlife–livestock–human interface in this underrepresented region of Africa includes novel 533 

taxa with potential clinical relevance. This observation reinforces the need for cautious 534 

interpretation of diagnostic and metagenomic data generated using reference-dependent, 535 

kmer-based approaches, which may underestimate local species diversity. Our results support 536 

the expansion of reference genome databases and the wider adoption of genome-resolved 537 

approaches to improve detection, functional characterisation, and assessment of virulence and 538 

antimicrobial resistance in Campylobacter and other potentially enteric bacteria, thereby 539 

strengthening diagnostic accuracy and genomic surveillance capacity in African settings. 540 
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