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Abstract 31 

Background: Staphylococcus aureus is a leading cause of hospital and community-associated 32 

human infections. Despite its clinical importance, molecular epidemiology data in Nigeria are 33 

limited. This study characterized bloodstream S. aureus isolates submitted to the Nigerian 34 

Antimicrobial Resistance Surveillance System. 35 

Methods: Bloodstream S. aureus isolates from six tertiary healthcare institutions in Nigeria 36 

collected between 2016 and 2021 were characterized by antimicrobial susceptibility testing and 37 

whole-genome sequencing. Bioinformatic analyses were conducted using publicly available 38 

pipelines in addition to contextualization with publicly available sequences. 39 

Results: Of 138 isolates, 85 (61.6%) were methicillin-resistant S. aureus (MRSA). A total of 31 40 

spa types, 14 sequence types (STs), eight clonal complexes (CCs) - CC1, CC5, CC8, CC15, CC30, 41 
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CC45, CC88, CC121 - and two singletons (ST152 and ST11258) were identified. ST152 (n=48, 42 

35%) was the predominant lineage, followed by ST772 (n=21, 15%), ST8 (n=16, 12%) and ST789 43 

(n=13, 9%). These lineages were detected across sentinel sites, indicating widespread geographic 44 

dissemination. ST772-MRSA isolates possessed the highest number of antimicrobial (AMR) and 45 

virulence genes. ST789 was characterized by numerous AMR genes in both MRSA and MSSA 46 

backgrounds, whereas ST8 and ST152-MRSA isolates demonstrated abundant virulence genes, 47 

with comparatively few AMR genes. ST152, ST772, and ST789 genomes generally clustered 48 

together relative to publicly available genomes of the corresponding STs, with lineage-specific 49 

subclades differentiated by AMR profiles. 50 

Conclusion: Predominance of ST152-MRSA, ST772-MRSA, and ST789-MRSA among 51 

bloodstream S. aureus isolates in Nigeria is a significant public health concern. Sustained genomic 52 

surveillance is critical to inform infection prevention and control in Nigeria. 53 

Keywords: Bloodstream S. aureus, methicillin-resistant S. aureus, antimicrobial resistance, 54 

virulence, genomic surveillance. 55 

 56 

Background 57 

Staphylococcus aureus is an opportunistic pathogen responsible for a wide range of diseases, from 58 

mild skin and soft-tissue infections to life-threatening sepsis and necrotizing infections [1–3]. 59 

Globally, S. aureus is a leading cause of morbidity and mortality and ranks among the most 60 

common causes of infection-related deaths [4–6]. The burden is particularly pronounced in Africa, 61 

with gaps in healthcare infrastructure and deficiencies in surveillance [5, 7]. The emergence and 62 

spread of antimicrobial-resistant S. aureus, particularly methicillin-resistant S. aureus (MRSA), 63 
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have further complicated treatment and control strategies [8, 9]. Antimicrobial resistance (AMR) 64 

was estimated to account for 1.27 million deaths globally in 2019, with 130 deaths per 100,000 in 65 

West Africa. Of these, 100,000 deaths were attributable to S. aureus, the second most frequent 66 

cause of such antimicrobial resistance-related deaths on the continent [5]. However, the data on 67 

which these estimates are based were sparse for West Africa. Reports of extensively drug-resistant 68 

S. aureus continue to emerge, underscoring the urgency for surveillance and new therapeutic 69 

strategies [10, 11]. Consequently, the World Health Organization has designated S. aureus as a 70 

priority pathogen for antibiotic research and development [12–14]. 71 

Several virulence factors, including haemolysins, enterotoxins, leukocidins, and immune evasion 72 

factors, mediate the pathogenicity of S. aureus [15, 16]. Panton-Valentine Leukocidin (PVL) is a 73 

pore-forming cytotoxin associated with severe tissue damage and invasive infections [17]. The 74 

prevalence of PVL-positive S. aureus varies geographically, by clonal lineages and methicillin-75 

resistance status [17]. Notably high rates have been reported in Africa, ranging from 0.3% to 100% 76 

[18, 19], including in Nigeria, where prevalence rates from 39.3% to 56.3% have been observed 77 

[20–22]. 78 

Despite its clinical significance, comprehensive data on the molecular epidemiology of S. aureus 79 

in Nigeria remain scarce. Existing studies on multi-drug-resistant staphylococci in Nigeria are 80 

often limited by small sample sizes or restricted geographic scope [18, 23–28]. The Nigerian 81 

Antimicrobial Resistance Surveillance Network was established in 2017 to address these gaps by 82 

monitoring WHO-priority organisms, including S. aureus, from invasive infections [29, 30]. In 83 

this study, isolates submitted to the reference laboratory from 2016 to 2021 were characterized to 84 

gain insights into the population structure, AMR and virulence properties of this pathogen causing 85 

life-threatening bacteremia in South-West and one site in North-Central Nigeria. 86 
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 87 

Methods 88 

 89 

Figure 1: Map of Nigeria showing location of sentinel sites from which isolates were obtained      90 

Strains:  This study included S. aureus isolates recovered from positive blood cultures at sentinel 91 

laboratories participating in the Nigerian AMR Surveillance Network between 2013 and 2021. 92 

Isolates were submitted to the National Reference Laboratory (NRL) from five tertiary healthcare 93 

institutions in the South-West (SW) and one in North-Central (NC) regions in Nigeria. Those 94 

located in SW Nigeria include University College Hospital, Ibadan, Oyo State (UCH), Lagos 95 



 

6 

 

University Teaching Hospital, Idi-Araba, Lagos State (LUTH), Babcock University Teaching 96 

Hospital, Ilishan, Ogun State (BUTH). Others in SW Nigeria comprise Obafemi Awolowo 97 

University Teaching Hospitals Complex, Ile-Ife, Osun State (OAUTHC), and Osun State 98 

University Teaching Hospital, Osogbo, Osun State (OSUTH). The University of Ilorin Teaching 99 

Hospital, Ilorin, Kwara State (UITH) was the only institution in NC, Nigeria (Figure 1).  100 

Antimicrobial susceptibility testing: Upon receipt at the NRL, isolates were cultured on Mannitol 101 

Salt Agar (Oxoid, England) and confirmed as S. aureus using the Biomerieux Vitek 2 Compact 102 

system with a GP ID card (Ref: 21342). Antimicrobial susceptibility testing (AST) was performed 103 

using the Biomerieux Vitek 2 Compact system with AST P628 card (Ref: 414534). AST results 104 

were interpreted according to the Clinical and Laboratory Standards Institute guidelines [31] and 105 

analyzed using WHONET [32]. Statistical comparisons between MRSA and MSSA resistance 106 

rates were conducted using Fisher’s exact test. 107 

Whole-genome sequencing: DNA extraction was performed using the MP Biomedicals Fast Spin 108 

Kit for Soil (Cat No: 116560-200), adapted for bacteria, with the Fast Prep Equipment. DNA was 109 

quantified with a QubitFlex Fluorometer (Invitrogen Ref: Q33326) using the dsDNA broad range 110 

kit (catalogue no. Q32853). DNA libraries were prepared by fragmentation with Covaris LC220 111 

and thereafter with the NEBNEXT Ultra II Library Prep Kit for Illumina with 384-unique indexes 112 

(Cat. No: E6617L) following the manufacturer’s instructions. The normalized libraries were then 113 

sequenced on an Illumina HiSeq X10 or Miseq platform, using 150 bp paired-end chemistry. Reads 114 

were deposited on the European Nucleotide Archive with the project ID PRJEB29739. Individual 115 

accession numbers are in additional file 1. 116 

Sequence Analyses: Raw reads were de-novo assembled using publicly available GHRU pipelines 117 

(https://gitlab.com/cgps/ghru/pipelines/dsl2/pipelines/assembly), as described previously [33]. 118 
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The pipeline includes workflows for adapter trimming, contamination detection, genome 119 

assembly, post-assembly quality control and species calling using the respective tools, 120 

trimmomatic, ConFindr, SPAdes, multiqc qualifyr and Bactinspector. Multi-Locus Sequence 121 

Typing was performed with the Oxford scheme, which is based on seven housekeeping genes [34, 122 

35] using GHRU pipelines (https://www.protocols.io/view/ghru-genomic-surveillance-of-123 

antimicrobial-resista-bpn6mmhe) and Pathogenwatch [36]. SCCmec and spa typing of the isolates 124 

were established using the SCCmec [37] and CGE’s spa typer, respectively [38]. AMR genes were 125 

identified using AMRFinderPlus – v3.11.4 [39], while virulence genes and plasmid replicons were 126 

detected using VirulenceFinder – v3.2.1 [40] and PlasmidFinder – v2.1 [41], respectively, 127 

implemented with the default parameters.  128 

Phylogeny based on single-nucleotide polymorphism was computed following the GHRU protocol 129 

(https://gitlab.com/cgps/ghru/pipelines/snp_phylogeny). The closest S. aureus strain to our 130 

isolates was automatically selected by the Bactinspector tool and was used as the reference 131 

(Accession number: NC_002953.3). Reads were trimmed and mapped to the selected reference. 132 

Variants were called and assembled into pseudogenomes, which were then used to construct a 133 

maximum likelihood phylogenetic tree. The phylogeny of the isolate collection was constructed, 134 

and the genomes were compared with publicly available genomes on Pathogenwatch [36]. 135 

Phylogenetic trees and isolate-associated data were visualized with Microreact [42] and iTOL [43]. 136 

Sankey plots were generated to compare the distribution of STs between isolates from this study 137 

and those from previous investigations across two sentinel sites. 138 

 139 

Results 140 
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The Nigerian antimicrobial resistance surveillance network was recently launched and started with 141 

a few sentinel laboratories [29]. Six of 13 sentinel sites contributed S. aureus isolates between 142 

2013 and 2021. OAUTHC contributed the bulk of isolates (n=46, 33%), followed by UCH (n=41, 143 

30%), UITH (n=34, 25%), LUTH (n=14, 10%), OSUTH (n=2, 2%) and BUTH (n=1, 1%). Five of 144 

the contributing facilities are within the Southwest geopolitical zone and UITH is in the proximal 145 

North Central zone. 146 

 147 

Antibiotic susceptibility of the isolates  148 

Only two isolates were susceptible to all the antibiotics tested. High S. aureus susceptibility rates 149 

were noted for tigecycline (n=136, 98.6%), nitrofurantoin (n=135, 97.8%), teicoplanin (n=132, 150 

95.7%), rifampicin (n=123, 89.1%), linezolid (n=121, 87.7%) and erythromycin (n=106, 76.8%). 151 

In contrast, high resistance rates were recorded for penicillin (n=133, 96.4%), trimethoprim-152 

sulfamethoxazole (n=107, 77.5%), and oxacillin (n=92, 66.7%). Resistance rates below 50% were 153 

observed for tetracycline (n=65, 47.1%), clindamycin (60, 43.5%), daptomycin (58, 42.0%), 154 

vancomycin (57, 41.3%), ciprofloxacin (n=51, 37.0%), levofloxacin (n=50, 36.2%), and 155 

gentamicin (n=37, 26.8%). MRSA isolates exhibited significantly higher resistance rates than 156 

MSSA for some antibiotics, including ciprofloxacin, gentamicin, levofloxacin and tetracycline 157 

(Table 1).  158 
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Table 1: Antimicrobial resistance rates of MSSA and MRSA isolates in Nigeria  159 

Antimicrobial agent Resistance rates 

% (n) 

 

 MSSA 

(n=53) 

MRSA 

(n=85) 

p-value 

Ciprofloxacin 15.1 (8) 50.6 (43) <0.001 

Clindamycin 39.6 (21) 45.9 (39) 0.49 

Daptomycin 37.7 (20) 44.7 (38) 0.48 

Erythromycin 11.3 (6) 11.8 (10) 1.00 

Nitrofurantoin 0.0 (0) 1.2 (1) 1.00 

Gentamicin 9.4 (5) 37.6 (32) <0.001 

Levofloxacin 15.1 (8) 49.4 (42) <0.001 

Linezolid 7.5 (4) 15.3 (13) 0.29 

Oxacillin 20.8 (11) 95.3 (81) <0.001 

Penicillin V 92.5 (49) 98.8 (84) 0.07 

Rifampicin 13.2 (7) 9.4 (8) 0.58 

Tetracycline 30.2 (16) 57.6 (49) 0.003 

Teicoplanin 1.9 (1) 3.5 (3) 1.00 

Tigecycline 1.9 (1) 1.2 (1) 1.00 

Trimethoprim-sulfamethoxazole 69.8 (37) 82.4 (70) 0.10 

Vancomycin 37.7 (20) 43.5 (37) 0.60 

 160 
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 161 

Figure 2. SNP-based maximum likelihood phylogeny of isolates with associated MLST, Location, 162 

MRSA, PVL, SCCmec, and spa classification. 163 

Characterization of the isolates based on spa typing, MLST, SCCmec and plasmid typing  164 

A total of 31 spa types were identified, including four new types (t22667-t22670). The most 165 

frequent spa type was t4690 (n=25), followed by t657 (n=19) and t355 (n=17). WGS identified 14 166 

STs, including a new one (ST11258) from two isolates. The most common genotypes were ST152 167 

(n=48, 35%), ST772 (n=21, 15%), ST8 (n=16, 12%) and ST789 (n=13, 9%) (Table 2). All STs 168 
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were classified into eight clonal complexes (CCs): CC1 (ST1, ST772), CC5 (ST5), CC8 (ST8, 169 

ST72, ST789), CC15 (ST15), CC30 (ST30, ST243), CC45 (ST508), CC88 (ST88), and CC121 170 

(ST121), and two singletons: ST152 and ST11258 (Figure 2; Table 2). Methicillin resistance 171 

varied across the lineages. ST1, ST121, ST152, and ST789 comprised both MRSA and MSSA, 172 

whereas ST5, ST15, ST30, ST72, ST243, and ST508 were exclusively MSSA. In contrast, ST8, 173 

ST88, and ST772 were entirely MRSA (Table 2). Four SCCmec types were detected: IVa, V, Vc, 174 

and XIII. SCCmecV (n=39), detected in ST8, ST772, and ST789, was the most frequent, followed 175 

by SCCmec Vc (n=34), identified in ST1, ST8, ST88, and ST152. SCCmec IVa was detected in 176 

all ST121-MRSA and most of the ST88-MRSA isolates. One ST152 isolate carried the 177 

SCCmecXIII element and the SCCmec element of another isolate could not be assigned using the 178 

default thresholds (Figure 2). 179 

Twelve plasmid replicon types were detected, with the rep5a (n=79), rep16 (n=75), and rep7a 180 

(n=74) as the most frequent. All ST1 isolates carried rep7c, while ST152 and ST789 mainly 181 

harboured rep5a and rep16. Furthermore, Rep7a, rep7c and rep5a, rep16a were common with ST8 182 

and ST15 isolates, respectively. Multiple replicon types were observed in individual isolates, with 183 

common combinations comprising rep5–rep7a–rep16, rep5a-rep16-rep19, and rep5a-rep7a-rep20. 184 

Complete profile of plasmid replicons detected in the isolates is provided in the additional file 2. 185 

Distribution of AMR genes among isolates across various clonal lineages 186 

The analysis of AMR genes (n=16) revealed lineage-associated patterns, and four STs were 187 

identified as major reservoirs of multiple resistance determinants (Figure 3). ST8, ST152, ST772, 188 

and ST789 isolates harboured the highest diversity of AMR genes. ST772-MRSA exhibited the 189 

most extensive AMR gene profile, including blaZ, dfrG, rpoB, tetK, gyrA, parC, sat4, multiple 190 

aminoglycoside-modifying enzymes (ant6-Ia, aph3-IIIa, aac(6′)/aph(2″)) and macrolide 191 
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resistance genes, mph(C), and msr(A). Similarly, ST789 isolates displayed a broad but slightly less 192 

extensive repertoire, comprising blaZ, dfrA44, dfrG, gyrA, parC, sat4, ant6-Ia, aph3-IIIa, and 193 

aac(6′)/aph(2″). ST8 isolates, particularly MRSA, also carried multiple resistance determinants, 194 

including blaZ, dfrG, dfrS1, tetK, gyrA, parC, and aac(6′)/aph(2″). In contrast, ST152 isolates 195 

showed a comparatively moderate resistance profile, characterized by the presence of dfrG, tetK, 196 

aac(6′)/aph(2″), and aph3-Ib. Other lineages, such as ST1 and ST88, carried fewer resistance 197 

determinants and lacked the multidrug resistance profiles observed in the dominant lineages. 198 

Certain AMR genes showed restricted distribution, e.g., mph(C) was identified in ST772-MRSA, 199 

aadD1 in ST15-MSSA, ant6-Ia, aph3-IIIa, and sat4 in ST772 and ST789 isolates, respectively.  200 

  201 

Figure 3: Proportion of antimicrobial resistance genes across MRSA and MSSA by sequence type. 202 

Bars show the number of isolates harbouring each antimicrobial resistance gene among MRSA 203 

and MSSA, with colours indicating ST distribution.  204 
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Table 2: Characterization of S. aureus isolates in Nigeria based on spa typing, MLST, 205 

SCCmec typing and plasmid typing 206 

Clonal 

Complex 

(n) 

Sequence 

Types (n) 

spa  

Types (n) 

MSSA 

n (%) 

MRSA  

n (%) 

SCCmec 

 (n) 

Plasmid replicon types (n) 

CC1 (28) ST1 (7) 

ST772 (21) 

t127 (5), t1931 (2) 

t537 (1), t657 (19), t22670 (1) 

6 (86) 

0 (0) 

1 (14) 

21 

(100) 

Vc (1) 

V (21) 

5a & 16 (2); 20 (5); 21, 7a & US21 (1); 7c (7) 

10 (4); 21 (19); 7a (5) 

CC5 (1) ST5 (1) t311 (1) 1 (100) 0 (0)  16, 19 & 20 (1) 

CC8 (31) ST8 (16) 

ST72 (2) 

ST789 (13) 

t008 (2), t64 (3), t1476 (10), t22667 (1) 

t537 (2)  

t091 (9), t14204 (3), t22668 (1) 

0 (0) 

2 (100) 

4 (31) 

16 

(100) 

0 (0) 

9 (69) 

Vc (6), V (9), NT (1) 

 

V (9) 

10 (1); 15 (6); 5a, 16 & 19 (4); 20 (3); 7a (10); 7c (16) 

20, 7a & 7c (2) 

10b (2); 15 (1); 5a & 16 (13); 21 (3); 7a (10) 

CC15 (7) ST15 (7) t084 (3), t360 (4) 7 (100) 0 (0)  16 (6); 7a, 20 & US22 (1); 5a (7) 

CC30 (5) ST30 (2) 

ST243 (3) 

t018 (1), t1640 (1) 

t21 (3) 

2 (100) 

3 (100) 

0 (0) 

0 (0) 

 16 & 21 (2); 5a & 19 (1) 

5a, 16 & 19 (3) 

CC45 (1) ST508 (1) t22669 (1) 1 (100) 0 (0)  5a & 16 (1) 

CC121 

(9) 

ST121 (9) t314 (6), t2304 (3) 4 (44) 5 (56) IVa (5) 21 (2); 7a (4) 

CC88 (6) ST88 (6) t2393 (1), t13249 (5) 0 (0) 6 (100) IVa (5), Vc (1) 5a, 7a & 20 (5); 21 (6) 

ST152 

(48) 

ST152 (48) t355 (17), t1941 (2), t4690 (25), t8821 

(2), t17939 (1), t11375 (1) 

21 (44) 27 (56) Vc (26), XIII (1) 5a & 16 (43); 7a (36)  

ST11258 

(2) 

ST11258 

(2) 

t20568 2 (100) 0 (0)  20 (2) 

spa types and plasmid replicon types of MRSA in bold 207 

new spa types and ST in italics 208 

NT: Non-Typeable 209 
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Distribution of virulence genes among isolates across various clonal lineages 210 

The analysis of virulence determinants (n=24) in the isolates revealed a combination of highly 211 

conserved virulence factors and lineage-associated accessory genes. Genes encoding haemolysins 212 

(hla, hlb, hld, hlgAB), polysaccharide intercellular adhesin involved in biofilm formation 213 

(icaADBCR), and immune evasion (sak and scn) were widely distributed across the various STs in 214 

both MRSA and MSSA populations. Some superantigen genes exhibited clonal specificity. The 215 

seh was only detected in ST1, tsst-1 in ST8 (MRSA) and ST508 (MSSA), and seb in ST8 (MRSA) 216 

and ST121 (MRSA and MSSA). The Panton–Valentine leukocidin (PVL) genes (lukF-PV/lukS-217 

PV) were common but unevenly distributed, with high prevalence observed in ST152 and ST772, 218 

and low representation in ST8. Some microbial surface components recognizing adhesive matrix 219 

molecules (MSCRAMM) genes showed notable lineage restriction. The major histocompatibility 220 

complex (map) gene was associated with ST8-MRSA, fibronectin B (fnbB) with ST1, clumping 221 

factor (clfA) gene in ST1 (MSSA) and ST8 (MRSA), and some MSCRAMM genes (including 222 

clfA, clfB, fnbA, and fnbB) were largely absent in ST152 isolates, despite the high prevalence of 223 

the PVL genes (Figure 4). Overall, ST772 was characterized by high levels of AMR and virulence 224 

genes. ST8 and ST152 exhibited substantial virulence gene profiles, with comparatively moderate 225 

antibiotic resistance. As for ST789, a high prevalence of AMR and virulence genes was observed 226 

in both MRSA and MSSA populations. 227 

SNP phylogeny and population structure of S. aureus based on sentinel sites 228 

Whole-genome SNP-based phylogenetic analysis revealed that the population was dominated by 229 

four major lineages: ST8, ST152, ST772 and ST789, which together accounted for over two-thirds 230 

of all isolates (Figure 2). The phylogeographic analysis revealed that these dominant lineages were 231 

distributed across all sentinel sites, suggesting the presence of widely circulating regionally 232 
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established clones (Figure 5). Despite this broad distribution, certain lineages showed site-specific 233 

associations. ST8 and ST152 were predominantly recovered from OAUTHC, the sentinel 234 

contributing the most isolates, whereas ST121 was more frequently identified at UCH.  235 

 236 

Figure 4: Proportion of virulence genes across MRSA and MSSA by sequence type. Bars show 237 

the number of isolates harbouring each virulence gene among MRSA and MSSA, with colours 238 

indicating ST distribution. 239 

Analysis of genomes of isolates from the common STs with publicly available sequences on 240 

Pathogenwatch  241 

Phylogenetic analysis of isolates from the predominant STs in the context of publicly available 242 

genomes on Pathogenwatch revealed that ST8 isolates from our study were divided into two 243 

distinct sub-clades, separated by others around the globe. ST8 isolates from Tanzania, The Gambia 244 

and The United Kingdom clustered closely with isolates from Nigeria. Notably, all ST8 isolates 245 

from Nigeria were mecA and dfrG-positive (Figure 6). The ST152 isolates from this study clustered 246 

into two major clades, according to methicillin susceptibility. Three ST152 isolates from other 247 

countries co-clustered with these ST152-MRSA and ST152-MSSA clades, while some ST152 248 

isolates (n=5) from this collection were identified in other subclades (Figure 7). The ST772 isolates 249 
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from Nigeria, with similar AMR profiles, clustered in a distinct clade (Figure 8). The ST789 250 

isolates from Nigeria were divided into two major sub-clades with a common ancestor. The major 251 

difference between these two sub-clades was methicillin resistance; the sub-clade with a higher 252 

number of isolates (n=12) was mecA-positive, while the other had only five isolates, all of which 253 

were mecA-negative. Two isolates from Ireland and one each from Germany and the United 254 

Kingdom clustered with the isolates from Nigeria (Figure 9). 255 

The distribution and persistence of some S. aureus STs from previous and current studies at two 256 

sentinels, OAUTHC (Figure 10A) and UCH (Figure 10B), were investigated. In the OAUTHC 257 

dataset (Figure 10A), ST1, ST8, ST72, ST88, ST121, and ST152 were identified in both studies. 258 

ST1 and ST121 were predominant in the earlier study [20], whereas ST8, ST152, and ST88 were 259 

more common in the current dataset. The earlier OAUTHC study, which focused on colonizers 260 

rather than organisms from invasive infections, also showed a broader ST profile, with 61 strains 261 

assigned into 17 STs, compared to the 10 STs (of 46 isolates) in this current study. Interestingly, 262 

ST772 and ST789, dominant lineages in the current dataset, were not detected in the previous 263 

study. At UCH, ST8, ST15, ST30, ST121 and ST508, ST8, and ST15 were observed in both the 264 

previous and the current studies. Among these, ST30 and ST121 were found in higher proportions 265 

in the previous study, which was focused on community-acquired infections [44], while ST8 and 266 

ST15 had increased representation in the current study. Notably, ST152, the most prevalent ST in 267 

the current study, was absent in the older dataset. Across all four datasets, only ST8 and ST121 268 

were consistently identified, highlighting their persistence over time and geographic location. 269 
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 270 

Figure 5: A map of sentinel sites. The size of the circles is to the logarithmic scale of total number 271 

isolates per sentinel site while the colours represent the sequence types. 272 
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 273 

Figure 6: Phylogeny of ST8 strains from the current study (clades coloured in red) in context with 274 

selected global strains of ST8 publicly available in Pathogenwatch. The matrix shows country of 275 

isolation, sample source and antimicrobial resistance prediction- resistance to named antibiotics in 276 

squares, point mutations conferring antimicrobial resistance in circles and antimicrobial resistance 277 

genes in stars. 278 
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 279 

Figure 7: Phylogenetic tree of ST152 strains from this study (clades coloured in red) in context of 280 

selected global strains of ST772 publicly available in Pathogenwatch. The matrix shows the 281 

country of isolation, sample source and antimicrobial resistance prediction- resistance to named 282 

antibiotics in squares, point mutations conferring antimicrobial resistance in circles and 283 

antimicrobial resistance genes in stars. 284 
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 285 

Figure 8: Phylogeny of ST772 strains from the current study (clades coloured in red) in context 286 

with selected global strains of ST772 publicly available in Pathogenwatch. The matrix shows 287 

country of isolation, sample source and antimicrobial resistance prediction- resistance to named 288 

antibiotics in squares, point mutations conferring antimicrobial resistance in circles and 289 

antimicrobial resistance genes in stars. 290 
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 291 

Figure 9: Phylogeny of ST789 strains from the current study (clades coloured in red) in context 292 

with selected global strains of ST789 publicly available in Pathogenwatch. The matrix shows 293 

country of isolation, sample source and antimicrobial resistance prediction- resistance to named 294 

antibiotics in squares, point mutations conferring antimicrobial resistance in circles and 295 

antimicrobial resistance genes in stars. 296 
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 297 

Figure 10: Sankey plots showing the flow of ST proportions from previous studies from (A) 298 

OAUTHC, (Kolawole et al., 2013) and (B) UCH (Ghebremedhin et al., 2009) in relation to 299 
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proportions found in the current study. Flows widths represent the relative percentages of each ST 300 

in the respective studies. Shared STs are shown as connected flows. 301 

 302 

Discussion 303 

This study provides genomic insights into bloodstream S. aureus isolates from six tertiary 304 

institutions through the Nigerian AMR Surveillance Network. Molecular characterization revealed 305 

a high prevalence of MRSA, diverse clonal lineages, and dissemination of high-risk clones in the 306 

sentinel sites. All isolates were susceptible to tigecycline, and >90% were susceptible to 307 

nitrofurantoin and teicoplanin, similar to previous reports from Nigeria and Africa [45–47]. 308 

However, >40% of the isolates were resistant to daptomycin and vancomycin, but the 309 

corresponding resistance gene determinants were not detected. S. aureus resistance to daptomycin 310 

and vancomycin is not commonly reported in Nigeria [45, 47–49]. This discrepancy between AMR 311 

gene detection and phenotypic expression suggests the need for further validation and highlights 312 

potential limitations of phenotypic testing [50–52]. Another possible explanation for this 313 

discrepancy could be heteroresistance, caused by mutations in chromosomal genes rather than 314 

acquired resistance genes [53–56]. These mutations would not be detected by standard molecular 315 

screenings despite driving phenotypic resistance. Notably, four (4.7%) of the mecA-positive 316 

isolates were phenotypically susceptible to oxacillin, while 11 (20.8%) of the mecA-negative 317 

strains were resistant to oxacillin. This genotype-phenotype discordance is well documented in S. 318 

aureus [57, 58]. Oxacillin-susceptible MRSA (OS-MRSA) occur either by heteroresistance or 319 

phenotypic suppression due to unexpressed mecA in in-vitro conditions [59, 60]. Also, mutations 320 

in mecI and blaI repressors as well as in mecA have been associated with this phenomenon [59, 321 

61]. Phenotypic resistance to oxacillin in the absence of mecA and mecC may be explained by 322 
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alternative resistance mechanisms including hyper production of certain variants of blaZ or 323 

structural point mutations in penicillin binding proteins that reduce their affinity for beta-lactam 324 

antibiotics [61–63]. 325 

The proportion of MRSA observed in this study (61.6%) is notably high compared with earlier 326 

Nigerian and African studies, where prevalence has typically ranged between 20% and 59% [20, 327 

23, 64]. MRSA prevalence in Nigerian settings has increased over the years from 20.2% in 2007 328 

[23, 44] to 61.6% in our study. The higher rate observed in this study could be attributed to the 329 

focus on bloodstream infections, which are often associated with more severe disease and prompt 330 

empiric administration of antibiotics [65]. The high resistance rates to penicillin and trimethoprim–331 

sulfamethoxazole, are consistent with previous reports in Nigeria and the West African sub-region 332 

[23, 44, 47, 66–68]. Moreover, >40% of S. aureus isolates were resistant to tetracycline and <30% 333 

to gentamicin, similar to previous reports in the region [23, 44, 68, 69]. However, the resistance 334 

rate (>40%) to clindamycin in this study is higher than previously reported in the region (8.8-36%) 335 

[47, 70, 71]. Fluoroquinolone resistance was observed in approximately one-third of isolates, 336 

consistent with earlier reports from Nigeria [23, 47, 72]. The significantly higher resistance rates 337 

observed among MRSA compared to MSSA further highlight the limited therapeutic options 338 

available for invasive MRSA infections and reinforce the need for improved diagnostic 339 

stewardship and treatment guidelines. 340 

The S. aureus population in this study was genetically diverse, and all STs, apart from ST243 and 341 

ST11258, have been previously reported in West Africa [18, 23, 47, 73–76], supporting the 342 

hypothesis of regional circulation of established lineages. Four lineages, ST8, ST152, ST772, and 343 

ST789, accounted for the majority of isolates. Of these, ST152 was the dominant lineage, 344 

occurring largely as ST152-t4690-MRSA-Vc and ST152-t355-MSSA. ST152 isolates were mainly 345 
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PVL-positive but lacked key adhesion genes (clfA, clfB, fnbA, fnbB) and hlgC, suggesting that this 346 

lineage may rely more on cytotoxin-mediated pathogenicity than adhesion [47, 64]. Historically 347 

rare or absent in earlier Nigerian studies [20, 44, 76], ST152 has transitioned to a dominant lineage, 348 

reflecting a clear temporal shift in population structure and reinforcing its growing importance in 349 

Nigeria and across Africa [23, 45, 74, 77–79].  350 

Although ST152 is typically reported as a PVL-positive, community-associated MSSA lineage, 351 

50% of ST152 isolates in this study were MRSA with the SCCmecV element, unlike the traditional 352 

SCCmec types (I, II and III) associated with hospital settings [80, 81]. The recent reports of PVL-353 

positive ST152-MRSA in Nigeria, Ghana, and Kenya suggest ongoing adaptation in hospital, 354 

community, and animal settings [24, 45, 69, 70, 75]. Furthermore, the identification of an ST152-355 

SCCmec XIII isolate is noteworthy, as this element is rarely reported, suggesting introduction or 356 

local evolution of uncommon SCCmec types in West African lineages [82]. The clustering of 357 

ST152-MRSA isolates in a different clade from ST152-MSSA in our collection supports the 358 

hypothesis that ST152-MRSA arose through clonal expansion rather than the acquisition of the 359 

SCCmec element from an MSSA genetic background (Figure 7).  360 

CC1-ST772, often referred to as the “Bengal Bay clone”, was first reported in the Indian 361 

subcontinent, from where it began to spread intercontinentally in the late 19th century [83]. It is a 362 

multidrug-resistant lineage that is implicated in hospital clusters and outbreaks [84]. In this study, 363 

ST772-SCCmecV was the second most common MRSA lineage. It was identified in four sentinel 364 

sites and exhibited the highest number of AMR and virulence genes, consistent with its 365 

classification as a high-risk clone. Limited reporting of ST772 had been observed earlier in Africa 366 

[18, 23, 72]. However, there are recent reports of this clone in Nigeria [25]. The unique clade of 367 

the ST772 genomes from this study, compared with those from other countries (Figure 8), is 368 
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noteworthy. It suggests a shift in the local epidemiology of S. aureus, potentially driven by 369 

antimicrobial selection pressure.  370 

Isolates belonging to the pandemic lineages such as ST8-CC8 clustered with isolates from multiple 371 

countries, suggesting intra- and inter-country transmission, consistent with their established global 372 

dissemination [21, 23, 45, 69, 76, 85–87]. Notably, ST8 isolates formed two different clades, 373 

indicating underlying genetic diversity. One of the sub-clades, comprising ST8-CC8-MRSA-374 

t1476, was phylogenetically distinct, aligning more closely with ST247 and UK-associated strains, 375 

and may represent a relatively uncommon or emerging variant. The second subclade was more 376 

similar to previously described ST8 lineages in Nigeria and globally [21, 23, 69]. This pattern 377 

suggests both local expansion and multiple introductions within this lineage. CC8-ST789 378 

possessed a substantial repertoire of AMR genes in both MRSA and MSSA backgrounds, 379 

indicating its capacity to act as a reservoir for AMR genes.  380 

ST789 was the fourth most commonly ST in this study despite being sparsely distributed 381 

worldwide. This could be due to local clonal expansion or capacity to cause invasive infections. 382 

This contrasts with previous reports from non-invasive sources in Africa where it is typically 383 

detected in small proportions [18, 67, 69, 74, 88, 89]. 384 

Plasmid replicon typing revealed multiple replicon types, with rep, rep16, rep20, rep5_1, rep7, 385 

and rep7_6 being the most frequent. This distribution suggests widespread plasmid-mediated gene 386 

exchange within the population rather than lineage-specific restriction. The presence of similar 387 

replicon types across multiple STs supports the role of horizontal gene transfer in shaping the 388 

observed antimicrobial resistance profiles. However, no clear one-to-one association between 389 

specific replicons and resistance phenotypes was evident.  We also did not assemble closed 390 

plasmids as only short read sequencing was employed. 391 
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The widespread distribution of dominant lineages across sentinel sites indicates the presence of 392 

regionally established clones rather than localized outbreaks. However, the identification of site-393 

specific STs (e.g. ST8 and ST152 in OAUTHC, ST121 in UCH) suggests local transmission 394 

dynamics. The comparison with historical datasets from selected sentinel sites revealed notable 395 

shifts in lineage distribution over time. In 2009, Ghebremedhin et al reported a clone of ST88 396 

bearing SCCmecIVa from Ibadan, along with ST250 and ST241 strains as predominant among 397 

patients with community-acquired infections attending UCH and another Ibadan hospital.  This 398 

clone was detected predominantly in UCH in this study, suggesting that it continues to circulate in 399 

Ibadan two decades later.  The emergence of ST152, ST772, and ST789 as dominant clones in the 400 

current study, with the decline or absence of previously reported lineages, suggests a dynamic and 401 

evolving S. aureus population. These changes may be driven by antimicrobial selection pressure, 402 

clonal replacement, or the introduction of new strains through regional or international 403 

transmission. 404 

This study has some limitations. The isolates were obtained from a limited number of sentinel 405 

sites, all in or close to South-West Nigeria. At each site, few patients are blood cultured and 406 

therefore only a fraction of bloodstream S. aureus is likely recovered. Thus, the diversity seen here 407 

is unlikely to fully represent the national epidemiology of S. aureus. Moreover, the retrospective 408 

design and lack of key clinical metadata limit the ability to correlate genomic findings with patient 409 

outcomes, something that future studies employing the ACORN platform should be able to do 410 

[90]. Nevertheless, WGS provides insights into the molecular epidemiology of invasive S. aureus 411 

in Nigeria. 412 

 413 

Conclusions 414 
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This study describes a high prevalence of MRSA, extensive genetic diversity, and widespread 415 

dissemination of high-risk S. aureus clones in bloodstream infections in Nigeria. The emergence 416 

of ST152-MRSA, ST772-MRSA and ST789-MRSA is of concern. Integrating genomic data into 417 

national surveillance programmes will be critical for informing infection prevention strategies, 418 

guiding antimicrobial stewardship, and mitigating the spread of high-risk clones within healthcare 419 

settings. 420 
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