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a b s t r a c t 

Objectives: In contrast to increasing reports of the emergence of linezolid-resistant enterococci (LRE) em- 

anating from many countries in Europe, Asia, and North America, data on its status and dissemination 

from the African continent remain scarce, with the information available limited to countries in North 

Africa. This study investigated the carriage of LRE and the genetic mechanism of resistance among Ente- 

rococcus faecium and Enterococcus faecalis strains recovered from humans and animals in Makurdi, Nigeria. 

Methods: We conducted a cross-sectional study between June 2020 and July 2021 during which 630 non- 

duplicate human and animal faecal samples were collected and processed for the recovery of LRE. The 

genetic mechanisms for resistance were investigated using polymerase chain reaction (PCR) and Sanger 

sequencing. 

Results: Linezolid-resistant enterococci were recovered from 5.87% (37/630; 95% CI: 4.17–8.00) of the 

samples, with the prevalence in animals and humans being 6.22% [(28/450); 95% CI: 4.17–8.87] and 5.00% 

[(9/180); 95% CI: 2.31–9.28], respectively. All isolates remained susceptible to vancomycin. No known 

point mutation mediating linezolid resistance was detected in the 23S rRNA and ribosomal protein genes; 

however, acquisition of one or more potentially transferable genes ( cfr, optrA , and poxtA ) was observed in 

26 of the 37 LRE isolates. Co-existence of all three transferable genes in a single isolate was found in four 

E. faecium strains of animal origin. 

Conclusion: This study provides baseline evidence for the emergence and active circulation of LRE driven 

majorly by the acquisition of the optrA gene in Nigeria. To the best of our knowledge, our study is the 

first to report a co-carriage of all three transferable linezolid resistance determinants in E. faecium . Active 

LRE surveillance is urgently required to understand the extent of LRE spread across sub-Saharan Africa 

and to develop tailored mitigation strategies. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 

t

G

s

h

2

l

∗ Corresponding author. Mailing address: Leibniz-Institute DSMZ–German Collec- 

ion of Microorganisms and Cell Cultures, Inhoffenstraße 7B, 38124 Braunschweig, 

ermany. 
∗∗ Alternative corresponding author. 

E-mail addresses: emmanuel.ngbede@dsmz.de (E.O. Ngbede), 

oeren.becker@uks.eu (S.L. Becker) . 

1

p

i

[

ttps://doi.org/10.1016/j.jgar.2023.07.016 

213-7165/© 2023 The Authors. Published by Elsevier Ltd on behalf of International Socie

icense ( http://creativecommons.org/licenses/by/4.0/ ) 
. Introduction 

Antimicrobial resistance is a globally recognized economic and 

ublic health threat frequently associated with prolonged hospital- 

zation, increased treatment cost, treatment failure, and mortalities 

1] . Of great concern is the emergence and spread of resistance to 
ty for Antimicrobial Chemotherapy. This is an open access article under the CC BY 
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ntimicrobials categorized as ‘last line’ drugs for the treatment of 

nfections caused by multidrug-resistant (MDR) bacteria [2] . 

The oxazolidinones, particularly linezolid and tedizolid, are im- 

ortant therapeutic options against Gram-positive bacteria such 

s vancomycin-resistant Enterococcus spp. (VRE) and methicillin- 

esistant Staphylococcus aureus (MRSA) [3] . Oxazolidinones act by 

inding to the 23S rRNA of the 50S subunit. This prevents the 

ormation of a functional 70S initiation complex, thus inhibiting 

rotein synthesis [4] . Yet, resistance to these agents has emerged 

n the last two decades, threatening their clinical efficacy for the 

reatment of MDR infections [ 4 , 5 ]. Thus far, two major mechanisms

re reportedly responsible for the loss of enterococci susceptibility 

o oxazolidinones; (i) chromosomal mutations or alterations in the 

 domain of the 23S rRNA and rarely ribosomal proteins L3 and 

4, and (ii) acquisition of transferable resistance genes; cfr, optrA , 

nd/or poxtA [4] . 

Enterococcus spp. (particularly Enterococcus faecalis and Ente- 

ococcus faecium ) listed among the global priority resistant bac- 

eria by the World Health Organization (WHO) are among the 

ost common causes of nosocomial, life-threatening infections, es- 

ecially in the elderly, immunocompromised, and children [ 6 , 7 ]. 

inezolid-resistant enterococci (LRE) are reportedly increasing and 

apidly spreading across the world and have been recovered from 

umans, animals, and food products [8–10] . Of particular concern 

s the reported detection of similar strains between humans and 

nimals (although from different continents), suggesting the po- 

ential for bidirectional exchange [ 9 , 11 , 12 ]. However, despite the

ncreasing prevalence and dissemination of LRE in Europe, North 

merica, and Asia, little has been reported from sub-Saharan Africa 

n its status and spread. The available data from the African con- 

inent are limited to countries in North Africa, with reports of an 

ccurrence rate of ca. 5% from wastewater, humans, and animals 

12–15] . 

The high burden and negative effect of antimicrobial resistance 

AMR) in sub-Saharan Africa is a source of concern [16] . It is there-

ore imperative that the efficacy of the last resort antimicrobials 

n the region be preserved; we recommend active surveillance to 

romptly detect and curtail the evolution and spread of bacteria 

esistant to these drugs and to study the factors promoting their 

mergence. Similar to many African countries, studies on linezolid 

esistance in Nigeria are scarce. The weak or nonexistent surveil- 

ance network for linezolid resistance and rare use of the agent in 

uman and veterinary medicine in Nigeria may fuel a perception of 

he absence of LRE in this region. Widespread, unrestricted access 

o antimicrobials and increasingly close human-animal interactions 

n Nigeria create a potential ‘hotspot’ for the emergence and dis- 

emination of multidrug-resistant bacteria, including LRE. There- 

ore, the need to investigate the status of this pathogen in animal 

nd human populations persists. In the present study, we investi- 

ated the occurrence of LRE among humans and animals and iden- 

ified the potential mechanism(s) mediating observed resistance. 

his information is important for understanding the threat of LRE 

ocally in addition to its global spread. 

. Materials and methods 

.1. Study design and location 

This prospective cross-sectional study was conducted between 

une 2020 and July 2021. During the study period, a total of 

30 non-duplicate faecal samples from humans (n = 180), cattle 

n = 85), pigs (n = 125), dogs (n = 50), shrews (n = 40), and

oultry (n = 150) were collected and processed for the recovery 

f LRE. The human faecal samples originated from patients visiting 

wo [2] major health facilities (Federal Medical Center Makurdi and 

enue State University Teaching Hospital) in Makurdi, Benue State, 
235 
igeria. The samples included faeces submitted to the clinical mi- 

robiology laboratories for investigation of enteric pathogens. Simi- 

arly, all animals, with the exception of shrews, were sampled from 

arms, slaughter facilities, and households in Makurdi, Benue State, 

orth central Nigeria. The periurban shrews were captured and 

ampled in Surulere, Lagos State, southwest Nigeria during a Na- 

ionwide surveillance for Emerging Infectious Diseases in wildlife 

cross Nigeria. 

.2. Recovery of enterococci 

The faecal samples collected were processed for the recovery 

f florfenicol-resistant enterococci [presumptive linezolid-resistant 

nterococci (LRE)] and vancomycin-resistant enterococci (VRE) 

ithin 24 h of collection. Briefly, 0.5 g of each faecal sample was 

noculated into 5 mL of tryptone soya broth (Oxoid, UK) and en- 

iched overnight at 37 °C. Following overnight enrichment, 500 μL 

f the broth was inoculated into two different tubes of 4.5 mL 

ile esculin azide broth (Lioflichem, Italy), one supplemented with 

orfenicol (10μg/mL) and the other with vancomycin (6μg/mL) for 

he selective enrichment of LRE and VRE, respectively. The broths 

ere then incubated for 48 h at 37 °C. Following selective enrich- 

ent, a loopful of the broths positive for enterococci (evidenced by 

rowning/blackening of the medium) was streaked on florfenicol- 

nd vancomycin-supplemented Slanetz Bartley (SB) plates and in- 

ubated for 48 h at 37 °C. A single colony with typical enterococci 

orphology on SB medium was picked from each supplemented 

late (for each sample) and sub-cultured to purity on tryptone 

oya agar. Isolates were confirmed as enterococci based on Gram 

taining reaction and results of catalase and pyrrolidonyl peptidase 

PYRase) tests (Hardy Diagnostics, Santa Maria, CA). Isolates were 

urther speciated based on carbohydrate [mannitol, xylose, arabi- 

ose, pyruvate, and Methyl-alpha-D-glucopyranoside (MDG)] fer- 

entation reactions as described by Manero and Blanch [17] and 

chwaiger et al. [18] . All isolates were stored on tryptone soya agar 

lants and transferred to the Institute of Medical Microbiology and 

ygiene (IMMH), Saarland University Homburg/Saar, Germany for 

urther analysis. 

.3. Species confirmation 

The species identification of the isolates was further confirmed 

t IMMH using matrix-assisted laser desorption/ionization time-of- 

ight mass spectrometry (MALDI-TOF MS) (Bruker Daltonics, Bre- 

en, Germany). 

.4. Phenotypic screening for linezolid and vancomycin resistance 

The linezolid and vancomycin minimum inhibitory concentra- 

ions (MICs) for the isolates were determined by the gradient dif- 

usion test using E-test strips (Liofilchem, Roseto degli Abruzzi, 

taly). Briefly, linezolid and vancomycin strips (Liofilchem, Italy) 

ere placed on Mueller Hinton agar plates pre-inoculated with 

 suspension (equivalent of 0.5 McFarland Standard) of the iso- 

ates and then incubated for 18 to 24 h at 37 °C. Subsequently, 

he MICs of the respective antibiotics were then read according 

o the manufacturer’s instructions. The isolates were categorized 

s LRE or VRE using interpretative breakpoints recommended by 

he European Committee on Antimicrobial Susceptibility Testing 

EUCAST) [19] and the Clinical and Laboratory Standards Institute 

CLSI) [20] i.e., LRE = linezolid MIC > 4μg/mL (EUCAST) or ≥8μg/mL 

CLSI); VRE = vancomycin MIC > 4μg/mL (CLSI and EUCAST). 

.5. DNA extraction, quantification and purity control 

Extraction of genomic DNA (gDNA) from overnight blood agar 

lates of the LRE was carried out using the Maxwell® 16 MDx 
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Table 1 

Distribution of linezolid resistance and associated mechanisms among enterococci recovered from humans and animals in Nigeria. 

S/No. Strain ID Species Host Minimum Inhibitory Concentration Acquired Resistance Genes 

VAN LZD TZD FFC optrA potxA cfr 

1 EH2 E. faecalis Human 1.5 24 2 ≥15 + - - 

2 EH3 Enterococcus 

faecalis 

Human 1.5 16 4 ≥15 + - - 

3 EH6 E. faecalis Human 2 32 4 ≥15 + - - 

4 EH11 E. faecalis Human 1.5 6 ND ≥15 - - - 

5 EH13 E. faecalis Human 1.5 6 ND ≥15 - - - 

6 EH17 E. faecium Human 0.5 24 1.5 ≥15 + - - 

7 EH18 E. faecium Human 3 12 ND ≥15 + - - 

8 EH21 E. faecalis Human 1.5 6 ND ≥15 - - - 

9 EH23 E. faecium Human 0.38 6 ND ≥15 - - - 

10 E2 E. faecalis Cattle 0.75 8 ND ≥15 + - - 

11 E7 E. faecalis Cattle 1 6 ND ≥15 - - - 

12 E8 E. faecalis Cattle 0.75 6 ND ≥15 - - - 

13 E10 E. faecalis Dog 2 12 3 ≥15 + - - 

14 E11 E. faecalis Cattle 0.5 6 ND ≥15 - - - 

15 E12 E. faecium Pigs 0.50 8 1.5 ≥15 + + + 

16 E13 E. faecium Pigs 0.25 8 2 ≥15 + + + 

17 E14 E. faecium Pigs 0.38 8 ND ≥15 + + - 

18 E15 E. faecium Pig 0.38 6 ND ≥15 - - - 

19 E16 E. faecium Pig 0.125 6 ND ≥15 - - - 

20 E17 E. faecalis Cattle 1 8 ND ≥15 + - - 

21 E19 E. faecium Cattle 0.25 16 3 ≥15 + - - 

22 E20 E. faecium Cattle 0.5 6 ND ≥15 - - - 

23 E21 E. faecalis Cattle 0.5 12 2 ≥15 + - - 

24 E22 E. faecium Cattle 0.5 8 3 ≥15 + + + 

25 E24 E. faecium Cattle 1 ≥256 1.5 ≥15 + - + 

26 E26 E. faecium Cattle 0.25 8 3 ≥15 + + + 

27 E27 E. faecalis Pig 0.75 24 2 ≥15 + - - 

28 E28 E. faecalis Dog 1.5 24 1.5 ≥15 + - - 

29 E29 E. faecalis Dog 2 16 3 ≥15 + - - 

30 E30 E. faecalis Dog 1.5 6 ND ≥15 - - - 

31 E31 E. faecalis Dog 1.5 16 ND ≥15 + - - 

32 6EW E. faecalis Shrew 1.5 8 ND ≥15 + - - 

33 13EW E. faecalis Shrew 0.38 16 ND ≥15 + - - 

34 15EW E. faecalis Shrew 0.75 12 ND ≥15 + - - 

35 21EW E. faecalis Shrew 0.75 8 ND ≥15 + - - 

36 23EW E. faecalis Shrew 0.5 16 3 ≥15 + - - 

37 31EW E. faecalis Shrew 2 8 ND ≥15 + - - 

A plus sign ( + ) indicates the presence of the gene, a minus sign ( −) the absence of the gene, determined by PCR. 

FFC, florfenicol; TZD, tedizolid; VAN, vancomycin. 
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ersion 1.60 instrument system (Promega, Madison, WI) according 

o the manufacturer’s instructions. The concentration of the ex- 

racted DNA was measured at an absorbance of 260 nm and the 

urity was assessed by calculating the A260/280 and A260/230 ra- 

ios using the NanoDrop spectrophotometer (Thermo Fisher Scien- 

ific, Waltham, MA). 

.6. Resistance mechanism 

The genetic basis of linezolid resistance among the LRE isolates 

as investigated using polymerase chain reaction (PCR) and sub- 

equent sequencing of the obtained amplicons. The PCR targeted 

reviously reported mechanisms, including mutation in domain V 

f the 23S rRNA [21] and/or ribosomal proteins L3 ( rplC ), L4 ( rplD ),

22] and L22 ( rplV ) [23] , and presence of cfr [24] , optrA [25] and

oxtA [26] using respective previously reported primers and con- 

itions. Electrophoresis of all PCR products was carried out on 2% 

garose gel stained with ethidium bromide and visualized using a 

V transilluminator. The positive amplicons were further purified 

nd sequenced on both strands using the GenomeLab GeXP se- 

uencer and kit (Beckman Coulter, Germany). The chromatograms 

btained were visualized and edited using BioEdit Sequence Align- 

ent Editor version 7.2.5 [27] . 

Mutations/alterations in domain V of the 23S rRNA and/or ribo- 

omal proteins gene sequences were detected by alignment with 

ppropriate reference linezolid-susceptible (wild type sequence) E. 
236 
aecalis ATCC 29212 (CP008816.1) or E. faecium DO (CP003583.1) 

ith the aid of the BLASTn program ( https://blast.ncbi.nlm.nih. 

ov/Blast.cgi ) in the GenBank database. Similarly, the OptrA amino 

cid sequences obtained were aligned to the originally de- 

cribed optrA gene sequence from E. faecalis E349 (KP399637.1) 

28] . 

.7. Accession numbers 

The nucleotide sequences from the optrA, poxtA, cfr, rplD 

L4), rplC (L3) and rplV (L22) genes of the isolates in this 

tudy have been deposited in the NCBI GenBank database un- 

er accession numbers OQ122146-OQ122167, OQ117757-OQ117759, 

Q117760-OQ117761, OQ289005-OQ289025, OQ289026-OQ289054, 

nd OQ289055-OQ289074, respectively. 

. Results 

During the study period, enterococci were recovered only on 

orfenicol-supplemented plates from 67 of the 630 collected faecal 

amples. MALDI-TOF analyses identified 64 of the 67 isolates as en- 

erococci distributed into four different species, of which E. faecalis 

41/64) and E. faecium (20/64) dominated in both animals (23/37 

s. 13/37) and humans (18/27 vs. 7/27) (Supplementary Table S1). 

The linezolid MICs of the 64 isolates ranged from 1 to ≥256 

g/mL (MIC = ≤ 6 μg/mL; MIC = ≤16 μg/mL) (Supplementary 
50 90 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Table 2 

Amino acid sequence alterations detected in the optr A protein sequences of the 

linezolid-resistant enterococci recovered from humans and animals in Nigeria. 

Strain % Similarity a Observed mutations 

NGEH2 98.8 G405, T481P 

NGEH6 98.5 G349S, T481P 

NGEH17 98.3 G375E, F457N 

NGEH18 99.5 T481P 

NGE2 96.5 G393D 

NGE13 99.2 R340K, K569I 

NGE14 99.6 G393D 

NGE17 99.6 G393D 

NGE19 98.2 Q338H, T481P 

NGE21 99.0 L374T, G393D 

NGE29 98.6 L361R, A362S, T481P 

NGE31 97.7 L361P, T481P, E564S, R565Q 

NGE6EW 99.5 G393D 

NGE21EW 99.1 L348F, K373R 

NGE31EW 98.8 R370K, G393D 

a % identity with reference gene, optrA E. faecalis E349 (KP399637.1). 
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able S1). Of the 64 isolates recovered, 37 (11.6%; 95% CI: 8.6 –

5.6) were linezolid resistant with MICs > 4 μg/mL (range: 6–≥256 

g/mL) ( Table 1 ). However, no VRE-resistant strain was recovered 

i.e., none of the samples were positive for vancomycin-resistant 

nterococci). 

The distribution of LRE comprised cattle (11/85), dogs (5/50), 

igs (6/125), shrews (6/40), and humans (9/180). No LRE was re- 

overed from poultry sources. Similarly, all LRE isolates tested ex- 

ressed co-resistance to tedizolid (MIC > 0.5 μg/mL; range: 1.5–4 

g/mL) ( Table 1 , Supplementary Table S1). Of note, none of the 

solates were resistant to vancomycin (MIC range : 0.38–4 μg/mL; 

IC 50 = ≤0.75 μg/mL; MIC 90 = ≤ 2 μg/mL) ( Table 1 , Supplemen- 

ary Table S2). 

Acquisition of potentially transferable linezolid resistance genes 

fr, optrA , and potxA was detected in most of the LRE isolates, with

he optr A gene being the predominantly occurring resistance de- 

erminant (26/37). The optr A gene occurred alone (n = 21) or in 

oexistence with cfr (n = 1), poxt A (n = 1), or in combination with

fr and poxt A (n = 4) genes. Coexistence of more than one resis-

ance determinant in a single isolate was observed only among E. 

aecium isolates originating from pigs (n = 3) and cattle (n = 3) 

 Table 1 ). 

A 98 to 99% sequence homology between the optr A genes of 

solates in this study and the first reported optr A gene sequence ( E. 

aecalis: GenBank AKA86814.1) was observed. The amino acid sub- 

titutions, T481P and G393D, were the most frequently detected 

lterations in the optr A gene sequence ( Table 2 ). 

No known point mutation(s) associated with linezolid resis- 

ance were detected in the V domain of the 23S rRNA. However, 

ultiple mutations were detected in the ribosomal protein (L3, L4, 

nd L22) genes. ( Table 3 ). 

. Discussion 

Emergence of resistance to last resort drugs is a serious thera- 

eutic concern, especially in countries of sub–Saharan Africa, in- 

luding Nigeria, faced with the high burden and negative effect 

f antimicrobial resistance [1] . In this study we observed an LRE 

arriage rate of ca. 5% and 6% for humans and animals, respec- 

ively, providing evidence for the emergence of LRE in spite of 

he rare consumption or usage of linezolid in Nigeria. The carriage 

ate is comparable to that reported from other parts of the globe 

 9 , 13 , 29 , 30 ]. Interestingly, all the isolates were susceptible to van-

omycin. This observation may be attributed to the rare use of van- 

omycin or its analogues in veterinary and human medicine in the 
237 
ountry and provides an alternative for treatment in the event of 

DR enterococci infection. 

Mutations, particularly the G2576 substitution in V domain of 

he 23S rRNA, have been identified as major mechanisms respon- 

ible for linezolid resistance and are associated with prior line- 

olid or tedizolid exposure [31] . Similar to reports from North 

frican countries and other parts of the world, none of the iso- 

ates in this study harboured the relevant mutations in V domain 

f the 23S rRNA gene mediating linezolid resistance [32] . To our 

nowledge, none of the patients or animals in this study had prior 

inezolid exposure, implying that the linezolid resistance detected 

ay have emerged independently of oxazolidinone consumption 

nd is likely a result of co-selection (selective pressure) from the 

idespread use of other antimicrobials, including phenicols, tia- 

ulin, and tetracyclines [33] . 

Multiple substitutions not previously reported were observed 

n ribosomal proteins L3, L4, and L22 genes in this study. How- 

ver, the role of these substitutions in linezolid resistance remains 

nknown and requires further expression-level analysis, including 

ranscriptomics and complementation assays, to clarify their role 

n the observed linezolid resistance phenotype. 

All three currently known transferable linezolid resistance 

enes, cfr, optrA and poxtA , were detected in this study. Consistent 

ith recently increasing reports across Europe, Asia, and North 

merica, the optr A resistance gene was the predominantly detected 

echanism for the observed linezolid resistance [ 8–12 , 34 ]. This 

bservation, in addition to depicting the success of this resistant 

enotype, suggests the likelihood of a change or shift in the epi- 

emiology of LRE from the previously known predominance of mu- 

ational mechanisms to transferable resistance genes, particularly 

he optrA gene. We observed similarities between our findings and 

hose from North Africa, particularly in the detection of the optrA 

nd poxtA genes and absence of mutations in the 23S rRNA and 

ibosomal protein genes [12–15] . However, in contrast to our find- 

ngs and to the best of our knowledge, none of the studies from 

he North African countries have yet reported the detection of the 

fr - gene. 

Since its first detection, the optrA gene has spread to almost 

ll continents, conferring resistance to linezolid and tedizolid, in 

greement with our findings. Several genetic variants of the optr A 

ene have been reported; however, similar to our findings, the 

elationships between these variants and increased or reduced 

inezolid MICs remains controversial [34] . Coincidently, previously 

eported mutations in the optr A variants from international col- 

ections, particularly the T481P and G393D substitutions, were 

etected among our isolates. This further supports evidence for 

he expansion and successful spread of these mutations/variants 

lobally. The observed 45 to 100% similarity between our optr A 

equence and the original reported by Wang et al. [28] may 

uggest the existence of multiple variant(s) among our collection. 

nfortunately, because of the short sequence length (partial se- 

uence) of our optr A gene, we could not, with certainty, assign 

hem to any defined optr A variant groups as described by Cai et al. 

34] and Bender et al. [35] . 

Co-occurrence of the optrA and other genes, including cfr [36] , 

oxtA gene, [37] and simultaneous co-existence of all three genes, 

n E. faecalis and E. gallinarum of human and animal origin have 

een described [38] . However, our study describes, for the first 

ime, the co-existence of all three genes in E. faecium of animal 

rigin and the emergence of cfr-, optrA -, and poxt A-carrying ente- 

ococci in humans and animals in Nigeria. These findings further 

ighlight the potential role that animal production settings may 

lay in the emergence and dissemination of linezolid-resistant en- 

erococci. 

Noteworthy in this study is the detection of linezolid resistance 

mong enterococci originating from shrews captured around hu- 
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Table 3 

Amino acid sequence alterations detected in the ribosomal protein gene sequences (in comparison with reference gene sequences) of the linezolid- 

resistant enterococci recovered from humans and animals in Nigeria. 

Strains % Similarity a Observed mutations in the respective genes 

rplC 

NGEH2 99.5 I23F 

NGEH6 99.0 E29D 

NGEH17 96.4 L22V, I23F, P24G, V25R, V27A, E29Q, A30V 

NGEH21 99.5 T17H 

NGEH23 99.4 I23F 

NGE2 99.0 T17N, L22F 

NGE7 99.5 K196I 

NGE11 99.5 T18K 

NGE12 97.9 Q14G, L22F, V149I, A150P 

NGE13 99.0 V149I, A150P 

NGE14 99.5 I23F 

NGE15 99.0 V149I, A150P 

NGE19 99.5 L22F 

NGE20 98.5 T2I, V149I, A150P 

NGE26 98.5 T31P, V149I, A150P 

NGE27 98.4 I23V, T26N, A30D 

NGE28 98.5 T40N, E42G 

NGE6EW 96.0 Q14H, V27E, E29Q, P32T, V35I, L36I, E182G 

NGE23EW 99.0 T17N 

NGE31EW 99.0 G11A, Q14R 

rplD 

NGEH11 94.4 K8I, T18P, F24I, L129V, R168S, N169Y, S178P, D185Y, A189T, K191S, Q201R 

NGEH17 94.4 I26L, E138K 

NGEH23 99.5 Q9P 

NGE8 98.5 E22D, L156V 

NGE11 99.5 K8N 

NGE15 99.0 K8N, E27A 

NGE19 92.9 S31T, V38I, E120S, I126V, N130S, S147T, K158T, G159E, N172S, S178A, N189E, T190I, A194V 

NGE21 99.5 V186D 

NGE26 99.5 E27A 

NGE21EW 99.5 P28T 

NGE23EW 99.0 Q9P, I23C 

rplV 

NG6EW 99.1 T113S 

NGE15EW 85.9 A10G, T14K, R16S, S18P, P19H, A22E, L28I, S33R, A35E, I38F, I40F, A49T, S58L, A61D, S73R 

NGE31EW 91.5 R16G, S73R, S77F, E78G, F80I, P92R, K103R 

a % identity with reference gene, rpl C, rpl D, or rpl V ( E. faecium DO CP003583.1 or E. faecalis ATCC29212 CP008816.1, depending on the species of the 

isolate). 
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an habitations, raising questions and concerns on the extent of 

ispersal of this resistance phenotype. 

Congruent to a report from Germany by Bender et al. [34] , 

nly among isolates with linezolid MICs ≥8 μg/mL were line- 

olid resistance determinants detected. Eleven of the isolates in 

ur study with linezolid MICs of 6μg/mL categorized as resistant 

ased on the EUCAST guidelines, but susceptible based on the CLSI 

uidelines, completely lacked any currently known linezolid resis- 

ance genes. This contrasts to reports from Asia, particularly China, 

here the optr A or poxt A genes were detected among linezolid- 

usceptible isolates, including isolates with linezolid MICs as low 

s 2 μg/mL [ 14 , 28 , 35 ]. This discrepancy and low-range MIC phe-

omenon have been reported to create inconsistencies that make 

he identification and reporting of LRE isolates difficult and sug- 

est the presence and role of other yet to be known mechanisms 

n low level linezolid resistance [39] . It is also plausible that this 

bserved phenotype may be as a result of other linezolid resis- 

ance mechanisms, including presence of variant cfr genes cfr (B) 

nd cfr (D) [ 40 , 41 ], biofilm formation and cell wall thickening [42] ,

nd over-expression of efflux-pump systems [43] , which were not 

nvestigated in this study. 

A limitation of this study was the lack of sufficient genomic 

ata to investigate the genetic backbone/environment of the resis- 

ance genes detected and the relationship between the detected 

solates for evidence of transmission between humans and animals 

r an ongoing outbreak/intra hospital spread (in the case of human 

solates). Other limitations included our inability to investigate the 
238 
solates for the presence of other linezolid resistance mechanisms 

including variants cfr (B) and cfr (D) genes and or cell wall thick- 

ning], which may have resulted in underestimation of the occur- 

ence of resistant isolates. Moreover, we did not employ PCR for 

etection of vanA/B/C genes that might confer vancomycin resis- 

ance, as not all VRE strains can be detected using E-tests and sam- 

les were only collected from one area in Nigeria. 

In conclusion, our work underscores that linezolid resistance in 

nterococci driven majorly by the acquisition of potentially trans- 

erable genes has emerged in Nigeria independently of linezolid 

onsumption. Our findings raise awareness of and concerns on the 

irculation of LRE, particularly as it pertains to the treatment of 

DR enterococci or staphylococci. It further echoes the need to 

rioritize antimicrobial stewardship and active surveillance to un- 

erstand the extent of LRE spread and how the current antimicro- 

ial use practices in humans and animals in the country influence 

he emergence and dissemination of these strains. 
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