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Abstract: Human infections caused by Enterococcus species are increasing; they are the third most common
cause of nosocomial infections. E. faecium, though a relatively rare Enterococcal nosocomial infection, 1s very
commonly resistant to multiple antibiotics. Quinupristin/Dalfopristin, a Streptogramin, is an antibiotic of “last
resort” for treating multi-antibiotic-resistant E. faecium. However, E. faecium isolates are now becoming
resistant to Qunupristin/Dalfopristin. The source of Streptogramin-resistant . Faeciuwm 13 controversial.
Although medical environments are a potential source, Streptogramin-resistant Enterocci are present in
livestock fed Streptogramin growth-promoters. However, E. faecitim subspecies are suggested to be
predommantly host-species specific and thus livestock may not be a reservorr for Streptogramin-resistant
E. faecium that infect humans. To resolve this issue, sensitive methods to quantify Streptogramin-resistant
E. faecium relatedness are essential. We designed a rapid sensitive, specific, molecular diagnostic technique,
targeting one E. faecium 165/233 intergenic spacer region to distinguish between E. faecium at the nucleotide
level. This region has no obvious evolutionary-conservation pressure and has been used to quantify
relatedness in other bacteria. We analyzed streptogramin-resistant F. faecium from chickens from one grower
house, on one farm, to quantify nucleotide polymorphism between 1solates that would be expected to be closely
related. We detected single nucleotide polymorphisms in four out of ten Streptogramin-resistant E. faecium
isolated from this single source. The chicken-derived E. faecium sequences were more similar to each other than
they were to the reference human Z. faecium strain. Our method will be useful for studies of E. faecium ecology,
pathogenicity and antibiotic resistance.
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INTRODUCTION Most concerning 18 Enterococcal resistance to one of

the last resort streptogramin antibiotics,

Over the last twenty years the number of nosocomial — quinupristin/dalfopristin’™**". Although E. faecalis is the
mfections due to Enmterococcus species has increased. most common cause of human Enterococcal infections

Enterococci are the third most common cause of — (79%), streptogramin-resistance more often occurs m F.

nosocomial infections after Staphylococcus and  faecium infections™?. The source of and/or reservoir for
Escherichia coli". Initially, most human Enterccoccal Streptogramin  antibiotic-resistant E.  faeciwm  1s
mfections were successfully treated with antibiotics. controversial.

Predictably in response, however, Enterococcal antibiotic- Before 1990, streptogramin-resistant E. faecium were

resistance 1s 1increasingly common Data collected — thought to be present only in hospitals where
between 1995 and 1997 from over 15,000 Enterococcus streptogramin  antibiotics had been used for many vears.
isolates showed less than 2% of the Enterococcus  Notably though, streptogramin-resistant Enterococci are
faecalis 1soaltes were resistant to ampicillin and  alse present in livestock fed the streptogramin
vancomycin,, whereas most E. faecium 1solates were growth-promoting antibiotic virgimamyecin. Virgiuamycin
resistant to Ampicillin (83%) and Vancomycin (52% )1, is commonly used in livestock feed in the USA. The use
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of virginiamycin in poultry feed, in particular is suggested
to directly threaten human health®™*'"  Certainly
streptogramin-resistant E. faecium have been isolated
from poultry and poultry products!®!®!%1%#1

However, E. faecium subspecies are suggested, after
analysis by Amplified Fragment Length Polymorphism
(AFLP), to be predominantly host-species specifict.
Therefore, regardless of antibiotic-resistance, the
E. faecium that colonize human gastro-intestinal tracts
could be different from those E. faecium in livestock.
The potential corollary i1s that steptogramin-resistant
E. faecium livestock subspecies could be no threat to
human health. The question remains, do F. faecium and/or
streptogramin-resistant E. faecium transter from livestock
to humans? To resolve these issues sensitive diagnostic
methods, which can quantify E. faeciwm relatedness, are
needed for epidemiological studies.

Unfortunately neither AFLP!Y Pulse Field
Electrophoresis (PFGE)™ nor ribotyping'™, which have all
been used to study the epidemiology of E. faecium
previously, sensitively quantify the relatedness of
bacterial isolates at the single nucleotide level. Cur
primary ain was to design a rapid, sensitive, specific and
high through-put molecular diagnostic tool to distinguish
between E. faecium at the nucleotide level. Our secondary
aim was to compare closely related streptogrammin-
resistant F. faecium isolates to each other and to the
reference E. faecium TX16*** that has had its genome
sequenced.

Poultry, especially in rural areas of intensive poultry
production, are an excellent model for testing both the
host-species specificity of E. faecium and also of
quantifying the risk that livestock fed Streptogramimns
pose to humans. We collected E. faecium isolates from a
commercial poultry facility that had used Virginiomycin in
the production cycle in Mississippi (USA). Only those
1solates that were streptogrammin-resistant were analyzed.
We sampled chiclkens from one grower house on one farm
because we wanted to quantify nucleotide polymorphism
between isolates that would be expected to be closely
related. We targeted one E. faecium 165/235 intergenic
spacer region. This region has no obvious evolutionary-
conservation pressure and has been used to quantify
relatedness in other bacteria™*". In E. faecium isolated
from this smgle chicken flock we were able to detect
Single Nucleotide Polymorphisms (SNPs) in this one
165/233 mtergenic spacer region. Notably, all chicken-
derived E. faecium sequences were more similar to each
other than they were to the genome-sequenced reference
human E. faecium strain TX16. Our method should be a
valuable addition to future studies on molecular
epidemiology of E. faecium ecology, pathogenicity and
antibiotic resistance.
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MATERIALS AND METHODS

Chickens: We sampled 50 randomly-selected commercial
broiler chickens immediately post mortem (Cobb 500; 45
days-of-age i.e. end of the production cycle) derived from
a single commercial broiler house. During the production
cycle the chickens were housed on built-up pine shaving
litter and had been fed three diets, each with an antibiotic
growth promoter (starter diet, bacitracin, hatch until
18 days-of-age; grower diet, bacitracin, 19 to 32 days-of-
age; withdrawal diet, virginomycin, 10g Tonl ™, 33 to 45
days-of-age). The chickens had also been fed the
ionophore coceidiostat Salinomyein (Alpharma, Fort Lee,
NI, starter diet 45 g/ton; grower diet 60 g ton’) . Nipple
drinkers (1 nipple: 12 chickens) provided water ad libertum
to the chickens.

Streptogramin-resistant E. faecium isolation: Sterile
rayon swabs (FoodTechSource™, Vernon Hills, T1.) were
used to take samples directly from each chicken’s cloaca.
Immediately after sampling, each swab was used to
moculate a tube of selective enterococcal broth as
described”. Selective Enterococcal broth consists of
bile esculin azide broth with quinupristin/dalfopristin
{4 ug mL.™") and ampicillin (2 pug mL ™). Ampicillin makes
the broth more selective for E. faecium than for E. faecalis.
The broths were returned to the University of Mississippi
Medical Centre and incubated for 48 h at 37°C. Ten il of
each broth was then subcultured in modified Ford’s agar
antibiotic quinupristin/dalfopristin (4 ug mL™") and
ampicillin (2 pg mL ™). After 48 h incubation at 37°C, all
colonies that were morphologically typical of E. faecium
were Gram stained and spot-tested with pyrrolidonyl
arylamidase reagent to determine whether they were
Enterococei. Susceptibility to quinupristin/dalfopristin
was determmed by E-test and Kirby-Bauer disc
susceptibility testing following NCCLS criteria (Wayne,
PA, USA)

Ten chickens had quinupristin/dalfopristin-resistant
E. faecium. One colony from each chicken was picked
using a sterile tooth pick and cultured in selective
Enterococcal broth (1 ml; quinupristin/dalfopristin
[4 pg mL™'], ampicillin [2 pg mL™']; 48 h, 37°C). These
cultures were then centrifuged (1000g) the supernatants
removed, the E. faecium pellets frozen (-70°C) and then
shipped to the College of Veterinary Medicine,
Mississippi State University on dry ice.

DNA isolation: DNA was first isolated, using Bactozol™
exactly as described by the manufacturer (Molecular
Research Center Inc., Cincinnati, OH), from one culture
after scraping a sample of the frozen pellet using a sterile
pastette,. This DNA was used for PCR optimization and
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test sequencing. However, because our aim was to make
the assay rapid and suitable for a high through-put
molecular epidemiology, we next isolated DN A by adding
gcrapings (~50 uL) of the frozen cultures to 100ul Milli-Q
H,O heating to 98°C, 30 min. The samples were
centrifuged (1,000g; 5 minutes) and the supernatant
removed to a fresh tube and ethanol precipitated (500 uL,
100% EtOH, 4°C, 1 h, centrifuged 10,000 g, 10 min). The
pelletes were then washed twice using 70% EtOH and air
dryved before resuspending in 50 pL Milli-Q H;0.

Target sequence identification: The 165 and 235 tRNA
DNA sequences are highly conserved between bacterial
gpecies; within species they are identical. In contrast, the
intergenic regions between thel6S and 238 rRNA genes,
with the exception of the two specific tRNA genes, have
no known evolutionary pressure to maintain sequence
conservation. £. faecium has multiple 165 and 235 fRNA
genes, To identify thel6S rRNA and 23S rRNA encoding
DNA regions of Z. faecium, we first derived core
consensus 165 rRNA and 235 rRNA DNA sequences,
using CLUSTAL-W™! from representative bacterial
165 rRNA and 238 iIRNA DNA sequences (Acefobacter,
Aeromonas, Escherichia, Shigella, Salmonella, Vibrio
species). We then Blast®™ searched the minimally-
annotated E. faecium geneome sequence (E. Faecium
TX16%* GenBank ID: AAAK00000000, US Department
of Energy Institute,
http://www .jgi.doe.gov/TGI_microbial/html/index.html)
using our derived consensus 165 rRNA and 2358 fRNA
DNA sequences. We arbritraily chose one intergenic
region that contained RN A-izoleucine and tRNA-alanine
genes. These tRNA genes were identified by BLAST
searching the £. fzecium 165-238 intergeni ¢ sequence that
we had chosen against Baccilli genome sequences (US
National Center for Biotechnology Information).

Toint Genome

Polymerase chain reaction: Because it was crucial for us
to amplify only one and the same 16S5-23S intergenic
region, two sets of primers were designed. Primer set 1
(168FOR, TAGTAGCTITAACCTTICGG; 16SREV,
ATGGTGGGTTAGAGCAGC; predicted amplicon 401 bp)
was designed to be complimentary to part of the 165
TRNA gene sequence and the tRNA-izoleucine gene.
Primer set 2 (235FOR, ATATGGTGGAGCTATGC and
23SREVTACTTCCTGCACGATTAGACG;  predicted
amplicon 414 bp) was designed to be complimentary to
part of the 235 rRNA gene sequence and the tRNA-
alanine gene. When used in the PCR, these primer sets
amplified two overlapping amplicons (predicted total
length 611 bp Fig. 1a). Together these amplicons allowed
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Fig. 1: a. Schematic oftargeted 7. fzecium 163-23S region
PCR. PCR primer oligonucleotides were designed
to produce overlapping amplicons. B. Image from
agarose gel of PCR amplicons. Template DNA
produced using (i) Batozol™ (Molecular Research
Center Inc., Cincinnati, OH) and (ii) one example of
the hot-water DNA preparation (see materials and
methods) were PCR amplified with similar
efficiently and specifically. Lane 1 = DNA ladder
(New England Biolabs, Beverly, MA); lanes 2 and
4 = “primer set 27, which primes amplification of
the tRNA-Ala — 23SrRNA amplicon; lanes 3 and 5

“primer set 1”, which primes amplification of the

16S1RNA — tRNA-Tle amplicon

us to sequence one specific 165-235 intergenic (non-
coding) region of 395 bp (Fig. 2).

A 96-well Mastercycler Gradient Thermocycler
(Brinkmann Instruments, Westbury, NY) and high fidelity
Taq polymerase (Expand High Fidelity PLUS PCR System,
Roche Diagnostics Corporation, Indianapolis, IN) were
used throughout. All reactions were 25 pL and used 1 uL.
of the template DNA. The PCR conditions were first
optimized, using the DNA extracted using Bactozol™ to
{a) Primer get1: 94°C 5 min +35(94°C, 1 min; 52°C, 30 zec,
74°C 1min) + 72°C, 10 min, Mg® 50 mM and (b) Primer set
2:94°C 5 min +35 (94°C, 1 min; 72°C, 30 sec, 74°C 1 min)
+ 72°C 10 min, Mg* 50 mM. Six uL of each PCR was run
on an agarose gel (1.2%, Promega Biosciences Inc., San
Luis Obispo, CA), stained using Gelstar (BioWhittaker
Molecular Applications, Rockland, ME) and visualized
using a Chemi 5500 gel-documentation-system (Alpha
Innotech Corporation, San Leandro, CA). The PCR
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TAGTAGCTTAACCTTCGGCCGTGTACGCTTAGTCACTTAACCTCACAACCCGA
AGGTGTTTCACTTCGTGCTGTAAGCATTTGAGAGACTCTCGGATCACTTTATT
AAAAGCAATCCGAGTGTTTTCGAATTTTCAGCTTGTTCCAGATTGTTAAAGAG
CAAAATATTTCACAACATGCTGATTTCTCAGTATGTTCTGAAATATGGTGGAG
CTATGCGGGATCGAACCGCAGACCTCCTGCGTGCAAAGCAGGCGCTCTCCCA
GCTGAGCTATAGCCCCATGACTTTACTGCAATACCTTATTACCACCGTCCGCT
TCACACAGGAAGGGAGTTGGTAGGCCTGAGTGGACTCGAACCACCGACTTCA
CCCTTATCAGGGGTGCTGCTCTAACCCACCAT

B.
ATATGGTGGAGCTATGCGGGATCGAACCNGCAGACCTCCTGCGTGCAAAGCA
GGCGCTCTCCCAGCTAGAGCTATAGCCCCATGACTTTACTGCAATACCTTATT
ACCACCGTCCGCTTCACATCAGGCAAGGGAGTTGGTAGGCCTGAGTGGACTC
GAACCACCGACTTCACCCTTATCAGGGGTGCTGCTCTAACCCACCATGTAGCT
ACAAGCCTGCATAAGGTATTTGCTCGTGACTACTTATCAGACTAATCTGTGTG
AGCACTACACAATATTTCGTATCTTCTAGGTAAGGAGGTGATCCAACCGCTA
GGTTACCCCTACGGTTACCTTGTTACGACTTCACCCCAGTCATGAATCACAAA

GTGGTAAGCGCCCTCCCAAGGAAAGCGTCTAATCGTGCAGGAAGTA

C

TAGTAGCTTAACCTTCGGCCGTGTACGCTTAGTCACTTAACCTCACAACC
CGAAGGTGTTTCACTTCGTGCTGTAAGCATTTGAGAGACTCTCGGATCACTT
TATTAAAAGCAATCCGAGTGTTTTCGAATTTITCAGCTTGTTCCAGATTGTTAA
AGAGCAAAATATTTCACAACATGCTGATTTCTCAGTATGTTCTGAAATATGGT
GGAGCTATGCGGGATCGAACCGCAGACCTCCTGCGTGCAAAGCAGGCG
CTCTCCCAGCTGAGCTATAGCCCCATGACTTTACTGCAATACCTTATTACCA
CCGTCCGCTTCACACAGGAAGGGAGTTGGTAGGCCTGAGTGGACTCGAAC
CACCGACTTCACCCTTATCAGGGGTGCTGCTCTAACCCACCATGTAGCTA
CAAGCCTGCATAAGGTATTTGCTCGTGACTACTTATCAGACTAATCTGTGTGA
GCACTACACAATATTTCGTATCTTCTAGGTAAGGAGGTGATCCAACCGCTA
GGTTACCCCTACGGTTACCTTGTTACGACTTCACCCCAGTCATGAATCAC
AAAGTGGTAAGCGCCCTCCCAAGGAAAGCGTCTAATCGTGCAGGAAGTA

Fig. 2. Sequences of both PCR amplicons, derived from E. faecium TX16 genome sequence ([refs] GenBank ID:

AAAK 00000000, us Department

of
http: /fwarw jgi.doe.gov/TGI_microbial/htm/index. html).

Energy Toint Genome Institute,

A 16SIRNA-tRNA-Ile amplicon PCR primer

oligonuclectides underlined. Overlapping region in grey. B. tRNA-Ala-235rRNA amplicon. PCR primer
oligonucleotides underlined. Overlapping region in grey. C. Compiled sequence showing consensus 165rRNA,
tRNA-Ile, tRNA-Ala and 23S5tRNA sequences (in that order) in bold. Consensus sequences compiled from
representative bacterial 163-235 rRNA DNA sequences (Acetobacter, Aeromonas, Escherichia, Shigella,
Salmonella, Vibrio species) as described in materials and methods

was then done on all 10 DNA samples isolated
by boiling.

Sequencing and sequence comparison: The PCR
amplicons were sequenced directly. The primers used for
sequencing were those used for the appropriate PCR
amplification. Two separate sequencing reactions were
done on each PCR amplicon (one from each direction).
PCR products were prepared for sequencing using the
Montage single-sample centrifugal filter PCR clean-up
columns following the manufacturer’s directions
(Millipore, Billerica, MA). The sequencing reaction was
done using the DTCS quick start kit for dDye terminator
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cycle sequencing following the manufacturer’s directions
(Beckman Coulter, Tnc., Fullerton, CA). The following were
mixed i each reaction 8 il DTCS Quick Start Master Mix,
1.6 pL (2 pmol uL.7") sequencing primer, 15 ng template
and MilliQ water to a total volume of 20 pl.. The
sequencing reactions were done using the Mastercycler
Gradient Thermocycler (30 [96°C, 20 s; 50°C 20s; 60°C, 4
min]). Five ul. of a sequencing stop-solution (2 pl. 3M
NaCAc, 2 uL 100 mM Na,EDTA, 1 pL 20 mg uL™
glycogen) was then added to each tube. The reactions
were then ethanol-preciptated and washed twice using
70% EtOH. Each reaction was resuspended m 40 uL of
sample loading solution (Beckman Coulter),overlaid with
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mineral oil (Beckman Coulter) and the sequences analyzed
using a CEQ™ 8000 genetic analysis system capillary
DNA sequencer (Beckman Coulter). Sequences from each
of the ten E. faecium isolates were manually compiled and
then compared using Clustal-W.

RESULTS AND DISCUSSION

Despite using virginiamycin during the production
cycle, we could only isolate Streptogramin-resistant
E. faecium from ten out of the 50 chickens that we
swabbed. This in itself was surprising. These broiler
chickens lived in high-density (0.75-0.85 sq ft/bird)
on pine litter. The method that we used for solating
E. faecium from our chicken swabs was identical to the
accepted method for isolating F. faeciwm from humans
and it was done in the same laboratory by the same
individual (DCS) who routinely isclates E. faecitin from
human samples. We expected that if we isolated
Streptogramin-resistant E. faeciwn at all, it would have
colonized all of the chickens that we sampled.

We specifically wanted to simplify our DNA isolation
procedure to mimmize both costs and time. We were able
to get clean PCR amplicons from DNA isolated using the
simple boil-preparation (Fig. 1b).

Because we wished to compare bacteria from the
same host species and from the same environment, we
needed to design the most sensitive test possible. DNA
sequencing of a specific part of the genome, from different
1solates, provides the ultimate in sensitivity for
unambiguous 1dentification. Other methods of analysing
the genome such as ribotyping, PFGE and AFLP detect
changes 1n nucleotide sequence m only very small parts
of the genome. Until recently, ribotyping, PFGE and AFLP
were more attractive than DNA sequencing because they
were considered less expensive. However, declining
sequencing costs, high-throughput protocols and
automation now makes DNA sequencing practical;
especially considering the mecrease i nformation
provided by DNA sequencing. With this in mind, we
designed our method to be a practical and mmimally-
expensive molecular method to rapidly identify E. faecium
1solates at the nucleotide level. We aimed to design a
method that could be automated, be high-throughput and
be done by unskilled staff. No special DNA i1solation
procedure or reagents were used.

Despite sequencing only one specific 163-233
mtergenic region from only 10 Streptogramin-resistant
E. faecium isolates from chiclkens housed together on a
single farm, we identified eight SNPs in total in four out of
the ten isolates (Fig. 3). All isolates with SNPs had two or
more. With the exception of one 1solate that had an A
mstead of a T in the tRNA-Ile gene, all of the SNPs
occurred in the intergemc regions. Five SNPs were
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AL 6 CTTAGTCAD TEAAC CTC ACAACC L 6 A4 CACTTL TTIRAGAGAD
A€ 6 CTTAGT AL TTAAC CTC ACAACC L 6 A4 CACTTL TTTRAGAGAD
TAGTAGETTAAL £ TTCGGE L CTETAL GETTAGTC AL TTAAL CTC ACAACCC 6 AMGET6 TITC AL TTCG T GE TE TAAGCATTT R ARARAT
TAGTAGCTTAALCTTCGG0 £ T TAL GETFAGTC AL TTAAL CTC ACAACC € 6 AMGGT 6 TTTC AL TTCG TG CT6 TAAGCATTT R ARARAT

AL 6CTTAGTCACTTAAC CACTTL TTTRAGAGAL
TAGTAGECTTAAL £ TTCGGE L CTETAL GETTAGTC AL TTAAL CTC ACAACCC 6 AMGGT6 TTTC AL TTCG T GE TE TAAGCATTT R ARARAT
TAGTAGCTTAAL £ TTCGG0 £ CTETAL GETTAGTC AL TTAAL CTC ACAACC € 6 MG TG TIT L AL TTCG TG T TAAGCATTT R ARARAT
TAGTAGETTAALCTTCGGE £ CTETAL GETTAGTC AL TTAAL CTC ACAACC € 6 AG TG TTTC AL TTCG TG CT6 TAAGCATTT R ARARAT

AL 6CTTAGTCACTTAAC CACTTL TTTRAGAGAD
TAGTAGECTTAAL L TTCGG0 £ GTETAL GETTAGTC AL TTAAL CTC ACAACC €6 AMG TG TIT L AL TTCG T CT6 TAAGCATTT R AR AGAT

TETEGLATE A ITTTATTARAAL (A-ATL (EAET LTI TTICAAT STTE AL ITTETTC (A ATT CTTARA LACL A-ARATATTT [ALAATA
TETOGGATE A ITTTATTARAAL LA-ATIELAETCTITTC CAATETTI AL CTTRTTC (AL ATTCTTARA LACT A-AAATITTT LALAATE
TUTCGGATE A TTTATTARAA G (A=AT (L bART CTITTC GAATTTTCAGCTTRTTC (ARATT GTTAAL FAGTA-AAA TATTT ATAA A
TETOGEAT AL TTTA TTAAAACL A-AT LEEAET LTI TTC CAATTTTI AGLTTRTTC (AL ATTCTTAAA LACT A-AAATATTT LALAATE
TETOGGATE A ITTTATTARAAL LA-ATIEEAETCTITTC CAATTTTI AGLTTRTTC (AL ATTCTT RS LACT A-AAATATTT LALAATE
TUTCGGATE A TTTATTARAA G (A=AT (L ART CTITTC GAATTTTCAGITTRTTC (ARATT GTTAAL FAGTA-AAA TATTT [ATAA A
TUTCGGATE A ITTTATTARAA G (A=AT (L AT CTITTC GAATTTTCAGCTTRTTC (ARATT GTTAAL FAGTA-AAATATTT [ATAA A
TETOGGATE & ITTTATTARAAL LA-ATIEEAETCTITTC CAATTTTI AG LTTRTTC (AL ATTCTT AL LACT A-AAATATTT LALAATE
TUTLGGATE A TTTATTARAA G LA=AT (L bART CTITTC GAATTTTCAGITTRTTC (ARATT GTTAAL FAGTA-AAA TATTT [ATAA A
TUTAGGATE A TTTATTARAA G CALAT OL & RT CTITTC GAATTTTCAGCTTRTTC (ARATT GTTAAL FA G ALAAATATTT CATAA LA

GIATRTTC GETATG0 FPRATE FAALEGLAGRALCTC (TR TG IAAARTARGL GITITCCLE
TECTCATITCTLACTATETTE TEARATATE T ECACI TATE L COEATE CAAL LELAL-AL0TC ITEECTEIARAELARLICITRTOCNA
GIATRTTC GLTATGC b PRATE FAALLGLAG-ALCTC (TR IGTFIAAARTARGL GITITCCLE

THETGATITUT CAGTATETT (T FARATATRGTEGAG T TAT G UGG GATT GAAL L RLAG-& (0TT ITGEGTGIARARLARGD FITOTOCOA
TECTCATITCTLACTATETTE TEARATATE T ECACT TATE L COEATE CAA LELAL-ALITT ITEECTEIARAELARLCITRTOCNA
TATEL GGRATE GAAL LRAG-AL0T (TRCGTGIARR RIARGT GITCTCCLA

THETGATITUT CAGTATETT T FARATATRGTGGAG T TAT [ GG AT GAALLRLA-& (0TT ITREGTGIARARIARGD FITOTICOA
TELTCATITLTLACTATRTTE ThARATATE GTECACI TATE L COEATT CAA LELAL-A LTI ITEECTEIARAEIARLICITOTOCNA
TEETCATITCTCACTATETTE ThARATATE ETECACI TATE L COEAT CAM L ELAL-ALITC ITEECTEIARAEIARLICITOTOCNA
THETGATITCT CAGTATRTTIT GARATATEGTG6A T TATE D GG FATE GAALLRLAT-& [0TT ITREGTGIARARLARGD FITOTCCOA

BUTGAGITATARL (LATGAITTTAI TG AATAL [ TTATTAL AL LGTC (R LTI CATALAL FAAGEEALTTRETAGGEI TEARTRGATT
BLTLACTTATALL CEEATCAITTTAITC AATAL [TTATTALLALE FTILEITTCALALAL FAAEERALTICETAC LD (TEARTECALT
BLTCACITATALT CLATCAITTTAITCIAATAL [N TATTALLAL LETLE LT LAl ALAL FAAEERALTIGETAC LD [TEARTECALT
BUTGAGUTATAR (0 CATGAITTTACTGLRATAL [TTATTACLAL CGTCLGITTCA LA CAL FAAG ERAGTTRETAGG LI TCARTEGALT
BLTLACITATALL CELATCAITTTAITCEAATAL [TTATTALLAL LETILG LT LAl ALAL FAAEERALTIRETAC LD [TEARTECALT
BLTCACITATALE CLATCAITTTAITCIAATAL [TTATTALLAL CETLE LT LAl ALAL LAAEERALTIRETAC LD CTEARTECALT
BUTGAGUTATAR (0 LATGAITTTACTOEAATAL [TTATTACLAL COTC (R TTTCA LA TAG FAAL FRAGTTRETAGGT [TGARTECALT
BLTLACITATALL CLATCAITTTAITCEAATAL [TTATTALLAL LETLG LT LAl ALAL FAAEERALTIGETAC LD [TEARTECALT
BLTCACITATAL CLATCAITTTAITCIAATAL [TTATTALLAL CETLE LT LAl ALAL FAAEERALTIGETAC LD [TEARTE CALT
BUTGAGUTATAR (0 CATGAITTTACTGERATAL [TTATTAL AL CGTC (G LT CA LA LAG FAAG ERAGTTRETAGGT [TGARTEGALT

CRAATCACCRATTTOALT CTTATCAGGURTRD G UTITAAL CAL CTRAGITA LAAG T TR LATAGRTATTIG L TC CTRAT AL TTATCAG
CLAATCALCGALTTOALT CTTRTEALGCETRD G T TAAN LA TRAL DAL AAL L (TG ATAALETATTTCI TE FTRAT ALTTAT AL
CRAATCACCRATTTOACT CTTATCAGGURTRC G UTITAAL CAL CTRAGCTA AR 1L TR LATA G ETATTIRCTC GLGAT A DTATCAR
CRAATCACCGATTTOACT CTTATCAGGURTRC G UTITAAT CAL CTRAGITA LAAG 1L TG LATAR G ETATTIR L TC GTGAT AL TTAT AL
CRAATCACCRATTTOACT CTTATCAGGURTRC G UTITAAL CALCTGAGITA ARG 1L TR LATA FETATTIR L TC GTGAT AU TTAT LAY
CLAATCALCGATTTOALT CTTRTEALGCETRD G T TAAT LA L TRALITA AL (L TELATAAGETATTIG L TC CTRAT ALTTAT AL
CRAATCACCGATTTOACT CTTATCAGGURT RO G UTITAAL CAL CTRAGTA ARG 1L TG LATAR FETATTIRL TC GTGAT AL TTAT AL
CRAATCACCGATTTOACT CTTATCAGGURTRC G UTITAAL CAL CTRAGITA LAAG T TG LATAR FETATTIRCTC GTGAT AL TTAT AL
CLAALCALCGALTTOALT CTTRTEALGCETRD CITITAAT LA ETRALITA AL [ETELATAAGETATTIC L TC CTRAT ALTTATCAL
CRAATCACCGATTTOALT CTTATCAGGURTRC G ITITAAL CALCTRAGITA ARG 1L TG LATAR G ETATTIR L TC GTGAT AL TTAT AL

ATRATUTRTRTGAGTANTALAL, TICRTAT GETRATC LAALERLAGGITIL CUTAC G 6TTACE TTGTTACGA
ALRATITETETCACTALTALALAATATTIL CTATITT LA CTAAE AL CTRATE LARL L ELACETTOC [ L TACGETTACCTTGTTAC GA
ALRATITETETCACTALTALALAATATTIL CTAT (T T LA CTARG AL CTRATE LA L ELAT CTTOC [ L TACGETTACCTTGTTAC GA
ATRATITRTRTGAGTACTALAL, GETRATC [AALERLAGGITLL CITAC G 6TTACC TTGTTACSA
ALRATITETETLACTALTALALAATATTIL CTATITT LA CTAAE AL CTRAT LARL L ELALCTTOC [ L TACGETTACCTTGTTAC GA
ALRATITETETCACTALTAL ALAATATTIL CTATITT LA CTARG AL CTRATE LAC L ELAL CTTOO [ LTACGETTACCTTGTTACGA
ATAATUTRTRTGAGTANTALAL, GETRATC LAALERLAGGITLL COTAC G 6TTACC TTGTTACSA
ATAATITRTRTGAGTACTALAL, TICRTAT GETRATC LAALERLAGGITLL CUTAC G 6TTACC TTGTTACSA
ALRATITETETCACTALTALALAATATTIL GTAT(TT LA CTARG AL CTRATE LA L ELALCTTOC [ L TACGETTACCTTGTTAC GA
ALRATITETETCACLALTAL ALAATATTIL CTAT (T T LA CTARG CAL CTRATE LAC L ELAL CTTOD [ L TACGETTACCTTGTTAC GA

CTTCACCCCAGTEATG AATCA ALAGT 66 TAAG L GO L LT £ CAAG GAAAGE 6 TE TAATC 6TCLASCAAGTA
CTTCACCCCAGTCATS AT CAC ARAGT 66 TAAG 6L L O T £ CAAG AAAGE 6 TC TAATL 676 LAGGAAGTA
CTTCACCCCAGTCATS AT CAC ARAGT 66 TAAG £ 60O TT £ CAAG SAAAGL 6 TC TAATL 6T G LAGGAAGTA
CTTCACCCCAGTEATG AATCA ALAGT 66 TAAGC GO0 £ T £ CAAG GAAAGE 6 T TAATC 6TCLASCAAGTA
CTTCACCCCAGTCATS AT CAC ARG T 66 TAAG € 6L L O £ CAAG GAAAGE 6 TC TAATL 676 LAGGAAGTA
CTTCACCCCAGTCATS AT CAC ARAGT 66 TAAG £ 6L T £ CAAG SAAAGE 6 TC TAATL 6T LAGGAAGTA
CTTCACCCCAGTEATG AATCA ALAGT 66 TAAG L GO0 £ T £ CAAG GAAAGE 6 T TAATC 6TGLASCAAGTA
CTTCACCCCAGTCATS AATCAC ARAGT 66 TAAG € 6L L O £ CAAG AAAGE 6 TC TAATL 676 LAGGAAGTA
CTTCACCCCAGTCATS AT CAC ARAGT 66 TAAG £ 6L T £ CAAG SAAAGE 6 TC TAATL 6TGLAGGAAGTA
CTTCACCCCAGTE AT AATCA ALAGT 66 TAAG L GO L £ TE £ CAAGGAAAGE 6 TE TAATE 6TGLASCAAGTA

Fig. 3: Comparison 163-235 tRNA sequences from ten
streptogramin-resistant E. faecium 1solates from
chickens. Accession numbers: AY591324-8.
16STRNA, tRNA-Ile, tRNA-Ala and 23SrRNA
sequences (in that order) underlined (*).
Sequences in italics are areas where only a single
strand sequence was available for comparison
between all ten isolates, no single nuclectide
polymorphisims (SNPs) were present in these
areas. The remaimng sequence was compiled from
at least two sequences from opposite directions.
Eight SNPs (highlighted in grey) were 1dentified in
total. No SNPs were present m the 165 rRNA
mcomplete sequence, tRNA-Ala sequence and 235
rRNA incomplete sequence. One out of the eight
SNPs was present in the tRNA-Tle sequence; five
SNPs were presnet in the 141 bases that comprise
the 165rRNA to tRNA-Tle intergenic sequence
(3.5%); two SNPs were present in the 92 bases that
comprise the tRNA-Ala to 235rRNA intergenic
sequence ( 2.2 %). No SNPs were present in the
tRINA-Tle to tRNA-Ala intergenic sequence
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CONS
JGI

TAGTAGC TTAACCTTCGECC GT-TACGCTTAGTCACATTAAC CTCACAACCCGAAGETET
TAGTAGC TTAACCTTCGEC CGTGTACGC TTAGTCAC-TTAACCICACAACCCGAAGETGT

AR EE A AAAAR R AR R L REiEEEEAARiih AARREEiiiAAEiiiiiiieiii

CONS
filch

TTCACTTCGTGECTETAAGC ATTTGAGAGACTC TCGGATCACTTTATTAAAAGCAATCCGA
TTCACTTCGTGECTETAAGC ATTTGAGAGACTC TCGGATCACTTTATTAAAAGCAATCCGA

U

CONS
JGI

GTETTTTCGAATTTTCAGC TTGTTCCAGATT GTTAAAGAGC AL AATATTTCACAACATGC
GIGTTITCGAATTTTCAGC TTGTTCCAGATT GTTAAAGAGC AR AATATTICACAACATGC
B T T T L T

CONS
fifcas

TGATTTCTCAGTATG TTCTGARATA TATGGTGGAGC TATGC GEGATCGAACCECAGACC
TEATTTCTCAGTATGTTC TGAAATA - - TEETGEAGC TATGCGGEATCGAACCECAGACT
S T L L L Lttt L L C

CONS
JGI

TCCTGCGTECARAGCAGGCGCTCTCCCAGT TEAGC TATAGCC CCATGACTITACTGCAR

TCCTGCGTGCARAGCAGEC GCTCTCCCAGC TGAGC TATAGCC CCATGACTITAC TGCAR
B L L L T T T L T

CONS
filch

TACCTTATTACCACCGTC CGCTTCACA-CAGG-AAGGGAG TTGGTAGGC CTGAG TGGEACT
TACCTTATTACCACCGTCC GCTTCACAC - —AGGAAGGGAGT TGGETAGEC CTGAG TEEACT

AR R AR AEAAR AR bbb AR R R e

CONS
JGI

CEAACCACCGACTTCACCC TTATCAGGGGTGC - GCTCTAAC CACCTG ——AGC TACAAGC
CEAACCACCGACTTCACCC TTATCAGGGGTGC TGC TC TAACCC ACCATGTAGCTACAAGC

AR R R A AAAR R AAAAREEE i i EEs REEAEAREE FRA

CONS
filch

CTGCATAAGGTATTTGCTC GCGAC-ACC TATCAGAC-AATCTGTGTGAGCACTACACAAT
CTGCATAAGGTATTTGCTC GTGACTACTTATCAGACTAATC TG TGTGAGCACTACACAAT

AR AR R AAEARR A EEE £ bE EAAARREE AARREEiiiAAAiiiEiiieiii

CONS
JGI

ATTTCGTATCTTC-AGGTAAGGAGGTGATCCAACCGC-AGGTT-CCCCTACGETTACCTT
ATTICGTATCTTCTAGGTARGGAGGTGATC CAACCGC TAGGTTACCCCTACGGETTACCTT
AR R AR AR A A AR AR AR AR A AR AR A AR Ahhhh AR AR R AR A AARh

CONS
filch

GITACGACTTCACCCCA- TCATGAATCAC ARAGTGGTAAGCGCCCTCCCAAGGAAAGCGT
GTTACGACTTCACCCCAGTCATGAATCACARAGTGGTAAGCGC CCTCCCAAGGARAAGCGT
B I T LT T L

CONS
JGI

CTAATCGTGCAGGAAGTA
CTAATCGTGCAGGARGTA
T L L

Fig. 4: Comparison of the consensus sequence (CONS)
derived from the ten chicken streptogramimn-
resistant E. faecium with the sequence derived
from E. faecium TX16 genome sequence ([refs]
GenBank TD: AAAKO00000000, TJS Department of
Energy Toint Genome Institute,
http:/Aararw jgi.doe.gov/TGT_microbial/html/index.
html). 16SrRNA, tRNA-Tle, tRNA-Ala and
235rRNA sequences (in that order) underlined (*).
Twenty-five smgle nucleotide polymorphisims
(SNPs) were identified in total. Two SNPs were
identified in the 163 rRNA incomplete sequence
and the 16SRNA to tRNA-Ile intergenic
sequences; five SNPs were 1dentified in the tRINA-
Le to tRNA-Ala intergenic sequence; one SNP was
identified in the tRNA-Ala sequence; twelve SNPs
were identificed in the tRNA-Ala to 235 rRNA
sequence and three SNPs were identified in the
23S rRNA incomplete sequence.

present in the 141 bases that comprise the 16S5rRNA to
tRNA-Ile mtergenic sequence (3.5%); two SNPs were
present in the 92 bases that comprise the tRINA-Ala to
235rRNA mtergemc sequence (2.2 %). No SNPs were
present in the tRNA-Ile to tRNA-Ala ntergenic sequence.
We are confident of these SNPs because they were
consistently present in all DNA sequencing reads (2 or 4
reads depending on where the SNPs were) that covered
the 165-23S region that we amplified

One question that this did
streptogramin-resistance occur on up to four occasions in

result raises 1s
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our 10 chickens independently or did it occur once, with
mutations in the intergenic regions occurring after
acquisition of streptogramim-resistance? Furthermore, our
dataset does not address whether streptogramin-
resistance was transferred horizontally.

Because we identified SNPs in Streptogramin-
resistant E. faecivm from a small and solated chicken
population sampled at one time point, this suggests that
this intergenic region is highly variable. The currently-
accepted genetic paradigm would predict even more
polymorphisms to be present from isolates that are
geographically, temporally and/or ecologically distinct.
Further analysis of our data set supports this prediction.
We compared the sequence from the E. faecium TX16
human isolate fully-sequenced at the JGI (the current
reference E. faecium genome) with a consensus sequence
we derived from the 10 isolates that we sequenced (Fig. 4).
Twenty-five nucleotides differed between our consensus
sequence and the JGI sequence. Two SNPs were
identified in the 165 tRNA incomplete sequence and the
16SrRNA to tRNA-Tle intergenic sequences; five SNPs
were identified in the tRNA-Tle to tRNA-Ala intergenic
sequence, one SNP was identified in the tRNA-Ala
sequence; twelve SNPs were 1dentified in the tRNA-Ala
to 233 rRNA sequence and three SNPs were identified in
the 238 rRNA incomplete sequence. Tt is notable that the
168, 23S and tRNA genes themselves were well conserved
between our 1solates and TX16. The differences between
the JGI reference E. faecitmm and our consensus sequence
are far greater than the differences between the 10 isolates
that we sequenced.

Arguably, given that this ntergemic region is so
variable, it is not surprising that our chicken isolates were
more similar to each other than to TX16. Also our data
does not rule out the possibility that, as previously
suggested®!, poultry (livestock) E. faecium may be a
separate subspecies or “genogroups” from those
colonizing humans. Our primary aim was to establish a
method that could be used to help answer this and similar
questions about the ecology of E. faecium. Although we
have proven the method, our dataset does not allow us to
draw conclusions about E. faecitim ecology.

The initial dataset that we present suggests that
sequencing one 16S-23S may be adequate for molecular
epidemiology of E. faecitm. Furthermore, the method can
easily be modified to increase the sequence coverage of
regions with probable low sequence conservation by
including more 163-238 regions. This could be done using
our standard 163 and 23S PCR primer oligonucleotides
simply by desigming PCR primer oligonucleotides to the
different pairs of tRNA sequences. Others have quantified
the relatedness of E. faecitm by sequence comparison of
house-keeping genes and/or virulence gemes (™ and
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reviewed in®

1). We chose the alternative approach of
sequencing a region that we considered to have no
obvious evolutionary conservation pressure. Our
reasoming was based on paradigm; any DNA sequence
that encodes for a functional product (1.e. a gene) has its
sequence constrained by the function of its product.
Because DNA sequence primarily determines gene-
product structure, only small fractions of the sequence are
mutable without a change in that structure with an
associated loss or degradation of gene-product function.
Furthermore, only mutations that allow conservation of
nucleotides (when the final gene-product 1s RNA) or
amino acids may be allowable. Targeting genes constrains
the numbers of possible SNPs per unit sequence length
and also risks assuming relatedness when identical
mutations are actually due to convergent evolution (Le.
because of the limited options for changes in sequence
due to selection of gene function). In our study this
would be streptogramin resistance. Tt is most likely that
the evolution of E. faecium streptogramin-resistance
occurred mdependently many times and yet only a small
number of genetic changes account for this resistance.

In addition to its power to detect differences in
closely related isolates, our simple methodology may
be an affordable addition to Strepogramin-resistant
E. faecium molecular epidemiology studies that have
mimimal equipment and no molecular biclogist on staff.
The entire molecular protocol can be done on a single
thermocycler. With the present-day abundance of
affordable sequencing facilities, the PCR clean-up and
sequencing need not even be done in-house. Specifically,
our method should be useful for confirming E. faeciun:
species specificity and thus, whether E. faecium
genogroups are truly =zoonotic. Furthermore, the
submission of sequences to the NCBI provides ready
accessible database for diagnostic laboratories worldwide

and provides the potential for immediate direct
comparisons of E. faecium isolates.
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