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Draft Risk Assessment of Streptogramin Resistance in Enterococcus faecium

We would like to take this opportunity to publicly comment on the FDA risk assessment regarding use of
virginiamycin in food animals and the potential impact on streptogramin-resistant E. faecium infections in
humans. We commend the FDA for attempting to quantify the human risks associated with virginiamycin use.
However, we are concerned that one of the assumptions in the risk assessment model may underestimate the
true risk for humans. In particular, we believe the FDA estimate of 10% may underestimate the actual
proportion of streptogramin resistant E. faecium (SREF) that originates in the food supply (section 6.3.4).

Since mid-2002 we have been conducting an epidemiologic study to assess transfer of streptogramin resistance
(and resistance determinants) through the food supply. This research has been funded by the Centers for Disease
Control and Prevention. The study design included a cross-sectional survey of people admitted to community
hospitals in four Midwestern cities, with collection of rectal swabs for detection of E. faecium. All enrollments
were completed within 36 hours after hospital admission to ensure that fecal flora represented community
carriage rather than nosocomial organisms. Each participant completed a detailed interview regarding diet and
poultry exposures. Representative E. faecium isolates were assessed for susceptibility to quinupristin-
dalfopristin (QD) by E test, and genetic factors associated with streptogramin resistance (e.g., vatD, vatE,
ermB) were identified using PCR and sequencing. The same evaluations were performed on stool samples
provided by a group of vegetarians who had not consumed poultry for at least one year.

To assess streptogramin-resistant E. faecium in the food supply, we also sampled retail poultry from typical
grocery stores and alternative retail outlets (such as food co-ops and natural/organic food stores) where many of
the poultry products were labeled as nonantibiotic-fed. Carcass washes were performed for isolation of E.
faecium. Table 1 shows results of initial QD susceptibility testing for representative E. faecium isolates found in
humans and poultry products.
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Table 1. Quinupristin-dalfopristin (QD) susceptibility and genetic markers in Enterococcus faecium isolated
from different ecologic sources. Each observation pertains to a single person or poultry carcass colonized with
E. faecium. NCCLS breakpoints were used to define QD susceptibility.

Initial QD Susceptibility (E test) Resistance Genes

Group Sensitive Intermediate | Resistant vatE ermB

No. (%) No. (%) No. (%) No. (%) No. (%)
Hospital recruits 25 (29) 80 (76) 0 40 (38) 9(9)
(n=105)
Vegetarians (n=65) 8(12) 57 (88) 0 0 0
Typical retail poultry 11 (14) 23 (30) 43 (56) 36 (47) 31 (40)
n=77)
Alternative retail 11 (48) 9 (39) 3(13) 3(13) 2(9)
poultry (n=23)

The difference in the prevalence of vatE is striking when the hospital recruits (with high levels of poultry
exposure) are compared with the vegetarians. However, neither group carried E. faecium with streptogramin
resistance by E test. We performed additional tests to determine if QD resistance could be induced by pre-
exposing isolates to subtherapeutic levels of virginiamycin (0.25 pg/mL for 24 hours). As described in the
attached abstract and poster (presented at ICAAC 2004), pre-exposure to virginiamycin led to QD resistance in
a substantial proportion of human isolates, and the inducible streptogramin resistance was strongly associated
with the presence of vatE (p<.001). None of the E. faecium isolates from vegetarians could be induced to the
resistant phenotype.

For the analysis of epidemiologic risk factors in humans, we focused on two outcomes of interest: 1) presence
or absence of vatE, and 2) presence or absence of QD resistant E. faecium (MIC 24 ug/mL) after low-dose
virginiamycin pre-exposure (inducible resistance). Results were stratified by the presence or absence of
antibiotic use in the month before enrollment, since recent antibiotic use was found to modify the effect of
poultry exposures. In particular, poultry exposures were associated with streptogramin resistance determinants
only in people who did not use antibiotics in the past month.

For people without recent antibiotic exposure, touching raw poultry and higher levels of poultry consumption
(above the median) were associated with a higher prevalence ratios for vatE-containing E. faecium and
inducible streptogramin resistance, although the results were not statistically significant when the analysis was
limited to hospital recruits. The association was much stronger when the analysis was performed using both
hospital recruits and vegetarians who were colonized with E. faecium. The prevalence of vatE-containing E.
Sfaecium was 29.2% in persons who had touched raw poultry in the past month, and 6.0% in those who had not
(prevalence ratio 4.84, 95% confidence interval [CI] 1.69, 13.9). The prevalence of vatE-containing E. faecium
was 40.0% in persons with a high level of poultry consumption (above the median for hospital recruits) and
4.5% in those with a low level of poultry consumption (prevalence ratio 8.9, 95% CI 2.97, 26.7).

Our results suggest that both touching raw poultry and poultry consumption are risk factors for carriage of E.
faecium containing vatE. As shown in the table, we also found that vatE was common in E. faecium isolated
from typical retail poultry, supporting the potential for foodborne transmission of this resistance determinant.
This is also consistent with the complete absence of vatE in E. faecium isolates from vegetarians, and the low
prevalence in alternative retail poultry with reduced exposure to antibiotic growth promoters.

Our data suggest that streptogramin resistance determinants can be acquired through the food supply. Our study
was not designed to determine if the risk of a clinical SREF infection is increased by the presence of vatE-
containing E. faecium in the gastrointestinal tract. As noted in the FDA risk assessment, there are other



unknown mechanisms of streptogramin resistance, and their potential for transmission through the food supply
has also not been defined. However, we are concerned about the potential risk, particularly if QD use increases
in hospitals, leading to greater selection pressure for streptogramin resistance.

In the proposed FDA risk assessment model, a 10% probability of origination in food pathways was selected
based on limited data published by Willems et al (J Infect Dis 2000; 182:816-23). Our findings provide
additional information to support a higher estimate. The proposed model uses a triangular distribution between
0% and 20%, peaking at 10%. A more conservative approach would be to use a distribution between 0% and
50%, peaking at 25%.

We are currently completing final multivariable analyses for this study, and results will be submitted for
presentation and publication in the near future. In the meantime, we would be happy to discuss our methods and
results with FDA staff in more detail.

Sincerely,

Edward Belongia, MD Amy Kieke, PhD

Marshfield Clinic Research Foundation Marshfield Clinic Research Foundation
Mark Borchardt, PhD Kirk Smith, DVM, PhD

Marshfield Clinic Research Foundation Minnesota Department of Health

cc:

J. Todd Weber, MD, Centers for Disease Control and Prevention
Fred Angulo, DVM, PhD, Centers for Disease Control and Prevention
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REVISED ABSTRAC

Background Virginiamycin (Vi) is usod as a growth
romoter n poultny It selects for cross-resistance 1o another
ogramin, quinupnstin-dalfopnstin (QD), which 15 effective
it vancomvein-resistant £ faectum (Ef) QD-resistant £f
RE) arc commonly found on pouttry farms and retai] poultry

products but are rarely isolated from humans We conjectured

that Vm may induce QD resistance, and the observed low

prevalcace of QDRE in humans mav reflet the lack of recent

Vm exposurc

Methods: Rectal swabs obtained from patients at the time of
hospital admission were evaluated for £fby biochemustnes and a
species-specific PCR QD susceptibility was measured by E-test
and by @ pro-cxposure assay In this assay 1 x 105 Ef wen:
cultured in a pre-exposure BHI broth contaming 0 25 g/ml Vin
at 37°C for 24 hr 1x 10° Ef were then transferred to a challenge
BHI broth contauung 8 pg/ml QD' An isolate was classified as
reststant if its final density m stationary phase at 24 hr in the
chaltenge broth was >10% of its growth 1n a no Vm pre-
exposure no-QD control broth

Results Of | 16 Ef ssolates from 116 patients 30 were QD-
susceptible, 86 had mtermedeate resistance and 0 were resistant
by E-test (1 ¢ all had MICs < 4 pg/ml) In comtrast, when these
same isolates were pre-exposed to Vm and challenged with 8
pg/mi QD, 67 1solates had growth < 10% of their no-QD control
and 49 1solates had > 10% growth 14 isolates had 2 30%
growth Controls with the QD challenge but without Vm pre-
exposure did not grow, indicating that Vm pre-exposure was
necessany for the resistant phenotvpe Three 1solates became QD
resistant after only 3 hr Vm pre-exposure PFGE confirmed that
the merease i QD resistance afier Vm pre-exposure was not due
to a contaminating 1solate or selection for a hudden genotype

Conclusion Pre-exposure to Vim increased the QD resistance
of nearl half of human F solates suggesting that Vim induces
R resistancy

INTRODUCTION
Observations Leading to Study Hypothesis

The present studs 1s 2 companent of a larger epidemiologic investigation

on sk luctors for human «armage of streptogramn resistant £ faecrum
Tt latter studs ncluded qumuprrstian~datfoprstm QDY susceptibili

westing of 4 ftecm ssolates from people and retast poultry producs .

Juur Midwestern communities 2nd a turkey farm near o of thes

ommunities As communty practived n the poultry indusiry the turkes

farm used \rginiemycn (Vi) a streptogramn compound relsted to

QD av a growth promoter All 37 turkey 1solates were QI3 restant and

{ ameng 77 retas] pouitry rulates 43 (36%) were QI resistant

{ Remarkably smong 116 ssolales from 116 people none were QT

1 resstant even though these people hikely purchased and consumed

{ poultny produsts carry g QO reststant £ foecrum These obsersations
Ted + s the b pothsts that expression of QD resistat ve Jimimished with

 INCTLASINg 1T SInE eXPOSUTE to Vm in the poultry farm ensironment

{and st exposure lo Vi would revert some human £ faecmm isolates to

1 the QI rexistant phenoty pe

i

Rocial swabs were obtained from patients withun 36 hours of

admussion tnto four Midwesterm hospatals dunng 2002-2003

: fa:::num was ssolated on CNA agar and 1dentified by standard

ochemisties followed by PCR for 8 species-specfic ddf amplicon

(Outka-Malen et al 1995) " -

Presencc of the acetyliransferase gene vark. was sssessed by PCR

following the method of Wemer and Witte (1999)

Vin pre-exposure was accomphished by cultunng 1 x 10°

veciecmem $ o BHL Dok contauung 0 75 pg/ml Vim a1 37°C

for 24 hours e

QU susoeptibnhity was measured by three methods

1) Msnumum minbrtory conventeation (MIC) by E-test

2) Mimimum bactericudal concentration (MBC) by the ume-kill
method (NCCLS 1999) using QD concentrations of 4 § 16
and 32 pg/mi

3) Relative growth wn which QD susceptibility was expressed as
the 18110 of the 1solate s final daully after 24 hours 0 m
challenge BHI broth cona QD, ovet the final
denaity of the same usolate afer u houes m BHI broth without
QD> Bactersal density was measured as optical density 600 nm

interpretation of the Ralative
Growth Response
QD Susceptible

2 i
dal
O

Tirw (o)

duclble Resistance
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Errrc OF'VIRuN}AMYCIN Pa:
ON QD RESISTANCE

QD Resistance Measured by Relative Growth
(=116 humen lsoletas)

QD Resistance Measured by MIC
(=116 humen tsoletes)

None of the 116 isolates were QD remstant as measured by
MIC after mtaal isolation from the rectal swabs

0 wsolates (26%) berame QI ressstant with Vin pre-exposure

The relative growth measure of QI3 resislance 15 assaciated
with the conventions] QD MIC measurement following Vi
pre exposure (p < 0 0001)

"

Lag Coleny Farming Unitam

m relatrve growth of cach 1solate was measured twice, once
Vin pre-cxposins (green dot) and once with Vm

expotunt (el oy The 1sraton are scrted m the figare b therr

Telauve growth with Vim pre-exposure

Without Vim pre-exposure i) 116 wolates when challenged with 8

1ig/mi QD had growth tess than 10% of the control

In womizast, after Vi pre-exposure 49 of the isolates (42%)

expased to 8 pg/mi QI were remstant and could still grow

e > 10% growth of the vontrol)

OF the 49 1olates that were induced to QD resistance by Vin pre-

exposure 45 wolstes (92%) also had nducible resstance by QU

pre-exposure at 0 25 pg/ml for 24 howrs

The number of colony forming units of human fsotate 109%-3 was
+educed 99 9% 10 24 hours when plawed 10 broth contammg 4 g/l
Qe MBC < 4 pgiml)

The same ssolate pre-exposed tn Vin would nik be halled with QI even
ala concentration as high a3 32 pg/ml

The MBUs of two other ssolares wer, sie measurad 2nd Fand in
respond sumilarly to Ve pre-exposure

RESISTANCE INDUCIBILITY
EXPERIMENTAL ARTIFAC

Reproducibili
P [l 16 uou?- taated)

Masaurs | - Ralativa Groweh (5)

-

Measurs 2 - Ralstive Growsh (%)
QD susceptubility afcr Vim pre-exposure was masural b e
independently by the relatis e growth method and found to be
reproducible

Up and Down Regulating Resistance

B Covm E)

Transfurring 1olate 3125-1 between broths with and without
vugmamywin the isolate up and down regutated is level of QD
remstance

Vm exposure for 24 hours increased QI resistance when Ven was
removad QD resistance dummished after 3 days (e 3 mansters)
Iwo other 1solates werc evalusted and respanded sumlarly

Contamination and Selection
The pulsed-field gul clectrophoresss patiemns of the SO mduced
swolales were distnet from each other and at the end of Lhe relative
growth assay were mdistinguishable from their no Vm po QI
wontrols confirming that the observed resistance was nol from a
contaminating resistant 1volate o seleclion for a hudden resistant
genotipe

Point Mutations
Genetie point mutations ate sn unhkely explanation for the change
1 QD) resistance because 1) The mitial snoculum of bavleria (1 x
10%) was low relative 1o bactenal mutation rates 2} Invubution in
Ven was no longer than 24 hours mimmizing the chanw lor
mutatrons

ASSOCIATION O3F votE WITH
INDUCIBILE QD RESISTANCE

- odien Ralssive Growh p-reive
Peepeswy  mf 4 (Nsher QD Qi
fram % 20
No. Lo
Mewe T 20
Pum 160
Ya <000l
v a3

The acety liransferase gene vtk was strongly assuormted with QD
resistance measured by relative growth ooy if the isolates were
pre-exposed to Vm

Surslarly when measured by MIC va s assocmied with Qo
renisiance only after the 1solates were pre-exposed Lo Vi

(vhi-square 6= 116 p-value =0 005)

CONCLUSIONS

Exposure to & kow cancentration of Vm (0 25 ug/ml) for 24 howrs
substamtially mereased the level of QD resistance 1 nesrly half of
the human £ faechom 1solates

QD resistance following Vim pre-exposure was associated with the
presence of the renstance element vark. although some resistant
1solates lached varE

The QD reststance response of 116 1solates Lo Vin pre-exposure was
reproductble the QI reststance level oould he raised or lowered by
adding of removing Vm from the cultures and thers was no evidenve
of conlamunation by or selestion for resistant genotypes ali of which
suggests that the mechantsm of QD resstance was inductble
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Increases with Pre-Exposure to Virginiamycin fry
M. Borchardt, S. Spencer, M. Vandermause; K- Kieke, B, Kigks; £ Bajongia | oty
. . - MARSHFIELD CLINIC RESEARGH FOUNDATIGN, MARSHFIELD W -, e e LT
- = " LI - m o a o - et aid

EVISED ABSTRACT

| Background: Virginiamycin (Vm) 15 used as a growth

| promoter tn poultny It sclcts for cross-resistance to another
~ptogramin quinupristin-datfopnistin (QD), which 1s effective

st \ancomy cn-resistant £ fuaecrum (/) QD-rosistant Ef

ORE) arc commonly found on poultry farms and retasl poultry

‘7‘ products but are rarely tsolated from humans We conjectured

| that Vm may tnduce QD resistance and the observed fow

prevalence of QDRE 1n humans may reflect the lack of recent

Vm exposur

Methods Recal swabs obtained from patients at the time of
hospital admission were evaluated for £fby biochemustnes and a
speces-specific PCR_ QD susceptibility was teasured by E-est
and bs a pr-cxposure assay In this assay, 1 x 106 Ef were
cuitured m a pre-uxposure BHI broth contamng 0 25 ug/ml Vi
a137°C for 24 hr | x 10* £f were then transferred to a challenge
BHI broth contamng § pg/mi QD An 1solate was classified as
rossstant 1f 1ts final density 1n stattonary phase at 24 hr in the
chailenge broth was >10% of tts growth i a no Vm pre-
xposure no-QD control broth

Aesuits OF 116 4/ isoiates from |16 patients, 30 were QD-
suscuptible 86 had intermediate resistance, and 0 were resistant
by E-lest (3 e all had MICs < 4 pg/mi) In contrast, when these
same 1solates were pre-exposed to Vm and challenged with 8
wg/ml QD 67 isolates had growth < 10% of their no-QD control
| and 49 1solatcs had > 10% growth, 14 isolates had > 30%
growth Controls with the QD challenge but without Vm pre-
exposurc did not grow, ndicating that Vm pre-cxposure was
nceessary for the resistant phenotvpe Three isolates became QD
| resistant afier only 3 hr Vm pre-exposure PFGE confirmed that
{ the increase 10 QD resistance after Vi pre-exposure was not duc
110 a contaminating 1solate or selection for a hidden genotvpe

, Conclusion Pre-cxposurc to Vm increascd the QD resistance
1 of nearl half of human £ 1solates, suggesting that Vi induces
10D resistance

|
| 1he prescnt studs 15 s component of a larger eprdermologic Investigation
| on sk tactors for human carnage of streplogmmn resistant & faecium
This latled sy inludead quinupristia-dal foprstin (QD) suscepliuhts
{estimg of - fupemn swlales from people and retil poultry produts m
Jour Mudweatem communttics and o turkey farm near one of these
wommunizs As vommonly practived i the poultry 1dustry the twkey
farm uved VIrgin@MyLn (VM) a streplogramin compound related 1o
‘ 13 us s growth promter All 37 turkey rsolales were QD resistant and
| umong 77 retail poltry isolalos 43 (56%) were QU rewistant
: Kumarkabby among 116 1solates from 116 people none were QP
 reststant. cen though these people likely purchased and consumed
ool produuts arms ing QD resstant # faecum_ hes obscrvations
1id b the s pothests thet expression of QI revintance dimmished with
| nereasing me sinee exposure o Vm 1 the poultry farm emvaronment
{and rv cxpusure to Vi would resent some hurman & faecuum 1solates to
‘ W Q17 rstant phenotype

!

INTRODUCTION
Observations L eading to Study Hypothesis

Roctal swabs were obtaimed from paticnts withun 36 hours of
admission mto four Midwestern hosprtals dunng 2002-2003

F faecnm was isolated on CNA agar and denufied by standard

biochemusties followed by PCR for & spectes-wpecific ddf amplivon

Dutka-Malen et ui 1995)

Presence of the acetyhansfiaase gene varl. was assessed by PCR

following the method of Werner and Witte (1999)

Vm pre-exposure was sccomplshed by cultunag | x 108

bactenia/ml m § ml BHI broth containung 0 25 pg/mi Ven st 37°C

for 24 hours

QD susceptibility was measured by three methods

1) Minumum mhibitory concentration (MIC) b | -test

2) Mintmom bactericadal congentration (MBC) by the ume-kill
method (NCCLS 1999) using QD conventrations of 4 3 16
and 32 ug/ml

3) Relative growih m which QD suscepirhility was expressed s
the ravo of the ssolate s final density after 24 hours na
challenge BHI broth contaming 8 pg/mi QI over the final
density of the same olate afier 24 hours in B broth without
QD Bacterial density was measured as optical densi 600 nm

Interpretation of the Relative
Growth Response

QD Constitutive Rasistance

EFFECT OF VIRGINIAMYCIN PRE-LXPOSURE

" pre PRI

ON QD RESISTANCE

QD Resistance Measured by Relative Growth
(=116 human lsolates)

QD Resistance Measured by MIC
{n=1 16 human iscletes)

Nonc of the 116 1solates were QID revistant as measured by
MIC after initial rsolstion from Lhe rectal swabs

30 wolates (26%) hevame QI3 rewstant with Vm pre. exposurc

The relative growth measure of QD resstance 15 assoutaled
with the conventional QD MIC measurcment following Vm
gre-expasure (5 < 6 0001

LP

Log Colany Farming Unitaimi

The relative growth of cach 1solate was measured twice once
witheat Vm pre-exposure (green dot) and once wath Vrm pre-
exposure (sed dot) The 190letes are sorted i the figure by their
relatve growth with Vm pre-sxposure

Without Vi pre-exposure all 116 isolates when challenged with 8
1ig/ml QD had growth less than 10% of the sontrol

In contrast afier Vm pre-exposure 49 of the solstes (42%)
exposed 1o 8 pg/mi QD were resistant and could still g

(e > 0% growh of the control)

Of the 49 1solates that were wnduced 1o QD sesistance by Vim pre-
exposure 45 1solates (92%) also had imducible resistance by QD
pre-cxposure at 0 25 pgml for 24 huours

The number of wolony forming uits of human holate 1098-3 was
reduced 95 9% 1n 24 hours when placed in brith voninning 4 p/ml
QD re MBC < 4 pg/mly

The same 1solate pre-exposed to Vim could not by kalled with Q1 cren
ata conventralion as hugh ay 32 pg/mt

The MBCs of tiva other solates were abv measured and found o
respond simiarly to Ve pre-cxpusure

RESISTANCE INDUCIBHATY OR
EXPERIMENTAL ARTIFACT?

L

l

Massurs | - Ralative Growsh (%)

. ~ = =
Memsure 2 - Raletiva Grewth (%)
Q12 susceptibilits afler Vin pre-cxposure was measwresd (wice
sndependently by the relatise growth method and found to e
reprodusble
Up and Down Regulating Resistance
o

v v

=

)
T (days)
Uransfeming tsolate 3125 1 between broths with and without
\rgoianiven the ivolate up and down regulated 1ts level of Q1)
renstanee
Vm exposure for 24 hours imreased QD resistance when Vi was
remeved QD resistame dimimshed after 3 davs (¢ 3 transfers)
Tun other solates were cvaluated and responded simitarty

Contaminatton and Setection
The pulsed-ficld gel eleutrophoresis pattems of the 50 induced
1solates were chstinet from each other and at the end of the relative,
growth assay were mdistinguishable from their no Vin no Q1>
controls confimmng that the observed resistance was not from a
conlamunating resistant sofate o sciection for a hidden resistant
genotype

Point Mutations
Crenetic pomt mutations arc an unhtkely explanation for the Lhange
n QI resistance becanse 1) The imtial inocutum of bacteria (1 x
10%) was low relative i bactenal mutation rates 2) invubation i
Vm was i longer than 24 hours minumizing the chance for

ASSOCIATION OF va:E WITH
INDUCIBILE QD RESISTANCE

™ Modion Raivtive Grueth pvaive
Freupenrs Wk L]

Pow 4 20

No [
Avarn 20
P 4 10

Yo <00l
Aove T i

mutations

The sty transferase gene vatF was strongly associated with QD
Tewstance measured by relative growth only 1f the wolates were
pre-exposed to Vn

Sumlarly when measured by MIC vark was associated with QD
resistance onlv afler the 1soiates were pre-exposed to Vim
(chisquare n =116 p-value =0 005)

Fxposire Lo & low concentration of Y (0 25 ug/ml) for 2¢ hours
substantiaily mereased the evel of QD ressiance in nearly half of
the human £ faecum wolates

QD resstance following Vem pre-exposure was assosiated with the
presence of the renstance element vatE. although some resistant
vsalates lacked varE

The QD rewstance response of | 16 1solates to Vn pre-exposure was
reprducsble the QI reatstance level could be rarsed or lowered by
adding of removing Vm from the cultures and there was no evidence
of ontammation by or selecion for resistant genotypes all of whnch
suggests that the mechanism of Q) resistaniue was inducible
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