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SUMMARY

Groups of germ-free mice kept in isolators and eigsed with faecal microflora front piglets were
continuously given either water or a solution oéaf the following: chlortetracycline (20 pg/mljprbadox (50
pg/ml), olaquindox (50 pg/ml), barnbermycin (flaweim) (5 pg/ml) or mixtures of these drugs. The
proportions of lactose-fermenting bacteria in ti@gces which were resistant to chlortetracycliaebadox or
olaquindox were measured by a comparative platetoswprocedure. Compared to occurrence in comntiog,
the occurrence of antimicrobial drug-resistant daatwas higher in mice receiving chlortetracycliRe<0.001)
and lower in mice receiving bambermycins (P <0.00%5fontrast, olaquindox and carbadox did not geahe
proportion of resistant coliforms in mice faecescahtrol experiment was conducted with five groapgerm-
free mice given the same flora and kept withougdrin separate isolators. No difference in the oecce of
resistant coliforms could be found between thesegs. The germ-free mouse associated with fae@abfiora
from a conventional animal seems to be a suitalblgeifor determining in vivo the effect of low desef
antimicrobial drugs on drug resistance in lactesesenting enteric flora.

Key-words: Growth promoter, Antibiotic resistantggestinal flora, Animal model; Axenic mice.
Abbreviations: BAM = bambermycin (flavomycine), DGAdeoxycholate agar, CAX = carbadox, OLX =
olaquindox. CTC = chlortetracycline. SD = standaestiation.

INTRODUCTION

Sub-therapeutic levels of antimicrobial drugs &gt tb livestock and poultry in order to increase phoduction
of animal protein. However, the use of these agesm$sbeen restricted because of their undesiréfieleteon the
gut flora: an increase in drug resistance amongntiestinalEnterobacteriaceae is a frequent sequel to the use
of certain antibiotic growth-promoters [10]. Numasostudies have been performed to deter-mine faetgff
the continuous administration of diets containiony levels of antibiotics on the incidence of dregistant
bacteria in the faeces of calves, pigs, chickendags [2, 5, 6, 11, 15]. However, in these studiesauthors
could not avoid (a) a high base-line level of resisbacteria, (b) differences in flora betweenahienals at the
start of the experiment [5] and (c) bacterial caritations either from the diet [7], the water, taeetaker or
between animals of control and experimental grduips

In order to overcome these experimental problerasjesigned a new animal in order to study the
effects of low doses of drugs on the drug resigdeeel in enteric micro-organisms: germ-free nkept in
isolators were associated with faecal flora fragtgis and then were continuously given low dodes o
antimicrobial growth promoters used in piglet biegdTotal and drug-resistant coliform organismseve
enumerated daily in the faeces of the mice. Aceogrdd Ducluzeau et al. [3], who introduced focaldl of
piglet into germ-free mice, the gross compositibthe flora of the ex-germ-free mice was similathat of
donor piglets. Hazenberg et al. [8] obtained theeseesult in germ-free mice associated with humgestinal
flora.
Chlortetracycline is well known to increase drugistance among intestinal bacteria and, for thtasan, its use
in animal feeding has been prohibited in Europeamtries [10, 17[ but not in the USA. Since thatdj new
growth promoters have been synthesized and appfovede in swine feed: these include bambermycins,
which decrease the percentage of focal Escherochianultiply-resistant to two of three antibiotisspigs [2],
and carbadox and olaquindox, quinoxaline dioxidbwhave been shown to have little or no effectinmg
resistance level in the flora of pigs [6, 11]. Toresent studies were conducted to find a suitabldl animal
model in which to determine the effects of thesin@arobial drugs on the drug resistance charasties of
enteric flora.



MATERIALS AND METHODS

Experimental design.

A total of 84 adult female C3H germ-free mice pded by IFFA Credo (Lyon, France) were
maintained in plastic isolators, fed ad libitumoéics milk replacer for piglets [1] which had beeerilized by
irradiation (4 Mrad) and supplied with autoclavethking water. They were first divided into 5 unedjgroups
kept in separate isolators. The germ-free micaaheroup, after having been deprived of watelfr, were
inoculated two consecutive dayer os with a 1/100 dilution of piglet fresh faeces cotked directly at the anus
and given to the mice within 60 min after colleatid he faeces dilution was made up just after cbte in
cold Schaedler broth (Bio-Mérieux, Marcy I'Etoilrance), thickened with 3 g/1 of Bacto agar (Difque-
reduced by boiling and kept under a paraffin lajf@ecal microflora numbers 0, 1, 2 and 3 (see tablere
taken from 6-day old piglets which had never regeiany drug. Flora no 4, came from a 30-day oléepig
which was fed a commercial milk replacer contairi2® g of copper and 30 g of “Avoparcine” per ton
(SAASO, Pibrac, France). Each group was then divideo experimental subgroups of four mice whichreve
kept in separate mini-isolators [4]. The drinkingter, free of drugs for the control groups, waptempented
with either carbadox (CAX) 50 pg/ml (Pfizer, NewrKpNY), olaquindox (OLX) 50 pg/ml (Bayer,
Leverkusen, W. Germany), chlortetracycline (CTCy2flml (Sigma, St-Louis, Mich.), bambermycin (BAB!)
pg/ml (Flavomycine Hoechst, Frankfurt/Main, W. Gamyl), or mixtures of these drugs according to table
The concentrations were equivalent to those gimdnadd to livestock and poultry in general practcel the
water intake of mice (4.1 ml/day) was similar teitifood intake (4.7 g/day). Water was preferretbtad for
distributing the antibiotics to the mice becausedhug solutions were easy to sterilize gentlyilisafion and
because no data was available on antibiotic de&iruby a 4-Mrad irradiation.

The drugs were introduced once a week in the isdatfter having been sterilized by filtration on a
0.45um pore filter. Because of its insolubilityiater, CAX was dissolved in a small amount of 1NOXEa
before filtration. The drugs were then dilutedhe isolators with drinking water brought to pH %i#h HCI in
order to avoid bacterial multiplication in the wagtend CTC degradation, and were thickened withlSofBacto
Agar (Difco) to stabilize the suspension of CAX.eTimice had been accustomed to the low pH of water f
more than a month prior to the beginning of theegxpent. Except for the first two days, their water
consumption was normal. When the supplemented iddnkater was assayed directly either by a diskepla
method usindBacillus cereus as the test organism (for CTC and BAM) or by spephotometry for CAX (pH
brought to 12.5 with NaOH 1N (346 nm) and for OL3¢8.3 nm), the following amounts of drugs were
measured: CAX, 49.91£1.6 pg/ml; OLX, 52.2+3.4 pg/@r,C, 18.0+4.2 pg/ml; and BAM, 6.8+1.3 pg/ml (more
than 15 assays were carried out for each drugfdtectable degradation of any of the drugs occuafted one
week, since the drinking bottles of OLX had beerkdaed with ink to avoid photodestruction of OLXeBhly
passed faeces were collected directly at the amipaoled for the four mice in one isolator. Sarmpiere
examined for resistant coliform organisms by a carapve plate counting technique within 30 min aftes
faeces had been collected. During the 6-week pafi@dntinuous drug administration, 2 to 5 samplese
collected per week for the first three weeks, anel ®ample per week for the last three weeks. Th#auof
sample collections is indicated in tables Il to V.

Microbiological procedures.

A comparative plate-counting procedure was usetetermine the incidence of CTC, CAX or OLX resistes
in coliform organisms. Ten-fold dilutions of frefeces were made in sterile saline. Duplicate Qllahguots
were plated on deoxycholate agar (DCA; Difco) ar@@AD+ 25 pg of CTC per ml, DCA + 20 pg of CAX per mi
or DCA + 10 pg of OLX per ml. These concentratiarse chosen in accordance with usually accepted
standards of resistance (CTC) or alter a prelingiséudy of the distribution pattern of minimal ibfory
concentrations (CAX and OLX) among piglet faeEatoli strains. The total viable number of coliform
organisms per gram of fresh faeces was determioed drug-free DCA plates and the number of resistan
bacteria was determined from drug-supplementedan&ikty isolated lactose-fermenting colonies,ezitinom
drug-free or from supplemented media, were suhsedt and all of them gave a reaction typicatofoli. Ten
isolated colonies were picked from antibiotic-sgmpénted media and comparative counts of the liquid
subcultures were made on Mueller-Hinton (Difco) &@A, both supplemented with the same drug. Icades,
there were no significant differences between tivalvers of colonies on the two media.



TABLE I. - Experimental diagram.

Flora from piglet No Name of mice group Drug given to mice Mouse faeces
enumerate on medi

0 Control A none a, b (*)
Control B none a,b
Control C none a, b
Control D none a,b
Control E none a,b

1 Control 1 none a,b
CTC1 CTC (¥ a,b

2 Control 2 none a,cd
CAX 2 GAX a,c
OLX 2 OLX a,d

3 Control 3 none a,cd
CAX 3 CAX a,c
OLX 3 OLX a,d

4 Control 4 none a,b,cd
CTC 4 CTC a,b
CAX 4 CAX a,c
OLX 4 OLX a,d
BAM 4 BAM a, b
CTCCAX 4 CTC + CAX a, b, c
CTCOLX 4 CTC + OLX a, b, d
CTCBAM 4 CTC + BAM a,b

Notes to table I: Each group was composed of fauerkept in a single cage in a separate isolator.

(*) Drinking water supplemented with: CTC = chldraeycline (20 pg/ml), CAX = carbadox (50 pg/milLxO
= olaquindox (50 pg/ml) or BAM = bambermycins (5md.

(**) The pooled faeces of the four mice were enuated on the following media: a = desoxycholate agar
(DCA), b = DCA + CTC (20 pg/ml), c = DCA + CAX (20g/ml), d = DCA + OLX (10 pg/ml).

Transmission of drug resistance.

Transmissibility of drug resistance Bf coli was examined by mixed cultivation in brain heaftision
(Difco) for 8 h at 37°CE. coli (K-12 Nal-resistant) was used as the recipiené ddnjugation technique was
tested with ten multi-resistant strainsbfcoli from pig faeces. In these experimental conditianspicillin,
chloramphenicol and streptomycin resistances warsnitted from seven strainsEocoli K12.

Twenty isolated colonies were picked from the CAMglemented plates used to count CAX-resistant
coliforms in group 4 CTCCAX mouse faeces. Thoseod@trains were resistant to more than 50 pg/ndAX
under aerobic conditions and more than 6.25 pghtéuanaerobic conditions (Gas Pak, BioMerieux).
Selection for the transconjugants was performeMuoaeller-Hinton agar medium containing both nalidisicid
(25 pg/ml) and carbadox (20 pg/ml or 0.8 pg/ml wimeibated anaerobically). No transconjugant foiXCA
resistance could be found in these experimentaditons.

Satigtical analysis.

Due to the wide range of percentages of resistad$e-fermenting organisms in the mouse faeces, th
results were expressed as decimal logarithms @btije number of total coliforms minus the log loé thumber
of resistant coliforms. When skewness and kurtoSibese data were calculated, their distributi@s found to
be far from normal (P<0.01); for this reason, tba-4parametric test of Wilcoxon [16] was conducted t
determine which experimental groups were signitigadifferent. Nevertheless, the standard deviaiBD) of
the data were calculated and shown in the tablegdier to give an indication of the dispersionhs t
experimental data.



A control experiment was conducted with 20 gerne-inréice given the same flora and divided into five
isolators without drug administration (table I,rAd0). The number of total and CTC-resistant catife were
determined daily for 15 days in the pooled faedemach group of mice, and isolators were companqzhir
using Wilcoxon's test (table I). The determinatafrthe number of CTC-resistant coliforms was cihose
because, according to Linton et al. [12], it isatetl to the number of strains which are potentialiers of R
plasmid.

RESULTS

Results reported in table 1l to V are means andf1D0 to 20 logs of daily plate counts of pooled
faeces from groups of four mice, each group keptseparate isolator. The tables also give the snaach SD
of the differences, determined daily, between tlgedf the total number of coli-forms and the logle number
of resistant coliforms in the mice faeces.

Table 1l deals with CTC-resistant bacteria and shthwe differences between five groups of mice
4noculated with the same microflora and kept witltoeatment in separate isolators. When the figkatsers
were compared two by two with Wilcoxon's test foe humber of total coli-forms, 2 pairs out of 10whd
significant differences (P <0.001) and, when coragdor the number of resistant bacteria, 3 paitobdd0
showed differences (P <0.005). But when the isodatere compared by pair for the difference ofbetween
total and resistant coliforms, no difference cduddfound at P <0.01, and only one pair out of 18 sligghtly
different (0.05 >P >0.02), as can be seen in thble

TABLE II. Differences of flora between five groupsof germ-free mice associated with the same
microflora, each kept in a separate isolator withoudrug administration.

solators| TOta! nb of coliforms Difference of log between total and Wilcoxon's test: differences betwi_en
per g of faeces CTC-resistant coliforms isolators taken by pair

log SD Log SD B C D E

A 7.35 0.39 (1) 2.13 0.58 (2) ===(3) == == ===|.

B 7.75 0.50 2.18 0.65 === == ==k

C 7.38 0.40 2,26 0.68 = ==z

D 8.05 0.20 1.83 0.36 ===

E 7.73 0.50 2.04 0.55

Notes to table Il

(1) Mean and standard deviation (SD) of 13 logaifydplate counts on DCA over a 15-day period.

(2) Mean and SD of 13 differences of log betwedaltand CTC-resistant coliforms, enumerated on DCA
CTC (25 pg/ml).

(3) Wilcoxon's test, based on 13 daily differenisesveen two isolators, for the difference of logwesen total
and resistant coliforms. ===: P > 0.1, ==: P650~=: P > 0.02.

Table 11l shows the effect of 50 pg of OLX per nildsinking water on the occurrence of OLX-
resistant bacteria in the faeces of germ-free mds®ciated with three different piglet microflor@ibe
proportions of OLX resistant bacteria were lowtia three floras, ranging from 0.026 to 0.42%. Nmidicant
difference (P >0.10) could be found in the diffexes of log between total and resistant coliformsafoy of the
three flora between control and OLX-treated grodje addition of 20 pg of CTC to the OLX in thertking
water (isolator CTCOLX 4) produced had no furthiéea on the proportion of OLX-resistant coliforri®
>0.10), as can be seen in table III.



TABLE lll. - Influence of olaquindox on OLX-resista nt coliforms
in the flora of germ-free mice associated with pigit microflora.

Wilcoxon's test:
Isolalor Nb of Total Nb of Difference of log between total | Difference between
and flora |countg coliforms /g faeces and OLX-resistant coliforms | control and treated
groups
log SD log SD
Control 2 (1)) 19 8.82 0.37 (2) 2.55 0.86 (3)
OLX 2 19 8.70 0.31 2.38 0.71 ===(4)
Control3 19 8.84 0.36 2.75 0.79
OLX 3 19 8.63 0.27 2.61 0.57 ===
Control4 11 7.93 0.70 3.58 0.96
OLX 4 11 7.74 1.05 2.65 1.02 ===
CTCOLX4 | 71 7.65 0.89 3.26 0.96 ===

(1) Drug treatment and microflora given: see tdble
(1) Mean and SD of 19 (floras 2 and 3) or 11 (fldydogs of daily plate counts on DCA.

(3) Mean and SD of 19 (or 11) differences of logsen enumerated on DCA + OLX (10 pg/ml).
(4) See table 1.

Table 1V shows the influence of 50 pg of CAX perafidrinking water on the occurrence of CAX-regista
coliforms in the faeces of germ-free mice assodiatith three different floras. The proportions dhXresistant
coliforms were low, ranging from 0.012 to 0.19%. dignificant difference could be found in the résmige
under CAX administration for floras 2 and 4 (P >¥),land a slightly significant increase in resistawas
obtained in flora 3 (P=0.02). In contrast, the mmion of CAX-resistant coliforms was high in th& CCAX 4

group (13.3 %) and the difference between the obgtoup and that treated with a mixture of CTC &#iX
was significant (P < 0.001).

TABLE IV. - Influence of CAX on the CAX-resistant coliforms
in the flora of germ-free mice associated with pigit microflora.

Isolator Nb of Total nb of Difference in log between tot Wilcoxon's test. difference
and flora counts | coliforms /g faeces and CAX-resistant coliformg between Cgrrglzzl and treated
Log SD Log SD
Control 2 (1) 19 8.82 0.37 (2 3.39 0.99 (3)
CAX 2 19 8.87 0.30 3.34 0.75 ===(4)
Control3 19 8.84 0.36 4.11 111
CAX 3 19 8.93 0.29 3.75 1.01 =
Control4 12 7.73 0.83 2.64 0.53
CAX 4 12 8.01 1.13 2.77 1.35 ===
CTCCAX 4 12 8.46 0.88 0.88 0.67 *okx

(1) Drug treatment and given microflora : see tdble
(2) Mean and SD of 19 (floras 2 and 3) or 12 (fléydog of daily plate counts on DCA.

(3) Mean and SD of 19 (or 12) daily differencesogf between total and CAX-resistant coli-forms epuated
on DCA + CAX (20 pg/ml).

(4) see table II; ***; P < 0.001.

Table V shows the influence of CTC, BAM and mixwud CTC with BAM, CAX, or OLX on the
proportion of CTC-resistant coliforms in the faecoégerm-free mice associated with two differergigi
microfloras. The proportions of CTC-resistant amiihs were quite different in the two control grop$52%
for n° 1 and 33.9% for n° 4), but the addition 6fi2g CTC per ml of water significantly increased th
proportion of resistant coliforms (P<0.001) in béitra (15% CTC-resistant for CTC I, 100% for CTL @n



the contrary, BAM (5 ug per ml of drinking wategateased, from 33.9% to 5.1%, the proportion aftast
coliforms (P <0.005) in faeces, as can be seeabie V. The proportion of drug-resistant coliforinghe faeces
of mice given both CTC (20 pug/ml) and BAM (5 ng/mixs not different from the proportion found in tots
(P >0.10), but was higher than in BAM-treated n{fee<0.005) and slightly lower than in CTC-treateiden
(P=0.03). The association of CTC with CAX or OLXthe water had not significant effect on the praiparof
CTC-resistant coliforms either when compared wihtml 4 (P >0.05 for CAX or P >0.10 for OLX) or wh
compared with CTC-treated mice CTC 4 (P >0.05 faX®r P >0.10 for OLX).

TABLE V. - Influence of CTC, BAM or mixtures of CTC and others drugs
on CTC-resistant coliforms in the flora of germ-free mice associated with piglet microflora.

Isolator Nb of Total nb of Difference in log between tot Wilcoxon's test: difference
and flora counts | coliforms /g faeces and CTC-resistant coliforms between Cé)rr:;:;l and treated
Log SD Log SD
Control 1 (1) 20 9.25 0.62 (2 2.28 0.40 (3)
CTC1 19 9.61 0.17 0.80 0.39 **x(4)
Control 4 13 7.87 0. 69 0.47 0.27
CTC4 13 7.88 0.97 -0.09 0.43 * ok
BAM 4 13 7.03 0.37 2.29 1.55 **
CTCBAM 4 11 7.74 0.40 0.33 0.20 ===
CTCCAX 4 12 8.46 0.88 0.25 0.29 ==
CTCOLX 4 10 7.65 0.89 0.26 0.31 ===

(1) Drug treatment and given flora: see table I.

(2) Mean and SD of 20 (flora 1) or 10 to 73 (fldjdog of daily plate counts on DCA.

(3) Mean and SD of 20 to 10 differences in log lestwtotal and CTC-resistant coliform enumerate®GaA +
CTC (25 pg/ml).

(4) See. table ll, *** P <0.001, **: P < 0.005.

DISCUSSION

In these studies, the occurrence of antimicrohiadjdesistant lactose-fermenting bacteria was highe
mice receiving CTC and lower in mice receiving BAMn in the control groups. In contrast, OLX and)XC
did not change the proportion of resistant colifsimmice faeces. These results are similar toetlobs
numerous authors, who studied the effect of lovedas tetracyclines [11, 14, 15], BAM [2], CAX [@hd
quindoxin, which is also a quinoxaline dioxide [1ih] the faecal microflora of calves, pigs, chickemd dogs.
In mice receiving mixtures of CTC and one othemdfite., BAM, CAX or OLX), the occurrence of CTC-
resistant coliforms did not differ front that oftleontrol group, and this may be related to thaishtion of R
factors inE. coli demonstrated in vivo for BAM by Dealy and Moel[2} and in vitro for CAX by Gedek [6].
On the other hand, the mixture of CAX and CTC iasexl the proportion of CAX-resistant coli-formsg dhis
may be related to the R plasmid carrying resistéam@@AX and other drugs demonstrated in pigs by &het
al. [13], although we could not evidence such agmgissible resistance i coli strains from mice faeces.

Five prerequisites for a model in which to detemrine effects of an antimicrobial drug on drug
resistance in the aerobic enteric flora are (@waldase-line of resistance [11], (b) identity ie tevel of
resistance between the groups of animals at thieastdne experiment [5], (¢) absence of contangmatiuring
the trial, especially with resistant bacteria frdiet [7] or water, the caretaker, or between theeexnental
groups of animals [11], (d) low variability ovente in the percentage of resistant bacteria in ¢in¢ral flora
and (e) an animal system in which the observedoress from use of a spectrum of antimicrobial dargsin
accordance with already published data.

In the present study, these five criteria were met.

a) The level of resistance in the lactose-fermgnginteric flora n° 0 to 3 was low and decreaset tiite in the
control animals, as can be seen in kinetics predéanta previous paper [1]. Microflora n° 4 wasaibéd from
a piglet given an antibiotic-supplemented diet shhdwed a high proportion of resistant coliformghat start of
the experiment (table V), but this was an advantagesting the action of BAM.

b) The identity of the flora between different gpswf mice given the same complex flora but keseiparate
isolators was evidenced in the experiment repdrtéable Il.



c) The use of isolators guaranteed freedom of cain&tion from other groups of mice or from men, #mel
acidified water prevented the multiplicationtrterobacteriaceae in the drinking water.

d) The variability over time of the data analysedehwas lower (P <0.05 by F test) in mice (SD=0flo8a O,
from 13 daily counts over a 15-day period) thathendonor animals (SD=1.30 during the same period).

e) The observed responses from use of CTC, BAMGH were similar to those obtained by authors wogki
with pigs or calves.

The germ-free mouse may be associated with congpleimplified flora from any monogastric animal or
human. The similarity of the dominant bacterialces of the faecal flora between the donor animéitae
inoculated mice has already been checked [1, D.to species differences other than the floeadirug
absorption or the enterohepatic cycle, direct @xiation to animals or humans should not be consile
However, if one keeps in mind that it is only ainzad model (like rodents in toxicology), the gerred mouse
associated with complex floras seems to be a viduabl to study in vivo the effects of drugs orctegia:
Hazenberg et al [9] used such a model to studgffeet of therapeutic doses of sulphasalazine ondm.flora.
The results presented here are in accordance lvatie tof other authors. The proposed model thersfems to
be a suitable tool to test the action of low dagfemmtibiotics, since it is free of in any inteiifeg factors.
However, in a real » life, other factors may operand the model can be used complementary to oningjtin
the normal host.

RESUME

Effet de la flavomygine, du carbadox, de la chlortigacycline et de I'olaquindox
sur l'antibio-résistance des coliformes fécaux : unouveau modele animal

Des souris axéniques inoculées avec la microfiecalé de porcelets et maintenues en isolateur, ont
recu en apport continu dans leur eau de boissals sa en association, les facteurs de croissarcarss :
carbadox (50 pg/ml), chlortétracycline (20 pg/rfiyomycine (5 pg/ml) et olaquindox (50 pg/ml). Les
proportions de coliformes résistants a la chlaat@tcline, au carbadox et a I'claguindox dans lbsssde ces
souris, ont été déterminées pendant plusieurs sempar des numérations sur des milieux sélePgfisrapport
a un groupe de souris témoin, la chlortétracydimeigmenté la proportion de bactéries résistaRte®,001)
alors que la flavomycine a fait baisser cette progo (P <0,005). Ni le carbadox ni I'claquindormt eu d'effet
significatif. Par ailleurs, dans une expériencearodle, aucune différence dans la proportionaddiformes
fécaux résistants n'a été trouvée entre cinq geodpesouris qui avaient recu la méme flore et lmniale I'eau
sans additif. La souris axénique associée a unefiure complexe venant d'un animal d'élevage, $emn
modele convenable pour I'étude in vivo de I'effefalbles doses de facteurs de croissance susifdace aux
antibiotiques des coliformes fécaux.

MOTS-CLES : Additif alimentaire, Antibiorésistanddicroflore intestinale, Modeéle animal ; Souris aigie.
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