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Antibiotic Residues and R-Plasmid Selection:
Arein vitro Methods Good M odels?

DENIS E.CORPET and SOLANGH.UMEAU
With 3 Figures - Received November 29, 1985 - AtegMarch 28, 1986

Summary

Three clones oE. coli, one of which was harbouring a tetracycline rasis¢ plasmid, were inoculated
together into the stomach of axenic mice. Withauiteotic selective pressure, the R-Plasmid beasingin
became dominant in the faeces of mice, while th@aRmid free strain was eliminated. When the Rpids
bearing strain was given to mice 4 days aftertioeulation with the R-plasmid free strain, it wapressed and
remained at the stable level off@rganisms per g of faeces. But a rapid sprealeoRtplasmid was observed,
tetracycline resistant bacteria become dominartimvitne day, and replace the tetracycline sendiiveli.

The tetracycline resistance plasmid did not disathge the mediating strain in the gut, even in the
absence of antibiotic pressure. In conttaekek and Egger (1983), studying the same straingitro, found that
in a chemostat the plasmid bearing strain was owerg by the plasmid free strain. These resultangfiso
suggest thain vitro interactions betwee. coli strains cannot be directly extrapolatedr®ivo conditions. For
the determination of the no-effect level of anttigesidue on the selection of R-factor in the, gtudies should
be maden vivo.

Zusammenfassung

Drei Stamme von Escherichia coli K12, von denertegin R-Plasmid trug, wurden zusammen in den
Magen axenischer Mause inokuliert. Ein Stamm waspidfrei (Str.-R), der zweite Stamm besal die
chromosomale Nalidixinsaureresistenz und trug adaeatyclinresistenzplasmid R 270 (Tet Suf), Ind Fep.

Der dritte Stamm (Rif-R) mit chromosomaler Resigtgagen Rifampicin trug das Plasmid F' lac Incderep.
Ohne antibiotischen Selektionsdruck wurde der d&d3mid Nal-Tet-R tragende Stamm in-nerhalb eines
Tages in den Faeces der Mause dominant, wahreri@-Bé&smid-freie Stamm Str-R innerhalb von zehnehag
eliminiert wurde (Fig. 1).

Gab man den Mausen vier Tage nach der EinimpfuadRifeR Stammes noch zuséatzlich den das R-
Plasmid tragenden Stamm Nal-Tet-R, dann wurde digtsenm unterdriickt, und eine konstante Zahl vak 10
105 Keimen pro Gramm Faeces wurde gefunden. Jagloicte eine sehr schnelle Ausbreitung des R-Plasmids
beobachtet; die tetracyclin-resistenten Bakteri@ifi Tet-R) wurden dominant innerhalb eines Taged un
ersetzten den tetra-cyclinsensitiven Rif-R E. &lmm (Fig. 2). Diese Rif-Tet-R Transkonjugantemden
unabhangig von der Anwesenheit von Tetracyclin imkiwasser der Mause gefunden (Fig. 2B). Diese
Ausbreitung des R-Plasmids im tkologischen Systesnarmes wurde auch in Mausen beobachtet, die eine
komplexe Flora besaf3en, welche durch die BeimpfisrgMause mit einer anaeroben Verdiinnung
menschlicher Faeces erhalten wurde (Fig. 3). Dieseacyclin-R Plasmide schienen dem Tragerstamamein
klaren Wuchsvorteil im Verdauungstrakt zu verleirgsgar in Abwesenheit von antibiotischem Druck. Im
Gegensatz dazu hatten Lebek u. Egger (1983) méealleen StAmmen bei in vitro Versuchen im Chemostat
gefunden, dag der plasmidtragende Stamm vom plésidd Stamm Uber-wachsen wurde. Diese Resultate
weisen deutlich daraufhin, dag in vitro gemesseunst@dusche zwischen E. coli-Stammen nicht direkt
Ubertragbar sind auf in vivo Bedingungen. Zur Bestungg der Antibiotikariickstandskonzentration, ldige
Selektion von R-Fak-toren un menschlichen Darm bawsollten in vivo-Studien durchgefihrt werdent-e
weder mit Probanden oder in einem besonders flFrdigestellung geeigneten Tierversuch-smodell.

I ntroduction

Antibiotics are used in food animal production floe treatment and prevention of disease. This could
result in the occurrence of residues in meat ok ihivitholding times are not adhered to. The qicesbf
whether or not such residues select for intesbaateria bearing R-plasmids therefore arises.

Lebek and Egger (7) investigated the minimum R-factor selectinmaeycline concentration in an
vitro model. Three clones &scherichia coli, one of which was harbouring a tetracycline rasisé plasmid,
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were grown together in a chemostat, in the presefearious tetracycline concentrations. In thimsgie model,
0.25 pg tetracycline/ml of medium was enough t@émthe selection of the tetracycline resistargistrSincein
vitro methods may not reflect conditioimsvivo, an attempt was made to validate this model, bgufating
axenic miceper os with the three strains.

M aterials and M ethods

The strains, provided by Profesdabek, were threde. coli K12 921 lac-, chromosomally resistant to
streptomycin or nalidixic acid or rifampicin. Thieptomycin resistant strain was plasmid free nhlédixic
acid resistant strain harboured a tetracyclinestasce plasmid R 270 (Tet, Suf) IncFIl rep, andrifaenpicin
resistant strain a plasmid R- F' lac+ IncFI dei&p Each strain was kept at -25°C in a broth coimgi45%
glycerol, and for the tetracycline resistant strtlinug/ml of tetracycline. It was then cultured imight at 37°C
in a nutrient broth, and diluted in phosphate bufifeH,PO, 0.75 mg/ml, KHPO, 3 mg/ml) on the basis of its
optical density (400 nm, Spectrophotometer Uvik@0,8<ontron), to a concentration of 2 xX*H coli per ml
of inoculum. The inoculum was buffered in ordeatmid destruction of viable bacteria by the stonaheleidity
(5). Number of viablé. coli and resistance pattern were checkg@dsteriori in the inoculum. The transfer
frequency of plasmid R 270 was measuredtro to confirm the repression of fertility. In standesed
conditions of transfer (10) a transfer frequenc® af 10* was found, which is normal for a repressed plasmid

The axenic mice, adult female OF1 (Iffa Credo, BB®St Germain) were maintained in plastic
isolators(La Calhene, F 95870 Bezons). A commedi@tlsterilized by a 4 Mrad irradiation (Diet COAR, F
91360 Villemoisson), and autoclaved acidified watere both availablad libitum. The water was brought to
pH 2.5 with HCI in order to avoid bacterial multgation and tetracycline degradation in the drigkirottle.
Each experiment was conducted in three mice, whie maintained in individual cages in one isolaédter
confirmation of their axenic status, the mice wgikeen 0.5 ml of the inoculum, which was administeby
gavage directly into the stomach.

Freshly passed faeces were collected directlyeatittus, and after decimal dilution in sterile sglin
were plated within 30 minutes onto desoxycholaty &Difco) which contained either no antibiotictbe
following: streptomycin (1 mg/ml), nalidixic aci®@ pg/ ml), rifampicin (100 pg/ml), tetracyclined(Rg/ml) or
a combination of tetracycline with streptomycinlidiaic acid or rifampicin (all antibiotics camedm Sigma).
A preliminary experiment had shown that there wasaxic synergy against the resistant strains batvikis
selective medium and these antibiotic concentration

Results

Axenic mice were inoculated with the three strainsultaneously, which became established and were
non-pathogenic. On two sequential experimentsnétieixic acid-tetracycline resistant strain becatoeninant
and the streptomycin resistant strain was elimoh@ég. 1). Than vivo interactions between the three strains
were very different from the results obtainaditro, where the plasmid-bearing strains were reprelsgeke
plasmid-free strain (7). =

—

Fig. 1. Competition between three isogenic straing.afoli in
gnotobiotic mice. Each point represents the megmionber of
CFU/g faeces from three mice.

Black triangles: nalidixic acid-tetracycline-R, Etppgquares:
rifampicin-R, Empty circles: streptomycin-R,inoculation.

When the nalidixic acid-tetracycline resistantistra
was given to mice four days after inoculation vifte
rifampicin resistant strain and the streptomycsig&nt strain,
it was repressed. This antagonistic effect washeerved T T T
when mice colonised by the streptomycin resistaatrsalone 0 2 4 6 g 10
were inoculated with the nalidixic acid-tetracyeliresistant Da Y S
strain. The latter became dominant five days afiteoduction into the monoxenic mice. In contralsg
rifampicin resistant strain, already establishexhalin the mice, was able to antagonize subsedpfestion
with the nalidixic acid-tetracycline resistant gtraOn each of four experiments, the same equilibrwas
reached of 10 rifampicin resistant and 1®nalidixic acid-tetracycline resistant organisms gef faeces. This
system was stable and reproducible and seemedaabigable model in which to determine the minimum
tetracycline concentration in the drinking wateriehhwould select the tetracycline resistance pldsmi

Log Eacoli/q Faeces
4

2

—

Mice containing only the rifampicin resistant straiere given tetracycline continuously in the ditgk
water at concentrations of 1, 4, and 16 pug/ml &ed thallenged orally with the nalidixic acid-tetyeline
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resistant strain. The administration of tetracyelitid not influence the number of nalidixic acit-aeycline
resistant bacteria in faeces (Fig. 2A). When fadiations were plated on agar containing tetraiogchnd
rifampicin, it was found that a rifampicin resistaitrain that carried the tetracycline resistariasmid had
evolved after the introduction of the nalidixic @&detracycline resistant strain into the ecosysfems strain
became dominant, and replaced the tetracyclingtsensfampicin resistant strain. This rapid spde# the R-
plasmid occurred independently of the presencetdaycline in the drinking water (Fig. 2B). These
transconjugants had not been observed inrthiero model (7).

10

W . Fig. 2. Effect of tetracycline on the interaction
between twde. coli strains in gnotobiotic mice.

o | A i B 2A: tetracycline (16 pg/ml) was added into the

drinking water at day 3.

2B: No tetracycline in the water.

See Fig. 1 for symbols, except

Solid black squares: rifampicin-tetracycline-R.

4
1
1

In the presence of a more complex flora,
T T T T T T obtained from the anaerobic 4 @ilution of human

0 3 8 g 0 3 6 9 faeces (chosen because it harboured less ttfan 10

16 I Tet/mlL O F g Tet/ml  coliforms per g), given together with the rifampici
resistant strain to axenic mice on two consecutive

days, the number of rifampicin resista&htcoli decreased from 28to 10 as shown in Fig.3. Again, the

tetracycline resistance plasmid spread to the pfaim resistant strain after the introduction of talidixic

acid-tetracycline resistant strain, in the absaridetracycline selective pressure. This occuress kquickly,

however, than in the previous experiment (see 3ig.

Log Escoli/g Faeces
6

2

o
—

Fig. 3. Competition between twi. coli strains in
gnotobiotic mice, in the presence of a human fafaal.
See. Fig. 2 for symbols +---+: total counts (anhé&rp

-- |

8

Control experiments were realized, in which the
plasmid bearing tetracycline resistant strain veggaced by
a cured strain, obtained from the action of acadinrange
on the nalidixic acid-tetracycline resistant strdihe
inoculation of the three strains together led ® th
domination of the nalidixic acid resistant stratigtiacycline
susceptible) over the other strains, the kinetich@three

Da Y S populations being exactly the same as in Fig. & Th
experiment which is shown in Fig. 2B, i.e. inocidatof
the nalidixic acid resistant strain three daysrafie rifampicin resistant strain, was repeatedth wie cured
strain. Obviously, no tetracycline resistant tramgagants appeared, and an equilibrium was reachef
rifampicin resistant and 18 nalidixic acid resistant organisms per g of faeces

4

1

Log CFU /g Faeces
6

2

Discussion

There is a general agreement timatitro results cannot be simply extrapolated toithévo situation.
The results presented in this paper confirm this well control-led system: (i) the chromosomalstasice
markers seemed to have no effect onithétro behaviour of the threle. coli strains (7) but played a major role
in thein vivo interactions between the same strains (the nadidioid resistant strain overcame by far the
streptomycin resistant strain), and (ii) the R-plasappeared to confer a disadvantage to the nieglistrainin
vitro, but gave no clear ecological disadvantage irdipestive tract (the nalidixic acid resistant stragached
the same level if it was plasmid free or harboudarg-plasmid, in the presence of the two otheirstraf. Fig.
1).

An explanation for this discrepancy betweenitro andin vivo results comes from the differences in
the ecological conditions: In the rich oxygenateatt of the chemostat, the shorter generation {(B2emin) of
the plasmid free strain allows it to overgrow th&smid bearing strains (generation time of 42 riif)) In
contrast, in the distal part of digestive tractewelittle oxygen and nutrients are available, gatien times are
usually estimated to range between 4 and 12 hotret factors may have greater importance, such as
attachment to the gut wall or metabolic efficiemty limiting substrate (5). Although plasmids amportant
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determinants of the bacterial ecology, little i®m about the colonisation factors they encode oAgiag to
Richmond (9), most plasmid bearing strains areddiaataged against their plasmid free counterpléitedy
because of a reduction in threvivo growth rate. The factor which may explain the lowevivo growth rate of
plasmid bearing bacteria, is a higher saturatiorstamt for limiting substrate (6), itself likely elto the cost of
expressing the plasmidic genes in proteins, whahtuch more expensive than the energetic costpifcditing
the plasmidic DNA. The presence of a plasmid mayetones have the opposite effect as well, i.entosiase
thein vivo fitness of a bacterium, likely because of adhetiathe gut wall, the proteic adhesins being often
encoded by plasmid. For example, Duval-Iflah areert (3, 4) showed that in gnotobiotic mice, gnimtid
piglets, and in human neonates, plasmid free stigemerally inhibited the establishment of plashedring
strains. They found on one occasion, however radgtline resistance plasmid which gave an ecoébgic
advantage to the strains bearing it. Thereforelsivitihas already been reported, the type of aueon
presented here seems to be a rare occurrence.

We are now going to discuss the design of the éxeetal model: Numerous authors (e.g. 6, 10) have
studied R-factor transfer in gnotobiotic animalkei results have also shown that plasmid trarcefartake
placein vivo without antibiotic pressure. It is important tans@er this phenomenon, which was not obseimed
vitro by Lebek and Egger (7) at their detection leveP @FU/ml), in the development of any model desigtwed
assess antimicrobial safety in vivo. A possiblelaxation for the lack of R-plasmid transfarvitro is that the
coculture was made for seven hours in the chem@&tatvhereas experiments in mice were conducted fo
several days. It was not possible in our experialenbdel to study the early evolution of faecatdlosince the
first positive sample arrived at the anus of theen@bout eight hours after inoculation in the stcmdo our
opinion, long term experiments simulate much bettemormal human gut bacterial interactions thaortserm
ones. Another explanation for the difference inRaplasmid transfer between the continuous flovuraland
the gut is that the total number®@fcoli in the gut is much higher (18 than in the chemostat (0When the
experimental data fromm vitro andin vivo models were gathered together in a mathematicdehad the
plasmid transfer (2, 6), and simulated numericaiiya computer, it was found that this differencéhennumber
of potential recipient bacteria was alone suffitinexplain the differences observed in the transites.

The competition between isogetticcoli strainsin vivo, differing in their chromosomal pattern of
resistance, had also been studied. Onderdonk aeds(i8) showed that chromosomal resistance arengetal
to E. coli. It was clear in the results obtained here froenube of the cured nalidixic acid resistant stréat the
chromosomal resistance to streptomycin was mucte metrimentain vivo to the bacteria than the resistance to
nalidixic acid. The presence of both types of tasise (namely plasmidic and chromosomal) togethére
same experiment was found to be rather confusimdy, ia the author's opinion, this kind of markeowsld be
avoided in further studies.

The faecal human microflora given to the mice, dragntagonistic effect against thecoli population
(see Fig. 3), and seems to simulate the bactet&dactions of the human intestine. This kind aflegical
situation must be a better model of the digestiaetithan the mice harbouring orftycoli strains. It should
nevertheless be explored more deeply, particuiartyder to obtain a well defined and reproductn@erobic
flora, as Freter and others (5, 6) did with the sgomicroflora.

From the point of view of the determination of tieeeffect level of an antibiotic residue on the
selection of R-factor in the gut, studies shouldriz&lein vivo. Axenic mice, inoculated with bacteria of human
origin may be a suitable test system (1). Expertmgnhuman volunteers may also to be useful, thdhg
natural variation in the components of the gutdatue to contaminations or diet modifications, rhigle the
effect of low levels of antibiotics.
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