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One hundred eighty Eschcrich:iu coii drains isolated from raw and cooked 
dressed beef and from healthy hITmans were screened for resistance to each of 

. nine antibiotics: chlortetracyrline, am&iliin, chloram~thenicol, kmamycin. 
neomycin, nalitiixic acid, dihydrostreptomycin, oxytetracycline. and tetracy- 
cline. Nearly 80% of the 96 beef isolates and 51 % of the 8“ human &I&es were 
resistant to one or more of the antibiotics tested. Amfricillin resistance was most 
frequent amon, beef isolates, a$ dihydrostreptonlvcirl r+stance was m&t. 
frequent aruong isolates of humaq origin. About 74% of the multiply resistant 
beef strains and 85% of the multiply resistant human strains transferred aIi or 
part of their resistances to E. co&If-1% recipients. 
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Transferable drug resistance, mediate4 by 
piasmids called R-factors, was first demon- 
*Trigted in Japan in 1959 (2). Since then, the 
,qcuerence of R-factors has been extensi&eiy 
&almented and several reviews have been 
p,hlished (3, 5-8. 1 I). The demonstration that 
f(.fuctow from Escherichia coli isolated from 
N&W& couid be transferred to resident &. Wii 
tn lwnaw t 10) has lent supporr to the idea’&& 
li.fttctor-bearing strains of 23. coli associked 
with livestock present a potential hazard to 
Humans. Although E. coli strains possess& 
~t~factors have been isolated from sausages ($1, 
I:t tit- is known about the extent to which E. Ni 
*trams with R-factors are associated with o+er 
mw pmducts. 

This study (portion of a thesis presented.by 
gh* rrnior author in partial fulfillment of the 
t&rements for the M.S. degree in bacteri- 
*%w at North Dakota State University) was 
e&de to determine the incidence of R-factor- 
trrri~ strains of E. cdi in dressed beef. 
Addttionally, the incidence of R-factor-bearing 
E <ofi Weins in healthy humans was deter- 
WWd for comparative purposes. 

bfATERIALS AND METIIOUS 
*~W~riol atrains. Samples of troth raw and 

““4 dressed beef were obtained from the NO&I 
04kr44 State University Food Service. and fecal, 

fihtl*hrd pith the appmval of the Directrw uf the Noirh 
r&4 “‘ h~~kw8t Experiment Station 8s .lournal Artiqlc ct. c* - 

* 
* rsvnt *ddwuJ: Riblogy Division, Metropolifon Sta$e 

” w. thwt. Cd0. arm. 

swabs were provided b’y students mr&ed in %a~-. 
terjology courses. Presumptive E. Cali strains were, 
is&ted and idcntiEed by rtautine methods: ali iso- 
lates exhibited typical .6. c&i charz%&iristica Oil 
E$fB agar, Rligler iron agar,’ and ,%mmons citrate 
agar. Antjbiotic-resistant nwa‘nts of g. 6% K-12 F- 
(ATC$J 13Q48) were employed as rrxipi+tt, St‘raiKts. 
in dl. C~u~tiG~, expe~imerits~ ~~~t%~e~2s~s w@$ 
pe$hned kithef by ultr3Videt irr&&fion or by, 
treatment with r~-m4thyi-N’-nitrn-i~~~r~~6~~~~d~ne 
tK and K Laboratories. Plain&w, N-Y.) using the 
procedure .descrihed by Adelbcrg et ai. (II. %e 
mutants, designated E. coli K-12 C. E. coti K-12 K, 
and E. coli K-U NE, were resistant to 10 JJ~ of 
chloramphenicol per ml. 50 ag of ksnamycin per ml, 
and %O pg of nalidixic acid per ml, Fespecrivell. 

Media and antibiotics. Bacterial cuftures were 
maintained on brain heart infusion (Wifco) agar sianta 
and were rauti~ety pawn in trypticase soy broth 
tTsB, Baltimore i&logical Laboraroriesl. PeEassay 
(Difco) agar teas used as the base in selective media 
and in the determination of reaist~an&s according to 
th? procedure of Bauer et a\. !4). The antibiotics 
contained in the multitipped disks fConrolidated 
Laboratories;, inc.. Glenwood, Uf, u.sed for the deter- 
mination Qf antibiotic-resistance patterns. were am- 
picilIin (10 fig), ehlo~amphwkd (20 &:). chbnetracpl 
dine (30 pg)t dihydrostreptomycin f lo~~g). kanamy- 
tin {SO rrg), rtaiidixic acid (30 rg!, neomycin (~$3 ,ag), 
oxytetracycline, 130 crg:l, and tetracycline I3U j&. 
Ampicillin &hydrate (Parke. Davix, and Co.. Dezmjt, 
IV&h,). chhzamphenicol (Sipma Chemical Gus. ‘St. 
Louis. McI.~, bnamvcin s&ate (Si~mLtChemicaE Co., 
St. fauia, Ma.), rtafidixic acid isigma Chemical Cu.. 
St. Louis. &\xuJ, sweptamycirt. *u&W (Nutritional 
%chemicals, Cleveland, Qhio!. and tetracycline by- 
dsochtoricie t?He Upjohn Cnnrpan~, Ka\~&~azw, 
Mieb.) were plsed ic seicctive media at final crincen- 

21 



trations of 10. 10, 30, IO!?, 10, and 30 &ml, respcc- 
tivefy. 

Conjugation procedure. Con&gation erperi- 
merits were performed essentially by the pracedute 
described by Watannbe and Fokasawa ~IPI. Each 
donor or recipient stram was grown in 10 ml of 1SW, 
with shaking, for 6 hr at 37 C. Then, l-ml portionsof 
the doww and recxpient cultures were mixed in g tube 
containing 2 ml of TSW. After the conjugation mix- 
ture had been incubated at 37 C for $8 hr, samples 
were plated on selective media containing appropri- 
ate combinations UT antibiotics. Controls consisted of 
donor and recipient cultures w&h were incubated 
and plated separately. When conjugation was 
achieved, the antibiotic-resistance patterns of repre- 
sentative recombinants were determined with mul- 
titipped disks. 

RESULTS AND DISCUSSION 
A totaf of 180 strains of E. coliwas isoIated 

from dressed beef and humans. Although the 
frequency of isolates having at least one resist- 
ance was higher among the 98 dressed, beef 
isolates (79.6%1 than among. the 82 human 
isolates (53.7%), resistant human Strains aver- 
aged considerably more resistancis per orga- 
nism (3.93) than resistant beef strains (2.2s). As 
many as eight ,resistances were detected in a 
singie dressed beef isolate, whereas seven resist- 
ances were the most exhibited by ad individual 
human isolate. 

Table 1 presents the frequencies at which 
resistance to each of the nine antibiotics oc- 
curred. Hesistance to ampicillin was most eom- 
mon among beef isolates, whereas this resist- 
ance was only the fifth most common among 
human isolates. Resistance to dih$drostrep- 
tomycin, the most common resistance for hu- 

TABLE 1, Frequenciies of individual resigoncr?S 

Humar~isotates 

@ Abbreviations: A, chfortetracycline; AM am- 
PiCiHin: C, chloramphenicof; K, knnnmv&; N, 
flcnmycin; NE, nalidisic ~acid; S, d&&&strep 
toWcin; T, oxytetracycline; TE, tetracycline. 

man isolates, was the second most me, 4, 
among beef strains. I, / 

The If must frequent of the 21 dirt* 8 
resistance pat terns e~~~b~trd by b&f lsrr 
are presented in TubIc 2, H~ran isolatti ,’ 

5 

total of 13 different resisttjnce patterns, ,::” 
t 

8 most frequent are sho~z in Table 3, x 
resistance to ampicillin was, by iar, &fi,’ i 
frequent resistance pattern among strain, ,. ,, ; 
dressed beef. Alcho~~ ~lonresistatgr hLr,,, ’ 
isolates were more freqazent than humm , 
I&es having a part ie&zr Tesiseance pat+: 

i 
, 

higher percentage of r&&ant human ,:., : 
were multiply resistant .4%Mk) tfian’gr% , Y 
sistant beef strains I 7%). &&stsncn ; 
chlortetracyciine, Ox~~~~y~Iig~e, snd %*T.~ [ 
dine were ust.@y concu*pent. 

AI1 resistant is&t& were tested J~CJI pX 1 
ability to tranrfer 9h&t resistances to asps i ; 
ate 8’. edi K-12 F- recipients. In inbrX,, I 
Gvbere no transfer .WW &&ially achieved, pm r 
biy because the selectprd marker was chat., 
mal. or when aII reti~ces ware ntx in : 
ferred, the experimmt was repeated w:$ i 
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(, Fwqucncies of tmnsfer for individual 
lV$WttlnCeS 

Reef isotates Human isolates 
I 

No. 
,jwing 
resir- 
wnce 

ND. trans* 
ferring re. 

sist*nce (81 

NO. 
having 
resis- 
tance 

No. trma. 
ferrinp re- 

sistance(%) 

2 
7 
9 

f 
42 
17 
14 

7 (50.0) 
19 (31.7) 
3 (42.9) 
6 (66.73 
5 (71.4) 
3 (37.5) 

36 (85.7) 
8 (47.1) 
7 (5OxQ 

34 
18 

: 

3” 
39 
34 
34 

t 
1 

28 wy 
10 (55.6) 

l(l00.0) 
5(1rxm 
5 t toQ.01 
2 Hz.71 

35 (89.7) 
28 (82.4) 
28 (82.4) 

coli strains isolated fram dressed beef and r 
healthy humans. If ingested, the R-faetnr-bear- 
ing strains of E. coli associa.ted with dressed 
beef could give rise to serious health problems. 
However, the E. colt’ strains already presem in 
the humans sampled would seem to be even 
more pqtentialiy harmful because these strains 
tended to be more multiply resistant aud aiso 
were capable of transferring their resistances at 
higher frequencies than could the beef strains. 

* f,)r abbreviations, see footnote to Table 1. 

- !frmnt recipient strain or selective candi- 
I I .**y. or both. By so doing, considerably more 
-:btsnce transfer was detected. Table 4 indi- 
;,:cs Ihe frequencies at which individuzil re- 
rrrtance determinants were transferred; all 
~t transferable at high frequencies. ft should 
v noted that the conjugal transfer of resistance 
: t n;Jidixic acid has not been reported previ- 
*;*ly. 

(‘considering only multiply resistant isolates, 
:I 5’; of those from dressed beef and 84.6% of 
:SM from humans were able to transfer all or 
;urt of their resistances. Of the beef strains 
*.w~R the most common multiple resistbnce 
?ittern, “ampicillin-dihgdrostreptomgrein,” 
~‘97 transferred the resistances completely 
A 50.070 transferred only resistance to dihy- 
Z:l*freptomycin. The most common resistance 
;ut~rn of human isolates, “ChIortetracycline- 
~Wdrostreptomycin - oxytetracyciine - tetracy- 
**w,” was completely transferred by 93.8% of 
!>c isolates having that pattern. 

%s study has demonstrated a high inci- 
srnce of transferable antibiotic resistance in E. 
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