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Intercontinental Spread of a New Antibiotic 
Resistance Gene on an Epidemic Plasmid 

Abstract. Bacteria of different genera isolated at nine medical centers in different 
parts of the United States and at one center in Venezuela during the first decade of 
gentamicin usage carried the gentamicin resistance gene 2"-aminoglycoside nucleo- 
tidyltransferase on the same transferable plasmid. Such widespread dissemination of 
a newly observed resistance gene on one plasmid suggests that a new resistance 
gene may emerge once on a single plasmid, which then carries it to other centers and 
other plasmids. The resistance gene might, therefore, be contained if detected early. 
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A gene encoding resistance to an antibi- 
otic may begin to appear in bacteria of 
many genera at a succession of medical 
centers only after the antibiotic has been 
used for several years (1-8). Presumably, 
the antibiotic is eventually used in the 
presence of an obscure bacterial strain 
carrying the resistance gene or its ances- 
tor, and the overgrowth of this strain 
increases the chances of the gene's be- 
coming inserted into a plasmid that can 
transfer between bacteria (9-11). The gen- 
tamicin resistance gene, T-aminoglyco- 
side nucleotidyltransferase [ANT(Z')I, was 
observed early in its appearance and was 
found on different plasmids in different 
centers (4-6, 8, 12, 13). These observa- 
tions were consistent with a separate 
emergence of the resistance gene at each 
center. We have now examined isolates 
from many centers and find that ANT(2I1) 
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tPresent address: Hospital Vargas, Caracas, Vene- 
zuela. 
$Present address: Department of Urology, Universi- 
ty of Tokyo, Tokyo, Japan. 

with ethidium bromide and photo- 
graphed under ultraviolet light. 

Eleven isolates from these collections 
transferred gentamicin resistance on 
plasmids that shared identical Eco RI 
fragment sizes (Table 1 and Fig. 1). The 
similarity of these fragments to those of 
the previously reported pLSTlOOO (6) led 
us to adopt that designation for these 
plasmids. Six of these 11 isolates had 
been among 38 from the SL collection 
chosen for mating because they were 
resistant to the moderate levels of kana- 
mycin, gentamicin, and tobramycin 
characterizing ANT(2") (16). Another 21 
of these 38 isolates also transferred gen- 
tamicin resistance, but their plasmid re- 
striction fragments differed, and as far as 
we could judge no two from different 
centers were the same. Finding ANT(2") 
on a different plasmid in each of a major- 
ity of these centers was in agreement 
with previous reports from individual 
centers (4-6, 8, 12, 13) and contrasts 
with our finding it on pLSTlOOO in nine 
widely separated centers in the United 
States and one center in Venezuela. 

Each of the pLSTlOOO plasmids also 
carried resistance to streptomycin and to 
ampicillin. Enzyme assays performed on 
cell-free extracts of a pLSTlOOO trans- 
conjugant gave the substrate profile of 
ANT(2") (1 7). The pLSTlOOO plasmid 
hybridized with a gene probe for 
ANT(2") and with another for the 3"- 
aminoglycoside nucleotidyltransferase 
[ANT(3")1 (18), which produces resist- 
ance to streptomycin. Isoelectric focus- 
ing studies showed that each of the clini- 
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Bacteria had plasmids before antibiot- 
ics were used, but plasmids of strains 

Fig. 1. Photographs of agarose 
gels in which the plasmids de- 
scribed in Table 1 were sub- 
jected to electrophoresis after 
digestion with Eco RI (A) or 
Bgl I1 (B). Sizes of Hind 111 
digest fragments of lambda 
phage in lane 14 are (in de- 
scending order) 23.5,9.6,6.77, 
4 4 2 . 2 8 ,  and 1.95 kilobases. 

Table 1. Clinical isolates canying pLST1000. Plasmids shown in lanes of Fig. 1 were extracted 
from E. coli transconjugants of the clinical isolates, except those in lanes 5 and 7, which were 
extracted directly from the isolates. 

Lane in 
Fig. 1 Year City Col- 

lection Genus 

Miami 
Boston 
Seattle 
Philadelphia 
Syracuse 
Syracuse 
Los Angeles 
Los Angeles 
Chicago 
Boston 
Gainesville 
Caracas 
Boston 

cal isolates in Table 1 and their 
pLSTlOOO transconjugants produced 
both the TEM 1 and OXA 2 beta lac- 
tamases (19). 

The plasmid initially designated 
pLSTlOOO has been in an epidemic strain 
of Serratia marcescens and in six other 
enteric species at one center in Seattle 
(6). The identical plasmid was found in 
four different genera in two centers in 
Boston. The E. coli isolate from Syra- 
cuse came from the cerebrospinal flu- 
id of an infant with meningitis. The 
pLST1000-canying Klebsiella pneumo- 
niae from Caracas was isolated from the 
blood of a patient who had never been 
outside of Venezuela. 

Wide geographic dissemination of a 
single resistance plasmid is not unprece- 
dented, but the earlier examples appear 
to represent geographic dissemination of 
host strains bearing particular resistance 
plasmids. The nontransfemng pBPl has 
been found in E. coli from many coun- 
tries (20). Epidemic strains of Salmo- 
nella, Neisseria gonorrhoeae, and He- 
mophilus influenzae have carried partic- 
ular plasmids with them (21-23). In con- 
trast, pLSTlOOO appeared to be epidemic 
through strains of many genera, and no 
common carrier strain was found. Fur- 
thermore, the genes on those plasmids 
observed earlier encoded resistance to 

Escherichia 
Serratia 
Serratia 
Klebsiella 
Serratia 
Serratia 
Citrobacter 
Citrobacter 
Escherichia 
Klebsiella 
Citrobacter 
Klebsiella 
Enterobacter 

older antibacterials and had been ubiqui- 
tous on other plasmids, so that little 
could be inferred about their emergence 
or early spread, whereas pLSTlOOO ap- 
peared in centers where ANT(2") had not 
previously been seen. 

It is possible that pLSTl000 had been 
at more of the centers, since we exam- 
ined more than one or two plasmids only 
from WR, CM, and BW. At BW, where 
ANT(2") was usually found on an endem- 
ic IncM plasmid, pBWHl (5), pLSTl000 
was so rare that it was detected only by 
an extensive survey. This could be an 
example of a plasmid bringing a resist- 
ance gene to a center, transposing it to 
another plasmid, and then becoming ob- 
scured by spread of the second plasmid 
(24). Transposition of ANT(2") has been 
reported (14). It is also possible for an 
epidemic plasmid-related or unrelated 
to pLST1000--to appear dissimilar in 
different centers if it is less conserved 
than the exceptionally stable pLST1000. 
The molecules of pLST1000, as shown in 
Fig. 1, exhibited only one restriction 
fragment variation over the decade, 
which is fewer than has been reported 
for other plasmids (8, 22, 25). More 
detailed analyses for either of these pos- 
sibilities might thus extend the list of 
centers with ANT(2") genes that could be 
traced back to one plasmid. 

isolated then did not have resistance 
genes (9). Genes encoding resistance 
to earlier generations of antibiotics 
emerged and became widely distributed 
on plasmids before methods for tracing 
their spread became available (9-11). In 
the example presented here-one of the 
earliest traceable-the resistance gene 
spread to many centers from one emer- 
gence. Had ANT(2") been detected and 
its epidemic potential foreseen where it 
first emerged on a plasmid, attempts to 
contain it there or prevent its entry into 
other alerted centers might have proved 
more effective than later efforts to curtail 
patient to patient spread at each of the 
centers. Such surveillance would be pos- 
sible now for the emergence of genes 
encoding resistance to recently intro- 
duced antibiotics (26, 27). 
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