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qnrB19 Gene Bracketed by IS26 on a 40-Kilobase IncR Plasmid from
an Escherichia coli Isolate from a Veal Calf�

qnrB19 genes have been reported in Escherichia coli, Esch-
erichia hermannii, Salmonella enterica, and Klebsiella spp., lo-
cated on IncN, IncL/M (human isolates), and ColE-like (both
human and chicken isolates) plasmids (2, 6, 8, 9, 11, 13, 14, 16).
This study describes the characterization of the genetic envi-
ronment of a plasmid-mediated qnrB19 gene identified in E.
coli isolated from a veal calf in the Netherlands.

E. coli strain 013.1 was selected from a fecal sample grown
on a MacConkey agar plate supplemented with 0.125 mg/liter
ciprofloxacin. This strain showed MIC values of 0.25 mg/liter
and 16 mg/liter for ciprofloxacin and nalidixic acid, respec-
tively, suggesting the presence of a plasmid-mediated quino-
lone resistance mechanism (10, 18).

PCR as described for qnrA and qnrS (4), qnrB (3), qnrC (20),
qnrD (5), qepA (17), and aac(6�)-Ib-cr (15) and sequence anal-
ysis revealed a qnrB19 gene (12), whereas chromosomal mu-
tations in the topoisomerase genes gyrA and/or gyrB and parC
and/or parE were absent (7).

Conjugation experiments using standard broth mating ex-
periments with rifampin-resistant E. coli K-12 as the recipient
were not successful. However, DH10B (Gibco Invitrogen)
transformants (designated 013.1-T) could be selected on
Luria-Bertani agar plates supplemented with 0.03 mg/liter cip-
rofloxacin (Sigma) using plasmids isolated from strain 013.1,
indicating that the qnrB19 gene was located on the plasmid.
Strain 013.1-T showed MIC values for ciprofloxacin and nali-
dixic acid of 0.12 mg/liter and �4 mg/liter, respectively. Un-
transformed DH10B cells were susceptible to ciprofloxacin

(MIC � 0.008 mg/liter) and nalidixic acid (MIC � 4 mg/liter).
Strain 013.1-T did not harbor the qepA or aac(6�)-Ib-cr gene or
mutations in the chromosomally located gyrA, gyrB, parC, or
parE genes.

Plasmid sizes were determined by S1 pulsed-field gel elec-
trophoresis (PFGE) (19), as well as by S1 gel electrophoresis
(GE) (running at 80 V for 4 h). Strain 013.1 harbored a 40-kb
plasmid and a 2.6-kb plasmid. Strain 013.1-T harbored a 40-kb
plasmid only. Subsequently, the plasmids were identified by
PCR-based replicon typing (PBRT) (1, 9) as replicon type
IncR and as ColE in strain 013.1. Transformant 013.1-T har-
bored only an IncR-type plasmid, designated p013.1IncR.

Sequence analysis of the qnr gene and its flanking regions
was performed by primer walking analysis on purified DNA of
p013.1IncR. The qnrB19 gene was bracketed by two identical
IS26 insertion sequences (Fig. 1A). Further downstream of the
qnrB19 gene, an aphA1 gene was identified, followed by a
partial IS26 sequence, which was interrupted by transposable
element Tn5393 harboring a strB gene. Two regions, one com-
prising qnrB19, IRR2, and a IS26 sequence, and a second
region comprising aphA1 and the partial sequence of IS26 (Fig.
1A and B), both showed one point mutation difference com-
pared to the sequences published previously (6). Both full-
length IS26 elements bracketing the qnrB19 gene are identical
to each other (Fig. 1A) and to the one previously described
downstream of aphA1 (Fig. 1B) (6). ISEcp1C, located with
qnrB19 on Tn2012 as described by Cattoir et al. (2) (Fig. 1C),
was not observed in the present study.

FIG. 1. Genetic environment of the qnrB19 gene. Schematic overview of sequencing results (A) compared with the qnrB19 gene with flanking
regions found by Dionisi et al. (6) (B) and Cattoir et al. (2) (C). Black arrows indicate insertion sequences or repeat sequences. White arrows
indicates antimicrobial resistance genes. Striped arrows indicate partial sequences. Broken-line arrows indicate genes other than antimicrobial
resistance genes. An asterisk indicates that the sequence harbors a point mutation compared to the sequence with GenBank accession number
FJ790886. (The figure is not drawn to scale.) IR, inverted repeat.
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The presence of antimicrobial resistance genes other than
qnr on p013.1IncR was analyzed by microarray technology
using AMR-ve array tubes (Identibac, Addlestone, United
Kingdom). The resistance genes dfr12, sul1, strB and integrase
gene intI1 were found in both strains 013.1 and 013.1-T, indi-
cating that these genes all reside on p013.1IncR. The tetB gene
was observed only in donor strain 013.1.

This is the first report of a qnrB19 gene found in E. coli
isolated from veal calves and the first qnrB19 found on an
IncR-type plasmid. The association with different transposable
units indicates a high potential for spreading.

Nucleotide sequence accession number. The sequence pre-
sented in this study was published in GenBank under accession
number HM146784.

This study was supported by the Dutch Ministry of Agriculture,
Nature and Food Quality (project 3201949) and the Product Boards
for Livestock, Meat and Eggs (project 08.30.002).

We thank the research committee of the Task Force MRGA for
their constructive support for this project, Hilde Smith for critically
reviewing this report, and Alessandra Carattoli for supplying the con-
trols for PBRT.

REFERENCES

1. Carattoli, A., A. Bertini, L. Villa, V. Falbo, K. L. Hopkins, and E. J. Threlfall.
2005. Identification of plasmids by PCR-based replicon typing. J. Microbiol.
Methods 63:219–228.

2. Cattoir, V., P. Nordmann, J. Silva-Sanchez, P. Espinal, and L. Poirel. 2008.
ISEcp1-mediated transposition of qnrB-like gene in Escherichia coli. Anti-
microb. Agents Chemother. 52:2929–2932.

3. Cattoir, V., F. X. Weill, L. Poirel, L. Fabre, C. J. Soussy, and P. Nordmann.
2007. Prevalence of qnr genes in Salmonella in France. J. Antimicrob. Che-
mother. 59:751–754.

4. Cavaco, L. M., N. Frimodt-Moller, H. Hasman, L. Guardabassi, L. Nielsen,
and F. M. Aarestrup. 2008. Prevalence of quinolone resistance mechanisms
and associations to minimum inhibitory concentrations in quinolone-resis-
tant Escherichia coli isolated from humans and swine in Denmark. Microb.
Drug Resist. 14:163–169.

5. Cavaco, L. M., H. Hasman, S. Xia, and F. M. Aarestrup. 2009. qnrD, a novel
gene conferring transferable quinolone resistance in Salmonella enterica sero-
var Kentucky and Bovismorbificans strains of human origin. Antimicrob.
Agents Chemother. 53:603–608.

6. Dionisi, A. M., C. Lucarelli, S. Owczarek, I. Luzzi, and L. Villa. 2009.
Characterization of the plasmid-borne quinolone resistance gene qnrB19 in
Salmonella enterica serovar Typhimurium. Antimicrob. Agents Chemother.
53:4019–4021.

7. Everett, M. J., Y. F. Jin, V. Ricci, and L. J. Piddock. 1996. Contributions of
individual mechanisms to fluoroquinolone resistance in 36 Escherichia coli
strains isolated from humans and animals. Antimicrob. Agents Chemother.
40:2380–2386.

8. Fortini, D., K. Fashae, A. Garcia-Fernandez, L. Villa, and A. Carattoli. 2010.
Presented at the 20th European Congress of Clinical Microbiology and
Infectious Diseases, poster P1327, Vienna, Austria.

9. Garcia-Fernandez, A., D. Fortini, K. Veldman, D. Mevius, and A. Carattoli.
2009. Characterization of plasmids harbouring qnrS1, qnrB2 and qnrB19
genes in Salmonella. J. Antimicrob. Chemother. 63:274–281.

10. Gay, K., A. Robicsek, J. Strahilevitz, C. H. Park, G. Jacoby, T. J. Barrett, F.
Medalla, T. M. Chiller, and D. C. Hooper. 2006. Plasmid-mediated quino-
lone resistance in non-Typhi serotypes of Salmonella enterica. Clin. Infect.
Dis. 43:297–304.

11. Hammerl, J. A., J. Beutlich, S. Hertwig, D. Mevius, E. J. Threlfall, R.
Helmuth, and B. Guerra. 2010. pSGI15, a small ColE-like qnrB19 plasmid of
a Salmonella enterica serovar Typhimurium strain carrying Salmonella
genomic island 1 (SGI1). J. Antimicrob. Chemother. 65:173–175.

12. Jacoby, G., V. Cattoir, D. Hooper, L. Martinez-Martinez, P. Nordmann, A.
Pascual, L. Poirel, and M. Wang. 2008. qnr gene nomenclature. Antimicrob.
Agents Chemother. 52:2297–2299.

13. Pallecchi, L., E. Riccobono, A. Mantella, F. Bartalesi, S. Sennati, H. Gam-
boa, E. Gotuzzo, A. Bartoloni, and G. M. Rossolini. 2009. High prevalence of
qnr genes in commensal enterobacteria from healthy children in Peru and
Bolivia. Antimicrob. Agents Chemother. 53:2632–2635.

14. Pallecchi, L., E. Riccobono, S. Sennati, A. Mantella, F. Bartalesi, C. Trigoso,
E. Gotuzzo, A. Bartoloni, and G. M. Rossolini. 2010. Characterization of

small ColE-like plasmids mediating widespread dissemination of the qnrB19
gene in commensal enterobacteria. Antimicrob. Agents Chemother. 54:678–
682.

15. Park, C. H., A. Robicsek, G. A. Jacoby, D. Sahm, and D. C. Hooper. 2006.
Prevalence in the United States of aac(6�)-Ib-cr encoding a ciprofloxacin-
modifying enzyme. Antimicrob. Agents Chemother. 50:3953–3955.

16. Rice, L. B., L. L. Carias, R. A. Hutton, S. D. Rudin, A. Endimiani, and R. A.
Bonomo. 2008. The KQ element, a complex genetic region conferring trans-
ferable resistance to carbapenems, aminoglycosides, and fluoroquinolones in
Klebsiella pneumoniae. Antimicrob. Agents Chemother. 52:3427–3429.

17. Richter, S. N., I. Frasson, C. Bergo, R. Manganelli, A. Cavallaro, and G.
Palu. 2010. Characterisation of qnr plasmid-mediated quinolone resistance
in Enterobacteriaceae from Italy: association of the qnrB19 allele with the
integron element ISCR1 in Escherichia coli. Int. J. Antimicrob. Agents 35:
578–583.

18. Strahilevitz, J., G. A. Jacoby, D. C. Hooper, and A. Robicsek. 2009. Plasmid-
mediated quinolone resistance: a multifaceted threat. Clin. Microbiol. Rev.
22:664–689.

19. van Essen-Zandbergen, A., H. Smith, K. Veldman, and D. Mevius. 2009. In
vivo transfer of an incFIB plasmid harbouring a class 1 integron with gene
cassettes dfrA1-aadA1. Vet. Microbiol. 137:402–407.

20. Wang, M., Q. Guo, X. Xu, X. Wang, X. Ye, S. Wu, D. C. Hooper, and M.
Wang. 2009. New plasmid-mediated quinolone resistance gene, qnrC, found
in a clinical isolate of Proteus mirabilis. Antimicrob. Agents Chemother.
53:1892–1897.

Joost Hordijk*
Department of Infectious Diseases and Immunology
Faculty of Veterinary Medicine
Utrecht University
P.O. Box 65
8200 AB Lelystad
Netherlands

Angela B. Bosman
Department of Infectious Diseases and Immunology
Faculty of Veterinary Medicine
Utrecht University
P.O. Box 80165
3508 TD Utrecht
Netherlands

Alieda van Essen-Zandbergen
Kees Veldman
Cindy Dierikx
Central Veterinary Institute (CVI)
Wageningen UR
P.O. Box 65
8200 AB Lelystad
Netherlands

Jaap A. Wagenaar
Department of Infectious Diseases and Immunology
Faculty of Veterinary Medicine
Utrecht University
P.O. Box 80165
3508 TD Utrecht
Netherlands

Dik Mevius
Central Veterinary Institute (CVI)
Wageningen UR
P.O. Box 65
8200 AB Lelystad
Netherlands

*Phone: 31 320238886
Fax: 31 320238153
E-mail: joost.hordijk@wur.nl

� Published ahead of print on 18 October 2010.

454 LETTERS TO THE EDITOR ANTIMICROB. AGENTS CHEMOTHER.


