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Fluoroquinolone resistance is a serious and increasingly common problem in Salmonella. Two companion studies in this issue
of the Journal of Clinical Microbiology (E. Deak, R. Skov, J. A. Hindler, and R. M. Humphries, J Clin Microbiol 53:3405–
3410, 2015, http://dx.doi.org/10.1128/JCM.01393-15; R. Skov, E. Matuschek, M. Sjölund-Karlsson, J. Åhman, A. Petersen,
M. Stegger, M. Torpdahl, and G. Kahlmeter, J Clin Microbiol 53:3411–3417, 2015, http://dx.doi.org/10.1128/JCM.01287-15)
provide data to support the use of perfloxacin disk diffusion as a convenient and inexpensive surrogate laboratory method
to detect fluoroquinolone resistance in Salmonella when the direct measurement of fluoroquinolone MICs is not feasible. Re-
cently updated CLSI and EUCAST susceptibility breakpoints will help to optimize clinical outcomes and reduce the likelihood of
emergent resistance.

Fluoroquinolone resistance in Salmonella. Since 1987, when
ciprofloxacin was approved for clinical use in the United

States, fluoroquinolones (FQs) have been widely prescribed for
a diverse range of infections, including bacterial enteritis and
typhoid fever. A broad antibacterial spectrum, favorable safety
profile, and excellent oral absorption have contributed to the
popularity of these agents (1, 2). However, marked increases in
FQ resistance in a variety of bacterial species and clinical set-
tings were observed within a decade of the introduction of
these agents (3), and Salmonella infections have typified this
trend.

In view of rising rates of resistance to ampicillin, trimethoprim-
sulfamethoxazole, and chloramphenicol among both typhoidal
and nontyphoidal Salmonella isolates (4, 5), FQ initially seemed
to provide an ideal therapeutic alternative to treat serious Sal-
monella infections (6). However, FQ-resistant Salmonella strains
were detected soon thereafter (7, 8). By 1997, 60% of Salmonella
enterica serotype Typhi and Paratyphi isolates in some parts of
India had ciprofloxacin MICs of �2 �g/ml (9). To a lesser
extent, the prevalence of FQ resistance in nontyphoidal Salmo-
nella isolates throughout the world has also been rising (10). Since
the U.S. National Antimicrobial Resistance Monitoring System
(NARMS) began tracking ciprofloxacin susceptibility in 1996, the
percentage of Salmonella isolates that are nonsusceptible to cipro-
floxacin has increased from �0.5% up to 3.5% (11), while in the
EUCAST (European Committee on Antimicrobial Susceptibility
Testing) database, 6.0% of Salmonella isolates are nonsusceptible
to ciprofloxacin (12).

Nalidixic acid, a nonfluorinated quinolone, was initially used
by clinical laboratories as a surrogate agent to detect Salmonella
with FQ resistance due to target site (gyrA and parC) mutations
in the quinolone resistance-determining region (QRDR) (13).
However, the situation became more complex with the discov-
ery of plasmid-mediated quinolone resistance (PMQR) (re-
viewed in reference 14), which includes various qnr variants,
oqxAB, qepA and aac(6=)-Ib-cr genetic determinants (15).
Strains with PMQR may be difficult to detect because the re-
sulting MIC elevations are typically more modest than those
associated with QRDR mutations and do not confer resistance
to nalidixic acid (16).

Low-level FQ resistance is associated with poorer clinical
outcomes. Although PK-PD (pharmacokinetic-pharmacody-
namic) studies have suggested a ciprofloxacin susceptibility
breakpoint of 0.12 �g/ml (17, 18), Salmonella isolates with cipro-
floxacin MICs of �1.0 �g/ml have long been considered to be
susceptible. However, patients with infections caused by Salmo-
nella with low-level FQ MIC elevations (0.125 to 1.0 �g/ml) have
been found to have a greater likelihood of FQ treatment failure,
delayed resolution of fever, and mortality (17, 19–21). In recogni-
tion of the clinical significance of low-level FQ resistance, CLSI
(Clinical and Laboratory Standards Institute) and EUCAST low-
ered their susceptibility breakpoints for Salmonella in recent years
(16). However, not all clinical laboratories have the ability to de-
termine MICs, and levofloxacin or ofloxacin disk diffusion assays
fail to provide a clean separation of susceptible and nonsusceptible
Salmonella strains with defined resistance mechanisms (22).

FQ treatment of bacteria with low-level FQ resistance may
promote the development of high-level resistance. In addition to
conferring a greater likelihood of suboptimal responses to treat-
ment, there is concern that PMQR may facilitate the development
of higher-level FQ resistance following FQ exposure. PMQR genes
raise the “mutant prevention concentration” of FQ for Salmonella
(23, 24) and other bacteria (25, 26). This refers to the concentra-
tion of an antimicrobial agent required to prevent the emergence
of drug-resistant subpopulations in vitro (27). Such in vitro studies
suggest that bacteria with low-level FQ resistance may more read-
ily give rise to mutants with high-level resistance following FQ
treatment. In fact, Salmonella isolates resistant to FQ, third-gen-
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eration cephalosporins, and azithromycin have now been re-
ported (28), creating a major therapeutic challenge.

Impact of revised FQ breakpoints. The new FQ breakpoints
for Salmonella have not been greeted with universal enthusiasm.
In one Indian study, revised CLSI breakpoints lowered the per-
centage of FQ-susceptible S. Typhi isolates from 95% to 3% (29).
Another Indian paper reported that 20% of 50 Salmonella isolates
were ciprofloxacin resistant and 70% were ciprofloxacin interme-
diate based on the new breakpoints (30). The latter authors advo-
cated the continuing use of ciprofloxacin in this setting, stating
that “Blindly following western guidelines for a disease which is
highly endemic in the subcontinent will spell the death knell of a
cheap and effective drug.” However, this is an inadvisable ap-
proach that will only expedite the development of high-level re-
sistance and is likely to produce inferior clinical outcomes. In a
report from Bangalore, India, only 3 out of 50 (6%) S. Typhi or S.
Paratyphi A isolates were susceptible to ciprofloxacin; 38 out of 50
(76%) of these isolates were resistant to nalidixic acid, indicating
the presence of a QRDR mutation, and only 7 (14%) were cipro-
floxacin intermediate and nalidixic acid susceptible (31). Such
data suggest that FQs have already been lost as a useful therapeutic
option for many patients with enteric fever in parts of India, as
well as Bangladesh (32) and Pakistan (33).

Perfloxacin disk diffusion. The studies of Deak et al. (34) and
Skov et al. (35) show that perfloxacin provides better separation of
ciprofloxacin-susceptible and -nonsusceptible strains than other
disk diffusion substrates, including ciprofloxacin itself. Some false
resistance may be encountered (34), although Skov et al. did not
observe this problem, and at least one of the false-resistant strains
of Deak et al. was actually found to contain a QRDR mutation.
The use of perfloxacin as a surrogate for ciprofloxacin may be
particularly useful in resource-limited settings, but unfortunately,
perfloxacin disks are not commercially available in the United
States at this time. Laboratories that elect to use the perfloxacin
disk diffusion method should note that there may be differences
among disk manufacturers. Skov et al. found Bio-Rad disks to
contain higher concentrations of perfloxacin than the other disks
tested, along with larger zones of inhibition (35).

Laboratories using the perfloxacin disk diffusion method
should be aware that the presence of inner colonies suggests resis-
tance (34). Laboratories able to directly measure FQ MICs are
likely to find MICs to be the most straightforward approach for
determining FQ susceptibility in Salmonella (Table 1). If broth
microdilution is not available, the ciprofloxacin Etest is reported
to show 89.6% categorical agreement with the reference broth
microdilution method, with only minor errors (36).

An important limitation of the perfloxacin disk diffusion
method is that it cannot detect the presence of the aac(6=)-Ib-cr

PMQR determinant, as this mechanism is specific for FQ possess-
ing a piperazinyl secondary amine (ciprofloxacin and norfloxa-
cin) (15). This is a minor concern in North America and Europe at
this time, as the prevalence of aac(6=)-Ib-cr in Salmonella in these
regions is quite low. Of 1,215 Salmonella isolates from 13 Euro-
pean countries screened for PMQR, only 3 strains with aac(6=)-
Ib-cr were found (37). Of 19,010 nontyphoidal Salmonella isolates
from humans in the United States from 1996 to 2006, only one
isolate harboring aac(6=)-Ib-cr was detected out of the 283 iso-
lates with a ciprofloxacin MIC of �0.25 �g/ml, and this isolate
was obtained from a child with a history of travel to China (38).
Out of 2,165 Salmonella human isolates obtained in the United
States in 2007, only 6 of the 51 isolates (11.8%) with a ciprofloxa-
cin MIC of �0.25 �g/ml were found to carry aac(6=)-Ib-cr (39).
Nevertheless, it is worth noting that aac(6=)-Ib-cr appears to be
more common among other members of the family Enterobacte-
riaceae in the United States and Canada (40, 41). In addition, the
aac(6=)-Ib-cr determinant seems to be more common among Sal-
monella from China, with some surveys reporting its presence
in 30 to 40% of nontyphoidal Salmonella isolates from chickens
and humans (42, 43). The future spread of aac(6=)-Ib-cr warrants
careful monitoring.

Concluding remarks. It is worth reflecting on how we got to
this point. As Roberts and colleagues have observed, “Despite over
70 years of clinical antibiotic use, bacteria continue to out-per-
form clinicians” (44). FQ once had many characteristics of a
“dream drug”—an oral antibiotic that could be used against many
common infections (1). However, the widespread use and misuse
of these agents, including for the treatment of infections caused by
bacteria that were only marginally susceptible, has been predict-
ably followed by the emergence of resistance. In 1984, a survey of
Enterobacteriaceae revealed only 5 out of 4,039 strains that were
resistant to ciprofloxacin (MIC � 1 �g/ml), but by 2000, 5% of
Escherichia coli strains were resistant, and by 2008, �30% were
resistant (45). Although Salmonella breakpoints have been ad-
justed, PK-PD analyses suggest that the FQ breakpoints for Enter-
obacteriaceae other than Salmonella are still too high (46). Should
they be the next to fall?

ACKNOWLEDGMENT

I am grateful to Tsai-Ling Lauderdale for constructive discussions of this
topic.

REFERENCES
1. Frieden TR, Mangi RJ. 1990. Inappropriate use of oral ciprofloxacin.

JAMA 264:1438 –1440.
2. Hooper DC, Wolfson JS. 1991. Fluoroquinolone antimicrobial agents. N

Engl J Med 324:384 –394. http://dx.doi.org/10.1056/NEJM19910207324
0606.

TABLE 1 Recommended breakpoints for detection of FQ resistance in Salmonella (adapted from reference 34)

Agent

Breakpointa

Source(s) of breakpoint criteriaS I R

Ciprofloxacin (MIC [�g/ml]) �0.06 0.12–0.5 �1.0 CLSI
�0.06 �0.12 EUCAST

Levofloxacin/ofloxacin (MIC [�g/ml]) �0.12 0.25–1.0 �2.0 CLSI
Perfloxacin (disk diffusionb) (mm) �24 �23 CLSI, EUCAST
a S, susceptible; I, intermediate; R, resistant.
b Using a 5-�g perfloxacin disk.

Commentary

3402 jcm.asm.org November 2015 Volume 53 Number 11Journal of Clinical Microbiology

http://dx.doi.org/10.1056/NEJM199102073240606
http://dx.doi.org/10.1056/NEJM199102073240606
http://jcm.asm.org


3. Acar JF, Goldstein FW. 1997. Trends in bacterial resistance to fluoro-
quinolones. Clin Infect Dis 24(Suppl 1):S67–S73. http://dx.doi.org/10
.1093/clinids/24.Supplement_1.S67.

4. Goldstein FW, Chumpitaz JC, Guevara JM, Papadopoulou B, Acar JF,
Vieu JF. 1986. Plasmid-mediated resistance to multiple antibiotics in
Salmonella typhi. J Infect Dis 153:261–266. http://dx.doi.org/10.1093
/infdis/153.2.261.

5. Bryan JP, Rocha H, Scheld WM. 1986. Problems in salmonellosis: ratio-
nale for clinical trials with newer beta-lactam agents and quinolones. Rev
Infect Dis 8:189 –207. http://dx.doi.org/10.1093/clinids/8.2.189.

6. Eykyn SJ, Williams H. 1987. Treatment of multiresistant Salmonella typhi
with oral ciprofloxacin. Lancet ii:1407–1408.

7. Reina J. 1992. Resistance to fluoroquinolones in Salmonella non-typhi
and Campylobacter spp. Lancet 340:1035–1036.

8. Umasankar S, Wall RA, Berger J. 1992. A case of ciprofloxacin-resistant
typhoid fever. Commun Dis Rep CDR Rev 2:R139 –R140.

9. Chitnis V, Chitnis D, Verma S, Hemvani N. 1999. Multidrug-resistant
Salmonella typhi in India. Lancet 354:514 –515.

10. Crump JA, Sjolund-Karlsson M, Gordon MA, Parry CM. 2015.
Epidemiology, clinical presentation, laboratory diagnosis, antimicro-
bial resistance, and antimicrobial management of invasive Salmonella
infections. Clin Microbiol Rev 28:901–937. http://dx.doi.org/10.1128
/CMR.00002-15.

11. Centers for Disease Control and Prevention. 2015. National Antimicro-
bial Resistance Monitoring System for Enteric Bacteria (NARMS): human
isolates final report, 2013. Centers for Disease Control and Prevention,
Atlanta, GA.

12. European Committee on Antimicrobial Susceptibility Testing (EUCAST).
2015. MIC distributions and ECOFFs. http://www.eucast.org
/mic_distributions_ecoffs/. Accessed 4 August 2015.

13. Piddock LJ, Ricci V, McLaren I, Griggs DJ. 1998. Role of mutation in the
gyrA and parC genes of nalidixic-acid-resistant Salmonella serotypes iso-
lated from animals in the United Kingdom. J Antimicrob Chemother
41:635– 641. http://dx.doi.org/10.1093/jac/41.6.635.

14. Strahilevitz J, Jacoby GA, Hooper DC, Robicsek A. 2009. Plasmid-
mediated quinolone resistance: a multifaceted threat. Clin Microbiol Rev
22:664 – 689. http://dx.doi.org/10.1128/CMR.00016-09.

15. Robicsek A, Strahilevitz J, Jacoby GA, Macielag M, Abbanat D, Park
CH, Bush K, Hooper DC. 2006. Fluoroquinolone-modifying enzyme: a
new adaptation of a common aminoglycoside acetyltransferase. Nat Med
12:83– 88. http://dx.doi.org/10.1038/nm1347.

16. Humphries RM, Fang FC, Aarestrup FM, Hindler JA. 2012. In vitro
susceptibility testing of fluoroquinolone activity against Salmonella: re-
cent changes to CLSI standards. Clin Infect Dis 55:1107–1113. http://dx
.doi.org/10.1093/cid/cis600.

17. Crump JA, Barrett TJ, Nelson JT, Angulo FJ. 2003. Reevaluating fluo-
roquinolone breakpoints for Salmonella enterica serotype Typhi and for
non-Typhi salmonellae. Clin Infect Dis 37:75– 81. http://dx.doi.org/10
.1086/375602.

18. Booker BM, Smith PF, Forrest A, Bullock J, Kelchlin P, Bhavnani SM,
Jones RN, Ambrose PG. 2005. Application of an in vitro infection model
and simulation for reevaluation of fluoroquinolone breakpoints for Sal-
monella enterica serotype Typhi. Antimicrob Agents Chemother 49:1775–
1781. http://dx.doi.org/10.1128/AAC.49.5.1775-1781.2005.

19. Wain J, Hoa NT, Chinh NT, Vinh H, Everett MJ, Diep TS, Day NP,
Solomon T, White NJ, Piddock LJ, Parry CM. 1997. Quinolone-resistant
Salmonella typhi in Viet Nam: molecular basis of resistance and clinical
response to treatment. Clin Infect Dis 25:1404 –1410. http://dx.doi.org/10
.1086/516128.

20. Helms M, Vastrup P, Gerner-Smidt P, Molbak K. 2002. Excess mortality
associated with antimicrobial drug-resistant Salmonella typhimurium.
Emerg Infect Dis 8:490 – 495. http://dx.doi.org/10.3201/eid0805.010267.

21. Parry CM, Vinh H, Chinh NT, Wain J, Campbell JI, Hien TT, Farrar JJ,
Baker S. 2011. The influence of reduced susceptibility to fluoroquinolo-
nes in Salmonella enterica serovar Typhi on the clinical response to ofloxa-
cin therapy. PLoS Negl Trop Dis 5:e1163. http://dx.doi.org/10.1371
/journal.pntd.0001163.

22. Sjolund-Karlsson M, Howie RL, Crump JA, Whichard JM. 2014. Fluo-
roquinolone susceptibility testing of Salmonella enterica: detection of ac-
quired resistance and selection of zone diameter breakpoints for levo-
floxacin and ofloxacin. J Clin Microbiol 52:877– 884. http://dx.doi.org/10
.1128/JCM.02679-13.

23. Luo Y, Li J, Meng Y, Ma Y, Hu C, Jin S, Zhang Q, Ding H, Cui S. 2011.

Joint effects of topoisomerase alterations and plasmid-mediated quinolo-
ne-resistant determinants in Salmonella enterica Typhimurium. Microb
Drug Resist 17:1–5. http://dx.doi.org/10.1089/mdr.2010.0074.

24. Wong MH, Chan EW, Liu LZ, Chen S. 2014. PMQR genes oqxAB and
aac(6=)Ib-cr accelerate the development of fluoroquinolone resistance in
Salmonella typhimurium. Front Microbiol 5:521. http://dx.doi.org/10
.3389/fmicb.2014.00521.

25. Zhou J, Dong Y, Zhao X, Lee S, Amin A, Ramaswamy S, Domagala J,
Musser JM, Drlica K. 2000. Selection of antibiotic-resistant bacterial
mutants: allelic diversity among fluoroquinolone-resistant mutations. J
Infect Dis 182:517–525. http://dx.doi.org/10.1086/315708.

26. Rodriguez-Martinez JM, Velasco C, Garcia I, Cano ME, Martinez-
Martinez L, Pascual A. 2007. Mutant prevention concentrations of fluo-
roquinolones for Enterobacteriaceae expressing the plasmid-carried quin-
olone resistance determinant qnrA1. Antimicrob Agents Chemother 51:
2236 –2239. http://dx.doi.org/10.1128/AAC.01444-06.

27. Dong Y, Zhao X, Domagala J, Drlica K. 1999. Effect of fluoroquinolone
concentration on selection of resistant mutants of Mycobacterium bovis
BCG and Staphylococcus aureus. Antimicrob Agents Chemother 43:1756 –
1758.

28. Wong MH, Yan M, Chan EW, Biao K, Chen S. 2014. Emergence of
clinical Salmonella enterica serovar Typhimurium isolates with concur-
rent resistance to ciprofloxacin, ceftriaxone, and azithromycin. Antimi-
crob Agents Chemother 58:3752–3756. http://dx.doi.org/10.1128/AAC
.02770-13.

29. Balaji V, Sharma A, Ranjan P, Kapil A. 2014. Revised ciprofloxacin
breakpoints for Salmonella Typhi: its implications in India. Indian J Med
Microbiol 32:161–163. http://dx.doi.org/10.4103/0255-0857.129804.

30. Girish R, Kumar A, Khan S, Dinesh KR, Karim S. 2013. Revised
ciprofloxacin breakpoints for Salmonella: is it time to write an obituary? J
Clin Diagn Res 7:2467–2469. http://dx.doi.org/10.7860/JCDR/2013/7312
.3581.

31. Joshi S, Amarnath SK. 2007. Fluoroquinolone resistance in Salmonella
typhi and S. paratyphi A in Bangalore, India. Trans R Soc Trop Med Hyg
101:308 –310. http://dx.doi.org/10.1016/j.trstmh.2006.05.009.

32. Chiou CS, Lauderdale TL, Phung DC, Watanabe H, Kuo JC, Wang PJ,
Liu YY, Liang SY, Chen PC. 2014. Antimicrobial resistance in Salmonella
enterica serovar Typhi isolates from Bangladesh, Indonesia, Taiwan, and
Vietnam. Antimicrob Agents Chemother 58:6501– 6507. http://dx.doi.org
/10.1128/AAC.03608-14.

33. Qamar FN, Azmatullah A, Kazi AM, Khan E, Zaidi AK. 2014. A
three-year review of antimicrobial resistance of Salmonella enterica sero-
vars Typhi and Paratyphi A in Pakistan. J Infect Dev Ctries 8:981–986.
http://dx.doi.org/10.3855/jidc.3817.

34. Deak E, Skov R, Hindler JA, Humphries RM. 2015. Evaluation of
surrogate disk tests for the detection of ciprofloxacin and levofloxacin
resistance in clinical isolates of Salmonella enterica. J Clin Microbiol 53:
3405–3410. http://dx.doi.org/10.1128/JCM.01393-15.

35. Skov R, Matuschek E, Sjölund-Karlsson M, Åhman J, Petersen A,
Stegger M, Torpdahl M, Kahlmeter G. 2015. Development of a perfloxa-
cin disk diffusion method for detection of fluoroquinolone-resistant Sal-
monella enterica. J Clin Microbiol 53:3411–3417. http://dx.doi.org/10
.1128/JCM.01287-15.

36. Deak E, Hindler JA, Skov R, Sjölund-Karlsson M, Sokovic A,
Humphries RM. 2015. Performance of Etest and disk diffusion for detec-
tion of ciprofloxacin and levofloxacin resistance in Salmonella enterica. J
Clin Microbiol 53:298 –301. http://dx.doi.org/10.1128/JCM.02715-14.

37. Veldman K, Cavaco LM, Mevius D, Battisti A, Franco A, Botteldoorn
N, Bruneau M, Perrin-Guyomard A, Cerny T, De Frutos Escobar C,
Guerra B, Schroeter A, Gutierrez M, Hopkins K, Myllyniemi AL, Sunde
M, Wasyl D, Aarestrup FM. 2011. International collaborative study on
the occurrence of plasmid-mediated quinolone resistance in Salmonella
enterica and Escherichia coli isolated from animals, humans, food and the
environment in 13 European countries. J Antimicrob Chemother 66:
1278 –1286. http://dx.doi.org/10.1093/jac/dkr084.

38. Sjölund-Karlsson M, Folster JP, Pecic G, Joyce K, Medalla F, Rickert R,
Whichard JM. 2009. Emergence of plasmid-mediated quinolone resis-
tance among non-Typhi Salmonella enterica isolates from humans in the
United States. Antimicrob Agents Chemother 53:2142–2144. http://dx
.doi.org/10.1128/AAC.01288-08.

39. Sjölund-Karlsson M, Howie R, Rickert R, Krueger A, Tran TT, Zhao S,
Ball T, Haro J, Pecic G, Joyce K, Fedorka-Cray PJ, Whichard JM,

Commentary

November 2015 Volume 53 Number 11 jcm.asm.org 3403Journal of Clinical Microbiology

http://dx.doi.org/10.1093/clinids/24.Supplement_1.S67
http://dx.doi.org/10.1093/clinids/24.Supplement_1.S67
http://dx.doi.org/10.1093/infdis/153.2.261
http://dx.doi.org/10.1093/infdis/153.2.261
http://dx.doi.org/10.1093/clinids/8.2.189
http://dx.doi.org/10.1128/CMR.00002-15
http://dx.doi.org/10.1128/CMR.00002-15
http://www.eucast.org/mic_distributions_ecoffs/
http://www.eucast.org/mic_distributions_ecoffs/
http://dx.doi.org/10.1093/jac/41.6.635
http://dx.doi.org/10.1128/CMR.00016-09
http://dx.doi.org/10.1038/nm1347
http://dx.doi.org/10.1093/cid/cis600
http://dx.doi.org/10.1093/cid/cis600
http://dx.doi.org/10.1086/375602
http://dx.doi.org/10.1086/375602
http://dx.doi.org/10.1128/AAC.49.5.1775-1781.2005
http://dx.doi.org/10.1086/516128
http://dx.doi.org/10.1086/516128
http://dx.doi.org/10.3201/eid0805.010267
http://dx.doi.org/10.1371/journal.pntd.0001163
http://dx.doi.org/10.1371/journal.pntd.0001163
http://dx.doi.org/10.1128/JCM.02679-13
http://dx.doi.org/10.1128/JCM.02679-13
http://dx.doi.org/10.1089/mdr.2010.0074
http://dx.doi.org/10.3389/fmicb.2014.00521
http://dx.doi.org/10.3389/fmicb.2014.00521
http://dx.doi.org/10.1086/315708
http://dx.doi.org/10.1128/AAC.01444-06
http://dx.doi.org/10.1128/AAC.02770-13
http://dx.doi.org/10.1128/AAC.02770-13
http://dx.doi.org/10.4103/0255-0857.129804
http://dx.doi.org/10.7860/JCDR/2013/7312.3581
http://dx.doi.org/10.7860/JCDR/2013/7312.3581
http://dx.doi.org/10.1016/j.trstmh.2006.05.009
http://dx.doi.org/10.1128/AAC.03608-14
http://dx.doi.org/10.1128/AAC.03608-14
http://dx.doi.org/10.3855/jidc.3817
http://dx.doi.org/10.1128/JCM.01393-15
http://dx.doi.org/10.1128/JCM.01287-15
http://dx.doi.org/10.1128/JCM.01287-15
http://dx.doi.org/10.1128/JCM.02715-14
http://dx.doi.org/10.1093/jac/dkr084
http://dx.doi.org/10.1128/AAC.01288-08
http://dx.doi.org/10.1128/AAC.01288-08
http://jcm.asm.org


McDermott PF. 2010. Plasmid-mediated quinolone resistance among
non-Typhi Salmonella enterica isolates, USA. Emerg Infect Dis 16:1789 –
1791. http://dx.doi.org/10.3201/eid1611.100464.

40. Park CH, Robicsek A, Jacoby GA, Sahm D, Hooper DC. 2006. Preva-
lence in the United States of aac(6=)-Ib-cr encoding a ciprofloxacin-
modifying enzyme. Antimicrob Agents Chemother 50:3953–3955. http:
//dx.doi.org/10.1128/AAC.00915-06.

41. Pitout JD, Wei Y, Church DL, Gregson DB. 2008. Surveillance for
plasmid-mediated quinolone resistance determinants in Enterobacteria-
ceae within the Calgary Health Region, Canada: the emergence of aac(6=)-
Ib-cr. J Antimicrob Chemother 61:999 –1002. http://dx.doi.org/10.1093
/jac/dkn068.

42. Li L, Liao XP, Liu ZZ, Huang T, Li X, Sun J, Liu BT, Zhang Q, Liu YH.
2014. Co-spread of oqxAB and blaCTX-M-9G in non-Typhi Salmonella
enterica isolates mediated by ST2-IncHI2 plasmids. Int J Antimicrob
Agents 44:263–268. http://dx.doi.org/10.1016/j.ijantimicag.2014.05.014.

43. Yu F, Chen Q, Yu X, Pan J, Li Q, Yang L, Chen C, Zhuo C, Li X, Zhang

X, Huang J, Wang L. 2011. High prevalence of plasmid-mediated quin-
olone resistance determinant aac(6=)-Ib-cr amongst Salmonella enterica
serotype Typhimurium isolates from hospitalised paediatric patients with
diarrhoea in China. Int J Antimicrob Agents 37:152–155. http://dx.doi.org
/10.1016/j.ijantimicag.2010.10.021.

44. Roberts JA, Kruger P, Paterson DL, Lipman J. 2008. Antibiotic resis-
tance–what’s dosing got to do with it? Crit Care Med 36:2433–2440. http:
//dx.doi.org/10.1097/CCM.0b013e318180fe62.

45. Rhomberg PR, Jones RN. 2009. Summary trends for the Meropenem
Yearly Susceptibility Test Information Collection Program: a 10-year
experience in the United States (1999-2008). Diagn Microbiol Infect
Dis 65:414 – 426. http://dx.doi.org/10.1016/j.diagmicrobio.2009.08
.020.

46. Labreche MJ, Frei CR. 2012. Declining susceptibilities of gram-negative
bacteria to the fluoroquinolones: effects on pharmacokinetics, pharmaco-
dynamics, and clinical outcomes. Am J Health Syst Pharm 69:1863–1870.
http://dx.doi.org/10.2146/ajhp110464.

Commentary

3404 jcm.asm.org November 2015 Volume 53 Number 11Journal of Clinical Microbiology

http://dx.doi.org/10.3201/eid1611.100464
http://dx.doi.org/10.1128/AAC.00915-06
http://dx.doi.org/10.1128/AAC.00915-06
http://dx.doi.org/10.1093/jac/dkn068
http://dx.doi.org/10.1093/jac/dkn068
http://dx.doi.org/10.1016/j.ijantimicag.2014.05.014
http://dx.doi.org/10.1016/j.ijantimicag.2010.10.021
http://dx.doi.org/10.1016/j.ijantimicag.2010.10.021
http://dx.doi.org/10.1097/CCM.0b013e318180fe62
http://dx.doi.org/10.1097/CCM.0b013e318180fe62
http://dx.doi.org/10.1016/j.diagmicrobio.2009.08.020
http://dx.doi.org/10.1016/j.diagmicrobio.2009.08.020
http://dx.doi.org/10.2146/ajhp110464
http://jcm.asm.org

	Fluoroquinolone Resistance in Salmonella and the Utility of Perfloxacin Disk Diffusion
	ACKNOWLEDGMENT
	REFERENCES


