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Figure 1. The mechanism of quinolones and quinolone resistance involving DNA gyrase. A: The mechanism of
normal DNA gyrase; B: The mechanism of quinolone on DNA gyrase; C: The mechanism of quinolone resistance
induced by GyrA mutation; D: The mechanism of quinolone resistance induced by Qnr protection.
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7 1. IE55 R E AR qnrEE R NRE
Table 1. The reports of gnr genes during the past 5 years in China
References Type and proportion/isolates Sampling time and site Source Isolated strain
[2] qnrB:8/78 2008.10-11 Hangzhou Aquatic environments Citrobacter freundii
qnrS1:2/78 Escherichia coli
qnrS2:1/78 Aeromonas punctata
qnrA1:8/103 2008.1-12 Beijing, Hospital/sputum, urine and bodily secretions Citrobacter freundii
qnrB:71/103 Shanghai,
qnrS1:1/103 Hangzhou,
qnrS2:1/103 Wenzhou
[24] Discoveried 2008 Jinan Wastewater of hospital Aeromonas
qnrVCc4
[35] qnrS:58/223 2010.9-2011.10 A tertiary-care Hospital Klebsiella pneumoniae
Beijing
[36] qnrA1:2/35 2009.9-2012.2 Hospital Enterobacter cloacae
qnrA2:2/35 Chongqing
qnrB2:2/35
qnrB6:6/35
qnrS1:13/35
[37] qnrS:21/202 2012.3-5 Anhui From chicken cloacae at four different farms Escherichia coli
[34] qnrA4:2/391 2008.3-2009.11 River, effluents of Hospital, wastewater Klebsiella spp.,
qnrB:21/391 Jinan treatment plant Escherichia coli,
qnrS:12/391 Enterobacter spp.,
Proteus spp., Shigella
spp. and Citrobacter
spp.
[38] qnrD:12/19 2010.8-10 Zhejiang Intensive care units of hospital Proteus mirabilis
[1] ql’er: 1/307 1993-2010 Humans ( feces and urine Samples from Escherichia coli
gnrS:8/307 Igﬁ/[ province in healthy volunteers or patients )
ina
gqnrB:5/384 From viscera or feces of diseased or healthy
qnrS:5/384 chickens
qnrA4:4/198 From viscera or feces of diseased or healthy
qnrS:17/198 pigs
qnrB:2/89 From viscera or feces of diseased or healthy
qnrS:4/89 cattle, dogs, ducks, geese
qnrB:3/44 Environment on different farms, including
qnrS:9/44 surface soil, sewage, drinking water and pond
water
[39] qnrB2:2/146 2005-2011 Anhui Wounds of patient in hospital Serratia marcescens
qnrS2:2/146 Sputum of patient in
hospital
[3] qnrA:2/75 2009.10-2011.5 Food (meat product) Enterobacteriaceae
qnrS:3/75 Henan
[40] qnr4:12/76 2012.1-9 ICU of hospital Escherichia coli
qnrB:25/76 Wenzhou
qnrS:17/76
[41] qnrA4:1/50 2008-2009 Clinical specimens from hospital Escherichia coli
qnrB: 5/50 Guangzhou
qnrS:3/50
qnrA4:1/30 Klebsiella pneumoniae
gnrB: 8/30
qnrS:10/30
qnr4:13/18 Enterobacter cloacae
qnrB: 5/18
qnrS:4/18
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(BL3R1)

[42] qnrA4:33/164 2009 From cat, dog and other pet Escherichia coli
qnrB:28/164 Guangzhou animals
qnrS:54/164

[43] qnrB:5/245 2008.12-2011.12 Sputum of patient in hospital Escherichia coli
qnrS:1/245 Hengshui, Hebei

[44] qnrB4:35/176 2008.6-2010.12 Hospital Escherichia coli
qnrS1:7/176 Zhejiang

[45] qnrB:10/46 NM Taizhou, Zhejiang Hospital Escherichia coli

[46] qnrB:15/143 2010.8-2011.8 From viscera or feces of Escherichia coli
qnrS:27/143 Foshan chicken, goose, ducks, pigs

[47] UT ¢nr:9/100 2005.1-2008.4 Clinical patient in hospital Shigella

[48] qnrA4:30/62 2008.1-12 Clinical patient in hospital Enterobacter cloacae
qnrB:41/62 Guangzhou
qnrS:7/62

[49] qnrA:7/226 2008-2011 Hospital/sputum, urine, wound Enterobacter cloacae
qnrB:17/226 Guangzhou secretion, blood and cervical
qnrS:10/226 samples

[50] UT gnr:11/29 NM Sick or dead chicken from Salmonella

Haerbing chicken farm

[51] qnrA4:5/52 2004.1-2006.9 Clinical specimens from Citrobacter spp.
qnrB2:11/52 Anhui hospital
qnrB4:1/52

[52] qnrA4:2/62 NM Food (meat, sea food, Salmonella
qnrS:5/62 Xinxiang vegetables and cooked meat)

[53] qnrd:1/37 2007.1-2008.12 Clinical patient in hospital Enterobacter cloacae
gnrS:4/37 Guangzhou

UT: Unknow type; UM: Not mentioned.
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Classification and prevalence of plasmid-mediated quinolone
resistance gnr genes in China-A review

. . *
Le1 Yan, Hai Xu
The State Key Laboratory of Microbial Techology, Shandong University, Jinan 250100, Shandong Province, China

Abstract: Quinolone antibacterial drugs, developing from the treatment of urinary tract infection in early time and
now from the treatment of intestinal infection and respiratory infection, have been widely used in clinical, animal
husbandry and aquaculture. Bacteria gradually become resistant to them and resistance mechanism is more and more
complicated. Quinolone resistance mechanism is mainly divided into chromosome mediated resistance and plasmid
mediated resistance, the latter plays an important role in spreading of antibiotic resistance. In 1998, plasmid mediated
quinolone resistance mechanism was reported for the first time, namely the gnr gene mediated fluoroquinolone
resistance mechanism. gnr genes can spread rapidly in different bacteria, which causes the infection difficult to
control, makes the nosocomial infection popular in a wide range. In addition, gnr genes are usually associated with 3-
lactamase resistance gene. They exist in complex integron and integrate with the other varieties of resistance genes,
which narrows the space of clinical medicine choose or drug combinations use to treat related bacterial infection and
brings us a serious challenge. In this review, we provide a detailed overview for the historical discovery,

classification, the resistance mechanisms of gnr genes, and the prevalence of those genes in China.

Keywords: bacterial infections, quinolone resistance, gnr gene, horizontal transfer of antibiotic resistance by plasmid-
mediated, multi-drug resistance
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