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SUMMARY

Background: The aim was to investigate the distribution of antibiotic resistance determinants and virulence factors
in a group of carbapenem non-susceptible Pseudomonas aeruginosa (P. aeruginosa).

Methods: From March 2018 to May 2019, a total of 98 P. aeruginosa samples were collected from 6 hospitals in
Ningbo and Hangzhou, Zhejiang Province, China. Drug susceptibility tests to 13 antimicrobial agents were con-
ducted. The presence of antibiotic resistance determinants and virulence factors were investigated by PCR, in-
cluding 39 p-lactamase genes, 14 aminoglycoside modifying enzyme genes, 10 16SrRNA methylase genes, and 11
virulence genes. Phylogenetics of 98 P. aeruginosa was analyzed by sample cluster analysis (UPGMA).

Results: PCR revealed the presence of 7 B-lactamase genes, 5 aminoglycoside modifying enzymes, 1 16S rRNA
methylase gene, and 8 virulence genes in total, at least 2 p-lactamase genes and 4 virulence genes were positive in
every isolate. In addition, regional differences in distributions of resistance and virulence genes remained between
2 cities. Sample cluster analysis showed that the strains had obvious aggregation and were divided into several
clusters, strains in the same cluster were isolated from different hospitals, even from different cities.

Conclusions: Carrying resistance genes blaPDC and blaOXA-50 group and virulence genes plcH, aprA, and algD
were the important epidemiological characteristics of this group of P. aeruginosa. The present findings provide
insights into the mechanisms of hypervirulence as well as resistance to p-lactams and aminoglycosides. To the best
of our knowledge, this is the first report of blaPDC, blaOXA-50, and aph(3')-XV in P. aeruginosa in China.
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Supplementary Tables and Figures

Table S1. PCR primer sequences of resistance determinants and virulence factors in Pseudomonas aeruginosa.

Class Gene Primer sequence (5’ — 3') [product length]
baTEM P1: AGGAAGAGTATGATTCAACA
P2: CTCGTCGTTTGGTATGGC [512bp]
blaSHVY P1: TGCGCAAGCTGCTGACCAGC
P2: TTAGCGYTGCCAGTGCTCGA [305bp]
baCTX-ML arou P1: ATGGTTAAAAAATCACTGCGYCAGTTC
group P2: TCACAAACCGTYGGTGACGATTTTAGCCGC [876bp]
blaCTXM-2 arou P1: ATGATGACGCAGAGCATTCGCCGCTCA
group P2: TCAGAAACCGTGGGTTACGATTTTCGC [876bp]
bACTXM-8 arou P1: ATGATGAGACATCGCGTTAAGCGG
group P2: TTAATAACCGTCGGTGACGATTTTCGCG [876bp]
P1: ATGGTGACAAAGAGAGTGCAACGG
R e P2: TTACAGCCCTTCGGCGATGATTCTCGC [876bp]
blaCTXM25 arou P1: ATGATGAGAAAAAGCGTAAGGCGGGCG
N S— group P2: TTAATAACCGTCGGTGACAATTCTGGC [876bp]
ass =
blaPER P1: AGTCAGCGGCTTAGATA
P2: CGTATGAAAAGGACAATC [978bp]
bIAGES P1: ATGCGCTTCATTCACGCAC
P2: CTATTTGTCCGTGCTCAGG [846bp]
blaVER P1: GCGGTAATTTAACCAGA
P2: GCCTATGAGCCAGTGTT [961bp]
blaCARB P1: AAAGCAGATCTTGTGACCTATTC
P2: TCAGCGCGACTGTGATGTATAAAC [588bp]
blaKPC P1: ATGTCACTGTATCGCCGTCTA
P2: TTACTGCCCGTTGACGCCCAA [882bp]
blaPME-1 P1: GCGCGAACACTTGGCCCTCG
P2: CGCCGGCCTGCCAGTGCGGT [380bp]
blaBEL.1 P1: CGACAATGCCGCAGCTAACC
P2: CAGAAGCAATTAATAACGCCC [449bp]
blalMP P1: CGGCCKCAGGAGMGKCTTT
P2: AACCAGTTTTGCYTTACYAT [588]
blaVIM P1: CTTTACCAGATTGCYGATGG
P2: GGYAGRCCGTGCCCSGGAAT [593]
blaSIM P1: ACAAGGGATTCGGCATCGTT
P2: TTATCTTGAGTGTGTCCTGG [355]
blaSPM P1: CTGCTTGGATTCATGGGCGCG
P2: CCTTTTCCGCGACCTTGATCG [786]
blaGIM P1: CCTGTAGCGTTGCCAGCTTTA
P2: CAGCCCAAGAGCTAATTGAGG [562]
blaAIM P1: CGTCGCTTCACCCTGCTGGGCAGC
S A— P2: AGGCGAGGCGACCGCCGTCAGGCC [535]
ass blaNDM P1: TCAGCGCAGCTTGTCGGCCATGCG
P2: GCAACCGCGCCCAACTTTGGCCCG [300]
blakHM P1: ATGAAAATAGCTCTTGTTATATCG
P2: TCACTTTTTAGCTGCAAGCGCTTC [726bp]
blaDIM P1: ATGAGAACACATTTTACAGCGTTA
P2: TCAATCAGCCGACGCGTTAGCGTT [756bp]
A P1: TATGCCTCAGCGCTGACTAAT
P2: TCAGCGGTCGCCGTGATTGGC [400bp]
blaHME P1: TGACAGCACCATCGGCATTG
P2: TGCATCGCCCATTGTTCCAT [320bp]
blaEIM P1: GCCGCCTTAACACCCGTCGT
P2: CATTCGATTAGAGTCGGCCG [360bp]
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Carbapenem Non-Susceptible P. aeruginosa

Class Gene Primer sequence (5’ — 3') [product length]
bIaDHA arou P1: AACTTTCACAGGTGTGCTGGGT
group P2: CCGTACGCATACTGGCTTTGC [405bp]
P1: TCGGTAAAGCCGATGTTGCG
ST R P2: CTTCCACTGCGGCTGCCAGT [302bp]
P1: TGGCCAGAACTGACAGGCAA
SN LI EEYE P2: TTTCTCCTGAACGTGGCTGG [462bp]
P1: GCTGCTCAAGGAGCACAGGAT
Class C B - lactamases blaCMY/MOX group P2: CACATTGACATAGGTGTGGTG [520bp]
bIAACC arou P1: ACAGCCTCAGCAGCCGGTTA
group P2: TTCGCCGCAATCATCCCTAG [345bp]
P P1: AACATGGGGTATCAGGGAGAT
group P2: CAAAGCGCGTAACCGGATTGG [190bp]
blaPDC P1: CTGCCTGTGCGGCATCGCCG

P2: TCCTGGGCCAGGGCATAG [300bp]

Class D B - lactamases

blaOXA-10 group

P1: GTCTTTCRAGTACGGCATTA
P2: GATTTTCTTAGCGGCAACTTA [822bp]

blaOXA-13 group

P1: CGGCATTAGCTAGTTCAATTACAG
P2: AATGCACAAGATATTCAGGCGCAG [564bp]

blaOXA-18 group

P1: ATGCAACGGAGCCTGTCCAT
P2: CTGCGAATACCAGACGATGG [360bp]

blaOXA-20 group

P1: GAATCCCGGGCTCAGCAGCG
P2: CCACCAACCCATTTGACCAT [480bp]

blaOXA-46 group

P1: CCGTTCGTGATGAGTTCCAGG
P2: TCCGTTCTGTTTGGCGTATCA [470bp]

blaOXA-50 group

P1: ATGCGCCCTCTCCTCTTCAG
P2: GTAACCCAGGCGCGAGACAT [420bp]

Aminoglycoside
modifying enzymes

P1: ACCTACTCCCAACATCAGCC

e P2: ATATAGATCTCACTACGCGC [169bp]
2ac(3)11 P1: ACTGTGATGGGATACGCGTC
P2: CTCCGTCAGCGTTTCAGCTA [237bp]
I PL: CACAAGAACGTGGTCCGCTA
P2: AACAGGTAAGCATCCGCATC [185bp]
I PL: CTTCAGGATGGCAAGTTGGT
P2: TCATCTCGTTCTCCGCTCAT [286bp]
— P1: ATGACTGAGCATGACCTTGC
P2: TTAGGCATCACTGCGTGTTC [519bp]
S PL: TICATGTCCGCGAGCACCCC
P2: GACTCTTCCGCCATCGCTCT [178bp]
-~ PL: TGATTTGCTGGTTACGGTGAC
P2: CGCTATGTTCTCTTGCTTTTG [284bp]
— _PL GAGCGAAATCTGCCGCTCTGG
P2: CTGTTACAACGGACTGGCCGC [320bp]
. PL: CGTGGAGCGATATCGATTTCG
P2: TCTGGTTCGGCGGCCGGATGC [266bp]
SohG D P1: TGCCGACGACGTGACTGATG
P2: CTCCCAAACCTGTTCGGCCG [358bp]
J— ~_PL: ATGCATGATGCAGCCACCTCC
P2: CTAGAAGAACTCGTCCAATAGCCT [804bp]
T P1: ATACAGAGACCACCATACAGT
P2: GGACAATCAATAATAGCAAT [234bp]
e PL: ATGACAGTCGCCCTCGACGAAGTA
P2: TCGCAGGTGGAGCCTTTCGTCGAA [420bp]
wadAS P1: ATGGGTGAATTYTTYCCTGCACAA

P2: TCAACGCAAGATTCTCTCATTCGT [789bp]
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Class Gene Primer sequence (5’ — 3') [product length]
armA P1l: ATGGATAAGAATGATGTTGTTAAG
P2: TTATTTCTGAAATCCACTAGTAATTA [315bp]
nomA P1: TTGGGTACTGGAGACGGTAG
P P2: CAGCTTTGTATTGTTCGCTC [421bp]
— P1: CCTAGCGTCCATCCTTTCCTC
P2: AGCGATATCCAACACACGATGG [315bp]
miB P1: TGCGGCGCATCCTGACTGAGGA
P2: GGGAAAGCTGACAGCCATGCGC [542bp]
rmtc P1: ATGAAAACCAACGATAATTATC
165 rRNA methvlase P2: TTACAATCTCGATACGATAAAATAC [846bp]
y rmtD P1: ATGAGCGAACTGAAGGAAAAACTGCT
P2: TCATTTTCGTTTCAGCACGTAAAACAG [744bp]
ME P1: TTGATCGATATTACTATGCAAATC
P2: GTTTTGTATCACATAGAACATCTC [541bp]
— P1: ATGGATGAACGAGCGCAGGC
P2: GGCCAGATCGAGCACGCGCG [360bp]
mtG P1: GCGCACGCATTGGCCGCTGA
P2: GCGCACGCATTGGCCGCTGA [370bp]
rmtH P1: ATGACCATTGAACAGGCAGC
P2: GCACAGCACATCGTGCAGGG [480bp]
IcH P1: ATGACCGAAAACTGGAAATTCCGC
P P2: TGGTTCTGCGAACTCACCCAC [359bp]
anrA P1: ATGTCCAGCAATTCTCTTGCATTG
P P2: GGCGCTGAACTTGCCCAGCGA [288bp]
alaD P1: ATGCGAATCAGCATCTTTGGTTTG
g P2: GCCCAGGTCCAGGTCGCCGT [291bp]
ex0S P1: TCAGCAGAGTCCGTCTTTCGCC
P2: GCCAGGCGGGAGTGCTCCCGG [407bp]
exoT P1: TCAGCAGAACCCGTCTTTCGT
P2: GCCAGGCGCGTGTGATCCTTC [407bp]
Virulence factors exoU P1: CCGTCGCAGGCAGCGCATAAGTCC
P2: GAACGCCGCCGGGCTCATACCTGA [420bp]
exoY P1: ACCATGCGTATCGACGGTCATC
P2: TTGCTGAGATGCTGGTCGACAC [281bp]
toxA P1: GGCTGCTCCAGGCGCACCGCC
P2: GCCGATCAGCCGTTCGACCTC [438bp]
- P1: TGCCGGTACGACTCACGAGTG
Py P2: GTTCTGGCTTCCTGGAGGGGT [231bp]
oaclR P1: ATGAGTGGGTTGTGGTCCCTG
P2: AGTCTCTTCGGACTGGAGATT [240bp]
norC P1l: GGCATGGCCAGGAACATCTAT
P2: TCAACCCTCCTTGTTCGGCGG [420bp]
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