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Figure S1: Relative abundance of ARG genes normalized to 16S rRNA at H1a 

(black), H1b (sparse), H2 (grey). Significant differences (p value <0.05, student t-test) 

were indicated by different letters (e.g., a and b, a and bc) on the top of each bar. No 

significant differences were indicated by the same letters (e.g., a and a, a and ab). 

Figure S2. Principle component analysis of ARG, ARB and antibiotic concentrations 

for three groups of antibiotics in the hospital wastewater: (A) meropenem and 

ceftazidime, (B) sulfamethoxazole and trimethoprim, (C) amikacin and ciprofloxacin  
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Table S1. MDL, SPE recovery and overall recovery of the compounds 
 
Compound MDL 

(ng/L) 
SPE recovery  Overall recovery  

Average RSD Average RSD 

meropenem 15.1 67% 9% 57% 10% 
lincomycin 1.5 49% 7% 41% 12% 

sulfamethazine 8.0 108% 2% 129% 5% 
trimethoprim 4.7 80% 8% 79% 23% 
tetracycline 50.8 99% 20% 88% 26% 
ciprofloxacin 70.3 101% 13% 94% 24% 
sulfamethoxazole 22.3 93% 12% 109% 12% 
chloramphenicol 18.9 100% 11% 112% 10% 
azithromycin 1.8 43% 7% 85% 24% 

clindamycin 28.0 142% 13% 96% 20% 

erythromycin 172.1 87% 7% 85% 17% 

clarithromycin 2.4 112% 11% 102% 9% 

 
 



Table S2: PCR primers used in this study 
Target  
genes 

Primer Sequences (5'-3') Amplicon length 
(bp) 

Ta  
(oC) 

References 

16S rRNA 16S EUB-f ACT CCT ACG GGA GGC AGC AG 193 64 (1) 
 16S EUB-r ATT ACC GCG GCT GCT GG   (2) 
aac(6’)-Ib aac6-f CAT ATC GTC GAG TGG TGG GG 264 62 This study 
 aac6-r CTT GGT TCC CAA GCC TTT GC   This study 
blaSHV bla SHVf CGC TTT CCC ATG ATG AGC ACC TTT 109 60 (3) 
 bla SHVr TCC TGC TGG CGA TAG TGG ATC TTT   (3) 
blaCTX-M blaCTX-Mf ATG TGC AGY ACC AGT AAR GTK ATG GC 300 60 (4) 
 blaCTX-Mr ATC ACK CGG RTC GCC XGG RAT   (4) 
blaKPC blaKPC-f GAT ACC ACG TTC CGT CTG G 246 60 (5) 

 blaKPC-r GCA GGT TCC GGT TTT GTC TC   (5) 
blaNDM blaNDM-f AAT GGC TCA TCA CGA TCA TGC 220 60 This study 
 blaNDM-r GGC CCG CTC AAG GTA TTT TAC   This study 
cfr cfr-h2f TGA CCA CAA GCA GCG TCA AT 104 60 (6) 
 cfr-h2r AAC GAA GGG CAG GTA GAA GC   (6) 
dfrA dfrA-f ACG GAT CCT GGC TGT TGG TTG GAC GC 237 60 (7) 
 dfrA-r CGG AAT TCA CCT TCC GGC TCG ATG TC   (7) 
erm(B) ermB-f GGT TGC TCT TGC ACA CTC AAG 191 62 (8) 
 ermB-r CAG TTG ACG ATA TTC TCG ATT G   (8) 
int1 int1-LC1 GCC TTG ATG TTA CCC GAG AG 196 60 (9) 
 int1-LC5 GAT CGG TCG AAT GCG TGT   (9) 
mef(A/E) mefAE-f AGT ATC ATT AAT CAC TAG TGC 346 60.5 (10) 
 mefAE-r TTC TTC TGG TAC TAA AAG TGG   (10) 
qnrA qnrAf ATT TCT CAC GCC AGG ATT TG 158 60 (11) 
 qnrAr GCA GAT CGG CAT AGC TGA AG   (11) 



Target  
genes 

Primer Sequences (5'-3') Amplicon length 
(bp) 

Ta  
(oC) 

References 

qnrB qnrBf GGM ATH GAA ATT CGC CAC TG 263 60 (11) 
 qnrBr TTY GCB GYY CGC CAG TCG AA   (11) 
sul1 sul1-f CAC CGT TGG CCT TCC TGT AA 180 61 This study 
 sul1-r TCT AAC CCT CGG TCT CTG GC   This study 
sul2 sul2-f GCG CTC AAG GCA GAT GGC ATT 293 60 (12) 
 sul2-r GCG TTT GAT ACC GGC ACC CGT   (12) 
tet(M) tetM-f CC[TA] AC[AT] GTC ATT TAT ATG GA[GA] AGA CC 304 62.5 (13) 
 tetM-r CGA AAA TCT GCT GG[CGA] GTA CT[GA] ACA GGG C   (13) 
tet(O) tetO-f AAG AAA ACA GGA GAT TCC AAA ACG 75 60 (14) 
 tetO-r CGA GTC CCC AGA TTG TTT TTA GC   (14) 
vanA vanA-h2f CAG CCT GAT TTG GTC CAC CT 183 60 This study 
 vanA-h2r GGC TCA TCC TTC GGT GTG AA   This study 
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Table S3. Identification of meropenem resistance isolates and PCR detection of corresponding ARGs (i.e., blaNDM, blaKPC, blaCTX-M, 
blaSHV) and int1 genes 

Location Identification of bacterial 
isolates (n=24) 

Meropenem 
resistance blaNDM blaKPC blaCTX-M blaSHV int1 

H1a Enterobacter / Pantoea 5 1 5 2 1 5 
H1a Kluyvera georgiana 1 0 1 1 0 1 
H1b Acinetobacter junii 1 1 0 0 0 0 
H1b Comamonas testosteroni 1 1 0 1 1 1 
H1b Enterobacter / Pantoea 1 1 1 1 0 0 
H1b Pseudomonas spp. 3 3 0 0 0 3 
H2 Acinetobacter spp. 3 1 0 0 0 2 
H2 Aeromonas hydrophila 1 0 0 0 1 0 
H2 Elizabethkingia anophelis 2 0 0 0 0 2 
H2 Klebsiella pneumoniae 3 1 0 0 3 2 
H2 Pseudomonas spp. 2 1 0 0 0 2 
H2 Stenotrophomonas pavanii 1 0 0 0 0 0 

 Percentage positive (%) 100.0% 41.7% 31.8% 20.8% 25.0% 75% 
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Table S4: Identification of ceftazidime resistance isolates and PCR detection of corresponding ARGs (i.e., blaNDM, blaKPC, blaCTX-M, 
blaSHV) and int1 genes 
 

Location Identification of bacterial 
isolates (n=24) 

Ceftazidime 
resistance blaNDM blaKPC blaCTX-M blaSHV int1 

H1a Aeromonas spp. 2 0 0 0 0 2 
H1a Enterobacter / Pantoea 2 0 1 1 0 2 
H1a Klebsiella pneumoniae 2 0 2 1 2 2 
H1b Acinetobacter junii 3 3 0 0 2 0 
H1b Shigella/E.coli 3 0 0 3 0 3 
H2 Aeromonas spp. 5 0 0 0 0 4 
H2 Elizabethkingia anophelis 1 0 0 0 0 0 
H2 Klebsiella pneumoniae 4 0 1 2 3 3 
H2 Pseudomonas spp. 2 0 0 0 0 2 

 Percentage positive (%) 100.0% 12.5% 17.4% 29.2% 29.2% 75% 
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Table S5: Identification of cotrimoxazole resistance isolates and PCR detection of corresponding ARGs (i.e., sul1, sul2, and dfrA) 
and int1 genes 

Location Identification of bacterial isolates 
(n=24) 

Cotrimoxazol
e resistance sul1 sul2 dfrA int1 

H1a Enterobacter spp. 3 1 0 0 2 
H1a Klebsiella pneumoniae 3 2 0 0 3 
H1b Acinetobacter spp. 3 3 0 0 1 
H1b Shigella / E.coli 3 3 0 0 3 
H2 Aeromonas spp. 2 2 0 0 2 
H2 Citrobacter amalonaticus 1 1 0 0 1 
H2 Enterobacter spp. 1 1 0 0 1 
H2 Klebsiella pneumoniae 3 2 0 0 3 
H2 Pseudomonas spp. 2 2 0 0 2 
H2 Shigella/E.coli 3 3 0 0 3 

 Percentage positive (%) 100.0% 83.3% 0.0% 0.0% 95.5% 
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Table S6: Identification of amikacin resistance isolates and PCR detection of corresponding ARGs (i.e., aac(6’)-Ib) and int1 genes 
 

Location Identification of bacterial isolates (n=23) Amikacin resistance aac(6’)-Ib int1 
H1a Aeromonas spp. 1 1 1 
H1a Enterobacter / Pantoea 3 3 3 
H1a Klebsiella spp. 2 2 2 
H1b Acinetobacter  spp. 2 2 1 
H1b Shigella / E.coli 3 3 2 
H2 Aeromonas spp. 3 3 3 
H2 Elizabethkingia anophelis 1 1 0 
H2 Enterobacter hormaechei 1 0 1 
H2 Klebsiella pneumoniae 5 5 5 
H2 Proteus mirabilis 1 1 1 

 Percentage positive (%) 100.0% 95.5% 86.4% 
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Table S7: Identification of ciprofloxacin resistance isolates and PCR detection of corresponding ARGs (i.e., qnrA, qnrB) and int1 
genes 
 

Location Identification of bacterial isolates 
(n=24) 

Ciprofloxacin 
resistance qnrA qnrB int1 

H1a Aeromonas hydrophila 3 0 0 3 
H1a Klebsiella pneumoniae 3 0 0 3 
H1b Citrobacter freundii 1 1 1 1 
H1b Shigella / E.coli 5 0 1 3 
H2 Aeromonas hydrophila 2 0 1 2 
H2 Citrobacter freundii 1 0 1 1 
H2 Comamonas testosteroni 1 0 0 1 
H2 Enterobacter spp. 3 1 0 2 
H2 Klebsiella pneumoniae 3 0 0 3 
H2 Pseudomonas spp. 1 0 0 1 

 Percentage positive (%) 100.0% 8.7% 17.4% 87.0% 
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