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Seasonal changes of antibiotic resistant bacteria and antibiotic
resistance genes in bioaerosols sourced from hospital sewage

LIU Yang, WANG Yanjie’, YANG Liying, ZHU Haoran, LAI Bisheng, LIU Yifan, LI Jinlong

College of Public Health, Zhengzhou University, Zhengzhou 450001, Henan, China

Abstract: [Background] Hospital sewage contains abundant pathogenic bacteria and antibiotic
resistance genes (ARGs), which can escape into the air along with the sewage treatment process
and lead to infections and emergence of infectious diseases. [Objective] To investigate the
presence and seasonal changes of antibiotic resistant bacteria and ARGs in hospital sewage and
the bioaerosols. [Methods] Bioaerosol samples were collected by an Anderson eight-stage
sampler, and the antimicrobial susceptibility test and PCR were employed to assess the
resistance profile of Escherichia coli. The abundance and structure of ARGs in the sewage and
air were examined by high-throughput quantitative PCR. [Results] The bioaerosol concentration
was the highest in summer. The air of the biochemical tank had higher bacterial concentration
((250+170) CFU/m®) and higher percentage of small-size (<2.1 um) bacterial aerosols than that
at other sampling sites. A total of seven strains of E. coli were isolated and identified in the
samples from the biochemical tank. These strains showed the highest resistance (85.71%) to
cefoxitin and imipenem, and the detection rates of parC, blarem, and dhps were 100%. The
abundance of ARGs in the air of the biochemical tank was the highest (26.18 copies/m?) in
winter, and the mean ARGs abundance in different seasons was 14.82 copies/m>. intl1 had
higher abundance in the air in spring and autumn, and tnpA-05 and strB in the air had the
highest abundance in summer and winter, respectively. The source tracking results showed that
biochemical tank effluent was the main source of ARGs. According to the multiple antibiotic
resistance index and exposure dose, the sewage of the biochemical tank was seriously polluted
by antibiotics, and the exposure dose of ARGs in the air of the biochemical tank was high in
spring and winter. [Conclusion]| The hospital sewage treatment stations, as the potential sources
with a high risk of antibiotic exposure, should be well managed for the prevention and control
of infections.

Keywords: hospital sewage; bioaerosols; antimicrobial susceptibility test; antibiotic resistance
genes

A= Z Ptk FE A (antibiotic resistance gene,
ARG)E R — Rl RS S5 15 et AIAERREE
KEFEAAR, RSB R AERIRIT R
B, BEIRYT R IE A SRBET R IGhNSE . 15K
S FRTAE Ry ARG PR K W AR, T 24 TR
Tl ARG TEFR GG H AR 15 (1) £ 2R P

PUAE 2R A9 RO R A Y AR R Y

TR, SokiEleh A E Bhid
RISY T E, M2 M ARG A& HLZ /F
IS 7 R B 2 PR AR ) s e
SRR AR SR blarew
tetW. ermB il dnrS&EZF ARG, Wang %50
VK 2SSk #] 16 Flr ARG WAL, I
PUFR R ARG FIBNMENEZE ARG Mk fe o B2
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SRR R EPUER | BURME AR EEE,
FIRE 5 A7 LTS 7K 8 5 = EE AT 25 147 )2 ARG,
B 5 B PR e RS B IR P AT, B R R
Wz T, FEEERG K ARG B EE I
s in=E5 . SFEENMZEA ARG nkf
& E R KA AR R s b, SR Y
PR I B G F AT, SR, BLA AR 2k
EFHEIEKIE ARG HIREBILE, Btz XEE
Bei5 /K ARG By, Rk, A 500
W B B 15 K IR 25 B AT ARG I IAFERRAIE
R T LB A 1 e R IR

K W #T B (Escherichia coli) 1 2 i 2 %5 K]
DI, 2P R W, HAEH 0
ARG Al i KRR B A A B e, XA S
DA A T S KM T R R
IR RPUHEAAR N R 8 S 5 E5D, alE
Sk B AR i 2 Re R B B, R
FEE BTG KA BEA ST P 2558 & ARG H AT
DL, AHIF 7T LUES B 75 7K Ab BRI A B 5T X 42
FE VR A 3 A ) S I 2 1 AR A R 1 S A
e, R AR o R AT TR 43 B AR P T 2 R
WE— BT AEA R ARG A9 =E B K A A1
fiE, LASYI A s o 5 B 75 7 VA 0 I S A
i) 7 5 TS 7 45 AR ZR SR A

i R

1.1 #&H

AT 2021 FHEFAH 4 H). BFTH
SH)Y. BZFA1 H 7 HHA&ZE2 A 12 H)XfHf
T 48 HE A% G i 12 Bt 175 7K Ak Bl 1) A ) s S B
TG AKREA AT T R4 o 115 Kb B hy P
fil AL 125, IS KA 3 000 mY/d, A=
Yy AR AS () SR S T AE Y . ek
A 100 m)FIEE T TCH KUal 100 m), 38 5 44
FRNF TP R AR LA 28.3 L/min A9 3£

FE AR e B (FE R T 1.5 m)ibf R EE, R
FEBFIE] 3 min, URAEEIACH B FRBUREE R, R
BEJGHE 37 °CHE 3% 48 h G118 F - REESEE
SRAE 3 U SRATIAIA], (o P I 8 00 30 R
FIXHBEE, Z5RME 1 fin. KIBFFE ATCC
25922 3k H & [ B A O O o
1.2 EFEMEERF . U
BRI FR AL . Z YL IRIL  MHA K
FiHE . MHB B35 5L R0 =Wk B 3 0L, 75 819
Y ARERRAF . AR, WS
WABRA W . 415 DNA $RBGRH &, 4 T4
TR A R/ ; FastDNA®13E DNA
PBGAF £, MP Biomedicals /A1), 22 {48 /\
P SR Y RFESR B M R E R R AR
BRAHE S TR ET, BT
ARAF; BorNREEH, SENEHUES

*1 REHENSKEH

Table 1 Meteorological condition during sampling
period
= PRI R ATV i
Season Sampling point Temperature Relative
(°C) humidity
(%)

(= Jt1"] North gate 25.5 22.0
Spring A=W 20.0 27.6

Biochemical tank

17 South gate 23.6 24.0
S Jk1"] North gate 31.0 55.8
Summer A ¥t 33.1 53.3

Biochemical tank

B4 1] South gate 39.8 46.8
&S Jt17 North gate 14.8 67.0
Autumn A9t 16.2 54.3

Biochemical tank

R0 South gate 24.7 30.3
X7 4607 North gate 8.8 27.1
Winter Ay 8.5 71.0

Biochemical tank

1] South gate 14.7 27.3
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FR 2y ] ; WaferGen SmartChip Real-Time PCR &
S5 FNGN T 2K AR, WaferGen Biosystems
YA
1.3 WEMKEITE

LAEAR NP2 A YR AT A )R
AR RN R 8 BT B, 43R 5.8-9.0.
47-5.8, 3347, 2.1-33. 1.1-2.1, 0.65-1.10,
0.43-0.65 F1<0.43 um. X} 1-8 FEAH F A ETR
THEL, 38 3 E e e LA TE V6 0 T v AR A OE
FIAA K ()2 P 4R EE

N x1000
C= 1
F (1)

KD : CHAEYSHREP AR, CFU/M’;
N A &GO F VR R A, CFU; ¢ R RAERT
[, 3 min; F ARAERH, 28.3 L/min,
14 KEBEHENSEMEE

i F T oA KK 80U B BV v i 2% R T
W o N A it s K R AR R e ) e D
FEF RIS IR E, AR5 5 PRk B KT
R BRAS TR VR (OP I R 2L sl 2l (8 . R AL
EHEME LB WindifRikd . S AEIM
LB Wiz 3] =gk gi b, a2
WO HANR A, B KT IR o R A7 SE L
KT T R AR I FH 40 18 DNA $2 GG & 25U
FRIEEIN 4] DNA. KA 16S rRNA JE[K#E F 514
27F (5'-TACGGYTACCTTGTTACGACTT-3")#I
1492R (5-TACGGYTACCTTGTTACGACTT-3")
PEATY S . PCR WA FR (25 uL): 2xTag PCR
Master Mix 12.5 pL, . FiE5[#(10 pmol/L)
& 1 uL, ddH,O 8.5 uL, DNA #i#z 2 uL, PCR
FU 451 :94 °C 5 min; 94 °C 45s, 55°C45s,
72°C90's, 30 MEFF; 72 °C 7 min, B PCR ¥
B ITE 1% R REEE R th vk, PR ik
2ATAY TR RGARAWT . 76
NCBI 4l e Hef il iy 25 538 8 BLAST i#F47
XF, %R AKBIFE

1.5 KEBHEZDERE

4 ODeoo M 0.1 B KIHFF R FW LA 1:1 000
) B 5 MHB 8577 36084, B 200 pL iR AT
HAAE MHA it b JEET 525 11 Fle
ARG, KA T MHA 15 5F
JEE, & 37 °CHi3% 24 h I ESMERE
o LRIAAFE ATCC 25922 MFHEE, 458
2 HR 52 [ 1 DR 512 36 =5 b v A6 B2 1 14 24 ik
I PATRRUE R N, 25 2 A U (susceptible,
S). H4(intermediate, I)FITif 24 (resistant, R).
1.6 o ERA 25 E R E M

K I PCR J7 ¥ X KM 18 43 8 vk v 75 K2
27 FivE ULIR) ARG 1 3 Rl # shigtf& e (mobile
genetic element, MGE)#EA 7RI, 519141 1nk 2
fii7n . VL 1.4 32 B 40 R DNA i 47 PCR
P18, PCR FLW A Z (25 ul): 2xTaq PCR Plus
Master Mix 12.5 pL, 1E. K [5[#(10 pmol/L)
% 1 uL, ddH,O 8.5 puL Fil DNA ##j 2 uL. PCR
FN %A 94 °C 5 min; 94°C 45s, Bk 45,
B JGREWER 2 iR, 72°C90s, 30 MG,
72 °C 7 min, B YIEEAT 1% R BEEE AL
HLUK, MBI TA HbR A o
1.7 WHERNEERN

K FH B 2¢O € /& PCR (high-throughput
quantitative PCR, HT-qPCR) J7 X%} | XU a] 25
s S A Kk ARG/MGE 5
HEATASIN , SRR T 7S K2 17 Flr ARG (WUFFE
% tetG-01. tetG-02 Fil tetl-02; B-Po k2% .
blapao; FRFFHEEZ: ermB., ermC. ermF Fl ermX;
SAAWETTZ : aadA-01, aadA-02, aadAl ., aadA2-03
1 strB; %25 . dhps. sull Fl sul2; WEigk .
parC)Fl 3 fff MGE (tnpA-04. tnpA-05 Al intl1),
{6 JH] FastDNA® 133 DNA $£ BG5S 4R BUkE A
DNA, F|fH WaferGen SmartChip Real-Time PCR
Z5:%F ARG/MGE #17 HT-qPCR Kl .
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#*2 ARG/MGE 3|¥IF5I K4 850
Table 2 Primer sequences and amplification condition of ARG/MGE

AR ML fiif 245 & A 519751 1B Kl HE
Type of antibiotic  Antibiotic resistance gene Primer sequence (5'—3") Annealing temperature (°C)
IR R tetA F: GCCTCCTGCGCGATCTGG 53
Tetracyclines R: CGAAGCAAGCAGGACCATG
tetB F: TTGGTTAGGGGCAAGTTTTG 42
R: GTAATGGGCCAATAACACCG
tetO F: AACTTAGGCATTCTGGCTCAC 52
R: TCCCACTGTTCCATATCGTCA
tetM F: GTGTGACGAACTTTACCGAA 50
R: GCTTTGTATCTCCAAGAACAC
tetw F: GAGAGCCTGCTATATGCCAGC 52
R: GGGCGTATCCACAATGTTAAC
tetQ F: TTATACTTCCTCCGGCATCG 52
R: ATCGGTTCGAGAATGTCCAC
Ttk e 2t dhps F: ATGAAACTTTTTGCCCAGGG 49
Sulfonamides R: TTACTCATAGCGTTTGTTTTCC
sul2 F: CATCATTTTCGGCATCGTC 49
R: TCTTGCGGTTTCTTTCAGC
sull F: GTGACGGTGTTCGGCATTCT 54
R: TCCGAGAAGGTGATTGCGCT
P[RS mefA F: AGTATCATTAATCACTAGTGC 42
Macrolides R: TTCTTCTGGTACTAAAAGT
ermB F: GAAAAGGATCTCAACCAAATA 46
R: AGTAACGGTACTTAAATTGTTT
ermA F: TCTAAAAAGCATGTAAAAGAA 52
R: CTTCGATAGTTTATTAATATTAGT
Wi A 244 gnrA F: TCAGCAAGAGGATTTCTCA 47
Quinolones R: GGCAGCACTATTACTCCCA
gnrB F: CCTGAGCGGCACTGAATTTAT 52
R: GTTTGCTGCTCGCCAGTCGA
gnrS F: ACATAAAGACTTAAGTGATC 44
R: CAATTAGTCAGGATAAAC
gyrA F: ATGCGCGGAGTTGTTGAGGTAGAA 57
R: CAGGCCGCGCAGAATGTGG
parC F: GGGGGCGACCGTAGAGCATA 52
R: CAGGGCGCAGTTTGATTTTG
aac(3)-1la F: TTTAGCGGCGCACCCAACAGC 57
R: GCATACGCGGAAGGCAATAACG
aac(6)-1b-cr F: CAGCTCTAGAATTTTTAAGCGTGCAT 55
R: ATATGCGAATTCTTAGGCATCACTGC
B- N kI 2t blaoxa F: ATTAAGCCCTTTACCAAACCA 48
Beta-lactamines R: AAGGGTTGGGCGATTTTGCCA
blasnv F: TGTATTATCTCCCTGTTAGC 48
R: TTAGCGTTGCCAGTGCTC
blarem F: GAGTATTCAACATTTTCGT 42
R: ACCAATGCTTAATCAGTGA
blactx-m F: TTTGCGATGTGCAGTACCAGTAA 53

R: CGATATCGTTGGTGGTGCCATA

(550
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(B 2)
ARG LIS T 245 3 [ 191741 1B Kl HE
Type of antibiotic Antibiotic resistance gene Primer sequence (5'—3") Annealing temperature (°C)
e YN aadAl F: TATCAGAGGTAGTTGGCGTCAT 55
Aminoglycosides R: GCGAGTTCCATAGCGTTAAGG
aph(3)-la F: ATGGGCTCGCGATAATGTC 51
R: CTCACCGAGGCAGTTCCAT
aac(6)-1b F: ATGACCTTGCGATGCTCTATGA 56
R: GTACACGGCTGGACCATCTG
aph(3)-lla F: GGGCGCCCGGTTCTTTTTG 55
R: ACACCCAGCCGGCCACAGTCG
MGE intl1 F: ACATGTGATGGCGACGCACGA 54
R: ATTTCTGTCCTGGCTGGCGA
intl2 F: CACGGATATGCGACAAAAAGGT 53
R: GTAGCAAACGAGTGACGAAATG
intl3 F: AGTGGGTGGCGAATGAGTG 52

R: TGTTCTTGTATCGGCAGGTG

R 21 B, HFE 17 455 ARG 5]
Vi, 345X MGE 1951 %10 1 4051 %F 16S rRNA
EE5Y, 51k 3 i, S451Y
By —L=0y, I E — DR IR il
FRAN TG A G A O PCR SOW TR G A
LS b, RS 25T qPCR J2 ). HT-gPCR
F W A& Z (100 nL): 2xLightCycler 480 SYBR
Green [ Master Mix 50 nL, DNA fﬁ*}i(Z ng/uL)
20 nL, A IMF 0.1 mg/mL) 1 nL, 1F. S
514(500 nmol/L)4% 5 nL, LI BR A% /K 19 nL.
HT-qPCR JJvj 251 95 °C 10 min; 95°C 30s,
60 °C 30 s, f¥ 40 K, & T A shA
Yafith2k ., ] SmartChip qPCR % f(2.7.0.1
IR Hr qPCR 255 . AHXTHE DU Ouyang
SAUEEAR AR ITE, ARG AR XS 32 B Fie f 4
ARG W#8 DU SR SR Y 16S rRNA JEK 45
Nz T
1.8 ARG/MGE RiERHEXxM S
K15 KRN b XU PR 25 SR A it A
S EH ARG/MGE BT TR . R R A
4.3.2 H1 SourceTracker #4512} B Bg 4 Wi

2SS ARG/MGE WRIEHETT /08T, 5% EX
], R B 75 7K B L Ath 78 A A YR 6 A= 3t 2 A<
ARG/MGE otk b, KA Spearman #HIC1HE
ST ARG/MGE 2[RRI &, FIFH R &
F 4.3.2 220 F 5 KA MEIA
1.9 X
1.9.1 ZEMEZRMWMAMER

Z & P 4 K T 25 P (multiple  antibiotic
resistance, MAR)$8 5] T 1FAk 20 141 43 55 4k X
ZRHAE R T 25K, DA HOR A A K
W P AE RIS YRR, HA R A

A
nx B @)

KT ARREE S A BT HA 2 A i 25 5k
ZH, N ORRAEE S B B R AT TR R AR
B MR INHIA: 2= % . 2 MAR #544<0.2 i,
X 72 BHRAE s gpT AR 275 Y R0 A XURS 1K
i MAR $5%50>0.2 BF, JIBIA N AR SR TE
e fa b AR R IR
1.9.2 MERFHEFE

[ ARG FE@E PP AR, R4
5 [E AR PR AL A 2 AR A AU LS I A i

MAR=
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Table 3 Primer sequences used for amplification

HEEERN 55l

Target gene Primer sequence (5'—3")

16S rRNA  F: GGGTTGCGCTCGTTGC
R: ATGGYTGTCGTCAGCTCGTG

aadA-01 F: GTTGTGCACGACGACATCATT
R: GGCTCGAAGATACCTGCAAGAA
aadA-02 F: CGAGATTCTCCGCGCTGTA

R: GCTGCCATTCTCCAAATTGC
aadAl F: AGCTAAGCGCGAACTGCAAT
R: TGGCTCGAAGATACCTGCAA
F: CAATGACATTCTTGCGGGTATC
R: GACCTACCAAGGCAACGCTATG
strB F: GCTCGGTCGTGAGAACAATCT
R: CAATTTCGGTCGCCTGGTAGT

aadA2-03

tetG-01 F: TCAACCATTGCCGATTCGA

R: TGGCCCGGCAATCATG
tetG-02 F: CATCAGCGCCGGTCTTATG

R: CCCCATGTAGCCGAACCA
tetL-02 F: ATGGTTGTAGTTGCGCGCTATAT

R: ATCGCTGGACCGACTCCTT
blarao F: CGCCGTACAACCGGTGAT

R: GAAGTAATGCGGTTCTCCTTTCA
sull F: CAGCGCTATGCGCTCAAG

R: ATCCCGCTGCGCTGAGT
sul2 F: TCATCTGCCAAACTCGTCGTTA

R: GTCAAAGAACGCCGCAATGT
dhps F: ATGAAACTTTTTGCCCAGGG

R: TTACTCATAGCGTTTGTTTTCC
ermB F: TAAAGGGCATTTAACGACGAAACT

R: TTTATACCTCTGTTTGTTAGGGAATTGAA
ermC F: TTTGAAATCGGCTCAGGAAAA

R: ATGGTCTATTTCAATGGCAGTTACG
ermF F: CAGCTTTGGTTGAACATTTACGAA

R: AAATTCCTAAAATCACAACCGACAA
ermx F: GCTCAGTGGTCCCCATGGT

R: ATCCCCCCGTCAACGTTT
parC F: GGGGGCGACCGTAGAGCATA

R: CAGGGCGCAGTTTGATTTTG
tnpA-04 F: CCGATCACGGAAAGCTCAAG

R: GGCTCGCATGACTTCGAATC
tnpA-05 F: GCCGCACTGTCGATTTTTATC

R: GCGGGATCTGCCACTTCTT
intl1 F: ACATGTGATGGCGACGCACGA
R: ATTTCTGTCCTGGCTGGCGA

Rk AEREIK 3542 ARG W) H 288, iT5E
/g Wy {1
CXIR XEFXET

ADD= (3)
BW x AT

K)H: HV-I 2 FE i (average daily exposure
dose, ADD) NI RIS, copies/(d-kg);
c a3 ARG/MGE ¥, copies/m®; IR 2}
BNFIRHE S, 15.7 m*/d"®); BF S AR 2 2
WA, 250 dAENT BT N REEAEIR, 25 47
BW WM AT, 60.6 kgl'; AT Jy ¥ i,
74.8x365 d'°,

2 ERE54M

2.1 E£YRBERRE KRR D HYFE
WEN IR, BEBETE KA A Y s <
HRAN R R A, A(250+170) CFU/m®; 7
1283 [(113+68) CFU/mM I T F XU, i
W BE Y (M i A0 1(75435) CFUM®, AWt ss
SN TE R B B i [(506+51) CFU/m?],
HWR WHEZE[(283+28) CFU/mM?], & Z= ek
[(4244) CFU/m’]. BT TAEW s e b A i ok

600 North gate
R [ Biochemical tank
£ 500 South gate
=)
s
S 1 I
100

Bacterial

I

Spring Summer

71N

Winter

Bl1 ARFEHIRBELEVNSERTERRE
Figure 1 Bacterial concentrations in bioaerosols
at each sampling point in different seasons.
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JE B2 A ARHE S AR i AR AL, #ORAE R 2
T, AT ER.

A= )R I R AR At R e HAE s rp
15 P B[] S L AR E R, A 2
Jiean, AR s S AR O R AR o R R
F)JE<0.43 um, (7R 20.15%, TMirg. dbi 140
PR ISR AR | B e R 43 )02 2.1-3.3 pum
(31.30%) A1 5.8-9.0 pm (32.50%), EHAE£<2.1 pm
P RO ) AT R It f S TS AR SR B
F£<2.1 pm HYFURI I HLE R/ VRiAE . VRS 20
TR TS 1 43 A1 1 0 A 03t (47.06%)> b T
(30.38%)>Fd [ 1(29.62%) . 4 IF I I ki 42 43
ATFEZE AR, A s b/ INREAR 4 TR I
i R AT 5(67.31%), HR W E Z5(55.87%),
¥ TR 25w AU T T AL /IR AR 4 T R RS o
b5 T = A SR s s S/ VR AR 2 T R I

FEAE BRI 2B 0T
5.8-9.0 um 4.7-5.8 pm 3.3-4.7 um
2.1-3.3 um 1.1-2.1 pm 0.65-1.1 pm

0.43-0.65 ym 7 <0.43 pm

100
80 -
60 F
401

20

Percentage of bacterial particle size (%)

South gate

North gate
Biochemical tank

North gate —

Biochemical tank
South gate | 7]

South gate

South gate
North gate [ ]

North gate
Biochemical tank

[
Biochemical tank

Spring Summer Autumn Winter
2 BERELSAESBRIAE S HEHE

Figure 2 Particle size distribution characteristics
of bacterial aerosols at each sampling point.

22 KBFEWIERWAE
22,1 THZFM

Hapeg ey 7 soRWAFR, Hh A
KRB 4 BE, AR AR s
B 3Bk, AR ARG E B KBTI,
ORI ZE R IR 40 WIS R S
KXt 3 2% 5 FhbiE Z Ptk T2k R
9 21.21%, V57K 53 B AR 3R X 2 28 4 A2y
Y bi gy, mi2gk RN 31.82%, Hh &
T3 8 e 7K AT Bk h O R A o A3 B Y
7 BRRIGFFRXT B- PN e 2 A Sk A VG T I i
5 BT 24 2R (85.71%) fie e, HLURR DU FR KK
[ VU B 25 (71.43%) Fl 2 P9 31 % (42.86%), FT A
Gy BRI . SRS, LR B-N
Pk e 25 1) Sk Ao mE 2 i m 55 6 Fh 25 Bt
B 25380 0, A=) I o3 BS MR AE K 2= it 471
AR MR IR 2 (4 B, HoA =R KO8 F &
Q FN>EZ=(1 Fl; H . HFI5 K0 BRI
R 4 B, WK &ZET5KAEREYY
fif 3 FhPiAE 2 (3 4).
222 HEEHPIHAEERE

mE 3 R, ARG EvRT MRS ARG
(K 2 0 B (61.22%) , LR B- 1N T K
ARG (50%), it ZR AR = RIFHEEZE ARG
(9.52%). Frfa o kb 40 H parC. blarem
il dhps i% 3 Flt ARG WA, 5 H R K 100%., H
YO gnrA. gnrS Fl o intld, BT TSR
85.71% (6/7). aph(3)-la Fl gnrB iy BHEAS: i %
WH T 50%, 53502 71.34%FH1 57.14%, i
tetQ il intl2 7E T A 43 g ik vh B R A i

AR IS B kb 2RI E] 16 > ARG
WARIFN 24~ MGE, i parC. gnrA. blargw fll
dhps BRI R K 100%, A [F) 25 i kG 51
() ARG/MGE $ i HE P AR U M Bk ZE (14 Fly>5 2
(9 FIN>FZ=(T Pl 157K G B Rk AL ) 24 F
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Table 4 Antimicrobial susceptibility test results

225 LR 25 AW o1 B R 15K E IR
Drug category Antibacterial Bioaerosol isolate Sewage isolate
drug % Spring X Summer FX Autumn % Spring X Summer £k Autumn 4 Winter
BTN ZPHFE DOX S S R R R S S
Tetracyclines PU¥R 2 TE S S R R R R R
e E ) F#W] SXT S S R S S S S
Sulfonamides
B-INBEHE 2 ATM S S S S S S S
Beta-lactamines  Skffifthiie CAZ S S S S S S S
KAIPET CFX R R S R R R R
W fgEEr IMP R | R R R R R
WV 2 KEFIPR LVX S S S S S S S
Quinolones HRNVPE CIP S S S S S S S
MBI TGC S S S S S S S
(ER S ES PRR#EH GEN S S S S S S S
Aminoglycosides
S: Sensitive; R: Resistance; I: Intermediary.
207 - inl3 aac(3)-lla
. intl? N aac(6')-1b-cr
intll W gnrd
8 i ermB parC
g’in 16 1 ermA gnrB
2 B mefd aph(3)-la
El | dhps B aph(3)-lla
8 12t . sul2 aadAl
& | L] | sull aac(6')-1b
% [ | (. N W bia.,y,, m tetM
2, M = Bl g Zie me
s 8r bla tetd
= [ | i | [ | il
G M blagy, tetQ
S H ] :
5 i m S B0 tetO
~ rA W et
e, H 1 [ [ , &
z | [ |
[ | L
. | —
Sewagel Air Sewage | Air Sewage | Air Sewage
Spring Summer Autumn Winter

3 ERMEMKIBRRSBERPHAEERR B FR

Figure 3 Detection of drug resistance genes in sewage and bioaerosol isolates.

ARG WA 2 4~ MGE, H: aph(3)-la, parC,
qnrS. blarem. dhps il intl1 7275 7K 53 B Ak A
R 100%. FHETAD RIS B, 15K
SRR R B T tetW ., tetB . tetM |
aph(3)-lla. blaoxa. blasuv. sul2, mefA. ermA,

ermB %5 9 B, {H aac(3)-1la RTETT K7 B bk

FRRIN R . V5K o B AR ARSI 2 Y ARG/MGE

BoarErkZE (16 i, AZREAR(13 7).

2.3 FEMISK A AE R M F4FIE
ARG/MGE [ FERHFUE 4 Fin, £

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



146 A

IR R Microbiol. China

WY P ARG/MGE R4 % 32 78 ANl
ZEAKRIR N . & (26.16 copies/m’)>FH &
(22.16 copies/m*)>X Z%(10.93 copies/m*)>Fk 7
(0.01 copies/m®), ¥J{H Ky 14.82 copies/m®, =T
XU ER % 45 K0(0.51 copies/m®), MGE TE4: 9
Moz P T o B 9 (39.04%) , L4 X 2 )
¥IE R 4.29 copies/m’®, HUJEEILWETT 2 ARG
(26.79%)FI KA EEZE ARG (18.85%), HZE/E
Prith 2= S ALA I ] 9 #h ARG/MGE WY, JHorp

intll A3 A = (9.95 copies/m®), HIK A ermX
(4.30 copies/m’) il tetL-02 (3.51 copies/m’), B &4
Yz A E] 9 FpE A, Hi tnpA-05
H1 dhps (3% wEd s, 0 318 4.05 copies/m® I
3.64 copies/m’, FxZHWpithas S ARG/MGE )
WA, B 4 Fl, intl 1 78 B 2 A4 7
T rp S B 1(0.005  copies/m®), ZZEA WA <,
HH RGNS ) ARG/MGE WA= (10 i),
o strB 1 s, &k 25.90 copies/m’,

tetG-01
tetG-02
| tetl-02
aadA-01
aadA-02 1
aadAl 0
aadA2-03

strB

R W B W

parC

blay,
sull
sul?
dhps

ermB

ermC

ermF

ermX
tnpA-04
tnpA-05
intl1

SA  SE

SsWw MA ME MW AA AE AW WA WE WW

4 SKMEMS[BERELD ARG/MGE FEHRE SA. MA, AAFIWASINE . 2. B &
FHEYIA; SE. ME, AE il WE 2310 %&F . 2. Bk, AF EREHIESS; SW, MW, AW Fl
WW sl % B, B ZZEbIE K,

Figure 4 Heatmap of ARG/MGE abundance in sewage and bioaerosol samples. SA, MA, AA and WA are
spring, summer, autumn and winter biochemical tank air; SE, ME, AE and WE are spring, summer, autumn

and winter upwind ambient air; SW, MW, AW and WW are spring, summer, autumn and winter biochemical
tank sewage, respectively.
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15K ARG/MGE 9% & Bl 2= 5 (1) 28 1k
Mg/, HERME ARG/MGE X} &
&, N 67 577.62 copies/mL, HAZEF{kik
5 055.29, 136.73 Fl 72.50 copies/mL, MGE
(42.18%) M2 HBEIF X ARG (37.96%)7ET5 7K
WO B e, A X S R S 4 0 R
8 608.47 copies/mL Fil 7 103.37 copies/mL, #Z&
157K H ARG/MGE [ RIFPR i 22 (19 Flry, gk
R B B RP S d D (3 R . MK
5K i) ARG/MGE 433l/& tnpA-04
(22 158.68 copies/mL)Hl strB (59.49 copies/mL),
tnpA-05 7EH FE A FG KPS EREK, 555
A1 272.90 copies/mL F1 37.42 copies/mL.
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Figure 5 Heatmap of ARG/MGE correlation. *: P<0.05; **: P<0.01; ***: P<0.001.
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ZEG KR A it A Y < S ARG/MGE. 19 51
BRER R, N 35%; HERFEMEZE, 15Kz
SH ARG/MGE 5Tk 535118 3% 1%,
2.5 EYIRARW XK

R 5 Frn, A RS B4y B AR
MAR 8575 4 0.091-0.364, HI{E N 0.21, Fk

Sewage [[] Upwind B Unknown

100— H |

Spring Summer Autumn Winter

50

Percent (%)

El6 ATRZFTHEMMTSF ARG/MGE KRR
Figure 6 Sources of ARG/MGE from biochemical
tank in different seasons.

x5 EYNHHEEST SN MAR ERRSEH
ARG/MGE REFI=

Table 5 MAR index of bacterial isolates and
exposure dose to airborne ARG/MGE from the
biochemical tanks
et MAR F5%

H 2 55 7

Season  MAR index Daily exposure dose
(copies/(d-kg))

EYRE 1K 22X/ R R W ol W
OB RR BkR Biochemical %375,
Bioaerosol Sewage tank air Upwind
isolate isolate air

HE 0.182 0.364 1.314 0.034

Spring

S 0.091 0.364 0.648 0.060

Summer

*ZE 0.364 0.273 0.001 0.011

Autumn

ESES - 0.273 1.552 0.016

Winter

YR IR B R MAR $5 50 0.364
(>0.2), XEHRE KLY P hid KI5
KOPH S, ATRER TS EM M fa A R R
R F YR, 15K BRI MAR 55034
Eh 032, TERTAZEHRT 0.2, HMBERTS
KAk B A it s K b AR RIS Y, &t
B, R T A A ARG/MGE Y H 7 5%
R Y{E N 0.88 copies/(d-kg), T ERXUAS
0.03 copies/(d-kg). A= ¥l ¥i5Eh ARG/MGE i)
H 25 M S A4 , N 1.552 copies/(d'kg),
FoMhZE R B> >
3 it
3.0 EYISRBERSHEREHMER
Uhrbrand 25825 & 30 PR32 5 = i 15 7K b B
VA S AN Rl 24-271 CFU/mPY), X5
ARG A TR S ISR & AL . Bt s R
H 2 BR i TR AR, SRR A s
JK HR /N AR B A R A v AT i K TR
SRR BRI 25 <, A I A=
FERE T 5 IR B AR B ARG, 3 H A
S AEAE IR BE AR EE 43 ) 27.6-40.1 °CHI
37.8%574%", A5 EZRE R S(35.5 °0),
AR TFRER AR Y H 1 H 0
R, AR AT AR AR Y S SRR 2
JEIR T2 S RIBET, TR s S AN
W . AR RAL, WMAEYIE AR,
PET P A TS SN R . MR TR
I, AYrtas S/ NRAR AN & bR, X e
DR A 200 T A0 JE R A2 43 A T B2 2 21 TR i 256
RGN A5 YR 22 5 B P2 5K IS
VERI T RERS In T A9t 2s S/ INREAR AN BT 5 L
Wang S&[a)FE & BT TS K ) A it < I
HaINRLAR A B I i E R 5 (53.7%) 0 /NERL
WAl e s SRRV E VR, 5 UURLE R RS 4N
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TAE MM, BT ARG BY/INRAR R
VS e T e A A ft B s B P ER AL, L
o A A it A A T P A A AU
3.2 ARG/MGE RO 7Z451F

Ginn SFPIEEN LR KT /KB B2 S AR 2]
ARG M} 6.9x10'-5.2x10° copies/m*, Sun
S LTRGBS VE AN R V5 K T K
ARG [HHSETEH N 6.57%10*1.12x10° copies/mL.
AW BE B A= Wit B 55 ARG/MGE & JERSGIE T
JERTIESE , X AT RESE PR N A [T K R A B B (1)
PUAERKBMERAAES, MAERNEAES
AT 2508 . ARG 7=, dEmi g 38 o
ARG/MGE I

P g A Uit BRI ARG/MGE 2881 5 26 Hif
WFFERIAL, KIFPERHTAE 2 (8%) M bl
TRBUER (7%) FEERE 2 P B &7, B B
A=W R rh LRI A S LU IR DG ARG, L
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ML # ARG, 1fij ermX. ermB. ermC. ermF H
strB TEA Wt s KPR H L. BR BE G K AR FR
i parC. blargm A1 dhps 76 T KT E 5
BRR TR R 100%, HIYKE gnrA. gqnrS
Alintll (85.71%), X —&45HAE—EFERE I I i
T BEBETs /KRN 25 R 1T 251500 . Rowe Z58I7E R
B it Py s B = R B-N S ARG,
T 24 F 6 4 SR s B B A it 3R B b R
PRI B- PN o R S b A= 2R Sk AP T R0 e 355 e 1Y)
Mif 25 % vy, HROEUIREIRPIAE R B-mE
WEASPUAE R P IE 5 A Ko s = IR 2%
PFERETR , K] - BRSP4 R T4
X 86 2% F B0 R A TR 25K S, R o
B-INTBERE S ARG M5 YR+ B2, weids
25 25 ) 2 PR B IR I R A, &R
FEIR IR A AP, Kumar SEPO7EHT B> REEBETs
KA F] T aac-(6)-1b-cr . gnrB. gnrSHl parC

4 LR RVETL S ARG, X LM ARG TEEERE
AWt AR RS R B R A K . ARG
(A7 2 7 SRS TR X s 5 i 28 25 90 7 1 Tif 2
PERT R 2 B0 Hh o3 B TR AR A2 SR B
NNV RE LY I 2y, X AT RE A R R 4
PR RS ARG Fib AL . TR EF
T ARG JK VRS R AW A i 25 R Y
BLRARPA ) ARSI ZE N A Y A ] Y
R T intl LAAETE, T H BT B 43 3 ik
intl L ARG R A 85.71%, AHICIELESREH, intll
5 ermB Fl ermX “FEEAFTEIEANSC, intll AE R 4t
PEAG 3G 0 A% 0 f e, L AE (B I 0K 3% 75 0 1
T, (e ARG & R R 2y iR, N it
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3.3 ARG/MGE R85 X & = Ha
Korzeniewska 25BN B2 B i 7K ) i3E 7K
WE i fahiAd R REIR, H MAR 550k
0.50. Zhang ZFEPSViR5Y R BATTBOG K BT &
oA XS MAR 8808 0.19. A5 EERE
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