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Abstract: Microorganisms in the environment as well as on the surface of slaughtering equipment play a significant role
in microbial cross-contamination during chicken processing in slaughterhouses. The aim of this study was to investigate
the microbial community structure and antibiotic resistance genes in the water as well as on the ground and slaughtering
equipment of a slaughterhouse. Moreover, Escherichia coli were isolated for drug resistance evaluation and genomic typing
by enterobacterial repetitive intergenic consensus polymerase chain reaction (ERIC-PCR). Water was sampled from the
hanging, slaughtering, scalding and dehairng, evisceration, pre-cooling, packaging, refrigeration and viscus storage sections
and bacterial samples were collected from the ground of each section and the surface of slaughtering equipment using sterile
gauze swab. The microbial community structure was analyzed by high-throughput 16S rRNA V3-V4 gene sequencing on
[llumina Hiseq, and the total bacteria and E. coli isolated were evaluated for resistance genes to 9 classes of 24 antiobiotics
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by PCR. The results showed that Proteobacteria, Firmicutes, and Actinobacteria were the predominant phyla in all the
slaughterhouse samples and the dominant genera were spoilage and pathogenic Acinetobacter, Streptococcus, Psychrobacter
and Pseudomonas. A total of 21 drug resistance genes were detected in these samples, and the prevalence of sull, sulll,
blaTEM, aadAl, floR, tetA, ereA and gnrS was more than 88.9%, which did not coincide with that in the £. coli isolates.
This indicates that there may be some other strains carrying drug resistance genes and the multiple drug resistance of the E.
coli isolates is serious. ERIC-PCR genotyping results showed that £. coli can be cloned and propagated along the slaughter

production chain. This study will lay the theoretical foundation for exploring the relationship between microorganisms in the
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slaughterhouse environment and the contaminant microorganisms in chicken.
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Table1l PCR primers used in this study
H IR SR (53 PP bp S 3k
sull F: TCACCGAGGACTCCTTCTTC 131 ‘]
R: CAGTCCGCCTCAGCAATATC
sulll F: CCTGTTTCGTCCGACACAGA 15 ‘]
R: GAAGCGCAGCCGCAATTCAT
y F: TTCAGCAAGAGGATTTCTCA 500 s
qn. R: GGCAGCACTATTACTCCCAA Bl
B F: TTCTCCCCCGGCGGGAAGTAC s (6]
P R: CTCGGCCATTTTGGCGCGTA
D F: TTACGGGGAATAGAGTTA 168 ol
q R: AATCAGCCAAAGACCAAT
S F: ACATAAAGACTTAAGTGAC 619 51
q R: CAATTAGTCAGGATAAAC
oo F: CCAGCTCGGCAACTTGATAC 570 8]
qep R: ATGCTCGCCTTCCAGAAAA
R F: AACCCGCCCTCTGGATCAAGTCAA sus o]
R: CAAATCACGGGCCACGCTGTATC
emld F: CGCCACGGTGTTGTTGTTAT S04 “l
R: GCGACCTGCGTAAATGTCAC
ored F: AACACCCTGAACCCAAGGGACG 90 [10]

R: CTTCACATCCGGATTCGCTCGA

g3l

H IR SIMTA (53 P E bp B30k

F: GAAAAGGTACTCAACCAAATA

ermB . AGTAACGGTACTTAAATTGTTTAC 639 (10]
et F: AGTATCATTAATCACTAGTGC " o)
R: TTCTTCTGGTACTAAAAGTGG
F: AACCGTCACGCTGTTGTTAG
blaCTXM @ TTGAGGCTGGGTGAAGTAAG 766 4l
F: TCGCCGCATACACTATTCTCAGAATGA
blaTEM " ¢ .~ ACGCTCACCGGCTCCAGATTTAT 445 (1
o F: TTGCGGGATATCGTCCATTC . y
¢ R: CATGCCAACCCGTTCCATGT 4
F: CCCAGTGCTGTTGTTGTCAT
tetB R: CCACCACCAGCCAATAAAAT 73 4l
F: TCGATAGGAACAGCAGTA
tetk R: CCGCAGATCCTACTCCTT 169 (12]
" F: GCGCCTTTCCTTTGGGTTCT . "
R: CCACCCGTTCCACGTTGTTA
y F: AAAATCGATGGTAAAGGTTGGC . 3
mec. R: AGTTCTGCAGTACCGGATTTGC [13]
¢ F: GAAAAAAAGGCTTAGAACGCCTC g 5
mec R: GAAGATCTTTTCCGTTTTCAGC [13]
F. TATCCAGCTAAGCGCGAAC
aadAl R: ATTTGCCGACTACCTTGGT 47 (14]
y F: AGTTTTCCTCATTCGCGACCA - s
pmr R: TACCAGGCTGCGGATGATATTCT (1]
s F: GGATGGCCTGATGTGACGCTGTC | 4 s
pmr R: GCGCGGCTTTGGCTATATGCTG [13]
o F: TAAGAAGTAATAATGAGC Sig 61
: R: TATAGAAAGTCTACGAGG
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TEH; BJE72 CHEMS min, HXPCRY 74 56 %14
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CrossCheck #5144 B J 1 pi — 33k 1 B 81 (1040 B T U S N
NTSYS-pe 2. 10844, $4 AR IR AR itk 47 2%
ST, L KA RS S R I FUAHALEE K T-0.8%
F— A, AR TR E L BIE R %K R,
ARER A TR0, NT0.8% NN [E 3 K A,
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Fig. 1  Rarefaction curves of each sample
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Table2 Overview of sequencing results of each sample

FERAHR JPHIAE MR ShannonfR4 SimpsontfAl Cheolf¥l  ACESREL B AL
WH 6112 1050 7.368 0.984 1133.506  1155.664 0.996
WS 2439 1074 7704 0.986 1162219 1171672 0.996
WD 3506 1110 7.532 0.976 1199.553 1238928 0.995
WE 3381 1072 1.578 0.982 1166.898  1195.391 0.996
WPr 5902 805 5518 0.875 919.920 936.492 0.996
WPa 8046 934 6.967 0977 1042.851  1058.797 0.996

wC 6241 655 6.067 0.967 740574 T78.949 0.99
wv 4686 860 6.832 0.964 992167 1004206 0995
WSeM 5028 1026 7.068 0.969 1170797 1176330 0995

WPM 5089 854 5998 0.930 973.984 977481 0.99
SHH 2221 972 6.752 0957 1092312 1116635 0995
SHE 3726 87 5214 0.864 900.757  951.843 0.995
SHPr 2908 916 6.675 0.967 1511123 1288728 0992
SDS 1546 760 499 0.890 887.124  890.514 0.99
SPM 613 272 4.044 0.884 316.688  339.629 0.998
SPcB 6526 1011 7122 0980 1130429 1173.025 0995
SPcT 6767 973 6.769 0.961 112739 1138915 0.995
SVT 5737 806 6913 0977 891.162  898.002 0997
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FEan R T E . 1 — {8 Chaol#5 4. ACE45%k.
Shannon¥5 £ X Simpson# 5 $O6] 1 4% Py 48 B B V& 16 = 5 FE
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22 RESEIXHKAR . TR SE 2R 4 B B R 4
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Fig.2  Top 10 phyla (A) and genera (B) in each sample
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(at the genus level)
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Fig.5 PCR results of drug resistance genes of bacteria existing in

water samples, on the ground and on surface of slaughtering equipment
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Table3  Drug susceptibility of Escherichia coli
e i fiif 24 TR EL M 252%1%
I NP (AMP) 11 64.71
I .
T Wﬁﬁﬂ(AMm 1 5.88
WRFLFEHR (PIP) 0 0
Skl (CEFA) 5 29.41
SkAPE T (CEFO) 1 5.88
N 1T
L sLitdh#s (CEFT) 5 29.41
SkfLfi5 (CEFE) 1 5.88
Jefti5R (ERT) 0 0
PRI A (IMD 3 17.65
FkRE (AMD 1 5.88
AEREER  PRREFR (GEN) 2 11.76
AT Z (TOB) 2 11.76
W KWW E (CIP) 3 17.65
LTS EAFRWE (LEV) 3 17.65
HE B Bz (TIG) 0
U2y T4 (NIT) 0
Tl flie 24 S5 (TRD 6 35.29
4 KpitHENL ERZGEITER
Table4 Multi-drug resistance of Escherichia coli
B EE RS Wl
3529
AMP 11.76
AMP+TRI 17.65
AMP+CIP+TRI 588

AMP+CEFA+CEFT+IMI+TRI
AMP+CEFA+CEFT+IMI+GEM-+TRI
AMP+CEFA +CEFT+IMI+TOB+CIP+LEV+TRI
AMP+CEFA+CEFT-+CEFE+IMI+GEN+LEV+CIP4TRI
10 AMP+AMO+CEFA+CEFO+CEFT+AMI+GEN+TOB+CIP+LEV
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Fig. 6  Multi-drug resistance of Escherichia coli
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Fig.7  Drug resistance genes of Escherichia coli
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Fig.8  Phylogenetic tree of Escherichia coli in slaughterhouse samples
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