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家畜由来薬剤耐性菌の
⽔圏・⼟壌環境を介した

野菜汚染及びヒトへの伝播に関する研究



本⽇の話題
• 動物由来薬剤耐性菌の⾷品を介した伝播

• 耐性菌が野菜へ伝播する量の解明

• ⼟壌に分布する耐性菌が野菜へ伝播するかの解明

• 動物-環境-野菜-ヒトでの耐性遺伝⼦伝播の可能性
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抗菌薬とは︖

ただし、ウイルスには無効
細菌を壊したり、増えることを防ぐ薬



耐性菌とは︖

抗菌薬があっても増殖をするようになった細菌



(Anderson and Hughes, 2014)

One Health

抗菌薬は、ヒトの医療だけでなく
他のフィールドでも使⽤
耐性菌がヒトへ伝播する可能性が懸念

ヒト 動物

環境



抗菌薬の販売量(2011年）

ヒト⽤医薬品

飼料添加物

動物⽤医薬品

農薬

578t
(33%)

234t
(13%)

787t
(45%)

148t
(9%)

平成28年度感染症危機管理研修会資料を改変

総計 1,747ｔ

ヒト医療上重要な抗菌薬の使⽤割合は少ないが
動物への使⽤量がヒトよりも多い



動物由来細菌のヒトへの伝播

(Anderson and Hughes, 2014)

ヒト 動物

環境
⾷品を介した伝播が想定



市販⾁からの⼤腸菌、腸球菌分離率

平成18年度⾷品安全確保総合調査より

鶏⾁由来⼤腸菌の耐性率
テトラサイクリン, 49%
ストレプトマイシン, 47%
アンピシリン, 42.4%
ワンヘルス動向調査より

⾁の処理⼯程において、
動物由来細菌が⾷⾁を汚染
することがある

*イメージイラスト



野菜・果物の細菌汚染状況
野菜の種類 2016-2018の試験数 ⼤腸菌陽性率(%)
アルファルファ 18 50
カイワレ⼤根 92 9.8
カット野菜 229 8.7
キュウリ 129 7.6
みつば 52 38.5
もやし 63 39.7
レタス 109 9.2
漬物野菜 9 0

市販野菜（厚⽣労働省調査）

野菜の種類 検体数 ⼤腸菌陽性率(%)
レタス 420 3.3
キャベツ 425 0.2
トマト 499 0.6
キュウリ 682 4

収穫直後の野菜（農林⽔産省調査:2007.2008）

国内の野菜も低率ではあるが腸管由来細菌に汚染



野菜の細菌汚染菌量
• レタス、キュウリなどは⼀般⽣菌数、⼤
腸菌群数が多い

1gあたり、1万程度の⼤腸菌群数
＊必ずしも⾷中毒を起こすわけではない
＊⾷中毒を起こすのは、⾷中毒菌が付着
した場合



市販野菜の薬剤耐性菌汚染状況
• 東京都の市販野菜調査
8.3%(29/350)の⽣野菜、5.4%(12/223)の漬物か
らセファロスポリン系耐性⼤腸菌群が分離

（加藤ら, 2016)
• 広島での調査
カルバペネマーゼ産⽣Klebsiella, Acinetobacter属
菌がパセリ、ベビーリーフから分離

(Shimamoto et al., 2021)

市販野菜も、低率であるが薬剤耐性菌に汚染

＊セファロスポリン系抗菌薬、カルバペネム系抗菌薬は、ヒトの医療上、特に重要な抗菌薬



水・土壌・堆肥

野菜を汚染するのは︖︖

農場

野⽣動物

製造⼯程
灌漑⽔



水・土壌・堆肥

野菜を汚染するのは︖︖

農場

野⽣動物

製造⼯程
灌漑⽔

国内の野⽣動物の薬剤耐性率は低い
動物での抗菌薬使⽤量が多い
堆肥に注⽬
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堆肥からの耐性菌/耐性遺伝⼦の検出

15
堆肥中に、耐性菌/耐性遺伝⼦が存在

国内の農場堆肥の現状（野外農場からサンプリング）

Yoshizawa, Usui et al., 2020.



• 家畜由来薬剤耐性菌を含む堆肥は圃場へ散布

• 野菜は⽣で喫⾷することも多く、ヒトへの耐性
菌伝播のリスクが⾼い

16



c. 動物、環境、野菜、ヒトが保有す
る耐性菌の⽐較解析

耐性菌、耐性遺伝⼦を⽐較解析
（薬剤耐性遺伝⼦の性質からヒトや野菜が保有する
耐性遺伝⼦の由来を明らかに︕）

b.⼟壌に分布する薬剤耐性菌が野菜
へ伝播する量および機序の解明

⼟壌および栽培する野菜から耐性菌量を定量
（⼟壌から野菜へどの程度耐性菌が
移⾏するかを明らかにする）

それぞれのステージで耐性菌量を測定
１つの農場内で実施
（薬剤耐性菌量のトレースが可能︕）

a. 農場において家畜由来薬剤耐性菌が
野菜へ伝播する量の解明

酪農学園⼤学附属農場 宮崎⼤学住吉農場

家畜由来薬剤耐性菌の野菜への伝播
に関する定量的リスク評価

分離菌株に対する
包括的なゲノム解析(NGS)

家畜由来薬剤耐性菌が、⽔圏・⼟壌から野菜等を介し
てヒトへ伝播しているか、伝播経路も含めてそのリス
クについて検証
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堆肥の薬剤耐性への影響
• 農林⽔産省の調査より
堆肥使⽤ときゅうりからの⼤腸菌検出に関連

• レタスが保有する耐性遺伝⼦量
Fogler et al. Biological Amendment Affects Vegetable Resistome

FIGURE 5 | Effect of soil amendment on gene copy numbers recovered from lettuce (top) and radish (bottom) surfaces measured by qPCR. Wilcoxon analysis with

Steel-Dwass adjustment were used to determine significance (p < 0.05). Error bars represent 1 standard error from the mean. Letters denote significant differences

between soil amendment type (n = 3, except n = 2 for Radish Antibiotic compost due to lost sample).

relative abundance compared to the chemical fertilizer plots
(p= 0.04; Figure 5).

Network Analysis Comparison of Lettuce
and Radish Resistomes
Network analysis provided insight into potential for co-selection
and horizontal gene transfer in terms of co-occurrence among
ARGs and mobile genetic elements. Overall, 69 plasmid-
associated genes, consisting of 13 unique drug classes, were
observed (Figure 6). mdtB was the most frequent plasmid-
associated gene in the microbial biota, whereas vat(H), a
macrolide-lincosamide-streptogramin (MLS) drug, was the
least frequently plasmid-associated gene in the network. For
both lettuce and radish networks, ARGs corresponding to
triclosan and multi-drug resistance, TriC and mdtB, respectively,
were the most prominent in terms of co-occurrence with
plasmid-associated genes (Figure 6). sul1 and tet(W) genes,
which were found to generally be good indicators of use of
manure or compost amendments according to qPCR, were
not prominent in terms of co-occurrence with other ARGs or
plasmid-associated genes. Each ARG and plasmid interaction

within the vegetable microbiome has been visualized within
Cytoscape v3.7.1 (Shannon et al., 2003) using GeneTools
(scripts can be found at https://github.com/gaarangoa/genomic-
scripts/tree/master/Gene Tools) via Python v3.6.0 to generate
edge and node files from CARD and ACLAME databases
(Supplemental Figure S8).

DISCUSSION

Untreated biological soil amendments including cattle manure
have been identified as significant sources of produce
contamination with enteric disease-causing bacteria [Food
Drug Administration (FDA), 2011]. However, concerns about
spreading antibiotic resistance via vegetable cultivation and
processing are relatively recent. Soil amendments could
influence the bacterial microbiota and resistome associated
with the vegetables through multiple avenues. First, the bacteria
present in the amendments could persist in the soil and
be transferred directly to the vegetables during cultivation
(Rastogi et al., 2012; Leff and Fierer, 2013; Gorni et al., 2015).
However, the rhizosphere and phyllosphere each represent
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堆肥使⽤により、レタスが持
つ耐性遺伝⼦量が多くなる
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Untreated biological soil amendments including cattle manure
have been identified as significant sources of produce
contamination with enteric disease-causing bacteria [Food
Drug Administration (FDA), 2011]. However, concerns about
spreading antibiotic resistance via vegetable cultivation and
processing are relatively recent. Soil amendments could
influence the bacterial microbiota and resistome associated
with the vegetables through multiple avenues. First, the bacteria
present in the amendments could persist in the soil and
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Fogler et al., 2019

家畜糞便
堆肥（抗菌薬使⽤糞便を含む）
抗菌薬不使⽤堆肥
化学肥料



⽜、堆肥、排⽔、畜産廃棄物散布⼟壌、散布⼟壌
で栽培された野菜からサンプリング

耐性菌量、耐性遺伝⼦量、分離細菌の詳細な性状
解析を実施
動物由来薬剤耐性菌/耐性遺伝⼦が、⼟壌/作物ま
で伝播している量を解明

農場からの薬剤耐性菌が
野菜へ伝播する量の解明



定量結果

細菌量

散布直後の⼟壌で、⼤腸菌群の菌数が増える
ただし、しっかり堆肥化されていれば⼤腸菌の伝播はほとんどない

散布後、菌数は徐々に減少
デントコーン にも⼤腸菌群が存在

21

アンピシリン耐性菌量



bla遺伝⼦保有アンピシリン耐性株(NGS解析）

22

家畜由来糞便から⼟壌への耐性遺伝⼦の伝播が⽰唆
（ただし、時間と共に減少し、１週間程度で消失。
また、作物から同⼀の耐性株は、検出されていない）
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A B S T R A C T

The increasing antimicrobial resistance in manure-amended soil can potentially enter food chain, representing
an important vehicle for antibiotic resistance genes (ARGs) transmission into human microbiome. However, the
pathways for transmission of ARGs from soil to plant remain unclear. Here, we explored the impacts of poultry
and cattle manure application on the patterns of resistome in soil and lettuce microbiome including rhizosphere,
root endosphere, leaf endosphere and phyllosphere, to identify the potential transmission routes of ARGs in the
soil-plant system. After 90 days of cultivation, a total of 144 ARGs were detected in all samples using high-
throughput quantitative PCR. Rhizosphere soil samples harbored the most diverse ARGs compared with other
components of lettuce. Cattle manure application increased the abundance of ARGs in root endophyte, while
poultry manure application increased ARGs in rhizosphere, root endophyte and phyllosphere, suggesting that
poultry manure may have a stronger impact on lettuce resistomes. The ARG profiles were significantly correlated
with the bacterial community, and the enrichment of soil and plant resistomes was strongly affected by the
bacterial taxa including Solibacteres, Chloroflexi, Acidobacteria, Gemm-1 and Gemmatimonadetes, as revealed
by the network analyses. Moreover, the overlaps of ARGs between lettuce tissues and soil were identified, which
indicated that plant and environmental resistomes are interconnected. Our findings provide insights into the
transmission routes of ARGs from manured soil to vegetables, and highlight the potential risks of plant resistome
migration to the human food chain.

1. Introduction

An emerging body of evidence suggest that the environment con-
stitutes a vast reservoir of antibiotic resistance genes (ARGs) (Allen
et al., 2010; D'costa et al., 2006; Hu et al., 2018; Zhang et al., 2019),
and the global use of antibiotics has promoted the dissemination of
ARGs in environmental settings (Berendonk et al., 2015). More im-
portantly, a majority of environmental ARGs have high sequence si-
milarity to those in human fecal microbes (Nesme et al., 2014) and
human pathogens (Forsberg et al., 2012), indicating the potential gene
exchange between environmental and clinical resistomes. The spread
and evolution of antibiotic resistance in human pathogens severely
compromised the efficiency of present antibiotics, while the discovery
of new antibiotics is alarmingly slow (WHO, 2015). Antibiotic re-
sistance has thus become a global issue ad is considered as an emerging

environmental pollutant that may pose a major threat to public health
in the 21st century (Berendonk et al., 2015).

Soil is one of the largest environmenal reservoirs of antibiotic re-
sistance accounting for approximately 30% of known ARGs in public
repositories (Nesme et al., 2014). The propagation of ARGs in soils has
been mainly attributed to the intensive livestock husbandry, agri-
cultural practices and manure application (Forsberg et al., 2012). Land
application of animal manure represents a major pathway for en-
vironmental entry of a considerable amount of ARGs into agricultural
soils (Binh et al., 2008; Su et al., 2014; Wichmann et al., 2014; Wolters
et al., 2015; Zhang et al., 2017), even if the producing animals have
never been treated with anibiotics (Hu et al., 2016a; Udikovic-Kolic
et al., 2014). Although the composting process can significantly reduce
the level of antibiotic resistance in animal manures (Gou et al., 2018;
Tien et al., 2017), the risk of resistome transfer from animal manure to

https://doi.org/10.1016/j.envint.2019.104912
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⼟壌の耐性菌/耐性遺伝⼦が野
菜の外部および内部から野菜を
汚染する可能性

⼟壌に分布する薬剤耐性菌が
野菜へ伝播する︖



葉物（⼩松菜）、レタス、ミニトマトをモデル

家畜由来第3世代セファロスポリン耐性菌（⼤腸菌、Klebsiella 
pneumoniae, Enterobacter cloacae）菌液を⼟壌添加

・添加1、2、3、6、10⽇後に葉または実をサンプルとして収
穫し、菌量を測定

⼟壌に分布する薬剤耐性菌が、野菜へ伝播する量およびそ
の機序の解明



菌種（株名） 接種菌量 1⽇後 2⽇後 3⽇後 6⽇後 10⽇後
E. cloacae
（TMICEX6）

5.2x1010 - 2200個 200個 400個 -

K. pneumoniae
（TMICEX23）

7.8x1010 - - - - -

E. coli
（TMICEX24）

6.8x1010 - 2000個 - - -

培養⼟中の菌量
（E. coli 
TMICEX24）

6.8x1010 2.1x108 1.2x108 4.5x107 1.5x107 2.2x106

⾼濃度の薬剤耐性菌を⼟壌に添加した場合、⼀部の葉物
野菜から細菌が検出
ミニトマトからは検出されず
*継時的に減少、菌種や野菜の種類による違いがある 26

⼩松菜の結果
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動物、環境、野菜、ヒトが保有する耐性菌の⽐較解析

薬剤耐性遺伝⼦の性質からヒトや野菜が保有する
耐性遺伝⼦の由来を明らかにする。
*アンピシリン耐性菌に着⽬



野菜からの分離結果
• 市販200サンプルの野菜
• 1142株を分離

• ⼤腸菌は、5サンプルから11株分離（⼤腸菌
分離率は2.5％）

• ⼤腸菌以外からblaCTX-M遺伝⼦が検出

• ⽇本の市販野菜の⼤腸菌汚染率は低い

29



アンピシリン耐性菌収集結果
（⼀部抜粋）

bla遺伝⼦型別

Phylogenetic groupは多様
TEM陽性株について、全ゲノム解析(TEM保有プラスミドにフォーカス）

ヒトや野菜が保有する耐性遺伝⼦周辺構造の由来を明らかに︕

由来 株数 TEM SHV CTX-M1 CTX-M9

⽜糞便、畜産廃棄物、
⼟壌（附属農場） 18 11 ND ND 7

⽜糞便、畜産廃棄物、
⼟壌（別海） 15 10 ND 5 ND

健康⽜直腸便 86 72 1 1 1
病畜（⽜） 45 40 1 2 5
健康豚直腸便 116 112 0 0 3
養豚場排⽔ 25 25 ND ND ND

⾷⿃処理場排⽔ 6 6 ND ND ND

と畜場排⽔ 6 6 ND ND ND
酪農場排⽔ 14 11 ND 3 ND
下⽔処理施設 55 22 4 19 19
市販野菜* 148 19 5 76 76
ヒトの臨床例 205 121 1 10 48

合計739株のアンピシリン耐性菌
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TRANSFORMATION
Gene transfer that is mediated 
by the uptake of free DNA. 

CONJUGATION 
Gene transfer that is mediated 
by certain plasmids or ICEs 
with relevant transfer genes. 
Cell–cell contact is required for 
conjugation, unlike 
transduction or transformation.

TRANSDUCTION
Gene transfer that is mediated 
by certain types of 
bacteriophage.

INTEGRATIVE CONJUGATIVE 
ELEMENTS 
(ICEs). Together with 
conjugative transposons (CTns) 
and genomic islands, these are 
chromosomally located gene 
clusters that encode phage-
linked integrases and 
conjugation proteins as well as 
other genes associated with an 
observable phenotype such as 
virulence or symbiosis. ICEs 
and CTns are gene clusters that 
can be transferred between 
cells, whereas genomic islands 
have not been shown to transfer. 
Although these gene clusters 
have some phage-like genes, 
they do not lyse the cell or form 
extracellular particles.

HOMOLOGOUS 
RECOMBINATION 
DNA recombination that 
requires extensive sequence 
similarity in the involved DNA 
segments. It is usually effected 
by chromosomally encoded 
genes, but some phages also 
have orthologues of such 
chromosomal genes.

chromosomal genes, and the recognition that MGEs 
have important roles in infectious diseases, antibiotic 
resistance, bacterial symbioses, and biotransformation 
of xenobiotics, has kindled interest in the comprehensive 
genomic analysis of the MGEs. Although these genetic 
elements are potent agents of change, their contributions 
to the mode and tempo of bacterial evolution have just 
begun to be examined4. 

The following sections briefly review the most 
important genes that define these elements as agents of 
HGT, selected accessory MGE genes that are involved in 
medically, agriculturally and environmentally important 
processes, and the unique challenges of MGE genomics.

Plasmids and other conjugative elements
A plasmid is a collection of functional genetic mod-
ules that are organized into a stable, self-replicating 
entity or ‘replicon’, which is smaller than the cellular 
chromosome and which usually does not contain 
genes required for essential cellular functions. The 

classic plasmids are covalently closed, circular 
double-stranded DNA molecules (FIG. 1), but linear 
double-stranded DNA plasmids have been found in 
an increasing number of species5–7. The general anat-
omy of a plasmid includes the essential ‘backbone’ of 
genes that encode replicative functions and a variable 
assortment of accessory genes that encode processes 
that are distinct from those encoded by the bacterial 
chromosome (see below). Such accessory traits can 
be accumulated in the cell without altering the gene 
content of the bacterial chromosome8,9.

Plasmids must replicate, control their copy number, 
and ensure their inheritance at each cell-division by 
a process known as partitioning. It is impossible for 
plasmids with the same replication mechanism to co-
exist in the same cell, a phenomenon termed ‘incom-
pat ibility’ (Inc). The Inc trait provided the basis for the 
initial classification of some plasmids that is still in use 
today. Incompatibility groups have been defined for 
plasmids of the enterobacteriaceae (26 groups), the 

Figure 1 | Transfer of DNA between bacterial cells. Transduction (1). The DNA genome (yellow) of a temperate phage inserts 
into the chromosome (dark blue) as a prophage; it later replicates, occasionally packaging host DNA alone (generalized 
transduction) or with its own DNA (specialized transduction), lyses the cell, and infects a naive recipient cell in which the novel 
DNA recombines into the recipient host cell chromosome (red). Conjugation (2). Large, low copy number conjugative plasmids 
(orange) and integrated conjugative elements (ICEs; not shown) use a protein structure (known as a pilus) to establish a 
connection with the recipient cell and to transfer themselves to the recipient cell. Alternatively, a copy of a small, multicopy plasmid 
or defective genomic island or a copy of the entire bacterial chromosome can be transferred to a naive cell, in which these genetic 
elements either insert into the chromosome or replicate independently if compatible with the resident plasmids (light green). 
Conjugative transposons and plasmids of Gram-positive bacteria (not shown) do not use pili. Transposition (3). Transposons (pink) 
integrate into new sites on the chromosome or plasmids by non-homologous recombination. Integrons (dark green) use similar 
mechanisms to exchange single gene cassettes (brown). Details of these and other MGEs can be found in REFS 119,120.
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細菌における薬剤耐性遺伝⼦の⽔平伝播

mobile genetic
element (MGE)
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薬剤耐性遺伝⼦の⽔平伝播を媒介



ドラフトゲノム配列でblaTEM-1を含むcontig (332個)を解析

-> IS26陽性株の詳細な解析

MGEが検出できた
contig: 211個/332個

(MobileElementFinder : identity >90%, coverage >60%)

e.g. IS26 : 47個
IS30 : 5個

IS5075: 23個
Tn2: 118個

Tn10: 5個
Tn1000: 6個
Tn1721: 6個
Tn4656: 7個
Tn1000: 6個
ISEc37: 5個

ISKpn19 : 4個
ISVsa3: 5個
ISVsa5: 7個

REF. J Antimicrob Chemother. 2021 Jan 1;76(1):101-109.



Source Isolate Species MLST Group contig ARG MGE Plasmid replicon Length

NVAL DB36 ecoli 744 A DB36_contig00063
aadA5, aph(3'')-Ib, aph(6)-Id, blaTEM-1B, catA1,
dfrA17, mph(A), qacE, sul1, sul2

IS26, IS26, IS26, IS6100, Tn6205 IncQ1 24,950

NVAL P114 ecoli 10 A P114_contig00194 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, dfrA8, sul2 IS26, Tn6205 None 8,484

NVAL P4 ecoli 10 A P4_contig00143 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, dfrA14, sul2 IS26, IS5075, Tn6205 None 11,144

NVAL P54 ecoli 1244 A P54_contig00105 blaTEM-1B, floR IS26, IS903 None 9,155

GU PFABPC11 ecoli 542 A PFABPC11_contig00048 blaTEM-1B, sul3 IS26, IS26, Tn2 None 17,310

RGU 163 ecoli 937 B1 163_contig00037 blaTEM-1D IS26 None 41,843

NVAL B36 ecoli 642 B1 B36_contig00182 blaTEM-1B IS26 None 1,935

NVAL B49 ecoli 164 B1 B49_contig00079 aph(3'')-Ib, aph(6)-Id, blaTEM-1A, floR, sul2, tet(A) IS26, ISVsa3, Tn1000, Tn6205 None 17,857

NVAL B63 ecoli 164 B1 B63_contig00072 aph(3'')-Ib, aph(6)-Id, blaTEM-1A, sul2, tet(A) IS26, Tn1000, Tn6205 None 15,818

NVAL B66 ecoli 164 B1 B66_contig00080 aph(3'')-Ib, aph(6)-Id, blaTEM-1A, floR, sul2, tet(A) IS26, ISVsa3, Tn1000, Tn6205 None 17,938

NVAL B7 ecoli 58 B1 B7_contig00188 blaTEM-1B IS26, Tn2 None 6,396

NVAL B81 ecoli 1704 B1 B81_contig00112 aph(3'')-Ib, aph(6)-Id, blaTEM-1A, sul2, tet(A) IS26, Tn1000, Tn6205 None 13,541

HU CE-1-2 ecoli 4623 B1 CE-1-2_contig00047 blaLAP-2, blaTEM-1B, qnrS1, tet(A) IS26, IS30, ISKpn19 None 30,345

NVAL DB26 ecoli 56 B1 DB26_contig00101 blaTEM-1B, dfrA17 IS26, Tn2 None 13,946

NVAL DB37 ecoli 101 B1 DB37_contig00033 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, sul2, tet(A) IS26, IS26, IS5075, Tn6205 IncFIA, IncFIC(FII) 43,168

NVAL DB38 ecoli 224 B1 DB38_contig00114 aac(3)-IId, blaTEM-1B IS26 None 3,297

NVAL DB42 ecoli 58 B1 DB42_contig00064 blaTEM-1B IS26, Tn4656 None 22,477

NVAL DB43 ecoli 2329 B1 DB43_contig00070 blaTEM-1B IS26, Tn2 IncFIB(AP001918) 16,105

GU GABPC5 ecoli 795 B1 GABPC5_contig00025 blaTEM-1B, sul2 IS26, IS679, ISVsa5 IncFII 58,643

HU MA-1-1b ecoli 7937 B1 MA-1-1b_contig00054
aac(3)-IId, aadA2, blaTEM-1B, catA1, dfrA12, mph(A),
qacE, sul1

IS26, IS6100, ISCfr1 IncFII(pAMA1167-NDM-5) 32,844

NVAL P104 ecoli 101 B1 P104_contig00053 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, sul2, tet(A) IS26, IS5075, Tn2, Tn6205 IncFIC(FII) 28,353

NVAL P20 ecoli 58 B1 P20_contig00030 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, sul2 IS26, IS5075, Tn2, Tn6205 IncFIC(FII) 32,967

NVAL P64 ecoli 1727 B1 P64_contig00034 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, dfrA14, sul2, tet(A) IS26, IS26, IS5075, Tn2, Tn6205 IncFIC(FII) 35,289

NVAL P80 ecoli 641 B1 P80_contig00077 aadA1, blaTEM-1B, dfrA1, sul3 IS26 None 20,425

SMU ABPCEc11_2 ecoli 131 B2 ABPCEc11_2_contig00126 blaTEM-1B IS26, Tn2 None 11,963

SMU ABPCEc112 ecoli 131 B2 ABPCEc112_contig00056 blaTEM-1B IS26 IncFIB(AP001918) 9,976

SMU ABPCEc129 ecoli 131 B2 ABPCEc129_contig00160 blaTEM-1B IS26, IS629 None 6,658

SMU ABPCEc141 ecoli 131 B2 ABPCEc141_contig00040 blaTEM-1B IS26 None 17,126

SMU ABPCEc170 ecoli 1193 B2 ABPCEc170_contig00057 blaTEM-1B IS26 None 6,921

SMU ABPCEc24 ecoli 569 B2 ABPCEc24_contig00065 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, sul2 IS26, IS5075, Tn2, Tn6205 IncFIC(FII) 28,484

SMU ABPCEc5 ecoli 131 B2 ABPCEc5_contig00093 blaTEM-1B IS26, IS629 None 16,396

SMU ABPCEc51 ecoli 131 B2 ABPCEc51_contig00078 aac(3)-IId, blaTEM-1B IS26, ISCfr1 IncFII(pCoo) 16,601

SMU ABPCEc81 ecoli 131 B2 ABPCEc81_contig00131 blaTEM-1B IS26 None 10,948

SMU ABPCEc9 ecoli 73 B2 ABPCEc9_contig00063 aac(3)-IId, blaCTX-M-3, blaTEM-1B IS26, ISCfr1 None 9,752

SMU ABPCEc91 ecoli 12 B2 ABPCEc91_contig00047 ant(3'')-Ia, blaTEM-1B, qacE, sul1 IS26, ISKpn26, Tn2, Tn21 None 32,490

SMU ABPCEc97 ecoli N/A B2 ABPCEc97_contig00168 blaTEM-1B IS26 None 3,746

SMU ABPCEc98 ecoli 131 B2 ABPCEc98_contig00232 blaTEM-1B IS26 None 2,630

SMU ABPCEc1_1 ecoli 69 D ABPCEc1_1_contig00158 blaTEM-1B IS26 None 8,319

RGU F3-6E ecoli 973 D F3-6E_contig00272 blaTEM-1B IS26 None 2,597

RGU F5-4 ecoli 973 D F5-4_contig00262 blaTEM-1B IS26 None 2,368

RGU 165 ecoli 182 E 165_contig00028
aph(3'')-Ib, aph(6)-Id, blaTEM-1B, dfrA7, qacE, sul1,
sul2

IS26, IS26, Tn6205 IncQ1 46,619

RGU 166 ecoli 182 E 166_contig00018
aph(3'')-Ib, aph(6)-Id, blaTEM-1B, dfrA7, qacE, sul1,
sul2, tet(A)

IS26, IS26, IS26, Tn6205 IncQ1 71,698

SMU ABPCEc194 ecoli 648 F ABPCEc194_contig00016 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, dfrA14, sul2 IS26, IS26, IS30, IS5075, ISEc37, Tn2, Tn6205 IncFIC(FII) 99,270

SMU ABPCEc195 ecoli 648 F ABPCEc195_contig00018 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, dfrA14, sul2 IS26, IS26, IS30, IS5075, ISEc37, Tn2, Tn6205 IncFIA, IncFIC(FII) 97,908

SMU ABPCEc198 ecoli 648 F ABPCEc198_contig00017 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, sul2 IS26, IS30, IS5075, ISEc37, Tn2, Tn6205 IncFIA, IncFIC(FII) 93,948

RGU 175 ecoli N/A G 175_contig00014 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, dfrA5, sul2, tet(A) IS26, IS26, Tn1721, Tn6205 IncQ1 23,742

RGU S10-5E efergusonii 7852 fergusonii S10-5E_contig00137 aph(3'')-Ib, aph(6)-Id, blaTEM-1B, dfrA14, sul2 IS26, IS5075, Tn6205 None 11,277

Phylogenetic 
group

B1

B2

D
E
F

E. fergusonii

IS26 & blaTEM-1両陽性⼤腸菌株の遺伝型 (47株)
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A

blaTEM-1遺伝⼦とその周辺構造(IS26) が、由来を超えて家畜、⽔圏、野菜、ヒト
臨床由来の薬剤耐性菌に存在



ABPCEc3_contig00139
ヒト由来

ABPCEc12_contig00113
ヒト由来

ABPCEc22_contig00143
ヒト由来

ABPCEc24_contig00065
ヒト由来

F2-7_contig00226
⽜糞由来

F3-4_contig00166
⽜糞由来

S10-5E_contig00137
⼟壌由来

T1-4_contig00168
ﾊﾞｲｵｶﾞｽﾌﾟﾗﾝﾄ由来

sul2 blaTEM-1
aph(3'')-Ibaph(6)-Id

repA (IncFIC(FII) plasmid)

接合伝達に必要な領域

Contigの配列⽐較

blaTEM-1遺伝⼦とその周辺構造(IS26) が、由来を超えて家畜、⽔圏、野菜、ヒト
臨床由来の薬剤耐性菌に存在



a. ⽜農場において家畜から⼟壌を介して野菜へ伝播する薬剤耐
性菌の量を明らかにする。
家畜排泄物を介して薬剤耐性菌及び耐性遺伝⼦が作物まで伝播す
ることは極めて程度が低い

b. ⼟壌に分布する薬剤耐性菌が、そこで栽培される野菜へ伝播
する量を明らかにする。
⼟壌に⾼濃度の薬剤耐性菌を接種し、かつ⼟壌が直接野菜へ付着
するという特殊な実験条件下では、薬剤耐性菌が伝播する可能性

c. 動物、環境、野菜、ヒトの臨床例で分離される薬剤耐性菌のゲ
ノムの類似性について明らかにする。
blaTEM遺伝⼦とその周辺構造(IS26) を保有する株が由来を超えて、
家畜、⽔圏、野菜、ヒト臨床由来の薬剤耐性菌に存在
*疫学的な関連性についてのさらなる研究が必要

まとめ
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ü耐性菌・耐性遺伝⼦は、⼟壌、野菜へ伝播することがある

薬剤耐性菌

耐性遺伝⼦

耐性菌対策につながる堆肥処理法の提案が必要

堆肥化によって耐性菌は減少、⼟壌への散布でさらに減少

⇒ リスクをさらに低減するための堆肥処理法の開発が進
められている

堆肥



水・土壌・堆肥

耐性菌対策として求められること

農場

野⽣動物

製造⼯程

灌漑⽔

１、適切な畜産廃棄物の処理
有効な処理法の開発

２、野⽣動物の接触防⽌

３、適切な洗浄
有効な洗浄法の開発
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