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As huge amount of organic fertilizer of fecal origin has annually been dispersed into 

field soils without checking included hazardous bacteria. In order to estimate their contamination 
level in Japanese field soils, MRB and fecal bacteria in nine composts, which had originated from 
cattle feces, pig feces, and chicken droppings andbeen applied on soils for organic farms in 
various regions of Japan, were evaluated by using an originally developed analysis method. The 
tested composts included higher number of general bacteria (from 7.08x109 MNP g-1 dry matter 
to 316.2x109 MNP g-1), where gram-positive bacterial groups, such as Actinobacteria, Bacillus 
sp., and Staphylococcus sp., and the other Firmicutes were the numerical dominant in most of 
them (22% to 98%). Six out of nine composts included over the detection limit of MRB, which 
proliferated under mixture of 25ppm each of streptomycin, chloramphenicol, and 
ampicillin(1x104 MPN g-1 dry matter to 84.9x104 MPN g-1), where gram-negative MBR were the 
numerically dominant(33.3% to 100%). As most of the composts included not only fecal bacteria 
and pathogenic bacteria but also MRB of fecal origin such as Bacteroides sp., B.coprocola, and 
Borrelia recurrent, large area of Japanese field soils were suggested to be contaminated with 
such the fecal bacteria through application of compost. 
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Dispersion of Multidrug Resistant Bacteria and 
Fecal Bacteria into Field Soils of Japan through 

Compost Application
Dispersion of Hazardous Bacteria

Katsuji Watanabe

Abstract- As huge amount of organic fertilizer of fecal origin 
has annually been dispersed into field soils without checking 
included hazardous bacteria. In order to estimate their 
contamination level in Japanese field soils, MRB and fecal 
bacteria in nine composts, which had originated from cattle 
feces, pig feces, and chicken droppings andbeen applied on 
soils for organic farms in various regions of Japan, were 
evaluated by using an originally developed analysis method. 
The tested composts included higher number of general 
bacteria (from 7.08x109 MNP g-1 dry matter to 316.2x109 
MNP g-1), where gram-positive bacterial groups, such as 
Actinobacteria, Bacillus sp., and Staphylococcus sp., and the 
other Firmicutes were the numerical dominant in most of them 
(22% to 98%). Six out of nine composts included over the 
detection limit of MRB, which proliferated under mixture of 
25ppm each of streptomycin, chloramphenicol, and 
ampicillin(1x104 MPN g-1 dry matter to 84.9x104 MPN g-1), 
where gram-negative MBR were the numerically 
dominant(33.3% to 100%). As most of the composts included 
not only fecal bacteria and pathogenic bacteria but also MRB 
of fecal origin such as Bacteroides sp., B.coprocola, and 
Borrelia recurrent, large area of Japanese field soils were 
suggested to be contaminated with such the fecal bacteria 
through application of compost. Correlation analyses of each 
bacterial numbers suggested that most of MRBmight had 
survived against the thermophilic phase in the composting 
process and could had been eliminated by regulating 
thermophilic phase. 

Core ideas 
• Higher ratio of composts for organic farmers 

included multidrug resistant bacteria (MRB). 
• Higher ratio of composts for organic farmers 

included fecal bacteria and pathogenic bacteria. 
• Numbers of MRB and thermotolerant bacteria in 

composts varied in reverse trend. 
• MRB in composts might be eliminated by controlling 

an abiotic factor. 
• The used method was effective to evaluate MRB 

and fecal bacteria in compost. 
 
 
 
 
 
Author: Department of Life, Environment and Applied Chemistry, 
Graduate School of Engineering, Fukuoka Institute of Technology, 
Japan. e-mail: k-watanabe@fit.ac.jp 

I. Introduction 

t present, almost all farmers have been 
encouraged to spread organic fertilizer into field 
soil under a government policy to improve soil 

fertility and maintain field conditions (FAO 2018; Rayne 
and Aula 2020). The spreading of organic fertilizer into 
field soils has also been encouraged to reduce and to 
recycle organic wastes under social demand to 
construct sustainable societies in all over the world 
(Chatterjee et al., 2017, Sharma et al.,2019).  As organic 
fertilizer originates from raw livestock feces which 
includes pathogenic bacteria (Gerba & Smith 2005) or 
multidrug resistant bacteria (MRB) (Agga et al., 2015; 
Loofta et al., 2012), organic fertilizer application has a 
possibility to enhance contamination of such the 
hazardous bacteria to various environments (Smith et 
al.,2019; Watanabe 2008, 2009;Watanabe et al.,2008; 
Watanabe and Koga 2009; Watanabe et al., 2015a) and 
foods (Hölzel et al., 2018; Marti et al., 2013; Zekar et al., 
2017; Zhang et al., 2019). Although fecal bacteria might 
be reduced during composting process, huge amount 
of organic fertilizer, which is made from livestock feces 
by various ways and includes various amount of such 
the hazardous bacteria, has annually been dispersed 
onto field soils without checking. In order to reduce their 
contamination to various environments and food, an 
appropriate method to check such hazardous bacteria 
in organic fertilizer is required before their application on 
field soil (Watanabe 2008, 2009; Watanabe et al., 2008; 
Watanabe and Koga 2009).  

Whereas with respect to MBR, conventional 
surveillance method targeting specific nosocomial 
bacteria was not suitable, because the susceptibility 
tests and taxonomy determinations of isolates should be 
expanded broadly over various kinds of bacterial groups 
(Burgos et al., 2005; DebMandal et al., 2011; Ghosh. & 
LaPara 2007; Kilonzo-Nthenge et al., 2013; Oliver et al., 
2020; Sawant et al., 2007, Yang et al., 2016; Young quist 
et al., 2016). Furthermore, un-culture-based molecular 
methods such as quantitative polymerase chain reaction 
(qPCR) and next generation sequencing (NGS) was also 
not suitable. Because the antibiotic resistant genes 
(ARGs) targeted by these methods were not intrinsic 
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virulence genes, such as the Vero toxin gene (Kudo et 
al., 2007), or the Shiga toxin gene (Parsons et al., 2016), 
which could differentiate pathogenic bacteria from the 
other harmless bacteria, but harmless genes, which 
were widely distributed into indigenous bacteria in 
natural environments (D’Costaet al.,2011; Nesme et al., 
2014), and into natural mammalian intestines (Stanton et 
al.2011; Zhang et al., 2011) before the modern selective 
pressure of clinical antibiotic use (D’Costa et al.,2011), 
and the hazard level of the samples could not be 
evaluated by the detection of ARGs. 

MRB groups in the sample were found to be 
rapidly identified and quantified by analyzing the 
bacteria that proliferated under antibiotics (Watanabe et 
al., 2016). In this manuscript, each MRB group included 
in compost had been identified by multiple enzyme 
restriction fragment length polymorphism (MERFLP) 
(Watanabe et al., 2008; Watanabe & Koga 2009) and 
quantified by the most probable number method by 
using an originally developed method (Watanabe et al., 
2015a, 2015b, 2016).  

The author had explored MRB and fecal 
bacteria in nine composts that originated from diverse 
livestock feces and had annually been applied on soils 
of organic farms in various regions of Japan. The 
purposes of this experiment were 1) to speculate how 
widely MRBs and the other fecal bacteria had spread 
into the field soil of Japanese organic farms through 
compost application, 2) to know what kinds of MRB and 
fecal bacteria had introduced into field soil though 
compost application, and 3) to find out a way to reduce 
MRB and fecal bacteria during composting process. In 
order to speculate composting conditions of the tested 
composts, which might had affected the residual MRB 
and fecal bacteria, the composition and numbers of 
numerically dominant bacteria were also searched. 

II. Materials And Methods 

a)
 

Samples
 

The nine tested composts had been used on 
organic farms in various regions of Japan. Compost A, 
which was a marketable good originating from chicken 
droppings, has been applied on organic farm A in 
Nagano Prefecture in the Chubu region, where organic 
rice has been cultivated. Compost B, which was 
handmade from chicken droppings, has been applied 
on organic farm B in Niigata Prefecture in the Hokuriku 
region, where organic rice has been cultivated. Compost 
BB was a so-called “Bokashi-compost”, which was a 
handmade from several kinds of organic waste through 
fermentation, and has also been applied on farm B, 
where organic rice has been cultivated. Compost C, 
which was a marketable good originating from pig 
feces, has been applied on organic farm C in Chiba 
Prefecture in the Kanto region, where organic 
vegetables have been cultivated.

 
Compost D, which 

was a marketable good originating from pig feces, has 
been applied on organic farm D in Ibaraki Prefecture in 
the Kanto region, where organic vegetable has been 
cultivated. Compost E, which was a marketable good 
made from cattle feces, has been applied on organic 
farm E in Fukushima Prefecture in the Tohoku region, 
where organic vegetables have been cultivated. 
Compost F1, F2, and F3, which were made from cattle 
feces by the National Agricultural Research Center for 
the Kyushu-Okinawa region in Kumamoto Prefecture in 
the Kyushu region, have been applied on experimental 
fields in the research center, where vegetables and rice 
have been cultivated. Although there was not such a 
large difference in the composting process among 
these three composts (Watanabe et al., 2015b), 
recycled paper was added to adjust the moisture 
content (60%) of the starting material in the composting 
process of compost F1, rice straw was added for 
composting to compost F2, and wood chips were 
added to compost F3. 

b) MPN and used antibiotics 
For analysis of general bacteria (B), serial 10-

fold dilutions (10-8 to 10-12) prepared from samples (1g 
fresh wt.) were inoculated to centrifuge tubes (5 
replicates) including an LB medium. After 5 days of 
incubation at 30℃, the bacterial DNA in each tube was 
extracted as described previously and purified by 
conventional methods (Watanabe et al., 2015a, 2015b). 
For analysis of MRB (M), the following antibiotics were 
simultaneously added to the LB medium: streptomycin 
(25 mgl-1), chloramphenicol (25 mgl-1), and ampicillin 
(25 mgl-1). Serial 10-fold dilutions (10-4 to 10-7) 
prepared from samples (1g fresh wt.) were inoculated to 
centrifuge tubes (5 replicates) including an LB medium 
and the antibiotics. As the MRB detected by the method 
was bacteria that proliferated under a mixture of 25 ppm 
each of three antibiotics, they had higher resistance to 
those detected by conventional susceptibility tests such 
as the disk diffusion test, where the resistance of each 
antibiotic was separately tested. Until now, the MRB had 
been exceptionally detected in limited samples only, 
such as livestock feces, composts (Watanabe et al., 
2016), feces applied to field soils, activated sludges, a 
few fresh meats, river water, and fresh vegetables 
(Watanabe unpublished results). 

c) MERFLP of the amplified 16S rDNA 
Using the V2 forward primer (41f), and the V6 

reverse primer (1066r)(Weidner et al., 1996), 16S rDNA 
was amplified, as described previously (Watanabe et al., 
2008). Their restriction fragment lengths were measured 
by microchip electrophoresis systems (MCE-202 
MultiNA; Shimadzu Co., Ltd. Kyoto Japan) after 
digestion of the PCR product (10μl) using each 
restriction enzyme, HaeIII or HhaI or Rsa I (10 units, 
Takara Bio Co. Ltd. Shiga Japan) in a buffer solution 
(10xLow salt buffer, Takara Bio Co. Ltd.) and 5 folds 
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dilution by de-ionized water, as described previously 
(Watanabe et al., 2015b, 2016). 

d) Reference database used for the phylogenetic 
estimation 

The reference database used for this research 
included 30,844 post-amplification sequence files of 16S 
rDNA amplified by 41f/1066r primers (Watanabe et al., 
2016), which were mainly re-edited from small subunit 
rRNA files in the Ribosomal Database Project (RDP) II 
release 9_61 (Cole et al., 2007) under 5-bases 
mismatches in both primer annealing sites, and 
consisted of 1,379 bacterial genera, including 
uncultured and unidentified bacteria (Watanabe et al., 
2016). From post-amplification sequence files, fragment 
size for each restriction enzyme was calculated and 
save in the restriction fragment database and used for 
similarity search as described previously (Watanabe et 
al., 2008; Watanabe and Koga 2009). 

e) Data processing to select homogenous 16S rDNA 
and phylogenetic estimation 

 
 

 

 

 

 

f) Enumeration of antibiotic resistant bacterial groups 
by MPN 

Based on the results of phylogenetic estimation, 
each 16S rDNA was differentiated into the following 12 
groups: Actinobacteria (A), Bacillus group (bF), 
Staphylococcus sp. (sF), other Firmicutes (F), 
Sphingomonadaceae (sP), other α-Proteobacteria (aP), 
β-Proteobacteria (bP), γ-Proteobacteria (rP), δ-
Proteobacteria (dP), ε-Proteobacteria (eP), Cytophaga 
(C), other bacteria (O), and unidentified or uncultured 
bacterial (U), as shown in Table S1 and Table S2. By 
using MPN score for each groups (Table 1 and Table 2) 
and a table for a five-tube and three-decimal-dilution 
experiment (Blodgett 2010), the MPN of each bacterial 
group and MRB group were estimated (Table 1, 2). 
Using the FDA’s Bacterial Analytical Manual (Blodgett 
2010), confidence limits were obtained and shown in 
Table 1 and Table 2. 

III. Results and Discussion 

a) Phylogenetic estimation and enumeration of general 
bacteria  

There was a large difference in the total bacteria 
numbers included in the tested composts (from 
7.08x109 MNP g-1 dry matter to 316.2x109 MNP g-1) 
(Table 1), which were higher than those of the reported 
numbers by plate count (Rebollido et al., 2008; Vishan et 
al., 2014). Although there was no report of a bacterial 
number by the culture-independent method (Schloss et 
al., 2005), the higher bacterial numbers by the method 
might be caused by included unculturable bacteria 
(Watanabe et al., 2015b). 

In composts originating from chicken droppings 
and pig feces (compost A, B, BB, C, and D), the major 
bacteria were gram-positive bacterial groups, such as 
Actinobacteria and Firmicutes, which occupied 79.7% to 
98.3% of the total bacterial number when unidentified 
bacterial numbers were subtracted (Table 1, and Figure 
1). Extremely high numbers of total bacteria in compost 
D (316.2x109 MNP g-1) are attributed to the higher 
number of Staphylococcus sp. (297x109 MNP/g), where 
Staphylococcus aureus occupied most of them (95.7%) 
(Table 1). Staphylococcus sp. was also the numerically 
dominant bacteria in compost BB (55.2x109 MNP g-1), 
which occupied 67.9% of the total bacterial number 
(86.03 x109 MNP g-1) (Table 1, Figure 1). The higher 
number of total bacteria in compost C (146.4x x109 
MNP g-1) is attributed to the number of spore-forming 

bacteria group, such as Bacillus sp.(21.0 x109 MNP), 
Paenibacillus sp., and Clostiridium sp. (43.6 x109 MNP 
g-1; 65.6%) (Table 1 and S1). The number of spore-
forming bacteria was also higher in compost B (25.7 
x109 MNP g-1), which occupied 65.8% of the total 
bacterial number (41.2 x109 MNP g-1) (Table 1, Figure 
1). As our former results about bacterial compositional 
changes during each composting process indicated 
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For precise phylogenetic estimation by MERFL, 
the measured MERFL originating from homogeneous 
16S rDNAs had to be selected among the mixed 
MERFLs by data processing (Watanabe et al., 2015a, 
2015b). Because all the reference MERFLs were 
calculated from the homogeneous 16S rDNA sequence 
in the RDP II database, while the measured MERFL was 
obtained by restriction digestions of a mixture of 16S 
rDNAs, which were amplified using DNAs from different 
bacteria in each MPN tube as described previously 
(Watanabe et al., 2015a, 2015b). The selected restriction 
fragments (RFs) with the highest relative mole 
concentrations (ratio of fluorescent intensity to fragment 
size) was summed up until to leach the 16S rDNA size 
before restriction digestion, which was treated as the 
major RFLP  (represented as H in Table S1 and S2) 
originated from a the major homogenous 16S rDNA in a 
MPN vial. The 2nd major RFs (represented as M in Table 
S1 and S2), and the 3rd major RFs (represented as L in 
Table S1 and S2) were similarly selected as described in 
the former manuscript (Watanabe et al., 2015a, 2015b).  

If the completely identical theoretical MERFL 
was not found out by using all the measured MERFL 
data, combinations of restriction enzymes used for the 
analysis was changed (Table 1, and Table 2) (Watanabe 
et al., 2015a, 2015b). Because measured RFs with near 
DNA length could not always be separated by 
electrophoresis, which resulted in lower similarity in 
similarity search for RFLP (Watanabe et al., 2015a, 
2015b). As to the measured MERFL which had not 
completely identical theoretical MERFL, the theoretical 
MERFL having the highest similarity to the measured 
MERFL was indicated in Table 1 and Table 2.



that the ratio of Bacillus groups increased to 54.4% and 
the bacterial number decreased after the thermophilic 
phase (Watanabe et al., 2015b), which were similar to 
those of the other reports (Cahyani et al., 2003; 
Partanen et al., 2010; Rebollido et al., 2008; Sasaki et 
al., 2009; Schloss et al., 2005; Yamamoto et al., 2009), 
the higher ratio of gram-positive bacterial groups 
seemed be caused by a higher survival ratio of relatively 
thermotolerant gram-positive bacterial groups during the 
thermophilic phase (Roman et al.,2015).  

In contrast, there was no numerically dominant 
bacterial group in composts originating from cattle feces 
(E, F1, F2, and F3), and the ratios of gram-positive 
bacterial groups became lower (22.5% to 57.4%) than 
those of the former (A, B, BB, C, and D) (Table 1, Figure 
1). This difference might be caused from the lower 
maximum temperature attained during the thermophilic 
phase, which was not enough to eliminate fecal bacteria 
and increase thermotolerant bacterial groups (Roman et 
al.,2015). As compost F1, F2, and F3 was made from 
the same cattle feces with the same composting 
process, differences in bacterial composition were 
caused from the difference in thermophilic condition, 
which was resulted from difference in starting condition 
as described in Material and Method (Table 1, Figure 1). 
As typical fecal bacteria and pathogenic bacteria was 
detected in the tested composts, such as Clostridium 
perfringens (C.perfri50, C.perfring, CP000246 ,M59103), 
Fusobacterium nucleatum (Fus.nuclea, AE009951, 
AJ133496) or F.sunuae (Fus.simiae) in compost B, 
Clostridium botulinum (L37585, L37587, C.botulin6), 
Mycoplasma salivarium (M.salivari), and Prevotellaoris 
(L16474) or Bacteroides eggerthii (L16485) in compost 
BB, Bacteroides sp. (AY008308), Clostridium butyricum 
(AY442812, C.butyric2, C.butyric3, C.butyric4), and 
Fusobacterium sp. (AF287805, AF385575, AF432130) in 
compost C, Ehrlichiasp. (Ehr.ris081, Ehr.risKEN, 
Her.ristic, M73225) or E.sennetsu (M73225), and 
Leptonema illini (Lpn.illini,Z21632) in compost D, 
Bordetella sp. (DQ132877) and Fusobacterium 
nucleatum (Fus.nuclea) in compost E, and 
Fusobacterium nucleatum (Fus.nuclea) and 
Parachlamydia sp. (AF366365, AJ715410) or Spirillum 
winogradskii (AY845251) in compost F3 (Table S1), 
these composts were indicated to include bacteria of 
fecal origin. As typical fecal bacteria such as 
Fusobacterium sp., Borrelia anserine, and Leptospira 
fainei, were also detected in the former studies 
(Watanabe et al.2015b), the fecal bacteria and 
pathogenic bacteria were not always completely 
eliminated during the composting process, as reported 
in other results (Brinton et al., 2009; Reynnells et al., 
2014). 

As typical fecal bacteria such as Mycoplasma 
sualvi (M. sualvi), Prevotellanuminicola (AB003401), P. 
oralis (L16480), and Spiroplasma sp. (M24662, 
Spp.cit2HP, Spp.poulsn) had been detected in paddy 

field soil annually applied with compost (Watanabe et 
al.,2015a), compost application was suggested to 
disperse fecal bacteria originating from livestock to field 
soil. 

b) Phylogenetic estimation and enumeration of MRB 
In the composts originating from chicken 

droppings and pig feces (compost A, B, BB, C, and D), 
compost C included a considerable number of MRB (1.0 
x104MPN g-1), and compost D included a higher 
number of MRB (84.9 x104MPN g-1) (Table 2). The 
composts originating from cattle feces (compost E, F1, 
F2, and F3) included MRB from 43.2 x104MPN to 84.9 
x104MPN g-1 (Table 2). There was a large difference 
between the composition of general bacteria and that of 
MRB, where the gram-positive bacterial group was not 
numerically dominant (Figure 1, and 2). Uncultured 
Sphigomonadaceae (AF408325) was the numerically 
dominant MRB in compost E (67.1x x104MPN) and 
various Sphnigomonas sp. were the numerically 
dominant MRB in compost F1 (Table 2, and Figure 2). 
As composts F1, F2, and F3 were made from the same 
cattle feces under the same composting process, the 
compositional difference of MRB among the composts 
was suggested to be caused from a slight difference in 
starting conditions (Table 2, Figure 2). 

As typical fecal bacteria, such as Bacteroides 
coprocola (AB200223, AB200225, AB200225) and 
Borrelia recurrent is(AF107356, U42300), were detected 
as MRB in compost E, and Bacteroides bacterium 
(AY162121) was detected in compost F2 (Table 2S), 
these composts were indicated to include MRB of fecal 
origin. 

The present data indicated that most composts 
used by organic farmers in various region of Japan not 
only included MRB but also pathogenic bacteria of 
livestock origin. The present results were enough to 
promote awareness that these hazardous bacteria might 
contaminate fresh vegetables from field soils, as 
suggested by the other reports (Watanabe 2008, 2009; 
Watanabe et al.,2015a; Yong et al., 2016).As elimination 
of contaminated hazardous bacteria from field soils was 
difficult (Watanabe 2008, 2009; Watanabe et al.,2015a), 
their existence in compost had to be checked before 
spreading into field soil. For this purpose, the method 
used in this manuscript was found to be suitable. 

IV. Conclusions 

Composting is a biological aerobic 
decomposition process of biomaterials consisting of two 
different phases: first, the thermophilic phase and next, 
the maturing phase (Misra et al., 2003; Roman et al., 

2015). First, in the thermophilic phase, microbiological 
degradation of easily degradable biomaterial in feces 
elevated the temperatures and diminished the moisture 
content, while fecal bacteria in livestock feces were 
eliminated and only thermotolerant bacterial groups 
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survived (Cahyani et al., 2003; Partanen et al., 2010; 
Rebollido et al., 2008; Roman et al., 2015; Sasaki et al., 
2009; Schloss et al., 2005; Yamamoto et al., 2009). 
However, the attained maximum temperature and 
reduction of moisture content were varied depend on 
starting conditions and air supply during this phase 
(Roman et al., 2015), which would affect numbers of 
residual fecal bacteria.  

Significant positive correlation of the total 
bacterial number (2) with those of the gram-positive 
bacterial group (3) (R=0.976, P<0.001 n=9, Table 3) 
suggested that variation in number of thermotolerant 
gram-positive bacteria caused the major bacterial 
difference among the tested 9 composts, which might 
be mainly affected by a conditional difference in 
thermophilic phase and could be used as an index to 
speculate the condition of the thermophilic phase for 
each compost.  

As the ratio of the gram-positive bacterial 
number to the total bacterial number (4) had significant 
negative correlation to those of gram-negative MRB (6) 
(r=-0.723,<0.01, n=9, Table 3), those of the MRB of 
Sphingomonadacea (7) (r=-0.687,<0.05, n=9), and 
those of the MRB of the other α-Proteobacteria (8)(r=-
0.901,<0.001, n=9), numbers of most ofthe MRB in the 
composts varied inreversal trend against that of the 
gram-positive bacterial group (Oliver et al.,2020; 
Sharma et al., 2009; Wang et al.,2015; Youngquist et al., 
2016). As the ratio of gram-positive bacteria would 
become higher by an effective thermophilic phase, 
where a higher maximum temperature and lower 
moisture content was attained (Misra et al., 2003; 
Roman et al.,2015), MRB might be reduced by the same 
abiotic factors during thermophilic phase.  

Moisture content (1), which had decreased by 
an effective thermophilic phase (Misra et al., 2003; 
Roman et al., 2015), had positive correlations with the 
ratios of MRBs ((5)-(8) from r=0.384 to r=0.791; Table 
3). Significant positive correlation between moisture 
content (1) and the ratio of gram-negative MRB (7) 
(R=0.791, P<0.05, Table 3) suggested that moisture 
content might be a critical factor to eliminate gram-
negative MRB during a thermophilic phase. The 
elimination of MRB by controlling the composting 
process will be presented in the next manuscript. 
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estimations of general bacteria in each dilution vial, 
whose DNA was extracted after the incubation of diluted 
samples in an LB medium. 
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