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Cattle are an important reservoir of Shiga toxin-producing Escherichia coli (STEC) 026, O111, and O157.
The fate of these pathogens in bovine feces at 5, 15, and 25°C was examined. The feces of a cow naturally
infected with STEC 026:H11 and two STEC-free cows were studied. STEC 026, O111, and O157 were
inoculated into bovine feces at 10", 10°, and 10° CFU/g. All three pathogens survived at 5 and 25°C for 1 to 4
weeks and at 15°C for 1 to 8 weeks when inoculated at the low concentration. On samples inoculated with the
middle and high concentrations, 026, O111, and O157 survived at 25°C for 3 to 12 weeks, at 15°C for 1 to 18
weeks, and at 5°C for 2 to 14 weeks, respectively. Therefore, these pathogens can survive in feces for a long time,
especially at 15°C. The surprising long-term survival of STEC 026, 0111, and O157 in bovine feces shows that
such feces are a potential vehicle for transmitting not only O157 but also 026 and O111 to cattle, food, and
the environment. Appropriate handling of bovine feces is emphasized.

Shiga toxin-producing Escherichia coli (STEC) organisms of
different serotypes have been increasingly isolated from hu-
mans with disease and from healthy domestic animals (2, 3, 5,
7, 8, 10, 13, 16, 17). Many of these isolates were typical STEC
belonging to serotypes 026, O111, and O157, yet most be-
longed to serotype O157:H7, which can cause severe disease in
humans, such as hemorrhagic colitis (HC) and hemolytic-ure-
mic syndrome (HUS) (8, 13). In Japan, STEC infection has
received attention since 1990, when two kindergartners among
319 patients died from HUS in an outbreak of HC. This out-
break was attributed to well water contaminated with STEC
O157:H7 (1). In 1996 and 1997 in Japan, the most predomi-
nant serotype was O157:H7 (73%), the next was O26:H11
(7.3%), and other frequently isolated serotypes were O26:H—
(nonmotility), O26:HNT, O111:H—, and O111HNT. STEC
O157:H7 caused 19 outbreaks involving 10 or more patients
from 1996 to May 1998. Outbreaks occurring frequently in
primary and nursery schools and nursery homes for the aged
were presumably caused by the meals provided. STEC was
isolated from specimens of salad (three cases), seafood sauce,
melon, sliced raw tuna, and buckwheat noodles with topping.
In a large outbreak in the city of Sakai, in 1996, three children
among 7,966 HC patients died from HUS; hydroponically
grown radish sprouts were suspected of being the source of
infection, as determined by epidemiological investigations, al-
though STEC was not isolated. In a diffuse outbreak in a wide
area, from south Kanto to Tokai in Japan in 1997, STEC
O157:H7 was isolated from hydroponically grown radish
sprouts. However, the source of the contamination of foodstuff
in almost all cases in Japan remain unclear (11).

Epidemiological investigations in North America and En-
gland revealed that cattle, especially young animals, are a prin-
cipal reservoir of STEC O157:H7 (3, 7, 10, 16, 17). A recent
study suggested that cattle are a natural reservoir for patho-
genic E. coli, and cattle fed mostly grain had lower colonic pH
and more acid-resistant E. coli organisms, including O157:H7,
than cattle fed only hay (4). STEC O157:H7 can survive in
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bovine feces for a long time and can retain the potential to
produce Shiga toxin (15). The long-term survival of STEC
O157:H7 in ovine and bovine manure and manure slurry was
also reported (9). Thus, bovine feces are a potential vehicle for
transmitting O157:H7 to cattle, food, and the environment (9,
15).

Selective isolation of low levels of organisms (under 10°
CFU/g) of STEC 026, O111, and O157 from bovine feces,
including many other species of Enterobacteriaceae and
Pseudomonas, has proven difficult. Therefore, the fate at a
stage of decline of STEC 026, O111, and O157 in bovine feces
has remained unclear.

Recovery of STEC 026, O111, and O157 from bovine feces,
was determined according to a new selective isolation method
for these organisms described by Fukushima and Gomyoda (5,
6), namely, by subjecting feces and enrichment cultures of
feces in Trypticase soy broth (TSB) to hydrochloric acid treat-
ment and then spreading them on MacConkey agar containing
cefixime, tellurite, and sorbitol (CT-SMAC). The purpose of
this study was to determine the ability to survive, particularly at
low levels, and the growth characteristics of STEC 026, O111,
and O157 in bovine feces at different temperatures.

Five strains of STEC O157:H7 (Y9, Y23, Y212, SE97029,
and SE97065), two strains of O111:H— (SE97092 and
SE97111), and three strains of 026 (SE97012, SE97023, and
SE97024) were examined in this study. These strains were
isolated from Japanese patients living in Shimane Prefecture,
except for strains Y9, Y23, and Y212, which were obtained
from H. Watanabe, National Institute of Infectious Disease of
Japan. Each strain was grown in 2 ml of TSB for 18 h at 37°C.

Feces were obtained from three healthy beef cows, 2 (cow
A), 3 (cow B), and 5 (cow C) years of age, from a local beef
farm. Feces were collected from each animal just after excre-
tion in July 1998. The feces were put into a plastic bag and kept
at 4°C with ice bags during transportation. Feces were exam-
ined within 4 h after sampling. All feces were mixed well in
sterile stomacher bags (18 by 30 cm) for 5 min with a model
400 stomacher (A. J. Shefard, London, United Kingdom). Be-
fore inoculation, feces from each animal were tested for the
presence of 026, O111, and O157 according to the procedure
described by Fukushima and Gomyoda (5, 6). In feces from
cow A, 5.7 X 10° STEC 026:H11 CFU/g was detected but no
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STEC 0157 or O111 organisms were detected; no STEC 026,
O111, or O157 organisms were detected in feces from cows B
and C.

Aerobic plate counts of fecal samples were determined by
plating a dilution (1:10% to ~1:10%) of feces on Trypticase soy
agar (TSA; BBL, Cockeysville, Md.) and desoxycholate hydro-
gen sulfide-lactose (DHL) agar (Nisui, Tokyo, Japan) and in-
cubating them at 37°C for 24 h. The initial aerobic plate counts
of three fecal samples were 2.0 X 10%, 2.0 X 10'°, and 2.0 X 10°
CFU/g on TSA and 3.0 X 10°, 2.6 X 10° and 3.0 X 10° CFU/g
on DHL agar, respectively. The inoculum (0.1 ml) of the 10
strains of 026, O111, and O157 was added to 10 g of feces and
mixed thoroughly in sterile stomacher bags for 5 min to obtain
concentrations of 10%, 10°, and 10° CFU/g of feces. After
mixing, feces were gathered and put into a closed plastic bag (3
by 5 cm).

Bovine feces in closed plastic bags were kept at 5, 15, and
25°C. STEC 0157, O111, and O26 counts were determined at
0, 1, 2, 3, and 4 weeks postinoculation and thereafter at 2-week
intervals until each pathogen could no longer be isolated after
enrichment of samples in TSB. Fecal samples (0.2 g) were put
into TSB (1.8 ml) and assayed for STEC 026, O111, and O157
by direct plating after HCI treatment and by selective enrich-
ment. For counting viable cells in feces, a portion (0.2 ml) of a
10-fold dilution of feces was transferred to HCI solution (0.2
ml of 0.125 N HCI and 0.5% NacCl solution), mixed well, and
held for 30 s; 0.2- and 0.02-ml portions of HCl-treated feces
were spread onto CT-SMAC. Then, 0.02-ml portions of each
HCl-treated sample were put into 1 ml of 0.067 M phosphate-
buffered saline (pH 7.2). Next, a 100-fold dilution (0.01 ml) of
each suspension was placed onto CT-SMAC. For selective
enrichment culture, 10- and 100-fold-diluted fecal suspensions
in TSB (1.8 ml) were incubated at 42°C for 6 h, and then a
portion (0.02 ml) of each enrichment was transferred to HCI
solution (0.02 ml), mixed well, and left for 30 s. A 0.02-ml
portion of each sample subjected to these treatments was
spread onto CT-SMAC. These agar plates were incubated at
37°C for 18 h. STEC O157:H7, non-sorbitol-fermenting colo-
nies from CT-SMAC, were tested for agglutination with an
antiserum against O157 (Denka-seiken, Niigata, Japan). STEC
026 and O111, sorbitol-fermenting colonies from CT-SMAC,
were tested for agglutination with an antiserum against O26 or
O111 (Denka-seiken).

The most significant finding of this work is that not only
STEC 0157 but also STEC 026 and O111 can survive for a
long time in bovine feces, at low levels of organisms. The
observation of STEC and background flora in fecal samples in
the closed bags show their fate in the higher moisture content
near the center of the specimens. The average concentrations
of the background flora in bovine feces were 10'® CFU/g on
TSA and 10° CFU/g on DHL agar at the start of the study.
After 20 weeks, although the background flora concentrations
declined to 10® to 10° CFU/g on TSA and 10° to 10’ CFU/g on
DHL agar at 5, 15, and 25°C, STEC 026, O111, and O157 were
not detected even with enrichment culture. Although the in-
ability of STEC 026, O111, and O157 to attain a potential
maximum population in mixed cultures with nonpathogenic E.
coli may be the result of metabolic crowding (6), the relative
measure of survival for nonpathogenic E. coli and for the
normal commensal or indigenous fecal population remains an
interesting topic for further investigation.

In the five divided fecal samples from cow A, which was
naturally infected with STEC O26:H11 and which excreted
5.7 X 10° STEC 026:H11 CFU/g of feces, the population of
STEC 026:H11 decreased gradually to a level detectable only
by enrichment (<10* CFU/g) at weeks 4 to 12 at 5 and 15°C
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FIG. 1. Fate of STEC O26:H11 in feces of cow A, naturally infected with
STEC 026:H11, at 5, 15, and 25°C. Five fecal samples were examined at each
temperature. Bars a and b, isolation of STEC O26:H11 in enrichment cultures of
0.02 and 0.2 g of feces, respectively.

but at weeks 4 to 8 at 25°C (Fig. 1). These findings show that
STEC 0O26:H11 in feces from a naturally infected cow can
survive longer at 5 and 15°C than at 25°C.

Epidemiological data from a study of cattle revealed that
populations of STEC 026, O111, and O157 in bovine feces
ranged from <10 to 10° CFU/g (5). Therefore, three inocu-
lation levels—10 (low), 10° (middle), and 10° (high) CFU/g—
were selected for this study. Organisms were inoculated into
two fecal samples from cows B and C. Generally, STEC 026,
O111, and O157 populations decreased quickly to a level de-
tectable only by enrichment at week 1 to 3 for the low concen-
tration, at weeks 2 to 6 for the middle concentration, and at
weeks 4 to 10 for the high concentration at 5, 15, and 25°C (Fig.
2 to 4). However, the numbers of all three serotypes in some
samples increased 1 or 3 log,, CFU/g 3 weeks after inoculation
with the low concentration. The growth at 25°C was remark-
able for STEC O157:H7. The pathogen was detectable in sam-
ples at 25°C for as long as 4 to 8 weeks. This finding seems to
be the first evidence that low levels of STEC 026, O111, and
0157 can survive in feces for even 8 weeks.

At 25°C with the middle and high concentrations, 026,
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FIG. 2. Fate of STEC O26:H11 in bovine feces at 5, 15, and 25°C. Three strains (from left, SE97012, SE97023, and SE97024) were inoculated into three fecal
samples from cows B (m) and C (O). Bars a and b, isolation of STEC 026:H11 in enrichment cultures of 0.02 and 0.2 g of feces, respectively.

O111, and O157 populations decreased gradually to under 10*
CFU/g at weeks 4 to 8; these pathogens were not detected after
10 weeks, except for one case in which O26:H11 inoculated at
a high concentration survived for 12 weeks. At 15°C with the
middle and high concentrations, 026, O111, and O157 popu-
lations decreased gradually to under 10> CFU/g at weeks 4 to
10; these pathogens were not detected after 10 weeks, but
survival of O157:H7 in three samples, of O111:H— in one
sample, and of O26:H11 in four samples was evident for 12 to
18 weeks. At 5°C with the middle and high concentrations,
026, O111, and O157 populations decreased more rapidly
than at 15 and 25°C, to under 10* CFU/g almost at weeks 3 to
6, and O26:H11 was detected in two samples at 12 and 14
weeks by enrichment culture. These findings show that STEC
026, O111, and O157 can survive in feces for a long time,
especially at 15°C, even for 16 to 18 weeks (112 to 126 days).

Wang et al. (15) pointed out that STEC O157:H7 inoculated
into bovine feces at 10* and 10° CFU/g can survive at 5°C for
63 to 70 days, at 22°C for 49 and 56 days, and at 37°C for 42 and
49 days. Although the death of STEC O157:H7 at 22 and 37°C
may in part have been due to dehydration of the feces in open
bags (15), our study showed short-term survival of STEC
O157:H7 in bovine feces at high temperatures (25°C), even
with samples in closed bags. Kudva et al. (9) also reported that
STEC 0O157:H7 inoculated into ovine feces at 10° CFU/g can
survive at 4 and 10°C for 100 days and at 23°C for 40 days even
without aeration. The same phenomenon was observed for
STEC O111:H— and O26:H11 in bovine feces in our study.
These findings confirm that survival rates of not only STEC
0157 but also STEC 026 and O111 in feces depend on tem-
perature and the initial bacterial inoculum, regardless of de-
hydration.

The organism was detected by the nonenrichment culture

method in samples containing over 10> CFU of STEC 026,
O111, and O157 per g. However, the organisms were detected
by the selective enrichment technique in samples containing
under 10> CFU of STEC 026, O111, and O157 per g. In
previous studies of the fate of STEC O157 in bovine and ovine
feces, the pathogen was detected by enrichment culture with
TSB or TSB supplemented with cefixime, potassium tellurite,
and vancomycin (TSB-CTV) at 37°C for 18 h with agitation (9,
15). Although these conventional enrichment techniques are
widely used for isolation of STEC O157:H7 from food and
feces (3, 7, 10, 16, 17), our previous work (6) showed that TSB
culture at 42°C for 6 h with no agitation is the most effective
method for isolating STEC 026, O111, and O157 from food
and feces. The growth of STEC O157:H7 in TSB and TSB-
CTV at 37°C was poorer than at 42°C, and culturing in TSB
and TSB-CTV at 37°C allowed for a more vigorous growth of
other members of Enterobacteriaceae than that of STEC O157:
H7. Therefore, the samples subjected to enrichment with TSB
at 42°C for 6 h with no agitation were spread onto CT-SMAC
agar after HCI treatment. STEC 026, O111, and O157 at
under 102 CFU/g were detected at weeks 16 and 18 postinocu-
lation after incubation at 15°C. The detection of these surviv-
ing organisms at under 10*> CFU/g at temperatures between 5
and 25°C was facilitated by this new isolation method for
STEC.

Dairy and beef herds have been identified as a reservoir of
this pathogen (3, 7, 15, 16). Our studies revealed that low levels
of organisms of not only STEC O157 but also STEC 026 and
O111 can survive in bovine feces at temperatures between 5
and 25°C for longer than heretofore recognized. The long-term
survival of STEC has implications for understanding the ecol-
ogy of this pathogen in cattle and in the environment. Irrigat-
ing fields with manure and manure slurry may be a risk factor
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FIG. 3. Fate of STEC O111:H— in bovine feces at 5, 15, and 25°C. Two strains (from left, SE97092 and SE97111) were inoculated in two fecal samples from cows
B (w) and C (O). Bars a and b, isolation of STEC 026:H11 in enrichment cultures of 0.02 and 0.2 g of feces, respectively.

for transmitting the pathogen (9). Bovine feces and manure humans is as low as 10 bacteria (14). Direct transmission of
exposed in a field may become a direct or indirect source of STEC O157:H7 from calves to children via the fecal-oral route

infection with STEC when dirt, soil, or water is contaminated (12) and outbreaks involving contaminated vegetables (11)
for a long time, because the estimated infectious dose for have been reported. Bovine feces are a potential source for the
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FIG. 4. Fate of STEC O157:H7 in bovine feces at 5, 15, and 25°C. Five strains (from left, Y9, Y23, Y212, SE97029, and SE97065) were inoculated in five fecal
samples from cows B (m) and C (O). Bars a and b, isolation of STEC O26:H11 in enrichment culture of 0.02 and 0.2 g of feces, respectively.
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spread of STEC O157:H7 to the human food chain as well as
to the environment (15). Although Wang et al. (15) pointed
out that the effective control of STEC O157:H7 in dairy cattle
and appropriate handling or usage of bovine feces are neces-
sary so that contamination of the environment and food by this
pathogen can be prevented, the surprising long-term survival
of not only O157 but also O26 and O111 in feces of dairy and
beef cattle indicates that even more strict handling may be
required.
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