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CULTURESAND IN PIG FECESHELD AT FOUR DIFFERENT TEMPERATURES'

David Emilio Santos Nevesde Bar cellost, Michelle M athiesen? & Gerald Duhamel?

ABSTRACT

Porcine colonic spirochetosis (PCS) caused by
Brachyspira pilosicoli has been identified as a contribut-
ing cause of diarrheaand reduced performance of growing
pigsin all major swine producing countries. The current
view that transmission of PCS occurs through contamina-
tion of the environment by acutely or persistently infected
pigs is based on the assumption that the spirochetes re-
main viablein the environment. The purpose of this study
wasto comparetheviability of Brachyspira pilosicoli kept
in pure culture or mixed with feces at four different tem-
peratures over time with that of Brachyspira
hyodysenteriae. The results of the present study indicated
that Brachyspira pilosicoli survived significantly longer
than Brachyspira hyodysenteriae in pure cultures held at
24°Cand 37°C, and at al temperaturesin spiked fecal ma-
terials. Pure cultures of Brachyspira pilosicoli survived
at least 63 daysat -70°C, seven days at 4°C, 14to 28 days
at 24°C and seven to 28 days at 37°C. There was signifi-
cant differences in the survival of the 2 species of spiro-
chetes when mixed with feces. At -70°C, Brachyspira
pilosicoli and Brachyspira hyodysenteriae survived res-
pectively an average of 21 and 3days, and at 4°C 12,25 and
4,25 days. Viability was reduced to one to seven days at
24°C and one to three days at 37°C for Brachyspira
pilosicoli and < five days at 24°C and < one day at 37°C
for Brachyspira hyodysenteriae. Information on the sur-
vival of Brachyspira pilosicoli outsidethe pig’sbody pro-
vides a basisto improve strategies for PCS control.
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RESUMO

A espiroguetose do cdlon dos suinos (ECS), doen-
cacausada pela Brachyspira pilosicoli, tem sido identificada
como uma causa de diarréia e queda de performance em sui-
nos na fase de crescimento em todos 0s maiores paises pro-
dutores do mundo. O conceito atua de que atransmissdo da
ECS ocorra através da contaminagdo ambiental por animais
aguda ou persistentemente infectados, é baseado na pressu-
posi¢do de que espiroquetas permanegeam viaveis no ambi-
ente. O objetivo do estudo atual foi 0 de comparar aviabilida:
de da Brachyspira pilosicoli e da Brachyspira hyodysente-
riae, avaliando bactérias mantidas em culturas puras ou mis-
turadas com fezes em quatro diferentes temperaturas, em di-
ferentes periodos de tempo. Os resultados indicaram que a
Brachyspira pilosicoli sobreviveu mais tempo que a
Brachyspira hyodysenteriae em cultivos puros mantidos a
24°C e 37°C e em todas as temperaturas nos materiaisfecais
inoculados. Culturas puras de Brachyspira pilosicoli sobre-
viveram pelo menos 63 diasa-70°C, setediasa4°C, 14 a28
diasa24°Ce7a28diasa37°C. Houvediferengasignificativa
na sobrevivéncia das duas espécies de espiroquetas quando
misturadas com fezes. A -70°C, Brachyspira pilosicoli e a
Brachyspira hyodysenteriae sobreviveram em médiarespec-
tivamente21 e3dias, ea4°C 12,25e4,25dias. A viabilidade
foi reduzidaal a7 diasa24°C emenosdo que 1 diaa37°C
para Brachyspira hyodysenteriae. Informacfes sobre a so-
brevivéncia da Brachyspira pilosicoli fora do corpo dos sui-
nos podem servir de base para melhorar as estratégias de
controledaECS.

Descritores: Brachyspira hyodysenteriae, Brachyspira
pilosicoli, espiroquetose do cdlon dos suinos, sobrevivéncia
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INTRODUCTION

Recent advances in genetic-based identifica-
tion methods have led to the recognition of
Brachyspira (formerly Serpulina) pilosicoli, a new
pathogenic intestinal spirochete different from
Brachyspira (formerly Serpulina) hyodysenteriae,
the cause of swine dysentery. First identified in 1980
inthe United Kingdom by Taylor et a. [23], Serpulina
(S) pilosicoli was recognized as the etiologic agent
of porcine colonic spirochetosis (PCS) by Trott et a.
[28]. Sincethen, PCS has been identified asacontrib-
uting cause of diarrhea and reduced performance of
growing pigsin North America, Europe, and Australia
[5,9,15,16,20,26]. Two other spirochetes have been
identified in intestinal specimens from swine. These
consist of Brachyspira (formerly Serpulina)
innocens found in swine and poultry and Brachyspira
(formerly Serpulina) murdochii found in swine and
rats [20]. They are considered non-pathogenic com-
mensals[20,24]. A fifth spirochete- Brachyspira (for-
merly Serpulina) intermedia, has been isolated from
the intestinal contents and feces of pigs, and there are
field and experimental evidencessuggestingitsrolein
adiarrheal disease of growing pigs|[3,27].

Theclinical signs of PCS consist of transient
diarrhea, which is gray to green in color and the con-
sistency of wet cement. Persistent infections cause a
lack of uniformity in weight gain, increased days to
market and increased feed costs. The disruption of
pig flow and increased number of pigs with lighter
weights at the end of the feeding period are major
problemsin al-in/all-out management systems[11].

Although the significance of PCSasadisease
of growing-finishing pigs is well documented using
gnotobiotic and conventiona pigs[1,8-10,17], themode
of transmission of B. pilosicoli between pigsispoorly
understood. A major risk factor for PCSisahistory of
moving and mixing of weaner or grower pigs to new
accommodations and a change of diet. The current
view that B. pilosicoli istransmitted by oral exposure
of naive pigsto contaminated fecal materialsis based
on the assumption that the spirochetes remains viable
after shedding in the environment [24]. The survival
of Brachyspira (B.) hyodysenteriae in the environ-
ment outside of the pigs was previously described
[4,25]. Survival studies for B. pilosicoli and B.
hyodysenteriae were also carried out by Oxberry et
a [18], using tap and lake water to dilute cultures of

the bacteria. Two temperatures were compared (25°C
and 4°C), in aviability study lasting 66 days. It was
concluded that B. pilosicoli survived better than B.
hyodysenteriae when using this experimental model.
Thereisa soinformation regarding survival of unclas-
sified human spirochetes in fecal material, Lee and
Hampson [14]. Comparing aboriginal stool sampleson
the day of sampling or 15 days later, they found that
out of 49 samples that were positive on the first day,
47 (95,8%) till contained viable spirochetes 15 days
later. There are no other published reports about the
survival of B. pilosicoli in the environment, it would
be especially relevant to obtain dataon the viability of
this organism in feces outside the pig.

However, with the exception of B. hyodysen-
teriae, littleisknown about the survival of spirochetes
outside of the pig's body.

The purpose of this study was to compare the
viability of B. pilosicoli in pure culture or mixed with
feces at four different temperatures over time with
that of B. hyodysenteriae. Information on the sur-
vival of B. pilosicoli outsidethe pigswill contributeto
understand of the mode of transmission of the disease
and to help in the implementation of improved strate-
giesfor control of PCS.

MATERIALS AND METHODS
Bacterial strains and growth conditions

Stock cultures of B. pilosicoli strain P43/6/
78" and B. hyodysenteriae strain B204 were propa-
gated in aprereduced anaerobically sterilized medium
using a standard protocol for anaerobic culture of spi-
rochetesin aliquid medium [13]. Broth cultureswere
grown at 37°C in 250-mL volumesto late logarithmic
phase while stirred constantly under 10% hydrogen,
10% carbon dioxide, and 80% nitrogen atmosphere.
For each stock culture, the optical density at 520nm,
thetotal bacterial count, viability count, and purity were
estimated using aspectrophotometer (Bausch & Lomb,
City, State), and by direct counting using a Petroff-
Hauser counting chamber examined under dark field
microscopy, and by inoculating 10-fold dilutionsin phos-
phate-buffered saline (PBS; pH 7.3) onto trypticase
soy blood agar plates with 5% sheep blood (TSAB;
Becton-Dickinson Microbiology Systems, Cockeysville,
MD) and incubating at 42°C in an anaerobic chamber
(AnaeroPack System™, Mitsubishi Gas Chemical
Company Inc., New York, NY). Each culture was
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examined after 2 and 4 days incubation, and the num-
ber of hemolytic colonies were counted, and the re-
sults were expressed as colony forming units per mL
(CFU/mL, Duhamel et al [6]). Broth cultures for in-
oculation of fecal material were centrifuged at 10,000
rom for 10 minutes in a refrigerated centrifuge
(Beckman J-21C, Palo Alto, CA) and resuspended to
1:10of theorigina volume.

Preparation of fecal and broth culture samples

Fecal materials were collected from healthy
pigs from two research farms at the University of
Nebraska-Lincoln and examined for the presence of
culturable spirochetes by anaerobic culture onto
trypticase soy agar (TSA) plates containing colistin,
vancomycin and spectinomycin and 5% defibrinated
bovineblood (CVSmedium, [7,12]), incubated at 42°C
in an anaerobic chamber (Mitsubishi). The day prior
tothe experiment, sampleswere collected directly from
the rectum and from freshly voided feces on the floor
from two gilts approximately 105Kg in the Depart-
ment of Animal Science and from two grower pigs
approximately 50K g in the Animal Research Facility
of the Department of Veterinary Biomedical Sciences.
Each animal was fed a 14% protein ground corn/soy-
bean meal-based diet without antimicrobials. The fe-
ces were placed in plastic bags and refrigerated im-
mediately until the next day when pools of fecal mate-
rial were made from each pig source and aliquoted in
50g volumes in sterile plastic bags for inoculation.
Spiked fecal pools were prepared by mixing 50g of
feceswith 5mL of 10 X concentrated broth and mixed
using amechanical mixer (Stomacher Lab-Blender 80;
Cincinnati, OH) for 4 minutes at room temperature.
Basdline viability of each spirochete was determined
using aliquotsof undiluted broth culture placedin ster-
ile polypropylenetubes stored at each temperature for
each time point. Duplicate samples of each spiked fe-
cal pool and four replicates of broth cultures for each
strain were each aliquoted in sterile tubes (416 tubes
for spiked feces and 416 tubes for broth cultures) in
0.8g and 1mL volumes, respectively, and held at either
-70°C, 4°C, 20°C or 37°C until processing for deter-
mination of viability.

Viability determination

Two replicates were analyzed for each fecal
pool and four replicates for each broth culture. Feces

and broth sampleswere removed from the sterile tubes
using a sterile cotton swab and inocul ated onto selec-
tive TSA plates (CV S medium). Bacterial growthwas
assessed on day 0 (sample preparation), 1, 3, 5, 7, and
at weekly intervalsuntil week 9. After inoculation, each
plate was examined blindly using a number code on
day 2, 4 and 7 of incubation and scored for the pres-
ence or absence of spirochete growth. Positive cul-
ture results were determined on the basis of the pat-
tern and intensity of hemolysis and growth of spiro-
chetes, confirmed by observation of spirochetesin wet
mounts examined using dark field microscopy.

Statistical analysis

To determine if the recovery of viable spiro-
chetes from the cultures and spiked feces held at dif-
ferent temperatures differed from one treatment to
the other, data were analyzed using one-way analysis
of variance (Tukey’s pairwise comparisons) with the
SASsoftware. The 0.05 level of significancewas used
for al data.

RESULTS

After completed the period of growth, pure
culturesof B. pilosicoli contained approximately 3x10%
spirochetes per mL and B. hyodysenteriae contained
4x10% spirochetes per mL in theliquid TSB medium.

They were used in non-diluted form, and re-
sults of viability testing of cultures of
B. hyodysenteriae and B. pilosicoli after holding at -
70°, 4°C, 24°C and 37°C are summarized in Table 1.
Pure cultures of both spirochetes survived for the en-
tire observation period of 63 days at -70°C, whereas
survival at 4° C was reduced to 7 to 14 days for both
spirochetes. At 24°C and 37°C, B. pilosicoli survived
in average 18,5 and 14 days, respectively, whereas
B. hyodysenteriae survived 10.5 and 5.5 days at each
temperature.

The viability of B. hyodysenteriae and
B. pilosicoli in each spiked fecal pool held at each tem-
perature over a 63 day period is presented in Table 2.
Overall, B. pilosicoli kept under identical conditions
survived longer than B. hyodysenteriae. However, the
viability of each spirochete held at 24°C and 37°C over
timewassignificantly reduced wheninoculated into the
grower pig fecal pool when compared with the finisher
pig feca pool (p = 0.001, Table 2). Both spirochetes
were recovered from al of the spiked fecal pools on
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the day of inoculation (day 0), but B. hyodysenteriae
survivedinaverage 3 daysat -70°C, 4,25 daysat 4°C, 2
daysat 24°C and lessthan 1 day at 37°C. The Satisti-
ca anaysis showed a positive interaction (p=0.043)
between temperature and bacteria species, indicating

that thedifferencesin speciessurvival depended ontem-
perature. Although B. pilosicoli showed a gradua loss
of viability with increasing temperatures over time, it
survived in average 21 days at -70°C, 12 days at 4°C,
3.5 daysat 24°C and 1.25 days at 37°C.

Table 1. Survival of Brachyspira hyodysenteriae and Brachyspira pilosicoli (days) in culture media held

at four different temperatures over 63 days'.

Termperature Strain Positive (+) or negative (—) culture results from day 0 to 63 of incubation.. Average
P 0 1 3 5 7 14 21 28 35 42 49 56 63 (days)
-70°C  B. hyodysenteriae ++ ++ ++ +4+ ++ ++ ++ +t++++ A+ o+ 63.0

++ ++ +4+ ++ ++ ++ ++ + + + + + + + :
B. pilosicoli +4+ ++ +4+ +4+ ++ ++ ++ +EA+ A+ 4+ 63.0
++ ++ ++ ++ ++ ++ ++ o+ + + + + o+ + :
4°C B. hyodysenteriae ++ ++ ++ ++ +t+ - —— = —— = —— .
+4+ ++ ++ e+ A+ - —— . - T ’
B. pilosicoli SR AR S S S e e 8.7
++ ++ +4+ ++ 4+ - = - = —— = ’
24°C B. hyodysenteriae 4+t o o o o E
T4+ et tdE bR - —p = o :
B. pilosicoli ++ ++ ++ ++ ++ ++ - —— = = = o
e . :
37°C B. hyodysenteriae FEFF FE FF == == == == == == == == 5.5
4+ F+ e+ - -+ —— - —— . . _—_ T :
B. pilosicoli S0 e e 14.0
++ ++ ——= ++ -+ = ——= —= —= —= - -

“For each day, 4 replicates.

Table 2. Survival of Brachyspira hyodysenteriae and Brachyspira pilosicoli (days) in spiked fecal pools

held at four different temperatures over 63 days.

Positive (+) or negative (—) culture results from day 0 to 63 of incubation.

Average

T at Strain/replicat

i R 0 1 3 5 7 14 21 28 35 42 49 56 63 (days)
-70°C  B. hyodysenteriae L S FF *F =0 == == oD o o= oo oo oo oo 3.0
2 ++ —+ —— - —— —— —— - —— —— - - = :
B. pilosicoli 1 ++ ++ ++ +4+ +4+ ++ —— —— —4+ +-—- —+ —— —— 21.0
2 ++ +4+ 44+ +4+ +4+ - = - = = = ’
4°C B. hyodysenteriae L s $d P e =2 o o0 o= o= o= == o= oo 42
2 ++ ++ —— —— —— —— —— 0 —— —— —— —— - :
B. pilosicoli 1 ++ ++4 ++ +4+ +4+ —— —— —— —— —— —— —— _— 122
2 ++ +4+ 44+ +4+ 4+ - = = = = = = ’

24°C B. hyodysenteriae L #F FF == =1 == == == == == == == == ==
2.0

2 +t4+ —— —— —— —— —e —— —e —e —= —= —= ==

B. pilosicoli 1 +4 ++ +4+ ++ —+ —— —— —— - - - ——
3.5

2 ++ —+ —— —— —— —— —— —e —= —= —= —= ==
37°C  B. hyodysenteriae I ¢ o= == == o= o= o= o= o= =s= o= o= oo 0.3
2 ++ ++ —— —— —— —— —— —— —— —= - —= —= ’
B. pilosicoli L s F =2F == =20 o= == o o= o= == oo oo 1.2

2 ++ -+ —=— —— —— —e —— = —e  —= —= —= ==

Replicates: 1= duplicates of spiked finisher fecal pool; 2= duplicates of spiked grower pigs fecal pool.
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DISCUSSION

The results of this study indicate that
B. pilosicoli survived significantly longer than
B. hyodysenteriae in pure cultures held at 24°C and
37°C, and at al temperaturesin spiked fecal materials.
In the present experiment, spirochetes were removed
from the anaerobic environment and placed in a tube
with anaerobic overlay. Thismay haveinfluenced overall
survival rates, asgenerally cultureskept refrigerated in
anaerobic broth at 4°C tend to survive longer.

Reduced viability of both spirochetes was
found in spiked feces over time, an effect was more
marked at 24°C and 37°C, and possibly attributableto
adirect effect of temperature on the viability of spiro-
chetes exposed to ambient air. However, in abiologi-
cal model such as spiked feces, the interaction of the
spirocheteswith the normal fecal bacteriamay require
rapid induction of adaptive survival mechanisms. For
example, the number of bacteriain normal human fe-
cesis estimated at 10™ per gram, therefore competi-
tionwith theresident bacteriafor limited nutrients may
be involved. In pigsinfected with B. hyodysenteriae,
amarked changein microbial population of colon and
feces occur. As reported by Robinson et al [19], 74%
of bacterial isolates from the colonic mucosa of nor-
mal pigswere gram positive, whereas 88% of the epi-
thelia-associate isolates from pigswith dysentery were
gram negative. Antagonistic factors such as bacterio-
cinsproduced by bacteriaand aterationsin the physi-
cochemical environment of the sample could have
contributed to the reduced viability of spirochetesin
spiked feces compared with pure cultures [2]. Com-
petition between B. hyodysenteriae and the normal
microflora has been previously demonstrated by
Suenaga & Yamazaki [21], using an experimental mice
infection model. Thiscan be particularly significant at
higher temperatures, which stimulate the metabolism
of bacteria. One indirect demonstration of such type
of interaction can be inferred from the work of
Duhamel et al [6]. The beneficial role noted for char-
coal in transport media used in B. hyodysenteriae
preservation was not completely elucidated, but it was
suggested that it could be due to the absorption of in-
hibitors and bacterial waste products produced by fe-
cal floraduring holding.

Previousreportsonthe survival of Brachyspira
speciesin thefeces of pigs have focused B. hyodysen-
teriae, Chia and Taylor [4]. They found that

S hyodysenteriaein fecal material collected from pigs
with swine dysentery and stored at room temperature
could survivefor periodsup to 48 days. Studieson the
viability of B. hyodysenteriae in specimens submitted
for laboratory examination also indicates survival for
extended periods at 4°C [6,22]. The organism was
found to survive for up to 48 days in temperatures
between 0 and 10°C, viability was reduced to seven
days at 25°C and was |less than one day at 37°C. The
results of the present study indicated that the average
survival of B. hyodysenteriae in feca samples was
4,25 days at 4°C, 2 days at 24°C and 0,25 days at
37°C. Difference between our results and the former
was observed in culture held at 4°C and 24°C, and
may be attributable to the use of a different strain.
Besides, our data originated from pure bacterial cul-
ture mixed with feces, and the previous work was
carried out with feces of experimentally or naturally
infected animals.

Additionally, the source of the fecal pools ap-
peared to have an effect on the viahility of the spiro-
chetes; the viability of each spirochete was less over
time when held at 24°C and 37°C in the grower pig
fecal pool compared with the finisher pig fecal pool.
The reason for this variation according to the back-
ground fecal material isunknown.

The survival of B. pilosicoli outside the pig
had been previously determined in dilution of culture
strains in tap water and lake water [18]. However,
survival of this bacteria in feces outside the pig, as
previously shown with B. hyodysenteriae, was un-
known.

Determination of the duration of potential in-
fectivity of B. pilosicoli iscritical to management prac-
ticessuch asall-in/all-out and optimal timing for rein-
troduction of pigsafter cleaning. Although theviability
of B. pilosicoli in fecal materials obtained from natu-
rally infected pigs would have to be examined before
definitive conclusions can be made, the data suggested
at least 21 days may be required for elimination of
B. pilosicoli from the environment without decontami-
nation.

B. pilosicoli can be isolated from the large
intestine of challenge-inoculated pigsfor upto 6 weeks
post-inoculation, even though diarrhea may have
ceased. This suggests transmission of PCS is from
shedding of B. pilosicoli in the feces of persistently
infected pigs. Carrier-shedder pigs are an important
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reservoir of B. pilosicoli oninfected farms, and move-
ment of infected pigsisthe most likely means of trans-
mission of B. pilosicoli between farms. However,
considering B. pilosicoli isviable for up to 14 days at
4°C, transmission by contaminated fecal material also
is likely to occur between groups of pigs or between
pens, particularly during winter. Thisisconsistent with
high prevalence of clinical signs of PCS in manage-
ment systems that favor fecal-oral recycling, such as
open-flush gutters and recycled lagoon water [5].

Inall in/all out multi-site production systems,
transmission is most likely results from commingling
susceptible and shedder pigs at thetime of placement.
In continuous flow production systems, spirochetesare
most likely transmitted by feces from older pigs com-
ing in contact with younger B. pilosicoli-naive pigsor
from the contaminated environment. Indirect transmis-
sion arising from contaminated vehicles or movement
of personnel with contaminated clothes or boots aso
is possible [4]. The possibility also exists that hosts
other than pigs may act as potential sources of
B. pilosicoli, emphasizing the need for biosecurity. Ac-
cessof dogs, mice, and wildlife, including birdsto the
pigs and feedstuffs should be restricted.

CONCLUSIONS

Theresults of the present study indicated that
Brachyspira pilosicoli survived significantly longer
than Brachyspira hyodysenteriae in pure cultures
heldat 24°C and 37°C, and at all temperaturesin spiked
fecal materials.
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