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ABSTRACT

Colonic spirochetosis is a cause of inflammation of the
large intestine (i.e., colitis) in humans and animals. It is
characterized by spirochetal attachment and damage to the
intestinal epithelial cells and may be followed by invasion
of cecal and colonic mucosal cells, as well as the circulatory system (14). Symptoms include chronic diarrhea, rectal
bleeding, and stomach cramps (49). Human colonic spirochetosis is common in developing countries but is relatively
rare in industrialized countries except in immunocompromised individuals, indigent individuals, and homosexual
males (6, 39, 84). Colonic spirochetosis in pigs and chickens can lead to diarrhea, poor feed conversion, and reduced
productivity and is of great economic importance to animal
husbandry (14, 54, 78, 79).
Colonic spirochetosis is induced by infection with Brachyspira pilosicoli or Brachyspira aalborgi. B. pilosicoli
causes disease in humans and various animals; however, B.
aalborgi induces colonic spirochetosis only in humans and
higher primates (14). Infection with B. aalborgi and B. pilosicoli is transmitted via the fecal-oral route. The structural, biochemical, and genotypic characteristics of B. pilosicoli strains isolated from humans are similar to those isolated from animals (14). Duhamel (14) has stated that ‘‘it
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is likely that B. pilosicoli is a zoonotic agent capable of
being transmitted from animals to humans.’’ It is possible
that contact with infected animals and their manure could
be an important source of transmission of B. pilosicoli to
humans. Transmission of B. pilosicoli may occur via handling or ingesting meat from infected animals or by personto-person contact. It may be possible that humans acquire
B. aalborgi from foods handled by an infected individual
or by person-to-person contact. The transmission of human,
rhesus monkey, pig, dog, or avian strains of the organisms
to chicks, pigs, and mice has been demonstrated (14).
CHARACTERIZATION OF B. AALBORGI AND
B. PILOSICOLI
Some of the characteristics of B. aalborgi and B. pilosicoli are described in Tables 1 and 2, respectively. The
two organisms differ in size and flagellation, raffinose fermentation, DNA-DNA reassociation, and the mol% G1C
of the DNA; thus, no large differences exist between B.
aalborgi and B. pilosicoli. Calderaro et al. (10) point out
that B. pilosicoli hydrolyzes hippurate, whereas B. aalborgi
does not. Most workers differentiate between the two species using specific PCR assays designed to amplify portions
of the 16S rRNA genes from either organism. For example,
Mikosza et al. (53) developed PCR procedures to detect
and differentiate B. aalborgi and B. pilosicoli in human
feces.
The swine strains of B. pilosicoli are hardy and survive
well in the environment. When terrestrial microcosms such
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Colonic spirochetosis is a disease caused by the gram-negative bacteria Brachyspira aalborgi and Brachyspira pilosicoli.
B. pilosicoli induces disease in both humans and animals, whereas B. aalborgi affects only humans and higher primates.
Symptoms in humans include diarrhea, rectal bleeding, and abdominal cramps. Colonic spirochetosis is common in third world
countries; however, in developed countries, the disease is observed mainly in homosexual males. Terminally ill patients infected
with Brachyspira are particularly at risk for developing spirochetemia. Diarrhea, poor growth performance, and decreased
feed-to-gain efficiency is seen in pigs with colonic spirochetosis. The disease in chickens is characterized by delayed and/or
reduced egg production, diarrhea, poor feed conversion, and retarded growth. Thus, colonic spirochetosis can represent a
serious economic loss in the swine and poultry industries. The organisms are transmitted by the fecal-oral route, and several
studies have demonstrated that human, primate, pig, dog, or bird strains of B. pilosicoli can be transmitted to pigs, chickens,
and mice. B. pilosicoli may be a zoonotic pathogen, and although it has not been demonstrated, there is a possibility that both
B. pilosicoli and B. aalborgi can be transferred to humans via contact with the feces of infected animals, meat from infected
animals, or food contaminated by food handlers. Neither B. pilosicoli nor B. aalborgi has been well characterized in terms of
basic cellular functions, pathogenicity, or genetics. Studies are needed to more thoroughly understand these Brachyspira species
and their disease mechanisms.
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TABLE 2. Description of Brachyspira pilosicoli (61)

Unicellular, motile with 4 to 5 periplasmic flagella at each end,
helicoidal, gram negative, 1.6 to 6.0 mm long and 0.2 mm in
diameter; grows anaerobically on Trypticase soy blood agar at
388C but is aerotolerant; weakly b-hemolytic on Trypticase
soy blood agar; resistant to spectinomycin; indole negative,
esculin positive; ferments fructose, galactose, glucose, lactose,
maltose, mannose, and trehalose but does not ferment adonitol, inositol, raffinose, rhamnose, or sorbitol; exhibits 96.0%
16S rDNA sequence identity and 17.2% homology in DNADNA reassociation with B. pilosicoli; mol% G1C of DNA is
27.1.

Unicellular, motile with 5 to 6 perisplasmic flagella inserted at
each end, helicoidal, gram negative, 4 to 8 mm long and 0.2
to 0.3 mm in diameter; grows anaerobically on Trypticase soy
blood agar at 388C but is aerotolerant; weakly b-hemolytic on
Trypticase soy blood agar; resistant to spectinomycin; indole
negative, esculin positive; ferments fructose, galactose, glucose, lactose, maltose, mannose, raffinose, and trehalose but
does not ferment adonitol, inositol, rhamnose, or sorbitol; exhibits 96.0% 16S rDNA sequence identity and 17.2% homology in DNA-DNA reassociation with B. aalborgi; mol%
G1C of DNA is 24.9.

as soil, pig feces, or soil that contains 10% pig feces were
inoculated with approximately 109 CFU/g of B. pilosicoli
and incubated at 108C, the organism survived (as determined by plate counts) for at least 119 days in soil and 210
days in both pig feces and soil mixed with feces (5). B.
pilosicoli DNA was detectable at 330 days when the microcosms were subjected to DNA extraction followed by
PCR (5). However, a chicken strain of B. pilosicoli appears
to be less hardy. When a chicken strain was stored in chicken feces at a level of 109 CFU/g at 48C, the survival of the
organism (as determined by plate counts) was .72 to ,84
h (66). At 25 and 378C storage, survival of the chicken
strain in feces was decreased even further.
Cells of B. pilosicoli from freshly voided waterfowl
feces survived in lake water at 48C for 12 to 66 days when
they were present at levels of 104 to 107 CFU/ml; at 258C,
they survived only 1 to 4 days at inoculum levels of 105
to 107 CFU/ml (63). Survival of B. pilosicoli in tap water
was poor at both 4 and 258C. Kraaz et al. (42) found that
B. aalborgi survived in human feces for more than 3
months when stored anaerobically at room temperature.
Thus, it is possible that environments contaminated with
feces that contained B. aalborgi or B. pilosicoli are a source
of infection to humans.

only in humans and primates (14). Brachyspira aalborgi is
the most common cause of colonic spirochetosis in humans
from developed countries such as Australia, Denmark, and
Norway, whereas B. pilosicoli is a less common cause of
the disease in developed countries (34, 39, 52). In 45 patients from Australia, Norway, France, and the United
States with histologically defined colonic spirochetosis,
PCR data indicated that 31 patients (68.9%) were positive
for B. aalborgi, whereas only two patients (4.4%) were positive for B. pilosicoli (49). In contrast, B. pilosicoli was
isolated from rectal biopsy specimens of 11 (50%) of 22
Australian homosexual men with histologically demonstrated colonic spirochetosis (83). The prevalence of B. pilosicoli in 316 villagers from tea estates in Assam India was
25% compared with 6% for B. aalborgi (23, 60). The most
important risk factor for a Brachyspira infection was contact with a family member infected with either B. pilosicoli
or B. aalborgi (60). B. pilosicoli but not B. aalborgi was
present in fecal samples from people living in rural and
urban settings of Bali, Indonesia. At the first visit, Margawani et al. (47) found that 59 (11.8%) of 500 were positive
for B. pilosicoli, and at the second visit, 4 months later, 62
(12.4%) of 492 were positive.
Human colonic spirochetosis has been described by
Mikosza and Hampson (49) as ‘‘a condition defined by the
presence of a layer of spirochetes attached by one cell end
to the colorectal epithelium.’’ Histologically, the dense layer of spirochetes on the colorectal epithelium gives the impression of a ‘‘false brush border’’ (4). The attachment of
the spirochetes to the epithelium leads to displacement and
effacement of microvilli (4, 14). The demonstration of a
false brush border with hematoxylin-eosin staining (a thin
blue line, approximately 3 mm in thickness) is indicative of
colonic spirochetosis (4, 12, 38). However, it is necessary
to confirm that the false brush border is actually made up
of spirochetes by using electron microscopy, PCR, and/or
fluorescent in situ hybridization (10, 34).
Most infections with B. aalborgi or B. pilosicoli are
asymptomatic, and only fecal excretion of the organism occurs with asymptomatic infection. Individuals with symptoms present with chronic diarrhea, rectal bleeding, bloating, lower abdominal cramps, and/or colitis; constipation
may also be a feature of spirochetosis (1, 38, 44, 46, 49).
Metronidazole appears to be the treatment of choice for
human colonic spirochetosis (38, 65). Brooke et al. (7)

HUMAN COLONIC SPIROCHETOSIS
Human colonic spirochetosis is also referred to as intestinal spirochetosis, colorectal spirochetosis, or rectal spirochetosis. Colonic spirochetosis is the preferred term because it locates the actual intestinal lesions (58). Colonic
spirochetosis is present in .30% of individuals from developing countries; however, in industrialized countries, the
disease is generally seen in disadvantaged indigenous
groups, immigrants from developing countries, immunocompromised individuals, and homosexual men (6, 69, 83,
84). In addition, critically ill and immunocompromised patients are more susceptible to colonic spirochetosis (20, 21,
36, 87). Epidemiologic data indicate that impoverished living conditions are associated with spirochetal infection (47,
60).
The causal agents of human colonic spirochetosis are
B. pilosicoli (Serpulina pilosicoli, Anguillina coli) and B.
aalborgi. B. pilosicoli induces spirochetosis in a large number of animals, including humans, primates, various mammals, and birds, whereas B. aalborgi causes spirochetosis
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COLONIC SPIROCHETOSIS IN ANIMALS
Swine. Porcine colonic spirochetosis (also called porcine intestinal spirochetosis) is a diarrheal disease of low
mortality (1 to 2%) that is caused by B. pilosicoli. The
disease is seen in recently weaned grower and finisher pigs
(54, 79). The diarrhea may be transient and usually resolves
within 7 to 10 days, but some animals have persistent diarrhea. The diarrhea leads to poor growth performance distinguished by a reduction in weight gain and feed-to-gain
efficiency (14, 54, 79). Since the time required to reach
market weight is increased in animals with colonic spirochetosis, swine raisers sustain economic losses due to the
poor performance induced by this disease.
The ‘‘false brush border’’ is present only in the early
stages of infection and is generally not seen in most cases
by the time porcine colonic spirochetosis is finally diagnosed; therefore, it is not useful as a diagnostic feature (14,
86). Since the microscopic lesions induced by porcine colonic spirochetosis are nonspecific, confirmation of infection must be performed by amplification of the B. pilosicoli
ribosomal RNA gene from DNA extracted from porcine
feces or from growth cultures of fecal isolates (43, 57) and/
or by fluorescent in situ hybridization that targets B. pilosicoli rRNA transcripts in formalin-fixed biopsy samples
(35).
Colonic spirochetosis is transmitted by the fecal-oral
route to uninfected pigs via exposure to feces from shedding carrier pigs. Infected pigs may shed B. pilosicoli for
up to 6 weeks (79). Risk factors for infection include contaminated pens, swine handling equipment and trucks, and
contaminated water and feed. The clothing and shoes (or
boots) of swine handling personnel may be contaminated
with pig feces and represent another source of infection
(79). Other possible sources of B. pilosicoli transmission to
pigs include feces from dogs (19), birds (33, 76), and humans (49). Trott et al. (86) demonstrated the experimental
infection of pigs with a human strain of B. pilosicoli; therefore, cross-infection from humans to pigs is possible.
In a number of studies (n 5 11, comprising 117 pigs),
80% (range, 17 to 100%) of pigs inoculated with strains of
B. pilosicoli from different sources (one human and eight
swine) became infected, whereas only 41% (range, 17 to
67%) of the pigs showed signs of diarrhea (14). The widespread ranges between infection and diarrheic symptoms
indicate that there is a large difference in virulence among
strains of B. pilosicoli. However, some of the variation may
be due to differences in susceptibility of pigs to infection
or to differences in the diet. Swine diets that contain poorly
digestible nonstarchy materials enhance colonization of B.
pilosicoli and the severity of colonic spirochetosis, whereas
a more highly digestible corn and animal protein diet reduced colonization and disease symptoms (14). Lindecrona
et al. (45) found that B. pilosicoli–dosed pigs fed a diet that
contained wheat and barley excreted the pathogen for longer periods (approximately 10-fold) than challenged pigs fed
a cooked rice diet.
Porcine colonic spirochetosis has been reported in
swine herds from a number of pork-raising countries. Bar-
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studied the in vitro susceptibility to antibiotics of B. pilosicoli strains isolated from humans. They found that all 123
human strains were inhibited by amoxicillin–clavulanic
acid (MIC90, 4.2 mg/ml), ceftriaxone (MIC90, 1 mg/ml),
chloramphenicol (MIC90, 2 mg/ml), meropenem (MIC90,
0.25 mg/ml), and metronidazole (MIC90, 0.25 mg/ml).
Intracellular invasion of colonic epithelial cells, macrophages, goblet cells, and Schwann cells by spirochetes
has been demonstrated (21, 64, 65). In addition, invasion
of the blood stream (i.e., spirochetemia) also has been detected in immunocompromised and critically ill patients
(20, 36, 87).
Oxberry et al. (63) reported that a healthy volunteer
who ingested a human isolate of B. pilosicoli became colonized (as demonstrated by positive fecal swab results) and
developed mild nausea with abdominal discomfort and
bloating followed by severe headaches; however, diarrhea
did not occur. After treatment with metronidazole, symptoms ceased within 3 days and fecal swabs were negative
for B. pilosicoli. Isolates from the volunteer’s fecal swabs
were of the same electrophoretic pattern as that of the ingested strain of B. pilosicoli (63). In most studies of patients
with symptomatic colonic spirochetosis, the causative spirochetes were not identified; however, in a few studies, the
spirochetes were unequivocally identified as B. aalborgi or
B. pilosicoli. The results of these studies are presented in
Table 3. Many of the patients with clinical spirochetosis
had underlying chronic conditions or were severely immunocompromised. How B. aalborgi or B. pilosicoli was
transmitted to the patients described in Table 3 was not
determined.
Jensen et al. (35) suggested that the end-on attachment
of spirochetes to colonic luminal epithelium is a virulence
factor. The attachment of spirochetes may lead to the blockage of passive absorption by the colonic epithelium (42).
However, little is known about the virulence and attachment
factors associated with B. pilosicoli. Hartland et al. (24)
extracted DNA from six strains of B. pilosicoli and hybridized the DNAs at low stringency with DNA probes derived
from genes of Yersinia enterocolitica (inv, ail, yadA), enteropathogenic Escherichia coli (eae), and Shigella flexneri
(pInv). B. pilosicoli DNA did not hybridize with any of the
enterobacterial probes, indicating that similar genes are not
present in B. pilosicoli. Therefore, the mechanisms used by
B. pilosicoli for attachment and invasion of colonic enterocytes, as well as the disruption of the microvilli, are not
similar to those mechanisms used by other enterobacteria
(24). It is not clear why human colonic spirochetosis induces diarrhea. The cause of diarrhea has been attributed
to the shortening and effacement of the microvilli, leading
to a reduction of the absorptive surface area of the large
intestine and to a direct mechanical diffusion barrier formed
by the attachment of the spirochetes to the colonic mucosa
(44, 58). Despite the massive colonization of the colonic
epithelium by spirochetes, little or no tissue inflammation
occurs. The lack of inflammation suggests that there is a
disruption of epithelial cell inflammatory cytokine production by some unknown mechanism (56).
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TABLE 3. Examples of clinical colonic spirochetosis in patients infected with Brachyspira aalborgi or Brachyspira pilosicoli

2. B. pilosicoli
A. Six immunocompromised patients (one woman, five men) presented with fever and septicemia. Patients ranged in age from 52
to 57 years. Underlying illnesses included stroke (two patients), alcoholism with ethylene glycol intoxication (one patient),
arteriopathy (one patient), myeloma with alcoholism (one patient), or peritonitis (one patient). Spirochetes were isolated from
patient’s blood (20). Trott et al. (87) identified the spirochetes as B. pilosicoli by PCR of DNA extracted from culture plate
isolates.
B. An AIDS patient receiving chemotherapy for Kaposi’s sarcoma presented with septicemia. Identification of an isolate from blood
cultures was confirmed as B. pilosicoli by PCR of DNA extracted from the isolate grown in culture (87).
C. A 78-year-old immunocompromised man with non-Hodgkin’s lymphoma presented with fever, abdominal pain, bloody diarrhea,
and septicemia. The patient was under treatment with methylprednisolone and cytotoxic chemotherapy. Culturing of blood revealed
a B. pilosicoli infection; the organism was confirmed by PCR of growth culture (36).
D. Colonic spirochetosis was diagnosed in two men aged 34 and 50 years. One patient had a colon mass and stage T3 cecal carcinoma;
the other patient was HIV-positive with a CD4 cell count of 150/ml and had chronic diarrhea of a year’s duration. B. pilosicoli
was confirmed by PCR of DNA extracted from paraffin-embedded tissue of the patients (40).

cellos et al. (3) studied 17 Brazilian swine herds in which
the pigs developed diarrhea within 30 days after being
moved from the nursery to growing facilities. They found
a herd prevalence of B. pilosicoli of 41.2% (7 of 17). Swine
herds with diarrheic pigs, 8 to 20 weeks old, from Korean
farrow-to-finish swine raising farms showed a herd prevalence of B. pilosicoli–induced diarrhea of 10.1% (40 of
398) (11). B. pilosicoli was isolated from fecal samples of
14 (28.0%) of 50 Finnish feeder pig herds; diarrheic pigs
were present in 13 of the herds (26), and a survey of 79
swine finishing herds in Denmark indicated that 15 of the

herds demonstrated B. pilosicoli–induced diarrhea with a
herd prevalence of infection of 19.0% (74). Thomson et al.
(81), studying 85 pig herds in the United Kingdom, detected the presence of B. pilosicoli in 44 herds (51.8%).
Duhamel (13) surveyed diarrheic pigs from 10 finisher
farms located in the United States and found that B. pilosicoli was present in pigs from five farms (a prevalence rate
of 50.0%). Thus, studies on the prevalence of colonic spirochetosis in swine herds are limited but suggest that the
disease is probably prevalent in most, if not all, countries
where swine are raised. The high incidence of B. pilosi-
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1. B. aalborgi
A. Colonic spirochetosis was diagnosed in 10 patients ranging in age from 16 to 80 years. Four patients were female. One patient
presented with abdominal pain and one patient with diverticulosis; five patients presented with cancer; and one had both cancer
and diverticulosis. Two patients were human immunodeficiency virus positive (HIV), one of whom had a CD4 cell count of 171/
ml, anorexia, weight loss, cramping abdominal pain, and bloody diarrhea, and the other had a CD4 cell count of 20/ml, Kaposi’s
sarcoma, weight loss, alternating watery diarrhea and constipation, hyplastic polyps, and tubular adenoma. The presence of B.
aalborgi was confirmed by PCR of DNA extracted from paraffin-embedded tissue of the patients (51).
B. A 23-year-old man presented with a 2.5-year history of blood and mucus in the stool. B. aalborgi was confirmed by PCR of
DNA extracted from biopsy material and from growth culture isolates (42).
C. Four children, two boys and two girls ranging in age from 9 to 16 years, presented with abdominal pain, rectal bleeding, and/or
persistent diarrhea. B. aalborgi was confirmed by PCR of DNA extracted from biopsy material obtained from the children.
Symptoms resolved on treatment of the patients with metronidazole (25).
D. Colonic spirochetosis was diagnosed in 21 patients ranging in age from 18 to 86 years; five were female. Eight patients presented
with diarrhea (four with chronic diarrhea); one patient with rectal bleeding without diarrhea; one patient with proctitis; one patient
with diverticulitis and perforation; one patient with intestinal blockage and diarrhea; one patient with dyspepsia; and 8 patients
with intestinal cancer (one patient had diarrhea; one had intestinal blockage and diarrhea; and one patient had rectal bleeding).
The presence of B. aalborgi was confirmed by fluorescent in situ hybridization of paraffin-embedded tissue from the patients
(34).
E. A 21-year-old woman presented with abdominal pain and cramps and frequent stools containing mucus; the symptoms persisted
for 21 days. A second case involved a 34-year-old woman with abdominal pain and cramps and frequent stools, as well as
vomiting. The symptoms persisted for 9 days. B. aalborgi was detected in stool samples of both patients by the use of PCR
based on 16S rDNA sequences (50).
F. A 61-year-old woman presented with abdominal pain, long-standing mucosal diarrhea, and rectal bleeding; rectal carcinoma was
suspected. B. aalborgi was confirmed by PCR of DNA extracted from feces and biopsy material. Symptoms resolved on treatment
with metronidazole; after treatment, spirochetes were not found in feces or rectal biopsy specimens (10).
G. Colonic spirochetosis was diagnosed in four children (one girl, three boys) aged 9 to 12 years. All presented with abdominal pain
(one child had gastrointestinal bleeding and one child had hypergammaglobulinemia). The presence of B. aalborgi was confirmed
by PCR of DNA extracted from paraffin-embedded tissue of the children. One child was treated with benzathine, resulting in
resolution of symptoms (40).
H. Colonic spirochetosis was diagnosed in seven patients (five men, two women) who ranged in age from 34 to 66 years. One patient
presented with diarrhea; one patient was an active alcohol abuser; one patient had Crohn’s disease; and one patient was HIVpositive. The HIV-positive patient had a CD4 cell count of 383/ml and presented with abdominal pain. The other patients had
normal medical histories. The presence of B. aalborgi was confirmed by PCR of DNA extracted from the patients’ paraffinembedded tissue (40).
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Chickens. Colonic spirochetosis in chickens is characterized by delayed and/or reduced egg production, chronic diarrhea that results in wet litter due to wet fecal droppings, fecal staining of eggs, poor feed conversion, retarded
growth, and adverse effects on progeny (71, 76). Therefore,
colonic spirochetosis can cause economic losses in the
poultry industry.
One of the more interesting aspects of colonic spirochetosis in broiler chickens is the deleterious effects of parental spirochete infection on chick quality. The clinical
signs in the broiler parent birds include wet fecal droppings
(wet litter), decreased egg production, decreased egg
weight, and eggs with decreased carotenoid levels (17).
Broiler progeny hatched from the eggs produced by hens
showing clinical signs of disease demonstrated wet fecal
droppings, retarded growth, reduced gain in body weight,
poor feed conversion, impaired bone growth, and increased
number of weak chicks at hatching (17, 71). However, spirochetes were not recovered from the feces of these progeny chicks. Evidently, the early development of fertilized
eggs of hens with clinical colonic spirochetosis is adversely
affected in some manner before the egg is laid. Commercial
broilers hatched from eggs laid from breeder hens that show
signs of clinical colonic spirochetosis yield decreased profits to poultry producers.
Surprisingly, the incidence of colonic spirochetes in
chicken flocks has received little attention. Hampson (23)
stated that the poultry industry has not recognized how
widespread colonic spirochetosis is in poultry and its economic importance. As a consequence, the disease is common but greatly underdiagnosed. McLaren et al. (48) detected spirochetes in 43.3% of 67 commercial broiler breeder and layer poultry flocks in western Australia. The presence of spirochetes in chicken fecal droppings was
significantly associated with reduced egg production and/or
wet litter. Similarly, Stephens and Hampson (75) found that
40.6% of 69 broiler breeder, broiler, and layer poultry flocks
from eastern Australia were infected with spirochetes.
Again, there was an association of spirochete infection with
wet litter and/or a decrease in egg production. When Stephens and Hampson (75) cultured fecal samples of birds
aged 1 day to 100 weeks, they found that fecal samples
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from birds younger than 10 weeks old were negative for
spirochetes and that the prevalence of infection increased
with age. No studies on the incidence of colonic spirochetosis in poultry flocks in the United States have appeared in the scientific literature.
B. pilosicoli has been isolated from chickens that exhibit wet fecal droppings and reduced egg production (75,
82). When spirochete-free broiler breeder hens (13 weeks
of age) were inoculated with a chicken strain of B. pilosicoli, there was an approximately 30% decrease in the number of eggs produced compared with control hens; a transient increase in water content of fecal droppings was noted
(78). In B. pilosicoli–infected breeder broiler hens, the onset of egg production was delayed by 2 weeks. It took an
additional 10 to 12 weeks before egg production by the
infected hens was comparable to that of uninfected birds
(78). Other clinical signs of colonic spirochetosis, such as
weight loss or decrease in egg weight, were not noted. Extrapolating the experimental data to commercial systems
suggests that the decrease in egg production would inflict
serious economic losses. Unfortunately, Stephens and
Hampson (78) did not study the progeny chicks derived
from the eggs from hens inoculated with B. pilosicoli.
Spirochete-free layer hens (aged 18 weeks) were colonized when they were inoculated with a human strain of
B. pilosicoli (31). When the inoculated birds were compared with controls, there were no significant differences in
body or egg weights or in the number of eggs produced.
However, the inoculated birds produced fecal droppings
that were significantly higher in moisture content (31).
Thus, the only clinical effect seen in the layer hens inoculated with the human strain of B. pilosicoli was the production of wet fecal droppings. Wet feces and wet litter are
troublesome to the poultry industry because of fecal staining of egg shells, increased difficulty in poultry house
cleaning, increased odor problems, and increased fly attraction (76). In addition, the presence of wet feces on boots
or clothing of poultry workers facilitates the transmission
of spirochetes from one poultry house to another. Treatment
with tiamulin or lincomycin (a lincosamide antibiotic) effectively eliminated the infection of broiler breeders experimentally inoculated with B. pilosicoli (77).
Subtherapeutic levels of Zn bacitracin have been used
as a growth promoter and performance enhancer in both
broiler and layer hen diets (18, 30). Stephens and Hampson
(77) and Jamshidi and Hampson (31) reported that the addition of Zn bacitracin to the diets of broiler breeders and
layer hens increased the susceptibility of chickens to B.
pilosicoli infection and colonization. The normal intestinal
microbial flora probably interfere with colonization by B.
pilosicoli; modification of the normal flora by Zn bacitracin
increases the susceptibility of chickens to infection by the
spirochete (31).
Chick infection has been used as a model of colonic
spirochetosis. Specific pathogen-free 1-day-old chicks, inoculated with canine, swine, human, or rhesus monkey
strains of B. pilosicoli, demonstrated, at 21 days, intimate
attachment of spirochetes end-on to the brush border of the
cecal surface epithelium with effacement of the microvilli
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coli–infected pigs also suggests that the infections represent
a significant economic loss to swine raisers.
Brooke et al. (7) compared the MICs of various antibiotics against human and swine isolates of B. pilosicoli
and found that the MICs of the b-lactam (amoxicillin) and
lincosamide (clindamycin) antibiotics were higher for swine
isolates than for human isolates. They postulated that the
use of antibiotics as growth promoters and therapeutic
agents accounted for the higher MICs of the swine isolates.
Carbadox (a quinoxaline dioxide antimicrobial) and tiamulin (a pleuromutilin derivative antimicrobial) are commonly used to treat colonic spirochetosis in pigs (79). However, carbadox is both embryolethal and teratogenic in rats
(90), and the antimicrobial has been banned in Australia,
Canada, and the European Union (2). Carbadox is still permitted in the United States.
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of colonic enterocytes (55–58, 85, 88). By 21 days after
inoculation of 1-day-old chicks, colonized birds demonstrated watery diarrhea (wet litter) and depressed growth
weights (85, 88). However, growth weight depression was
inconsistent (85). Although the 1-day-old chick is readily
infected by various strains of B. pilosicoli, B. aalborgi
failed to infect chicks, indicating that B. aalborgi may be
host specific for humans (85). However, Brachyspira hyodysenteriae, the cause of swine dysentery, has been shown
to colonize the 1-day-old chick model, leading to reduced
growth weight, pasty and mucoid feces, and shedding of
spirochetes at 21 days (85, 88). Trott and Hampson (85)
suggested the 1-day-old chick as a model for studying the
pathogenicity of intestinal spirochetes such as B. pilosicoli
and B. hyodysenteriae.

Wild birds. Fecal specimens from game farm mallards
and partridges (33), captive ring-necked pheasants (89), and
feral water birds (63) were positive for B. pilosicoli. It is
probable that other wild birds are infected with the organism as well. Birds located near poultry and swine farms are
potential carriers of B. pilosicoli to those farm animals. Water supplies, including drinking and recreational waters,
may be contaminated by waterfowl, and in fact, Oxberry
et al. (63) showed the presence of B. pilosicoli in lake water
frequented by water birds. Farmed or captive game birds
infected with B. pilosicoli may transmit the organism to
humans during hunting, gutting, and cooking of the birds.
Additionally, farmed or captive game birds infected with
B. pilosicoli that escape captivity may constitute a threat to
wildlife.
Rodents. There is a paucity of data concerning B. pilosicoli as a naturally occurring pathogen in rodents (14).
However, Helie et al. (27) demonstrated the presence of the
organism in a pet guinea pig; the pet owner and her family
showed signs of gastroenteritis, but, unfortunately, fecal
samples of the family members were not examined for B.
pilosicoli. The C3H strain of mice has been experimentally
infected with human, avian, and porcine strains of B. pilosicoli (70). Mice showed persistent spirochetal colonization of the cecum with end-on attachment of the organism
to the cecal epithelium similar to that seen in humans and

other animals. Transmission electron microscopy indicated
that spirochete invagination of host cell membrane with effacement of the microvilli and loss of glycocalyx took place
on infection of the mice with B. pilosicoli; however, there
were no signs of clinical disease (70). Jamshidian et al. (32)
demonstrated intestinal colonization of C3H mice by a human strain of B. pilosicoli only under conditions in which
the standard diet was supplemented with Zn bacitracin and
lactose. The mice did not show signs of clinical illness. The
experimental infection of mice with B. pilosicoli suggests
that mice may be a reservoir of the pathogen.
Nonhuman primates. B. aalborgi and B. pilosicoli
have been detected in colon biopsy specimens and feces of
several species of nonhuman primates. The presence of B.
aalborgi but not B. pilosicoli was demonstrated in freshly
voided feces in 6 of 35 captive nonhuman primates by PCR
and selective culture (59). Although the primates were infected with B. aalborgi, the animals showed no signs of
clinical disease. A histologic study to determine colonic
spirochetosis and/or colitis was not performed (59). By examining colonic tissue, Duhamel et al. (15) found that colonic spirochetosis in nonhuman primates (n 5 9) was
caused by B. aalborgi alone or in conjunction with B. pilosicoli. However, severe colitis in nonhuman primates (n
5 3) was associated only with B. pilosicoli infection. The
number of animals studied was small, and the importance
of B. aalborgi or B. pilosicoli infections in nonhuman primates is uncertain.
DIAGNOSIS AND DETECTION
Human colonic spirochetosis caused by either B. aalborgi or B. pilosicoli is diagnosed by a histologic examination of intestinal tract biopsy material and by cultivation
of the organism from feces or biopsy specimens. Paraffinembedded biopsy sections stained with hematoxylin-eosin
and examined by light microscopy showing a ‘‘fuzzy coat’’
on the brush border of the intestinal surface epithelium (i.e.,
the false brush border) are indicative of colonic spirochetosis (10). The false brush border is described as a bluestained haze of spirochetes on the surface of the intestinal
epithelium (83). Transmission electron microscopy of tissue
samples shows spirochetes that attach end-on to the cell
membrane in invaginated sites between and parallel to
shortened or destroyed microvilli (10, 83). Fluorescent in
situ hybridization with oligonucleotide probes that targeted
16S or 23S rRNA was used to detect B. pilosicoli or B.
aalborgi in formalin-fixed, paraffin-embedded biopsy specimens obtained from patients with histologic evidence of
colonic spirochetosis (34).
B. aalborgi is a slow-growing organism and is notoriously difficult to isolate and grow in contrast to B. pilosicoli (8, 53). A number of media have been recommended
for the isolation and growth of B. aalborgi and B. pilosicoli
(8, 42, 53, 59). Agar media (such as brain heart infusion
agar, tryptose soy agar, or Trypticase soy agar) that contain
bovine or ovine blood, spectinomycin, and other antibiotics
incubated anaerobically under an atmosphere of 94% N2
(or H2) and 6% CO2 at 378C for 21 to 28 days have been
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Dogs. Diarrhea in laboratory dogs, pet dogs, and pet
shop puppies has been associated with infections by B. pilosicoli (19, 62), and the organism has been isolated from
dog feces and canine rectal swabs (16, 19, 62, 85). Oxberry
and Hampson (62) found that the incidence of B. pilosicoli
in the feces of 6- to 10-week-old pet shop puppies was
14.3% (7 of 49). Dogs with symptoms of colonic spirochetosis are generally young (,1 year) and have chronic
mucoid diarrhea and wasting. Adult dogs are generally
asymptomatic but probably are subclinical carriers of B.
pilosicoli (14). Infected pet dogs, particularly pet shop puppies, pose a particular risk for the spread of B. pilosicoli to
humans with the greatest risk to young children and immunocompromised individuals (62). Dogs may be reservoirs for B. pilosicoli with the potential to transmit the organism to other animals and humans.
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used to isolate the spirochetes from human feces or human
rectal biopsy samples.
The direct confirmation of the presence of B. aalborgi
and B. pilosicoli in human feces or intestinal biopsy specimens can be readily performed using PCR amplification
of extracted and purified DNA. Mikosza et al. (53) developed PCR procedures specific for the 16S rRNA genes of
B. pilosicoli and B. aalborgi. Similarly, Kraaz et al. (42)
and Kraatz et al. (41) developed PCR protocols for the detection of B. aalborgi in human colonic biopsy material.
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poration, formed stable recombinants that contained inactivated genes (37, 67, 68, 72, 80). Humphrey et al. (29)
determined that bacteriophage transduction was at least 106
times more efficient than electroporation in moving DNA
into B. hyodysenteriae cells. Similar studies on the use of
electroporation as a gene transfer system in B. aalborgi or
B. pilosicoli are lacking.
PERSPECTIVES AND FUTURE RESEARCH
A great similarity exists in the structural, biochemical,
and genotypic characteristics of B. pilosicoli strains isolated
from animals and humans. Strains from humans, nonhuman
primates, pigs, dogs, or birds can be transmitted to pigs,
chicks, and mice. Thus, B. pilosicoli may be both a zoonotic and an anthroponotic pathogen, although B. aalborgi
is pathogenic only in primates and humans.
Both B. aalborgi and B. pilosicoli have been isolated
from the feces of human patients, and B. pilosicoli has been
isolated from the feces of a number of animal species and
birds. It is conceivable that B. aalborgi is transmitted via
the fecal-oral route through direct human-to-human contact
and through food and water contaminated by food handlers
with poor personal hygiene. Similarly, B. pilosicoli may be
transmitted via the fecal-oral route. It has been demonstrated that there is animal-to-animal and human-to-animal
transmission of B. pilosicoli, and it is possible that animalto-human and human-to-human transmission also can occur. Produce and other crops grown in soil fertilized with
untreated animal manure or irrigated with fecally contaminated water and meat from animals excreting B. pilosicoli
may be sources of infection. Although there is no unequivocal evidence, both food and water may be routes for the
transmission of B. aalborgi and B. pilosicoli to humans.
B. pilosicoli is an economically important disease agent
in the swine and poultry industries, because infection leads
to reduced productivity in animals. Surprisingly, few reports exist on the prevalence of B. pilosicoli–induced colonic spirochetosis in the major swine- and poultry-producing countries, including the United States, and additional
studies are needed. A few studies of small numbers of people indicate that there is a high prevalence of B. pilosicoli
infection in immunocompromised individuals, homosexuals, and populations from less developed countries of the
world; however, a more thorough examination with greater
numbers of individuals is needed to determine the true
prevalence of colonic spirochetosis due to B. pilosicoli in
these populations. B. aalborgi appears to be a more frequent cause of colonic spirochetosis in industrialized countries, but its true incidence is unknown. It is probable that
both B. pilosicoli and B. aalborgi infections in developed
nations are more common than is currently reported.
B. aalborgi and B. pilosicoli have been relatively uncharacterized in terms of their basic cellular functions.
Therefore, there is a need to develop tools for the genetic
manipulation of the Brachyspira to study their pathogenesis
mechanisms, virulence factors, and cell biology. Haller and
DiChristina (22) have recommended various genetic approaches to elucidate the molecular basis of uncharacterized
microbial species. These procedures should be useful in
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Nothing is known about the genetics of B. aalborgi. A
physical and genetic map of the B. pilosicoli genome has
been constructed by Zuerner et al. (91). The genome of B.
pilosicoli is a single circular chromosome, approximately
2.45 Mb in size; the genome of B. hyodysenteriae is approximately 750 kb larger. Zuerner et al. (91) studied the
hemolysis gene, hlyA, in both B. hyodysenteriae and B. pilosicoli. B. hyodysenteriae is strongly b-hemolytic, whereas
B. pilosicoli is weakly hemolytic. The hlyA gene was sequenced from both organisms; the HlyA proteins from the
two species were virtually identical except for two conservative amino acid substitutions (91). Although the two
HlyA proteins are almost identical, it is not clear why the
hemolysin of B. hyodysenteriae produces strong b-hemolysis, whereas that of B. pilosicoli does not.
Several studies that involved gene transfer and gene
inactivation have been described using B. hyodysenteriae.
The approaches used with B. hyodysenteriae should be useful in studies that deal with the genetics of other Brachyspira species. Gene transfer in B. hyodysenteriae by generalized transduction of the mitomycin C–induced nonlytic
bacteriophage VSH-1 has been demonstrated (9, 28, 29,
73). The presence of a VSH-1–like bacteriophage was detected in B. pilosicoli by using a probe for the svp38 gene,
which codes for the VSH-1 major head protein (73). It
would be interesting to determine if the putative VSH-1
bacteriophage in B. pilosicoli can transfer genes among B.
pilosicoli strains and to other Brachyspira species. Unfortunately, Stanton et al. (73) did not determine if the svp38
gene was present in B. aalborgi.
Targeted gene disruption of the nox gene, which codes
for NADH oxidase, led to cells of B. hyodysenteriae, which
were at least 100-fold more susceptible to oxygen inactivation than the wild type (72). Compared with infection by
wild-type B. hyodysenteriae, infection by the nox mutants
led to fewer pigs being colonized, and the symptoms were
milder with no deaths (72). Disruption of B. hyodysenteriae
flaA1 and FlaB1 genes produced mutants that demonstrated
abnormal motility in vitro with a significant reduction in
the ability to colonize and infect mice (37, 67). The double
mutant, flaA12flaB12, was found to be practically avirulent
for mice. Targeted gene disruption should prove to be useful in determining mechanisms of virulence in B. pilosicoli
and B. aalborgi.
The DNA from plasmids that contain inactivated B.
hyodysenteriae genes (hemolysin, flagellar, NADH oxidase
genes), transferred to B. hyodysenteriae strains by electro-
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studies that involve B. aalborgi and B. pilosicoli. The putative VSH-1–like transducing bacteriophage present in B.
pilosicoli (73) may prove useful in determining the molecular characteristics of the organism. In addition, the 1-dayold chick, pig, or mouse models, as well as tissue culture
assays, can be used in elucidating some of the virulence
and pathogenic mechanisms of the Brachyspira.
There are a number of unanswered questions concerning B. aalborgi and B. pilosicoli.
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Much remains to be established concerning the cellular
and molecular mechanisms involved in the survival, virulence, and pathogenesis of B. aalsborgi and B. pilosicoli.
The continued elucidation of cellular and pathogenic mechanisms using appropriate genetic strategies and animal
models should lead to information that will help eliminate
Brachyspira infections in humans and animals.
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