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Summary
Objective: To investigate the roles of sea-
son, gender, animal density, concurrent
disease, and antibiotic feeding regimen on
the occurrence of hemorrhagic bowel syn-
drome (HBS).

Methods: Retrospective analysis of
finishing records from two large commer-
cial swine herds.

Results: Gender, animal density, and
concurrent disease were not associated with

death due to HBS. Rates of death due to
HBS were higher for pigs finished during
the summer than for those finished in the
winter. Rates of death due to HBS were
lower in pigs fed rations containing bacitra-
cin methylene disalicylate or chlortetracy-
cline than in pigs on rations containing
virginiamycin or no antibiotic.

Implications: A definitive cause of HBS is
still lacking; however, these results lend
support to a non-infectious etiology involv-

ing intestinal volvulus. To further investi-
gate whether HBS and volvulus are two
separate syndromes, veterinarians and farm
personnel trained to perform necropsies
should palpate the mesenteric root before
opening the abdomen.
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Hemorrhagic bowel syndrome
(HBS) has been described since
1959.1 Between 1959 and 1970,

HBS accounted for only about 2 to 5% of
the yearly finishing pig mortality with
occasional sporadic outbreaks reported in
which 10 to 20% mortality occurred.1 The
condition was seen primarily in Europe
with an occasional report in the United
States.2,3 Hemorrhagic bowel syndrome
has taken on more importance and promi-
nence in the last decade. It primarily affects
rapidly growing pigs between 4 and 6
months of age (70 to 120 kg). The size and
otherwise excellent health of the affected
animals makes this condition of particular
economic importance.

There is considerable ambiguity in the
clinicopathological definition of HBS. The
term “hemorrhagic bowel syndrome” has
been applied when finishing swine die sud-
denly without premonitory evidence of
diarrhea or other clinical signs, and on post
mortem examination of a recently dead
animal, there is marked pallor of the skin
and pronounced distention of the abdo-
men. The small intestine is thin-walled and
filled with either clotted or unclotted

blood. The large intestine contains tarry
fecal material, but lesions suggestive of
gastric ulceration, necroproliferative enteri-
tis, salmonellosis, swine dysentery, or other
identifiable disease processes are absent.
Histologically, there may be no significant
lesions. However, in some cases, autolysis
of villous epithelium, diffuse congestion of
blood vessels in the lamina propria and
submucosa, occasional focal to diffuse
hemorrhage into the lamina propria, and
diffuse infiltration of eosinophils and
plasma cells into the lamina propria may be
observed.4 Volvulus of the intestine is vari-
ably identified. Smith and Shanks5 noted
that intestinal volvulus was sometimes
present at post mortem examination and
suggested that this was the result of agonal
spasm. Rowland and Lawson6 also drew
attention to volvulus and suggested that as
volvulus was often difficult to detect, it
might be more common than previously
recognized. In a Swiss report7 of 436 cases,
intestinal volvulus was confirmed in 56%
of those examined in the first 8 years of the
study, and in 80% of cases in the next 2
years, when more careful examination was
conducted.

The question has arisen whether HBS and
volvulus are equivalent. Much of the un-
certainty seems rooted in the difference in
interpretation of the definition of HBS as
portrayed in the literature published by
European (primarily UK) workers com-
pared to publications emanating from
North America. In the early 1970s, the
term “HBS” appears to have been discon-
tinued by UK investigators on the basis of
their belief that in the majority of cases,
volvulus was present but undiagnosed. This
interpretation was not then, and is not
now, accepted in North America. Many
pathologists, laboratory diagnosticians, and
practitioners in North America believe that
there is an ill-defined dividing line between
HBS and volvulus at opposite ends of a
continuum. One hypothesis is that inciting
events induce overgrowth and (or) alter-
ation of normal flora in the GI tract with
consequent over-production of toxic sub-
stances and damaging compounds. This is
well documented in ruminants, where vari-
ous risk factors contribute to overgrowth of
normal intestinal flora, with sequelae such
as acidosis, endotoxemia, enterotoxemia,
and death.8 Thus, HBS may be a disease
caused by normal, usually non-pathogenic
inhabitants of the GI tract that proliferate
under certain conditions. In this paper, the
term “HBS” is used when the classic gross
and post-mortem appearance occurs, but
volvulus either has not been identified or
has not been looked for. When the classic
signs are present, and in addition volvulus
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has clearly been identified, then the term
“volvulus” is used.

Death from HBS is attributed to profound
circulatory impairment secondary to severe
intestinal distention and hemorrhage, and
also possibly an associated volvulus. The
inciting agent(s) for these pathologic
changes has not been identified; however,
several mechanisms have been proposed,
including disturbance in feed intake, physi-
cal trauma, infection, and immediate hy-
persensitivity. The objectives of this study
were to employ retrospective analysis of
data from two commercial swine opera-
tions to investigate the roles of season,
gender, animal density, concurrent disease,
and antibiotic feeding regimen on the
occurrence of HBS.

Materials and methods
Farm 1
A retrospective analysis of finishing barn
records from pigs in a multi-site wean-to-
finish commercial operation was per-
formed, using records from five of the 17
finishing site locations. This provided data
from 24 groups, each composed of ap-
proximately 1000 pigs. Each site had two
to four 1000-head wean-to-finish barns
with total concrete slats, curtain sides, and
tunnel ventilation (Hog Slat, Newton
Grove, North Carolina). Barns contained
either only barrows or only gilts to facili-
tate split-sex phase feeding. Groups of pigs
were moved into the barns at weaning
(approximately 18 days of age) and stayed
for 26 weeks (until marketed). Feed and
pigs were supplied from a common source.
Pigs were of PIC genetics.

Feed contained an antibiotic or a combina-
tion of several different antibiotics during
the grow-finish period, for growth promo-
tion or as dictated by occurrence of disease.
Between days 100 and 175 after arrival,
feed for most groups sequentially con-
tained two or three different antibiotics.
The usual practice was to rotate different
antibiotics in the feed every 2 to 3 weeks,
except in the case of tylosin at 100 g per
ton, which was fed for 5 to 7 days at a
time.

Pigs were allotted 0.7 m2 of pen space.
Feed was delivered to a wet-dry feeder. Wa-
ter was provided through a swinging nipple
waterer until pigs weighed 18 kg, then
water to the nipple was shut off and water
was supplied through the feeder.

At four of the five sites, records were avail-
able for groups of pigs that entered the

barns in the winter (November 14 to Feb-
ruary 6) and also for groups of pigs that
entered the following summer (May 15 to
August 14). The fifth site had records only
from pigs that entered in the spring
(March 20 to 27). At each site, data re-
corded by the farm managers included a
current inventory of pigs, updated each day
that pigs died or were transferred or sold;
mortality records, including date and rea-
son for death; dates of feed deliveries speci-
fying ration and antibiotic; and summary
information including market weight, feed
conversion efficiency, average daily feed
intake, and average daily gain. Diagnosis of
the cause of death was made by the farm
manager using criteria supplied by the farm
owner, eg, HBS was listed as the cause of
sudden death for a previously healthy, well-
grown pig with a pale carcass and bloated
abdomen. Frequently, a cursory necropsy
was performed to confirm the presence of a
thin-walled small intestine filled with gas
and either clotted or unclotted blood.

Calculations. Weekly death loss due to HBS
or to any other cause by number of weeks
in the barn was calculated for each group
of pigs that had been started either in the
summer or the winter. Weekly death loss
was calculated as the number of deaths that
week divided by the current inventory of
pigs in the barn, multiplied by 100. Death
loss by week was plotted for pigs started in
the winter and in the summer. Data for
HBS death loss was smoothed by calculat-
ing each data point as the median of that
point and the one on each side of it. Data
from pigs started in the spring was not
examined since there were only two barns
in this group.

To examine the relationship between pig
density and HBS death rate, rates within
each barn were compared between weeks
25 and 26 (when pigs were being removed
from the barn and populations were re-
duced by approximately 25 to 50%) and
weeks 23 and 24 (before any pigs were
sold). During each 2-week time frame, the
average barn population and the total
number of HBS deaths were used to calcu-
late HBS mortality rate.

For pigs that entered the barns in winter
and summer, the risk rate of dying from
HBS was calculated for each of six different
in-feed antibiotics or unmedicated feed. A
true rate was calculated for each antimicrob-
ial product used within each barn. The
denominator was the number of pigs
consuming the product multiplied by the
number of days the product was used. The

numerator was the number of pigs that
died of HBS during that time period.
Therefore, the unit of analysis was the
barn.9 The calculated true rate was a close
approximation to a risk rate because the
rate was extremely low. The rate for each
antibiotic administered in the ration of at
least 800 pigs for at least 50 days was deter-
mined. The average rate of pigs dying from
HBS was determined by product and by
season.

Statistical methods. Descriptive statistics
were used to describe the extent and tem-
poral occurrence of deaths due to HBS and
other causes, and to calculate rates of mor-
tality due to HBS for pigs consuming ra-
tions containing various antibiotics.

Pearson’s correlation coefficient was used to
examine the association between death loss
from HBS and other causes. Chi-square
analysis was used to compare death loss
due to HBS and other causes between
genders, and within each barn when it was
full and after 25 to 50% of the pigs had
been removed. On any site, when both
gilts and barrows were weaned and placed
in the finishing barns within a day or two
of each other, mortality due to HBS and
due to any cause were compared between
genders within the same site.

Rates of mortality due to HBS were com-
pared between seasons within barns and
within week after fill, using paired t tests.
Paired t test was also used to compare mor-
tality rates within each barn when it was
full and after some pigs had been removed.

True rates were used to compare death rates
of pigs consuming different antibiotics.
Comparisons between rates of mortality
due to HBS by product were determined
using linear regression and regressing the
HBS death rate on the product and season.
The results were expressed as the number
(× 10–5) of pigs dying of HBS per day, per
1000 pigs at risk during days 100 to 175
after entering the wean-to-finish barn.

Farm 2
Causes of finishing pig deaths were avail-
able for analysis in a large integrated swine
unit that produced over one million pigs
per year. This farm was managed using
three-site production. Pigs were in the
finishing barns for 16 weeks. Most barns
were similar to those on Farm 1. When this
data was collected, the farm was free of
porcine reproductive and respiratory syn-
drome (PRRS) and Mycoplasma
hyopneumoniae pneumonia. Pigs were of
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PIC genetics. Mortality data was available
for 9 months of 1998 (January to Septem-
ber) and the entire year 1999. Causes of
death were recorded with age, gender, and
time of year. Veterinarians performed
necropsies on all pigs that died. The
necropsy procedure for finishing swine that
died suddenly, without prior evidence of
diarrhea or other clinical signs, and had
marked pallor of the skin and pronounced
distention of the abdomen, was modified
to include making a small incision in the
abdominal wall and palpating the mesen-
teric root before opening the abdomen.

Calculations and statistical methods. The
numbers of pigs that died each week from
the three major causes of death were deter-
mined and plotted by week after fill. De-
scriptive statistics were used to summarize
causes of death. The number of pigs
housed in each finishing barn was not
available; therefore, data could be analyzed
only as relative frequencies within the
entire data set of dead pigs.

Results
Farm 1
Prevalence of HBS mortality. In five of the
24 groups of pigs, no deaths were attrib-
uted to HBS, while in the two most
severely affected groups, HBS accounted
for the deaths of 23 of 1040 pigs (2.21%)
and 25 of 1115 pigs (2.24%) placed in the
barns. The mean percent of pigs dying
from HBS per group was 0.9% ± 0.7%
(range 0 to 2.24%). Deaths from other
causes averaged 5.3% ± 3.9% (range 0.8 to
16.6%). By Pearson’s correlation, the per-
cent of pigs dying of HBS in a finishing
group was not associated with the percent
of pigs dying from other causes in that
group (corr = -0.03).

Mortality by gender: A comparison of HBS
mortality between genders was made in
eight pairs of barns, with one gilt barn and
one barrow barn in each pair. By chi-square
analysis, there was no difference between
genders (P>.08) in seven cases, and in the
eighth case, there was a higher incidence
(P=.03) in barrows (2.28%) than gilts
(1.03%). The proportion of barrows dying
of any cause was greater in each season
than for gilts, but only significantly so in
the summer (Table 1).

Mortality by season and weeks from time of
fill. In summer and in winter, HBS was not
seen until after the pigs had been in the
barn 6 weeks. After that, there was a low
incidence that gradually rose in a nearly
linear fashion to its highest levels (approxi-
mately one pig per week in a 1000-head
barn) between 20 and 24 weeks. The aver-
age weekly HBS mortality rate for pigs that
entered finishing barns in the winter was
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Table 1: Death loss from any cause in gilts compared to barrows, by season, in thirteen 1000-head finishing barns1 in a
multi-site, wean-to-finish commercial operation (Farm 1)

1    Finishing barns housed either gilts or barrows.
2    Winter: pigs entered finishing buildings Nov 14 through Feb 6; Spring: pigs entered finishing buildings Mar 20 to 27; Summer: pigs

entered finishing buildings May 15 through Aug 14. In each case, the finishing period was approximately 26 weeks.
3    Chi-square analysis.

Table 2: Number of pigs dying of hemorrhagic bowel syndrome per day per
1000 pig-days at risk during days 100 to 175 after entering 1000-head wean-to-
finish barns in a commercial swine operation (Farm 1)

1     Antibiotics in feed were rotated at 2- to 3- week intervals, except for tylosin at 100
g/ton, which was administered for 5 to 7 days.

2     NA= not applicable.
a,b,c Values with  different superscripts are different (P<.05).

0.028%, compared to 0.051% for pigs that
entered in the summer. When a paired
t test was used to examine the difference at
each site between seasons for each week
after the fill, weekly HBS mortality rate
was higher in pigs started in the summer
than in the winter (P=.0004).

The weekly mortality rate for other causes
of death by week within each season was
more constant throughout finishing with
the exception of a sharp increase during the
fall (weeks 17 through 20) in the pigs that
entered the facility in May and June. This
mortality was caused by an outbreak of
respiratory disease associated with swine
influenza virus, PRRS virus, and
Haemophilus parasuis. There was also an
increase in recorded deaths during weeks
25 and 26 due to euthanasia of runt and
cull pigs as barns were being emptied.

Mortality by number of pigs in the barn. The
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mean number of pigs in the barns (± SD)
was 863 ± 65 during weeks 23 and 24 and
507 ± 108 during weeks 25 and 26. There
was no difference (P=.11) in the HBS
death rates during weeks 23 and 24 com-
pared to the rates in weeks 25 and 26
(paired t test).

Mortality by antibiotic in ration. Antimicro-
bial products administered in the feed
included bacitracin methylene disalicylate
(BMD), bacitracin zinc, roxarsone,
arsanilic acid, tylosin, chlortetracycline,
and virginiamycin (Table 2). The rate of
HBS death loss was lower (P=.05) when
feed contained 400 g chlortetracycline per
ton, 30 g BMD per ton, or 30 g BMD plus
an arsenical compound, compared to no
antibiotic or 10 g virginiamycin per ton
(Table 2).

Farm 2
Death loss in finishing pigs was very low
throughout this complex. In 1999, of the
approximately 1.2 million pigs that were
finished, only 14,344 pigs died, resulting
in an overall mortality rate near 1.2%.
Intestinal volvulus was the leading cause of
death in 1998 (30.4% of deaths) and in
1999 (27.6% of deaths). The other two
major causes of death were dermatitis-
nephropathy syndrome (15.4% in 1998
and 16.3% in 1999) and gastric ulceration
(13.7% in 1998 and 13.2% in 1999).

Mortality by gender. The proportion of bar-
rows and gilts dying from intestinal volvu-
lus did not differ in 1998 (P=.30) or 1999
(P=.45). Approximately 1.7 times more
deaths in barrows than in gilts were re-
corded as death from any other cause.

Mortality by weeks from time of fill. The
weekly number of deaths recorded for the
three major causes of death (volvulus, der-
matitis-nephropathy syndrome, and gastric
ulcer) increased almost linearly from close
to zero at fill to the highest value at 15
weeks.

Discussion
The incidence of HBS in these two large
integrated production units was similar to
those recently reported.2,3 While the over-
all incidence on both farms was relatively
low, HBS was responsible for a fifth to a
third of all deaths. In this study, the pattern
of the ages of pigs recorded as dying from
HBS is a reflection of the accuracy of diag-
nosis made by farm personnel or veterinar-
ians. Site managers made the diagnosis of
death due to HBS on Farm 1 and may

have differed in the criteria they used to
arrive at the diagnosis.

While farm personnel on Farm 1 made
their diagnosis of HBS after a cursory or
no necropsy, veterinarians on Farm 2 per-
formed thorough necropsies on dead pigs.
Finding a mesenteric twist in pigs with
classical signs of HBS (sudden death of a
previously healthy, well-grown pig and a
pale carcass with a bloated abdomen con-
taining a thin-walled small intestine filled
with gas and either clotted or unclotted
blood) provides evidence that a mechanical
twisting of the intestine with circulatory
impairment is the immediate cause of
death. However, data from this study does
not indicate a precipitating cause for the
volvulus.

Gender differences in HBS deaths were
compared only within site. For any cause
of death, the data could be combined,
since the recognition of a pig being dead
would not differ by site. Also, although
facilities were nearly identical in construc-
tion, feed was supplied from the same
source, and pigs came from a common
source, there may have been site differ-
ences. Because of potential site differences,
comparisons were made within site when-
ever possible when factors were examined
to determine their influence on HBS mor-
tality. In these two data sets, as reported in
other studies,10–12 the overall mortality of
barrows was higher than that of gilts. It has
been suggested that castration is respon-
sible for the greater prevalence of disease in
males due to stress and hormonal
changes.10 Failure to find a difference in
HBS incidence between genders on the
two farms examined supports the findings
of two studies in which gender was not a
factor predisposing to HBS,13,14 and
disagrees with studies that reported a
higher incidence in boars than in gilts or
barrows15 or a higher incidence in fe-
males.7 Because diseases for which there are
gender differences in prevalence tend to be
infectious, the lack of gender difference for
HBS supports a non-infectious etiology.10–12

Occurrence of a wide range of infectious
diseases depends greatly on environmental
and managerial factors. Farm conditions
that allow one pathogen to cause clinical
disease also allow other pathogens to pro-
duce disease. Lack of correlation of HBS
with other (primarily infectious) causes of
death suggests that HBS is not caused by a
primary infectious agent. Microbiologic
investigations have focused on clostridial

organisms, Escherichia coli, and salmonel-
lae, and while a specific infectious agent
has not been associated with HBS, addi-
tion of antibacterials to the ration was suc-
cessful in reducing the number of cases
seen in three affected herds.2,3

In this study, HBS mortality was lower in
pigs fed rations containing chlortetracy-
cline, bacitracin, or bacitracin combined
with an arsenical compound compared to
pigs fed rations containing virginiamycin
or no antibiotic. Antibiotics may inhibit
overgrowth of normal gut microflora that
proliferate under certain conditions to
produce HBS. However, it is also possible
that antibiotics influence occurrence of
HBS by a physiologic mechanism that
reduces the risk of intestinal volvulus, for
instance, slowing the passage of ingesta or
changing the proportion of fluid in gut
content. An alternate explanation for the
perceived benefit of antibiotics is that the
presence of antibiotics in the gut lumen
after death may inhibit post-mortem pro-
liferation of gas-forming bacteria. When
necropsies are not performed, dead pigs
that do not show the typical distended gut
may not be reported as HBS, and as a
result, an association might be made be-
tween the use of antibiotics and the num-
ber of HBS deaths recorded (B. Boswell,
oral communication. August 2001).

On Farm 1, HBS occurred with greater
frequency in the summer. Gastric ulcer-
ation is also seen more frequently in the
summer.1,16 The higher incidence of HBS
in the summer may suggest that alteration
in feed intake is a contributing factor.
Under typical ad libitum feeding systems,
pigs employ a feeding pattern of discrete
meals with relatively long intermeal inter-
vals. Most meals are taken during daylight
hours.17 A close association of water-drink-
ing with meal-eating has been found,
where 75% of daily water intake occurred
in the interval between 10 minutes before
and 30 minutes after a meal, and 27% of
total periprandial water was ingested just
before the meal.17 As pigs become older
and heavier, the number of daily feeding
bouts decreases, and the average size and
duration of each meal increases. In one
study, the number of daily feeding bouts
decreased from 13.5 to 6.6 as pigs grew
from 10 to 120 kg.16 In another study, in
pigs growing from 34 to 98 kg and housed
four per pen, the number of daily feeding
bouts decreased from 27 to 10 while the
average meal size increased nearly threefold
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and the meal duration doubled.18 Lean
pigs spend less time at the feeder and have
a faster rate of feeding compared with
obese pigs.19

Possibly, delivery of larger volumes of food
to the intestine (with consumption of
larger, less frequent meals) predisposes
older pigs to HBS through purely me-
chanical mechanisms, ie, the weight of the
ingesta is sufficient to rotate the gut.
Ruckebusch and Bueno (1976)20 suggested
that a combination of mechanical and
physiologic mechanisms may be in play:
“in pigs feeding disrupts the basic migrat-
ing myoelectric complex (MMC) pattern
to varying extents, according to the volume
of food ingested at one meal. The motor
activity of the pig’s antrum and intestine
after one large meal resembles that seen in
carnivores, and the duration of this effect is
approximately halved when two meals per
day are given. When pigs are fed ad lib, the
motility pattern resembles that seen in ru-
minants, where the MMC pattern persists
regardless of feeding”. Therefore, interrup-
tion of feeding, such as would occur if
feeders became empty for a period of time,
might be an inciting factor if gut stasis
predisposes to HBS.

Fighting, playing, mounting, and other
puberty-related behaviors might produce
intestinal volvulus, especially if these activi-
ties occur when pigs are reducing feeding
frequency and consequently increasing
meal size. Modern confinement systems
may allot only 0.7 m2 of pen space per pig,
and aggressive behavior is more common
among pigs allowed less than this.21

The longer carcass of modern swine com-
pared to those raised 20 or more years ago
might increase the possibility of volvulus.
Smith and Lunney found a twofold differ-
ence in incidence of HBS between Large
White and Landrace pigs.14

Because numerous reports associated whey
feeding with outbreaks of HBS, the hy-
pothesis was proposed that a hypersensitiv-
ity reaction mediated by heterologous milk
proteins may induce HBS.1,13,22,23 Jones
demonstrated antibodies to milk constitu-
ents in whey-fed pigs, but did not prove an
association between presence of antibody
and occurrence of HBS.13 Whey-fed pigs
consume large volumes of liquid, which
might predispose to volvulus.

In this study, a reduction in pig density was
not associated with a change in HBS mor-
tality. However, it cannot be concluded
that pig density does not influence the oc-

currence of HBS, because reduction in pig
density coincided with the stress of sorting
and (or) removing pigs. These two factors
might negate each other if one reduces and
the other increases risk of HBS.

A complete explanation for the occurrence
and pathogenesis of HBS is still lacking.
However, findings of this study, ie, lack of
gender differences, failure to parallel age
patterns of mortality typical of primary
infectious diseases, seasonal patterns, and
observation of volvulus on necropsy,
support a non-infectious etiology. Investi-
gation of feed or water intake patterns
would be a logical area for subsequent
investigation. While an infectious compo-
nent has not been demonstrated, reduction
of HBS mortality with in-feed administra-
tion of chlortetracycline, bacitracin, or
bacitracin plus an arsenical compound
supports the use of these products on farms
where HBS occurs.

Identifiable volvulus of the intestine has
been a variable finding in necropsies of pigs
with HBS. If volvulus is always present in
HBS, it suggests a specific physical etiol-
ogy, with secondary overgrowth of normal
or pathogenic microflora. Veterinarians
specifically attempting to identify volvulus
can improve their chances of success if they
don a disposable sleeve, make a small inci-
sion in the abdominal wall, and palpate the
mesenteric root before opening the abdo-
men and allowing viscera to spill out (H.
Tilstra, oral communication. August
2001).

Implications
• HBS is responsible for a considerable

portion of finishing death loss.
• Rates of death attributed to HBS are

lower when bacitracin methylene
disalicylate or chlortetracycline are
administered in the feed than when
feed contains virginiamycin or no
antibiotic.

• To further investigate whether HBS
and volvulus are two separate syn-
dromes, veterinarians and farm
personnel trained to perform necrop-
sies should palpate the mesenteric root
before opening the abdomen.
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