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INTRODUCTION

Acute abdominal syndrome in neonatal calves (2 to 30 days of age), seen

primarily in beef calves, is characterized by acute onset of abdominal tympany

or bloat, colic, lassitude, depression or sudden death. It has been recognized in

association with abomasitis, hemorrhage, abomasal erosions, and abomasal

ulceration with or without diarrhea. The problem has been recognized for over

30 years and was most often seen as a sporadic, isolated case in a herd. This

syndrome is not considered to be highly contagious but has been reported with

an increasing incidence over the last 15 years. Its economic significance is

realized as death losses and decreased weight gains associated with illness

during the preweaning period.

The etiology and pathogenesis have yet to be satisfactorily elucidated.

Many etiologies have been suspected and investigated, but research has focused

most often on dietary changes and environmental stress. Other current theories

proposed to explain the pathogenesis include mycotic infection, low immune

status associated with copper deficiency, and Clostridium perfringens. Different

bacterial species have been isolated from abomasal lesions and ingesta of those

calves. Most often the bacteria have been considered secondary, opportunistic

infections or postmortem saprophytic invaders. Many investigators consider

Clostridium perfringens to belong to one of these categories.

This study was undertaken to gain information regarding the nature and

development of lesions of acute abdominal syndrome in neonatal claves. Calves

presenting with this syndrome clinically were included in a study to ascertain

the possible role of Clostridium perfringens in neonatal calves with this

syndrome. Experimental calves were inoculated intraruminally with Clostridium

perfringens types to reproduce the clinical syndrome and abomasal lesions.
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Introduction

Acute abdominal syndrome in neonatal calves (2 to 30 days of age) is

characterized by acute onset of abdominal tympany or bloat, colic, anorexia,

lassitude, and depression with or without diarrhea or sudden death. It has" been

recognized in association with abomasitis, abomasal hemorrhage, abomasal erosions

and ulceration. ~ This problem has been reported for over 30 years and was most

often seen as a sporadic case in most herds. During the period from 1970-1980

some herds in Wyoming and Nebraska experienced a W% incidence in abomasal

tympany and a 2-10% morbidity and mortality associated with abomasal ulceration

2-6 8
in calves. ' This syndrome is not considered to be contagious but economically

significant because of death losses and decreased weight gains associated with

illness during the preweaning period.

Clinical Description

Acute abdominal syndrome in neonatal calves may be peracute, acute or

subacute to chronic. "
It usually occurs in the neonatal calf (_< 1 month of age)

but may occur in older calves up to 6 months of age. '
11 ~ 16

Calves as young as

2 days of age have been seen with the problem, so if infectious, the incubation

period would appear to be very short. A definitive etiology is yet to be

ascertained.

The peracute form strikes with no history of apparent illness. Owners

report calves to be doing quite well, being top calves in terms of weight gain and

7 8
appearance, ' and often from heavy milking dams. Calves are often found dead in

9—7
the early morning with varying degrees of bloat. The peracute and acute forms



are the most common and the most characteristic of the syndrome in neonatal

calves. The acute form may have diarrhea preceding abdominal tympany, colic,

anorexia, depression or other signs. " Some cases have occurred in herds with a

history of neonatal enteritis. " Some animals from these herds have a history of

diarrhea the first week of life, recovery, then development of acute abdominal

syndrome one or two weeks later. Death is generally attributed to shock, toxemia

and peritonitis in cases with perforated abomasal ulcers or abomasitis, or to

hypoxia and suffocation in calves with severe tympany.

The subacute and chronic forms may be prolonged manifestations of the

acute form where calves with recurrent tympany, anorexia, colic and other signs

have been found to have abomasal lesions at necropsy. " These animals appear

to have periodic episodes of diarrhea.

The course of acute abdominal syndrome is unpredictable. It varies from

sudden death with no premonitory signs in the peracute form to 11 days or longer

in calves given medical treatment for tympany, diarrhea, electrolyte disorders, and

dehydration that eventually succumb or are euthanatized. The clinical pathologic

changes for this syndrome have not been reported.

Practitioners, researchers, and producers have noted a seasonal tendency in

calves with acute abdominal syndrome. Affected calves are most often reported

^717
during the mid-winter to late spring months. ' This may only be true because

more producers tend to have most of their calf crop in these months.

Gross Lesions

Necropsy findings include abomasitis, and presence of sand, hair balls

(trichobezoars), or straw in the abomasum and rumen. A grayish-to-black fluid is



often found in the rumen and abomasum. This fluid may contain brown flecks of

2-6
digested blood and milk curd. " Abomasal lesions vary from abomasitis, abomasal

1 23
erosions, and different degrees of abomasal ulceration. " Two types of abomasal

ulceration have been observed at neuropsy: true perforating ulcers and severe

T / O
linear tears that appear as "blow-outs" from severe abomasal tympany. '

Peritonitis may or may not be present; if present, it usually accompanies abomasal

2-6 8-1

1

ulceration. ~
'

" Four unique characteristic abomasal ulcer lesions may be found:

1) ulcers with slight hemorrhage, 2) ulcers with marked hemorrhage, 3) perforation

with acute circumscribed peritonitis, and 4) perforation with acute diffuse

24
peritonitis. Some animals exhibit non-perforating ulcerative abomasitis, with

varying degrees of abomasal and rumen tympany which may be quite severe. '

Severe distension of the abdominal cavity due to large amounts of gas in the

rumen, abomasum, and small intestine with marked subcutaneous gas accumulation

and subcutaneous crepitation have been reported in some calves. The mucosal

surfaces of rumen, abomasum, small and large intestine appeared to be normal in

this instance and death was attributed to suffocation due to severe bloat. Some

calves have exhibited a few small (3 mm) foci of hemorrhage on the rumen

mucosa. In animals with abomasal ulcers, they are usually located within the

midpart of the fundus and on the greater curvature of the abomasum. However,

ulcers may be found near the pyloric region, too.

Animals with this syndrome may have a profuse diarrhea varying from

18greyish white to brown in color. Some are reported to have a catarrhal enteritis

with enlarged but not congested mesenteric lymph nodes. Ulcerative lesions with

perforation in the jejunum and generalized peritonitis have been found in some

cases. In this instance, the gastric mucosa was noted to have numerous blisters

along the folds of the abomasum, but there was no inflammatory reaction around or



beneath these foci. Duodenal ulcers have also been reported.

Other organs and tissues were without lesions except for the finding of

petechiae in heart muscle, kidneys, tracheal mucosa, thymus, and on the serosal

surface of the gastrointestinal tract in some cases.

Microscopic Lesions

Histopathologic examination of abomasal lesions most often reveals varying

degrees of abomasitis as evidenced by hyperemia, hemorrhage, edema,

2-6
desquamation, and necrosis of epithelium. Mild nonspecific cellular invasions and

2-6
microthrombi have been noted in some cases. Penetrating foreign bodies have

16 22been found in some calves. ' In animals with severe tympany and no apparent

gross lesions, foci of hemorrhage were found in some of the viscera.

Some investigations have found hyphae within the central necrotic areas of

ulcers. ' In direct mounts from these lesions, numerous branching aseptate

hyphae, 2.0-7.5 urn wide were seen amongst the tissue debris, which resembled the

assimilative hyphae seen in cultures of mucoraceous fungi. The abomasal and

ruminal content were found to contain plant debris in some cases, and numerous

spores of saprophytic fungi were also found. From the surface of the lesions

large numbers of nonseptate hyphae could be seen penetrating the underlying

tissues and in some places invading the blood vessels of the corium. The mucous

membrane at these sites of ulceration showed varying degrees of necrosis, in some

places quite severe but in other sections of the same lesion contours of normal

glandular structures could also be found. Histologically, the glands at the margin

of the ulcer were smaller in height, and there was hyperemia of the lamina

propria. A mild lymphocytic and fibroplastic reaction was noted in the submucosa,



12
muscularis, and serosa along the perforating ulcer edges. Marked submucosal

edema was found throughout the abomasum. ' Polymorph leukocytic reaction

and infiltration with hemorrhage and cellular debris were seen with the muscularis

mucosae of the abomasum. ' The muscularis mucosae was also edematous in

some sections and the muscular layer of the stomach wall beneath the lesion was

usually thickened. The blood vessels in these layers were congested.

Direct gram staining of tissues has revealed numerous gram positive bacilli

or rods from abomasal lesions or mucosa in other cases with no evidence of

2-6
hyphae. In these investigations no hyphae were observed under histopathalogic

examination utilizing H <5c E and Grocott stains.

Etiology

The etiology of acute abdominal syndrome with abomasal lesions is not

known. Many theories have been put forth to explain mechanisms of injury or

initiating factors which may contribute to the development of this condition but

the etiology is yet to be elucidated.

Theories proposed to explain the pathogenesis of the abomasal lesions

include dietary changes, in particular the addition of coarse roughage feeds and

associated traumatic injury to the mucosa, ''' pica secondary to chronic

enteritis, ' abomasal bezoars, ' '
6 »

18 " 20
environmental or physical

stress, ' ' » hyperacidity, vitamin E deficiency,
26

lactic acidosis,
29

mycotic

infection, ' ' bovine virus diarrhea (BVD), and low immune status associated

with copper deficiency. '

Various microorganisms have been isolated from affected abomasal tissues in

neonatal calves including Escherichia coli, Pseudomonas, Proteus, Streptococcus,
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Staphylococcus, Salmonella , Clostridium perf ringens
, Absidia and

Mucor. ' ' ' ' Most of these were considered to be postmortem invaders

from the alimentary tract or secondary opportunistic infections occurring after

abomasal injury, stress, ' ' ' or associated with copper deficiency. ' In one

case where hyphae were found within an abomasal ulcer, numerous blisters were

found along the abomasal folds from which C. perfringens was cultured; the

investigators considered this to be an insignificant post mortem saprophytic

invader, even though it was only cultured from these lesions and was not present

in the abomasal content. C. perfringens type A was hypothesized to be the cause

of sudden death in 10 Holstein replacement and feeder calves, 6-8 weeks of age,

which had severe abdominal tympany because no other pathogen was isolated.

However, this was not considered to be an enterotoxemia because high

concentration of exotoxin was not found, and there was no intravascular hemolysis,

or lesions in the mucosal surfaces of the gastrointestinal tract. Perforating

abomasal ulcers and abomasal tympany in range calves, 1-12 weeks of age, had C.

perfringens isolated from 12 cases and E^ coli from 3 cases.
2

Reports from

practitioners in central Nebraska and Wyoming indicated a reduced incidence in

abomasal ulcers and tympanitis in calves from herds vaccinated against C.

2 9-10
perfringens types C and D, '

" and in which cows were vaccinated against E^

coli.
3 "5

It is thought that stress ulceration of the gastric mucosa is the result of

stimulation of gastric secretion via neural and hormonal pathways.
27

'
29

'
31

During

stress in laboratory animals, mast cells in the gastrointestinal tract were observed

to degranulate, indicating liberation of histamine.
27

'
31

'
32

Mast cells are

distributed all over the body, especially in the gastric mucosa, and stress causes

degranulation and reduction in their number, faster and more complete in the



32
mucosal than in the submucosal or subcutaneous mast cells. It has been shown

that endogenous corticosteroids degranulate the mucosal mast cells and liberate

33
histamine. ' In man, many gastric erosions result from steroid-mediated

27
mechanisms. Cortisone and ACTH reduce gastric mucus secretion which limits

mucosal protection. Further, steroids decrease cell renewal in the gastric

28
mucosa. Mucosal lesions including ulceration have been produced experimentally

34
with histamine injected intraperitoneal^. Macroscopic examination of the gastric

mucosa in laboratory animals subjected to linear rocking motion at 200 to-and-fro

movements per minute induced various grades of mucosal hemorrhage, erosion and

27
ulceration. Superficial abrasion and ulceration were of pinpoint, elongated or

diffuse type involving mostly the body of the stomach. Deep ulcers and

perforations were not observed. Blood histamine levels were found to be

significantly increased in those animals with stress-induced ulcers. Hypersecretion

of gastric juice was also significantly increased in stressed animals, but there was

no direct correlation between the increase in the total volume of gastric juice and

27
the degree of ulceration.

Some cases of acute abdominal syndrome in calves have been noted after

2 6
periods of weather stress. " All forms of stress are associated with increased

endogenous steroid secretion; by activation of the hypothalamus to release ACTH,

there is subsequent increased secretion of corticosteroids. '' Because calves

usually nurse less during storms, it was concluded that this behavior during the

storm would result in their being hungry afterwards, and this along with the dam's

over-abundant milk supply would lead to engorgement with rich milk. This could

then induce gut stasis and a mild abomasitis, which in turn could lead to

proliferation of certain bacteria and fermentation. Under these circumstances, C.

perfringens is proposed to be an excellent opportunist.
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Histamine levels in blood were inconclusive and much higher than expected,

ranging from 0.28-5.02 ug/ml in calves with this syndrome and abomasal

3
ulceration. However, these investigators attributed those high histamine levels to

hemolyzed blood samples. In this study, C. perfringens was isolated from abomasal

lesions and fluid in 13 cases. Alpha- and theta-toxins produced by strains of C.

perfringens have been shown to produce morphological changes of mast cells

caused by both phospholipase C (phosphatidyl-choline: choline phosphohydrolase

E.C. 3.1.4.3) (a-toxin) and theta-toxin ( 8 and 8 -toxin). Both a -toxin and

•a c
8 -toxin are capable of causing histamine release from mast cells. The release

has been shown to be dependent on dose and temperature and has a slow time

course. The action of a-toxin is stimulated by Ca++ . Zinc appears to be essential

for enzymatic activity; Zn
++

stimulates the release by phospholipase C and free

calcium ion is required to bind the enzyme to substrate.
35

'36 Theta-toxin is also

stimulated by free Ca++ but release of histamine caused by 9-toxin was inhibited

by Zn
++

. Cow's milk is high in Ca++ and has low levels of Zn
++37

; since calves

affected with this syndrome are suckling cows or being given milk as a large part

of their diet, this would supply adequate substrate for C. perfringens proliferation

and a- and 8 -toxin production, thereby enhancing conditions for ulceration.

Bovine virus diarrhea (BVD), a DNA togavirus, is known to cause erosions

and ulcerations of the upper respiratory and gastrointestinal tract, the acute

disease occurring most commonly in young cattle from 8 months to 2 years of age.
1

Experimental and natural cases have been reported in very young calves,
38

but

rarely will calves under 6 months be affected with the acute disease.
1

Colostral

antibody against BVD has been shown to be protective from 105-230 days, or

longer with high initial levels. In beef calves, the disease has been shown to occur

most often a few weeks or months after weaning from 6 to 10 months of age.
1
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78
BVD has been implicated in neonatal calf enteritis. Calves may become infected

in utero or postnatally via the dam's milk. _In utero infection may terminate in

abortion, cerebellar hypoplasia, birth of a weak calf, or clinically inapparent

infection. Clinical signs in neonatal calves may include fever, leukopenia, nasal

discharge, and diarrhea of varying severity. Death from severe dehydration may

occur in 18 to 96 hours, or chronic diarrhea may persist for weeks. Erosions of the

digestive tract, primarily of the oral and nasal mucosa, lips, tongue, gums, and

hard palate, typical of fatal mucosal disease, are occasionally seen. Experimental

BVD infection in calves either in utero via intravenous administration of BVD virus

to the calf's dam, 6-25 days prepartum, or by nasal or oral inoculation of calves

with BVD virus, some permitted and some deprived of colostral feedings, resulted

39
in diarrhea of varying severity. ' Lesions in calves experimentally infected with

BVD includes hemorrhagic enteritis, moderate lymphoid depletion - especially in the

spleen, subserosal visceral and endocardial hemorrhages, and ulcers and erosions on

39
the tongue, buccal mucosa, lips and gums.

One report of abomasal ulcers in young calves (4 to 6 weeks of age) in

Wyoming herds with a mortality of 5-10% of the annual calf crop implicated BVD

as the causative agent. Calves exhibited signs of sudden death and acute onset of

colic, bloat, depression, and if left untreated, progressed to coma and death within

30 minutes after onset of clinical signs. Necropsy revealed that 65-70% of the dead

calves had ruptured abomasal ulcers. The remainder had at least one ulcer, usually

about 2 cm. in diameter. In most cases, the ulcers were located on the greater

carvature of the abomasum. Since calves had been vaccinated with C. perfringens

type C and D toxoid, enterotoxemia was considered unlikely. No pathogenic agents

were isolated from postmortem samples (bacteriology methods and materials were

not included in this report) and BVD fluorescent antibody (FA) tests were not
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performed on calf tissues; blood samples from unvaccinated cows that had lost

their calves to abomasal ulcers had BVD titers of >^ 1:128. Instituting BVD

vaccination programs in those herds were said to greatly decrease or eliminate the

incidence of calf abomasal ulceration. Calves with acute abdominal syndrome and

a history of enteritis, from Nebraska and Wyoming herds, had BVD fluorescent

2 3antibody tests performed on tissue; ' all FA's were negative (calves in these

herds were also tested negative by FA for rota-, corona-, and IBR virus). Virus

2 3
isolations on all samples taken from affected calves were negative. * Because

neonatal calves with clinical signs of acute abdominal syndrome have been found to

be FA negative for BVD, and experimental inoculation either _m utero or by nasal

or oral routes with live BVD virus in neonatal calves failed to produce abdominal

tympany, colic, anorexia, depression or sudden death nor did it produce abomasal

ulceration. Therefore, it is unlikely that BVD is the primary etiology of this

syndrome.

The incidence and pathology of abomasal ulcers in range calves exhibiting

abomasal tympany in Nebraska and Wyoming has been correlated to copper

deficiency and secondary bacterial infection. ' Use of injectable copper

compounds for brood cows in certain herds experiencing annual ulcer problems in

calves, in which low copper levels were diagnosed, was reported to elminate

abomasal ulcers. " ' Bacterial isolates from abomasal content of lesions in

affected calves were believed to have gained access to the upper alimentary tract

via reflux action of duodenal contents. The bile salts, acids, lysolecithins, potential

bacterial toxins, and sepsis in the refluxed material were thought to damage the

surface gastric cells, causing mucosal ischemia, including intravascular coagulation

with microthrombotic occlusions of the mucosal vessels, and making the cells

susceptible to erosion or ulceration. Bile or its component acids exhibit
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antibacterial activity depending on the concentration of bile and the susceptibility

40
of a given organism. In general, bile acids have been shown to inhibit

gram-postive organisms, but usually have little affect against gram-negative

organisms. This would tend to preclude duodenal reflux of content and bacteria as

the route of entry for gram positive bacteria cultured from abomasal ulcers and

lesions. Low copper levels in calves were hypothesized to cause derangement of

elastin cross linkages, thereby compromising the integrity of the abomasal mucosa

and its microvasculature, and to cause decreased leukocyte cytochrome oxidase

activity contributing to decreased neutrophil function and increased susceptiblity

to infection. In Nebraska, the low serum and liver copper concentrations were

related to molybdenum excess. Copper-deficient calves are believed to be

immunologically inferior to calves with normal copper levels. '' It has been

shown that alveolar macrophages from copper -deficient cattle had no in vitro

bacteriostatic nor bacteriocidal activity; in contrast, those with adequate copper

levels killed 40-60% of the bacteria in in vitro challenge, and presumably this

may be true of macrophages associated with the digestive tract. Because many

digestive functions of the abomasum depend on the integrity of the microvascular

system of its mucosa and this is dependent on the integrity of elastin within these

vessels, reduced cross linkages within the elastin related to copper deficiency was

considered to be the primary etiology contributing to the development of abomasal

ulcers in copper deficient calves. ' Researchers studying copper -depleted

cattle have found that cytochrome oxidase activity of the mucosa of the duodenum

and jejunum was decreased, the villi of the small intestine were atrophied,^* and

neutrophil function (candidacidal activity) was decreased.'*
5

However, in none of

these studies was abomasal ulceration found in copper-deficient calves or adult

43 44 46
cattle at necropsy. ' The researchers in the Nebraska and Wyoming study
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felt that compromised integrity of the epithelial cells of the digestive tract, an

increase in susceptibility to infections, and a decrease in leukocyte function may

be the link between abomasal ulcers and copper deficiency in cattle.
3"6 '

10

Clostridium perfringens was isolated from abomasal content and lesions in these

studies alone or with other bacteria, but was considered to be an opportunistic

invader associated with engorgement on rich milk after a period of anorexia during

weather stress and immunological compromise associated with copper

deficiency; ' toxin neutralization testing in mice was not done in those cases.

Acute abdominal syndrome in neonatal calves may be related to

2 3 7
pathophysiology associated with suckling. ' » The clinical history of calves

affected with this syndrome often mentions that they are vigorous nursers of milk,

and calves which "gulp down" their milk or feed were the ones at highest risk of

7 8
dying with this problem. ' Death regularly occurred within 6-8 hours after the

last feeding. Calves fed whole milk and calf starter pellets twice daily beginning

the first day of life and housed in individual hutches were found to have this

syndrome between 6-8 weeks of age, when they were being weaned. C_. perfringens

type A was isolated in large numbers from abomasum, duodenum, and ileum in

calves in this group which died suddenly and had severe distension of the

abdominal cavity. Possibly calves that develop this syndrome have esophageal

groove dysfunction which allows abnormal amounts of milk to consistently enter

the neonatal rumen, thus, providing substrate and an anaerobic environment for

ingested C^ perfringens to proliferate. This abnormal fermentation could allow

large numbers of C_. perfringens to survive, enter the abomasum, and colonize the

abomasal mucosa creating areas of abomasitis. In man, certain Campylobacter sp.,

microaerophilic to anaerobic gram negative bacilli, have been found on gastric

epithelia or within ulcerated tissues in almost all patients with active chronic
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47
gastritis, duodenal ulcer or gastric ulceration, and have also been reported in

48
gastric ulcers of ferrets. Gastritis associated with pernicious anemia,

immunologically mediated in man and affecting the proximal stomach, has rarely

been associated with Campy lobacter-like organisms. This rarity is considered to

indicate that the organisms probably do not develop secondary to gastritis and

provides indirect evidence of those organisms as causative agents in chronic active

48
gastritis. This same mechanism may apply to calves with acute abdominal

syndrome and abomasal ulceration where C_. perfringens has been isolated from

affected calves' abomasal and rumen content, and abomasal lesions. Of particular

significance is the isolation of toxigenic C_. perfringens from ruminal content

collected by sterile nasogastric tube, and in those calves which succumbed, its

presence from the abomasal content and lesions.

Clostridium perfringens type A has been isolated with other bacteria from

49abomasal ulcers and abomasitis in mature cattle. In that case, C. perfringens

type A appeared to be associated with inflammatory lesions, capillary dilatation,

and cell shedding in the mucosa. Perforating abomasal ulcers in one study in

suckling calves (4-6 weeks of age) was associated with C_. perfringens, E. coli,

Streptococcus, and Staphylococcus aureus. Those ulcers were in the midpart of

the fundus, and on the greater curvature of the abomasum; several calves had

abomasal trichobezoars. Studies of the microflora in the rumen of healthy and

bloating calves, 4-135 days of age, indicated that C_. perfringens is rarely

isolated. The distribution of C_. perfringens and E. coli in the feces of scouring

and healthy calves was studied in herds experiencing neonatal enteritis in

Montana. Three calves with scours and one with no diarrhea were necropsied in

that study. C^ perfringens was isolated from the abomasum and upper small

intestines in calves with diarrhea but a few organisms were also found in the
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abomasum in the calf with no diarrhea. These findings concluded that C.

perfringens is not normally present in the rumen and abomasum of neonatal calves,

but may be isolated in herds experiencing neonatal enteritis. Under normal

circumstances, vegetative cells of C. perfringens do not survive in the

abomasum. The action of C. perfringens and its toxins appeared to be responsible

for the tympany (C. perfringens is a prolific gas forming organism), abomasitis, and

abomasal ulceration seen in neonatal calves with this syndrome from which it was

cultured in ruminal and abomasal content and lesions. "
' ' Decreased incidence

of abomasal tympany and ulceration in neonatal calves from herds having a history

of these problems after instituting C^ perfringens vaccination programs support the

theory that this organism may be the inciting agent in this syndrome. ' Further

investigations of calves with abomasal ulcers, abomasitis, and acute tympany may

reveal other contributing factors to this syndrome, but C. perfringens should not

be ignored as a serious pathogen in these cases, and indeed, may be the primary

etiologic agent involved in its pathophysiology.
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SUMMARY

Eight neonatal calves, 2-21 days old, were referred to Kansas State

University for clinical examination or necropsy with suspected abomasal

displacement or intestinal obstruction after acute onset of abdominal tympany,

colic, depression, or death. Routine hematology and serum chemistry analysis

revealed no consistent changes. Necropsy examination indicated abomasal distension

with varying degrees of abomasitis, hemorrhage, and ulceration, but no evidence of

displaced abomasum or obstructed intestines. Ruminal contents collected via

stomach tube or at necropsy and abomasal contents collected at necropsy were

cultured anaerobically. Clostridium perfringens was isolated from all samples, and

based on toxin neutralization tests in mice, seven were Type A and one was Type

E. Copper concentrations in serum and tissue samples were within normal limits. It

appears that acute abdominal syndrome in neonatal calves is unrelated to copper

deficiency, and C_ perfringens, particularly Type A, may have a significant

etiological role.

Abomasal ulcers, erosions, and abomasitis with or without bloat have been

reported in neonatal and weanling calves in association with many suspected

etiologies. Theories proposed to explain the pathogenesis include dietary changes,

in particular the addition of coarse roughage feeds and associated traumatic injury

to the mucosa, ' pica secondary to chronic enteritis , abomasal bezoars, '

environmental or physical stress, ' "
, hyperacidity, vitamin E deficiency, lactic

acidosis, mycotic infection, ' and low immune status associated with copper

deficiency. ' ' ' Various microorganisms have been isolated from affected

abomasal tissues in neonatal calves including Escherichia coli, Pseudomonas,
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Proteus , Streptococcus , Staphylococcus, Salmonella, and Clostridium perfringens ,

and Absidia and Mucor associated with Phycomycoses. ' ' ~ Most of these

were considered to be postmortem invaders from the alimentary tract or secondary

;

after abor

6,12,13,18

opportunistic infections occurring after abomasal traumatic injury, stress,
" or

associated with copper deficiency.

The cause of sudden death involving 10 Holstein replacement and feeder

calves, 6-8 weeks of age, was hypothesized to be caused by C_ perfringens type A

because no other pathogen was isolated. However, this was not considered to be

an enterotoxemia because high concentration of exotoxin was not found, and there

was no intravascular hemolysis, or lesions in the mucosal surfaces of the

gastrointestinal tract. C. perfringens was isolated from 12 cases and E coli from 3

cases of perforating abomasal ulcers and abomasal tympany in range calves, 1-12

Ik
weeks of age. Reports from practitioners in central Nebraska and Wyoming

indicated a reduced incidence in abomasal ulcers and tympanitis in herds

vaccinated against C perfringens types C and D ' and herds in which cows were

6 13
vaccinated against E_ coli. ' ' Use of injectable copper compounds for brood cows

in certain herds experiencing annual ulcer problems in calves, in which low copper

6 12 13
levels were diagnosed, was reported to eliminate abomasal ulcers. ' ' In this

report, we describe the diagnosis of an acute abdominal syndrome in neonatal

calves characterized by ruminai and abomasal tympany, abomasitis, and abomasal

ulceration, and the isolation of Clostridium perfringens from ingesta or lesions in

calves with normal copper levels.
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Materials and Methods

Animal History - Neonatal calves, referred to KSU College of Vet. Med.

from Jan. 1, 1985 - July 31, 1985, were included in the study if they presented

with an acute abdominal syndrome characterized by abomasal and ruminal tympany,

abomasitis, or abomasal ulceration after acute onset of abdominal tympany, colic,

depression, or death. Owner history, obtained for each calf admitted for clinical

evaluation or for necropsy, age, and clinical signs were used as criteria for

including a calf in this study. Eight calves 2-21 days of age were included. All

were from within a 60 mile radius of the KSU campus.

Some of these calves were noted to have had diarrhea within a few days

after birth from which they recovered, but they suddenly became ill in 1-2 weeks.

Two calves were observed to be doing fine in the evening and found dead the

following morning. Owners reported calves to be kicking at their abdomens, rolling

or throwing themselves down, acting depressed, and to be exhibiting various

degrees of bloat and odontoprisis. Two of the 6 calves presented for clinical

examination were reported to have had pasty, yellowish diarrhea for 2 days before

the onset of the abdominal syndrome. Two of the six had been treated with various

antibiotics and for relief of the abdominal tympany. These animals came from herds

in which other calves of similar age had been scouring in the past 1 or 2 weeks.

Four of the affected calves came from herds having vaccination programs for

brood cows, which included E_ coli, Corona and Rotavirus vaccine, and 7-way

Clostridium; the other 4 calves came from herds with no vaccination program for

brood cows. Three of the calves were of dairy breeds and all others were beef

calves.
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Clinical Signs - Clinical signs of acute abdominal syndrome in neonatal

calves were recorded for cases as they became available.

Examination of gut contents for C perfringens exotoxins - Ruminal samples

were obtained from 6 live calves via sterile nasogastric tube for anaerobic culture.

Contents of the rumen and abomasum were collected from calves presented for

necropsy, and any lesions observed in these organs were cultured for anaerobic

bacteria. Ruminal or abomasal contents were clarified by centrifugation at 12,750

x g for 20 minutes, and the supernatant was filtered through a 0.45 urn membrane

a 1

9

filter , and injected intraperitoneal^ into mice to test for exotoxin.

Isolation of C perfringens - All samples were initially cultured

20 21
anaerobicially in chopped meat carbohydrate (CMC) - starch broth. ' After 4 to

6 hours of anaerobic incubation at 45°C, cultures were streaked onto blood agar

and incubated anaerobically for 24 hours at 37°C. Bacterial colonies tentatively

identified as C perfringens, based on their double zone hemolysis on the surface of

blood agar medium, were picked and subcultured in anaerobic BHI broth. Species

confirmation was based on gram stain, lack of motility, lecithinase reaction on egg

yolk agar, fermentation products profile in anaerobic peptone-yeast extract-glucose

27-23
broth, and other standard biochemical tests. The standard Kirby-Bauer

antimicrobial susceptibility testing was conducted for all the isolates of C

perfringens.

Typing of C perfringens-Isolates of C perfringens were typed based on

toxin-antitoxin neutralization tests in mice. Colonies of C perfringens grown on

blood agar were transferred to CMC-starch broth and incubated anaerobically at
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37°C for 4 to 6 hours to obtain optimum toxin production during the logarithmic

20 21
phase of growth. Cultures were then refrigerated for 3 hours at 4°C,

centrifuged at 12,750xg for 10 minutes, and pH was adjusted to 6.8-7.2 with 10 N

NaOH. The supernatant from each culture was divided into two aliquots and one

aliquot was incubated at 37°C for 45 minutes after mixing with 0.1% trypsin. Both

aliquots were held at room temperature (25°C) for 30 minutes after the addition of

type specific antitoxin. Swiss-Webster (ICR strain) mice weighing 20-30 g were

injected intraperitoneally with 0.5 ml of each sample. Control mice received 0.5 ml

of horse serum (0.2 ml) combined with plain or trypsinized clinical isolate

supernatant (1.0 ml). Mice tested for C_ perfririgens type C received cell-free

culture filtrate, plain or trypsinized, filtered into sterile vials after passage

through 0.45 urn membrane filters.
3

All mice were observed for 3 days to identify

specific neutralization of the toxin by monovalent antitoxins. Fifty mice were used

in antitoxin-toxin neutralization testing for each clinical isolate of C_ perfringens.

Also known strains of C perfringens types A, C, D, and E were included in the

testing as postitive controls.

Clinical Pathology - Venous blood collected via the jugular vein from live

calves was evaluated for routine hemogram and analyzed for acid-base, blood

gases, serum chemistry, and serum copper concentration. Blood pH, Po_, Pco_

bicarbonate, base excess, and CO- concentration were determined with a pH/blood

d e
gas analyzer. A semiautomatic analyzer was used to measure serum creatinine,

glucose, inorganic phosphate, calcium, albumin, total protein, chloride, alkaline

phosphatase, urea nitrogen, potassium, and sodium. Serum sorbitol dehydrogenase

(SDH) activity was measured by the UV kinetic method. Serum and liver tissue

samples collected at necropsy were analyzed for copper concentration by atomic
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spectrochemical analysis, utilizing quantititive plasma atomic emission-direct

current plasma technique.**

Pathology - Gross and histopathologic examinations were done on all calves

admitted for necropsy or that died after being hospitalized for clinical evaluation

and treatment. A complete examination of the gastrointestinal tract was done for

evidence of erosions, ulcers, congestion, hyperemia, discoloration, or gas

accumulation. Samples were collected at necropsy for bacteriology and clinical

pathology, as previously described. Histopathology was performed on all tissues

with lesions collected at necropsy.

Results

Eight calves, 2-21 days of age, 5 of beef breeds and the remainder of dairy

breeds, had clinical signs of acute abdominal syndrome - acute onset of abdominal

tympany, colic, depression, or death (Table 1). Two calves (257, 523) were

presented for necropsy after sudden death. Calves 755 and 313, which were

admitted for medical therapy, one in a moribund condition (313), died shortly after

treatment was initiated. A fifth calf (69) admitted for medical treatment, which

included antimicrobial therapy, balanced electrolyte replacement with fluid

therapy, nursing care, and surgical exploration of the abdomen and abomasum, died

after 11 days. Three calves (206, 447, 495) were released after hospitalization and

medical treatment. Calves 206 and 495 completely recovered after 2-6 days of

medical care, and were reported to be doing well by their owners one month after

discharge from the hospital. Calf 447 was released to the owner who refused

further therapy after the first day; this calf's final outcome was not ascertained.
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TABLE 1 - Clinical signs, lesions, and isolation of Clostridium perfringens from
neonatal calves with acute abdominal syndrome.

Calf
Number Breed

Age
(Days)

Clinical

signs/lesions*

Clostridium

perfringens typet

69
+

206

Beef 16

Dairy 21

Depression, bloat,

ulceration (3+)

Depression, bloat,

diarrhea

A

A

257 Beef Sudden death, bloat,

ulceration (*+)

313
1

Beef Depression, bloat,

diarrhea, ulceraton (l+)

kH7 Beef 21 Depression, bloat A

*95 Beef 14 Depression, bloat,

diarrhea
A

523
+

Dairy 2 Sudden death, bloat,

ulceration (1+)

A

755
+

Dairy 11 Depression, bloat,

diarrhea, ulceration (3+)

Degree of abomasal ulceration or erosion at necropsy, graded from mild (1+) to
perforate Cf+).

tC. perfringens isolated from ruminal or abomasal content or from abomasal
lesions.

Calf presented for necropsy or died after admission for medical care.
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Clostridium perfringens was isolated from all samples of ruminal content

collected by nasogastric tube from live calves and in samples of ruminal and

abomasal content collected from calves at necropsy (Table 2). Intraperitoneal

injection of clarified samples caused death of mice within 1-3 days, indicating the

presence of lethal exotoxin. Based on toxin-antitoxin neutralization tests in mice,

seven isolates were C_ perfringens type A and one was type E (Table 1).

Antibiogram testing of C_ perfringens clinical isolates from the rumen and/or

abomasal content indicated susceptibility to penicillin, ampicillin, amoxicillin,

methacillin, cephalosporin, nitrofurazdne furazolidone, amikacin, tetracyclines,

lincomycin and erythromycin, but resistance to gentamicin, neomycin, kanamycin,

streptomycin, trimethoprim-sulfamethoxazole, triple sulfa, and polymyxin^.

Routine hematology, blood gas, and serum chemistry revealed no consistent,

changes (Table 3). However, 3 of 6 calves had systemic acidosis as evidenced by

low blood pH, low bicarbonate, and base deficits. Serum and liver copper

28 3

1

concentrations from affected calves were within normal limits (Table 4).

Histopathology from calves presented for necrospy or that died after

initiation of therapy, showed varying degrees of abomasitis, abomasal erosions, and

abomasal ulceration (Fig 1). The abomasum was most often affected in the fundic

region and lesions were either diffuse or focal. Perforate ulcers were either

circular or linear, and in some histopathologic sections, scattered large colonies of

bacilli were seen within the submucosa and muscularis along with a dense

infiltration by neutrophils and macrophages. Submucosal edema with "coffee

ground" hemorrhages on the mucosa, lymphatic channels dilatation, and various

degrees of inflammatory cell infiltration were consistent findings in all calves (Fig

2).
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TABLE 3 - Serum chemical, hemogram findings, and blood gas analysis in neonatal calves with

an acute abdominal syndrome.

Calf no.
24

Measurement 69 206 313 447 495 755 Normal values

SERUM CHEMICAL VALUES

Glucose (mg/dl) 80.0 105.0 75.0 84.0 99.0 83.0 60 to 150
Urea nitrogen (mg/dl) 70.0 13.0 110.0 20.0 13.0 49.0 10 to 40

Creatinine (mg/dl) 2.5 1.1 3.5 1.8 1.1 2.0 1.0 to 2.0

Sodium (mEq/l) 1<*9.0 149.0 131.0 139.0 131.0 106.0 132 to 152
Potassium (mEq/l) 6.0 3.4 7.0 7.4 7.7 7.2 3.9 to 6.9

Chloride (mEq/l) 115.0 109.0 108.0 100.0 101.0 74.0 94 to 112

Calcium (mg/dl) 10.4 8.4 7.9 9.2 11.5 8.9 9.7 to 12.4

Inorganic

phosphate (mg/dl) 9.2 4.8 11.8 12.9
A

5.7 4.0 to 7.0

Total protein (g/dl) 9.2 t.3 5.2 6.8 7.2 5.3 5.0 to 6.5

Alkaline

phospatase (I. U.) 125.0 163.0 416.0 427.0 168.0 152.0 to 488
Total CO, (mEq/l)

Albumin fg/dl)

21.0 27.0 8.0 17.0 18.0 19.0 21.2 to 32.2

3.2 2.7 2.9 3.0 3.2 3.1 3.03 to 3.55

Sorbitol

dehydrogenase (l.U.) 10.3 26.0 17.3 9.0 12.5 10.8 4.3 to 15.3

HEMOGRAM VALUE5

Packed cell volume (%) 50.5 31.7 28.9 41.1 30.0 26.7 35.9 + 3.8

Total plasma
protein (g/dl) 9.7 4.7 7.0 7.0 7.4 5.9 5.5 to 7.5

Fibrinogen (mg/dl) 150.0 300.0 1000.0 400.0 900.0 900.0 500 to 700
Hemoglobin (g/dl) 17.0 11.6 9.5 12.5 10.6 9.3 11.2 i 2.5

White blood,
cells (lO^/pl) 21.0 18.0 11.9 16.8 19.1 23.5 10.7 + 3.1

Platelet Normal Decreased Normal Normal Normal Normal 500 (200-800)10
:

Poikilocytes — — 4+ -„ 2+ — —
Anisocytosis — — 3+ U 2+ — —
Spherocytes — — ... — Few —
Toxic Granulocytes 2+ — 2 + — 1+

ACID-BASE AND BLOOD GASES

PH 7.239 7.369 6.904 7.245 ND 7.344 7.35 + 0.05

PCO, (mm of Hg)

P0
2
1mm of Hg)

Base excess (mEq/l)

50.5 65.6 49.0 50.2 ND 1.5 42.8 + 3.28

26.8 28.3 18.0 23.8 ND 25.0 —
-5.3 1.4 -21.0 -4.8 ND -1.9 to +3

Bicarbonate(mEq/l) 20.8 28.9 9.7 21.0 ND 21.8 20 to 30
Total C0

2
(mEq/l) 22.4 30.9 10.2 22.5 ND 23.1 22 to 32

Too hemolyzed.

ND = not determined.
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TABLE 4 - Serum and liver copper concentrations in calves with acute neonatal

abdominal syndrome.

Calf No. Serum Liver

(ug/ml) (Hg/g)

69 — 120.0

206 0.91 —
257 — 160.0

313 1.10

487 1.10 —
495 3.20

523 — 140.0

755 3.00

Normal values" ^ 0.60 to 3.20 40.0 - 250.0

Toxic values'* ,° >3.30 >300.0

Deficient values""-
51

<0.60 <37.0



Fig 1 - Gross appearance of the abomasal mucosa from calf no. 755. Arrow
indicates area of extensive submucosal ulceration. Note the scattered coffee
ground hemorrhage over the surface with multiple abomasal erosions.
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Fig 2 - Photomicrograph of abomasal ulcer from calf 755. Arrows indicate

disruption of the muscularis mucosa with mucosal necrosis and inflammatory cell

infiltration. The edematous submucosa also reveals a microthrombus in a lymphatic

and lymphatic dilatation. H & E stain, X200.
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Discussion

Clostridium perfringens has been implicated as a major cause of gas

gangrene and food poisoning in man and in enteric infections and wound sepsis of

1 32
animals. ' Certain fatal enterotoxemias in animals have been attributed to

1 32
specific antigenic types. ' C_ perfringens produces four major lethal toxins (Table

32 33
5), which were the basis for defining 5 types (A to E). ' In addition to

production of four major lethal exotoxins, each type also produces other

extracellular substances such as enterotoxin, collagenase, hyaluronidase, and

deoxyribonuclease, which also contribute to its pathogenic behavior. '

Transmission is either by introduction into a wound or by ingestion. Enterotoxemia,

particularly with types B and C, is thought to be acquired by young animals from

20
carrier adults. Type D enterotoxemia is associated with dietary change, e.g.,

passage of large quantities of starch into the duodenum when animals overeat or

sudden changes from a roughage to a high grain diet, and intestinal stasis. »
32'3*

C_ perfringens type A is the primary cause of gas gangrene , and enterotoxin

formed by certain strains is responsible for food poisoning in man. ' Type A

strains have occasionally been implicated in an enterotoxemic condition of nursing

lambs, alpacas, and kid goats characterized by icterus, hemoglobinuria, anemia, and

intravascular hemolysis, ' but this has rarely been confirmed in calves.
32 '36

In

calves diagnosed with type A enterotoxemia, diarrhea and rapidly developing

depression were the main symptoms, but no characteristic gastrointestinal lesions

37 3gwere reported. Type E is believed to rarely cause a form of enterotoxemia in

calves and rabbits characterized by profuse diarrhea and death.

C_ perfringens enteric infections are believed to begin either as an

opportunistic commensal of the intestinal tract where certain conditions have
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TABLE 5 - Major lethal exotoxins of Clostridium perfringens types.

Exotoxins

Type alpha Beta Epsilon Iota

A ++

B* + ++ +

C + ++ - -

D + - ++

E + - - ++

Not reported in North America.
++ = Produced as predominant toxic fraction.

+ = Produced in lesser quantities.

- = Not produced.
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allowed overgrowth and production of toxins, or as an ingested fecal contaminant

in feeds that have escaped gastric degradation to proliferate in the intestinal

20 32
tract. ' Toxigenic C^ perfringens strains, most frequently type A, have been

isolated from feces, the intestinal tract, and from multiple sites in cadavers

(explained as postmortem proliferation in tissues and effusions). ' '

Isolation of <3 perfringens from necropsy specimens, either untyped or type A,

32 36-39
therefore, has usually been discounted due to its innocuous prevalence.

Examination of gut contents taken at slaughter from adult cattle on an "all-grain"

diet have indicated the presence of C^ perfringens in ruminal, abomasal, ileal, and

39
colon contents, with the primary site of isolation being the ileum. ' No toxigenic

strains were found to inhabit the abomasum in that study, and the presence of (2

perfringens in the upper alimentary tract may have been due to pyloric sphincter

relaxation with subsequent mixing of intestinal content with that in the abomasum

and forestomachs after death. In experimental inoculation of (I perfringens type D

into the rumen of sheep, it was shown that at least 90% of the inoculum was

destroyed in the adult rumen with the mean half-life of the bacteria being 1.6

40
hours in the rumen. The recovery of (2 perfringens Type D from the duodenum

(by duodenal cannulae) in those sheep inoculated intraruminally was much smaller

than that from the rumen, suggesting that considerable numbers of organisms also

must have been destroyed during the passage from rumen to mid-duodenum.

Studies of the microflora in the rumen of healthy and bloating calves, 4-135

days of age, indicated that C perfringens is rarely isolated. The distribution of

C perfringens and E coli in the feces of scouring and healthy calves was studied in

herds experiencing neonatal enteritis in Montana. Three calves with scours and

one with no diarrhea were necropsied in that study. C perfringens was isolated

from the abomasum and upper small intestines in calves with diarrhea but a few
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organisms were also found in the abomasum in the calf with no diarrhea. These

findings concur that C_ perfringens is not normally present in the rumen and

abomasum of neonatal calves or adult ruminants, but may be isolated in herds

experiencing neonatal enteritis. Under normal circumstances, vegetative ceils of (3

perfringens do not survive in the abomasum.

Clostridium perfringens type A has been isolated with other bacteria from

43
abosmasal ulcers and abomasitis in mature cattle. In that case, C perfringens

type A appeared to be associated with inflammatory lesions, capillary dilatation,

and cell shedding in the mucosa. Perforating abomasal ulcers in suckling calves

(4-6 weeks of age) have been associated with C_ perfringens , E coli , Streptococcus,

and Staphylococcus aureus. Those ulcers were in the midpart of the fundus, and

on the greater curvature of the abomasum; several calves had abomasal

trichobezoars, which along with other stressors were thought to have contributed

to the development of the ulcers. The incidence and pathology of abomasal ulcers

in range calves exhibiting abomasal tympany in Nebraska and Wyoming was studied,

and correlated with copper deficiency and secondary bacterial infection. '

Bacterial isolates from abomasal content or lesions in those calves were believed

to have gained access to the upper alimentary tract via reflux action of duodenal

contents. The bile salts, acids, lysolecithins, potential bacterial toxins, and sepsis

in the refluxed material were thought to damage the surface gastric cells, causing

mucosal ischemia, inducing intravascular coagulation with microthrombotic

occlusions of the mucosal vessels, and making the cells susceptible to erosion or

ulceration. Low copper levels in the calves were hypothesized to cause

derangement of elastin cross linkages, thereby compromising the integrity of the

abomasal mucosa and its microvasculature, and to cause decreased leukocyte

cytochrome oxidase activity, contributing to decreased neutrophil function and
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increased susceptibility to infection. C perfringens was isolated from abomasal

content and lesions in these studies alone or with other bacteria, but was

considered to be an opportunistic invader associated with engorgement on rich milk

after a period of anorexia during weather stress and immunological compromise

associated with copper deficiency. Toxin neutralization testing in mice to

determine if preformed lethal toxin was present with isolates of C_ perfringens was

not done in those cases.

Calves in our study had normal serum and tissue copper concentration, had

no history of weather related stress, and C_ perfringens, primarily Type A, was

consistently isolated from ruminal and abomasal contents or abomasal lesions.

Antemortem isolation of toxigenic C_ perfringens was also demonstrated in calves

sampled by sterile nasogastric tube. We suspect that pathophysiology associated

with suckling may play a significant role in the development of the syndrome.

Possibly these calves had esophageal groove dysfunction which allowed abnormal

amounts of milk to consistently enter the neonatal rumen, thus, providing substrate

and an anaerobic environment for ingested C_ perfringens to proliferate. This

abnormal fermentation could allow large numbers of C perfringens to survive, enter

the abomasum, and colonize the abomasal mucosa creating areas of abomasitis. In

man, certain Campylobacter sp., microaerophilc to anaerobic gram negative bacilli,

have been found on gastric epithelia or within ulcerated tissues in almost all

patients with active chronic gastritis, duodenal ulcer, or gastric ulceration, and

have also been reported in gastric ulcers of ferrets. Gastritis associated with

pernicious anemia, immunologically mediated in man and affecting the proximal

stomach, has rarely been associated with Campylobacter-like organisms. This rarity

is considered to indicate that the organisms probably do not develop secondary to

gastritis and provides indirect evidence of those organisms as causative agents in
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k5
chronic active gastritis.

The calves in the present study with a history of sudden death were often

described by owners as being top calves compared with the rest of the herd, and

from heavy milking dams. Calves being bottle fed were usually noted to be

vigorous nursers. Possibly this behavior could contribute to spill-over of milk into

the neonatal rumen. Certainly calves with a history of diarrhea may have been

somewhat immune compromised, but in our clinical experience most calves appear

to be healthy and normal up until the onset of this syndrome. Copper deficiency

was not found in the calves we studied, but may be a contributing factor in

regions having molybdenum excess associated copper deficiency or primary copper

deficient soils. The action of C_ perfringens bacteria and its toxins appeared to be

responsible for the tympany (C_ perfringens is a prolific gas forming organism),

abomasitis, and abomasal ulceration seen in these calves. The reported decreased

incidence of abomasal tympany and ulceration in neonatal calves after instituting

C_ perfringens vaccination programs in herds having a history of these

problems ' ' ' supports our theory that this organism may be the primary

etiologic agent in this syndrome.

Anaerobic incubation of abomasal contents or samples from abomasal lesions

in CMC-starch at 45°C initially, followed by further incubation at 37°C after

transfer to other media, enhances isolation of C_ perfringens and inhibits other

bacterial growth. This procedure helps to isolate C_ perfringens in almost pure

culture and prevents its being lost or obscured by other bacteria, which may

overgrow it on certain media. This technique allowed us to consistently isolate C_

perfringens from abomasal ulcers and lesions. Isolation of toxigenic C_ perfringens

from the ruminal contents of live calves presented with this syndrome establishes

the presence as significant, and also indicates its serious implications in sudden
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death of calves. Further investigations of calves with abomasal ulcers, abomasitis,

and acute tympany may reveal other contributing factors to this syndrome, but we

believe C_ perfringens should not be ignored as a serious pathogen in this syndrome,

and indeed, may be the primary etiologic agent involved in its pathophysiology.
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SUMMARY

The role of Clostridum perfringens type A in the etiology of an acute

abdominal syndrome in neonatal calves characterized by abomasal and rumen

tympany, abomasitis, and abomasal ulceration was investigated. Eight calves, 4 to

12 days of age, were inoculated with (2 perfringens type A (ATCC toxigenic type

A culture or toxigenic type A culture isolated from rumen or abomasal content in

a clinical case with this syndrome). Blood samples were collected from all calves

before and after inoculation for blood gas, serum chemistry, serum copper analysis,

and ruminal fluid for isolation of (2 perfringens. Calves were monitored daily for

clinical abnormalities, and were either sacrificed or redosed within 4-7 days

depending on the severity of their clinical signs. Routine histopathology and

anaerobic culture of the abomasum and rumen were performed after necropsy.

Intraruminal inoculation of C perfringens type A into healthy calves induced

anorexia, depression, bloat, diarrhea, and death in some calves. Copper

concentrations in serum were within normal range. Necropsy examination revealed

varying degrees of abomasitis, petechial to ecchymotic hemorrhages, and pin point

to nearly perforate ulcers in the abomasum. Seven of those calves also had

multiple rumen trichobezoars. None of these findings were seen in control calves at

necropsy. In these calves acute abdominal syndrome was unrelated to copper

deficiency, and C_ perfringens type A given intraruminally was able to reproduce

the clinical syndrome.

Acute abdominal tympany, colic, depression or sudden death have been

reported in neonatal calves with abomasal ulcers, abomasitis, and varying degrees

of abomasal and rumen tympany. " Many suspected etiologic agents have been
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reported: dietary changes, in particular the addition of coarse roughage feeds and

1 2 1

associated traumatic injury to the mucosa, ' pica secondary to chronic enteritis,

1 2
abomasal bezoars, ' environmental or physical stress associated with secretion of

13 12 ^5
ACTH and endogenous steroid release, ' ' mycotic infection, ' and low immune

3 6-8
status associated with copper deficiency. '

" Various microorganisms have been

isolated from affected abomasal tissues, peritoneal fluid contaminated with ingesta

from perforate abomasal ulcers, and abomasal fluid, including: Escherichia coli,

Pseudomonas, Proteus, Streptococcus , Staphylococcus, Salmonella, and (2

k 5 9-12
perfringens, and mycoses associated with Absidia and M ucor . ' With the

4 5
exception of mycotic agents '

, all others have been considered to be either

postmortem invaders from the alimentary tract or secondary opportunistic

fter abor

3,6-8,12

4 3 13
infections occurring after abomasal traumatic injury, stress, ' ' or associated

with copper deficiency.

C_ perfringens type A has been isolated from abomasal, duodenal, and ileal

content in calves 6-8 weeks of age, which died after acute onset of abomasal and

rumen tympany. Because no other pathogenic bacteria was isolated from these

calves, it was concluded that this organism was associated with the deaths. This

organism has been isolated with other bacteria from abomasal ulcers and abomasitis

in mature cattle. C perfringens was also isolated from abomasal linings of 12

calves (aged 2 days to 8 weeks) presented for necropsy after having abomasal

tympany, abomasal rupture, perforating abomasal ulcers (single or multiple), and

9
duodenal ulcers. Secondary findings in those calves included presence of sand,

dirt, trichobezoars, and straw in the ingesta, which was a grayish-black fetid fluid.

The purpose in the present study was to examine the role of C perfringens type A

in the etiology of this acute abdominal syndrome in neonatal calves having normal

serum copper levels, and to study the pathophysiology of the syndrome in calves.
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Materials and Methods

Production of disease - Ten healthy bull calves, 4 to 12 days old, were

obtained from local herds after having received colostrum their first three days of

life. Calves were housed in a barn with controlled ventilation and were tethered

indivdiually and kept on grooved rubber mats with access to hay, water, and calf

pellets, but unable to contact other calves. Calves were fed whole milk at 8% of

their body weight each day in divided feedings twice daily. Ruminal contents were

collected via sterile nasogastric tube for anaerobic culture and pH determination.

Calves were inoculated intraruminally with either sterile distilled water (2 control

calves) or C_ perfringens type A culture (8 experimental calves). Calves were

inoculated intraruminally 2 hours before their morning feeding with 20 hour old C_

perfringens type A culture grown in anaerobic BHI broth. Calves were given

9 in
dosages in the range of 1 x 10 - 2 x 10 CFU per dose. C perfringens strain 26

(ATCC 3624 ) toxigenic type A culture or toxigenic type A culture isolated from

rumen or abomasal content in a clinical case with this syndrome were used for

intraruminal inoculation (Table 1). Depending on clinical signs, calves were either

necropsied or redosed within 3-11 days after the initial intraruminal inoculation.

Clinical signs - Clinical signs, body temperature and manure consistency and

color were recorded daily.

Clinical pathology - Blood was collected via the jugular vein from all calves

for serum chemistry, routine hemogram, and for analyses of serum copper,

acid-base and blood gases before and after experimental inoculation. Blood pH,

PC^, PCC^, bicarbonate, base excess, and CO- concentration were determined

with a pH/blood gas analyzer. A semiautomatic analyzer was used to measure
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serum creatinine, glucose, inorganic phosphate, calcium, albumin, total protein,

chloride, alkaline phosphatase, urea nitrogen, potassium, and sodium. Serum sorbitol

dehydrogenase (SDH) activity was measured by the UV kinetic method. Serum

samples were analyzed for copper concentration by atomic spectrochemical

analysis, utilizing quantitative plasma atomic emission - direct current plasma

techniaue
e " ^'ooc* §as analysis was done daily, and serum chemistry analysis was

done on day 0, 4, 7, and 10 after inoculation.

Pathology - Gross and histopathologic examination were done on all calves

which were necropsied either after euthanasia or death. All calves were necropsied

within 15-80 minutes after death. A complete examination of the gastrointestinal

tract was done for evidence of erosions, ulcers, congestion, hyperemia,

discoloration, or gas accumulation. Ruminal and abomasal contents, and any lesions

in the abomasum were collected for cultural examination. Histopathology was

performed on all lesions detected at necropsy, and sections of heart, liver, lung,

lymph node, rumen, abomasum, small intestine, large intestine, kidney, and

pancreas were examined.

Examination of gut contents for C perfringens exotoxins - Ruminal and

abomasal contents collected at necropsy were examined for exotoxin. Briefly,

ruminal or abomasal contents were clarified by centrifugation at 5,000 x g for 20

minutes, and the supernatant was filtered through a 0.45 urn membrane filter
f

if

adequate clearing had not occurred (water clear), and injected intraperitoneal^

into mice to test for exotoxin.

Isolation of C perfringens - All samples were cultured anaerobially in

chopped meat carbohydrate (CMC) - starch broth.
16

' 17 After 4 to 6 hours of

anaerobic incubation at 45°C, cultures were streaked onto blood agar and egg yolk

agar and incubated anaerobically for 24 hours at 37°C. Bacterial colonies
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tentatively identified as (I perfringens , based on their double zone hemolysis on

the surface of blood agar medium and their lecithinase reaction on egg yolk agar,

were picked and subcultured in anaerobic BHI broth. Species confirmation was

based on gram stain, lack of motility, lecithinase reaction on egg yolk agar,

fermentation products profile in anaerobic peptone-yeast extract-glucose broth and

18 19
other standard biochemical tests. '

Typing of C perfringens - Isolates of (I perfringens were typed based on

toxin-antitoxin neutralization tests in mice. Colonies of C perfringens grown on

blood agar were transferred to CMC-starch broth and incubated anaerobically at

37°C for k to 6 hours. ' Cultures were then refrigerated for 3 hours at 4°C,

centrifuged at 12,750 x g for 10 min, and pH adjusted to 6.8 - 7.2 with 10 N NaOH.

The supernatant from each culture was divided into two aliquots and one aliquot

was incubated at 37°C for 45 minutes after mixing with 0.1% trypsin.° Both

aliquots were held at room temperature (25°C) for 30 minutes after the addition of

type specific antitoxin. Swiss-Webster ICR albrino mice, weighing 20-30 g were

injected intraperitoneal^ with 0.5 ml of each sample. Control mice received 0.5 ml

of horse serum (0.2 ml) combined with plain or trypsinized culture supernatant (1.0

ml). Mice tested for C_ perfringens type C received cell-free culture filtrate,

plain or trypsinized, filtered into sterile vials after passage through 0.45 urn

membrane filters. All mice were observed for 3 days to identify specific

neutralization of the toxin by monovalent antitoxins. Known strains of C_

perfringens types A, C, D and E were included in the testing as positive controls.
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Results

Production of disease - Calves were placed into one of three groups based

on the severity of clinical signs and characteristics of lesions found at necropsy

(Table 1). All experimental calves had episodes of depression, bloating, and

diarrhea. Two calves died (X-97, X-99) after 3 and 7 days postinoculation,

respectively.

Clinical pathology - Blood gas analysis revealed varying degrees of acidosis

(base deficit) during the first 6 days of postinoculation (Table 2). Serum chemical

values showed no consistent changes in calves through day 10 postinoculation

(Table 3). Serum copper concentration was also unaffected (Table 4). Because the

blood gas and serum chemical values were not affected by the severity of clinical

signs and lesions observed, values of all 8 calves were averaged.

Gross and histopathology - Consistent gross findings in experimental calves

included diffuse to patchy hyperemia, particularly on the edges of abomasal folds,

the abomasal folds often appeared to be edematous. Foci of intense hyperemia

surrounded areas of erosion and ulceration (Fig. 1). Two calves had erosive and

hyperemic foci at the pylorus. Petechial to ecchymotic hemorrhages were found in

multiple foci in the abomasum of many calves (Fig. 2). Three calves had abomasal

gas distention at necropsy (X-92, X-96, X-99) which varied from moderate to

severe (Fig. 3). Some calves had small (2-3 mm) indistinct whitish foci on the

abomasal surface characterized as catarrhal exudate, which histologically appeared

to represent small areas of sloughed cells (Fig. 4). Seven of the eight experimental

calves had ruminal trichobezoars. Several calves had mesenteric lymph nodes that

appeared to be enlarged or swollen and edematous. Calves in group one appeared

to exhibit the most severe lesions and those in group 2 had mild to moderate
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Table 1 - Experimental production of abdominal tympany, abomasitis, and abomasal

ulceration in neonatal calves inoculated intraruminally with Clostridium perfrinRens type A.

Group
Calf Age*
Number (Days)

Concen-
tration of

inoculum
C perfrinRens

culture

Clinical

Signs/lesionst

X-92 8 8 x icr 257A

X-96* 9 1 x 10
10 257A

Depression, bloat, intermittent
diarrhea; abomasal tympany,
hyperemia, ulceration (3+), ruminal

trichobezoars

Depression, bloat, diarrhea, abomasal
tympany, hemorrhage, hyperemia,
ulceration (3+), ruminal trichobezoars

X-97 10 1 X 10
1U ATCC

X-99 10 k x 10
10 69A

2 X-91 7 1 x 10' ATCC

Depression, bloat, diarrhea, death;

catarrhal abomasitis, hyperemia,
ulceration (3+), ruminal trichobezoars

Depression, bloat, diarrhea, death;

abomasal tympany (6-7x normal size),

hyperemia, hemorrhage, ulceration

(3+), ruminal trichobezoars

Diarrhea, depression, bloat; abomasal
edema and some catarrhal surface

exudate, ulceration (1+), ruminal

trichobezoars

X-93 5 8x10' ATCC

X-94 11 3 x 10
7 ATCC

X-95+- 11 6 x 10
9 ATCC

Depression, intermittent diarrhea and
bloat; abomasal hyperemia and some
edema of mucosal folds, erosion at

omasal-abornasal groove, ulceration

(2+), ruminal trichobezoars

Depression, bloat, intermittent
diarrhea, abomasal hyperemic foci and
pyloric erosion, ulceration (1+)

Mild depression, intermittent diarrhea;

abomasal hyperemia of mucosal folds,

edema at pylorus, ulceration (1+),

ruminal trichobezoars

3 X-100 5 50 ml Distilled water Healthy calf; small foci of hyperemia
at pylorus.

X-1622 9 100 ml Distilled water Healthy calf; no gross lesions.

*Age of calf when first inoculated.

tDegree of abomasal ulceration or erosion at necropsy, graded from mild (1+) to perforate
(4+).

•tReinoculated on day 7.
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TABLE 2 - Blood acid-base and gases, packed cell volume, plasma protein, and fibrinogen

concentration in expenmental calves inoculated intrarummally with CJ^tnduam perfr,n Rens type A.

Sampling
days pH PCO. PO-

Base
excess

(mm of Hg) (mm of Hg) (mEq/L)

1

2

3

4

5

6

7

8

9

10

11

7.375

7.331

7.291

7.271

7.258

7.308

7.31*

7.328

7.350

7.364

7.376

7.351

,24-27

49.6

46.7

48.6

48.5

47.2

50.4

47.1

50.5

51.0

51.0

51.2

51.5

27.3

26.9

28.8

25.6

26.0

25.2

28.1

32.4

27.3

30.1

31.2

27.6

3.8

-0.4

-2.0t

-3.7t

-5.0T

-0.9

-1.6t

0.2

2.4

3.3

4.3

2.7

Bicarbonate
(mEq/L)

Packed
Total cell

CO, volume
(mEq/L) (*)

Normal
values 7.35+0.05 42.8+3.28

SEM .029 2.5

to

2.8

3.0
2.1

20.

28.0

24.5

23.5t

22.0t

20.9t

24.3

23.2t

23.5

27.1

27.9

28.9

27.5

-30.0 22.

1.6

29.5

25.9

22.5t

23.5t

22.4t

25.9

24.6t

27.1

28.6

29.5

30.4

29.0

to 32.0

2.0

Plasma
protein

(g/dl)

Least square means and SEM of 8 calves.

tSignificantly different from zero day sample (P<0.05).

33.4

32.0

32.0

33.5

31.6

31.0

30.4

33.4

30.8

33.3

31.1

30.5

35.9+3.8

2.1

6.5

6.2

6.3

5.8

6.0

5.9

5.7

6.0

5.6

5.7

5.5

5.8

Fibrinogen
(mg/dl)

537.5

550.0

512.5

462.5

575.0

420.8

433.3

462.5

383.3

441.7

375.0

500.0

5.5-7.5 500-700.0

0.3 78.7



61

TABLE 3 - Serum chemical va lues in experimental calves inoculated intraruminally with

Clostridium perfringens type A.

Sampling days Normal
2*"27

Item 4 7 10 SEM values

Glucose (mg/dl) 108.4 102.5 90.4 109.8 9.6 60-150

Urea nitrogen (mg/dl) 0.9 2.6 1.2 0.9 0.7 10-40

Creatinine (mg/dl) 1.12 1.29 0.94 0.91 0.18 1.0-2.0

Chloride (mEq/L) 101.0 101.7 102.6 100.3 1.3 94-112

Sodium (mEq/L) 141. 4 134.8t 135.8t 138.2 1.3 132-152

Potassium (mEq/L) 5.0 5.7 4.9 5.0 0.3 3.9-6.9

Calcium (mg/dl) 10.8 9.9 10.1 10.1 0.3 9.7-1 2.4

Inorganic

phosphate (mg/dl) 7.7 8.1 6.8 7.0 0.4 4.0-7.0

Total protein (g/dl) 6.3 6.0 6.0 5.7 0.3 5.0-6.5

Alkaline

phosphatase (I.U.) 268.9 226.4 238.8 172.8 57.3 0-488

Total C0
2
(mEq/L)

Albumin (g/dl)

27.4 20.8t 22.3t 27.3 0.2 21.2-32.2

3.2 3.3 3.3 3.3 0.1 3.03-3.55

Sorbitol

dehydrogenase (l.U.) 8.5 11.0 9.4 13.3 1.6 4.3-15.3

•Least square means and SEM of 8 calves.

tSignificantly different from zero day sample (P<0.05).



62

TABLE k - Serum copper concentrations in experimental calves.

Calf number Serum
(ug/ml)

X-91 1-60

X-92 2.60

X-93 2.10

X-94 2.00

X-95 2.00

X-96 2.30

X-97 2.20

X-99 l.M
X-100* 2.10

X-1622* 0.86

Normal values?™ 0.60 to 3.20

Toxic values
21~H „„ >3.30

Deficient values
20-23 <0 .60

Control calves.



Fig 1 - Abomasum with hyperemia surrounding an ulcerative foci from calf X-99.
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Fig 2 - Multiple foci of petechial to ecchymotic hemorrhages located in the
abomasum of calf X-96.
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Fig 3 - Ruminal and abomasal tympany at necropsy of calf X-99 4 days after
intraruminal inoculation of a clinical isolate of C perfringens toxigenic type A.
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Fig 4 - Catarrhal abomasitis characterized by multiple foci (2-3 mm) of whitish

exudate on the abomasal mucosal surface of calf X-97.
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lesions. Group 3 control calves had no visible lesions.

Histopathology of experimental calves consistently revealed mild to marked,

multifocal edema of the abomasal submucosa that had a distinct and prominent

inflammatory component in some calves. Cell aggregates on epithelial mucosal

surfaces were observed in some calves. These aggregates represented sloughed

epithelium in some and inflammatory cells in others. Mucosal hemorrhages,

submucosal edema, lymphatic dilatation, and varying degrees of inflammatory cell

infiltration were consistent findings in all calves (Figs. 5-7). In calves not

necropsied immediately after death it was sometimes difficult to differentiate

antemortem from postmortem changes.

Examination of gut contents for C perfringens and its exotoxins - C_

perfringens was not isolated from the rumen contents of calves cultured before

inoculation. C_ perfringens was isolated from all samples of ruminal and abomasal

content collected at necropsy. Intraperitoneal injection of clarified samples caused

death of mice within 1-3 days, indicating the presence of lethal exotoxin. Based on

toxin-antitoxin neutralization tests in mice, all isolates were C perfringens type A.

Discussion

The inoculation of C perfringens type A culture and supernatant fluids into

isolated segments of rabbit, lamb, and calf small intestine or given orally has been

28-34
studied by several investigators. These researchers have shown that C_

perfringens type A cultures given either orally in feed or by intraduodenal

cannulae produced diarrhea in many, and death preceded by diarrhea and bloat in

28 29 31 32some cases in weaned ruminants. ' ' ' C^ perfringens type A enterotoxin

studied by introduodenal cannulae, Thiry fistulae, and ligated intestinal loops in k



Fig 5 - Abomasum with marked submucosal edema and mixed inflammatory ceil

infiltration in the submucosa of calf X-99.
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Fig 6 - Abomasum with perivascular inflammatory cell infiltration and a

microthrombus (arrow) in the submucosa of calf X-99.
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Fig 7 - Abomasum with submucosal edema, lymphatic dilation, and mild

inflammatory cell infiltration in calf X-97.
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to 6 month old calves demonstrated fluid accumulation and/or diarrhea as

31 32
pathological responses within 0.5 - 5 hours after introduction. ' The enterotoxin

was not destroyed by the jejunal fluid and all of it was absorbed within 8 hours

31
postinoculation. The pathologic manifestations of vasodilation, increased

capillary permeability, congested mesenteric lymph nodes and edema, and increased

intestinal motility have been proposed as related to the mechanism of action of

32 35
this toxin. ' ' Mucosal lesions, including ulceration of the gastric lining, have

36been produced with histamine injections experimentally. Alpha- and theta-toxins

produced by strains of C_ perfringens have been shown to produce morphologic

changes of mast cells, caused both by phospholipase C (a -toxin) and 6 . and G n -
A D

37
toxins (theta toxins), both of which are capable of causing histamine release.

Histamine levels in blood were inconclusive and much higher than expected, ranging

from 0.28 - 5.02 ug/ml in calves with this syndrome and abomasal ulceration, (3

perfringens being isolated from abomasal lesions and fluid in 13 of those calves.

Intestinal loops inoculated with live cells also had gas accumulation and

32
distension. Calves which received intraduodenal C perfringens type A

enterotoxigenic strains or supernatant fluids were observed to exhibit lassitude and

abdominal discomfort as evidenced by frequent kicking at the abdomen and a

32
slightly arched back. These findings are compatible with the clinical signs and

some of the pathology found in the experimental calves in the present study,

particularly those receiving clinical isolates of C perfringens type A from calves

exhibiting signs of acute abdominal syndrome and may indicate the presence of

enterotoxin activity in the neonatal rumen and/or abomasum and intestine as well

as the effects of alpha and theta toxins after intraruminal inoculation of C

perfringens type A.

The enterotoxin of C perfringens type A has been shown to be present in
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38 3931-68% of the isolates from cattle. ' Overall toxicity studies conducted by one

group of researchers indicated that all C_ perfringens type A isolates should be

40
considered potentially enterotoxigenic. It has been shown that many strains of

type A produce enterotoxin when the cells are sporulating, and when vegetative

cells of this organism are ingested, they readily form spores in the intestine, a

41
process that causes enterotoxin release. The pathophyiology of C_ perfringens

enterotoxin in the neonatal rumen has not been determined.

In experimental inoculation of C_ perfringens type D into the rumen of

sheep, it was shown that at least 90% of the inoculum was destroyed in the adult

rumen, the mean half-life of the bacteria being 1.6 hours in the rumen. The

recovery of C perfringens type D from the duodenum (by duodenal cannulae) in

those 8 sheep inoculated intraruminally was much smaller than that from the

rumen, suggesting that considerable numbers of organisms also must have been

42
destroyed during the passage from rumen to midduodenum. Studies of the

microflora in the rumen of healthy and bloating calves, 4-135 days of age,

indicated that C_ perfringens is rarely isolated. In herds experiencing neonatal

enteritis, C perfringens was isolated from the abomasum and upper small intestines

in calves with diarrhea and a few organisms were also found in the abomasum of a

44
calf with no diarrhea. These findings suggest that C perfringens is not normally

present in the rumen and abomasum of neonatal calves (none of the calves in this

study had C perfringens present in pre-inoculation rumen fluid) or adult ruminants,

but may be isolated in herds experiencing neonatal enteritis. Under normal

79circumstances, vegetative cells of C perfringens do not survive in the abomasum.

C perfringens type A has been isolated with other bacteria from abomasal

ulcers and abomasitis in mature cattle. In this case C perfringens type A

appeared to be associated with inflammatory lesions, capillary dilation, and cell



80

shedding in the mucosa. Perforate abomasal ulcers in suckling calves (1-12 weeks

of age) have been associated with (2 perfringens, E coli , Streptococcus
,

Staphylococcus aureus and other bacteria. '
" These ulcers were in the midpart

of the fundus, and on the greater curvature of the abomasum; several calves had

abomasal trichobezoars, and these with other stressors were thought to have

contributed to the development of the ulcers. Anaerobic incubation of abomasal

contents or samples from abomasal lesions in CMC-starch at 45°C initially,

followed by further incubation at 37°C after transfer to other media, enhances

isolation of C perfringens and inhibits other bacterial growth. ' This procedure

helps to isolate C perfringens in almost pure culture and prevents its being lost or

obscured by other bacteria which may overgrow it on certain media. This technique

has allowed us to consistently isolate C_ perfringens from abomasal ulcers and

lesions in neonatal calves.

The incidence and pathology of abomasal ulcers in range calves exhibiting

abomasal tympany in Nebraska and Wyoming was studied, and correlated with

6-9
copper deficiency and secondary bacterial infection. Bacterial isolates from

abomasal content or lesions in those calves were believed to have gained access to

the upper alimentary tract via reflux action of duodenal contents. The bile salts,

acids, lysolecithins, bacterial toxins, and sepsis in the refluxed material were

thought to damage the surface gastric cells, causing mucosal ischemia and inducing

intravascular coagulation with microthrombotic occlusions of the mucosal vessels,

making them susceptible to erosion or ulceration. Bile or its acid components

exhibit antibacterial activity depending upon the concentration of bile and the

susceptibility of a given organism. In general, bile acids have been shown to

inhibit gram-positive organisms, but usually have little effect against

gram-negative organisms. This would tend to preclude duodenal reflux of content
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and bacteria as the route of entry for gram positive bacteria cultured from

abomasal ulcers and lesions. Low copper levels in those calves were hypothesized

to cause derangement of elastin cross linkages, thereby compromising the integrity

of the abomasal mucosa and its microvasculature, and to cause decreased

cytochrome oxidase activity of leukocytes, contributing to decreased neutrophil

function and increased susceptibility to infection. (2 perfringens was isolated from

abomasal content and lesions in those studies alone or with other bacteria, but was

considered to be an opportunistic invader associated with engorgement on rich milk

after a period of anorexia during weather stress and immunological compromise

associated with copper deficiency. Toxin neutralization testing in mice to

determine if performed lethal toxin was present with isolates of (2 perfringens was

not done in those cases.

Calves in our study had normal serum copper concentrations, had no history

of weather-related stress, and C_ perfringens type A, toxigenic ATCC or clinical

isolate, given intraruminally, were consistently isolated from ruminal and abomasal

contents or abomasal lesions at necropsy. These calves had signs of acute

abdominal syndrome and abomasal lesions of varying severity after intraruminal

inoculation of toxigenic strains of C_ perfringens type A. We suspect that

pathophysiology associated with suckling may play a significant role in the

development of this syndrome in neonatal calves. Possibly affected calves have

esophageal groove dysfunction which allows abnormal amounts of milk to

consistently enter the neonatal rumen, and thus provides substrate and an

anaerobic environment for ingested C_ perfringens to proliferate. This abnormal

fermentation could allow large numbers of C_ perfringens to survive, enter the

abomasum, and colonize the abomasal mucosa creating areas of abomasitis. In man,

certain Campylobacter sp., a microaerophilic to anaerobic bacilli, have been found
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on gastric epithelia or within ulcerated tissues in almost all patients with active

chronic gastritis, duodenal ulcer, or gastric ulceration, ' and have also been

47
reported in gastric ulcers of ferrets. Gastritis associated with pernicious anemia,

immunologically mediated in man and affecting the proximal stomach has rarely

been associated with Campylobacter- like organisms. This rarity is considered to

indicate that the organisms probably do not develop secondary to gastritis and

provides indirect evidence of those organisms as causative agents in chronic active

47
gastritis. C_ perfringens may have a similar function in the etiology of acute

abdominal syndrome in neonatal calves.

Calves with a history of sudden death have often been described by owners

as being top calves compared with the rest of the herd, and from heavy milking

dams. Calves being bottle fed are usually noted to be vigorous nursers. Possibly

this behavior could contribute to spill-over of milk into the neonatal rumen.

Certainly calves with a history of diarrhea may be somewhat immune compromised,

but in our clinical experience most calves appear to be healthy and normal up until

the onset of this syndrome. Copper deficiency was not found in the calves we

studied, but may be a contributing factor in regions having molybdenum excess

associated copper deficiency or primary copper deficient soils. Researchers

studying copper depleted and deficient cattle have found that cytochrome oxidase

48
activity of the mucosa of the duodenum and jejunum was decreased, the villi of

49
the small intestine were atrophied, ' and neutrophil function (candidacidal

activity) was decreased. However, in none of these studies was bloat reported

nor abomasal ulceration in copper-deficient calves or adult cattle present at

48 49 51
necropsy. We hypothesize that the action of C perfringens bacteria and its

toxins may be responsible for the tympany (C perfringens is a prolific gas forming

organism), abomasitis, and abomasal ulceration seen in these calves. The reported
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decreased incidence of abomasal tympany and ulceration in neonatal calves from

herds having a history of these problems after instituting (3 perfringens vaccination

3 6 8
programs ' supports our theory that this organism may be the primary etiologic

agent in this syndrome. Isolation of toxigenic C perfringens from the ruminal

contents of live calves presented with this syndrome establishes the presence as

significant, and also indicates its serious implications in calves with sudden death.

Further investigations of calves with abomasal ulcers, abomasitis, and acute

tympany may reveal other contributing factors to this syndrome, but we believe C^

perfringens should not be ignored as a serious pathogen in these cases, and indeed,

may be the primary etiologic agent involved in its pathophysiology.
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ABSTRACT

An acute abdominal syndrome with clinical signs of abdominal tympany,

colic, and death, not associated with displaced abomasum or obstructed

intestines, in calves from 2 days to 12 weeks of age has been reported by

several researchers. The gross pathology is usually confined to the abomasum

with varying degrees of inflammation, hemorrhage and ulceration. The incidence

is common in calves of beef breeds with morbidity and mortality approaching 2

to 10% in some herds. The theories proposed to explain the pathogenesis include

dietary or environmental stress, mycotic infection, low immune status associated

with copper deficiency, and Clostridium perfringens. The objective of our

investigation was to study the possible role of C_ perfringens in the cause of

neonatal acute abdominal syndrome. Eight neonatal calves, 2-21 days old, were

referred to Kansas State University Veterinary Hospital for clinical examination

or necropsy with suspected abomasal displacement or intestinal obstruction after

acute onset of abdominal tympany, colic, depression, or death. Routine

hematology and serum analysis revealed no consistent changes. Necropsy

examination indicated abomasal distension with varying degrees of abomasitis,

hemorrhage and ulceration but no evidence of displaced abomasum or obstructed

intestines. Rumen contents collected via stomach tube or at necropsy and

abomasal contents collected at necropsy were cultured anaerobically. Serum and

samples of liver and kidney were analyzed for copper concentration. C

perfringens was isolated from all samples and based on mouse toxin - antitoxin

neutralization tests, seven were toxigenic type A and one was type E. Copper

concentrations in serum and tissue samples were within normal range.

Intraruminal inoculation of C perfringens type A (ATCC toxigenic type A or

toxigenic type A from clinical cases), alone or in combination with types C, D



or E (ATCC strains) into healthy calves (4 - 12 days old) induced anorexia,

depression, bloat, and diarrhea, and death in some calves. Necropsy examination

revealed varying degrees of abomasitis, petechial to ecchymotic hemorrhages,

and pin point to perforating ulcers in the abomasum. Many calves also had

multiple rumen trichobezoars. It was concluded that acute abdominal syndrome

in neonatal calves was unrelated to copper deficiency and'C perfringens type A

may have a significant role in the etiology of this syndrome.


