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Abstract

This study aimed to describe an outbreak of abomasal bloat in kid goats and its clinical, pathological, microbiological, molecular,

and epidemiological characteristics. In the kidding season, increased mortality of kid goats with a history of abdominal bloating,

dullness, and death was reported. Clinical examinations were carried out, and biological samples from necropsied kids (n = 11)

were collected for pathological, microbiological, and molecular diagnosis. Likewise, an epidemiological survey was carried out

in order to verify possible associated factors related to the disorder. A therapeutic protocol was also implemented. The main

necropsy findings were dehydration, pale mucosa, ascites, abomasal and intestinal meteorism and congestion, emphysematous

abomasitis, and cranial areas of lung consolidation. Through staining techniques for cytological evaluations of the abomasum, it

was possible to identify Gram positive bacteria, coccoid, with a cuboid shape suggestive of Clostridium ventriculi, Gram positive

bacilli suggestive of Clostridium perfringens and ovoid basophilic yeasts compatible with Saccharomyces cerevisiae. By anaerobic

culture and molecular tests, C. ventriculi and C. perfringens type A were confirmed. The main histopathological findings

were cholangiohepatitis, nephrosis, emphysematous abomasitis, hyalinization of the gastric and intestinal walls, gastroenteritis,

intestinal thromboembolism, pulmonary edema, and non-purulent pneumonia, overall suggesting a systemic enterotoxemia

picture. The early detection of sick kids and quick initiation of treatment were the primary determinants of the prognosis of

each case. There was a final mortality rate of 24.4% (20/82), and the agents C. perfringens type A and C. ventriculi were

identified as the main ones involved, with the possible participation of S. cerevisiae. Among the possible associated factors, the

erroneous use of the milk replacer associated with inadequate kid management was verified. Among the prophylactic measures,

hygiene care, proper use of milk replacer, vaccination plan containing C. perfringens alpha toxoid associated with a good

colostrum management were suggested.
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SUMMARY

This study aimed to describe an outbreak of abomasal bloat in kid goats and its clinical, pathological,
microbiological, molecular, and epidemiological characteristics. In the kidding season, increased mortality
of kid goats with a history of abdominal bloating, dullness, and death was reported. Clinical examinations
were carried out, and biological samples from necropsied kids (n = 11) were collected for pathological,
microbiological, and molecular diagnosis. Likewise, an epidemiological survey was carried out in order to
verify possible associated factors related to the disorder. A therapeutic protocol was also implemented.
The main necropsy findings were dehydration, pale mucosa, ascites, abomasal and intestinal meteorism and
congestion, emphysematous abomasitis, and cranial areas of lung consolidation. Through staining techniques
for cytological evaluations of the abomasum, it was possible to identify Gram positive bacteria, coccoid,
with a cuboid shape suggestive of Clostridium ventriculi , Gram positive bacilli suggestive of Clostridium
perfringens and ovoid basophilic yeasts compatible with Saccharomyces cerevisiae . By anaerobic culture and
molecular tests, C. ventriculi and C. perfringens type A were confirmed. The main histopathological findings
were cholangiohepatitis, nephrosis, emphysematous abomasitis, hyalinization of the gastric and intestinal
walls, gastroenteritis, intestinal thromboembolism, pulmonary edema, and non-purulent pneumonia, overall
suggesting a systemic enterotoxemia picture. The early detection of sick kids and quick initiation of treatment
were the primary determinants of the prognosis of each case. There was a final mortality rate of 24.4% (20/82),
and the agents C. perfringens type A andC. ventriculi were identified as the main ones involved, with the
possible participation of S. cerevisiae . Among the possible associated factors, the erroneous use of the milk
replacer associated with inadequate kid management was verified. Among the prophylactic measures, hygiene
care, proper use of milk replacer, vaccination plan containing C. perfringens alpha toxoid associated with a
good colostrum management were suggested.

KEYWORDS: Artificial feeding, goats, Clostridium spp., enterotoxemia, milk replacement.

1| INTRODUCTION

Alternative rearing systems are a high priority for dairy goat farmers. Suckling kid goats can be reared using
milk replacers, and weaned at an early age, six weeks or less, if adequately mature. The advantages of milk
replacers include reduced production costs, increased production, and breakage of disease cycles caused by
small ruminant lentiviruses (Konishi et al., 2011). However, some farmers believe that kids reared with milk
replacers provide tougher meat and are opposed to this practice. This belief could be explained by the fact
that most of the kid meat with high pH comes from kids raised on milk replacers, which might induce tough
meat (Ripoll et al., 2019). The success of rearing kids using milk replacers requires strict adherence to correct
management practices, particularly in ensuring good hygiene in rearing facilities, and cleanliness of feed and
feeding equipment (Mowlem, 1984).

Products and technologies including novel milk replacers, automated goat feeding systems, and the acidifica-
tion of the milk, have all been introduced to assist dairy farmers who wish to feed for improving pre-weaning
growth. Some of these improvements of feeding have the potential to alter abomasal emptying, which re-
fers to the time the chymus remains in the abomasum before passing into the intestinal tract (Burgstaller
et al., 2017). When the management feeding practice is not correct, it can significantly prolong abomasal
emptying and increase rates of gastrointestinal diseases in young ruminants, such as abomasal bloat (DeBey
et al., 1996; Songer and Miskimins, 2005; Van Kruiningen et al., 2009; Leite Filho et al., 2016). Abomasal
bloat associated with Clostridium ventriculi is a rare disease occasionally reported in young ruminants (Ed-
wards et al., 2008). This syndrome may be due to excess carbohydrate fermentation in the abomasum by
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gas-producing bacteria in the abomasum (such as theLactobacillus or Clostridium genus) (Panciera et al.,
2007).

Clostridium ventriculi and Clostridium perfringens Type Ahave been associated with many gastric disorders,
such as in cases of delayed gastric emptying and gastric outlet obstruction.Clostridium ventriculi has been
observed in lambs with acute dilatation of the abomasum (Vatn et al., 2000; Edwards et al., 2008) and has
been reported in association with abomasal bloat in calves and kids (DeBey et al., 1996).

These bacteria are distinguished by exhibiting cubical arrangement groups, often in tetrads, and occasionally
in cubes formed by eight cells (Canale-Parola, 1970). They are ubiquitous, coccoid, Gram positive obligate
anaerobes, and were first documented in the human gastrointestinal tract (Goodsir and Wilson, 1842). Several
types ofC. perfringens have been categorized on the basis of toxin production. Clostridium perfringens type
A, producing α toxin, is a common isolate from cases of caprine enterotoxemia (Miyashiro et al., 2007), even
though its pathologic role is equivocal as it is a normal commensal of the gastrointestinal tract (Uzal et
al., 2010). In this context, this study aimed to describe an outbreak of abomasal bloat in kid goats and its
clinical, pathological, microbiological, molecular, and epidemiological characteristics.

2| MATERIALS AND METHODS

2.1| CLINICAL HISTORY AND EPIDEMIOLOGICAL DATA

The outbreak occurred in a dairy goat farm located in Rio de Janeiro - Brazil, with 650 Saanen goats
raised under intensive husbandry management. In late spring (November 2017), in the mid-kidding season,
increased mortality in suckling kid goats among one and three months old was reported by the farmer. The
history was a sudden acute condition that involved abdominal bloating, dullness, and death within 6 to 12
hours. Likewise, 20.0% (11/55) of the kid goats born so far had died with the same clinical signs. At the first
clinical examination, sick kid goats showed a distended abdomen, a fair amount of content in the abomasum
by ballottement, right and left paralombar fossa distended by the presence of gas in the percussion, dullness,
anorexia, and dehydration (Figure 1 A and B). From seven animals that died with clinical signs of abomasal
bloat and other four that died without such symptoms (classified as control group), biological materials were
collected for pathological, microbiological, and molecular diagnosis, as will be described in sequence.

Likewise, an epidemiological survey was carried out in order to verify the possible associated factors related
to the disorder. A descriptive observational study represented by descriptive and intervention phases were
adopted to develop control and prevention measures (Stevenson et al., 2017). Morbidity, lethality and
mortality rates were also calculated from dairy farm data based on the 45 days subsequent to the first
technical visit and before management corrective measures (At the second visit time). In addition, frequencies
of deaths due to acute or relapses clinical features, as well as frequencies of sick animals and relapses without
death were assessed. Relapses were considered as two or more days without the previous feature of abomasal
bloat.

2.2| PATHOLOGICAL AND CYTOLOGICAL EVALUATION

From all necropsied animals (n = 11), multiple organ samples were collected and fixed in 10% buffered
formalin. The material was sent to the Laboratory of Pathological Anatomy of the Biological Institute
in São Paulo State. The tissue samples were routinely processed, embedded in paraffin, and sections were
stained with hematoxylin and eosin (HE) and Gram (Kiernan, 2008; Yen et al., 2019).

Since the main pathological findings were located in the abomasum, direct impressions of the abomasal
mucosa were made using glass slides (Kamatchi et al., 2015). Slides were made in triplicate for each animal
(n = 11), air-dried, and stained by three different techniques, GIEMSA, Quick Panotic, and Gram (Merck
KGaA, 2014) for cytological evaluation under optical microscopy.

2.3| BACTERIOLOGICAL AND MOLECULAR EVALUATION

Since the main pathological findings were located in the abomasum, from all necropsied animals (n = 11)
were collected: (a) agar Gel Transport Swabs (Thermo Scientific) from the abomasal mucosa surface, (b)
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abomasal content in microtubes (2 mL; Eppendorf), and (c) fragments of abomasal tissue in microtubes (2
mL; Eppendorf) for bacteriological culture and typification. For molecular diagnosis, it were also collected
fragments of abomasal tissue and seven environment samples from the concentrate offered to the kid goats,
feces from the sick animals, and feces from the rabbits that were kept near the kidding sector.

For C. perfringens diagnosis, samples were pre-enriched on Tarozzi medium and then streaked onto Schaedler
agar with 5% sheep blood incubated under anaerobe conditions. Then, suspected colonies were submitted
to multiplex PCR reactions for confirmation and typification (Meer and Songer, 1997).

For molecular diagnosis of Clostridium ventriculi , DNA extraction from the samples collected was realized
by use of a commercial kit (EpicentreTM) according to the manufacturer’s instructions. Polymerase chain
reaction (PCR) was used to diagnoseC. ventriculi using primers from the pyruvate decarboxylase (PDC)
gene (specific to C. ventriculi ) and the 16S rRNA gene (used to detect Clostridium sp.), according to
Lam-Himlin et al. (2011). A negative control containing ultra-pure water was included in the reaction.

Amplicons were visualized under UV light after electrophoresis on 1.5% agarose gels stained by GelRed.

2.4| THERAPEUTIC PROTOCOL

Kid goats with clinical signs of abomasal bloat and apathy were treated with 30.000 UI/kg of benzathine
benzylpenicillin along with 120.0 mg/kg of dihydrostreptomycin (Agrovet Plus; Novartis, Sao Paulo, Brazil)
and 2.2 mg/kg of flunixin meglumine (Niglumine; Ceva, Sao Paulo, Brazil) IM SID for three consecutive
days.

3| RESULTS

3.1| EPIDEMIOLOGICAL FINDINGS

Regarding the breeding system and environment, the kid barn contained six collective 2 m x 1 m kid pens (for
different ages) with common access to a solarium area (Figure 1D). The pens had a concrete floor covered
with shavings. Lateral walls were 1.5 meters high without windows with poor ventilation and they were
overcrowded (Figure 1C). After birth, the kids were immediately separated from their mothers and they
received 200 mL of pasteurized colostrum, twice a day, up to two days old. From two to ten days old, they
received transition goat’s milk as the milk replacer (20% protein, 18% fat content and probioticS. cerevisiae
(Cabra Milk, Repamix(r), Sao Paulo, Brazil) providing around 25% of the kid’s live weight/day divided into
3 equal portions, offered during the day. Milk replacer was then used until weaning at 90 days old. Likewise,
from 15 days old, concentrates and water were offered ad libitum .

Regarding feeding management, the milk replacer was prepared locally at a proportion of 120 g/1 L of
water (recommended by the manufacturer), mixing with water at 40oC until it was homogeneous. The milk
replacer was offered inside a plastic bottle, previously cleaned with boiled water, to feed the kids. The bottle
was filled with 500 mL of milk replacer and then offered to the kids using a bottle support present at site.
All sucking times, carried out with heterogeneous kid mobs, lasted for up to two minutes per mob, and then
some kids began eating the concentrate.

Regarding the immunization program, pregnant goats received a single dose of vaccine against clostridiosis
containing alpha toxoid (Covexin 9; MSD Saude Animal Brasil; Sao Paulo, Brazil), pasteurellosis, and
colibacillosis (Paraven; Vencofarma, Sao Paulo, Brazil) at 30 days before delivery. Female and male kids
received their first doses against clostridiosis (Covexin 9; MSD Saude Animal Brasil; Sao Paulo, Brazil) at
one and two months old. In summary, the main possible associated factors and preventive measures indicated
are summarized in Table 1.

From dairy farm data collection (45 days), the morbidity, mortality and lethality rates were 53.7% (44/82),
15.9% (13/82) and 29.5% (13/44), respectively. A total of 76.9% (10/13) of kids that died, during this
period, developed an acute disease course (less than 18 h) and other three kids showed two (2/13) or three
(1/13) relapses before death. From recovered sick kids, 51.6% (16/31) did not presented posterior relapse
and 22.6% (7/31), 16.1% (5/31), and 9.7% (3/31) showed one, two or more than three relapses, respectively.
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Lastly, considering a total of 82 births (up to corrective measures), with 13 deaths during data collection
(45 days) and seven deaths before due to the abomasal bloat, the final mortality rate was 24.4% (20/82).

3.2| PATHOLOGICAL AND CYTOLOGICAL FINDINGS

Among all of the necropsied animals (n = 11), seven with previous history of abomasal bloat presented
mainly gastrointestinal findings with dehydration, pale mucosa, ascites (reddish content), abomasal and
intestinal (mainly caecum) meteorism and congestion, emphysematous abomasitis (some with ruptures and
abomasal content in the cavity), blood clots inside the left ventricle, renal congestion and cranial areas of
lung consolidation (Figure 2). The other four with no history of abomasal bloat presented mainly respiratory
findings with dehydration, pulmonary consolidation and edema, pleuritis, foam in the airways, and blood
clots inside left ventricle. The two groups are separated in Table 2 in order to verify results from other
complementary findings.

Through all staining techniques (GIEMSA, Quick Panotic and Gram) prepared for cytological evaluations
of the direct impressions from the abomasum, it was possible to identify, in different quantities: (a) Gram
positive bacteria, coccoid, with a cuboid shape suggestive of C. ventriculi ; (b) Gram positive bacilli, forming
oval-subterminal spores suggestive of C. perfringens ; (c) round to ovoid basophilic yeasts compatible with
S. cerevisiae ; and (d) a scarce population of small basophilic bacilli and streptobacilli (Figure 3; Table 2).

The main histopathological findings from the kid goats with history of abomasal bloat (n = 7) and gastroen-
teritis characterized by necropsy were: cholangiohepatitis, nephrosis, emphysematous abomasitis (hyaline
necrosis and emphysema in the abomasal wall), intestinal hyaline necrosis, thromboembolism, pulmonary
edema, and non-purulent pneumonia characterizing a systemic enterotoxemia picture. From the kid goats
without abomasal bloat signs (n = 4; control group) and respiratory findings characterized by necropsy, it
were found: purulent bronchopneumonia, nephrosis, and intestinal hyaline necrosis featuring a mixed picture
of mannheimiosis and enterotoxemia (Table 2).

3.3| BACTERIOLOGICAL AND MOLECULAR FINDINGS

From the anaerobic culture and molecular identification, 71.4% (5/7) of kids with abomasal bloat signs were
positive for C. perfringenstype A. Also, 25.0% (1/4) of kids without abomasal bloat signs were positive for
C. perfringens type A as seen in Table 2. Regarding the molecular analysis, a total of 71.4% (5/7) of kids
with abomasal bloat signs were positive for both sets of primers (PDC and the 16S rRNA genes). Likewise,
0.0% (0/4) and 75.0% (3/4) of kids without abomasal bloat signs were positive for PDC and 16S rRNA
genes, respectively. From the environment samples (n = 7), all were negative for the PDC primer (specific
to C. ventriculi ), and 100.0% (7/7) were positive for the 16S rRNA primer used to detect Clostridium sp.
(Table 2).

3.4| THERAPEUTIC PROTOCOL

After the treatment onset, in about 6–12 h, the improvement (appetite and reduction of the abdominal
contour) or death of the animal was verified, corroborating the acute clinical course of the disease. Absolute
numbers regarding the effectiveness of the stipulated treatment are presented in morbidity, mortality and
lethality rates described previously. Also, it is highlighted that as soon as treatment began from detection
of clinical signs, a better kid’s response to the treatment and survived were reached. Advanced cases did
not respond to antibiotic therapy and anti-inflammatory drugs. Therefore, early detection of sick kids and
quick initiation of treatment were the main determinants of the prognosis of each case.

4| DISCUSSION

To the best of the authors’ knowledge, this is the first description of an outbreak of abomasal bloat (em-
physematous abomasitis) in a dairy goat flock in Latin America. Likewise, based on an epidemiological
investigation combined with pathological, microbiological, and molecular diagnosis, it was possible to iden-
tify the agents and associated factors involved. Therefore, we emphasize the importance of a broad diagnostic
approach in order to elucidate and resolve health conflicts within rural establishments.
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According to Panciera et al. (2007) and reviewed by Burgstaller, Wittek, and Smith (2017), abomasal bloat
syndrome can be multifactorial, and the pathophysiology primarily involves excess fermentation of high-
energy gastrointestinal contents in the abomasum (from milk, milk replacer, or high-energy OES), as well
as bacterial activity releasing fermentative enzymes leading to gas production and bloat. In addition, such a
progression would also be enhanced by any factor that slowed abomasal emptying or caused paralytic ileus.
Regarding the bacterial etiology, in agreement with the current report, the most frequently isolated bacterial
pathogens include C. perfringens type A andC. ventriculi species (DeBey et al., 1996; Vatn et al., 2000;
Edwards et al., 2008; Van Kruiningen et al., 2009; Leite Filho et al., 2016). Additional bacterial pathogens
isolated from calves affected with abomasal bloat include α streptococci, other streptococci species,E. coli ,
C. fallax , and C. sordellii (Roeder et al., 1987; Vatn et al., 2000).

The pathogenic role of C. perfringens type A was first demonstrated by intraruminal inoculation of such
bacteria in neonatal calves, resulting in anorexia, depression, abomasal bloat, diarrhea, and death (Roeder
et al., 1988). Clinical severity is associated with the production of lethal toxins as the major cause, namely
alpha (CPA; necrotizing and hemolytic action), although other toxins such as enterotoxin (CPE; enterotoxic),
beta2 toxin (CPB2; enterotoxic and cytotoxic) and beta-like toxin (NetB; enterotoxic and cytotoxic) can
also be produced by this agent (Freedman et al., 2015). Interestingly, this agent has also been reported in
cases of gas gangrene in horses and, more recently, in cattle (Peek et al., 2003; Pires et al., 2017). Lastly,
Khan et al. (2020) reported a greater prevalence of pathogenic C. perfringens type A in kid goats when
compared to B and D types.

While C. perfringens has been associated with food poisoning in humans, the role of C. ventriculi as a primary
agent in gastrointestinal disorders (e.g., emphysematous gastritis) is well-described in humans (Freedman
et al., 2015; de Meij et al., 2017; Singh, 2019). In addition, it is found in patients with gastric ulcers
and delayed gastric emptying, but it is also considered a normal commensal microbiota, and it was also
found in our control kids in the current report. Therefore, it is considered to be opportunistic when the
environment becomes conducive to its growth (Crowther, 1971; Al Rasheed and Senseng, 2016). Although
the pathogenic role of C. ventriculi is not clear, the local accumulation of acetaldehyde and ethanol formed
from carbohydrate fermentation by the organism could induce stomach and duodenal injuries. Furthermore,
the carbon dioxide production from glucose fermentation and pyruvate metabolism results in abdominal
distention, as previously reported in some human patients (Tolentino et al., 2003).

Regarding the diagnosis, confirmation of C. ventriculi infection is feasible by molecular or histology/cytology
methods, since this microorganism cannot be detected by classical culture techniques, which in most cases
reveal negative results (DeBey et al., 1996; Vatn et al., 2000; Edwards et al., 2008; Lam-Himlin et al., 2011;
de Meij et al., 2017). In this sense, concerning C. ventriculi detection, it is important to highlight two facts.
Firstly, the diagnosis of such an agent must be associated with pathological findings, as its finding by chance
does not point toward a clinical risk to the animal. Secondly, the smears evaluation in combination with
histopathology of the abomasum is a strongly suggestive diagnostic method, as carried out in this study.
Morphologically, the main differential diagnosis in this case is the presence of bacteria of the Micrococcus
genus; these are smaller (0.5 μm) and tend to form tightly packed clusters, a feature not seen with C.
ventriculi (Lam-Himlin et al., 2011).

Concerning the presence of S. cerevisiae in the milk replacer used to feed the kid goats, S. cerevisiae
fermentation products have been extensively used in the dairy industry with beneficial effects on production
parameters (Poppy et al., 2012), modulation of the immune system (Zaworski et al., 2014), improvement
in rumen fermentation, stability of the gut microbiota (Brewer et al., 2014), and reduction of diarrhea in
calves (Alugongo et al., 2017). Although there are several positive arguments regarding the introduction of
such yeast into the ruminant diet, disturbances in gastric emptying associated with milk accumulation may
have provided an opportunistic and deleterious growth of the S. cerevisiae within the kids’ abomasum. They
also ferment sugars, releasing ethyl alcohol and carbon dioxide similar to C. ventriculi . Corroborating this
line of thought, there was a lot of yeast in the cytological smears of the kids affected by abomasal bloat.
Therefore, more attention should be paid when adding yeasts to the diet of young ruminants.
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Regarding the possible associated factors with the occurrence of abomasal bloat, our results are in agreement
with the findings from most worldwide reports, where high infection rates were related to microbiota imbal-
ances and poor hygiene. All environment/food samples (100.0%; 7/7) collected in this case were positive for
the 16S rRNA gene related toClostridium spp. Likewise, the use of a milk substitute instead of natural goat
milk can be closely related to the disturbance in abomasal emptying. The large volume of milk ingested in a
short time, high osmolarity, and the high temperature of the milk replacer associated with kid management
are other strong reasons already verified in previous reports (DeBey et al., 1996; Van Kruiningen et al., 2009;
Burgstaller et al., 2017).

Other important management findings highlighted is this study is the offering of ad libitum concentrate to
the kids and their behavior to look for such food immediately after milking management. This can have
favored the development of an environment with a large amount of milk and soluble carbohydrates contained
within the abomasum. As already known, a high protein and carbohydrate concentration in the gut triggers
the growth of C. perfringens , increasing the risk of enterotoxemia (Riddell and Kong, 1992; Roberfroid et al.,
2010). Quinnet al . (2011) also described various predisposing factors for the occurrence of enterotoxemia,
like changes in diet, low proteolytic efficiency in neonates, trypsin inhibitors in colostrum, malnutrition,
inefficient pancreatic secretion, no established intestinal flora, carbohydrates engorgement, and intestinal
hypomotility (Sato et al., 1978).

Few reports on treatments of abomasal bloat have been described. However, most therapies included an-
tibiotics (primarily penicillin and ampicillin), rumen “tonics” (including a wide variety of medicaments),
non-steroidal anti-inflammatories (primarily flunixin meglumine), relieving the distension via a tube or tro-
car, Clostridial antitoxin, and fluid therapy as reviewed by Shoemaker et al . (2008). In the authors’
experience, the earlier the clinical signs (abomasal bloat) are identified, the better the animal’s prognosis.

Lastly, regarding prophylaxis, the high frequency of C. perfringens type A detection in several reports on
abomasal bloat and gas gangrene in ruminants, reinforces that such an agent should be part of the routine
clostridial vaccines. Reversed genetics have demonstrated that alpha toxin is the main virulence factor for
C. perfringenstype A causing gas gangrene, and that vaccination with alpha toxoid could protect animals
against this agent (Awad et al., 1995). Unfortunately, only a few vaccines against clostridial diseases for
ruminants contain C. perfringens alpha toxoid in Brazil (Pires et al., 2017). Therefore, it is important to
look for this information at the time of purchase and immunization of the flock. In the current report,
pregnant goats were vaccinated with a commercial vaccine containing alpha toxin, so it is believed that
since there was no colostrum management program, the kid goats could be receiving low quality colostrum
and immunization was not occurring efficiently. In this sense, the importance of quality plans for colostrum
management in dairy farms is also emphasized.

In conclusion, an outbreak of abomasal bloat affected a dairy goat farm throughout the kidding season. The
disease affected suckling kid goats among one and three months old with an acute clinical course of 6–12
hours until death. There was a mortality rate of 30% (66/221), and the agents C. perfringens type A and
C. ventriculi were identified as the main ones involved with possible participation ofS. cerevisiae . Among
the possible associated factors, the erroneous use of milk replacer associated with errors in kid management
favored decreases in abomasal emptying with local dysbiosis and clinical signs. Among the prophylactic
measures, hygiene care, proper use of milk replacer, vaccination plan containing C. perfringens alpha toxoid
associated with a good colostrum management were suggested.
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FIGURE CAPTIONS

FIGURE 1. A and B) Kid goat of Saanen breed (30 days old) showing a distended abdomen mainly in the
right and left paralombar fossa; C) Pens with concrete floors covered with shavings. Lateral walls 1.5 meters
high without windows and poor ventilation; D) Overcrowded solarium area.

FIGURE 2. A) Kid goat of Saanen breed (45 days old; Kid C) found dead with intense abdominal bloating
and subcutaneous emphysema; B) Advanced state of autolysis, free abomasal contents in the abdominal
cavity and peritonitis; C) Abomasal congestion and diffuse emphysema in the abomasal wall; D) Details of
the emphysema in the abomasal wall.
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FIGURE 3. Photomicrograph of abomasal tissue. A) Hyalinization of the abomasal wall with C. perfringens
characterized as basophilic rods (Gram+; *). Histopathology staining by GRAM. Magnification of 630×.
B) Imprinting of abomasal mucosa - C. perfringens characterized as basophilic rods (black arrow) and
round to ovoid yeasts compatible with Saccharomyces cerevisiae (red arrow; 5–10 μm). Rapid Panoptic
Staining. Amplification of 630X. C) Abomasal tissue. Emphysematous abomasitis – gas accumulated at
the submucosa of the abomasum (black arrow). Mucosa (red arrow). Muscle tunics (green arrow). HE
staining. Magnification of 40×. D, E and F) C. ventriculi in the abomasal mucosa. Histopathology staining
by GRAM. Magnification of 200×, 630×, and 1000×, respectively.
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