Pre prints.org

Article Not peer-reviewed version

Acute Gastric Dilatation Syndrome in
New World Non-Human Primates

Mébnica Sousa, Raoane S. Siqueira , Harlan H. L. Nascimmento, Telma S. Lima , Raquel A. F. Silva,
Nayadijala TA. Santos, Thiago F.L. Nery, Karoline L. Lacerda, Lilian R.C. Eloy ) , Inacio José Clementino,
Ricardo B. Lucena *

Posted Date: 23 September 2024
doi: 10.20944/preprints202409.1750v1

Keywords: congestion; infection; management; monkey; stomach; sudden death

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3850201
https://sciprofiles.com/profile/1315566
https://sciprofiles.com/profile/3850047
https://sciprofiles.com/profile/1376852
https://sciprofiles.com/profile/1330523
https://sciprofiles.com/profile/3843241
https://sciprofiles.com/profile/3849946
https://sciprofiles.com/profile/1267505

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 September 2024

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Acute Gastric Dilatation Syndrome in New World

Non-Human Primates

Monica S. Sousal, Raoane S. Siqueira 2, Harlan H. L. Nascimento 2, Telma S. Lima 3,
Raquel A. F. Silva ?, Nayadjala T.A. Santos ?, Thiago F. L. Nery ¢, Karoline L. Soares ?,
Lilian R. C. Eloy ?, Inacio José Clementino ! and Ricardo B. Lucena %*

1 Graduate Program in Animal Science, Center of Agricultural Sciences, Universidade Federal da Paraiba, 58397-000,
Rodovia 12, Areia, Paraiba, Brazil

2 Graduate Program in Animal Health and Science, Center for Rural Health and Technology, Universidade Federal de
Campina Grande, 58708-110, Avenida Universitaria, s/n Bairro Santa Cecilia, Patos, Paraiba, Brazil

3 Laboratory of Comparative Animal Pathology, Universidade Estadual do Ceara - CECITEC, BR-020 - Bezerra de Sousa,
63660-000, Taud, Ceard, Brazil

¢ Zoo and Botanical Park Arruda Camara, Rua, Av. Gouvéia Nobrega, s/n - Baixo Roger, 58020-325, Joao Pessoa, Paraiba,

Brazil

Correspondence: ricardolucena@cca.ufpb.br

Simple Summary: Description of pathological findings of acute gastric dilatation in two species of New
World nonhuman primates. The animals were housed in a zoo and subjected to appropriate alimentary and
sanitary management. Four monkeys died suddenly at different times and were referred for necropsy.
Macroscopic findings included gastric and duodenal dilatation with marked congestion of mesenteric blood
vessels. Gastric and intestinal contents were sent for microbiological evaluation. In Sapajus libidinosus,
Escherichia coli, Streptococcus sp., and Salmonella sp. were isolated from the intestines and stomach, along
with Cronobacter sakazakii from the intestines. In one Alouatta guariba, Staphylococcus sp. was isolated from the
stomach, and Streptococcus sp. from the intestines. Subsequent antimicrobial sensitivity tests were performed,
and C. sakazakii exhibited susceptibility to Ampicillin and Norfloxacin, while resistance was noted to Penicillin
and Clindamyecin. C. sakazakii is an opportunistic pathogen in animals and is frequently reported as a cause of
enterocolitis in humans. Acute gastric dilatation is a cause of sudden death in New World nonhuman primates,
as has also been described in Old World primates. Although the pathogenicity of C. sakazakii in primates has
not been fully established, its isolation suggests environmental contamination, underscoring the importance of
improved hygiene measures, particularly with respect to food intended for animal consumption.

Abstract: The Pathological findings of acute gastric dilatation syndrome in New World non-human primates
that experienced sudden death are described in this report. The animals were raised in a Zoo and were
subjected to proper nutritional and sanitary management. The animals were submitted for necropsy, where
findings included gastric and duodenal dilation with marked mesenteric vascular congestion. Gastric and
intestinal contents were sent for microbiological examination, where Escherichia coli, Streptococcus sp., Salmonella
sp., Staphylococcus sp., and Cronobacter sakazakii were isolated. An antimicrobial sensitivity test revealed these
bacteria had different resistances to antibiotics. Cronobacter sakazakii was sensitive to Ampicillin and
Norfloxacin and resistant to Penicillin and Clindamycin. Cronobacter sakazakii is an opportunistic pathogen in
animals, frequently reported in enterocolitis in human patients. Acute gastric dilatation, previously described
in Old World primates, is a cause of sudden death in Neotropical primates and should be considered in cases
of sudden mortality in these species. Although its pathogenicity in primates has not been proven, the isolation
of Cronobacter sakazakii suggests its presence in the environment, emphasizing the need for improved hygiene,
especially regarding food intended for these animals.
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1. Introduction

Acute Gastric Dilation (AGD) is characterized by massive gastric distension and severe
cardiovascular alterations [1], which may occur either in isolation or accompanied by gastric volvulus
(GV). This condition represents a clinical emergency, often insidious, and is typically diagnosed post-
mortem, frequently without a determined etiology. Death commonly results from the rapid onset of
hypovolemic shock, myocardial ischemia, cardiac arrhythmias, visceral necrosis, and electrolyte
imbalances [1].

AGD has been reported in domestic canids as one of the leading causes of clinical emergencies,
death, or justification for euthanasia in this species [2,3]. Among captive animals, dilation with or
without volvulus has been described in felids, associated with enterotoxemia [4]; guinea pigs [5];
ferrets [6]; maned wolves [7]; rabbits [8]; and in domestic pet rats [9]. In non-human primates, there
are reports of gastric dilation following chronic drug administration, dietary restriction, accidental
overfeeding, or prior anesthesia in Old World primates [10]. However, no cases have been described
in Neotropical primates.

Despite the etiopathogenesis remaining undetermined in most cases, the gas accumulation
observed in AGD may be secondary to the rapid ingestion of food and/or large quantities of food,
sometimes followed by physical exercise [11]. It can also occur due to the action of fermentative
bacteria or even aerophagia [12]. Among fermentative microorganisms, Cronobacter sakazakii
(formerly Enterobacter sakazakii), an opportunistic bacterium from the Enterobacteriaceae family,
stands out. This bacterium can be present in the environment, water, and foodstuffs [13], such as
contaminated milk, fruits, and/or vegetables [14,15].

Given the importance of wildlife breeding programs for species conservation, it is crucial to
investigate diseases that may stem from management alterations, as well as potential pathogenic
microorganisms that can affect these individuals. The objective of this study is to describe the
occurrence of gastric dilation syndrome in captive Neotropical non-human primates, highlighting
the pathological and microbiological aspects.

2. Materials and Methods

The necropsy and histopathology records of neotropical monkeys from breeding facilities were
reviewed at the Veterinary Pathology Laboratory of the Federal University of Paraiba, Brazil. Cases
with a history of sudden death between 2014 and 2023 were identified and selected. Tissue samples
from all organs were collected during necropsies, fixed in 10% buffered formalin, and routinely
processed for histopathology. Histological slides were prepared using 5 um thick sections and
stained with Hematoxylin-Eosin.

During necropsies, gastric and intestinal content samples were collected aseptically and
immersed in 5 mL of Peptone Water, incubated at 37°C for 24 hours in a bacteriological incubator for
microbiological isolation and typing. For microbiological processing, aliquots were transferred to 5
mL of Brain-Heart Infusion (BHI) broth and Selenite Cystine broth, incubated at 37°C for 24 hours.
Subsequently, they were plated onto MacConkey Agar and Brilliant Green Agar, and incubated again
at 37°C for 24 hours. Isolated colonies were characterized and subjected to the following biochemical
tests: Citrate, Lysine Iron Agar, Sulfide-Indole-Motility Agar, Triple Sugar Iron Agar, Voges-
Proskauer, Methyl Red, Urea broth, Malonate, Ornithine, Glucose, Dulcitol, Inositol, Sorbitol,
Sucrose, Rhamnose, Raffinose, and Mannitol.

After isolation, the colonies underwent antimicrobial susceptibility testing using the qualitative
disk diffusion method with a McFarland standard of 1.0. The antibiotics tested, belonging to different
classes to assess the behavior of the strains against various mechanisms of action, were: Nalidixic
Acid (30 pg), Ampicillin (10 pg), Amoxicillin + Clavulanate (20 pg), Amikacin (30 pg), Azithromycin
(15 pg), Doxycycline (30 pg), Ceftiofur (30 pg), Ciprofloxacin (5 ug), Streptomycin (10 pg),
Erythromycin (150 pg), Gentamicin (10 pg), Norfloxacin (10 pg), Sulfonamide (300 pg),
Sulfamethoxazole + Trimethoprim (25 ug), Tetracycline (30 pg), Penicillin (10 units), and Clindamycin

(2 pg)-
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3. Results

Four monkeys were diagnosed with acute gastric dilatation. All were adult females: one from
the species Alouatta guariba and three from the species Sapajus libidinosus. The animals were housed
in four different groups within the same zoo, either on small isolated islands surrounded by
freshwater or in separate enclosures, with approximately 20 individuals per group. They were all
kept under the same management conditions and fed a diet of mixed fruits and commercial feed,
with regular deworming. There was no history of direct contact between the four affected animals,
and the deaths occurred at different times of the year, suddenly and without the collection of precise
clinical information.

During necropsy, the animals were found to be in good body condition with no external lesions
suggestive of fighting, ectoparasites, or trauma. Upon opening the abdominal cavity, a slightly
reddish fluid was observed. The gastrointestinal tract showed marked stomach dilation (Figure 14),
with a large amount of yellowish, gaseous, and pasty food content, and non-foul-smelling fluid
(Figure 1B). The duodenal loops were also dilated, with the mesenteric vascular root and mesenteric
serosal vessels notably congested (Figure 1). All spleens were enlarged with rounded edges due to
congestion. No other significant macroscopic findings were observed in the other organs.
Histopathological evaluation revealed mild to moderate inflammation in the intestines, composed of
lymphocytes, plasma cells, and neutrophils, confined to the lamina propria in all the animals.

Figure 1. Acute gastric dilation in neotropical primates raised in a Zoo. (A) Marked gastric dilation in
a capuchin monkey (Sapajus libidinosus). In the enlarged detail, congested vessels in the stomach wall
can be seen (black arrow), along with yellowish and pasty food content (arrowhead) and dilated
duodenal loops covered with fibrin (white arrow). (B) Pasty, foamy, yellowish gastric content in S.
libidinosus. (C) Marked congestion of mesenteric vessels in a howler monkey (Alouatta guariba).

Escherichia coli was isolated from the intestines and stomach of S. libidinosus (Case 1);
Streptococcus sp. from the stomach, and Salmonella sp., E. coli, and Streptococcus sp. from the intestines
of S. libidinosus (Case 2); Staphylococcus sp. from the stomach and Streptococcus sp. from the intestines
of A. guariba (Case 3); and Cronobacter sakazakii from the intestines of S. libidinosus (Case 4). The results
of the biochemical battery for C. sakazakii from the intestinal contents of S. libidinosus are shown in
Table 1. The isolation of C. sakazakii was confirmed based on biochemical typing, alongside its colonial
characteristics, which included a rounded, glossy, matte-colored, and smooth appearance.
Antibiograms were performed on all stomach/intestinal samples, and the results are displayed in
Table 2.
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Table 1. Testes bioquimicos para tipificagdo de Cronobacter (Enterobacter) sakazakii isolado de
contetdo gastrico de macaco prego (Sapajus libidinosus), de acordo com a metodologia de
Koneman et al. (2001).

Motility Indole H:S Lysine Malate Urea Citrate MR VP
+ - - + - - + - +
Ornithin  Glucose  Dulcitol Inositol Sorbitol Sucrose Mannitol  Raffinos Rhamnos
e e e

+ + - + - + - + +
H-S: Hydrogen sulfide; MR: Methyl Red; VP: Voges-Proskauer.; +: Positive; -: Negative.
Table 2. Antimicrobial sensitivity test for microorganisms isolated from neotropical non-human
primates affected by gastric dilation.
(S. (S. libidinosus) (A. guariba) (S.
libidinosus) libidinosus)
Antibiotic St/In St/In St St In In
E. coli Streptococcu  Salmonella  Staphilococcus — Streptococcu  C. sakazakii
S sp sp. e E.coli sp s sp
Sulfazotrim S N R S N N
Amoxicillin + S N I N N N
clavulanate
Gentamicin S N S R N N
Ciprofloxacin S N S N N N
Ampicillin S S R N S S
Amikacin S N S N N N
Azithromyci N N N S N N
n
Erythromyci N S N S S I
n
Penicillin N S N R S R
Clindamycin N R N S R R
Tetracycline N N N S N N
Doxycycline N N N S N N
Nalidixic N S N N N N
acid

Norfloxacin N N N N N S
Ceftiofur N N S N N N
Sulfonamide N N S N N N
Streptomycin N N S N N N

St - Stomach; In - Intestine; S - Sensitive; R - Resistant; I - Intermediate; N - Not tested.

There was no standardization in the selection of antibiotic groups used for all the tested strains,
as the cases were sent to the laboratories on an ad-hoc basis. The objective was not to characterize the
strain but rather to outline a profile of the medications most available for clinical practice. Among the
four antibiotics tested from the Penicillin group, sensitivity varied between active ingredients, with
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outcomes ranging from resistance and intermediate effect to efficacy. Of note, C. sakazakii showed
sensitivity to Ampicillin. Other antibiotics to which C. sakazakii demonstrated sensitivity included
Norfloxacin and Erythromycin, while resistance was observed to Penicillin and Clindamycin.

4. Discussion

The diagnosis of acute gastric dilatation in Sapajus libidinosus and Alouatta guariba was
established based on necropsy findings and microbiological analysis. AGD is sporadically described
in non-human Old World primates and has been attributed to chronic drug administration, food
restriction, accidental overfeeding, and previous anesthesia [10]. However, this syndrome has not yet
been associated with C. sakazakii infection. The diagnosis of infection by this bacterium in primates
has only been reported experimentally in Rhesus monkeys [16].

Although well-known in canines and equines [3,17], the etiopathogenesis of gastric dilatation is
not fully understood in primates, and in many situations, the cause remains undetermined. In the
present report, it was not possible to determine the primary cause of gastric dilatation; however, it is
known that the behavior of captive primates encourages competition, especially for food, with
hierarchically inferior animals being the most affected, which may have favored the occurrence.

Gastric dilatation and volvulus were recently described in wild felids with enterotoxemia, and
although Clostridium sp. was isolated, the authors attributed the occurrence of GDV to various
factors, such as gastritis, the presence of foreign bodies in the stomach, gastrointestinal motility
disorders, changes in diet (quantity and composition), as well as bacterial growth in the food [4]. In
the present study, despite the uncertain history, there were no sudden changes in the diet or
management of the monkeys, and the condition was observed sporadically and individually over
four years.

All monkeys died suddenly, affected by marked gastric and duodenal dilatation, indicating
reflux of intestinal contents into the stomach. Duodenal reflux may occur secondary to atropine use
or diets rich in lipids or proteins, which contribute to delayed gastric emptying or an increased reflux
rate, leading to fermentation and gas production in the stomach [18]. However, these factors did not
play a role in the AGD observed in this study's animals. Duodenal dilatation and chronic peritonitis
were recently reported in marmosets, where five of the fourteen animals presented gastric infection
without associated gastric dilatation [19]. The authors suggested that nutritional causes might also
be involved in its etiology.

In this work, C. sakazakii was detected in only one case, and despite its fermentative capacity, it
is believed not to be associated with the gastric dilatation observed in the animals. The microbiota of
healthy non-human primates' intestines is mainly composed of gram-positive bacteria, with a smaller
proportion of gram-negative bacteria, including Escherichia coli and Klebsiella oxytoca, while the
presence of the genus Enterobacter sp. is minimal [20], which corroborates the microbiological
findings of the present study. In simian monkeys affected by AGD, for example, Clostridium
perfringens was isolated and attributed as the cause, with no other agent isolated [21].O0 género
Enterobacter contém diversos patdgenos resistentes aos denominados “principais antibidticos de
acesso” [22,23], o que pode conferir insucesso na terapéutica de alguns pacientes. O uso da ampicilina
combinada com gentamicina ou cloranfenicol tem sido empregada no tratamento especialmente de
infec¢des por Cronobacter sp., mesmo diante da resisténcia desses microrganismos para essas drogas
[24]. No presente estudo observou-se sensibilidade a muitos dos antibidticos testados, incluindo a
ampicilina, similar ao observado em estudos com o género Enterobacter sp., isolado em Alouatta sp.
de vida livre no sudoeste Mexicano [25].

Norfloxacin showed no resistance in our results. This drug, along with Gentamicin and
Cephalosporins, has been recommended for the treatment of C. sakazakii infections [16]. However,
resistance and ineffectiveness were observed for Gentamicin and Cephalosporins in this study. Some
studies indicate resistance of Cronobacter to multiple drugs [26,27], which may be attributed to strain
variation, such as the ampC [3-lactamase variant that confers phenotypic resistance exclusively to
first-generation cephalosporins, but not to Ampicillin, for example [28]. Although this phenotypic
variation was not addressed in this study, these findings could explain the results presented here.
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C. sakazakii has only been experimentally isolated in Rhesus monkeys and, to the authors'
knowledge, has not been described as causing gastrointestinal pathologies in this species, unlike in
children diagnosed with enterocolitis [15]. Contact with the pathogen occurs through the
contamination of food and/or environment [29], and in humans, it is associated with contaminated
infant formulas. The presence of C. sakazakii raises concerns, particularly regarding the pathogen's
environmental presence, which emphasizes the need for improved sanitary management to prevent
contamination. The pathogen can remain viable for extended periods, up to two years in processed
foods, for instance [30].

Acute gastric dilatation should be included in the differential diagnosis of sudden death in
captive non-human primates, similar to reports in captive chimpanzees associated with cardiac
disorders [31] or infectious diseases [32,33]. AGD must be differentiated from diseases that cause
acute abdominal distention, such as reported in Rhesus monkeys due to tumor metastases [34], which
exhibited marked abdominal distension. However, the association of sudden death with the findings
of gastric dilatation with pasty content, in addition to congestion of the mesenteric vessels observed
at necropsy, allows the diagnosis of this syndrome.

Considering the metabolic-nutritional causes, appropriate management should be
implemented, particularly in ensuring the consumption of a variety of natural fibers while avoiding
large amounts of foods rich in gluten and other allergenic proteins [35]. Despite the subtle findings
and acute nature of the syndrome, it is important to monitor for early signs of AGD, such as
hyperactivity or lethargy, agitation, dyspnea, abdominal rigidity, and tympany [10], which should
be investigated to prevent the death of the AGD-affected patient.

5. Conclusion

Dilatagao gastrica aguda € uma causa de morte stibita em primatas nado-humanos de zoolégico.
Os fatores predisponentes sao indefinidos. No entanto, o isolamento de bacterias, principalmente do
estdomago, a exemplo de C. sakazakii, pode indicar a presenga de patdgenos no meio ambiente e/ou
contato dos animais com microbiota humana. Ha necessidade de cuidados especificos na alimentacao
de primatas ndo humanos, incluindo maior higienizagao dos alimentos e fornecimento de nutrientes
adequados.
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