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Abstract

Background—Of all human cancers, gastric carcinoma is the one of the leading causes of death. 

Helicobacter pylori is considered a major etiologic agent of this disease. Spontaneously occurring 

gastric carcinoma is a rare diagnosis in nonhuman primates. A 2011 case report documented a 

high incidence of gastric adenocarcinoma in a closed colony of captive sooty mangabeys 

(Cercebus atys). However, H. pylori infection was not detected in these animals.

Materials and Methods—In this study, using archived formalin-fixed, paraffin-embedded 

stomach sections of these animals alternative methodologies were used to identify H. pylori and 

other non-H. pylori Helicobacter species. In addition, two additional cases of sooty mangabeys 

with metastatic gastric carcinoma are characterized.

Results—Using fluorescent in situ hybridization, we identified gastric H. suis in 75% of archived 

and new gastric carcinoma cases. In the two newly reported cases, H. suis and a novel 

Helicobacter species were detected via PCR and sequence analysis of the 16S rRNA gene. H. 
pylori was not identified in any of the gastric carcinoma cases via FISH and/or PCR and sequence 

analysis of Helicobacter spp. in DNA from of available tissues.

Conclusions—This report is the first to characterize Helicobacter species infection in 

spontaneous gastric carcinoma with metastatic potential in nonhuman primates.
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A recent case report described spontaneous gastric adenocarcinomas in captive sooty 

mangabeys (Cercocebus atys) [1]. This report was the first to document this disease in this 

species and was remarkable because of the high incidence of this rare cancer in a nonhuman 

primate (NHP) species [2–4]. The report described eight cases of sooty mangabeys with 

gastric carcinoma that occurred over the span of 9 years [1]. Human serum antigen tests and 

human immunohistochemistry assays (antihuman Helicobacter antibody, clone BC7, 

Biocare Medical, Concord, MA, USA) were negative for H. pylori.

Helicobacter pylori is not commonly identified in the stomachs of animals; however, it is 

known that H. pylori colonizes the stomach of macaques [5]. Several non-H. pylori 
Helicobacter (NHPH) species have also been identified in primates and subclassified into 

“H. heilmanni” type 1 and “H. heilmannii” type 2 [6,7]. “H. heilmanni” type 1 has been 

further classified as H. suis [8,9]. H. suis has been characterized in a the stomachs of a 

several nonhuman primates, including mandrill monkeys (Mandrillus sphinx), crab-eating 

(Macaca fascicularis), and rhesus macaques (Macaca mulatta) [6,10].

Given an etiologic agent of gastric adenocarcinoma in sooty mangabey was not identified 

and that H. pylori is the causative agent of this gastric cancer in humans, we performed 

follow-up diagnostic tests with the goal of detecting H. pylori or NHPH in the affected 

animals described in the 2011 case report. In addition, we characterized two additional cases 

of gastric carcinoma with metastasis.

Materials and Methods

Animals

All animals surveyed in this study were born at the Field Station of the Yerkes National 

Primate Research Center and housed in accordance with the 8th Edition of the Guide for the 
Care and Use of Laboratory Animals. All animals were fed a standard monkey chow diet 

(Purina Lab-Diet 5037, St Louis, MO, USA) with daily approved enrichment. Animals were 

housed in either large indoor/outdoor compounds or indoor/outdoor runs in various social 

groups. The animals were either part of the breeding colony or assigned to research 

protocols that involved periodic collection of minimally invasive biological samples such as 

blood. All procedures were performed under an approved Emory IACUC protocol.

A total of eight animals with gastric adenocarcinoma were examined in this study. Two 

males (age range 11 years 5 months to 16 years 9 months) and four females (age range 10 

years to 21 years 5 months) were included from the previous 2011 study (animal ID #3 to 

#8). Two additional animals with gastric adenocarcinoma not previously published are 

described in this report (study animals #9 and #10). All study animals are described in Table 

1. Typical case presentation for these animals was chronic weight loss and intermittent 

vomiting. Gross necropsy findings indicate moderate to severe stomach distension with 

gastric wall thickening and ulceration in all cases but one. In four animals, transmural 

extension of gastric tumors resulted in abdominal adhesions between gastric serosa and other 

viscera. Neoplastic lesions were located in the pyloric region with extension into gastric-

duodenal junction. Histopathology of pyloric masses showed focal extensive ulceration of 

gastric mucosa, which was intermixed with noncircumscribed neoplastic infiltrated of 
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epithelial cells arranged as acini or solid mass of cells. Epithelial cells exhibited cellular 

polymorphism, anisocytosis, and anisokaryosis.

Animal #9 was a 20-year 2-month-old female sooty mangabey who presented with 

inappetence, weight loss, and vomiting. Radiographs revealed an enlarged stomach with 

generalized ileus. The monkey was treated with antacids, pain medication, and antibiotics 

along with supportive care. Gastric enlargement and clinical signs persisted despite 

treatments, and the animal was euthanized due to suspected gastric neoplasia. 

Approximately 2 years prior to this incident, the animal had been diagnosed with 

endometriosis, treated, and remained on medroxyprogesterone for long-term treatment. On 

gross necropsy, the gastric pyloric region was markedly thickened by a 5.0 × 4.0 cm raised 

mass that extended to the pancreas. The mucosa in this area had multifocal ulcerated areas 

(Fig. 1). The colonic and mesenteric lymph nodes were severely enlarged.

Animal #10 was 21-year 9-month-old male cryptorchid sooty mangabey that presented with 

vomiting and lethargy. The animal was treated with anti-emetics, but the vomiting did not 

resolve. Abdominal radiographs and ultrasound revealed an upper abdominal mass suspected 

to be stomach. This animal was euthanized due to a poor prognosis based on suspected 

gastric neoplasia. A review of the animal’s clinical history revealed that one and a half year 

prior to its recent clinical presentation, the animal was treated successfully with antibiotics 

and supportive care for severe regenerative anemia and enterocolitis with melena. Grossly, 

the cardia sphincter of the stomach was severely thickened and the mucosa of the fundus and 

antrum was severely ulcerated. There were extensive adhesions extending from the capsule 

of the liver and spleen to the diaphragm. The spleen was severely enlarged. The liver had 

occasional small white foci randomly distributed.

Tissue and Gastric Fluid Collection

Archived samples of the six animals that were collected in the previous case study were used 

for analysis. Animals #9 and #10 were euthanized after the 2011 case study. Samples were 

collected from these two animals before and after euthanasia for the purpose of diagnosing 

gastric helicobacteriosis. Tissue analyses were performed, in part, on formalin-fixed 

paraffin-embedded stomach tissues, prepared as previously described [1]. Additional 

samples were obtained from animals #9 and #10. During necropsy, gastric fundus and 

antrum were collected in 10% formalin or in 20% glycerol Brucella broth, and in sterile 

tubes.

Gastric washes were obtained from animals #9 and #10. Gastric wash samples were obtained 

from animal #9 at three time points prior to euthanasia, 15 months, 2 weeks, and 

immediately prior to euthanasia. Gastric wash samples were obtained from animal #10 

immediately prior to euthanasia. Gastric washes were obtained from anesthetized animals 

using a measured 5–8″ French orogastric feeding tube placed in the stomach. If gastric 

juices could not be withdrawn from the orogastric tube, saline was instilled and retrieved. 

Gastric wash was then placed in 20% glycerol Brucella broth and frozen at −70 °C, and an 

additional gastric wash sample was placed in a sterile 15-mL conical tube and frozen at 

−20 °C. These samples were maintained at these temperatures and were shipped on dry ice 

for analysis.
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PCR Amplification and Sequence of Helicobacter DNA

Gastric Helicobacter spp. infection status was determined in sooty mangabeys by the use of 

16S rRNA Helicobacter genus-specific PCR amplification of bacterial DNA extracted from 

gastric tissue and wash. The High Pure PCR Product Template Preparation Kit (Roche Life 

Science, Indianapolis, IN, USA) was used according to the manufacturer’s protocol. Prior to 

DNA extraction, gastric wash samples were thawed and solid material was allowed to settle 

at the tube bottom. Approximately 1.5 mL of liquid sample was removed, placed in an 

Eppendorf test tube, and centrifuged at 18,000 × g for 5 minutes. Supernatant was removed 

and the pellet was subjected to DNA extraction following commercial instructions. Sample 

DNA was used as template in polymerase chain reaction using the primers indicated in 

(Table 2). The thermocycler protocol for C97/C05 (specific for Helicobacter genus) and 

CHP1/CHP2 (specific for H. pylori) primers was 94 °C for 4 minutes, 35 cycles of 94 °C for 

1 minutes, 58 °C for 1.5 minutes, 72 °C for 2 minutes, and 72 °C for 8 minutes [11,12]. The 

protocol using V832f/V1261r (specific for H. suis) primers was identical except the 

annealing temperature was 60 °C [13]. Gel electrophoresis was performed on PCR products. 

Helicobacter genus-specific 16S rRNA products from either gastric tissue or wash samples 

were subject to 16S rRNA sequencing using methods previously described [14,15].

Histological Evaluation

Archival gastric tissues from six cases and gastric tissues from the two most recent cases 

were assessed histologically. Gastric fundus was evaluated in all eight animals. In addition, 

gastric antrum was available from animals #7 and #9 (Table 1). At necropsy, linear strips of 

stomach were removed for histopathological evaluation and the mucosa was rinsed with 

sterile saline. Sections were fixed in 10% neutral-buffered formalin, and were routinely 

processed, and embedded in paraffin according to accepted histological techniques. Five-

micron-thick sections were stained with hematoxylin and eosin (H&E) for histopathological 

evaluation by a veterinary pathologist. Warthin–Starry-stained sections were examined for 

the presence of curved or spiral organisms.

Flourescent in situ Hybridization

FISH was initially developed in human gastric biopsies [16] to detect helicobacter organisms 

at the genus and species levels, but has since been used to detect organisms in the 

gastrointestinal tract of mice [17], cats [18], dogs [19], horses [20], brushtail possum [21], 

and from samples of raw bovine milk [22]. FISH techniques and 16S rRNA gene probes 

used in this study are identical to those previously described by our laboratory [18]. Briefly, 

gastric tissue was deparaffinized. The hybridization buffer with a particular probe was 

preheated and applied to each slide. Slides were covered in parafilm, protected from light, 

and placed in a humidification chamber overnight. They were rinsed gently in double-

distilled water to remove the parafilm and serially washed in prewarmed rinsing buffers. 

Slides were rinsed again with double-distilled water, allowed to air dry, and then mounted in 

Vectashield with DAPI (Vector Laboratories, Burlingame, CA, USA) and coverslipped. 

Slides for each probe were examined under a Zeiss Axioskop 2 fluorescent microscope. A 

slide was designated as positive for a particular strain of “H. heilmannii” if the distinctive 

spiral organisms could be viewed as fluorescent under the Rhod filter. A total of 7 probes, as 
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previously described in Trebesius et al. [16] and Chan et al. [17], were used on each of the 

animal tissues available in this study: HEL274 and HEL717 (both probes combined to detect 

Helicobacter organisms at genus level), Hpy-1 (H. pylori), Hhe-1 (“H. heilmannii” type 1; 

referred to as H. suis), Hhe-2 (“H. heilmannii” type 2), Hhe-3 (Novel HHLO type), Hhe-4 

(Novel HHLO type), HHe-5 (H. felis, H. bizzozeroni, H. salomonis).

Microbiological Cultivation

Gastric tissue and wash from animals #9 and #10 were placed in 20% glycerol Brucella 

broth and stored at −70 °C until shipped on dry ice and immediate placed in −80 °C. Animal 

specimens were grown in conditions favorable for the growth of H. pylori and H. suis 
[9,23,24]. Briefly, gastric tissue or wash was placed in a sterile tissue grinder and 1.0 mL of 

sterile phosphate-buffered saline (PBS, pH 7.4) and homogenized with under sterile 

conditions. For H. pylori isolation, homogenate was passed through a 0.65-micron filter onto 

a tryptic soy agar with 5% sheep blood (BBL, Cockeysville, MD, USA) and also was 

directly inoculated onto Brucella blood agar plates antibiotics (vancomycin, bacitracin, 

nalidixic acid, and amphotericin B; Remel, Lenexa, KS) and Campy CVA agar (BBL, 

Cockeysville, MD, USA). For H. suis isolation, tissue homogenate was directly inoculated in 

biphasic brucella agar and broth media as previously described [9]. The plates created in 

duplicate and were incubated at 37C in microaerobic conditions N2, H2, and CO2 

(80:10:10) for up to 3 weeks.

Results

Helicobacter Species Infection Status of Previously Reported Animals

Animals that were previously reported as H. pylori negative were also negative for H. pylori 
on FISH analysis. However, four of the six animals were positive on Helicobacter genus 

level, three of which were identified as H. suis. Animal #4 had additional co-infections with 

HHe-3- and HHe-5-positive helicobacter organisms. Animals #3 and #7 tested negative 

using Helicobacter genus-level probes and were not tested using other helicobacter probes 

(Table 3). Animal #7 was negative for Helicobacter species in both gastric antrum and 

fundus sections.

Helicobacter Species Infection Status of Newly Reported Animals

FISH analysis—FISH analysis of animals #9 and #10 was positive for Helicobacter genus 

(Fig. 2) and H. suis (Table 3). Interestingly, animal #9’s gastric tissue contained 

microorganisms with two different morphologies, both being positive using Helicobacter 
genus FISH probes; Helicobacter spp. with different morphologies were also visualized 

using Warthin–Starry staining (Fig. 3). One morphology was typical to other Helicobacter 
genus FISH positive in this study, with tight corkscrew appearance with 4–10 complete 

turns, which positively stained positive with H. suis FISH assay. The other morphology was 

spiral with 1–2 complete turns and did not stain positive with any of the Helicobacter FISH 

probes used. All microorganisms colonized gastric pits; however, organisms with different 

morphologies did not colonize the same gastric crypts, but were adjacent to each other.
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PCR analysis—Helicobacter species infection of animals #9 and #10 was further 

characterized via molecular techniques. Both animals were positive for Helicobacter genus 

using PCR on DNA extracted from gastric wash, antrum, and fundus samples. In addition, 

all but one of these samples (gastric wash from animal #10) were positive for H. suis using 

species-specific PCR. As previously mentioned, multiple gastric washes were collected from 

animal #9 (gastric wash one at 15 months prior to euthanasia, gastric wash two at 2 weeks 

prior to euthanasia, and gastric wash three immediately prior to euthanasia). For gastric wash 

#1, sequence analysis of the 16s rRNA reveals 98% homology to H. suis isolated from 

rhesus (Macaca mulatta) and crab-eating (Macaca fascicularis) macaques (Fig. 4). Sequence 

analysis of Heliocbacter genus (1200 bp) PCR products of gastric washes #2 and #3, 

however, indicated a novel species with 95% homology to H. pullorum (Table 4). H. pylori 
DNA was not detected in any of these samples.

Histopathology of Gastric Lesions of Animals #9 and #10

Animal #9—The gastric mass had an ulcerated surface and was composed of neoplastic 

epithelial cells that extended from the mucosa to the submucosa, muscularis, and serosa 

(Fig. 1). The neoplastic cells ranged from tall columnar to cuboidal epithelial cells arranged 

in a tubular patter and separated by fibrous connective tissue septa. Mitotic figures were 

uncommon: 0–1 per high power field. The mass was covered by large numbers of 

neutrophils that extended to the adjacent lamina propria. Similar neoplastic cells arranged in 

a tubular pattern were observed occasionally in the mesenteric lymph nodes, indicating 

metastatic spread of the tumor.

Animal #10—The gastric mass, covered by ulcerated mucosa, was composed of round to 

oval cells with round to oval vesicular nuclei and abundant eosinophilic cytoplasm arranged 

in a tubular pattern. The neoplastic cells had marked anisocytosis and anisokaryosis. Mitotic 

index was high: 3–5 per high power field. The ulcerated surface was covered by necrotic 

material, hemorrhage, and severe infiltration of degenerate neutrophils intermixed with large 

numbers of bacterial rods. The adjacent gastric lamina propria was lined by severely 

hyperplastic epithelium. The glands were hyperplastic and often dilated containing 

eosinophilic material. The lamina propria of the fundus and antrum had a diffuse moderate 

infiltration of plasma cells and lymphocytes intermixed with areas of edema (Fig. 5). The 

muscularis had multifocal areas of infiltration of neoplastic epithelium. Metastasis was noted 

in the liver and spleen which contained multifocal aggregates of similar neoplastic cells 

often arranged in an acinar pattern.

Microbiological Cultivation of Animals #9 and #10

Helicobacter species were not cultivated from animal #9 or #10. With exception to 0.65-

micron-filtered gastric samples grown on blood agar, many other cultivation methods were 

eventually overgrown with other bacteria, including Campylobacter species and Gram-

positive rods.
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Discussion

Of the eight sooty mangabeys confirmed with gastric carcinoma, six were Helicobacter 
species positive by FISH and/or PCR. The previous report, which reported negative H. pylori 
results, used human-based reagents for the detection of H. pylori, which were ineffective in 

detecting NHPH. Given the inherent sampling error associated with testing FFPE tissues in 

the detection of gastric Helicobacter species infection, lack of antrum tissue in 6 animals, 

coupled with possible loss of Helicobacter spp. in advanced cases of gastric tumors, the two 

animals that did not have detectable Helicobacter organisms may be falsely negative.

Analysis of gastric tissues in the archive and two new cases of gastric cancer reveals that 

animals that were infected NHPH were infected with H. suis. H. suis is the most common 

NHPH of humans [25–27] and the most commonly identified naturally occurring gastric 

Helicobacter in nonhuman primates [6,7]. Clinical presentations of NHPH infections in 

humans and nonhuman primates typically, with the exception of MALT lymphoma in 

humans, are clinically less severe than those caused by H. pylori. In humans, NHPH 

infections have been associated with dyspepsia [28–30], gastric antrum erosions [31], 

duodenal ulcers [32,33], and low-grade MALT lymphoma of the stomach [34,35]. Natural 

gastric NHPH infections have been documented in baboons (Papio hamadryas) with gastritis 

[36] and in macaque species with various degrees of gastritis [7,37]. Of interest is the recent 

finding of chronic lymphoplasmacytic gastritis in two red-capped mangabeys (Cercocebus 
torquatus) maintained in a zoological facility. These lesions progressed to severe 

hypertrophic gastropathy similar to Ménétrier’s disease that affects humans. Both cases were 

positive for simian immunodeficiency virus and Helicobacter spp. were demonstrated by the 

presence of spiral organisms in gastric glands [38]. In mice and Mongolian gerbils, 

experimental infection of H. suis causes death of parietal cells, epithelial cell 

hyperproliferation, and severe inflammation. MALT-like lymphoma lesions are 

experimentally produced in the gerbil model [39]. Infection with other NHPH has been 

implicated in MALT lymphoma in BALB/c [8] and C57BL/6 [40] mice.

NHPH have also been implicated in zoonotic transmission from pets to humans [25]. A 

recent case report identifies H. suis infection associated with a swine veterinarian with 

dyspepsia and chronic, diffuse lymphocytic inflammation in the antrum and corpus [41]. 

This report highlights the zoonotic potential of H. suis.

In this study, we have also identified a novel gastric Helicobacter species based on 16S 

rRNA sequence analysis. In the same gastric tissue sample, we identified two different 

morphologies via FISH probes specific for Helicobacter genus and Warthin–Starry stain. We 

cannot confirm these microorganisms are novel, which have a morphology similar to many 

enterohepatic Helicobacter spp. and different than H. suis; however, our 16S rRNA sequence 

analysis demonstrating 95% homology to H. pullorum supports this possibility. We have 

recently reported that another enterohepatic helicobacter, H. cinaedi, persistently colonizes 

the stomach of mice [42]. This finding also emphasizes previous studies where H. cinaedi 
was identified in the stomachs of humans, some with gastric cancer [43,44]. Additional 

analysis of this organism will require successful cultivation.
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The presence of gastric NHPH infection in sooty mangabeys with gastric cancer is 

suggestive of a causal association similar to H. pylori-associated gastric cancer. There are 

several limitations in confirming this causal association. Sooty mangabeys are listed as a 

vulnerable species by the International Union for Conservation of Nature vulnerable species 

[45], which limits the ability to collect biopsy samples from antemortem gastroscopies. The 

overall prevalence of gastric helicobacteriosis in this colony of sooty mangabeys is not 

known, and furthermore, another colony of sooty mangabeys that are negative for NHPH to 

ascertain whether they develop gastric cancer is not available. Sharma et al. [1] postulated 

that a high degree of interrelatedness may play a role in the development of gastric 

adenocarcinoma. This colony was originally established with approximately 22 founder 

animals and has remained a closed colony since its establishment in 1966. Determining 

familial relationships of individuals with gastric adenocarcinoma is complicated by 

incomplete pedigrees given these animals are mostly co-housed in large cohorts consisting 

of both males and females. While parental lineage is confirmed by microsatellite analysis for 

some members of this colony, there are none for the reported cases of gastric 

adenocarcinoma. Additional analysis of various genes from gastric tissues of animals with 

and without gastric adenocarcinoma may show host genetic markers of disease, such as 

MUC1 [46], characteristic DNA damage patterns [47], polymorphisms of cytokine genes 

IL-1B, IL-1RN, TNF-A, and IL-10 [48], or amplification of JAK2, CD274, or PDCD1LG2 
genes noted in human cases of gastric adenocarcinoma [49].

This study provides additional information on naturally occurring Helicobacter species 

associated with gastric cancer in a closed primate colony that has been isolated from the 

wild for almost 50 years. Importantly, for the first time H. suis infection has been diagnosed 

in a primate model with metastatic gastric adenocarcinoma. Further, due to its fastidious 

nature, H. suis to date, has been studied primarily in experimental models. However, H. suis 
has recently been cultured and its genome sequenced; this will allow more detailed analysis 

of the organism’s pathogenic potential in both humans and animals [50]. Continued 

monitoring of spontaneous gastric disease in this closed sooty mangabey colony should 

provide further insight regarding the association of gastric Helicobacter spp. infection and 

host factors contributing to this debilitating neoplasm.
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Figure 1. 
Animal 9 gastric adenocarcinoma. Left panel indicates gross image of stomach from animal 

#9 depicting an ulcerated raised mass. Notice multifocal areas of hemorrhage and necrosis. 

Right panel depicts photomicrograph of a section of gastric mucosa and submucosa. The 

neoplastic epithelial cells extend deep into the submucosa and muscular layer (bar = 100 

microns).
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Figure 2. 
FISH for Helicobacter genus of gastric tissue from study animals. Photomicrographs of 

positive hybridization of Helicobacter genus level probes to gastric tissue. Left and right 

panels are from animals #10 and #9, respectively. The left panel is at 630× magnification 

and the right panel is at 1000× magnification. Both hybridized probes demonstrate tightly 

coiled morphology typical of Helicobacter suis. (Red = FISH probe hybridization, Blue = 

DAPI, Green = Background).
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Figure 3. 
Animal #9 gastric Helicobacter spp. morphologies. Photomicrographs of the top panels 

indicate FISH assay and bottom panels indicate Warthin-Starry staining. Red color in the top 

left panel depicts Helicobacter suis. Red color in the top right panel indicates Helicobacter 

genus-level probe hybridization. Top and bottom left panels demonstrates typical, long, 

tightly coiled morphology of H. suis. Top and bottom right panels demonstrates a different 

morphology with spiral shaped microorganisms. (Red = FISH probe hybridization, Blue = 

DAPI, Green = Background). Top panels at 1000× magnification. Bottom panels, scale bar 

(top right) measures 20 microns.
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Figure 4. 
16s rRNA Phylogenetic tree of Helicobacter species in Sooty Mangabeys 9 and 10. Both 

animals 9 and 10 had gastric Helicobacter suis infection at one point in time. Animal 9, 

however, became colonized with a novel Helicobacter species infection, indicated in animal 

9 gastric fundus and washes 2 and 3.

Esmail et al. Page 15

Helicobacter. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Lymphoplasmacytic inflammation from Animal #10. Gastric fundus with representative 

moderate lymphoplasmacytic inflammation. H&E stain. Left panel 10×. Right panel 40×.
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Table 1

Summary of clinical and gross findings of animals with gastric carcinoma (modified from Sharma et al. [1])

Animal no. Signalment Clinical history Gross lesions

3 Male, 12 year Abdominal distension, weight loss, 
and bloody diarrhea.

The gastric pylorus had severe diffuse thickening of the wall (1 
cm thick). Ulcerated and hemorrhagic mucosa (5 × 4 cm). 
Partially occluded lumen.

4 Male, 12 year 5 
month

Abdominal distension and weight 
loss. Gastric fluid contained blood.

The pyloric wall was severely thickened constricting the gastric 
lumen. The gastric mucosa was focally ulcerated and 
hemorrhagic.

5 Female, 10 year Weight loss, severe anemia, 
hypoproteinemia, 
hypoalbuminemia, with elevated 
liver enzymes.

A large irregular ulcer (approximately 5.0 × 6.0 cm) with 
deeply umbilicated edges extending from the esophageal 
junction to the pylorus.

6 Female, 21 year 5 
month

Diabetes with associated weight 
loss; spondyloarthropathy.

The mucosa had a focal 2.0-cm-long erosion along with 
moderate thickening of the gastric wall.

7 Female, 16 year Gastric distension, weight loss, 
hepatomegaly, azotemia, 
hypoalbuminemia, and elevated 
liver enzymes.

Stomach dilated and enlarged to approximately 5 times normal 
size. The pyloris region was thickened and ulcerated. The 
gastric mass appeared to have infiltrated into duodenum and 
pancreas

8 Female, 17 year Weight loss, lethargy, abdominal 
pain.

Distended stomach, thickened pyloric wall, focal extensive 
mucosal ulceration. Adherence of gastric serosa to surrounding 
mesentery

9 Female, 20 year 2 
month

Weight loss, vomiting, and 
abdominal distension.

Gastric and uterine mass with severe lymphadenopathy 
including the mesenteric and colonic lymph nodes

10 Male, 21 y 10 month Vomiting, lethargy, and abdominal 
distension.

Stomach contains small amounts of gray viscous fluid with 
severe thickening of cardiac sphincter. The fundus and antrum 
are severely ulcerated and have dark coloration. Abdominal 
mesentary has diffuse miliary white nodules with extensive 
adhesions from the liver capsule and spleen to diaphragm.
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