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			Abstract | The intestinal tract represents an ideal habitat for a large number of parasites, as compared to stomach’s acidic environment. The American alligator (Alligator mississippiensis, Daudin) has “typical” vertebrate gastric pits and glands in the stomach mucosa, with a corresponding acidic gastric environment. Crocodylians have a remarkably effective immune system, which enables them to combat microbial infections and allows relatively quick wound healing. We sought to explore how the alligator’s immune system responded to parasites, rather than microbial, challenges. We examined the stomachs of 14 sub-adults, wild-caught, American alligators from the coastal region of Louisiana, and found that four (~29%) were infected with enteric helminthes. Two different nematodes were found: Dujardinascaris waltoni (Nematoda: Heterocheilidae) was found loose among the stomach contents, whereas Ortleppascaris antipini (Nematoda: Ascaridoidea) was associated with multifocal lesions in the gastric mucosa. These lesions were roughly 4 mm in diameter, housed multiple parasites, and formed an elevated node of mucosa and nematodes. As the parasites invaded the gastric mucosa, they induced a granulomatous inflammation near the lesion; the site of worm attachment was associated with a marked eosinophilic necrosis. This cellular response produced a penumbra around the invasive nodule that was clearly visible under light and electron microscopy. Embedded worms were surrounded by an eosinophilic exudation, presumably representing proliferating host mucosal tissue, which formed the elevated nodule. Mucosal burrows of the nematodes led to a loss of the gastric pits in the infected zone and a presumed decrease in digestive efficiency of the host alligator.
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			INTRODUCTION 

			 

			Parasites have evolved tremendous strategies that allow them to persist and spread in a variety of hosts, and host tissues. The vertebrate stomach is an unusual habitat for parasites due to the acidic environment, which can digest softest bodied organisms (Webber, 2015). Accordingly, most gastrointestinal parasites are reported from the vertebrate intestine, rather than the stomach (Garcia, 2018). Stomach flukes are trematode parasites, commonly found in the dolphin fish Coryphaena hippurus (Rekha and John, 2004), which rely on a thickened tegument to avoid digestion. Nematodes have a collagenous cuticle as the outer integument layer, which allows some species to survive in the acidic environment of the vertebrate stomach (Stepek et al., 2007). They inhabit a variety of hosts, such as fish, amphibians and turtles, which are regularly consumed by opportunistic predators like alligators (Keenan et al., 2013).

			 

			Alligators and crocodiles live in unsanitary environments with constant exposure to pathogens. Crocodylians live with opportunistic infections, but their immune system helps them avoid adverse effects even if their wounds are exposed to foul water (Kommanee et al., 2012). Crocodiles in turbid swamp waters are resistant to infections due to the antibiotic properties of their blood plasma (Kommanee et al., 2012; Criscitiello et al., 2020). The innate immune system of Crocodylians is composed of non-specific leukocytes, antimicrobial peptides and the complement system (Zimmerman et al., 2010). Key components of this system shown to have anti-microbial functions include: leukocyte extract (Merchant and Britton, 2006; Merchant et al., 2004; 2005a, b), white blood cell extract (Phosri et al., 2018), cationic peptides (Bishop et al., 2015), and beta-defensin peptides (Tang et al., 2018).

			 

			Nematodes in the genus Dujardinascaris and Ortleppascaris are reported to be found in the stomach and intestine of Crocodylians. Two species of Dujardinascaris are reported in the Alligator mississippiensis gastrointestinal tract: D. helicina and D. waltoni (Sprent, 1977; Tellez, 2013). Ortleppascaris antipini is the only species which has been reported in A. mississippiensis gastrointestinal tract (Sprent, 1978; Waddle et al., 2009). Gastrointestinal nematode infections in Crocodylian hatchlings are generally asymptomatic but may be occasionally associated with runting (Ladds and Sims, 1990). Adult Crocodylians may be infected by a number of trematodes, which resulted in poor health and growth rate (Perez-Benitez et al., 1980). Little is known about the stomach parasitism and host immune response in A. mississippiensis; the present study was undertaken to document the alligator’s immune response against O. antipini gastric invasion.

			 

			MATERIALS AND METHODS

			 

			Live animals 

			Fourteen live sub-adult (165–183 cm total length) wild caught American alligators, A. mississippiensis, were obtained from the Louisiana Department of Wildlife and Fisheries. The animals were housed communally in a 29 m2 facility that featured three submerging ponds, natural light, and artificial lights on a 12:12 cycle. The facility was maintained at 30 – 33oC, warm water rain showers were provided every 20 minutes which helped maintain the facility at > 75% relative humidity. The alligators were maintained on a diet of previously frozen adult rats. The husbandry and use of the live alligators followed all applicable federal guidelines, and was approved by the IACUC of A.T. Still University (Protocol #209, approved 21 March 2018).

			 

			Collection of the parasites and host tissue

			At the conclusion of non-related experimental studies, the alligators were anesthetized with isoflourane and euthanized by cardiac excision. The stomach and intestinal tract was examined immediately after euthanasia. Nematodes found free in the stomach were collected, washed in PBS, then fixed in hot 70% ethanol. Portions of the stomach wall bearing visible lesions and nematodes were excised (with the parasites still in situ), rinsed in PBS, and fixed in NBF. Subsequently, both groups of nematodes were cleared in lactophenol (5ml liquid phenol, 5ml lactic acid, 10 ml glycerol, 5 ml distilled water with cotton blue) for identification. 

			 

			Scanning electron microscopy (SEM) 

			NBF-fixed tissue samples of alligator stomach mucosa, with and without embedded nematodes, were dehydrated with an ethanol series then treated with 1% osmium tetroxide. Samples were examined using a TM3000 scanning electron microscope (Hitachi High-Technologies Corp., Northridge, CA). 

			 

			Histological preparation 

			Stomach wall samples of A. mississippiensis with and without parasites were dehydrated through an ethanol series then embedded in paraffin. The 10µm sections were mounted then stained with hematoxylin and eosin following Luna (1968). Histological material was examined and photographed using a DM 4000B microscope (Leica Microsystems Inc., Buffalo Grove, IL). 

			 

			RESULTS

			 

			Nematodes were found in three of the 14 (29%) Alligator mississippiensis. Two different parasites were found; Dujardinascaris waltoni (Nematoda: Heterocheilidae) was found loose in the stomach lumen, while Ortleppascaris sp. (Nematoda: Ascaridoidea) was found embedded in the stomach wall. The D. waltoni ranged from 2.5 to 3 cm long (Figure 1). The Ortleppascaris ranged in length from 1.0 to 1.5 cm (Figure 2). The Ortleppascaris were found embedded into the mucosa at focal nodules, each nodule was approximately 4 mm in diameter with multiple worms protruding from deep ulcers (Figure 2).

			 

			[image: Figure%201.PNG] 

			Figure 1: Live Dujardinascaris waltoni isolated from the stomach lumen of Alligator mississippiensis.
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			Figure 2: Superior view of a group of live Ortleppascaris antipini on a freshly excised portion of the stomach wall of Alligator mississippiensis. The nematodes are embedded in the mucosa at a focal nodule approximately 4 mm in diameter.

			 

			The impacted worms burrowed into the mucosa, where tissue damage was grossly visible with pit formation (Figure 3). Hemorrhagic exudate and cellular debris were found in the sunken pit with a distinct border (Figure 3). Structural damage to the mucosa and submucosa was evident with regeneration of partially repaired submucosa. The simple columnar epithelial layer of the gastric mucosa was destroyed completely in the lesioned zone extending to the connective tissue layer of the submucosa. Inflammatory exudation filled the eroded zone (Figure 3). The muscular layer and tunica adventitia remained intact.
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			Figure 3: Section of the stomach wall of Alligator mississippiensis showing a lesion about 4 mm in diameter, housing multiple Ortleppascaris antipini.

			 

			Lesions were surrounded by a penumbra of mucosal damage (Figure 4A). Eosinophilic exudation and mononuclear infiltration, presumably representing proliferating host mucosal tissue responding to the parasitic challenge, were evident (Figure 4B). This response resulted in an elevated nodule of worms and mucosa in the gastric wall. In the present case, it was not clear whether pre-existing inflammation allowed the entry of the nematode into the stomach wall or the presence of parasite led to the inflammation and subsequent lesion.
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			Figure 4: Mucosal response to the nematode invasion. A) Photograph of excised stomach wall of Alligator mississippiensis; the embedded Ortleppascaris have been removed from the lesion. The lesions (arrow, right) caused a penumbra of mucosal damage that was clearly visible (dashed lines); B) Section of the stomach wall of Alligator mississippiensis showing the gastric mucosa invaded with the Ortleppascaris. The parasites invaded the mucosa and submucosa, triggering a granulomatous inflammation response and a marked eosinophilic necrosis (arrow).

			Alligators have “typical” vertebrate gastric pits and glands (Figure 5) in the stomach mucosa. The granulomatous inflammation and eosinophilic necrosis induced by the nematodes led to a loss of the gastric pits in the infected zone (Figure 6).
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			Figure 5: Gastric glands and pits in Alligator mississippiensis. A) Scanning electron micrograph of the surface of the stomach mucosa. This region of the stomach, which was free of parasites, shows a uniform mucosa and regular pattern of gastric pits; B) Section of the stomach wall showing the presence of “typical” vertebrate gastric pits and glands.

			 

			DISCUSSION

			 

			Parasites in the digestive tract are mainly in the intestinal lumen, only rarely in the acidic vertebrate stomach (Rekha and John, 2004). Alligators and crocodiles digest their food by concentrated hydrochloric acid, proteolytic enzymes, rhythmic gastric contractions and the grinding effects of gastroliths (Seah et al., 2017). Herein we report the presence of nematodes from the genera Dujardinascaris and Ortleppascaris in the alligator stomach. In some nematodes collagenous and non-collagenous cuticle proteins resist solubilization even under strong denaturating conditions, allowing the nematode to resist the stomach’s hostile environment (Fetterer and Rhoads, 1993). Dujardinascaris waltoni has been reported from the intestine and stomach of the American crocodile (Crocodylus acutus) and American alligator (A. mississippiensis) (Sprent, 1977; Tellez, 2013). 96% of enteric distribution of Dujardinascaris sp. in A. mississippiensis was reported in the stomach, and only 4% in the intestine (Hazen et al., 1978). Our findings support the incidence of D. waltoni in the lumen of the alligator’s stomach.

			 

			Nematodes have not been previously described to burrow into the Crocodylian stomach wall. This pathology was observed in multiple specimens of A. mississippiensis examined for this study. Multiple clusters of Ortleppascaris antipini were seen embedded in the A. mississippiensis stomach wall (Figure 2) creating inflammatory lesions (Figure 2). Previous studies have described keratitis and enteritis associated with nematode infections in Crocodylians, but similar reports are lacking from A. mississippiensis. Nematode infected young captive crocodiles were reported with cutaneous ulcers, stromal keratitis, and enteritis (Ladds and Sims, 1990). Zhao et al. (2015) reported superficial ulceration of gastric mucosa and submucosal inflammation in the entire gastric wall of a Chinese alligator (A. sinensis) infected with O. sinensis. 

			 

			The cylindrical, funnel-shaped, gastric pits in alligators (Figure 5) are characterized by typical columnar cells (Luppa, 1977). Parasitic infections can result in a chronic hyperplastic condition characterized by granulomatous inflammation (Shah et al., 2017). In the present study isolated gastric tissue from A. mississippiensis infected with Ortleppascaris antipini showed an inflammatory reaction resulting in granulomatous lesions (Figure 4). Focal areas showed hemorrhage and sloughed out zones surrounded by zone with eosinophil rich inflammatory infiltration in the serosa (Figure 4). The alligators studied were healthy without any of the clinical signs of crocodylian nematode infection including anemia, anorexia, bloat, regurgitation, signs of obstruction and wasting disease (Lane and Mader, 1996). In other hosts, nematodes are known for extraintestinal migration, leading to a range of complications and diseases (Ghazala et al., 2015; Sohn et al., 2015), no evidence of extra intestinal migration was seen in the specimens of A. mississippiensis examined.
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			Figure 6: The influence of nematode infection on the gastric glands and pits of Alligator mississippiensis. A) Scanning electron micrograph showing the stomach wall of Alligator mississippiensis. The Ortleppascaris infection (arrow) has produced a central area of necrosis and a penumbra of mucosal damage; B) Section of the stomach wall of Alligator mississippiensis showing the loss of the gastric pits in the area of the Ortleppascaris invasion (arrow).

			 

			Alligator mississippiensis which inhabit inland freshwater were reported to have more O. antipini than those from coastal esturine habitats (Tellez and Nifong, 2014). The relative abundance of the nematodes reflects the combined influences of the ecological and phylogenetic diversity of the primary host species, and the opportunistic predation of A. mississippiensis (Tellez and Nifong, 2014). The present study revealed a novel strategy in O. antipini to withstand the hostile environment of the alligator stomach; embedding into the stomach wall. This example of parasitic adaptation is associated with a specialized host response; the alligator’s immune system showed a significant granulomatous inflammation at the site of nematode infection. 

			Alligator mississippiensis might be an accidental host of O. antipini. The gastric mucosa of the alligator specimens we examined revealed no existing ulcers that were not associated with O. antipini; however, we cannot exclude that these parasites were exploiting pre-existing ulcers. This study found two enteric nematodes in A. mississippiensis (Dujardinascaris waltoni and Ortleppascaris antipini). Little is known regarding the seasonal abundance of these parasites in crocodylians. A. mississippiensis is an opportunistic and intermittent forager, which often fast between October to March (Joanen and McNease, 1987). During these fasting periods the stomach acidity maintains an average pH of 2.6 (Joanen and McNease, 1987), so the enteric parasites would still be exposed to a chemically hostile environment but would have only the alligator’s tissue for nourishment.

			 

			Recently, there has been considerable interest in the host-parasite relationship/response of the order Crocodylia due to the antineoplastic and antibiotic properties of crocodile blood. Crocodile blood extract induces apoptosis in lung cancer cells (Ou and Ho, 2016). Serum and organ lysates of Crocodylus palustris have powerful antiamoebic and antitumor activity (Siddiqui et al., 2017). We hope to investigate the interaction(s) between A. mississippiensis plasma and corpuscles in the granulomatous inflammation, and the collagen and non-collagenous proteins in the cuticle of O. antipini. 

			 

			ACKNOWLEDGEMENTS

			 

			The authors wish to thank Dr. Ruth Elsey and the Louisiana Department of Wildlife and Fisheries for the alligators used in this study, as well as P. Kondrashov and K. Elmslie for their continued support.

			 

			AUTHORS CONTRIBUTION

			 

			The authors contributed equally.

			 

			CONFLICTS OF INTEREST

			 

			The authors have declared no conflict of interest. 

			 

			REFERENCES

			 

			
					•	Bishop BM, Juba ML, Devine MC, Barksdale SM, Rodriquez CA, Chung MC, Russo PS, Vliet KA, Schnur JM (2015). Bioprospecting the American alligator (Alligator mississippiensis) host defense peptidome. PLoS One. 10(2): e0117394. https://doi.org/10.1371/journal.pone.0117394

					•	Criscitiello MF, Kraev I, Petersen LH, Lange S (2020). Deimination protein profiles in Alligator mississippiensis reveal plasma and extracellular vesicle-specific signatures relating to immunity, metabolic function and gene regulation. Front Immunol. 11: 651. https://doi.org/10.3389/fimmu.2020.00651

					•	Fetterer RH, Rhoads ML (1993). Biochemistry of the nematode cuticle: relevance to parasitic nematodes of livestock. Vet. Parasitol. 46: 103-111. https://doi.org/10.1016/0304-4017(93)90051-N

					•	Garcia LS, Arrowood M, Kokoskin E, Paltridge GP, Pillai DR, Procop GW, Ryan N, Shimizu RY, Visvesvara G (2018). Laboratory diagnosis of parasites from the gastrointestinal tract. Clin. Microbiol. Rev. 31(1): 1-81. https://doi.org/10.1128/CMR.00025-17

					•	Ghazala R, Vinita R, Hari SP, Mukesh K (2015). Acute abdomen: An uncommon presentation of a common intestinal nematode. Trop. Parasitol. 5(2): 123-126. https://doi.org/10.4103/2229-5070.162526

					•	Hazen TC, Aho JM, Murphy TM, Esch, GW, Schmidt GD (1978). The parasite fauna of the American alligator Alligator mississippiensis in South Carolina. J. Wildl. Dis. 14: 435-439. https://doi.org/10.7589/0090-3558-14.4.435

					•	Joanen T, McNease L (1987). Alligator farming research in Louisiana. In: Wildlife Management: Crocodiles and Alligators. Surrey Beatty and Sons. pp. 329-340.

					•	Keenan SW, Engel AS, Elsey RM (2013). The alligator gut microbiome and implications for archosaur symbioses. Sci. Rep., 3: 2877. https://doi.org/10.1038/srep02877

					•	Kommanee J, Preecharram S, Daduang S, Temsiripong Y, Dhiravisit A, Yamada Y, Thammasirirak S (2012). Antibacterial activity of plasma from crocodile (Crocodylus siamensis) against pathogenic bacteria. Ann. Clin. Microbiol. Antimicrob. 11: 22. https://doi.org/10.1186/1476-0711-11-22

					•	Ladds, PW, Sims LD (1990). Diseases of young captive crocodiles in Papua New Guinea. Aust. Vet. J., 67(9): 323-330. https://doi.org/10.1111/j.1751-0813.1990.tb07815.x

					•	Lane TJ, Mader DR (1996). Parasites. In Reptile Medicine and Surgery. D.R. Mader (ed). WB Saunders company. Philadelphia, USA. pp. 185-203.

					•	Luna L (1968). Manual of histological staining methods of the armed forces institute of pathology. McGraw-Hill, New York.

					•	Luppa H (1977). Histology of the digestive tract. In Biology of the Reptilia. C. Gans (ed). Acad. Press, Lon., UK. 6: 241-271.

					•	Merchant ME, Britton A (2006). Characterization of serum complement activity of sea water (Crocodylus porosus) and fresh water (Crocodylus johnstoni) crocodiles. Comp. Biochem. Physiol. 143(4): 488-493. https://doi.org/10.1016/j.cbpa.2006.01.009

					•	Merchant ME, Pallansch M, Paulman RL, Wells JB, Nalca A, Ptal R (2005a). Antiviral activity of serum from the American alligator (Alligator mississippiensis). Antivir. Res. 66: 35-38. https://doi.org/10.1016/j.antiviral.2004.12.007

					•	Merchant ME, Roche CM, Thibodeaux D, Elsey RM (2005b). Identification of alternate pathway serum complement activity in the blood of the American alligator Alligator mississippiensis. Comp. Bioch. Phyiol., 141: 281-288. https://doi.org/10.1016/j.cbpc.2005.03.009

					•	Merchant ME, Thibodeaux, D, Loubser K, Elsey RM (2004). Amoebacidal effects of serum from the American alligator (Alligator mississippiensis). J. Parasitol. 90: 1480-1483. https://doi.org/10.1645/GE-3382

					•	Ou Y, Ho WS (2016). Crocodile blood extract induces the apoptosis of lung cancer cells through PTEN activity. Oncol. Rep. 36(3): 1457-1466. https://doi.org/10.3892/or.2016.4914

					•	Perez-Benitez I, Sardinas G, Benitez A (1980). Report and course of an acute parasitic infection due to Acanthostomum loossi in young animals from a commercial crocodile hatchery (Crocodylus acutus and C. rhombifer). Rev. Cubana Cien Vet. 11: 79-83.

					•	Phosri S, Jangpromma N, Chang LC, Tan GT, Wongwiwatthananukit S, Maijaroen S, Anwised P, Payoungkiattikun W, Klaynongsruang S (2018). Siamese crocodile white blood cell extract inhibits cell proliferation and promotes autophagy in multiple cancer cell lines. J. Microbiol. Biotechnol. 28(6): 1007-1021. https://doi.org/10.4014/jmb.1712.12002

					•	Rekha RY, John MV (2004). Dinurus ivanosi sp. nov. (Digenea: Hemiuridae) from the 	stomach of dolphin fish, Coryphaena hippurus, caught off the Kerala coast, India. Parasitol. Res. 92: 380-383. https://doi.org/10.1007/s00436-003-1064-6

					•	Seah L, Saudi, Z, Wee B (2017). Survival of prey DNA inside a crocodile gut: a review pf crocodilian gastric function and accompanying gastric assault. J. Forensic Sci. Criminal. Inves. 4 (3): 1-2. https://doi.org/10.19080/JFSCI.2017.04.555642

					•	Shah KK, Pritt BS, Alexander MP (2017). Histopathologic review of granulomatous inflammation. J. Clin. Tuberc. Other Mycobact Dis. 7: 1-12. https://doi.org/10.1016/j.jctube.2017.02.001

					•	Siddiqui R, Jeyamogan S, Ali SM, Abbas F, Sagathevan KA, Khan NA (2017). Crocodiles and alligators: antiamoebic and antitumor compounds of crocodiles. Exp. Parasitol. 183: 194-200. https://doi.org/10.1016/j.exppara.2017.09.008

					•	Sohn W, Na B, Kim TH, Park T (2015). Anisakiasis: report of 15 cases caused by Anisakis type I larvae and a brief review of Korean anisakiasis cases. Korean J. Parasitol. 53(4): 465-470. https://doi.org/10.3347/kjp.2015.53.4.465

					•	Sprent JFA (1977). Ascaridoid nematodes of amphibians and reptiles: Dujardinascaris. J. Helminth. 51: 251-285. https://doi.org/10.1017/S0022149X00007586

					•	Sprent JFA (1978). Ascaridoid nematodes of amphibians and reptiles: Gedoelstascaris n.g. and Ortleppascaris n.g. J. Helminth. 52(3): 261-282. https://doi.org/10.1017/S0022149X00005460

					•	Stepek G, Lowe AE, Buttle DJ, Duce IR, Behnke JM (2007). Anthelmintic action of plant cysteine proteinases against the rodent stomach nematode, Protospirura muricola, in vitro and in vivo. Parasitol. 134: 103-112. https://doi.org/10.1017/S0031182006001302

					•	Tang K, Wang X, Wan Q, Fang S (2018). A crucial role of paralogous beta-defensin genes in the Chinese alligator innate immune system revealed by the first determination of a crocodilia defensin cluster. Dev. Comp. Immunol., 81: 193-203. https://doi.org/10.1016/j.dci.2017.11.018

					•	Tellez M (2013). A checklist of host-parasite interactions of the order Crocodylia. UC Publications in Zoology. University of California Press. USA. 136: 1-375. https://doi.org/10.1525/california/9780520098893.001.0001

					•	Tellez M, Nifong J (2014). Gastric nematode diversity between estuarine and inland freshwater populations of the American alligator (Alligator mississippiensis, Daudin, 1802), and the prediction of intermediate hosts. Int. J. Parasitol. Parasites Wildl.  (3): 227-235. https://doi.org/10.1016/j.ijppaw.2014.07.001

					•	Waddle AR, Kinsella JM, Ross JP, Rojas-Flores E, Percival HF, Forrester DJ (2009). Nematodes collected by gastric lavage from live American alligators, Alligator mississippiensis, in Florida. J. Parasitol. 95(5): 1237-1238. https://doi.org/10.1645/GE-1989.1

					•	Webber R (2015). Disease selection: The way disease changed the world. CABI: 1st Ed. Chapter 3: 21-34. https://doi.org/10.1079/9781780646824.0000

					•	Zhao J, Wang S, Tu G, Zhou Y, Wu X, Li C (2015). Histopathology of gastric wall in Chinese alligator Alligator sinensis (Nematoda: Ascaridoidea). Nutr. Hosp. 32: 1180-1183.

					•	Zimmerman LM, Vogel LA, Bowden RM (2010). Understanding the vertebrate immune system: insights from the reptilian prospective. J. Exp. Biol. 213: 661-671. https://doi.org/10.1242/jeb.038315

			

		

	OEBPS/image/Figure 6_fmt.png





OEBPS/image/Figure 1_fmt.png





OEBPS/image/Figure 2_fmt.png





OEBPS/image/765.png
The Journal of Advances in Parasitology

@ grossMark

Impact of Nematodes on the Gastric Mucosa of the American Alligator
(Alligator mississippiensis)

OPENaACCESS

Research Article

RekHA R. YEsupas™, Bruck A. Young?

!Department of Pharmacology, Kirksville College of Osteopathic Medicine, A. 1" Still University, Kirksville, MO,
63501, USA; *Department of Anatomy, Kirksville College of Osteopathic Medicine, A. 1" Still University, Kirksville,
MO, 63501, USA.

Abstract | The intestinal tract represents an ideal habitat for a large number of parasites, as compared to stomach’s acidic
environment. The American alligator (4//igator mississippiensis, Daudin) has “typical” vertebrate gastric pits and glands
in the stomach mucosa, with a corresponding acidic gastric environment. Crocodylians have a remarkably effective
immune system, which enables them to combat microbial infections and allows relatively quick wound healing. We
sought to explore how the alligator’s immune system responded to parasites, rather than microbial, challenges. We
examined the stomachs of 14 sub-adults, wild-caught, American alligators from the coastal region of Louisiana, and
found that four (~29%) were infected with enteric helminthes. Two different nematodes were found: Dujardinascaris
waltoni (Nematoda: Heterocheilidae) was found loose among the stomach contents, whereas Ortleppascaris antipini
(Nematoda: Ascaridoidea) was associated with multifocal lesions in the gastric mucosa. These lesions were roughly 4
mm in diameter, housed multiple parasites, and formed an elevated node of mucosa and nematodes. As the parasites
invaded the gastric mucosa, they induced a granulomatous inflammation near the lesion; the site of worm attachment
was associated with a marked eosinophilic necrosis. This cellular response produced a penumbra around the invasive
nodule that was clearly visible under light and electron microscopy. Embedded worms were surrounded by an
eosinophilic exudation, presumably representing proliferating host mucosal tissue, which formed the elevated nodule.
Mucosal burrows of the nematodes led to a loss of the gastric pits in the infected zone and a presumed decrease in

digestive efficiency of the host alligator.

Keywords | Stomach, Crocodylia, Parasite, Lesions, Inflammation, Necrosis

Editor | Muhammad Imran Rashid, Department of Parasitology, University of Veterinary and Animal Sciences, Lahore, Pakistan.
Received | May 21, 2020; Revised | June 02, 2020; Accepted | June 05, 2020; Published | June 26,2020

“Correspondence | Rekha R. Yesudas, Department of Pharmacology, Kirksville College of Osteopathic Medicine, A.T. Still University, Kirksville, MO, 63501,
USA; Email: rycsudas@atsu.cdu

Citation | Yesudas RR, Young BA (2020). Impact of nematodes on the gastric mucosa of the American alligator (Aligator mississippiensis).]. Adv. Parasitol. 7(2):
7-13.

DOI | http://dx.dot.org/10.17582 journal jap/2020/7.
ISSN | 2311-409%

.7.13

Copyright © 2020 Panicker et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribufion, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Pamsites have evolved tremendous strategies that allow
them to persist and spread in a variety of hosts,and host
tissues. The vertebrate stomach is an unusual habitat for
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avoid digestion. Nematodes have a collagenous cuticle as
the outer integument layer, which allows some species to
survive in the acidic environment of the vertebrate stomach
(Stepek et al., 2007). They inhabit a variety of hosts, such as
fish, amphibians and turtles, which are regularly consumed
by opportunistic predators like alligators (Keenan et al.,
2013).
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