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1 Endoscopic imaging of parasites in the human digestive tract
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19There are various diagnostic approaches for parasitic infections, including microscopic identification of parasites
20in the stool or biopsy samples from the intestinal mucosa, antigen testing of feces or serum, polymerase chain
21reaction (PCR) testing, and serology. Endoscopy is sometimes used for direct confirmation of parasite infection
22and as a therapeutic option for removal. In recent years, innovations in endoscopy have advanced remarkably
23with regards to endoscopic devices as well as diagnostic and therapeutic endoscopical methods. Several new
24endoscopic devices are now used for diagnostic and therapeutic approaches to parasitic infections. In the present
25article, we have focused on in vivo imaging of parasitic infections. In vivo images of parasites were obtained
26using various endoscopic methods such as high-definition endoscopy, super-magnifying endoscopy, and video
27capsule endoscopy.
28© 2013 Elsevier Ireland Ltd. All rights reserved.
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33 1. Introduction

34 The incidence and prevalence of parasitic infection remain high
35 worldwide [1–4]. In developing countries, controlling parasitic infection
36 is crucial for public health. There are various diagnostic approaches for
37 parasitic infections, including microscopic identification of parasites in
38 the stool or biopsy samples from the intestinal mucosa, antigen testing
39 of feces or serum, polymerase chain reaction (PCR) testing, and serolo-
40 gy. Endoscopy is sometimes used for direct confirmation of parasite
41 infection and as a therapeutic option for removal.
42 In recent years, innovations in endoscopy have advanced remark-
43 ably with regards to endoscopic devices as well as diagnostic and ther-
44 apeutic endoscopicalmethods. Several new endoscopic devices are now
45 used for diagnostic and therapeutic approaches to parasitic infections.
46 In the present article, we have focused on in vivo imaging of parasitic
47 infections. In vivo images of parasites were obtained by various endo-
48 scopic tools, ranging from conventional to newly developed devices.
49 We have also discussed and described endoscopic innovations.

50 2. Anisakis visualized and removed by endoscopy

51 Anisakiasis is a common parasitic disease that is caused by Anisakis
52 larvae. Anisakiasis patients have a typical history of consumption of raw
53 fish and present with epigastric pain, nausea, and vomiting. Diagnosis
54 of anisakiasis is usually made by identifying Anisakis larvae. Endoscopy

55is mainly used for diagnosing gastric anisakiasis [5–11], while comput-
56ed tomography (CT) is mainly used for intestinal anisakiasis [12,13].
57Another option is serological testing [14,15]. Endoscopy can be used
58to directly diagnose anisakiasis as well as to subsequently remove the
59larvae by using biopsy forceps (Fig. 1). Many case reports have illustrat-
60ed gastric anisakiasis [5–11], a few reports have highlighted esophageal
61anisakiasis [16,17], and colonic cases are relatively rare [13,18–23].
62Only one case report has described enteric anisakiasis detected using
63video capsule endoscopy (VCE). Celestino et al. [6] reported a case of
64anisakiasis observed using a magnifying endoscope. Nakagawa et al.
65[24] compared magnified endoscopic images between hookworm and
66Anisakis. A magnifying endoscope (GIF-H260Z, Olympus Medical Sys-
67tems, Tokyo) can obtain high-definition imageswith 85×magnification
68and is mainly used to distinguish between malignant and benign
69mucosa [25,26].
70High-definition endoscopic images of our case of Anisakiasis are
71shown in Fig. 1. An Anisakis larva sticking to the edematous gastric
72wall is shown in Fig. 1a. The Anisakis larva could be removed by biopsy
73forceps.

743. Entamoeba histolytica visualized using
75super-magnifying endoscopy

76Amoebic colitis is distributed worldwide, and is known to be a sexu-
77ally transmitted disease [27]. Some cases of amoebic colitis that exhibit
78chronic symptoms are misdiagnosed as ulcerative colitis and treated
79with corticosteroids [28]. Importantly, the usage of corticosteroids is
80detrimental in such cases. Therefore, it is essential that the diagnosis of
81amoebic colitis is made promptly and accurately in order to prevent
82fulminant worsening of the disease. Accurate diagnosis of amoebic colitis
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83 relies on the microscopic identification of amoebic trophozoites in
84 the stool or colonic mucosa of patients. Moreover, there are a variety of
85 laboratory tests that use antigen testing of feces or serum, PCR, and serol-
86 ogy. However, these are neither sensitive nor specific, even in combina-
87 tion with a patient's history, endoscopic findings, and other laboratory
88 tests. Thus, it is necessary to develop better diagnostic tools for amoebic
89 colitis.
90 Recently, super-magnifying endoscopes have been developed, which
91 allowus to obtain images at the cellular level. Currently, there are twode-
92 vices available that have the ability to allow in vivo microscopic inspec-
93 tion: confocal laser endomicroscopy (CLE) (Pentax, Tokyo) [29] and an
94 endocytoscopy system (ECS) with a high magnification light microscopy
95 device (OlympusMedical Systems, Tokyo) [30–32]. CLE based on tissue
96 fluorescence uses local and/or intravenous contrast agents to generate
97 images. The ECS is based on the principle of contact light microscopy
98 [33–35]. ECS observation also requires pre-treatment with methylene
99 blue or toluidine blue staining [36]. Most clinical studies reported to
100 date have used CLE integrated into the distal tip of a conventional
101 upper endoscope (iCLE: EG-3870CIK, Pentax, Tokyo) or colonoscope
102 (EC-3870CILK, Pentax) [37]. A smaller number of studies have used
103 probe-based CLE (pCLE) (Mauna Kea Technologies, Paris, France)
104 inserted through the accessory channel of a traditional endoscope
105 [37]. Similarly, the ECS is classified as a probe-based ECS (pECS) or an
106 integrated-scope type ECS (iECS) (Fig. 2) [38–40].
107 In the field of ophthalmology, confocal laser microscopy (Heidelberg
108 Retina Tomograph 2, Rostock Cornea Module, Heidelberg Engineering
109 GmbH, Dossenheim, Germany) has been used to diagnose Acanthamoeba
110 keratitis [41–45]. On the other hand, the ECS has been used to obtain
111 real-time in vivo histology for cancer [30–32,46–48]. Previously, we re-
112 ported the utility of the ECS for predicting the histopathological activity

113of ulcerative colitis and its usefulness as a real-time diagnostic tool for
114amoebic colitis [49].

1154. ECS procedures for detecting E. histolytica trophozoites

116Weuse an iECS (ECS, CF-Y0001, OlympusMedical Systems, Tokyo) to
117detect amoebic trophozoites; this system is shown in Fig. 2. This scope
118can be switched easily from conventional view to a super-magnifying
119view (×450) by using a button located at the top of the endoscope. A con-
120ventional colonoscopic image of amoebic colitis is shown in Fig. 3a. Irreg-
121ular shallow ulcers with marginal redness, edema, and mucus exudates
122are seen in the rectum. Subsequently, we changed the conventional
123view to a super-magnifying view(Fig. 3b). Theobservation area of the ep-
124ithelial surface is 400 μm × 400 μm, and the bar represents 100 μm
125(Fig. 3b). Without methylene blue staining, E. histolytica trophozoites
126were hardly detectable. In order to better visualize E. histolytica trophozo-
127ites, the lesionswere stainedwith 1.0%methylene blue for 2 min, follow-
128ed by a few washes with dimethicone solution. As shown in Fig. 3b,
129following staining, we were clearly able to visualize the body of amoebic
130trophozoites in the mucus surrounding the lesions. Numerous bluish
131amoebic trophozoites with a characteristic round shape (white arrows)
132were easily found in one field of view. We noticed that the size of
133E. histolytica trophozoites detected by the ECS were appreciably smaller
134relative to the trophozoites detected by traditional hematoxylin and
135eosin staining. We found that methylene blue staining could make the
136cytoplasmcollapse, resulting in the observation of nuclei thatwere small-
137er in size. Biopsy samples were obtained from the lesion, and histological
138findings corresponded with those of the ECS. Interestingly, in one case
139only, non-stained E. histolytica trophozoites with amoeboid movement
140were clearly visualized using the ECS (Fig. 3c). An amorphous amoeba
141was also seen on the surface of the aphthous lesion. The small spots
142are red blood cells, and amoebic trophozoite phagocytosis of floating
143red blood cells could be observed.

1445. Tapeworm visualized by VCE

145Tapeworms are classified asfish tapeworms (Diphyllobothrium latum),
146pork tapeworms (Taenia solium), and beef tapeworms (T. saginata). Fish
147tapeworms are prevalent in Europe and East Asia, in countries where
148raw or undercooked freshwater fish is consumed. In Japan, the main
149pathogenic tapeworm is the fish tapeworm D. nihonkaiense, which is
150considered as a separate species from D. latum. On the other hand, in
151Europe, D. latum is the most common fish tapeworm [50]. Several re-
152ports [51–54] have shown in vivo imaging of tapeworms detected by
153conventional colonoscopy. In addition, we have successfully detected

Fig. 1. Endoscopic view of an Anisakis larva. (1a) The Anisakis larva was seen sticking to the gastric wall. (1b) The Anisakis larva could be removed with forceps.

Fig. 2. Integrated-scope type endocytoscope (CF-Y0001).
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