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1  |  INTRODUC TION

Captive colonies of the common marmoset (Callithrix jacchus) have a 
high prevalence (28– 60%) of chronic gastrointestinal conditions, in-
cluding gluten sensitivity [1] and the complex of marmoset wasting 
syndrome (MWS) [2– 4], which is characterized as a spectrum of dis-
ease phenotypes carrying high morbidity and mortality rates [5– 7]. 
Early identification and diagnosis of affected animals are paramount 

for the optimal health management of individual marmosets and 
maintenance of captive marmoset colonies. Apart from the impact 
on animal health, both “simian gluten sensitivity” and MWS have 
been proposed as spontaneous animal models of human inflamma-
tory bowel disease [6,8,9]. Furthermore, a recent study reported that 
MWS resembles chronic inflammatory enteropathies (with or without 
gastrointestinal protein loss) in dogs and cats [8], which also serve as 
spontaneous models of human inflammatory bowel disease [10].
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Abstract
Background: Chronic gastroenteropathies, including gluten sensitivity and marmo-
set wasting syndrome, frequently occur in captive colonies of common marmosets 
(Callithrix jacchus). Early identification and diagnosis of affected animals are desir-
able. Endoscopic examination of the colon in marmosets is described, but the small 
intestine can harbor significant mucosal lesions not representing those in the colon. 
Evaluating the small intestine currently requires invasive surgical biopsies due to the 
small patient size, carrying a risk of severe complications.
Methods: Endoscopic intubation and multisite biopsy of the duodenum/proximal jeju-
num are demonstrated in 10 marmosets under general anesthesia.
Results: Esophagogastroduodenoscopy with colonoscopy efficiently aid in examining 
the gastrointestinal tract and obtaining an antemortem histologic diagnosis in marmo-
sets with chronic gastrointestinal signs.
Conclusions: This minimally invasive technique is feasible in marmosets. Future inves-
tigations into the pathogenesis of chronic gastroenteropathies will benefit from these 
data, leading to improved animal welfare and better individual and colony health 
management.
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Diagnosing and further characterizing gluten sensitivity, MWS, 
and other gastrointestinal conditions (e.g., neoplasms such as lym-
phoma) in marmosets requires a tissue diagnosis— usually obtained 
postmortem— in addition to non- invasive diagnostics including rou-
tine blood work, urinalysis, fecal examination, diagnostic imaging, and 
further specific serum tests (e.g., hormone levels and specific titers to 
dietary antigens) [1,2,6,8]. Previous studies on chronic gastrointesti-
nal disease and MWS in marmosets, which also included endoscopic 
examination antemortem, have focused on evaluating the large intes-
tine for the presence of inflammatory and/or morphological lesions 
[2,3,6,11,12]. However, recent reports suggest that the small intestine 
often harbors significant mucosal lesions, which are not necessarily 
representative of the disease process or lesion severity in the large 
intestine [4,7,8] and can also present varying disease phenotypes 
[7,13]. Hence, these lesions cannot be detected and biopsied for an 
antemortem tissue diagnosis if only the large intestine is evaluated. 
Particularly, the comparison with human celiac disease, presenting an 
inflammatory condition of the small intestine [14], warrants further 
evaluation of the small intestine in marmosets with chronic gastroin-
testinal signs [1,11] and suspected “simian gluten sensitivity” [1].

Antemortem diagnostics in marmosets with chronic gastrointes-
tinal signs, particularly the presumptive diagnosis of MWS and fur-
ther investigation or characterization of gluten sensitivity, remains 
challenging. This can result in a delay of more invasive diagnostics 
and affected animals being diagnosed at an advanced stage of the 
disease, which can present a significant problem in research colo-
nies of marmosets. In addition to clinical and clinicopathologic tests, 
minimally invasive diagnostics to document and further investigate 
small intestinal mucosal lesions are desirable. Endoscopic evaluation 
of the esophagus, stomach, and colon has been reported in a few 
marmosets [15,16]. However, evaluating the small intestine in this 
species is currently still believed to require more invasive surgical 
biopsies either via laparotomy or laparoscopic techniques due to the 
small patient size [1,4,16]. These invasive diagnostics are associated 
with an increased risk of severe complications (e.g., suture dehis-
cence), particularly in hypoalbuminemic patients. For reasons includ-
ing improved animal welfare and better individual and colony health 
management, less invasive diagnostics are highly desirable tools in 
clinical practice and research. Here, we demonstrate for the first 
time successful endoscopic intubation and multisite biopsy of the 
small intestine (duodenum and proximal jejunum) in a small group of 
marmosets under general anesthesia.

2  |  MATERIAL S AND METHODS

2.1  |  Animals

A total of 10 marmosets with chronic gastrointestinal signs were 
included in this retrospective case series (6 females, 4 males), rang-
ing from 4.5 to 15 years of age and weighing between 340 and 
428 grams (12– 15 oz). All animals had a gastrointestinal endoscopy 
performed for diagnostic purposes, and some of the animals were 

euthanized for medical reasons and further diagnostic investigation 
of the underlying pathology. One male animal underwent repeated 
endoscopy 14 months apart: the first endoscopy for further diagnos-
tic evaluation of mild gastrointestinal signs and repeated endoscopy 
when showing a worsening clinical condition with severe, chronic 
gastrointestinal signs. All animals were housed in the same vivarium 
at the University of Leipzig College of Veterinary Medicine's primate 
research center (Institute of Physiological Chemistry) as previously 
described [1,17]. Briefly, in addition to ample opportunities for social 
interaction, the standard of care included regular physical, parasito-
logical, and microbiological examinations. Water was available at all 
times, and all marmosets were fed twice daily: a mashed meal in the 
morning, gluten- free marmoset pellets in the afternoon, and a selec-
tion of fruits and/or vegetables [1]. Ethics approval for the further in-
vestigation of chronic gastrointestinal diseases in marmosets, which 
complies with the German animal welfare regulations, was obtained 
after independent review (#TVV 55/16) from the local authority for 
animal welfare (Regional Council of the State of Saxony, Leipzig/
Chemnitz, SN, Germany).

2.2  |  Preparation for endoscopy

The morning prior to upper and lower gastrointestinal endoscopy, 
marmosets were given a warm- water enema for rectocolonic cleans-
ing. Food was withheld for 16 hours prior to the procedure, whereas 
access to water was available until approximately one hour before 
endoscopy.

2.3  |  General anesthesia

All animals were pre- medicated with a combination of Goettinger 
Mixture II (GM II) as previously described [7]. Briefly, this mixture 
included ketamine (12.5 mg/kg; WDT, Garbsen, Germany), xyla-
zine (2.5 mg/kg; Serumwerk Bernburg, Bernburg, Germany), and 
atropine (2.5 μg/kg; Braun, Melsungen, Germany) administered 
IM. In addition, 10 mL Ringer's solution warmed to body tempera-
ture was administered SQ prior to anesthesia. General anesthesia 
was induced and maintained with isoflurane (1.5 vol% in 100% O2; 
CP- Pharma, Burgdorf, Germany), controlling the airways achieved 
through orotracheal intubation (size 2.0 uncuffed endotracheal 
tube) after laryngeal administration of lidocaine (Xylocaine pump 
spray; AstraZeneca, Wedel, Germany) in 8 animals. Two animals 
were maintained on inhalation anesthesia through a face mask be-
cause orotracheal intubation was unsuccessful. The mean total an-
esthesia time was 30 minutes.

2.4  |  Gastrointestinal endoscopy

The animals were placed in left- lateral recumbency. A 3.8- mm flex-
ible endoscope with a 1.2- mm diameter working channel (FUJI 
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EB- 530P pediatric video bronchoscope, Düsseldorf, Germany) was 
used for esophagogastroduodenoscopy and rectocolonoscopy per-
formed by a board- certified small animal internal medicine specialist.

2.4.1  |  Esophagogastroduodenoscopy

Small bandage pieces aided to keep the mouth open and prevent 
damage to the endoscope by the marmosets' teeth (Figure 1A– B). 

Mild lubrication was applied to the endoscope, which was inserted 
through the larynx under visualization (Figure 1C– D). Insufflation 
and flushing during advancement of the endoscope through the 
esophagus and the gastric pylorus were performed each via a 
5 mL syringe, and small amounts of air (0.5 mL) or sterile saline 
(0.5 mL) were repeatedly insufflated through the working channel 
for a total of 3– 5 mL each. The mucosa in each segment was care-
fully inspected (Figure 2A– E). A total of 3 tissue biopsies were ob-
tained from each gastrointestinal segment evaluated (stomach and 

F I G U R E  1  Preparation for 
esophagogastroduodenoscopy. (A, B) 
The mouth was kept open using small 
bandages, and (C, D) the endoscope 
was inserted through the larynx under 
visualization

(A) (B)

(C) (D)

F I G U R E  2  Esophagogastroduodenoscopy. Endoscopic view of the mucosa in the (A) proximal esophagus, (B) distal esophagus, (C) area of 
the lesser curvature of the stomach, (D) gastric pylorus, and (E) duodenum in the area of the papilla (covered with bile). (F) Endoscopic tissue 
biopsy (duodenum) was obtained, resulting in minor bleeding at the biopsy sites (G– H)

(A) (B) (C) (D)

(E) (F) (G) (H)
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duodenum/proximal jejunum) using a flexible clamshell biopsy for-
ceps (FTE biopsy forceps, short- oval spoon- shaped, mouth with win-
dow, flat ground coil, distal tapered, 120 cm; jaw diameter 1.0 mm, 
length 3.0 mm) through the working channel of the endoscope and 
at 90° against the mucosa (Figure 2F). Tissue biopsy samples from 
each segment were placed on separate small sponges kept moist 
with sterile saline (Figure 3) until immersed and fixed in 4% neutral- 
buffered formalin.

2.4.2  |  Rectocolonoscopy

The animal was kept in left- lateral recumbency, and after application 
of mild lubrication, the endoscope was inserted through the anus 
under visualization (Figure 4A). Insufflation and flushing during ad-
vancement of the endoscope were performed as described. Colonic 
and rectal mucosa was carefully inspected (Figure 4B), and 4 colonic 
tissue biopsies (from the proximal, middle, and distal portion of the 

colon) were obtained. Ileal and cecal intubation was not attempted 
as the proximal colonic flexure (Figure 4C) could not reliably and 
safely be passed with the endoscope in most animals.

2.5  |  Histopathology and special stains

Necropsy was performed following gastrointestinal endoscopy on 
8 animals that were euthanized under general anesthesia (using 
GM II and 5% isoflurane followed by cardiocentesis after confirmed 
cardiac arrest) for medical ethical reasons (i.e., deteriorating clinical 
condition). Tissues were collected from several organs for further 
evaluation, and the gastrointestinal tract was removed and grossly 
examined (Figure 5A), evaluated for evidence of perforation from 
endoscopic biopsies (Figure 5B– D), and transmural (full- thickness) 
biopsies were obtained and placed in 4% neutral- buffered formalin.

Endoscopic and transmural gastrointestinal tissue biopsy spec-
imens were embedded in paraffin, cut at 5 μm, and submitted for 

F I G U R E  3  Endoscopic tissue biopsies. (A) Tissue biopsy samples were placed on small foam pads and were kept moist with sterile saline. 
(B, C) A total of 3– 4 tissue biopsies were obtained from each segment of the gastrointestinal tract

(A) (B) (C)

F I G U R E  4  Rectocolonoscopy. (A) With the animal placed in left- lateral recumbency, the endoscope was inserted through the anus under 
visualization. (B) The colonic mucosa was carefully evaluated. (C) Narrowing at the proximal colonic flexure prevented successful endoscopic 
intubation of the ileum and cecum

(A) (B) (C)
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routine histopathologic evaluation. Biopsy quality and diagnostic 
utility (i.e., size, mucosal layers included, tissue orientation, and 
presence of crush artifacts) were assessed, and the histopathologic 
findings were compared between both types of tissue biopsies 
(i.e., endoscopic specimens with the corresponding full- thickness 
biopsies).

3  |  RESULTS AND DISCUSSION

Esophagogastroduodenoscopy was successful in all but one fe-
male marmoset, where intubation of the duodenum was not possi-
ble due to a presumed pyloric stricture. Marked proximal duodenal 
dilation resulting from pathologic flexion of the proximal (inferior) 
duodenal flexure could be an alternative explanation but is not 
typically associated with stricture formation [13]. Resulting from 
the narrowed gastric outflow tract or proximal duodenum, the 
stomach in this animal was affected by severe pre- stenotic dila-
tion (Figure 6). In addition, endoscopic biopsies from the stomach, 
duodenum, and colon were successfully obtained from all marmo-
sets, except for that one duodenum that could not be intubated. 
Blind biopsies (i.e., intubation of the duodenum with the biopsy 
instrument only and collection of biopsies without endoscopic 
visualization) were not attempted, given the risks associated with 
this technique [18].

All biopsies obtained from the gastrointestinal tract, despite 
being small in size (1 × 3 mm), were of adequate quality for histologic 
evaluation and lesion identification (Figure 7). Similar to conven-
tional endoscopic tissue sampling in dogs and cats, the submucosal 
layer was reached in most specimens obtained from marmosets. 
Rectocolonoscopy was successful in all animals in this study, but 
the size of the marmosets remained a limiting factor for intubation 
and biopsy of the distal small intestine (i.e., ileum). Of importance, 
most endoscopic biopsy sites along the gastrointestinal tract were 

detectable by hemorrhage seen at the serosal surface. However, 
none of the biopsies had caused any perforation or other peri- 
procedural complications. Post- procedural complications were 

F I G U R E  5  Necropsy evaluation. 
Following careful examination of the 
abdomen, (A) the gastrointestinal tract 
was removed, and (B– D) each segment 
was evaluated for evidence of perforation 
at the endoscopic biopsy sites (white 
arrows; A– B: stomach, C– D: duodenum)

(A)

(C) (D)

(B)

F I G U R E  6  Gross pathology image of a presumed pyloric 
stricture. Esophagogastroscopy was successful in this female 
marmoset, but the duodenum could not be intubated due to pyloric 
narrowness caused by a pyloric stricture (indicated by white 
arrows). Note the marked pre- stenotic gastric dilation with thinning 
of the gastric wall (asterisk). A less likely explanation for this finding 
is marked proximal duodenal dilation resulting from pathologic 
flexion of the proximal (inferior) duodenal flexure
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also not noted in any of those animals recovered from anesthe-
sia, including the male marmoset that underwent repeat diagnostic 
endoscopy more than 1 year after the first diagnostic procedure. 
Recovery from general anesthesia was fast (max. 2 hours), and 
voluntary food intake started within 6– 10 hours. Bleeding at the 
endoscopic biopsy sites was minimal and ceased already during the 
endoscopic procedure, with no melena, hematochezia, or occult 
blood detected following recovery. However, marmosets recov-
ered after combined esophagogastroduodenoscopy and rectocolo-
noscopy were clinically less severely affected than those humanely 
euthanized animals.

Maintenance of general anesthesia with isoflurane following 
orotracheal intubation is safe and efficient in marmoset patients 
and allows for prompt adjustment in the inhalant dose depending 
upon the patient's requirements. Laryngeal administration of lido-
caine spray immediately prior to intubation appears to be important 
for preventing laryngeal edema and spasms compromising airway 
function.

In conclusion, gastrointestinal endoscopy comprised of esoph-
agogastroduodenoscopy and rectocolonoscopy under general an-
esthesia, in the hands of an experienced endoscopist (i.e., at least 
some training and experience with gastrointestinal endoscopies), 
is a feasible and efficient technique to minimally invasively exam-
ine the gastrointestinal tract in marmosets and obtain a timely 
antemortem histologic diagnosis. Safely and efficiently obtaining 
diagnostic endoscopic small intestinal biopsies that allow for tis-
sue analyses, as described in this report, improves the diagnostic 

armamentarium of clinicians (and researchers) handling common 
marmosets— particularly animals with chronic gastrointestinal 
signs— in captivity. These results provide an important avenue for 
further diagnostic evaluation and timely tissue diagnosis of mar-
mosets affected by chronic gastrointestinal signs due to MWS or 
other chronic gastrointestinal conditions (e.g., lymphoma). Future 
investigations into the pathogenesis of chronic gastrointestinal 
diseases in marmosets, including gluten sensitivity and MWS, will 
benefit from the data presented. The ideal number of endoscopic 
biopsies to be collected from each gastrointestinal segment as a 
representative sample [19] remains to be determined in future 
clinical investigations. Future technical advances might allow for 
minimally invasive strategies in marmosets to evaluate segments 
of the gastrointestinal tract that are not within reach of currently 
available pediatric flexible endoscopes (i.e., ileum and large parts 
of the jejunum).
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F I G U R E  7  Histopathology images (H/E stain) of endoscopic tissue biopsies obtained from marmosets with chronic gastrointestinal 
signs. (A) Endoscopic biopsy from the stomach of a male marmoset, (B, D) endoscopic biopsies from the duodenum of a female marmoset, 
(C) larger magnification of the black insert in (B) showing leukocyte infiltration of the lamina propria (black asterisks), (E) endoscopic biopsy 
obtained from the colon of a male marmoset, (F) larger magnification of the black insert in (E)

(A) (B) (C)

(D) (E) (F)



178  |    HEILMANN et al.

ORCID
Romy M. Heilmann  https://orcid.org/0000-0003-3485-5157 

R E FE R E N C E S
 1. Kuehnel F, Mietsch M, Buettner T, Vervuert I, Ababneh R, 

Einspanier A. The influence of gluten on clinical and immunologi-
cal status of common marmosets (Callithrix jacchus). J Med Primatol. 
2013;42(6):300- 309. doi:10.1111/jmp.12055

 2. Baxter VK, Shaw GC, Sotuyo NP, et al. Serum albumin and body 
weight as biomarkers for the antemortem identification of bone 
and gastrointestinal disease in the common marmoset. PLoS One. 
2013;8(12):e82747. doi:10.1371/journal.pone.0082747

 3. Chalifoux LV, Bronson RT, Escajadillo A, McKenna S. An analysis of 
the association of gastroenteric lesions with chronic wasting syn-
drome of marmosets. Vet Pathol Suppl. 1982;7:141- 162.

 4. Ludlage E, Mansfield K. Clinical care and diseases of the common 
marmoset (Callithrix jacchus). Comp Med. 2003;53(4):369- 382.

 5. Logan AC, Khan KN. Clinical pathologic changes in two marmo-
sets with wasting syndrome. Toxicol Pathol. 1996;24(6):707- 709. 
doi:10.1177/019262339602400605

 6. Otovic P, Smith S, Hutchinson E. The use of glucocorticoids in 
marmoset wasting syndrome. J Med Primatol. 2015;44(2):53- 59. 
doi:10.1111/jmp.12159

 7. Zöller, M. Pathogenetische Untersuchungen zum Wasting Marmoset 
Syndrom bei Weissbüschelaffen (Callithrix jacchus) [published Dr. 
med. vet. dissertation], 2005. University of Hanover, Germany

 8. Parambeth JC, Ross CN, Miller AD, et al. Serum cobalamin and fo-
late concentrations in common marmosets (Callithrix jacchus) with 
chronic lymphocytic enteritis. Comp Med. 2019;69(2):135- 143. 
doi:10.30802/AALAS- CM- 18- 000045

 9. Tardif SD, Mansfield KG, Ratnam R, Ross CN, Ziegler TE. The 
marmoset as a model of aging and age- related diseases. ILAR J. 
2001;52(1):54- 65. doi:10.1093/ilar.52.1.54

 10. Jergens AE, Simpson KW. Inflammatory bowel disease in vet-
erinary medicine. Front Biosci (Elite ed). 2012;4(4):1404- 1419. 
doi:10.2741/470

 11. Gore MA, Brandes F, Kaup FJ, Lenzner R, Mothies T, Osman 
AA. Callitrichid nutrition and food sensitivity. J Med Primatol. 
2001;30(3):179- 184. doi:10.1111/j.1600- 0684.2001.tb00007.x

 12. Sainsbury AW, Kirkwood JK, Appleby EC. Chronic colitis in com-
mon marmosets (Callithrix jacchus) and cotton- top tamarins 
(Saquinus oedious). Vet Rec. 1987;121(14):329- 330. doi:10.1136/
vr.121.14.329

 13. Mineshige T, Inoue T, Yasuda M, Yurimoto T, Kawai K, Sasaki E. 
Novel gastrointestinal disease in common marmosets character-
ised by duodenal dilation: a clinical and pathological study. Sci Rep. 
2020;10(1):3793. doi:10.1038/s41598- 020- 60398- 4

 14. Villanacci V, Ciacci C, Salviato T, et al. Histopathology of celiac dis-
ease. Position statements of the Italian group of gastrointestinal 
pathologists (GIPAD- SIAPEC). Trans Mede @UniSa. 2020;23:28- 36. 
doi:10.37825/2239- 9747.1005

 15. Chai N. Endoscopy and endosurgery in nonhuman primates. Vet 
Clin North Am Exot Ani Pract. 2015;18(3):447- 461. doi:10.1016/j.
cvex.2015.04.004

 16. Clapp NK, McArthur AH, Carson RL, Henke MA, Peck OC, Wood 
JD. Visualization and biopsy of the colon in tamarins and marmo-
sets by endoscopy. Lab Anim Sci. 1987;37(2):217- 219.

 17. Arnold C, Lamp J, Lamp O, Einspanier A. Behavioral tests as indicator 
for pain and distress in a primate endometriosis model. J Med Primatol. 
2011;40:317- 326. doi:10.1111/j.1600- 0684.2011.00496.x

 18. Woolhead VL, Whittemore JC, Stewart SA. Multicenter retrospec-
tive evaluation of ileocecocolic perforations associated with di-
agnostic lower gastrointestinal endoscopy in dogs and cats. J Vet 
Intern Med. 2020;34(2):684- 690. doi:10.1111/jvim.15731

 19. Willard MD, Mansell J, Fosgate GT, et al. Effect of sample quality on 
the sensitivity of endoscopic biopsy for detecting gastric and duo-
denal lesions in dogs and cats. J Vet Intern Med. 2008;22(5):1084- 
1089. doi:10.1111/j.1939- 1676.2008.0149.x

How to cite this article: Heilmann RM, McIntosh J, Acke E, 
et al. Feasibility of combined upper and lower gastrointestinal 
endoscopic biopsy in the common marmoset (Callithrix 
jacchus) to evaluate gastrointestinal diseases. J Med Primatol. 
2022;51:172–178. doi: 10.1111/jmp.12580

https://orcid.org/0000-0003-3485-5157
https://orcid.org/0000-0003-3485-5157
https://doi.org/10.1111/jmp.12055
https://doi.org/10.1371/journal.pone.0082747
https://doi.org/10.1177/019262339602400605
https://doi.org/10.1111/jmp.12159
https://doi.org/10.30802/AALAS-CM-18-000045
https://doi.org/10.1093/ilar.52.1.54
https://doi.org/10.2741/470
https://doi.org/10.1111/j.1600-0684.2001.tb00007.x
https://doi.org/10.1136/vr.121.14.329
https://doi.org/10.1136/vr.121.14.329
https://doi.org/10.1038/s41598-020-60398-4
https://doi.org/10.37825/2239-9747.1005
https://doi.org/10.1016/j.cvex.2015.04.004
https://doi.org/10.1016/j.cvex.2015.04.004
https://doi.org/10.1111/j.1600-0684.2011.00496.x
https://doi.org/10.1111/jvim.15731
https://doi.org/10.1111/j.1939-1676.2008.0149.x
https://doi.org/10.1111/jmp.12580

	Feasibility of combined upper and lower gastrointestinal endoscopic biopsy in the common marmoset (Callithrix jacchus) to evaluate gastrointestinal diseases
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Animals
	2.2|Preparation for endoscopy
	2.3|General anesthesia
	2.4|Gastrointestinal endoscopy
	2.4.1|Esophagogastroduodenoscopy
	2.4.2|Rectocolonoscopy

	2.5|Histopathology and special stains

	3|RESULTS AND DISCUSSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT



