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Abstract: In 2009, experimental Cyclospora infections were established in two juvenile 

female and two adult male Cercopithecus aethiops (African green monkeys) at Nairobi’s 

Institute of Primate Research (IPR). The study animals were humanely sacrificed, and gross and 

histopathological evaluation was done at seven weeks post-infection. On gross examination, the 

juveniles had no abnormalities except for a slight enlargement of the mesenteric lymph nodes, 

while the adults displayed more pathology of enlarged lymph nodes, hemorrhagic gastrointestinal 

tracts, widespread necrotic foci of the liver, and enlarged spleens. Significant histopathological 

findings were observed in both the juveniles and adults, which ranged from mild inflammatory 

reactions in the stomach and intestines to intense cellular infiltrations with mitotic activity and 

lymphocytic infiltrations around the periportal area of the livers. The lymph nodes had extensive 

hyperplasia with many mitotic cells.

Keywords: Cyclospora spp., cyclosporiasis, nonhuman primates, pathological findings, 
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Introduction
Cyclospora cayetanensis (C. cayetanensis) is a protozoan gastrointestinal parasite 

that affects humans worldwide. C. cayetanensis transmission in developed countries 

is through food- and water-borne outbreaks, but the transmission and risk factors 

in endemic tropical countries are poorly understood.1–6 The parasite is increasingly 

being identified in fecal smears of immunocompromised persons with or without 

international travel histories,7,8 as well as in patients with human immunodeficiency 

virus (HIV) infections or acquired immunodeficiency syndrome.9 The parasite has 

been reported in many geographical regions, but seems to be endemic in tropical 

countries.5,10–14

The epidemiology of cyclosporiasis due to C. cayetanensis is not very clear, with 

the coccidian protozoa being incapable of direct fecal-oral transmission, and with no 

known zoonotic reservoir.4 C. cayetanensis infection occurs only in humans, with 

no known animal reservoirs, and attempts to establish experimental infections in 

laboratory animals have been unsuccessful thus far.15,16 Isolation of C. cayetanensis 

in poultry has been reported by García-López.17 In the Neinava Governorate in Iraq, 

C. cayetanensis has been isolated from buffalo (Bubalus bubalus) feces and milk, with 

only Lugol’s iodine and Ziehl–Neelsen’s staining methods18 reported; no polymerase 

chain reactions were done.

Cyclospora papionis and Cyclospora cercopitheci have been described, respec-

tively, in olive baboons and African green monkeys (AGMs) from Tanzania, Ethiopia, 
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and Kenya.19–21 Cyclospora infections have also been reported 

in nonhuman primates in Sri Lanka.22 The nonhuman 

primate-derived Cyclospora oocysts and human-associated 

Cyclospora species are morphologically similar, but there 

was no cross-infection between the different species.19–21 

A majority of the Cyclospora infections in the nonhuman 

primates were asymptomatic.19,21

After ingestion, Cyclospora oocysts exist in the gas-

trointestinal tract and invade small bowel epithelia, where 

they undergo asexual division followed by sexual division 

to produce mature oocysts that are shed in the host’s stool.23 

Grossly, moderate to severe erythematic mucosa of the 

distal duodenum is observed in patients with Cyclospora 

infection.24 Distal duodenal and jejunal aspirates of patients 

with Cyclospora infections had the following histopathologi-

cal findings: (1) acute and chronic inflammation, (2) reactive 

hyperemia with vascular dilatation and villous capillary 

congestion, (3) parasitophorous vacuoles containing both 

asexual and sexual forms, (4) crypt hyperplasia, (5) epithelial 

disarray, and (6) partial villous atrophy.9,25,26 Intracellular 

particles similar to sporozoites have been demonstrated in 

electron micrographs.25

C. cayetanensis infections have been associated with 

the onset of various extraintestinal complications that 

may accompany prolonged infection, especially in HIV-

immunocompromised patients. These infections include 

(1) acalculous cholecystitis, (2) biliary disease, (3) Guillain–

Barre syndrome, and (4) reactive arthritis.27–30 One case 

of C. cayetanensis oocysts in the sputum of a 60-year-old 

HIV-negative male with a history of successfully treated 

tuberculosis (TB) was reported in Argentina.31 A similar case 

was reported in Egypt, where a 45-year-old HIV-negative 

male with TB history presented oocysts in his sputum in an 

active TB reaction.32

The objective of the current study was to evaluate 

the gross and histopathological findings of experimental 

Cyclospora infections in AGMs in the intestine and the 

extraintestinal involvement of Cyclospora.

Materials and methods
The Sheather’s sugar floatation procedure was used for 

harvesting Cyclospora oocysts from positive fecal samples.33 

The oocysts were washed into a clean 15 mL centrifuge tube 

using saline solution; 50 µL of the solution was used to make 

a smear, and the number of oocysts on the slide was counted 

under a microscope at 400×  magnification. Two female 

juvenile and two adult male AGMs were used in this study. 

Cyclospora-negative AGMs were purposefully selected 

based on the availability of Cyclospora-negative animals 

for inoculation experiments with Cyclospora oocysts. The 

animals were anesthetized using ketamine and xylazine, and 

inoculation was done by the introduction of 1000 Cyclospora 

oocysts into the stomach using a catheter. Physical 

examination was carried out in the anesthetized animals and 

their body weight recorded. Daily clinical observations were 

carried out and any changes in animal behavior, demeanor, 

lack of appetite, and fecal character were noted during the 

seven-week experiment period.

The experimentally infected AGMs were humanely put 

to sleep using ketamine (Ketaset®; Fort Dodge Laboratories, 

Fort Dodge, IA) at 10 mg/kg, and euthanized with 60 mg/kg 

body weight of pentobarbitone sodium 200 mg/mL (Sagatal®; 

May and Baker Ltd, Dagenham, UK). Postmortem, gross 

pathological lesions were noted and recorded. The tis-

sues collected for histological examination came from 

the liver, stomach, small intestine (jejunum), and lymph 

nodes (mesenteric and inguinal). The tissues were fixed in 

10% formalin, sectioned into 1–2 mm pieces, and dehydrated 

Table 1 Gross pathological findings in the four Cercopithecus aethiops (African green monkeys) with experimental Cyclospora infections 
studied at the Institute of Primate Research

AnimID Weight in kg Stomach Intestines Lymph nodes Liver

At CI At PM

Ver 1974 F/J 1.8 1.9 NAD NAD Mesenteric slightly  
enlarged

NAD

Ver 2009 F/J 1.7 1.9 NAD NAD NAD NAD
Ver 2065 M/A 6.2 5.9 Hemorrhages Hemorrhagic mucosal surface,  

which was focal but spread  
along the whole intestine

Prominent and mildly  
enlarged

Widespread mild to moderate  
pitting of the surface

Ver 2092 M/A 4.1 4.4 NAD Wall moderately thickened  
and rough

Mesenteric lymph  
nodes mildly enlarged

Moderate focal necrotic foci  
about 1 mm in diameter spread  
all over the liver surface

Abbreviations: AnimID, animal identification number of the four experimental Cyclospora-inoculated study animals, comprised of two female juvenile and two male adult 
African green monkeys; Ver, Vervet monkey; F, female; M, male; A, adult; J, juvenile; CI, Cyclospora inoculation; PM, postmortem; NAD, no abnormality detected.
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through ascending concentrations of absolute isopropyl 

alcohol starting from 80% to 100%. The tissues were cleared 

in xylene, embedded in paraffin wax, mounted on blocks of 

wooden chunks, and fixed on the microtome. The tissues in 

paraffin wax blocks were sectioned into 5 µm-thick pieces. 

Four sections were made from every block specimen. These 

tissue sections were then dewaxed in xylene and hydrated 

through graded alcohol (100% to 50%), cleared in xylene 

and alcohol, and washed in water. The tissues were then 

mounted on microscope slides stained with hematoxylin 

and eosin before being sealed using destrene 80, dibutyl 

phthalate, and a xylene (DPX) mountant.34,35 The sections 

were examined under a light microscope at 100×, 400×, 

and 1000×  magnification using a discussion microscope 

(Leitz Laborlux 12; Leitz, Wetzlar, Germany). The results 

were recorded and, where necessary, photomicrographs were 

taken using a digital camera (Sony CyberShot 8.1-megapixel 

camera; Sony Corporation, Tokyo, Japan).

All of the experimental work on the study animals was 

carried out humanely according to international standards 

as governed by the Institutional Review Committee and the 

Animal Care and Animal Use Committee of the Institute of 

Primate Research.

Results
The two female juvenile and two male adult AGMs with 

experimental Cyclospora infections were humanely sacrificed 

49 days post-inoculation. On gross examination, the two juve-

nile female monkeys had very few abnormalities. The carcasses 

were thin, with empty stomachs and slight weight gain, and one 

animal had slightly enlarged mesenteric lymph nodes (Table 1 

and Figure 1A). The male adults displayed more pathology, 

Figure 1 Gross pathological findings in male adult African green monkeys with experimental Cyclospora infections showing (A) enlarged mesenteric lymph nodes and 
(B) extensive hemorrhages observed in the intestines.

Table 2 Histopathological findings in the four Cercopithecus aethiops (African green monkeys) with experimental Cyclospora infections 
studied at the Institute of Primate Research

AnimID Stomach Intestines Lymph nodes Liver

Ver 1974 F/J Mucous membrane  
entire, capillaries filled  
with blood—congested

Congestion of the blood  
vessels, reactive mitotic  
activity at the crypts

Hyperplasia, loss of lymph  
node structure, proliferation  
of lymphocytes with many  
reactive follicles

Lymphocytic infiltration of the  
periportal area, single cell necrosis,  
no clear demarcation of hepatocytes  
and lobules, degeneration of liver cells

Ver 2009 F/J No observable defects Many goblet cells  
on border, increased  
mitotic activity

No observable defects Mild degenerative changes

Ver 2065 M/A Disruption of the  
mucosal layer, parasites  
in the deep crypts

Burst and bloated  
epithelial border,  
parasites in enterocytes

Extensive hyperplasia with  
many mitotic cells

Few granulomas

Ver 2092 M/A Disruption of mucosal  
layer

Intact intestinal borders,  
intense lymphocytic  
infiltration, parasites  
in the enterocytes

Area with congestion and  
loss of structural detail

Granulomas—numerous and  
at different stages of development,  
heterophils in the blood vessels and,  
hemosiderin deposits

Abbreviations: AnimID, animal identification number of the four experimental Cyclospora-inoculated study animals, comprised of two female juvenile and two male adult 
African green monkeys; Ver, Vervet monkey; F, female; M, male; A, adult; J, juvenile.
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Figure  2 Stomach mucosae of African green monkeys with experimental Cyclospora infection showing (A) intensive lymphocytic infiltration and congested 
capillaries (H&E stain, 400×), (B) intensive lymphocytic infiltration (H&E stain, 400×), (C) mild lymphocytic infiltration and many goblet cells (H&E stain, 400×), and (D) mild 
lymphocytic infiltration and parasite vacuoles in the enterocytes (arrow, H&E stain, 400×).
Abbreviation: H&E, hematoxylin and eosin.

A B

Figure  3 Intestinal mucosae of African green monkeys with experimental Cyclospora infection showing (A) intense lymphocytic infiltration with intact borders 
(H&E stain, 100×) and (B) mild lymphocytic infiltration and parasite vacuoles in the enterocytes (arrow) and many goblet cells (H&E stain, 400×).
Abbreviation: H&E, hematoxylin and eosin.
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Figure 4 Liver sections of African green monkeys with experimental Cyclospora infection showing (A) the beginning of granuloma formation (H&E stain, 100×), (B) the 
beginning of granuloma formation (H&E stain, 400×), (C) mature granuloma formation (H&E stain, 100×), (D) mild periportal lymphocytic infiltration (H&E stain, 400×), and 
(E) diffuse mild lymphocytic infiltration and loss of hepatocyte structure and hemosiderin deposits (H&E stain, 400×).
Abbreviation: H&E, hematoxylin and eosin.

with hemorrhagic mucosal surfaces of the stomach and enlarged 

mesenteric lymph nodes (Table  1 and Figure  1A and B). 

Hemorrhages were spread to the small and large intestines 

(Figure 1B). The liver showed widespread, mild surface pitting, 

with moderate focal necrotic foci of about 1 mm in diameter 

spread all over the surface. One of the male adult monkeys had 

a congested and enlarged spleen.

In general, upon microscopic examination of the hematox-

ylin and eosin-stained tissue sections, significant histopatho-

logical findings were observed in both the female juvenile 

and adult male AGMs examined. The lesions ranged from 

mild inflammatory reactions of the stomach and intestinal 

walls to disruptions of the mucosal layer to intense cellular 

infiltration with mitotic activity (Table 2 and Figures 2–5). 
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Figure 5 Mesenteric lymph node section of African green monkeys with experi
mental Cyclospora infection showing uniform intense lymphocytic proliferation with 
loss of lymph node structure (H&E stain, 400×).
Abbreviation: H&E, hematoxylin and eosin.

Figure  2  shows the stomach mucosae of the AGMs with  

experimental Cyclospora infections showing varying 

pathology. Figure  2A and B showed stomach walls with 

intense lymphocytic infiltration and congested blood vessels, 

while Figure 2C and D showed some sections of the stomach 

wall with mild lymphocytic infiltration and increased goblet 

cells. The lymphocyte cells that infiltrated the stomach walls 

were of different sizes and varying intensities. Parasite 

vacuoles were observed in the cells (Figure 2D).

Upon histopathology, the intestines presented an intact 

intestinal border with intense cellular infiltration (Figure 3A). 

On higher magnification, the intestinal wall showed intense 

lymphocytic infiltration, increased goblet cells, and parasites 

in the enterocytes (Figure 3B).

The livers had numerous granulomas at different stages 

of development; the granulomas started at the portal triad and 

extended into the liver tissue (Figure 4A). The granulomas 

begun as small aggregates of cells that displaced the hepato-

cytes and progressed to mature granulomas, with complete 

destruction of hepatocytes and no clear demarcation of the 

liver lobules (Figure 4A to C). Mild lymphocytic infiltration 

was observed around the periportal area and in the interlobular 

connective tissues (Figure 4D). In some sections of the liver, 

the diffuse mild lymphocytic infiltration caused a loss of hepa-

tocyte structure and hemosiderin deposits (Figure 4E).

The mesenteric lymph nodes displayed varying pathology, 

from mild to intense proliferation of lymphocytes. Lymph node 

tissue sections from male adults presented intense lymphocytic 

proliferation, which resulted in the destruction of lymph node 

structures (Figure 5).

Discussion
The experimentally Cyclospora-infected AGMs were asymp-

tomatic throughout the 7-week study period, as reported by 

other authors with natural infections.19,21

Upon gross postmortem evaluation of AGMs with 

experimental Cyclospora infections, few changes were 

observed in female juveniles, with male adults displaying 

more pathology. These findings indicate that the juvenile 

nonhuman primates were more resistant to Cyclospora 

infection even though the infectious dose was the same. 

However, histopathology confirmed infections in both 

age groups. Other authors have reported that Cyclospora 

infections are widespread in nonhuman primates, based 

on fecal examination for Cyclospora oocysts even in 

asymptomatic monkeys.19–22,36 Grossly, the moderate 

hemorrhagic mucosa of the stomach observed in the study 

animals compares well to lesions described on the distal 

duodenum in human patients.24 The enlarged lymph nodes 

denote a reactive proliferation of lymphocyte cells, which 

is common in infections. The pitting lesions on the liver 

surface were the locations of the granulomas as confirmed 

by histopathology.

Significant histopathological findings were observed in 

the stomachs, intestines, livers, and lymph nodes. The find-

ings on the stomach and intestinal mucosa of inflammatory 

reactions with mild to intense lymphocytic infiltration and 

parasitophorous vacuoles in the enterocytes are similar to 

the findings described by authors of studies on duodenal 

and jejunal aspirates of human patients with Cyclospora 

infections.24,25,37,38 The finding of periportal and diffuse 

lymphocytic infiltration and development of granulomas in 

the liver confirms extraintestinal involvement of Cyclospora 

infections. The pattern of the granulomas starting around the 

hepatic triad suggested a spreading of the infectious agent 

from the intestine through the portal system.

Previous efforts by other authors to establish C. cayetanensis 

in laboratory animals and even in healthy human volunteers 

have been disappointing,15,39 with infection failing to 

establish, which meant we were unable to effectively study 

the disease process. The present study, which utilized non-

human primates and nonhuman-derived Cyclospora oocysts, 

yielded important methodology, data, and descriptions 

of gross and histopathological findings in Cyclospora 

infections.
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Conclusion
The association of Cyclospora infection with gastroin-

testinal and extraintestinal pathology has been described 

in Cercopithecus aethiops in Kenya in this study. The 

postmortem f indings in African green monkeys with 

experimental Cyclospora infections ranged from mild 

inflammatory reactions in the stomach and intestinal walls 

to intense cellular infiltrations. The livers had numerous 

granulomas, periportal and diffuse cellular infiltrations with 

a loss of hepatocyte structure. The mesenteric lymph nodes 

were enlarged, with varying proliferation of the lymphocytes. 

These results were similar to histopathological findings 

described for humans with cyclosporiasis. On the basis of 

these results, the AGM may be used to study further aspects 

of cyclosporiasis that may not be possible to study in humans 

due to ethical reasons.
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